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$1.50 p e r  y e a r .  S u b s c r i p t i o n s  a n d  c l a i m s  f o r  l o s t  c o p i e s  s h o u l d  b e  r e f e r r e d  t o  C h a r l e s  I*. P a r s o n s ,  S e c r e t a r y ,  M i l l s  B u i l d i n g ,  W a s h i n g t o n ,  D .  C .  T h e  C o u n 
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o r i n g  a  c l a im .

20,200 cop ies of th is  Issu e  p r in te d
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A MORE UNIFORM 
PYREX TUBING

DIMENSIONS and PRICES
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5 0.5 .8 0.0156 25 $ 1.00
6 0.5 i. 0.0234 50 .90
7 0.5 i. 0.0284 50 .90
8 0.5 i. 0.0331 50 .90
9 0.5 i. 0.0378 50 .90

10 0.5 i . 0.0426 50 .80
1 1 0.5 i. 0.0472 50 .80
12 0.5 i. 0.0520 50 .80
13 0.5 1.2 0.0669 50 .90
14 0.5 1.2 0.0727 50 .90
15 0.5 1.2 0.0783 50 .90
16 0.5 1.2 0.0840 50 .90
17 0.5 1.2 0.0891 50 .90
18 0.5 1.2 0.0953 50 .90
19 0.5 1.2 O . I O I O 50 .90
2.2. 1 .0 M 0.1454 50 .96
~5 1.0 1 . 5 0.1667 50 .96
28 1.0 M 0.1879 50 .96
32 i-5 1.8 0.2300 50 1 . 10
35 1-5 2 . 0.1825 50 1 . 10
38 i-5 2 . 0.3081 50 1.36
4 1 i-5 2 . 0.3689 50 1.36
45 i-5 2 . 0.4065 50 1.36
48 i-5 2 . 0.4349 50 1.36
51 i-5 2 . 0.4632 50 1.66

W / ’E are now prepared to furnish 
V V  PYREX tubing with a closer se

lection than has heretofore been avail- 
able. The tubing is more uniform and 
the wall has been made lighter, which 
materially reduces the price because the 
user gets more feet per pound. The 
lighter wall makes an improved tubing 
for lamp working purposes. Further im
portant changes are,

1 .  Packed in  orig in a l cases.

2. Subject to same consum er discount as P Y R E X  
L a b o ra to ry  G lassw are .

3. Standard cases contain ing tub in g cu t in  ap- 
proxim ate f iv e  foot length s are n o w  av a il
able th ro u gh  y o u r  reg u lar dealer.

T sjo te : L i g h t  a n d  I ic a v y  w a l l  t u b i n g  f o r m e r l y  l i s t e d  w i l l  
h e  d i s c o n t i n u e d , b u t  m a y  b e  o b ta in e d  o n  s p e c ia l  o r d e r .  
P r ic e s  o n  a p p l i c a t io n .

W e  r e s e r v e  t h e  r i g h t  to  s h i p  t h r e e  o r  f i v e  f o o t  l e n g th s  
w h e n  less  t h a n  s t a n d a r d  c a se  q u a n t i t i e s  a r e  o r d e r e d .

Industrial and Laboratory Division

CORNING GLASS WORKS, Corning, N. y.
N ew  Y o rk  O f f ic e :  501 Fifth A v e n u e

T . M . PYREX Reg. U . S. Pat. Off.
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NEW MODEL

VALENTINE REFRACTOMETERS

In t e g r a l  C o n s t r u c t io n  

E asy  M a n ip u l a t io n  

P r ec ise  Se t t in g  

A c c u r a t e  R esu lts

W a r r e n  P. V a l e n t in e , I n c .
BANKERS TRUST BUILDING

PHILADELPHIA, PA.

Valentine Precision Refractometer 
w ith scale o f refractive indices 
divided to the 3rd decimal and  
reading to the 4th by estim ating  
ten ths o f the smallest division. 
F. O. B. Philadelphia . . . S200.00

A  p a r t ia l  lis t o f  u se rs  in c lu d e s  
th e  fo llo w in g :

U n iv ersity  o f  M in n e so ta — D ivision o f 
A gricu ltu ra l B io ch em istry '

S o u th  D a k o ta  S ta te  College o f  A g ricu ltu re  
a n d  M echan ic  A rts— D ivision  o f  A g
ricu ltu re

S t a t e  o f  M i c h i g a n — D e p a r t m e n t  o f  
A gricu ltu re  

D e p a rtm e n t o f  C om m erce— B u reau  o f 
S tan d a rd s

C hicago, B u rlin g to n  & Q uincy  R . R .—  
B u reau  o f  T e s ts  

U n iv ers ity  o f  P en n sy lv an ia  
U n iv ersity  o f N eb rask a— D e p a rtm e n t o f 

A gricu ltu re  
In d ian a  S ta te  T ea ch e rs’ College— T e rre  

H a u te , Ind .

Valentine Improved Precision Re
fractom eter w ith scale divided to 
the 4th decimal and reading to the  
5th decimal by estim ating tenths  
o f the smallest division. F. O. B. 
P h ila d e lp h ia ........................S250.00
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PULVERIZING YOUR LABORATORY SAMPLES
WITH SPEED IN THE

BRAUN Type UA 
Laboratory Pulverizer

In d u s tr ia l an d  m etallu rg ica l labo ra to ries  find  the  B R A U N  
T Y P E  U A  P U L V E R IZ E R  essen tia l for g rin d in g  th e ir  
sam ples from  M  inch to  100  m esh w ith  one opera tion .
T h e  m achine is equ ipped  w ith  8-in . g rin d in g  p la tes  o f 
special alloy.
S tra ig h t d rive— no gears— rep laceab le bearings o f  a n t i 
fric tion  m etal.
All p a r ts  easily  cleaned .
B R A U N  P U L V E R IZ E R S  have  ren d e red  efficient service for 
m an y  years, an d  will be found  in th e  m ost im p o rta n t in d u s
tr ia l an d  m etallu rg ica l labo ra to ries  th ro u g h o u t th e  w orld. 
Sh ipp ing  w eight— 275 lbs.
P rice  F .O .B . F ac to ry , Los A ngeles, $135.00.

Braun Laboratory Appliances 
Standard the world over! 

THE B R A U N  C O R P O R A T IO N
363 New High S c . LOS ANGELES, C ALIFO RNIA . U S. A.

San Francisco House: B raun-K necht-H eim ann Co.

B R A U N  Products Include:

Chipmunk Crusher, UA Pulverizer, Iron 
Ore and Coal Grinders, G-H Consistency 
Testers, Electrolytic Outfits, Furnaces— 
Muffle Crucible and Combination, Flo
tation Test Machines, Rotarex Asphalt 
Tester, Oil Stills, Evaporators and 
Samplers.

B R A U N  Service Includes:

Pyrex Glassware 
Coor’s Porcelain Ware 
Filter Paper—all 

Standard Brands 
Balances and Weights

Hydrometers and 
Thermometers 

Oil and Asphalt T est
ing Equipment.

CHEMICAL a n d  PHYSICAL

l a b o r a t o r y  s u p p l i e s

P Y R E X  A N D  S O F T  G L A S S  S T O P C O C K S  

GUARANTEED FO R  H IG H  VACUUM W ORK

SPECIAL GLASS APPARATUS

TRANSPARENT FUSED QUARTZ 
T U B IN G  A N D  R O D  IN  S T O C K  

Q U A R T Z  A P P A R A T U S  T O  O R D E R

Catalogue sent on request

MACALASTER BICKNELL COMPANY
CAM BRIDGE MASS.

HIGH SPEED BALANCE 
For your routine weighing 

THE MULTIWEIGHT CARRIER

carries all frac tio n a l w eights w hich being u n its  o f 
m ass m a y  a t  an y  tim e be a d ju s te d  ag a in s t your 
la b o ra to ry  s ta n d a rd s .

Ask fo r  Bulletin A-36.

W M . A IN S W O R T H  &  S O N S , IN C .

THE PRECISIO N FACTOR'S'
2151 L aw rence S t. D enver, Colo.

USE A N  A I N S W O R T H
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NO._____________ IN SI DH DIM ENSIONS______________________WATTAGE________________   _  PRICE
________________________________ TEM PER A TU R E RANGE: 70° -  180° C.________________________________
601 12" X 12 ' X 12" 700 S250.00
621 18 ' X 18’ X 18" 1500 3.50.00
641 36" X IS ' X 2 4 ' 1900 450.00

T EM PER A TU R E RANGE: 150° -  260° C.
605 12" X 12" X 12" 1500 S275.00
625 18" X 18’ X 18 ' 2100 385.00
645 3 6 ' X 18 ' X 2 4 ' 2700 500.00

Also other models with various modifications in design

These  ovens are a radical departure from our form er models.

T h e  air currents moving th rough ports o f  varied proportion . 
in the  sides o f  the  cham ber have a uniform sweeping m ovem ent 
over the  samples unim peded by the presence of numerous samples 
on other shelves.

T h e  advantages o f  forced air draft in the  drying o f samples 
are too well know n to require com m ent.

T h e  ovens have passed the experim ental stage, having been 
made to order for m ore than two years, th irteen o f  them  being in 
use in the  different laboratories o f  a single purchaser.

T h e  frames are o f  welded steel in place o f  a lum inum , m aking  
a m uch  m ore rigid and durable apparatus.

W e  shall be pleased to answer such questions as may occur to 
our friends.

P r ic e  L is t

FREAS’ ELECTRIC OVENS
w ith

Forced side draft



STERLING’S ANALYSIS - C ER TIFIED

Reagent Chemicals, C.P.
XT i u r»  0 » r e + S k iU = Q u a l i t>Mol. W t. G rm s .

C E R T IF IC A T E  O F A N A L Y S IS

Analysis i s  not enough— 
in s is t  on c e r t if ic a t io n .

Kach lo t  o f Sterling*“s 
A n alysis-C ertified  bears the 
signature of the chemist who 
made the an a lysis .

Get th is  added protection  
on your laboratory sh e lves.

S T E R L IN G  P R O D U C T S  C O M P A N Y

A N A L Y T IC A L  E D IT IO N  Vol. 2, No. 2

IS YOUR LABORATORY NEAT?
It Can Be 

If The

SC H W A R T Z  
E C T I O N A L  
Y S T E M

Is Installed

SAVES TIME, 
MONEY 

AND SPACE.
S upplies an d  A p p a ra tu s  A lw ays K e p t 

in B est C ond ition

W rite  F o r O ur N E W  B ooklet

“ H ow  to  S to re  a n d  C a ta lo g  C hem icals, 
R e-A gents, Science M a te ria ls  

an d  S am ples”

SC H W A RTZ SECTIONAL SYSTEM
INDIANAPOLIS, INDIANA

 Lowest since 15 Years!
®  PLATINUM

Platinum
now ava ilab le  a t  prices th a t  m ake the use o f su b s titu te s  a 
dub ious econom y especially  w hen considering, in ad d itio n , the 
long life and  high re tu rn ab le  value  o f  old w ares.

Platinum  or P la tinum -R hodium  Laboratory Wares
are m ade o f p la tin u m  refined for its  specific pu rpose to  a  g rade 
o f p u r ity  ju s t  for th e  chem ist an d  conform ing w ith  th e  requ ire
m en ts o f h ighest chem ical au tho rities .

Platinum -R hodium -A lloy
is p referred  for general rou tine  w ork fo r ad d ed  m echanical 
s tren g th , low degree o f vo la tiliza tion  an d  m in im um  chem ical 
losses.

Exchange and Remaking
o f you r old w orn-ou t p la tin u m  w ares will ad d  to  th e ir  leng th  o f 
service a t  a  nom inal cost an d  will alw ays keep your en tire  stock  
ava ilab le  fo r in s ta n t use.

We supply PLA TIN U M  and PLATIN UM  M ETALS of every 
description and for every purpose.

Ask fo r  our Catalog E-15 describing our fu l l  line o f apparatus.

THE AMERICAN PLATINUM WORKS
N . J .  R . R . A V E. A T  O L IV E R  S T . 

NEW ARK, N. J .2Scc C ru c ib le
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Seventeen sizes. The very latest for laboratory and 
plant. Reduces laboratory expense and saves stock 
room space.
T h e  inner an d  o u te r  cones o f  ev e ry  size are g ro u n d  to g e th er so th a t  
th e y  a re  changeab le . Single pieces can  be rep laced  by  g iv ing the 
size num ber. C O N F U S IO N  IS  E L IM IN A T E D  as each  ind iv idual 
piece is num bered .

Jo in ts  are m ade  to  be in te rch an g eab le  w ith  G erm an s ta n d a rd  sizes.

F o r fu rth e r  d a ta  an d  prices w rite  for book le t show ing the  d iffe ren t 
a p p a ra tu s  w hich we are m ak in g  w ith  these jo in ts .

Expert Glass Blowing—Glass Grinding—Glass Engraving 
/ \  Send us your sketch or blue prin t for quotation.

S c ien t i f ic  Glass Apparatus Co.
Laboratory Supp lies  &  Chemicals 

\ y  49 A c k e r m a n  S t . ,  B lo o m fie ld ,  N . J .

N ew ! I n t e r c h a n g e a b l e  
Ground Glass Connections

M a d e  o f  E it h e r  P y r e x  o r  F l in t  G l a s s .
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AN A LY TICAL
BALANCE

College Model 
for

Quantitative Analysis and Research

455 BALANCE—A naly tica l, a medium priced balance
for ordinary analytical work. The releasing 
mechanism is of the fallaway type with three- 
point suspension for the beam. A spirit level 
is fastened to the rear of the brass base of the 
column. The pan arrest is independent with 
automatic stop and is of the self-locking type. 
All brass parts are heavily lacquered.

C apac ity—100 grams.

S ensib ility — 1/20 milligram.

B eam —Of rolled aluminum 6M inches long, 
graduated in white on black with 50 divisions 
on each side of the zero point. Used w ith a 5 
milligram rider each division represents 1/io 
milligram.

R ider C arrie r—Consists of a  sliding rod to 
which are attached patented rider hooks, so 
constructed as to  make it  impossible for the 
rider to slide back on the shank of the hook.

K nife Edges a n d  B earings—Of Russian agate 
perfectly ground.

Pans—2)4  inches in diameter.

Bows—4Jij inches wide by 8 inches high.

Case— Mahogany with the front door counter
poised. Dimensions, 16K inches long, 15 inches 
high, and 9 }{ inches wide.

P rice—W ith slate base................................ 75.00

456 BALANCE—A naly tica l, same as No. 455, but with
plate glass b a se ...............................................85.00

Im m ediate delivery from  stock.
Refer to Catalog, “C” fo r  additional 

Laboratory Apparatus.

THE 
CHEMICAL RUBBER COMPANY

L ab o ra to ry  A p p a ra tu s  an d  C hem icals
W e s t 1 1 2 th  S t r e e t  a n d  L o c u s t  A ve. 

C le v e la n d , O h io

New Catalog

Merck’s 
Laboratory Chemicals

This Catalog contains a complete 
list of our newly restandardized C. P. and 
Reagent Chemicals. They conform to or 
exceed in purity the well known and 
widely recognized “Standards of Murray” 
(1927 edition). The analysis of each C. P. 
and Reagent is given in the Catalog and 
shown on the container label.

W rite for Catalog

M E R C K  &  C O .  In c .
M A N U F A C T U R I N G  C H E M I S T S

R A H W A Y ,  N. J .
N ow  Y o rk  P h i l a d e lp h ia  S t. L o u is

I n  C a n a d a :  M E R C K  &  C O . L i m i t e d ,  M o n tr e a l

W H A T M A N  No. 42
For Obstinate Precipitates
Y ou know  them , those o b stin a te , fine p rec ip ita tes  

th a t  seep th ro u g h  an y  b u t th e  m ost un ifo rm ly  
close F ilte r  P apers.

F o r such bugbears, use W H A T M A N  F ilte r  
P a p e r  N o. 42, close te x tu red , low  ash , ideal for 
freshly  p rec ip ita ted  B arium  S u lfa te , M e tas tan n ic  
A cid, etc.

L ead ing  Oil, C oal, M etallu rg ica l, F e rtilize r an d  
o th e r  L ab o ra to rie s  ru n n in g  S u lfu rs, T in s , etc. 
regu larly  have  long been s ta n d a rd iz ed  on N o. 42.

Let us send you samples

H . REEVE ANGEL & CO., INC.
7-11 S p ruce  S t. New Y ork, N . Y.
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BECKER

ANALYTICAL BALANCES
IN OUR STOCK FOR IMMEDIATE SHIPMENT

1886-C.

C H R IS T IA N  B E C K E R  A NALYTICAL BALANCE N O . 9, w ith  specia l b eam  a r re s t  (p a te n te d )  w hich 
n o t on ly  in su res  p o sitiv e  a lig n m e n t of th e  a g a te  edges w ith  th e ir  resp ec tiv e  bearings, b u t  is so designed  
th a t  th e  c e n te r  a g a te  k n ife  edge is d ire c tly  over th e  ce n te r  of th e  co lum n. S ince th e  b ea m  a r re s t a rm s 
a n d  th e  b eam  p iv o t a b o u t a  com m on axis, th e  su p p o rtin g  p o in ts  of th e  a r re s t a rm s m ove th ro u g h  th e  sam e 
arc  as th e  su p p o rtin g  p o in ts  of th e  beam , so th a t  c o n ta c t betw een  edges a n d  b ea rin g s  a lw ays rem a in s  th e  
sam e an d  th e  sh if tin g  of th e  beam , w ith  th e  co n seq u en t du lling  of th e  a g a te  edges a n d  bearings, is th e re b y  
avo ided .

Sensitivity—Vioth mg with full load.
Capacity—200 grams in each pan.
Case—Of polished mahogany, with glass sides and top, front sliding frame counterpoised, rear frame removable. W ith 

polished black plate glass base inside of the case. Outside dimensions, 19'/< inches long, 11®/* inches deep, 20 
inches high. W ith vial levels and leveling screws.

Beam—Of hard rolled aluminum, of great tensile strength and uniform density; 7 inches long, graduated from 0 in 
center to 100 divisions on each side, each division corresponding to '/joth mg when using a  5 mg rider.

Knife Edges and Planes—Of agate throughout.
Release and Arrest—Independent arrest for pans with automatic stop.
Pans—Of aluminum, 3 inches diameter.
Arches—Of aluminum, 4 ‘/< inches wide by 8V2 inches inside height.

1886-B. Balance, Analytical, Christian Becker No. 9, as above described, with Auto-Dex attachm ent (see page 3) but
without weights. W ith three 10 mg riders.........................................................................................................  195.00
Code W ord.................................................................................................................................................................  Aolce

1886-C. Ditto, No. 9 but with Chainomatic feature in addition to Auto-Dex A ttachm ent..................................................  235.00
C odeW ord................................................................................................................................................................. Aolcg

ARTHUR H. THOMAS COMPANY
RETAIL—W H O L E S A L E -E X P O R T

LABORATORY APPARATUS AND REAGENTS
W EST WASHINGTON SQUARE 

PHILADELPHIA, U. S. A.

Cable Address, “BALANCE,” Philadelphia
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BECKER

ANALYTICAL BALANCES

1870. 1882. (See tex t on opposite page.)

C H R IS T IA N  B E C K E R  ANALYTICAL BA LA N CE N O . 8-A. A n A m erican -m ad e  b a lan c e  of h igh  
re p u ta tio n , fo r y ea rs  p o p u la r  in  ed u ca tio n a l, in d u s tr ia l a n d  G o v e rn m e n t la b o ra to rie s .

Sensitivity— »/so milligram with full load.
Capacity— 200 grams in each pan.
Case—p f  polished mahogany, with glass sides and top and with front sliding frame counterpoised, and with a  polished black p la te  glass base 

inside of the case. Outside dimensions 161/* inches long, 181/* inches high, 9 inches deep; inside dimensions 13 inches long, 13 inches 
high, 6*A inches deep.

Beam— Of hard rolled aluminum alloy of great density and tensile strength , 7 inches long with graduations in black from 0 to  5 mg in l/joths 
on both sides of the central knife edge.

Knife Edges and P lanes—Of agate throughout.
Release and Arrest— Independent arrest for pans w ith autom atic stop.
Pans— Of polished German silver, 2*/8 inches diam eter.
Arches— Of polished German silver wire, with 4-inch spread.
R iders—Each balance is furnished with three 10-mg riders.

1870. Balance, Analytical, Christian Becker No. 8-A, as above described, w ithout weights, bu t with three 10-mg
riders............................................................................................................................................................................ 150.00
Code W ord.................................................................................................................................................................  Aoiuz

C H R IS T IA N  B E C K E R  A NALYTICAL B A LA N CE N O . 15. T h is  is a  h ig h -g ra d e  a n a ly tic a l b a lan ce  
a t  m o d e ra te  p rice, b u t  w h ich  m eets all o rd in a ry  needs of a n a ly tic a l w ork.

Sensitivity— */io milligram with full load.
Capacity— 200 gram s in each pan.
Case— Of polished mahogany, with glass sides and top  and with front sliding frame counterpoised, and with a  polished black p late glass base 

inside of the case. Outside dimensions 161/* inches long, 18l/ i  inches high by 9 inches deep; inside dimensions 13 inches long, 13 inches 
high, 6*/< inches deep.

Beam— Of hard rolled alum inum  alloy, oxidized black, 6 inches long, w ith white graduations from 0 to 5 mg in 1/toths on bo th  sides of the  cen
tra l knife edge.

Knife Edges and P lanes—Of agate throughout.
R elease and Arrest— Independent arrest for pans with autom atic stop.
P ans— Of polished German silver, 2 '/#  inches diam eter.
Arches— Of polished German silver wire, with 4-inch spread.
R iders— Each balance is furnished w ith three 5-tng riders.

1872. Balance, Analytical, Christian Becker No. 15, as above described, without weights, but with three 5-nig riders. 110.00 
Code W ord.................................................................................................................................................................  Aojpi

C H R IS T IA N  B E C K E R  A N ALYTICAL BA LA N CE N O . 16. Id e n tic a l w ith  C h ris tian  B ecker N o. 
15 B alance as to  ca p ac ity , se n s itiv ity  a n d  all im p o r ta n t  specifications, b u t  w ith  so m ew h at sim plified  
c o n s tru c tio n  in o rd er to  red u ce  cost, i. e., th e  om ission  of th e  d raw er in th e  m a h o g an y  base , th e  su b 
s ti tu tio n  of a  b lack  s la te  b ase  fo r th e  po lished  g lass p la te , a n d  a  c e n tra l p illa r  fin ished in  du ll b lack . R e c
om m ended  as an  u n u su a l b a lan c e  v a lu e .

1874. Balance, Analytical, Christian Becker No. 16, as above described, without weights, bu t with three 5-mg riders. 90.00 
Code W ord.................................................................................................................................................................  Aojsc

A R T H U R H. T H O M A S C O M P A N Y P H I L A D E L P H I A U. S. A.



April 15, 1930 IN D U S T R IA L  A N D  ENGINEERIN G C H E M IS T R Y 13

BECKER

ANALYTICAL BALANCES

I885-F. I886-A.

C H A IN O M A T IC  A N A LY TIC A L B A LA N C ES, C h ris tian  B eck e r. Of th e  sam e genera l c o n s tru c tio n  
as th e  co rresp o n d in g  b a lan ces d escribed  on  opposite  page, b u t  w ith  C h a in o m a tic  A tta c h m e n t w hich  
e lim in a te s  th e  use of rid e rs  a n d  sm all w eigh ts up  to  100 m illig ram s. W eigh ing  is accom plished  b y  m eans 
of a  gold  filled cha in , w ith  links of u n ifo rm  w eigh t, su sp en d ed  b e tw een  th e  b eam  a n d  a  v e rn ie r  sy s tem . 
T h e  vern ie r, w h ich  rea d s  to  0.1 m illig ram , is o p e ra te d  b y  a  c ra n k  o u ts id e  th e  case to  th e  rig h t.

Code
1880. Balance, Analytical, Christian Becker Chainomatic No. 8-A; identical with 8 -A described on opposite page, bu t w ith Word

chainom atic a ttachm ent. W ithout w eights............................................................................................................................... 190.00 Aokhy
1882. Ditto, No. 15 Chainom atic................................................................................................................................................................................ >50.00
1883. D itto, No. 16 Chainom atic................................................................................................................................................................................ 130.00 Aolal

A U T O -D E X  A T T A C H M E N T  (M ovab le  In d ex ), P a te n te d ,  fo r C h ris tia n  B ecker A n a ly tica l B alances. 
T h e  m o v ab le  index  is con tro lled  b y  a  th u m b  w heel s i tu a te d  a t  th e  le ft h an d  side of th e  f ro n t of th e  b a lan ce  
case ab o v e  th e  d raw er. See illu s tra tio n  of N o. 1SS6-C on page  1. A s lig h t tu r n  of th e  th u m b  wheel 
m oves th e  index  p la te  to  th e  le ft o r r ig h t, as req u ired , u n til  th e  in d ic a to r  o r p o in te r  is co in c id en t w ith  zero  
of th e  index.

T h is  a t ta c h m e n t p roves a  g re a t tim e  saver, as  i t  o b v ia tes  th e  necessity  of to u c h in g  th e  a d ju s tin g  
n u t, o r of reco rd ing  th e  re s t  p o in t, since th e  re s t p o in t an d  th e  zero  p o in t a re  a lw ays co in c id en t. I t  also  
p ro te c ts  th e  a g a te  edges from  w ear as i t  avo id s th e  necessity  of f re q u e n t re lease  of th e  b a lan ce .

Code
Word

1884. Balance, Analytical, C hristian B ecker No. 8-A, w ith Auto-Dex A ttachm ent as above described, bu t w ithout weights 160.00 Aolbe
1884-A. D itto, No. 8-A Chainom atic, with Auto-Dex A ttac h m en t................................................................................................................  ^00.00 A o l b j
1885. D itto, No. 15, with Auto-Dex A ttach m en t.............................. ..................................................................................................................  , ? [
1885-A. D itto, No. 15 Chainom atic, with Auto-Dex A ttach m en t...............................................    Jo0*00 AolIbm
1885-B. D itto, No. 16, with Auto-Dex A ttach m en t............................................................................................................................................. *00.00 Ac>/oi
1885-C. D itto, No. 16 Chainom atic, with Auto-Dex A ttach m en t. . . . ............................................................................................................ 140.00 Aolbu

G R A D U A T E D  N O T C H E D  B E A M . C h ris tian  B ecker C h a in o m a tic  B a lances a re  fu rn ish ed  w ith  
n o tc h ed  b ea m  g ra d u a te d  from  le ft to  r ig h t, 0 to  1 g ram  in 100 m g g rad u a tio n s . T h is  fea tu re , in  co m b in a 
tio n  w ith  th e  C h a in o m a tic  A tta c h m e n t, re su lts  in  a  b a lan ce  in  w h ich  th e  use of all w eigh ts from  0.1 m g 
to  1.1 g ram s are  e n tire ly  e lim in a ted . C o n s tru c tio n  is o the rw ise  id en tica l w ith  N os. 8-A, 15 an d  16.

Code
1885-F. Balance, Analytical, C hristian Becker Chainom atic No. 8-A, w^ith G raduated  N otched Beam, as above described, bu t Word

without w eights.....................................................................................................................................................................................  210,00 Aolby
1886. Ditto, No. 15 Chainom atic, with G raduated  N otched B eam ............................................................................ 170.00 Aolca
1886-A. D itto , No. 16 Chainom atic, w ith G raduated  N otched B eam ...........................    150.00 Aolcd

A R T H U R  H.  T H O M A S  C O M P A N Y ,  P H I L A D E L P H I A ,  U.  S. A.
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1S86-D.

C H R IS T IA N  B E C K E R  ANALYTICAL C H A IN O M A T IC  BA LA N CE N O . 14, Im p ro v e d  M odel. 
S pecially  a d a p te d  fo r th e  ca lib ra tio n  of v o lu m etric  flasks, th e  a rch es h av in g  a n  u n u su a lly  la rg e  c learance . 
T h is  is a  new  execution  of th e  old N o. 14 B alance recom m ended  fo r its  la rge  c a p a c ity  an d  h igh  se n s itiv ity .

Sensitivity—'/s th  milligram.
Capacity—2 kilos in each pan.
Case—Of polished mahogany, with glass sides and top, front sliding frame counterpoised, rear frame removable. W ith 

spirit level and leveling screws. Outside dimensions over all 30 inches long, 27’/ j inches high, 14 inches deep. 
Beam—Of bronze, of great tensile strength and uniform density; 14 inches long. G raduated on each side from l/ B 

mg to 20 mg. Will sustain full load without flexure and maintain adjustm ent through varying tem perature 
changes.

Chainomatic Attachment—See discussion on page 3.
Knife Edges and Planes—Of agate. All edges are entirely freed from the bearings when the balance is arrested.
Pans—Of brass, 8 inches diameter.
Pan Arrest—Independent arrest for pans with stop.
Arches—Of brass; inside dimensions 8 ‘/ i  inches wide by 16 inches high.

1886-D. Balance, Analytical, Christian Becker Chainomatic No. 14, as above described, without weights....................  350.00
Code W ord.....................................................................................................................................................................  A olcl

ARTHUR H. THOMAS COMPANY
R ETA IL—WH O LES A LE— EX PO RT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE 

PHILADELPHIA, U. S. A.

Cable Address, "BALANCE,” Philadelphia
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A H igh-Sensitivity  A bsolute-H um idity R ecorder'
C ran d a ll Z. R osecrans

L e e d s  &  N o r t i i r u p  C o m p a n y ,  4 0 0 1  S t e n t o n  A v e , ,  P i i i i . a d e i .p h i a , P a .

M eth o d s of M easu ring  
H u m id ity

Nu m e r o u s  devices
have been used for the 
measurement of water 

vapor in the atmosphere, each 
of which has certain advan
tages peculiar to itself and is 
adapted for use under particu
lar conditions.

The wet-and-dry-bulb hy
grometer has been used to
measure atmospheric hum idity since 1813, and in meteoro
logical and industrial work it is generally accepted as a stand
ard to the practical exclusion of all other methods. I t  is well 
known, however, th a t the device is very inaccurate in its ele
mentary form, and th a t many refinements must be made to 
render its readings reliable. In  addition, it is unsuited for the 
determination of humidities below about 20 per cent a t 25° C., 
while a t  lower humidities errors in wet-bulb temperatures 
cause serious errors in readings of relative humidity. On the 
other hand, the wet-and-dry-bulb hygrometer is also unsuited 
for observations a t high tem perature on account of the dif
ficulties involved in keeping the wick wet. I t  is, of course, 
completely useless above 100° C. Under best conditions 
reproducible, results m ay be obtained, but an absolute error 
of less than ± 2  per cent cannot be assured. Errors of =*=5 
per cent or more m ay occur if the wet sack around the wet 
bulb is not in good condition, or either the relative humidity 
or the tem perature is low; a t humidities approaching satura
tion the error may exceed 18 per cent (9). However, within 
the range of 20 to 100 per cent relative hum idity a t tempera
tures ranging from 10 ° to 60° C., it fulfils a definite place in 
humidity measurements. The device has only recently been 
made self-recording by the use of platinum resistance ther
mometers and an ingenious combination of electrical cir
cuits (1).

The dew-point hygrometer depends for its action on the 
determination of the tem perature a t  which dew forms on a 
polished m etal surface which is cooled by the evaporation of 
ether or by similar means. Reference to tables or curves 
then gives the relative humidity for a given air temperature 
and dew point. This apparatus is evidently not adaptable 
for modification as a self-recording instrument. Moreover, 
it is difficult to  attain  the low tem peratures necessary to  ob
tain precipitation of moisture in air originally a t 25° C. and 
with a relative humidity of less than 10 per cent.

‘ Received December 9, 1929.

A n a p p a ra tu s  h a s  been developed for m e a su rin g  
a n d  reco rd ing  th e  a m o u n t of w a te r vapor in  th e  a ir , 
w h ich  is su ita b le  for reco rd ing  h u m id itie s  fro m  zero 
u p  to  s a tu ra tio n  w ith in  a  te m p e ra tu re  ran g e  fro m  
— 100° to  a b o u t 200° C. F ro m  0 to  10 p e r c e n t a t  
25° C. its  accu racy  is ±0.05 p e r c e n t re la tiv e  h u m id ity . 
T h is  a p p a ra tu s  is based  on  th e  m e a su re m e n t o f th e  th e r 
m a l co n d u c tiv ity  of w a te r vapor an d  a ir  m ix tu re s , a n d  
is c o n tin u o u s  read in g . A com m erc ia l m od ifica tion  of 
th is  a p p a ra tu s  is in  successfu l o p e ra tio n , a lth o u g h  i t  
is n o t y e t perfec ted  for genera l p la n t  use.

The hair hygrometer (3) 
shows a tendency to give 
higher and higher readings as 
time elapses, owing to the per
manent elongation of the hair 
kept under tension. No data 
are available regarding the 
accuracy attainableat humidi
ties below 10 per cent a t  25° 
C., but Griffiths shows th a t 
when hair hygrometers were 
subjected to humidities of the 

order of 5 per cent a t  about 20° C. a  permanent change oc
curred, indicating th a t the hairs had stretched.

The cotton hygrometer described by Griffiths depends for 
its operation on the maintenance of a  water-soaked cotton 
winding around a resistance thermometer. I t  is therefore 
subject to the same limitations as the wet-and-dry-bulb 
hygrometer.

If the humidity remains constant, it can be determined to 
within ± 0.1 per cent of its true value by absorbing the water 
vapor from a known volume of air in a weighed absorption 
tube. Such accuracy is only made possible by the exercise of 
special precautions. Under ordinary conditions, however, 
errors of 2 to  3 per cent m ay be expected with this method, 
and with a rapidly varying hum idity it is practically useless, 
giving only an average value during the time of observation.

Heretofore no commercial method has been available for 
continuously measuring and recording the am ount of water 
vapor in air over a wide range of relative humidities, w ith an 
accuracy approximating th a t obtainable with the absorption 
method. A request was recently made by Bell System en
gineers for an apparatus suitable for measuring and recording 
low humidities within a tem perature range of 25-50° C. 
(77-122° F.) and sensitive to  changes of about 0.05 per cent 
relative humidities. After consultation with the engineers of 
the Bell Telephone Laboratories, the task of constructing a 
suitable apparatus was undertaken, w ith the understanding 
th a t A. C. Walker of th a t organization would calibrate the 
apparatus. Doctor Walker’s work in this connection is pub
lished in a companion paper (10).

The dew-point apparatus, cotton hygrometer, and chemical 
absorption methods cannot a t present be made recording, a t 
least in satisfactory form. The hair hygrometer would oper
ate within the desired range of humidity, but would certainly 
not meet the requirements of accuracy. D istinct possibilities 
were offered by the therm al-conduetivity method, and it is 
the purpose of this paper to show how the unique character
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istics of this method are particularly adapted for the measure
ment of extremely low humidities (0.1 to 10 per cent relative 
humidity a t 25° C.). The adaptation has been carried far 
enough to demonstrate its success as a semi-commercial plant 
installation. This method can be adapted readily for re
cording continuously relative humidities from 0 up to satura-

tion; from 0 to 10 per cent a t 25° C. the accuracy approxi
mates ±0 .05 per cent relative humidity. In  general, it is 
capable of making determinations a t temperatures ranging 
from —100° C., or lower, to about 200° C., if all constituents 
of the mixture being measured remain in the gaseous phase.

T h e rm a l-C o n d u c tiv ity  M ethod  for G as A nalysis

Koepsel (-5) in 1908 first described apparatus for determin
ing concentrations of hydrogen in air by the thermal-conduc- 
tivity  method. Shakespear (8) made various improvements 
on the device of Koepsel, and with Daynes (2) made an elabo
rate theoretical investigation of the method. Palmer and 
Weaver (<?, IS) investigated various types of gas-analysis 
cells and electrical circuits and applied the method to the 
analysis of a variety of gaseous mixtures.

A brief description of the gas-analysis circuit and cell will be 
repeated here.

G a s -A n a l y s i s  C i r c u i t —Two fine platinum wires are 
placed axially in two tubes of metal, and are insulated from

the metal. One tube is sealed with dry air in it. The other 
tube is connected so th a t the gas to be analyzed passes through 
i t  and over the wire. The two wires are connected in a 
W heatstone bridge circuit as shown in Figure 1. S  is the 
sealed wire, or standard, and X  is the wire exposed to the gas 
to be analyzed. A  and B  are the other arms of the W heat
stone bridge, and K  is a slide wire for adjusting the bridge 
to a balanced condition as desired. If current from the bat
tery, E, is passed through the bridge network, the fine plati
num wires are heated. Assume th a t dry air is passed through 
the cell X , and th a t the bridge is balanced by an adjustm ent 
of the slide wire. Now if a gas of higher thermal conductivity 
than air—-water vapor, for example— is passed through the X  
cell, the tem perature of the X  wire will decrease, as the heat 
will be conducted away from the wire a t a higher rate, owing 
to the higher thermal conductivity of the water vapor. As 
the temperature of the X  wire decreases its resistance also 
decreases, and the bridge becomes unbalanced. The un
balanced potential across the terminals M -N  is measured by 
a recording potentiometer. Thus it is evident tha t a calibra
tion of the apparatus can be made, using the variation of the 
unbalanced potential as an index of the percentage of the 
water vapor passing through the cell X .

G a s -A n a l y s i s  C e l l —The simple gas-analysis cell consists 
essentially of two cylindrical tubes, through which the plati
num wires are stretched. The cell as actually used is shown 
diagrammatically in Figure 2 . The two tubes S  and X  are 
formed by drilling holes in a  solid block of metal, and are 
0.375 inch (9.53 mm.) in diameter and 4.5 inches (11.4 cm.) in 
length. The wires are sealed into the tubes a t  the top by 
glass-platinum seals. Heavy platinum is used as lead-in wire; 
the fine platinum wire, 0.002 inch (0.05 mm.) in diameter, is 
gold-soldered to  the lead-in wires.

P ercen t Hx0 in  A ir  
F ig u re  3—T h e rm a l  C o n d u c t iv ity  o f M ix tu re s  of W a te r  

V apor a n d  A ir. R e s u lts  o f G riiss  a n d  S c h m ic k

The outstanding feature (7) of the cell, as shown in Figure 2, 
is the method of adm itting gas to the A' or analyzing wire. 
The gas sample is passed continuously downward through the 
tube C. A small portion of the sample passes through the 
tube A into the gas cell, X . Here it is heated by the fine plati
num wire, which attains a temperature of approximately 
210° C., and consequently rises. I t  passes out of the cell a t 
the top, through the diagonal tube, B, and reenters the main 
gas-sample tube, C, a t a point opposite the opening A, 
through which it entered the cell X . The action of the gas is 
thus a by-passing of a small am ount of the sample flowing in 
the tube C through the analyzing cell X . This flow of gas is 
produced by the difference in weight of the two columns of 
gas—one in the cell X  a t high temperature and one in the. tube 
B  at lower temperature. The essential fact, however, is tha t 
the tubes A  and B  join the main gas-sample tube, C, opposite 
each other. Thus there is practically no pressure difference 
between the inlet and the exit of the cell X , and the flow 
through the cell X  is dependent only on the platinum-wire
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temperature, being practically independent of the velocity of 
gas flow through the tube C.

T h e rm a l C ond u ctiv ity  of W ate r V apor

Values of the therm al conductivity of water vapor have 
been given from calculations based on the specific heat and 
viscosity. Recently, however, Gruss and Schmick (/¡) have 
determined the conductivity of mixtures of water vapor and 
air with considerable accuracy. Figure 3 shows the thermal 
conductivity of water vapor and air mixtures, referred to air 
as unity, a t  a mean temperature of 82.2° C., from the results

F ig u re  4—A c tu a l C irc u i t  o f A p p a ra tu s

of Gruss and Schmick. Based upon theoretical considera
tions, these investigators give for the equation of the curve of 
Figure 3:

/ X A  j  1 0.85
\ L j  j  +  A  j  3 5 -  1 +  0 4 g l  P±

r  i l ‘i

where Li and L\ are conductivities of two mixtures and Pi and Pi 
are the partial pressures of water vapor and air, respectively.
I t  was desired to  have the recorder accurate to  ±0.05 per 
cent relative hum idity over a range from 0 to 10 per cent rela
tive hum idity a t 25° C. Calculating the thermal conduc
tivity  of a mixture of water vapor and air a t tliis upper limit 
of 10 per cent a t 25° C. from the previous equation, we obtain 
1.00116 referred to air as unity. The difference between 
1.0000 and 1.00116 represents the limits within which the 
recording apparatus should function. This range is deter
mined, however, for the gaseous mixture a t 82.2° C., while 
in the thermal-conductivitjr cell described here the mean gas 
temperature is about 100° C. Since the temperature coef
ficient of thermal conductivity of water vapor is not known, 
even approximately, i t  is possible only to estimate the sensi
tivity of the gas-analysis cell from the value derived from 
the work of Griiss and Schmick. A sensitivity of ±0.05 per 
cent relative hum idity is therefore equivalent to a change of 
the order of 0.0000058 in the therm al conductivity of the 
gaseous mixture.

T h erm a l-C o n d u c tiv ity  A p p a ra tu s

The principal difficulty in designing an instrument of this 
type is to  obtain sufficient sensitivity of the gas-analysis 
cells to work satisfactorily over such narrow limits of thermal- 
conductivity change. In  order to increase the degree of un
balance of the W heatstone bridge for a given change of cell- 
wire resistance, four cell tubes were used, arranged in the 
circuit as shown in Figure 4. Two cell wires, A'i and X», were

exposed to the air gas-water mixture, while the other cell wires, 
S\ and iS2, were surrounded by dry  air. By the use of this 
device the potential drop a t M -N, measured by the potenti
ometer recorder, is twice th a t which would be obtained by the 
simple circuit of Figure 1. An attem pt was also made to  in
crease the potential drop a t M -N  (Figure 4) by increasing the 
current supplied to the bridge.-

Serious difficulties were soon found due to variable readings 
on constant-humidity air, or on even dry air. The readings 
varied rapidly, sometimes increasing, sometimes decreasing. 
Accordingly, a potentiometer was connected across the bridge 
to measure the unbalanced potentials, and an attem pt was 
made to measure the change of the reading per minute, by tak
ing readings every 15 seconds. A constant-humidity gas mix
ture was used during all this work. Since the unbalanced po
tentials are functions of the bridge current, the finalresults of 
the above tests as plotted in Figure 5 are shown in millivolts 
per minute per milliampere of bridge current. In  this way all 
values are strictly comparable in absolute magnitude, since 
the effect of the increase of the bridge current in increasing 
any unbalanced potential is eliminated by dividing the drift 
in millivolts per minute by the bridge current.

Various values of bridge current were used, ranging from 
500 to 800 milliamperes. The curve of Figure 5 shows very 
strikingly the sudden increase in the drift a t  650 milliamperes. 
This increase represents a total lack of reliability or reproduci
bility of the readings. As stated above, all readings were 
taken on a gas of constant humidity. The drifts took place 
in either a positive or negative direction. The sudden in
crease in the rate of drift a t  about 650 milliamperes is very 
probably due to  the sudden setting up of rapid and variable 
convection currents within the cell tubes themselves when the

B r id g e  C u r r e n t - m i l l i a m p e r e s
F ig u re  5—D r if t  o f R e a d in g s  a t  V ario u s  

C u r re n ts

wire temperature exceeds a certain critical value. This theory 
seems reasonable, since all other known factors which vary 
with the bridge current have been eliminated. This critical 
value of temperature is a function of the cell diameter also. 
For the final design, therefore, the current used was 600 
milliamperes.

The variation of sensitivity with current is based upon two 
facts.

(1) An increase of bridge current will obviously cause an 
increase in the potential measured across the terminals M -N  
(Figure 4) for a given degree of unbalance of the bridge. This 
effect is purely electrical.
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(2) If the curves of thermal conductivity versus temperature 
for water and air diverge with an increase of tem perature, the 
sensitivity of the instrum ent will increase with higher bridge 
currents since the difference of thermal conductivity of the gases 
being analyzed will be greater. On the other hand, if the curves 
of thermal conductivity converge with increasing temperature, 
the instrum ent will become less sensitive with increasing tem
perature.

F ig u re  6—C ell U n it

The effects may be additive or subtractive. From the 
results of Walker (10, Table II), which indicate an increase 
of sensitivity with increase of cell temperature, it appears 
th a t the curves of thermal conductivity for water and air 
diverge as the temperature increases. No experimental data 
are available on this point.

Three methods were used for securing a balance of the 
bridge circuit with dry air in all tubes. (This balance condi
tion is termed the “dry-air zero.” )

M e t h o d  1 —Each of the four unit cell tubes was equipped with 
convection flow tubes; the air to be analyzed was passed through 
the A' tubes, dried, and then passed through the standard tubes,

F ig u re  7—R ec o rd e r  C irc u it

in series. This method gave the most satisfactory results, 
because the cell is practically independent of tem perature 
changes and is relatively insensitive to small changes in the 
current supplied to the bridge. More important, however, is 
the fact th a t changes in the concentration of gaseous components 
other than water vapor which may be present in the mixture

have no effect upon the readings, since such changes affect all 
four arms of the bridge equally. This is true, of course, only 
when water vapor is the only constituent removed by the drying 
train interposed between the X  and 5  tubes of the cells.

M e t h o d  2 —In this method the two standard tubes were 
filled with purified, dried air and were sealed. The X  tubes 
were provided with convection flow tubes, and the air to  be 
analyzed passed only through these in series. A change of 
0.1° C. in the cell tem perature (the cells being enclosed in a 
constant-tem perature bath) caused a bridge unbalance of 0.1 
millivolt, equivalent to  about 0.5 per cent relative humidity 
a t  25° C. (This sensitivity to  changes of cell tem perature was 
found to be of minor importance in a plant installation, since the 
controlled oil-bath tem perature remained constant to ±0.01° C. 
for several months.) A current change of 0.001 ampere 
caused a bridge unbalance of 0.05 millivolt. (The use of a 
direct-current trickle charger on the storage batteries supplying 
the bridge completely eliminated any noticeable errors due to 
variations of bridge current.)

M e t h o d  3 —In  this method the standard tubes were filled 
with dry air a t  atmospheric pressure, and were protected with 
open-end drying tubes. These cells were less sensitive to tem 
perature changes than the previous type, bu t were unsatis
factory owing to drift of the dry-air zero.

The cell unit is shown in Figure 6, which represents the 
set-up used according to M ethod 1. The actual circuit em
ployed is shown in Figure 4. Si, X h and X* represent the 
standard and analyzing wires, respectively. IC is the zero 
balancing slide wire, which consisted of a 10-turn Kohlrausch 
slide wire of 6.5 ohms resistance shunted by a coil of 0.5 ohm.

F ig u re  8—R ec o rd e r (F ro n t)

E and F  are coarse and fine battery-current rheostats; 
the current was adjusted to the proper value by balancing the 
potential drop across a  coil, D, against th a t of a standard cell, 
H, using a small reflecting galvanometer as an index of the 
balance point. For convenience, all the component parts of 
the apparatus, except the battery and the cells, were mounted 
in a single control box.

R ecorder

The recording potentiometer is connected to the terminals 
M-N.

The instrum ent first used was a  standard potentiometer- 
type recorder specially modified to cover a range of 0 to 2 
millivolts. I ts  circuit is shown in Figure 7. The attainm ent 
of this low range was made possible by the use of a recorder 
galvanometer of much higher sensitivity than those usually 
produced. Figure 8 shows the front of the type of recorder 
used, and Figure 9 gives a view of its rear working parts. 
The recorder constitutes in effect a galvanometer, a slide-
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wire resistance, and a  mechanism set in motion by the gal
vanometer to  shift a contact point along the slide wire. 
The balance point is determined by the absence of current in 
the galvanometer, a t which time the self-balancing mechanism 
ceases to act.

The disk on the rear of the recorder (Figure 9) carries the 
slide wire, S, of Figure 7. If the potentiometer is not bal
anced, current flows through the galvanometer, deflecting it 
and actuating the balancing mechanism. This mechanism 
turns the slide-wire disk under the contact which may be noted 
a t the top of the disk. The movement of the disk produces 
an adjustm ent of the potentiometer, and this automatic ad-

F ig u re  9—R eco rd e r (R ear)

justm ent continues until the potentiometer voltage balances 
the voltage to be measured. A t this tim e the galvanometer 
returns to its zero position and the balancing mechanism 
ceases to act. Thus the position of the slide wire S, referred 
to its fixed contact slider, is a  measure of the unknown voltage, 
in this case the unbalanced voltage of the gas-analysis bridge. 
A small cable attached to a pulley on the shaft carrying the 
slide wire moves a pen back and forth across a  chart. The 
position of the pen thus indicates the magnitude of the un
known voltage. The chart is in rectangular coordinates, 
the humidity scale being 10 inches (25.4 cm.) in width.

C alib ra tio n

The gas-analysis cells were connected to the calibration ap
paratus described by Walker (10) and air a t various constant 
known humidities was passed through the cells. Recorder 
readings taken for various humidities furnish data  from which 
a calibration curve similar to  th a t of Figure 10 can be plotted. 
This curve represents the relation between millivolts as 
measured on the recording potentiometer and per cent rela
tive humidity a t 25° C. I t  was taken on a set of cells operated 
according to M ethod 1; they were placed in an oil bath a t 
40.1° ±  0.01° C.

M ethod  fo r R ecord ing  H igher H u m id itie s

I t  was desired to use the range of the recorder to measure 
humidities other than those included in the narrow range of 
0 to 10 per cent relative humidity a t 25° C.

I t  was a t first thought th a t a  multiple-range recorder would 
be the simplest solution of the problem, but it was found pos
sible to  calibrate the Kohlrausch slide wire, K, in term s of 
relative humidity a t 25° C. T hat is, by using the recorder 
galvanometer as an index of zero current condition (the re
corder being set a t zero on the scale), it was possible to plot a 
curve of slide-wire reading (K) versus relative humidity a t 
25° C. Walker (10) describes this procedure in detail.

A multiple-range recorder was finally constructed, however, 
which enables the user to  measure hum idity using a single 
gas-analysis cell and recorder, in the following ranges: 0- 10 , 
0-20, 0-50, and 48-98 millivolts. The first two ranges will 
cover from dry to saturated air a t  25° C. The last two ranges 
are useful for measurements of high humidities a t higher tem
peratures. The absolute precision and accuracy are, of 
course, reduced a t  the higher ranges.

A ccuracy

On the 10 per cent range the recorder is sensitive to  a 
change of ±0.02 per cent relative humidity a t 25° C. The 
accuracy is ±0.05 per cent relative humidity a t 25° C. For 
an instrum ent of such a low range this accuracy is far better 
than any heretofore obtained on a self-recording apparatus, 
and is sufficient for the purpose for which it  was designed. 
Further work in progress bears promise of increasing the 
accuracy by a considerable amount.

F u r th e r  Uses of th e  A p p ara tu s

While the application of thermal-conductivity apparatus 
to the determination of water vapor is particularly successful 
in this case, where very low humidities are to be measured, it 
also should have a considerable field in applications where 
greater ranges of humidities are to be measured. This is 
particularly true where it is desired to measure and record

R ecorder Reading — M ill iv o lts  
F ig u re  10—C a l ib ra tio n  C urve

humidities in an enclosure without introducing any w ater 
vapor by the use of the measuring apparatus, as would be 
done if the wet-and-dry-bulb thermometer were used. The 
greatest advantage of the apparatus is, of course, th a t it is 
continuous reading and no interm ittent sampling is necessary.

Further uses for the thermal-conductivity hum idity ap
paratus are found where it is desired to  measure water-vapor 
content a t  very high or very low' temperature. Above the 
boiling point of water the usual forms of hum idity apparatus 
cannot be used. For example, the thermal-conductivity 
method might wrell be applied to  the determination of moisture 
in dry kilns used in various processes. Likewise, even if the 
temperature of a gas mixture is below the freezing point of 
water, the thermal-conductivity method will still give reli
able indication of the am ount of water vapor present in the 
mixture. Walker and E rnst (11) have given a method of de
termining the moisture in high-pressure tanks of nitrogen, 
using the apparatus described.
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Preparation of A ir of K now n H um idity  and Its 
Application to  the Calibration of an 

A bsolute-H um idity R ecorder1

AN abso lu te-hum idity  
recorder, based upon 
th e  thermal-conduc- 

tivity method of gas analysis, 
has been developed by the 
Leeds and N orthrup Com
p a n y  in  collaboration with 
these Laboratories (4). This 
in s t ru m e n t  w as designed 
e s p e c ia l ly  to measure low 
humidities within a tempera
ture range of 25° to 50° C.
(77° to 122° F.), and sensi
tive to c h a n g e s  of 0 .05  
per cent relative humidity.
Since 0.05 per cent relative humidity a t  25° C. is equivalent to 
a pressure of water vapor of 0.012 mm. Hg, or to  a concen
tration of 0.0016 per cent by volume of water vapor in air, the 
problem of calibration was somewhat unusual. I t  was de
cided to  undertake this calibration by the use of flowing mix
tures of air and water vapor of constant composition, and it is 
the purpose of this paper to  describe the apparatus for pro
viding such flowing mixtures and to  give calibration data of 
the humidity recorder together w ith details of operation.

A p p a ra tu s  for P rep arin g  D efinite A tm ospheric  H u m id itie s

In  1925 an apparatus was described (S) whereby constant 
flowing mixtures of air and carbon dioxide were prepared, in 
which the carbon dioxide content varied not more than 0.0005 
to 0.001 per cent by volume for long periods. Flowing mix
tures of constant humidity have been obtained with a similar 
apparatus, the principle involved being to mix dry air in fixed 
proportions with nearly saturated air. The apparatus differs 
in but one essential detail from th a t used to provide a ir- 
carbon dioxide mixtures; the moist air is obtained by bubbling 
air through a tower containing distilled water and this tower 
m ust be maintained a t a fixed temperature to secure a con
stan t degree of saturation.

The apparatus yields a  mixture of constant absolute hu
midity. The relative humidity of a given mixture depends

1 Received December 9, 1929.

upon the te m p e r a tu r e  a t  
which the air is used, and this 
may be calculated from va- 
por-pressure tables (£).

The arrangement of th e  
constant-humidity apparatus 
is shown in Figure 1.

O p e r a t io n —Air a t  about 
250 mm. of mercury above 
atmospheric pressure is rap
idly and almost completely 
dried by passage through A u 
a  20-liter carboy containing 
5 liters of sulfuric acid. This 
air is then delivered to the 

apparatus a t  nearly constant pressure, determined by the pres
sure head, M . P art of the air stream passes through V 2 to 
be more completely dried by sulfuric acid in A2, and by phos
phorus pentoxide or Dehydrite (5) in B, after which acid im
purities are removed by calcium oxide in C.

N o le — I f  D e h y d r i t e  ( m a g n e s i u m  p e r c h l o r a t e  t r i h y d r a t e )  i s  u s e d  i n s t e a d  
o f  p h o s p h o r u s  p e n t o x i d e ,  t h e  s u p p l y  p r e s s u r e  o f  t h e  a i r  c a n  b e  m u c h  l o w e r ,  
a n d  t h e  p r e s s u r e  h e a d ,  M ,  m a y  b e  o f  o i l  i n s t e a d  o f  m e r c u r y .  T h e  o i l  p r e s 
s u r e  h e a d  i s  m u c h  m o r e  q u i e t  a n d  s t e a d y  t h a n  t h a t  u s i n g  m e r c u r y .

T hat most of the drying takes place in A i  is shown by the 
fact th a t the absorbent in  B  needs replenishing bu t once or 
twice a year, and the acid in A 2 bu t once in 3 or 4 months. 
The rate  of flow of dry air to  the mixture reservoir, J , is 
measured by the flowmeter, D. The remainder of the air, not 
delivered through Vi, is by-passed through V\ to  E , where it is 
saturated to a constant moisture content by bubbling through 
distilled water. F  is a trap  to remove entrained water, and 
the moistened air joins the dry-air stream a t I I  after passage 
through the flowmeter, G. The mixture thus formed is of 
definite moisture content determined by the rates of flow 
through D and G and the degree of saturation in E. Mixture 
is delivered a t constant rate through the flowmeter K  for use, 
simultaneously if necessary, in the calibration of the humidity 
recorder through Vi, equilibrium experiments through Vt, and 
gravimetric analyses through the flowmeter Q and F 5.

Sufficient air m ust be supplied to  the apparatus to  provide 
adequate quantities of mixture, not only for equilibrium ex

A. C. W alker a n d  E. J .  E rn s t, J r .

B e l l  T e l e p h o n e  L a b o r a t o r i e s , 4 6 3  W e s t  S t . ,  N e w  Y o r k , N .  Y .

A n a p p a ra tu s  is d escribed  w hereby  c o n s ta n t flowing 
m ix tu re s  of a ir  a n d  w a te r vapor m ay  be p rep a red , in  
w h ich  th e  m o is tu re  c o n tc n t varies n o t m o re  th a n  
0.001 p e r c e n t by vo lum e, over long  periods. T h is  
a p p a ra tu s  h a s  been  u tiliz e d  to  c a lib ra te  a  sensitive  
h u m id ity  reco rder capab le  of c o n tin u o u s ly  reco rd ing  
a tm o sp h e ric  h u m id it ie s  u p  to  2.9 p e r c e n t by vo lum e 
of w a te r vapor in  a ir  (equ iv a len t to  a b o u t 95 per c e n t 
re la tive  h u m id ity  a t  25° C.) w ith  a  se n s itiv ity  of 0.0016 
p e r c e n t by vo lum e (0.05 p e r c e n t re la tiv e  h u m id ity  a t  
25° C .). T h e  u se  of th e  reco rder in  co n n ec tio n  w ith  
th e  c o n s ta n t h u m id ity  a p p a ra tu s  is described  a n d  
c e r ta in  typ ica l d a ta  i l lu s tra t in g  th e  p e rfo rm an ce  a re  
given.
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periments and analyses, but also an excess bubbling to waste 
from each of the constant-pressure overflow tubes, M, N , 0, 
and P, to insure constant pressures in the various parts of the 
system. Changes of 1 to  2 inches (2.5 to 5 cm;) in the level 
of water in the bath, L, have appreciably no effect upon the 
rates of flow through D and G, and therefore do not affect the 
mixture composition, since these rates of flow depend, not 
upon the total hydrostatic heads, bu t only upon the differen
tial heads fixed by the relative positions of the three adjustable 
tubes, N , 0 , and P. To secure the necessary constancy of 
head the overflow tube P  is essential; w ithout it the composi
tion of the mixture will vary some
w hat with variation in the amount 
used, which affects slightly the A" 
pressure a t  the exit side of the flow
meter K. I t  is advisable to ar
range for a constant flow through 
K  continuously, by means of the 
valve Vt, which, when no equilib
rium experiment is in progress, 
m ay be adjusted so as to  main
tain the sam e p re s s u re  d ro p  
through K .

Distilled water is supplied to E, 
as needed, from the reservoir E '.
This m ay be refilled without in
terrupting the operation of the 
apparatus. L  is maintained a t 
constant temperature to  provide 
constant water-vapor pressure in
the moist air stream. This is accomplished by the heater lamp, 
I , and adjustable therm ostat, T. Bubbling from N , 0 , and P  
provides adequate stirring to maintain E  a t  a constant tem
perature within ±0.05° C. For high humidities, temperature 
variations of E  should not exceed ±0.01° C., and this is 
accomplished with a motor stirrer in L.

F ac to rs  D e te rm in in g  H u m id ity  of M ix tu re

The hum idity of the mixture depends upon several factors, 
the most im portant being (1 ) the tem perature of the water in 
E; (2) the rate  of flow of dry air through D and (3) of wet 
air through G; (4) changes in the height of water in E  causing 
changes in the pressure distribution in the system and conse
quent composition changes; (5) the efficiency of saturation 
in E, which depends upon the complexity of the path taken by 
the bubbles of air, the rate of flow, and the length of the water 
column.

Considering these factors separately:
(1) A change of 0.1° C. in the temperature of water in E  

causes a change in the mixture compositions of 0.04 and 0.6 
per cent relative humidity a t 6 and 80 per cent relative 
humidity (25° C.), respectively. W ith the temperature con
trol provided—i. e., 0.01 to 0.05° C.—the effect of tempera
ture variations may be considered negligible a t any humidity.

(2 and 3) The rates of flow through D and G are easily 
controlled by the overflow tubes in L, and mixtures of definite 
composition may be reproduced readily, as will be shown later.

(4) A change of 2.5 to  5 cm. (1 to 2 inches) in the total 
head of about 18 cm. (7 inches) of water in the saturator E is 
without perceptible effect upon the mixture composition, and 
greater changes than this need not occur if reasonable care is 
taken,

(5) Overnight records of operation and gravimetric analyses 
of the mixture on succeeding days show th a t the efficiency of 
saturation of the air passing through E  is constant for a given 
setting of the apparatus. For all rates of flow used in this 
work, the degree of saturation of the air passing through E  has 
been found to be between 93 and 96 per cent; e. g., the effluent

air from E  is 93 to 96 per cent relative hum idity a t the satura
tor temperature, and for a given set of conditions the ef
ficiency is constant to less than 0.5 per cent. Glass beads in E  
aid materially in giving these high values of saturation 
efficiency.

Note—In preparing m ixtures of high hum id ity  the  ra te  of a ir flow 
through E  is a  maximum. U nder these conditions, m oisture is observed 
to  condense in the  glass tube leading from th e  tra p  F  to the flowmeter G, 
owing perhaps to the  increased expansion of the  gas a t  the  higher ra tes  of 
flow. Usually th is  condensation is confined to  th a t portion of the  tube  
immersed in the w ater b a th , L , b u t when the  w ater-bath  tem pera tu re  is 
more th an  2° to  3° C. below th a t of th e  room th is condensation occurs for a

F ig u re  1—A p p a ra tu s  fo r  P re p a r in g  C o n s ta n t  M ix tu re s  o f A ir a n d  W a te r  V apor

distance of abou t 2 cm. above the  w ater level. This results in fluctuations 
of abou t 0.5 per cent in the  m ixture hum idity , due to  the  effect of 
room -tem perature variations. This difficulty was elim inated by  inserting 
a small porous plug of glass wool in the  glass tube  abou t 2 inches (5 cm.) 
below the w ater level, and by placing an  electric lamp (10-w att) beside the 
tube where condensation occurs.

A calibration curve is required for the analysis flowmeter, Q. 
Similar curves are desirable, but not necessary, for the other 
flowmeters, since they are useful guides by which to estimate 
the settings for a specific humidity. The simplest method of 
securing air of definite humidity is to make gravimetric 
analyses of several mixtures provided by settings of D  and G 
covering the whole range of moisture content which m ay be 
used. W ith these data it is a simple m atter to estimate flow
meter settings for a specific mixture with sufficient accuracy 
for most purposes. Accurate gravimetric analyses of the 
estimated mixture should then be secured, and the mixture 
m ay be reproduced with extreme accuracy when desired, pro
vided only th a t the tem perature of E  is m aintained constant.

The procedure for analyzing the mixture gravimetrically 
is as follows:

M ixture is drawn through the weighing tube R  by vacuum 
applied a t Vj, a t  a constant ra te  observed by the flowmeter, Q, 
and fixed by the vacuum head, W. Dehydrite is used in R  
as the absorbent, with a small layer of phosphorus pentoxide 
in the outlet arm to reduce the moisture in the effluent air to 
a negligible amount.

Note—T he use of D ehydrite simplifies th e  analysis  of a ir  for m oisture 
a t high hum idities, since i t  does no t become gelatinous on absorbing rela
tively small am ounts of w ater. W ith phosphorus pentoxide, th e  pressure 
drop through R  changes during an analysis so rapid ly  as to  require alm ost 
continuous read justm ent of the  vacuum  head, W . T h a t D ehydrite  is an 
efficient absorbent for th is purpose is shown by an  analysis of a ir a t  75 
per cent relative hum idity  a t  25° C. Approxim ately 0.3 gram  of w ater 
was absorbed in R  during th e  te s t w ith no change in weight of a second 
weighing tube  containing phosphorus pentoxide connected in series after R.

For high humidities the instant of starting an analysis should be 
observed as accurately as possible, since the duration of the test 
is usually 20 to  30 minutes. This is accomplished as follows: 
R  is placed in position and air passed through it  until W  is ad 
justed for a suitable rate through Q and R. The tube R  is then 
weighed and replaced. The mixture is by-passed through Vt to
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W  until the proper differential is secured in Q. Flow is then 
diverted quickly through R, reducing the error in the time of 
starting an analysis to a  negligible amount.

Mixtures containing as little as 0.0019 and as much as 2.9 
per cent by volume of water vapor were obtained with this 
apparatus as used in the writers’ laboratory. These values 
correspond to 0.06 and 95 per cent relative humidity a t 25° C., 
respectively. Absolute humidities higher than 2.9 per cent 
of water vapor by volume may be secured readily by increas
ing the temperature of E  and maintaining the remainder of the 
apparatus above this temperature to  prevent condensation. 
Relative humidities greater than 95 per cent have not been 
obtained without moisture condensation, perhaps because 
small changes in temperature of the mixture due to expansion 
during the flow through the apparatus lower the gas tempera-

F ig u re  2—C a l ib ra tio n  C urves

ture below its dew point even though the surrounding room or 
therm ostat is maintained a t  a temperature theoretically 
equivalent to 95 per cent relative humidity for this mixture.

I t  was possible to secure much higher rates of flow of dry air 
than of wet air with the particular arrangement used in this 
laboratory, since the rate of bubbling through E  limited the 
amount of wet air much more than the resistance through B  
and C restricted the flow of dry air. The maximum wet air 
flow was about 60 liters per hour, th a t for dry air, 600 liters 
per hour, and this dry-air flow was materially increased when 
Dehydrite was substituted for phosphorus pentoxide in B.

R eproducib ility  a n d  C onstancy  of M ix tu res

The reproducibility of the air-water mixture may be gaged 
from the following experiment.

Two gravimetric analyses, made on successive days, of air 
furnished by certain settings of the flowmeters gave 0.73 and 
0.75 per cent relative humidity a t 25° C. Six days later these 
flowmeter settings were repeated, the apparatus having been 
used in the meantime to provide several other humidities. 
The gravimetric analysis of the mixture was 0.74 per cent 
relative humidity.

The constancy of composition obtained with this apparatus 
is shown in Table I. During the entire period over which 
these results were obtained the apparatus was operated 
continuously, day and night, a t this one humidity.

T a b le  I—C o n sta n c y  of C o m p o s itio n  of A ir -W a te r  M ix tu re

D a t e

2 /  8 / 2 9  
2 /  9 / 2 9  
2 / 1 1 / 2 9  
2 / 1 3 / 2 9  
2 / 1 4 / 2 9  
2 / 1 5 / 2 9  
2 / 1 6 / 2 9

(G ravim etric analyses)
R e l a t i v e  H u m i d i t y  a t  2 4 .4 °  

Per cent 
7 5 . 0 ;  7 5 . 3 ;  7 5 . 3 ;  7 5 . 1  
7 4 . 8 ;  7 4 . 9 °
7 5 . 1 ;  7 5 . 3
7 5 . 2
7 5 . 3
7 5 . 3 ;  7 5 . 1  
7 5 . 1

C.

The constancy of these results is the more striking when it  is 
considered th a t the air is a t a high relative humidity. Below 
10 per cent relative hum idity a t this temperature the mixture 
varies less than 0.05 per cent relative humidity; or the varia
tions of water content are less than 0.002 per cent of the 
volume of air.

H u m id ity  R ecorder C a lib ra tio n

A schematic diagram of the thermal-conductivity bridge 
circuit, which is the essential feature of the humidity recorder, 
is shown in Figure 1. X \  and X 2 are the analyzing tubes of 
the thermal-conductivity cell; S i and <S2 the standard, or dry 
air, tubes. These four tubes contain fine platinum resistance 
wires, constituting the arms of a W heatstone bridge. The 
mixture passes through the analyzing tubes in series, is dried 
by passage through Dehydrite in Z, and continues in series 
through the two standard tubes. For many purposes the air 
to  be analyzed may be available only a t atmospheric pressure 
or slightly above this, so th a t vacuum is required on the outlet 
of S2 to  compensate for the pressure drop through Z and the 
tubes of the cell. Constant flow is obtained with a  vacuum 
head, U, and the inlet pressure is observed by the manometer, 
Y. Nujol is used in all flowmeters and manometers, since it 
does not affect the mixture composition and its low density 
provides greater sensitivity than could be obtained with 
mercury.

Calibration data are given in Tables II, I II , and IV, show
ing the characteristics of the hum idity recorder when used in 
three different ways.

Table I I  is for the most sensitive, low-range recorder (0 to 
2 millivolts). The upper limit of water-vapor content which 
can be analyzed directly with this instrum ent is between 6 
and 10 per cent relative humidity a t 25° C., depending upon 
the sensitivity of the cell. The lower limit is about 0.05 per 
cent relative humidity a t this temperature.

T a b le  I I — C a l ib ra tio n  D a ta  fo r 0 to  2 M illiv o lt R an g e

Oil B ath
T y p e  1 C e l l

Air B ath
T y p e  2  C e l l  

Air B ath
Mv. % R. H. Mv. %  R. II. Mv. %  R. II.

0.36 1.85 0 .40 1.85 0.54« 1.85
0 .38 1.85 0 .52 1.85

0 .79 3 .95 0 .86 3.95 1.10 3 .95
0 .88 3 .95 1.14 3 .95

1.14 5 .88 1.25 5 .88 1.61 5.94
1.29 5 .88

2 .00 10.30

Average 75.14
“ analyses made on F ebruary  9 were probably slightly low as the 

bubbler was_ but hali full of water. Excluding these tw o results, the  maxi
mum deviation from the average was only 0.16 per cent re la tive  hum idity .

° T he greater sensitivity of th is  cell over th a t  of type 1 in the a ir 
b a th  is though t to  be_ due to  the size of th e  pla tinum  resistance wires. A 
very small reduction in wire diam eter results in m aterially increased sensi
tiv ity .

Table I I I  contains data on a multiple-range recorder for the 
0 to  20 millivolt range. This instrument, having four 
ranges—0 to 2, 0 to 20, 0 to 50, and 48 to 98 millivolts—may 
be used to measure, directly, mixtures containing moisture 
contents up to  saturation a t temperatures well above 40° C. 
Table I I I  contains a calibration up to  only about 90 per cent 
relative humidity a t 25° C., this being substantially the



April 15, 1930 I N D U S T R I A L  A N D  EN G IN E E R IN G  C H E M IS T R Y 137

limiting concentration available with the hum idity apparatus 
as operated by the writers. In  each range the recorder has 
about the same percentage sensitivity, this being approxi
mately 1 per cent of the observed value.

T a b le  I I I - -C a lib ra tio n  D a ta  fo r  0
T y p e  1 C e l l

Oil B ath

to  20 M illiv o lt R an g e  

Air B ath
M v. ' % R. II. Mv. % R. II.
1 . 1 5 5 . 8 8 1 . 2 2 5 . 8 8
8 . 1 5 5 2 . 3 8 . 7 5 5 2 . 3

8 . 7 5 5 1 . 6
1 1 . 7 8 3 . 2 1 3 . 0 8 3 . 2

1 3 . 0 8 2 . 7

Table IV  contains calibration data up to about 90 per cent 
relative hum idity a t  25° C., using the sensitive, low-range 
scale (0 to 2 millivolts), bu t utilizing an offset zero secured 
by unbalancing the cell bridge with the Kohlrausch slide wire 
(4). This method permits the use of the most sensitive range 
of the recorder for measuring high humidities. I t  has the 
advantage of showing small variations in gas composition with 
almost the same sensitivity as th a t obtainable with the single
range (0 to  2 millivolts) recorder when used directly on air of 
low moisture content. I ts  disadvantage is th a t the potential 
unbalance as determined by the offset slide wire zero cannot 
be measured directly in millivolts.

T a b ic  IV- 
T y p e  1 C e l l ,

Oil B ath

-A K  C a l ib ra tio n
T y p e  2  C e l l  

Oil B ath
K 6a

5 1 3 . 8
A/C
8.6

5 9 . 9
8 7 . 5

%  R . II. 
6 . 3 0  

5 5 . 3  
88.1

K oa
4 7 3 . 2

° D ry air.

A/sT
2. 6
5 . 5

2 6 . 2
4 7 . 6

%  R. II. 
2 . 3 4  
4 . 8 6  

2 4 . 0 5  
5 2 . 3

ture. Thermocouple measurements of the external surface 
temperatures of the copper blocks containing the cell tubes 
showed tha t these surfaces were 1.5° C. higher in the air bath 
than in the oil bath. Consequently the bridge arms are a t a 
slightly higher temperature in the air bath, for a given bridge 
current, than in the oil bath, owing to the lesser temperature 
gradient between wires and surrounding walls of the cell. 
This results in increased cell sensitivity with increased cell 
temperature and suggests th a t the temperature coefficients 
of thermal conductivity of air and wrater vapor diverge with 
increasing temperature. No data are available by which to 
calculate this change in sensitivity.

Owing to the use of convection flow tubes on the cells de
signed by the Leeds & N orthrup Company, the rate of flow of 
gas and the pressure a t the tube entrances appear to have no 
effect upon the calibration curves. This was investigated for 
rates of from 10 to 100 liters per hour, and for inlet pressures 
from 2 mm. of Hg above to 5 mm. below' atmospheric pressure.

Two types of therm al-conductivity cell were used in the 
experimental calibrations recorded in these tables. Type 1, 
the more stable and practical cell, was equipped with con
vection flow tubes on all four cell tubes and the gas to be 
analyzed wras dried after leaving the analyzing tubes before 
passing to  the standard tubes. Type 2 was equipped with 
convection flow' tubes on the analyzing tubes only; the stand
ard tubes were sealed and contained dry air. (For a more 
detailed discussion of the cell construction see the paper by 
Rosecrans, 4.)

The data  in Tables I I  and IV refer to  cells of both types, 
while those in Table I I I  refer to  only type 1 cell. All three 
tables include comparisons of the cell sensitivity when main
tained a t constant tem perature in an oil bath and in an air 
bath. All experiments were made with the cells a t 40.1° C.; 
the air bath was constant to =4=0.025° C., and the oil bath to 
±0.01° C.

The curves in Figure 2 are plotted from the data of Tables II 
and III . The un it values of abscissa and ordinate arc as 
shown for the 0 to  20 millivolt curves, but should be read as 
one-tenth of these values for the 0 to  2 millivolt curves. The 
relation between the per cent relative humidity and bridge 
unbalance is nearly linear up to  10 per cent relative humidity, 
this being equivalent to  about 0.78 per cent by volume of 
w-ater vapor. Above this concentration the relation deviates 
appreciably from a straight line, the sensitivity decreasing 
with increasing moisture content. Cells of type 2 must be 
maintained a t constant tem perature to ±0.01° C., since the 
pressure of the dry  air sealed in the standard tubes may 
change with greater temperature changes by an amount 
sufficient to alter appreciably the thermal conductivity of the 
dry  air and consequently the resistance of these reference arms 
of the bridge. Cells of type 1 are not sensitive to changes of 
10° C. in the tem perature of the surrounding thermostat. 
I t  is therefore somewhat surprising th a t the calibration curves 
(Figure 2) of type 1 cell differ appreciably in oil and in air 
baths, although maintained a t  the same surrounding tempera-

0.4 06  0.8
BRIDGE UNBALAN CE “ MILLIVOLTS

F ig u re  4—R eco rd  a s  O b ta in e d  w ith  H u m id i ty  
R eco rd e r

The procedure used to  secure the AK  data of Table IV, 
shown graphically in Figure 3, is as follows: The humidity 
recorder is operated on dry air until constant conditions are 
assured. The recorder motor is stopped so th a t the galva
nometer pointer swings freely. Air of known humidity is 
passed through the cell, causing the pointer to  be displaced 
in the direction of increasing humidity. I t  is then brought 
back to the mid-position by rebalancing the bridge circuit 
with the Kohlrausch slide wire. Final adjustm ent is made 
with the motor running so th a t the line drawn on the chart is 
a continuation of the initial record with dry air. The differ
ence, AK, between the setting, K, thus obtained on the
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Kohlrausch slide-wire drum and tha t initially secured with 
dry air, Ko—i. e., AK  = K  — Ko—is proportional to the 
humidity. As may be expected from the complexity of the 
relations in the unbalanced bridge circuit, the curve in Figure 
3 is distinctly non-linear.

The non-linear relation observed in Figure 2 is consistent 
with the results of Griiss and Schmick (1), who showed th a t 
the thermal conductivity of air increases with the addition of 
small amounts of water vapor. Their curve of conductivity 
ratio, Lm/L.¡r, vs. pn,o exhibits a maximum a t a composition 
of i>n,o =  20 per cent by volume. Further addition of water 
vapor decreases the ratio until a t about 40 per cent by volume 
of water vapor the mixture conductivity (Lm) is less than tha t 
of dry air (L,ir). On this basis the per cent relative hum idity- 
millivolt curves in Figure 2 should bend towards the relative 
humidity axis, as observed. The maximum in the curve of 
Griiss and Schmick is far above the range investigated here 
and their lowest observation is a t 7.1 per cent by volume of 
water vapor, so tha t quantitative comparison between the 
two sets of data is not possible. The data are in qualitative 
agreement, however, in the two respects—th a t the pressure 
of water vapor increases the thermal conductivity, and th a t 
the first increments appear to have slightly greater effect 
than subsequent increments.

O p era tio n a l D etails of H u m id ity  R ecorder

As an illustration of the extreme constancy of the humidify
ing apparatus and recorder, there is shown in Figure 4 a 
record obtained with air a t 3.96 per cent relative humidity 
(25° C.) in a continuous 16-hour (overnight) test during 
which time the apparatus was under no supervision. The full 
width of the chart is equivalent to a potential unbalance of 2 
millivolts across the cell bridge circuit. Figure 4 shows but 
slightly more than half the width of the chart. For the cell 
used in this test, 2 millivolts =  9.2 per cent relative humidity 
(25° C.), and since the relation between relative humidity and 
millivolt unbalance is very nearly linear over this range, each 
small division of 0.02 millivolt is equivalent to 0.092 per cent 
relative humidity. In  the experimental work it  wras found 
desirable to adjust the bridge slide wire so th a t the recorder 
pen was offset from the left-hand, or zero, side of the chart 
about one large division (0.1 millivolt) when dry air was 
passed through the analyzing tubes. If this dry air zero line 
were a t the extreme left edge of the chart, an increase in cell 
current, which causes a shift of the record to the left, would 
not be detected. In  interpreting Figure 4 it is understood 
th a t the 0.13 millivolt line is the dry-air zero. The constancy 
of the recorder circuit is evident from the fact th a t the dry-air

zero obtained a t the end of the 16-hour run is almost identical 
with the initial zero of 0.13 millivolt. The spacing of the 
horizontal lines on the chart corresponds to time intervals of 
45 minutes, and the ready response of the recorder to  changes 
in humidity of the analyzed air is evident. (The break in the 
record a t about 0.52 millivolt during the first few minutes of 
this test corresponds to a humidity of 1.75 per cent or 0.35 
millivolt.) The constancy of the humidity supplied by the 
air apparatus is evident from the record on 3.96 per cent air. 
The initial and final values for this air were identical, being 
0.99 — 0.13 =  0.86 millivolt. During the night a slight 
downward drift occurred, followed by a similar upward drift. 
The total magnitude of this drift was 0.02 millivolt. Since 
0.01 millivolt is equivalent to about 0.04 per cent relative 
humidity, the deviation from the mean value of 0.85 millivolt 
for the 16-hour run wras less than 0.05 per cent relative hu
midity, this being the estimated sensitivity of the humidity 
recorder. Further evidence of constancy was obtained in a 
continuous test on air a t low relative humidity over a period 
of one week. Current adjustm ents were made but once a day, 
and dry-air zero settings W'ere taken but three times during 
the w’eek. These dry-air zero settings differed by only 0.01 
millivolt.

For satisfactory operation of this recorder the current 
through the cell bridge m ust be closely controlled, since a 
variation of 0.001 ampere causes a bridge unbalance of about
0.05 millivolt. In  the work described in this paper the current 
used was 0.600 ampere. The constant drain of this am ount of 
current from a 12 -volt, heavy-duty storage battery  caused a 
slow drift in the voltage, necessitating frequent readjustm ents 
of the current. This drift was eliminated by the use of a 
continuously operated charging current of 0.6 ampere, sup
plied from a 110 -volt d. c. line through a resistance such th a t 
the potential drop across the battery  terminals gave the 
balancing current. A properly designed a. c. vacuum-tube 
or oxide type rectifier may be used where d. c. is not available.
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Standardization of Thiosulfate against Standard Permanganate Solution

In our paper entitled “ Cupric Oxide as a  Standard in Iodime- 
try ” [ I n d . E n g . C h e m ., Anal. E d ., 1, 68 (1929)], data were given 
in Table IV for the normality of a thiosulfate solution, as de
termined by titration against standard permanganate, which 
were uniformly about 0.15 per cent lower than the mean found 
with six other standards. This result is a t variance with the 
findings of W. C . Bray on the basis of a critical investigation 
of this method [ / .  Am. Chem. Soc., 46, 220G (1924)]. Since 
the time of publication we have been in correspondence with 
Professor Bray, who suggested th a t we make a new series of 
titrations in an  endeavor to ascertain the cause of the discrepancy. 
The work was done with new solutions, and a fresh stock of 
Bureau of Standards sodium oxalate was drawn upon to  standard
ize the permanganate solution. Strict attention was also paid

to the conditions of the titration  as determined by Professor 
Bray. The thiosulfate solution was standardized against cupric 
oxide as well as electrolytic copper deposited on platinum cath
odes. As a result we have been able to  reproduce the normality 
of this thiosulfate solution, by titration  against permanganate, 
to  within ±0.07 per cent. W hether the above-mentioned 
probable sources of error or other unknown causes were respon
sible for our previous low results, we arc now convinced th a t 
permanganate solution is equally as trustw orthy as the other 
iodimetric standards employed in our investigation.

T. F. B u e h r e r  a n d  C. M o r g a n  M a s o n

T u b  U n i v e r s i t y  o f  A r i z o n a
T u c s o n , A r i z .
January  22, 1930
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M oisture C ontent of Compressed N itrogen '
A. C. W alker a n d  E. J .  E rn s t, J r .

B u l l  T e l e p h o n e  L a b o r a t o r i e s , 403 W b st S t.,  N e w  Y o r k . N .  Y .

TH E absolute-humidity recorder, which was described 
in a previous paper (2), has been used in this labora
tory for several experimental purposes, one of which 

merits special mention.
Nitrogen in tanks under high pressure (150 atmospheres or 

2200 pounds per square inch, maximum pressure) has been 
used commercially for certain drying purposes. Unless spe
cial manufacturing processes are used, liquid water always is 
present in the tanks and the compressed gas is saturated with 
water vapor a t the tank temperature. The drying efficiency 
of the gas is affected b u t little by the presence of liquid water 
in the tank, since the saturated, compressed gas is reduced to 
but 1  per cent relative humidity when expanded to atmos
pheric pressure from the maximum tank pressure. How
ever, the drying efficiency decreases with decreasing tank 
pressure, and a chart of increasing humidity of the expanded 
gas against decreasing tank pressure is of value in determining 
below w hat pressure the humidity of the gas becomes un
desirably high. Such a chart is difficult and 
laborious to prepare by ordinary gravimetric 
analyses, bu t a continuous record of the in
creasing humidity may be obtained rapidly and 
accurately with the humidity recorder.

M eth o d  of A nalysis

Nitrogen was discharged to waste through 
a measuring flowmeter a t a  rate  of approxi
mately 600 liters per hour, this being sufficiently 
rapid to exhaust the contents of a full tank 
(6250 liters or 220 cubic feet of the gas a t a t
mospheric pressure) in one day, but slow enough 
to prevent cooling of the reducing valve and 
connections to an undesirable degree. A small 
portion of this gas was by-passed through the 
thermal-conductivity cell, a t constant pressure, 
and a continuous record was obtained of the 
increasing moisture content of the gas.

R esu lts

Figure 1 shows the chart obtained with a 
tank of commercially available nitrogen which 
contained some liquid water, although the ex
cess water which could be removed by inverting 
the tank and blowing off was first discharged.
The chart also includes the data  from which the 
humidity-recorder calibration curve was pre
pared for this work. Sharp peaks occur in the 
tank record a t  irregular intervals. These were 
coincident, in nearly all cases, with readjust
ments made in the reducing valve to compensate 
for the drop in tank pressure. The sudden change in pres
sure during an adjustm ent to  restore the rate to its proper 
value probably caused droplets of water, condensed in the 
tank connections owing to the cooling of the expanding gas, 
to be carried on and vaporized in the gas stream, with 
momentarily increased humidity.

Since the horizontal lines on the chart indicate time inter-
1 Received Decem ber 9, 1929.

vals of 45 minutes each, the tank pressures corresponding to 
different values of humidity may be estimated directly.

These data are given in Table I  together with calculated 
values of relative humidity of the gas expanded to atmospherio 
pressure from the different tank pressures. These calculated 
values are based on the assumption th a t the water-vapor 
pressure within the tank remains a t saturation during the 
experiment. This assumption, while being the simplest, is 
probably not justified, since it is doubtful if the saturation 
pressure of water vapor is maintained in the tank. The slow 
rate of evaporation of liquid water to compensate for actual 
loss of water vapor with the expanded gas, together w ith the 
cooling effect, should operate to reduce the water-vapor con
ten t of the gas in the tank below the initial saturation value. 
I t  is evident, therefore, th a t the values calculated on the basis 
of the saturation of the gas within the tank would be too high. 
However, it is to be noted from the data of Table I  th a t above 
3 atmospheres the observed values are still higher than the

calculated values, indicating inapplicability of the laws of 
partial pressures for this system. This discrepancy between 
observed and calculated values has been noted in other cases. 
I t  is of the same nature as th a t observed by B artlett (1), and is 
qualitatively accounted for by him by assuming th a t the com
pressed gas acts as a solvent for water vapor. The difference 
between the observed and calculated values decreases with 
decreasing tank pressures and below 3 atmospheres the ob

8  10 12 14 16

BRIDGE UNBALANCE-MILLIVOLTS 
F ig u re  1
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served values are lower than the calculated values, which fact 
may be attributed to  the withdrawal of increased amounts of 
water vapor a t the lower pressures together with a  small lag in 
the humidity recorder. The final observed humidity of 60 per 
cent is but a rough approximation. No attem pt was made to 
reduce the flow through the flowmeter during the last few 
minutes of the experiment to approach equilibrium conditions 
more closely, since for the purpose of this work it was sufficient 
to determine tha t the drying efficiency of compressed nitrogen 
decreases rapidly as the tank pressure decreases.

T a b le  I— M o is tu re  C o n te n t  of N itro g e n  a t  A tm o sp h e r ic  P re ssu re  
a f te r  E x p an s io n  a t  24° C. fro m  H ig h -P re ss u re  C o n ta in e r s  in  W h ich  

L iq u id  W ate r Is  P re s e n t
R e l a t i v e  H u m i d i t y

m e  a f t e r  S t a r t  T a n k  P r e s s u r e Obsd. Calcd.
M inutes Aim. Lbs./sq. in. Per cent Per cent

0 150 2200 1 .0 0 .66
235 75 1100 2 .0 1.32
353 . 37 .5 550 3 .4 2 .60
411 18.8 275 6 .0 5 .05
441 9 .4 137.5 12.0 9.62
453 4 .7 68.8 19.0 17.6
463 2.35 34.4 27.5 29.9
466 1.18 17.2 40.0 45.9
467« 1.0 14.7 44.0 50.0
470a 0 0 60a 100.0
“Approximate.

Table II  contains experimental data obtained with a tank 
of nitrogen subjected to  special manufacturing processes. 
Integration of these data indicates th a t even in this case the 
expanded gas contained 2 grams of water as compared with a 
total of 4.5 grams in the gas obtained from the tank  which was 
known to contain excess water. Since it seems impossible

th a t these 2 grams of water existed in the vapor phase, one 
m ust conclude th a t the precautions taken to exclude water in 
the manufacturing processes were insufficient. In  this second 
case, also, the final value of the relative hum idity of the 
gas expanded to  atmospheric pressure is only approximate. 
Since no satisfactory assumption can be made as to the degree 
of saturation of the gas initially, no significant value of ex
pected relative humidity can be calculated for purposes of 
comparison. These data, which have been obtained with 
specially dried nitrogen, make it evident th a t for most drying 
purposes the less carefully prepared gas should be nearly as 
satisfactory as the “dried” gas, provided th a t the tank  is not 
completely discharged.

T a b le  I I — M o is tu re  C o n te n t  o f N itro g e n  a t  A tm o s p h e r ic  P re s su re  
a f te r  E x p a n s io n  a t  24° C. f ro m  H ig h -P re ss u re  C o n ta in e r s  In  W h ic h  

No L iq u id  W a te r  Is  P re s e n t
R e l a t i v e

T i m e  
a f t e r  S t a r t T a n k  P r e s s u r e

H u m i d i t y
(Obsd.)

M inutes Atm . Lbs./sq. in. Per cent
0 150 2200 0 .78

235 75 1100 1.55
353 37 .5 550 1.75
411 18.8 275 2.16
441 9 .4 137.5 2 .75
453 4 .7 68 .8 3 .25
463 2.35 34.4 3 .96
466 1.18 17.2 4 .65
470° 0 0 6.5«

°Approxim ate.

L ite ra tu re  C ited

(1) B artle tt, J . A m . Chem. Soc., 4 9 ,  65 (1927).
(2) Rosecrans, I n d . E n g . C h e m . ,  Anal. E d . ,  2 ,  129 (1930).

D eterm ination of C hrom ium  and V anadium  after 
Oxidation w ith  Potassium  Brom ate1

Separate Titration of Chromate and Vanadate in the Same Solution and 
Application of Method in Steel Analysis

I . M . K olthoff a n d  E rn e s t B. S andell

S c h o o l  o r  C h e m i s t r y , U n i v e r s i t y  or M i n n e s o t a , M i n n e a p o l i s , M i n n .

T h e  d e te rm in a tio n  of c h ro m iu m  by a d d it io n  of excess 
a rsen io u s oxide to  a n  acid  c h ro m a te  so lu tio n  a n d  back- 
t i t r a t io n  w ith  p e rm a n g a n a te  h as been  in v es tig a ted  sy s
tem a tica lly . G ood re s u lts  a re  o b ta in ed  in  th e  presence 
of v an ad a te , fe rric  iron , a n d  m an g an e se  a t  various acid  
c o n cen tra tio n s . A fter c h ro m iu m  h as  been  d e te rm in ed , 
v an ad a te  can  be t i t r a te d  in  th e  sam e  so lu tio n  w ith  fe rrous 
su lfa te , d ip h en y lb en z id in e  being  u sed  as in d ica to r .

O x idation  of ch ro m iu m  a n d  v a n ad iu m  to  c h ro m a te  an d  
van ad a te , respectively , is effected by use  of p o ta s s iu m

b ro m a te ; th e  excess b ro m a te  is rem oved  by b o iling  w ith  
a m m o n iu m  su lfa te .

T h e  m e th o d  can  be ap p lied  to  th e  rap id  d e te rm in a tio n  
of c h ro m iu m  a n d  v a n a d iu m  in  alloy  stee ls . T u n g s te n  
in te rfe re s  in  th e  t i t r a t io n  of v a n a d iu m  a n d  m u s t  be 
rem oved.

T h e  tim e  req u ired  fo r th e  to ta l  d e te rm in a tio n  of 
c h ro m iu m  a n d  v an ad iu m , in c lu d in g  d isso lv ing  of th e  
s tee l, is 1 h o u r  o r less.

A FEW  relatively simple methods have been proposed for 
the titration of vanadium when present with chromium; 
a review of these has been given in a recent paper by 

Willard and Young (8). In  their im portant work, these 
authors oxidize chromium and vanadium by the persulfate 
method and, after removing the excess of persulfate, titra te  
the sum of chromate and vanadate with ferrous sulfate either 
according to  the potentiometric or the usual method, in 
the latter case with diphenyl benzidine as an indicator. 
Vanadium, when present with chromium, can be oxidized 
selectively by potassium bromate in the presence of sufficient 
hydrochloric acid to  prevent the oxidation of the chromium. 
The excess of bromate is removed by boiling with ammonium

1 Received December 23, 1929.

sulfate and the vanadate titrated  with ferrous sulfate accord
ing to the potentiometric or usual method.

The present writers have tried to  simplify the above pro
cedure by applying a reducing agent which would reduce 
chromate but not vanadate. This was accomplished by 
using arsenious oxide as a reagent. Since the reduction of 
the chromic acid takes place rather slowly, an excess of ar
senious trioxide is added and this is then titra ted  back with 
potassium permanganate. A slight reduction of the vanadate 
by the excess of arsenious acid would not affect the results 
since the vanadyl salt would be oxidized again by perman
ganate. After back-titration with permanganate, the vana
date can be determined with ferrous sulfate according to the 
directions of Willard and Young (8).
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D e te rm in a tio n  of C h ro m ic  Acid w ith  A rsen ious Oxide 
u n d e r  D ifferen t C ond itions

Spitalsky (?) first made use of arsenious acid in the deter
mination of chromiurn. In  brief, his method of procedure 
was to  add an excess of arsenious oxide to  a hydrochloric acid 
solution of dilute chromate and after 20 to 25 minutes to back- 
titra te  the excess of arscnite with potassium bromate using 
methyl orange as indicator. Lang (/,) determined chromium 
in a similar manner, titrating  the excess of arsenious acid with 
potassium permanganate in the presence of chloride and a 
trace of potassium iodide or iodate as catalyst; in the absence 
of iodide or iodate the reduction of M nO ,r to M n++ does not 
take place smoothly a t room temperature. Zintl and Zaimis 
{10) have described the determination of chromium by direct 
potentiometric titration of chromate with arsenious acid; 
vanadate is determined in the same solution (after reduction 
of chromic acid) by titra tion  with ferrous sulfate, the end
point being found potentiometrically. The same workers 
have applied a  modification of this method to the determina
tion of chromium and vanadium in steel (11). The procedure 
given necessitates the removal of all except traces of man
ganese, and preferably iron, before titrating  chromate and 
vanadate w ith arsenious acid and ferrous sulfate, respectively. 
The end points are detected potentiometrically; in order tha t 
chromic acid m ay be titra ted  with arsenious acid, the pres
ence of a  few tenths of a milligram of manganese as a  catalyst 
is necessary. Lang and Zwërina (5) have also described a 
method involving the use of arsenious acid and ferrous sul
fate for the direct determination of chromium and vanadium 
in steel. Chromium is titra ted  with arsenious oxide potentio- 

. metrically in the presence of much manganese and a trace of 
potassium iodide or iodate.

I t  would seem advantageous to have a t our disposal a simple 
method by which chromium and vanadium could both be 
determined by visual titration, not involving the detection of 
the end points potentiometrically. The development of such 
a method will be described, especially with reference to  its 
application in the analysis of steel; the influence of various 
factors which affect the method will be discussed.

An excess of standard arsenious acid is added to  an acid 
solution of chromate and vanadate to reduce chromate to 
chromic salt; titration  of the excess arsenious acid by per
manganate gives the am ount of chromium present. Vana
dium is then determined in the same solution by titration with 
ferrous sulfate, diphenylbenzidine being used as indicator.

D e t e r m i n a t i o n  o f  C h r o m i u m — Materials Used. Potas
sium dichromate: 0.1 iV solution prepared from recrystal
lized salt dried a t  200° C.

Ammonium metavanadate: 0.025 N  solution, standardized 
by reducing with sulfur dioxide and titrating  the hot vanadyl 
solution with potassium permanganate.

Arsenious acid: 0.1 N  solution prepared by weighing out
B. of S. arsenic trioxide (99.97%).

Potassium permanganate: 0.1 and 0.025 N  solutions, 
standardized against either sodium oxalate or arsenious oxide.

Ferrous sulfate: 0.025 N  in approximately 0.1 N  sulfuric 
acid.

Potassium iodide (catalyst): 1/400 N ; 1 or 2 drops in 
each titration.

Procedure. Varying amounts of dichromate were taken and 
the acidified solution, having a volume of 50 to 75 cc., was 
treated with a slight excess of arsenious acid and after stand
ing for 5 to 10 minutes the excess of the la tter was titrated  with 
0.1 N  permanganate, 1 or 2 drops of 1/400 A7 potassium iodide 
solution being present. The amounts of acid, chloride, iron 
(as ferric alum), and vanadium (as ammonium vanadate) 
present are specified in the tables. When iron was present in 
the solution to be titrated, 5 to 10 cc. of 85 per cent phosphoric

acid were always added to give a more easily discernible end 
point with permanganate. In  determinations 40 to 49, Table 
I, the only chloride present was th a t introduced with the 
standard solution of arsenious acid which contained 10 cc. 
of 12 N  hydrochloric acid per liter—i. e., under the conditions 
of the experiment, the solution to be titra ted  with perman
ganate contained approximately the equivalent of 0.25 cc. 
of 12  N  hydrochloric acid.
T a b le  I— C h ro m a te  T i t r a t io n s :  E ffect o f C h lo rid e , A cid C o n c e n tr a 

t io n , F e rr ic  I ro n , a n d  V a n a d a te

No. C r
T aken

Fe +  +  + V 
P r e s e n t  P r e s e n t

C hloride
Added

12 AT 
USO *

Chromium 

Found Error

Gram Grams Gram Cc.
12 N  IIC1

Cc. Gram Gram

1 0.0445 25 0.0426 -0 .0 0 1 9
2 0.0445 25 0.0436 -0 .0 0 0 9
3 0.0445 8 0.0419 — 0.0026
4 0.0145 10’ 0.0445 0.0000
5 0.0445 10 0.0444 - 0.0001
6 0.0445 10 25 0.0444 - 0.0001
7 0.0445 10 25 0.0144 - 0.0001
8 0.0445 2 25 0.0444 - 0.0001
9 0.0445 1 25 0.0416 + 0 .0 0 0 1

10 0.0445 1 25 0.0445 0.0000
11 0.0445 i  .5 25 0.0415 -0 .0 0 3 0
12 0.0445 1.5 25 0.0429 -0 .0 0 1 6
13 0.0445 0 .1 i* 25 0.0442 -0 .0 0 0 3
14 0.0445 0 .7 1 25 0.0443 -0 .0 0 0 2
15 0.0445 1 .5 1 25 0.0443 -0 .0 0 0 2
16 0.0445 o*oi 25 0.0131 -0 .0 0 1 4
17 0.0445 0.025 i ’ 25 0.0446 +  0.0001
18 0.0445 0 .05 1 25 0.0441 -0 .0 0 0 4
19 0.0433 1.5 0.025 25 0.0426 -0 .0 0 0 7
20 0.0433 1.5 0 .025 5 0.0429 -0 .0 0 0 4
21 0.0445 1 .5 0.025 25 0.0436 -0 .0 0 0 9
22 0.0445 1.4 0.075 25 0.0435 -0 .0 0 1 0
23 0.0445 1.5 0.025 i ’ 25 0.0144 - 0.0001
24 0.0445 1 .5 0.050 1 25 0.0144 - 0.0001
25 0.0445 1.5 0.025 1 25 0.0444 -0 .0 0 0 1
26 0.0433 2 .0 0.050 1 25 0.0431 -0 .0 0 0 2
27 0.0173 1.5 0.025 1 25 0.0171 -0 .0 0 0 2
28 0.0433 1.5 0.025 1 5 0.0432 - 0.0001
29 0.0433 1 .5 0.025 1 10 0.0433 0.0000
30 0.0433 1.5 0.025 1

NaCI
Gram

50 0.0431 -0 .0 0 0 2

31 0.0433 1 .5 0 .025 0.1 5 0.0432 - 0.0001
32 0.0173 1.5 0 .025 0.05 5 0.0173 0.0000
33 0.0035 1.5 0.025 0.05 5 0.0030 - 0 .0 0 0 5
34 0.0035 1 .5 0.025  0 .0 5  5 

C o n c . l2 tf  HCl 
Cc.

0.0030 -0 .0 0 0 5

35 0.00173 2 .0 0.025 4 5 0.00177 + 0 .0 0 0 4
36 0.0433 1.5 0.060 1 25 0.0433 0.0000
37 0.0445 10 0.0447 +  0.0002
38 0.0445 10 0.0-145 0.0000
39 0.0445 10 0.0446 +  0.0001
40 0.0445 a io 0.0444 - 0.0001
41 0.0445 a 30 0.0446 + 0 .0 0 0 1
42 0.0445 a 30 0.0445 0.0000
43 0.0445 a 20 0.0443 -0 .0 0 0 2
44 0.0445 o!Ô2 a 20 0.0445 0.0000
45 0.0445 0 .7 a 5 0.0442 -0 .0 0 0 3
46 0.0445 0 .7 a 25 0.0444 - 0.0001
47 0.0445 0 .6 0.025 a 10 0.0445 0.0000
48 0.0445 0 .6 0 .06 a 25 0.0444 - 0.0001
49 0.0445 0 .6 0.025 a 40 0.0446 + 0 .0 0 0 1
50 0.0445 30 b

a  C h lo r i d e  f r o m  A s jO j  o n l y .  
b E n d  p o i n t  c o u l d  n o t  b e  d i s t i n g u i s h e d .

Table I I  show's the influence of time on reduction of chn> 
mate with arsenite.
T a b le  I I— In f lu en c e  of T im e  o f S ta n d in g  be fo re  B a c k -T ltra t io n  of

A 8 j O j

No. C r
T a k e n

Fe + + + 
A d d e d

V
A d d e d

12 Ar 
HC1

T i m e  
12 N  o p  

ih S O t S t a n d 
i n g

C h r o m i u m  

Found E rror

Gram Grams Gram Cc. Cc. M  in. Gram Gram
1 0.0445 2 25 90 0.0444 -0 .0 0 0 1
2 0.0445 0 .5 30 10 0.0446 + 0 .0001
3 0.0445 0 .5 10 10 0.0446 + 0 .0 0 0 1
4 0.0145 0 .5 30 1 0.0445 0.0000
5 0.0445 0.025 0 .5 30 180 0.0444 -0 .0 0 0 1
6 0.0445 0.015 0 .5 10 1 0.0443 -0 .0 0 0 2
7 0.0445 0 . 6 0 .5 25 15 0.0444 -0 .0 0 0 1
8 0.0433 1 .5 1 25 2 0.0431 -0 .0 0 0 2
9 0.0433 1.5 o !025 1 5 15 0.0432 -0 .0 0 0 1

10 0.0433 1.5 0.025 1 5 1 0.0434 +  0.0001
11 0.0035 1 .5 0 .025 2 5 1 0.0033 -0 .0 0 0 2
12 0.0035 1.5 0 .025 3 5 2 0.0034 -0 .0 0 0 1
13 0.0173 1 .5 0 .025 1 25 30 0.0171 -0 .0 0 0 2
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The manganous salt present during the determinations 
given in Table I II  was added as pure manganous sulfate.
T a b le  I I I —D e te rm in a t io n  of C h ro m iu m  in  P resen ce  of M an g an e se , 

I ro n , a n d  V an ad a te

Cr
T a k e n

Fe + + + V M n + + A c i d C h r o m i u m

No. P r e s -  P r e s 
e n t  EN T

P r e s 
e n t

12 N  12 N  HjPO« 
HC1 HîSO« (85%) Found Error

Gram Grams Gram Gram Cc. Cc. Cc. Gram Gram
1 0.0441 0.005 1 10 10 0.0439 -0 .0 0 0 2
2 0.0433 1.5 0.005 1 25 0.0431 -0 .0 0 0 2
3 0.0433 1 .5  0 .05 0.007 1 25

6 iV
0.0431 -0 .0 0 0 2

4 0.0441 0.050 1 15 10 0.04385 -0 .0 0 0 2 5
5 0.0441 2 .5  . . 0.050 0 .5 20 10 0.0436 -0 .0 0 0 5
6 0.0441 2 .5  . . 0.070 0 .5 30 10 0.0435 -0 .0 0 0 6

Discussion of Results. The reduction of dichromate by 
arsenious acid is fairly rapid. In  solutions which are 1 
normal (or more) in acid, the reduction is complete in 1 
minute if 1 or 2 cc. of excess arsenious acid are added (Nos. 
4, 0, 10, and 11, Table II). The presence of chloride is neces
sary in the back-titration of arsenious acid with permanga
nate; in the absence of chloride, even when catalyst is present, 
the results of the titration are low. These observations con
firm in some respects the observations of Lang (/,). The 
am ount of chloride th a t need be added, however, is small, as 
little as 0.05 to 0.1 gram in 50 cc. being sufficient (Nos. 31 
and 32, Table I). Even a t chloride concentrations as high 
as 1 or 2 normal a good end point is obtained with perman
ganate; increasing the chloride concentration much above 
this gives a fleeting end point. Varying the acidity of the 
solution from 1 normal to more than 6 normal has no effect 
on the results within experimental error. Iron and vanadium 
are without influence. Experiment 5 in Table II  show's tha t 
no interference by vanadate occurs even if the excess of ar
senious trioxide is titrated back after 3 hours’ standing. 
When iron is present in largo amounts, phosphoric acid should 
be added in order tha t a sharp end point may be obtained 
with potassium permanganate.

When large amounts of manganese are present in solution 
with chromic acid, a brownish color appears in the solution 
soon after the addition of a little arsenious acid in spite of the 
presence of the catalyst, potassium iodide, and has a tendency 
to persist, especially when iron is present, after a slight excess 
of arsenious acid has been added. After standing for a short 
time (usually less than 1 minute) with a slight excess of 0.1 N  
arsenious acid, the murky color of the solution disappears and 
the normal bluish green color appears. When potassium 
iodide is not present as catalyst, the brown color due to tri- 
valent manganese disappears only with extreme slowness 
after addition of excess arsenious acid. The addition of a 
trace of potassium iodide is, therefore, unconditionally neces
sary in the presence of manganese.

The color change in titrating with permanganate is from 
bluish green to blue. A deepening of the color indicates the 
end point. The results given in the tables have not been 
corrected for the color effect of the chromic salt; the excess 
of permanganate required to  give a perceptible end point in 
the colored solution under the conditions described (40 mg. 
chromium in 100 cc., etc.) corresponds to  a correction of about 
+ 0 .1  mg. chromium in the am ount found. The end point 
can easily be detected with an accuracy of a drop of 0.1 N  
permanganate. The observation of the end point is incom
parably better than in cases where the reduction is accom
plished with ferrous sulfate instead of arsenious trioxide in the 
presence of vanadate. I t  is for this reason th a t the writers 
prefer this procedure to tha t described by Hamner (I) and 
ecommended by the Bureau of Standards for routine analysis 

(February 7 1922).
Knop (S) has recently described the use of several new 

oxidation-reduction indicators in titrations with permanga
nate. The applicability of two of these, Eriogriin B and 
Setopalin, to the detection of the end point in the titration of 
excess arsenious acid with permanganate for the determination 
of chromate was tested. One-half a cubic centim eter.of a 
0.1 per cent solution of each indicator, respectively, was added 
to the acid solution (1 or 2 N ) of chromic salt containing ar
senious oxide; titration was then made with 0.025 N  perman
ganate. The end point thus obtained (color change from 
green to bluish) was more distinct than th a t with permanga
nate alone, bu t the relatively high acidity of the solution evi
dently is detrimental to the full utility of the indicators. At 
lower acidities (below 0.5 A') both indicators are very useful. 
The general procedure for the titration of chromate and vana
date will be described later.

D e te rm in a tio n  of V an ad a te  by T it ra tio n  w ith  F e rro u s  
S u lfa te  w ith  D iphenyl B enzid ine  as In d ic a to r

A brief study w'as made of the method of determining vana- 
dic acid by titration with ferrous sulfate using diphenyl- 
benzidine as indicator according to the procedure given by 
Willard and Young (8)

Titrations of vanadic acid were made a t a volume of 50 to  
100 cc. with 0.025 N  ferrous sulfate which had been standard
ized against potassium permanganate. Vanadium was 
present as ammonium vanadate. The concentration of the 
diphenylbenzidine indicator used was 0.1 per cent in concen
trated sulfuric acid. Sodium acetate was added in the form 
of the trihydrate. (Table IV)

In  agreement with the results of Willard and Young (8), it 
was found tha t the color change at the end point in the titra 
tion of vanadic acid in the absence of sodium acetate wras 
slow, although good results could even then be obtained if

T a b le  IV—T i t r a t io n  of V a n a d a te

No. V
T a k e n

Cr
P r e s e n t

Fe + + * 
P r e s e n t

0.1 N  
A s î O j 

A d d e d

A c i d  P r e s e n t S o d iu m
A c e 

t a t e
A d d e d

D i p h b n y l -
BEN Z ID IN E

A d d e d
(0.1%)

T i m e
b e f o r e
T i t r a t 

i n g

V a n a d i u m

6 N  H ,S 0 4 H j P O i Found Error

Gram Gram Grams Cc. Cc. Cc. Grams Cc. M in. Gram Gram
1 0.0280 5 5 5 0 .8 5 0.0278 -0 .0 0 0 2
2 0.0280 5 10 5 0 .6 0 0.0278 -0 .0 0 0 2
3 0.0280 5 5 0 0 .5 0 0.0278 -0 .0 0 0 2
4 0.0280 5 5 8 0 .5 5 0.0278 -0 .0 0 0 2
5 0.0280 10 5 8 0 .5 5 0.0279 -0 .0 0 0 1
6 0.0280 10 5 8 0 .5 5 0.0279 -0 .0 0 0 1
7 0.0280 1 .5 10 5 8 0 .5 5 0.0278 -0 .0 0 0 2
8 0.0280 1 .5 10 5 0 0 .5 0 0.0279 -0 .0 0 0 1
9 0.00221 1.5 10 10 0 0 .5 0 0.00233 +  0.00009

10 0.00224 1.5 10 10 0 0 .5 0 0.00229 +  0.00005
11 0.00224 1.5 10 10 10 0 .5 5 0.00210 -0 .0 0 0 1 4
12 0.00224 1 .5 5 10« 12 0 .5 5 0.00216 -0 .0 0 0 0 8
13 0.00224 1.5 5 5® 12 0 .5 5 0.00213 - 0 . 0 0 0 1 1
14 0.00224 0 .03 5 10 8 0 .5 5 0.00221 -0 .0 0 0 0 3
15 0.00224 0 .03 1.5 5 10 8 0 .5 5 0.0022 + 0 . 0 0 0 0
16 0.00224 0.03 o . i 5 10 8 0 .5 5 0.0022 0 . 0 0 0 0
17 0.00224 0.03 ï.'s 0 . 1 5 10 8 0 .5 5 0.0022 0.0000
18 0.00221 0.03 1.5 0 .5 5 10 8 0 .5 3 0.0218 -0 .0 0 0 0 6

* 2 cc. 12 N  HC1 also present.
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T a b le  V— S im u lta n e o u s  D e te r m in a t io n  of C h ro m a te  a n d  V a n a d a te

No. Cr
T a k e n

V
T a k e n

Fe
P r e s e n t

A c i d i t y C o n d i t i o n s  o p  V a n a d i u m  
T i t r a t i o n C h r o m i u m V a n a d i u m

HiSO« 
(6  A7) HaPO« H C 1

(concd.)
Sodium D ‘Ph“ y1- 
a c e t a t e  b ™ “ - 

a d d e d  ( 0 .1 % )

Tim e
of

s tand 
ing

Found E rror Found E rror

Gram Gram Grams Cc. Cc. Cc. Grams Cc. M in. Gram Gram Gram Gram
1 0 . 0 4 3 3 0 . 0 0 2 2 4 5 1 0 2 10 0 . 5 3 - 5 0 . 0 4 3 4 + 0.0001 0 . 0 0 2 3 8 4 * 0 .0 0 0 1 4
2 0 . 0 0 3 4 6 0 . 0 2 8 0 5 1 0 2 10 0 . 5 3 - 5 0 . 0 0 3 3 8 - 0 . 0 0 0 0 8 0 . 0 2 7 8 7 - 0 . 0 0 0 1 3
3 0 . 0 4 3 3 0 . 0 2 8 0 1 ! 5 5 1 0 2 15 0 . 5 3 - 5 0 . 0 4 3 0 - 0 . 0 0 0 3 0 . 0 2 8 2 + 0 . 0 0 0 2
4 0 . 0 4 3 3 0 . 0 2 8 0 1 . 5 5 5 2 12 0 . 5 3 - 5 0 . 0 4 3 2 - 0 . 0 0 0 1 0 . 0 2 8 1 +  0 . 0 0 0 1
5 0 . 0 4 3 3 0 . 0 1 1 2 1 . 5 5 1 0 2 1 2 0 . 5 3 - 5 0 . 0 4 3 2 - 0 . 0 0 0 1 0 . 0 1 1 3 +  0 . 0 0 0 1
6 0 . 0 4 3 3 0 . 0 0 2 2 4 1 . 5 5 10 2 1 2 0 . 5 3 - 5 0 . 0 4 3 0 - 0 . 0 0 0 3 0 . 0 0 2 4 8 +  0 . 0 0 0 2 4
7 0 . 0 4 3 3 0 . 0 0 2 2 4 1 . 5 5 1 0 2 12 0 . 5 3 - 5 0 .0 4 3 1 - 0 . 0 0 0 2 0 . 0 0 2 3 +  0 .0 0 0 1
8 0 . 0 1 7 3 2 0 . 0 0 3 3 6 3  * 5 1 0 2 1 0 0 . 5 3 - 5 0 . 0 1 7 2 4 - 0 . 0 0 0 0 8 0 . 0 0 3 4 0 +  0 . 0 0 0 0 4
9 0 . 0 1 7 3 2 0 . 0 0 2 2 4 1 . 5 5 5 2 1 0 0 . 5 3 - 5 0 . 0 1 7 3 0 - 0 . 0 0 0 0 2 0 . 0 0 2 3 5 + 0 . 0 0 0 1 1

1 0 0 . 0 1 7 3 2 0 . 0 2 8 0 1 . 5 5 1 0 2 1 0 0 . 5 3 - 5 0 . 0 1 7 2 8 - 0 . 0 0 0 0 4 0 . 0 2 7 9 4 - 0 . 0 0 0 0 6
11 0 . 0 4 3 3 ° 0 . 0 0 2 2 4 1 . 5 5 1 0 2 1 0 0 . 5 3 - 5 0 . 0 4 3 0 - 0 . 0 0 0 3 0 . 0 0 2 4 8 - 0 . 0 0 0 2 4

a In  th is determ ination  5 mg. M n + + were present.

care was exercised in addition of reagent near the end point. 
I t  is advisable, however, to add sufficient sodium acetate to 
react with the sulfuric and hydrochloric acid present; ap 
proximately 5 grams of NaC2H302.3H20  can be allowed for 
each cubic centimeter of concentrated sulfuric acid and
1.5 grams for each cubic centimeter of concentrated hydro
chloric acid. In  the calculation of the results given in Table 
IV, the volume of ferrous sulfate was corrected for the indi
cator blank by adding 0.03 cc. to the volume of 0.025 N  ferrous 
sulfate used for each 0.1 cc. of 0.1 per cent diphenylbenzidine 
solution added, this being the value given by Willard and 
Young (8). In agreement with the statem ent of these authors 
it was found that, in the presence of tungstic acid, the blue 
color of diphenylbenzidine does not appear and the titration 
of vanadium is rendered impossible.

I t  appears th a t more than traces of arsenious acid partially 
reduce vanadate on standing (compare determinations 16, 17, 
and 18, Table IV).

C om bined  D e te rm in a tio n  of C h ro m a te  a n d  V anada te

In the determinations of both chromium and vanadium the 
solution had a volume of 50 to 75 cc. and contained the 
amounts of chromate, vanadate, ferric alum, acid, and chlo
ride indicated in Table V; 1 or 2 drops of 1/400 N  potassium 
iodide were always added a t  the beginning. Tenth-normal 
arsenious acid was added from a buret until the color of the 
solution became bluish green; then a few cubic centimeters 
were always added in excess. After having stood for a  few 
minutes, the excess of arsenious acid was titra ted  with 0.025 N  
permanganate and from this volume the am ount of chromium 
present was found. One drop of 0.1 N  arsenious acid was 
then added to reduce any small excess of permanganate that 
might be present. After addition of the amounts of sodium 
acetate trihydrate and 0.1 per cent (in concentrated sulfuric 
acid) diphenylbenzidine given in the table, the solution was 
allowed to stand for the length of time indicated. The titra
tion of vanadium was then made by slowly adding 0.025 N  
ferrous sulfate until the blue color of the liquid changed to 
green. In  the calculation of the quantity  of vanadium pres
ent, the indicator correction was assumed to  be 0.03 cc. 
0.025 N  ferrous sulfate per 0.1 cc. 0.1 per cent diphenylbenzi
dine, this correction being added to  the volume of 0.025 N  
ferrous sulfate actually used.

From the results in Table V it m ay be concluded th a t the 
following general procedure will give satisfactory' results.

S t a n d a r d  S o l u t i o n s  R e q u i r e d — Arsenious acid: 0.1 N, 
preferably prepared by weighing out 4.947 grams of pure 
arsenic trioxide and dissolving in 40 to 80 cc. of 1 N  sodium 
hydroxide and diluting nearly to  1 liter. Hydrochloric acid 
is added until the solution is neutral or slightly acidic and 
finally the solution is made up  to exactly 1 liter. If pure 
arsenic trioxide is not a t hand, an approximately 0.1 N  solu

tion is prepared from the best product and standardized 
against permanganate. The solution of arsenious acid to 
be standardized should be about 1  normal in hydrochloric 
acid; 1 or 2 drops of 1/400 N  potassium iodide arc added. 
Potassium permanganate is run in (not too rapidly) until the 
faintest pink tinge appears in the liquid. The end point is 
excellent.

Potassium permanganate: 0.025 N , standardized against 
pure arsenious acid or pure sodium oxalate.

Ferrous sidfate: 0.025 N  in approximately 0.1 ¿V sulfuric 
acid.

D e t e r m i n a t i o n  o f  C h r o m a t e —The solution in which 
chromium and vanadium are to be determined may conven
iently have a volume of 100 cc. and should not contain more 
than 0.05 or 0.075 gram of chromium in this volume. The 
acidity of the solution should be a t least 1 normal; 1 or 2 cc. 
of concentrated hydrochloric acid, or its equivalent, should be 
present, as well as 1 or 2 drops of 1/400 N  potassium iodide. 
In  case iron is present 5 to 10 cc. of 85 per cent phosphoric 
acid must be added. Standard arsenious acid is slowly run 
into the solution of chromate and vanadate from a buret until 
the color becomes bluish green; a few cubic centimeters in 
excess are then added. In  case much manganese is present, 
the appearance of the bluish green color may take some time. 
Therefore, 5 minutes should elapse between the addition of 
arsenious acid and the beginning of the back-titration with 
permanganate; in most cases when the quantity  of manga
nese present is small, i t  is sufficient to allow the solution to 
stand for 1 or 2 minutes to effect complete reduction of chro
mate. The excess of arsenious acid is now titrated  by slowly 
running in potassium permanganate; the end point is in
dicated by a sudden deepening in color of the green chromic 
solution to bluish green. The end point m ay be recognized 
to within 1 or 2 drops of 0.025 N  permanganate without 
difficulty if not much more than 0.05 gram of chromium is 
present per 100 cc.

D e t e r m i n a t i o n  o f  V a n a d a t e —To remove a possible slight 
excess of permanganate, 1 drop of arsenious oxide is added. 
Vanadium is now determined essentially according to the 
directions of Willard and Young. Approximately 5 grams of 
sodium acetate trihydrate are added for each cubic centimeter 
of concentrated sulfuric acid present (including also the sul
furic acid of the indicator to be added) and 1.5 grams for 
each cubic centimeter of 12 N  hydrochloric acid, and there
after 0.5 to 1.0 cc. of 0.1 per cent diphenylbenzidine (in 
concentrated sulfuric acid). The solution is allowed to 
stand for 5 minutes and is then titrated  slowly with 0.025 N  
ferrous sulfate. Special care should be taken to add the 
ferrous sulfate dropwise near the end point. The color 
change is from blue to green or bluish green, the change being 
sharper the less chromium is present in solution. To correct 
for the indicator blank add 0.03 cc. for each 0.1 cc. of di-
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phenylbenzidine indicator present to the volume of 0.025 N  
ferrous sulfate used in the titration. In case tungstic acid 
is present, it must be removed before vanadate can be titrated 
with diphenylbenzidine as indicator (8).

O xidation  of C hrom ic  a n d  V anadyl S a lts  w ith  P o ta s s iu m  
B rom ate

The oxidation of chromic salts to chromic acid and vanadyl 
salts to vanadic acid can be effected by the use of potassium 
persulfate as oxidizing agent, and this is the reagent ordinarily 
used in determining the sum of chromium and vanadium in 
steels (2, 6, 9). In  the present investigation the possibility 
of using potassium bromate as the oxidizing agent was studied. 
Potassium bromate has already been utilized by Willard and 
Young (8) as a reagent for the oxidation of vanadyl salts to 
vanadic acid in hydrochloric acid solution without affecting 
chromic salts.

In  the experimental work to be described, the oxidation of 
chromium was carried out in a solution acidified with sulfuric

a 100-cc. portion of chromic and vanadyl salts (obtained by 
reducing dichromate and vanadate with sulfur dioxide) con
taining the stated amounts of acid and manganese (as man- 
ganous sulfate) with 2 grams of pure potassium bromate. In  
determinations 1  to 6 boiling with potassium bromate was 
continued for 10 minutes, in determinations 7 to  18 for only 
5 minutes. Five grams of ammonium sulfate were then added 
to the solution; after most of the bromine had been boiled 
out, 10 cc. of 1  N  hydrochloric acid were added and boiling 
was continued until starch-iodide paper was no longer colored. 
After cooling, chromate and vanadate were determined as 
already described. In  all cases when iron was present enough 
additional phosphoric acid was added after oxidation to 
make the to tal am ount present about 10 cc. of 85 per cent 
acid. After the addition of 2 drops of 1/400 N  potassium 
iodide and a small excess arsenious acid (usually only a few 
cubic centimeters), the solution was allowed to stand 3 to 
5 minutes or until it was bluish green with no m urky color, 
which would be due to trivalent manganese.

T a b le  VI— O x id a tio n  o f C r + + + a n d  V O *+ w ith  P o ta s s iu m  B ro m a te  a n d  th e  D e te r m in a t io n  of C h ro m iu m  a n d  V a n a d iu m  a c c o rd in g
to  th e  P ro p o sed  M e th o d

No. Cr
T a k e n

V
T a k e n

Fe
P r e s e n t

M n
P r e s e n t

A c i d  P r e s e n t C h r o m i u m V a n a d i u m

HtSO*
(concd.)

H iP O <
(85% ) Found E rror Found E rror

Gram Gram Grams Gram Cc. Cc. Gram Gram Gram Gram
1 0.0-141 0.004 3 10 0.0435 -0 .0 0 0 6
2 0.0441 0.004 3 10 0.0-135 -0 .0 0 0 6
3 0.0441 1.0 0.005 3 10 0.0434 -0 .0 0 0 7
4 0.0441 0.005 8 10 0.0433 -0 .0 0 0 8
5 0.0441 0.005 3 10 0.0435 -0 .0 0 0 6
6 0.0441 0.005 1 4 0.0439 -0 .0 0 0 2
7 0.0441 0.010 1 5 0.0439 -0 .0 0 0 2
8 0.0441 2 .5 0.010 1 5 0.0442 + 0 .0001
9 0.0441 0.005 2 2 0.0441 0.0000

10 0.0441 0.025 3 o 0.0439 -0 .0 0 0 2
11 0.0-141 2 .5 0.035 3 1 0.0440 -0 .0 0 0 1
12 0.0441 0.005 5 5 0.0439 -0 .0 0 0 2
13 0.0441 0.0112 0.005 2 2 0.0438 -0 .0 0 0 3 0.0112 0.0000
14® 0.0441 0.0112 2 .0 0.050 3 10 0.0442 + 0 .0001 0.0110 -0 .0 0 0 2
15 0.0441 0.0112 2 .0 0.050 o 5 0.0438 -0 .0 0 0 3 0.0110 -0 .0 0 0 2
16 0.0176 0.0112 2 .0 0.040 2 4 0.0175 -0 .0 0 0 1 0.0112 0.0000
l 7 a 0.0882 0.0280 2 .0 0.050 2 10 0.0882 0.0000 0.0282 + 0 .0 0 0 2
IS 0.0176 0.0280 0.050 3 3 0.0176 0.0000 0.0281 + 0 .0 0 0 1

°  V o l .  2 0 0  c c .  i n s t e a d  o f  1 0 0  c c .

and phosphoric acids. A t low acid concentrations the oxida
tion is so slow th a t it is not conveniently applicable. I t  was 
found, however, th a t small amounts of manganese greatly in
creased the speed of the reaction, since in the presence of 
phosphoric acid the trivalent (and quadrivalent) forms of 
manganese catalyze the oxidation of chromic salts to  chromic 
acid. After the oxidation has been completed, it is necessary 
to destroy all excess of bromate and to decompose the man
ganic phosphate still present. For this purpose ammonium 
sulfate was used. The higher oxidation states of manganese 
are quickly reduced to M n++ in hot solution, bu t it was found 
th a t a complete decomposition of bromate a t 100° C. was 
difficult to attain  after a moderate period of boiling even 
though the presence of manganese is decidedly favorable. 
Thus, after boiling for 15 minutes with about 3 grams (excess) 
ammonium sulfate in the presence of 3 cc. of concentrated 
sulfuric acid and 10 cc. of phosphoric acid and 5 to  10 mg. of 
M n++ in 100 cc., the solution still contained enough bromate 
to give an error of about + 0 .5  mg. in the am ount of chromium 
found. I t  was found, however, that, after most of the bro
m ate had been destroyed by boiling for a few minutes with 
ammonium sulfate, the last traces could be eliminated by add
ing a small amount of hydrochloric acid. If 5 grams am
monium sulfate were added to  a solution containing 5 cc. of 
concentrated sulfuric acid, 5 to  10 cc. of phosphoric acid 
(85 per cent), and 1 cc.of concentrated hydrochloric acid with 
1 gram of potassium bromate, no bromate was left after 
boiling for 10 to 15 minutes (methyl orange test).

The results recorded in Table VI were obtained by oxidizing

Note— A t  t h e  M i n n e a p o l i s  m e e t i n g  o f  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y  
S e p t e m b e r ,  1 9 2 9 ,  H .  H .  W i l l a r d  d e s c r i b e d  t h e  f a v o r a b l e  p r o p e r t i e s  o f  7 0  
p e r  c e n t  p e r c h l o r i c  a c i d  a s  a n  o x i d i z i n g  a g e n t .  I n  c o n c e n t r a t e d  s o l u t i o n  
c h r o m i u m  a n d  v a n a d i u m  c a n  b e  o x i d i z e d  t o  c h r o m i c  a c i d  a n d  v a n a d i c  
a c i d ,  r e s p e c t i v e l y ,  b y  b o i l i n g  w i t h  p e r c h l o r i c  a c i d .  A f t e r  t h e  c o m p l e t i o n  
o f  t h e  o x i d a t i o n ,  t h e  p e r c h l o r i c  a d d  n e e d  n o t  b e  r e m o v e d ;  b y  s i m p l y  d i l u t 
i n g  w i t h  w a t e r  i t s  o x i d i z i n g  p r o p e r t i e s  p r a c t i c a l l y  d i s a p p e a r  a n d  i t  w i l l  n o t  
i n t e r f e r e  i n  t h e  t i t r a t i o n  o f  c h r o m a t e  a n d  v a n a d a t e .  I n  t h i s  w a y  i t  m a y  
b e  p o s s i b l e  t o  a v o i d  t h e  u s e  o f  p o t a s s i u m  b r o m a t e  e n t i r e l y .  S e e  a l s o  
L i c h t i n ,  I n d .  E n g .  C h e m . ,  A n a l .  E d . ,  2, 1 2 6  ( 1 9 3 0 ) .

I t  will be seen that, when the acidity is high, the am ount 
of chromium found is too low. This m ay be attributed  to  the 
decomposition of chromic acid by boiling with C l-  in the 
presence of the amounts of acid given. Decreasing the acid 
concentration improves the results. I t  had been the original 
intention to  maintain a rather high concentration of phos
phoric acid in the solution during oxidation to prevent the 
precipitation of manganese dioxide, which dissolves rather 
slowly when boiled with ammonium sulfate. In  the presence 
of smaller am ounts of phosphoric acid (2 to 5 cc. per 100 cc. 
of solution) there is more or less precipitation of manganese 
during the 5-minute period of boiling required for oxidation, 
depending upon the am ount of manganese present. When 
ammonium sulfate is added and the liquid boiled, manganese 
dioxide will be dissolved by the combined action of ammonium 
ion and phosphoric acid. Only when 50 mg. or more of 
manganese are present is complete solution of manganese 
dioxide effected -with difficulty a t phosphoric acid concen
trations of 3 or 4 cc. per 100 cc. The hydrochloric acid added 
to decompose the residual bromate will, of course, also attack 
manganese dioxide.
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D e te rm in a tio n  of C h ro m iu m  a n d  V an ad iu m  in  S teel

The results of the analyses of different steels given in Table 
V II were obtained by the following recommended procedure:

For steels containing chromium to the extent of 1 per cent 
a 2- to 3-gram sample is taken and for higher contents cor
respondingly less. The weighed sample is transferred to 
a 250-cc. Erlenmeyer flask; 25 cc. water are added and then
1.5 cc. of concentrated sulfuric acid for each gram of steel, 
allowing 1 to 2 cc. in excess, and 3 or 4 cc. of 85 per cent phos
phoric acid. To hasten solution of the steel, the liquid is 
boiled. When solution is complete, sufficient concentrated 
nitric acid is added dropwise to oxidize iron to the ferric condi
tion; about 1 cc. per gram of steel is sufficient. The solution 
is now boiled to  expel the oxides of nitrogen and sufficient 
water added to make the total volume approximately 100 cc. 
One or two grams of pure potassium bromate are then added 
and the solution is boiled for 5 minutes. Five grams of 
ammonium sulfate are cautiously added in small portions 
to the solution (which should again have been brought to 
approximately 100 cc.); the solution is boiled until most of 
the bromine has been expelled. Then 10 cc. of 1 N  hydro
chloric acid are added and boiling is continued until starch- 
iodide paper is no longer colored. After cooling to room tem
perature, 5 to 8 cc. of 85 per cent phosphoric acid and 1 to 
2 drops of 1/400 N  potassium iodide are added; 0.1 N  ar- 
senious acid is run in slowly from a buret until the color of 
the solution has become bluish green and finally 2 to 3 cc. in 
excess. The analysis is then continued as described above 
for the combined determination of chromate and vanadate.

Table V II shows th a t the proposed method gives satisfac
tory results.

T a b le  V II— A nalyses of B u re au  o f S ta n d a rd s  S tee ls  a c c o rd in g  to  th e  
P roposed  M eth o d

Steel

B u r e a u  o e  S t a n d a r d s  
V a l u e s

V a l u e s  b y  P r o p o s e d  
M e t h o d

Chromium Vanadium Chromium Vanadium

Per cent Per cent Per cent Per cent
30 1.35 0.21 1.343 0.220

1.353 0.214

30® 1.04® 0.21 1.005 0.207
1.016 0.998 0.212

306 1.03 0.208 0 .99 0.206

32 0.89 0.930 0.018
0.941

° Persulfate oxidation. 
b Perm anganate oxidation.
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T he Testing of A utom otive R ubber Parts 
Assembled under Com pression1

Part I—Deflection under Compression
F ran z  D. A bbo tt

F i r e s t o n e  T i r e  a n d  R u b b e r  C o m p a n y ,  A k r o n , O h i o

P re se n t-d a y  te s t  specifica tions on  au to m o tiv e  ru b b e r  
p a r ts  a re  n o t  on ly  in co m p le te  a n d  m islead in g , b u t  en tire ly  
lack ing  in  u n ifo rm ity . T h is  is p a r t ic u la r ly  t r u e  of com 
p ressio n  an d  p e rm a n e n t- s e t  te s ts  on  au to m o tiv e  m e c h a n i
ca l ru b b e r  p a r ts  a ssem b led  u n d e r  co m p ressio n . C onse
q u e n tly , a n  effort h a s  been  m ad e  to  show  th e  u rg e n t need 
fo r u n if ic a tio n  of su c h  m e th o d s .

D a ta  a re  p re sen ted  in  P a r t  I to  show  th a t  h ig h  ten s ile  
is no  c r i te r io n  of re la tive  re s is ta n c e  to  co m p ressio n  se t 
a n d  th a t  h a rd n e s s  is n o t a  m e a su re  of deflec tab ility . In  
a d d itio n , deflection  a n d  p e rm a n e n t s e t  u n d e r  co m p res
sio n  a re  g rea tly  in fluenced  by th e  size a n d  sh a p e  of th e

te s t  piece, th e  m e th o d  of c u tt in g  th e  sam p le , th e  gage 
a n d  m e th o d s  of m e a su rin g  i t ,  a n d  co n d itio n  a n d  k inds 
of su rfaces in  c o n ta c t w ith  th e  te s t  piece.

C om pression  a n d  co m p ress io n -se t te s tin g  e q u ip m e n t 
a re  d iscussed , a n d  som e new ly designed  lab o ra to ry  e q u ip 
m e n t  is described . O ne piece of a p p a ra tu s , th e  com - 
p re sse to m e te r , h a s  been  fo u n d  ex trem ely  usefu l in  m ak in g  
deflection , hy ste resis , a n d  s e t  te s ts . T h ese  te s ts  m ay  be 
perfo rm ed  u n d e r  c o n s ta n t load  o r c o n s ta n t d is to r tio n . 
T h e  c o n s ta n t- lo a d  (spring) co m p ress io n -se t c lam p  is 
suggested  as a  su ita b le  lab o ra to ry  s ta n d a rd  fo r p e rm a n e n t-  
se t te s tin g  u n d e r  com pressive loads.

IN K E E P IN G  with the rapid strides in the automobile 
industry, an almost endless variety of rubber mechanical 
goods is being used in motor-car manufacture. As a 

result there has arisen a great variety of tests and test speci
fications, m any of which are worthless for evaluating the parts 
under consideration. In  fact, some of these specifications, 
particularly those requiring compression- and permanent-set 
tests, are often defeating the purpose for which they were

1 Received Ju ly  3, 1929; revised paper received Decem ber 2, 1929. 
P resented before th e  Division of R ubber Chem istry a t th e  77th  M eeting 
of the  American Chem ical Society, Columbus, Ohio, April 29 to  M ay 3, 
1929.

written. The authors of these specifications have either pre
supposed a uniformity in testing equipment and details of 
tests, and hence have very briefly stated the tests, or else, 
through a lack of appreciation of the many factors influencing 
the results, have failed to include such im portant details as 
size of test piece, gage, etc. Consequently many inferior 
stocks may pass these specifications if the testing conditions 
are carefully chosen. There are generally other require
ments, such as tensile, elongation, etc., to preclude the possi
bility of passing certain very low-grade stocks, but even these 
requirements do not offer an absolute safeguard against in
ferior quality, for a very high tensile, for example, does not
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necessarily mean high quality in a good motor-support or 
shock-insulator stock. Undoubtedly modulus, stress, and 
elongation a t break, and also percentage change in physical 
properties after aging are important in evaluating many 
rubber parts, and would be to a certain extent for automobile 
mechanical goods also, were it not practically impossible to 
perform many of these tests on the rubber parts themselves 
owing to their peculiar shape and size. In many cases it 
may prove necessary to have the producer furnish with each 
shipment laboratory test slabs of the same stock for tensile, 
deflection, and set tests. In  general, these test pieces will 
be given tha t cure which produces the maximum desired 
physical property rather than one identical with th a t of the

F ig u re  1—C o m p re ss e to m e te r

part in question. This procedure makes it possible for an 
unethical producer to furnish samples of stock apparently 
identical in composition, yet of far better physical properties 
than those possessed by the parts included in the shipment. 
The question of equivalent cure is also very im portant and 
“ mechanicals” will often necessarily differ greatly in cure 
from such test slabs.

To date it has been impossible to establish any true mathe
matical relationship between the results of tensile tests and 
those of many of the other mechanical tests. Goodwin and 
Park (.{) have shown tha t the abrasion resistance of a tread 
compound cannot be judged merely by its tensile data. 
Likewise the writer (/) has shown th a t the data of tensile 
tests will not serve to evaluate properly the resistance of a 
stock to flexure under compression. In view of the above 
facts, it seems advisable to  perform such tests as simulate, 
partly a t least, service conditions.

Probably one of the most im portant groups of automobile 
mechanical rubber goods is th a t including parts assembled 
under compression, such as bumpers, engine and radiator 
pads, shims, shock insulators, torque insulators, etc. Never
theless, most investigators appear to have almost wholly dis
regarded compression testing, particularly hysteresis and 
permanent set under compressive loads. Recently, however, 
B irkitt and Drakeley (3) have published some very interesting 
results of work on compression testing. Their data show tha t 
gage, area of test piece, and slippage all influence compression 
results, but apparently the results reported have only slightly,

if a t all, affected compression and permanent-set testing 
methods. Their tests were conducted a t  unusually high 
pressures per unit area. Ariano (2) also has experimented 
with molded cylinders of vulcanized rubber compressed in the 
direction of the axis between parallel plates. The apparatus 
could compress the cylinders to 45 per cent of their original 
height. Iiis paper consists of a somewha't mathematical dis
cussion of the form of the compression curve and some factors 
influencing it, but does not give details concerning laboratory 
procedure. Neither of these papers, however, attem pts to 
correlate the factors studied with permanent set under com
pression.

Hippensteel (5) recently described a rubber compression- 
testing machine, which is capable of tests a t  considerably 
higher loads than are necessary for ordinary laboratory tests.

Early in the study of automotive rubber parts used to ab
sorb vibration, the author was confronted with the necessity 
for a suitable device for conducting laboratory tests under 
compression, either a t constant load or constant deflection, 
in order to compare resistance to flexure under compression 
with permanent set under compressive loads. Such a device 
(Figure 1) was then designed, as a co-testing device with the 
compression flexometer (I). The la tter m ay be described as 
a dynamic flexure-compression testing device, while the new 
instrument, called a “compressetometer” m ay be considered 
as a static compression testing device inasmuch as permanent 
set and fatigue tests are performed under steady loads. The 
compressetometer is suitable for tests a t  loads up to 228 kg. 
(500 lbs.), which is a reasonable laboratory range. The ca
pacity may be increased by substituting heavier springs. 
This device is much less expensive than the machine discussed 
by Hippensteel and furthermore makes possible many special 
tests, particularly tests a t high and low temperatures.

D escrip tion  of C o m p resse to m ete r

The compressetometer, which is mounted in an electric 
oven, produces compressive loads on test pieces by means of 
three tension springs, placed outside the oven in order to 
avoid heat effects as much as possible. By turning the hand 
wheel, A , in a clockwise direction, the springs are made to 
pull a plunger, B, down onto a sample resting on the bottom 
plate, D. Loads are measured in 5-lb. units on the scale, 
L. The gage, G, measures deflections in thousandths of an 
inch. The spindle, S, can be adjusted to various heights to 
get the correct zero point on the deflection gage for various 
thicknesses of test pieces. A high degree of accuracy is

F ig u re  2—H a rd n e ss  vs. C u re

possible, especially when testing small round disks cut from 
slabs, merely by lowering the plunger and noting the position 
a t which it ju st touches the test piece. More positive ac
curacy is obtained, however, by first running the plunger down 
as far as it will go, setting the deflection gage to th a t reading 
corresponding to  the thickness of the sample to  be tested, 
and then raising the plunger and inserting the sample. The 
latter method is used in all research and special or comparison 
tests. A fan, F, provides circulation of air. A thermometer 
is so inserted through the orifice, 0 , that readings can be
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taken through the glass in the door. As a special precaution 
in some cases, particularly in getting heat tests started, the 
thermometer is inserted from the front so th a t its bulb rests 
on the plate, D. In  order to  avoid errors due to temperature 
effects when standard permanent-set tests are made, it is 
necessary to  insert the test piece between metal plates (at 
room temperature) with surfaces similar to  those in the per
manent-set equipment used. These are then placed in the 
compressetometcr, which is already a t the test temperature, 
and the required load is imposed on the test piece.

The majority of compression tests in this laboratory have 
been performed with the above equipment. Although the 
compressetometer is relatively easy to operate at. loads up 
to 500 lbs., plans have been made to motorize this equip
m ent for tests a t higher loads. The instrument is also to be 
autographic so th a t complete hysteresis curves will be obtain
able.

M eth o d  of T es tin g

In conducting compression and hysteresis tests, the loading 
and unloading are performed a t the same arbitrarily fixed 
rates. In general, during the first half of the loading cycle, 
distortions are read a t every 11.5 kg. (25 lbs.) or less, depend
ing upon the size of the test piece, and finally a t every 23 kg. 
(50 lbs.) as the slope of the curve becomes steeper (as A y/ ¿x 
increases). For unloading data, readings are taken a t each 
of the distortions recorded during loading.

T e s t s  a t  C o n s t a n t  L o a d — In performing permanent-set 
tests a t constant loads, the test piece is put into the compresse
tom eter under the proper temperature conditions and com
pressed to the required load. There is an immediate fatigue 
effect, as shown by a change in the distortion during the first 
few minutes after the maximum load is reached. The rate 
of this change decreases rapidly, and this means a  change in 
load. Consequently, for the first few minutes, and much less 
frequently for the next 3 or 4 hours, or even during most of 
the test, the hand wheel is so regulated th a t the load is kept 
constant. The drop in load over a 24-hour period due to 
fatigue of the samples is very small, particularly when the 
gage is approximately 0.635 cm. (0.250 in.) (normal or average 
gage for most set tests), so th a t continued load adjustments 
are unnecessary except in the most exacting tests. A change 
of 0.25 cm. (0.1 in.) or 40 per cent based on 0.635-cm. (0.250- 
in.) gage, in the position of the plunger causes a variation 
in the load of only approximately 3.18 kg. (7 lbs.) and no 
high-grade stock of this gage will show a distortion fatigue 
of 40 per cent in a 24-hour test a t 70° C. a t ordinary test 
loads. The error due to neglecting the actual fatigue effect 
is low, but depends on the load-deflection ratio of the spring 
used.

T e s t s  a t  C o n s t a n t  D i s t o r t i o n —If tests are to be run 
a t  constant distortion, the hand wheel m ust be run back to 
much lower loads than the initial maximum. Consequently, 
frequent adjustm ents are necessary, particularly a t first. 
The fatigue effect may result in a 50 per cent drop in the load 
in these distortion tests.

C h e c k  C a l i b r a t i o n s —The compressetometer is also used 
to  check calibrations of the springs used in compression-set 
clamps (Figure 1, C). The base, D , is removed and another 
base containing a well to  receive the spring is substituted. 
The compressetometer itself is calibrated by means of dead 
weights hung from the ring shown a t the top after inverting 
the instrument. The instrum ent is first removed from the 
oven and suspended by a  hook screwed into the base, D.

R ela tio n  of H ardness to  D eflection u n d e r  C om pressive 
L oads

Hardness has been one of the most frequently discussed 
tests to  be applied to mechanical goods. In  the past no

universally adopted instrument of any reasonable accuracy 
has been available to the trade. As commonly used, the 
term “hardness” refers to the resistance of the surface and 
adjoining layers of the rubber to a relatively small penetrating 
point of definite size when subjected to an arbitrarily deter
mined load obtained either by means of springs or a dead 
weight. The Pusey and Jones plastometer, which represents 
the dead-weight type, is quite unwieldy for rapid routine 
tests. On the other hand, the spring type of instrument is 
easy to operate and speedy enough for production tests or 
for checking shipments. However, probably the most widely 
known instrument of this type is limited in accuracy, not 
only within a single instrument itself, but also when comparing 
one instrument with another. This is brought forcibly to 
our attention by frequent statem ents on purchasing specifica
tions for automotive mechanical rubber parts, such as “ the 
hardness of this part shall be such and such a value, as deter
mined by or on the instrument in this laboratory.” A sub-

F ig u re  3 —L oad  D eflection  C urves  of T w o D isks of 
P e n e t r a t io n  73 a n d  64, R esp ec tiv e ly

committee of Committee D - l l  (on rubber products) of the 
American Society for Testing M aterials is making a study of 
hardness-testing instruments of the penetration type and 
sponsoring the development of a dead-weight instrument for 
use primarily as a reference standard. I t  will probably be 
found desirable for the A. S. T. M. instrum ent to be sufficiently 
flexible for routine testing also.

W ithout further discussing the advantages and disadvan
tages of the various penetration types of instruments, it will 
suffice here to state th a t “hardness” figures in this report 
were obtained by means of the Firestone penetrometer (<S). 
This instrum ent measures the am ount of penetration of a  
ball point of standard size, subjected to a definite load ob
tained by means of an accurately calibrated spring. Pene
tration values are directly measured and accurately indicated 
in thousandths of an inch (A. S. T. M. hardness values per 
specification D314-29T).

Although the penetrometer is invaluable for certain work, 
hardness data are not satisfactory for judging the cure of a  
part. This is shown in Figure 2. The average penetration 
values of slabs marked in code were used in plotting this 
curve. I t  is seen th a t in passing from an undercure of 60
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minutes to an overcure of 1 12  minutes a t 148° C. the penetra
tion varies only four points, which is well within the tolerance 
on most specifications. However, the penetrometer is valu
able in checking cured slabs of this stock (No. 4), and also 
many other stocks, in that each cure will have a penetration

PER CENT DEFLECTION
F ig u re  4—L arge  H y ste res is  E ffect of S m a ll P lu n g e r

value within certain narrow limits and any appreciable 
variation will indicate an error in the compound room or 
the mill room.

The writer has previously shown (1) that, although two 
motor parts of different size were cured from the same batch 
of stock to the same hardness (supposedly the same state of 
cure, as determined from theoretical considerations), they 
varied greatly in their ability to resist flexure under compres
sion. This suggests th a t perhaps “hardness” as commonly 
determined by a penetrating instrument and “stiffness” or 
“rigidity” of a stock are not synonymous. However, the 
writer has always contended th a t the expression “hardness,” 
particularly as applied to  automotive rubber mechanical 
goods, should be used to designate the actual stiffness or 
deflectability as determined' by a suitable compression test.

Large slabs often vary considerably in hardness (penetra
tion). Theoretically, of course, all portions have received 
the same cure. Since penetration instruments produce low 
elongations, it has been considered th a t modulus data (and 
perhaps tensile) might likewise show up differently on such 
portions of the slab. To date it has been possible to show only 
a  shade of difference, if any, in the modulus and tensile values 
for such portions. D ata already obtained tend to show th a t 
the softer portions possess a  slightly lower modulus a t  400 
per cent elongation. I t  is reasonable, of course, to assume 
tha t the variation in modulus a t such elongations would 
probably be very small if the variations in hardness were 
due to  but slight differences in cure of the surface tested.

Note— S in c e  p r e s e n t a t i o n  o f  t h i s  p a p e r ,  p r o o f  h a s  b e e n  s e c u r e d  t h a t  
t h e r e  i s  n o  d i f f e r e n c e  i n  c u r e  a s  d e t e r m i n e d  b y  c o m b i n e d  s u l f u r  d a t a ,  b u t  
p r o b a b l y  h a r d n e s s  v a r i a t i o n s  a r e  d u e  t o  d i f f e r e n t  s t r e s s  c o n d i t i o n s  a t  t h e  
s u r f a c e  a t  v a r i o u s  p l a c e s  i n  t h e  s l a b  o w i n g  t o  v a r i a t i o n s  in  s t r e s s i n g  ( f lo w )  
d u r i n g  c u r e .

Figure 3 shows load-deflection curves (I and II) of two disks 
of a stock of hardness values 73 and 64, respectively. Tests 
were made on round disks of 1.9 cm. (0.75 in.) diameter. 
I t  will be noted th a t the maximum deflections under 42 kg. 
per sq. cm. (600 lbs. per sq. in.) are practically identical, al
though from the penetration data one would hardly expect 
such results. The energy absorbed during loading is less

for the test piece of high penetration. The hysteresis area 
is likewise somewhat lower.

Note— T h e  a r e a  b e n e a t h  t h e  d e f l e c t i o n  c u r v e  a n d  t h a t  b e t w e e n  t h e  
d e f l e c t i o n  a n d  t h e  r e c o v e r y  c u r v e s  a r e  c a l l e d ,  r e s p e c t i v e l y ,  " r e l a t i v e  e n e r g y  
o f  l o a d i n g ”  a n d  “ r e l a t i v e  h y s t e r e s i s  a r e a ”  t h r o u g h o u t  t h i s  a r t i c l e ,  i n a s 
m u c h  a s  s u c h  d a t a  h a v e  n o t  b e e n  c o n v e r t e d  i n t o  a b s o l u t e  u n i t s  o f  e n e r g y .

Additional proof th a t hardness as determined by a pene
trating instrum ent does not necessarily specify the true stiff
ness (hardness) of a stock is given in Table I. Tests 1 and 
2 show decidedly different maximum deflections for both 
sizes of test disks, although there was no difference in penetra
tion. On the other hand, 1 and 3, both on optimum cures as 
determined by maximum tensile, possessed the same stiffness, 
or maximum deflection data on both disks. Tests 2 and 4, 
an undercure and an optimum cure, respectively, differ widely 
in penetration bu t show no difference in maximum deflection 
a t  182 kg. (400 lbs.) on a round disk of 6.45 sq. cm. (1 sq. in.) 
area. However, a t 42 kg. per sq. cm. (600 lbs. per sq. in.) on 
a 1.9-cm. (V^inch) disk there is a difference in the maximum 
deflection values.

T a b le  I— “ H a rd n e ss ’ vs. D eflec tio n

T k s t S t o c k
C u r b  a t  
148° C .

P e n e 
t r a t i o n

M a x i m u m  D e f l e c t i o n

A t 42 k g . / s q .  At 28 k g . / s q .  
cm. o n  1.9-cm. cm. o n  2.9-cra. 

d i s k s  d i s k s

M  inutes 0.001 in. Per cent Per cent
1 1 70 00 49 .8 34.1
2 2 30 60 52.2 41 .2
3 11 90 50 50.2 34.2
4 3 90 99 61 .5 43.1

We can thus assume th a t two stocks entirely suited for a 
given purpose might possess the same deflectability in a given 
test, yet vary beyond certain specified penetration values. 
This can readily be seen from curves a and 6, Figure 3. These 
are theoretical curves for possible high- and low-modulus 
stocks th a t would possess approximately the same maximum

H R  CENT DEFLECTION
F ig u re  5—E ffec t of G age o n  C o m p re ss io n  

T e s ts

deflection. Such curves which cross or meet after starting 
out with definitely different slopes are not unusual in compres
sion tests. Indeed, Somerville and Ball (?) have shown tha t 
stress-strain curves based on tensile data likewise may cross. 
In flu en ce  of Size of th e  T e s t Piece on  C om pression  T ests

The size of the sample under compression influences both 
the accuracy of the individual tests, and accuracy depending 
on the “spread” between the results of different tests. The



April 15, 1930 I N D U S T R IA L  A N D  E N G IN EERIN G  C H E M IS T R Y 149

principal source of error in the first case is “cupping” or actual 
difference in size of the dies. The degree of cupping will de
pend upon the contour of the face of the die, method of apply
ing the load, condition of the surface of the sample and 
die (whether wet or dry), and gage of the test piece. The 
possible errors in results due to an error of 0.076 cm. (0.031 in.) 
in the diameter of the test piece due to cupping or size of 
the die vary from 12.3 per cent on a disk of 1.9 cm. (0.75 in.) 
diameter to only 5.5 per cent on a 2.9-cm. (1.14-in.) disk.

Cupping on a 1.9-cm. disk of a pure-gum stock (No. 1 of 
' the present A. C. S. Physical Testing Committee) has been 
found to am ount to 0.127 cm. (0.05 in.) on a sample of 0.72- 
cm. (0.285-in.) gage. Evidently the standard test piece 
should be more than 1.9 cm. (0.75 in.) in diameter. I t  will 
be readily seen, however, th a t the larger the test piece the less 
will be the spread between results. A careful consideration 
of the various factors involved is necessary before setting a 
standard.

Rela fi vc tnerqy of Loadmq 
D 2.25
B 1.75c /.os

C O f f

piece of larger diameter than the 1.9-cm. (0.75-in.) round disk 
a series of tests was arranged wherein the area under compres
sion varied from 2.94 sq. cm. (0.44 sq. in.) to 11.4 sq. cm. 
(1.77 sq. in.). In  order to eliminate the variable introduced 
by cutting the samples by means of a steel die, the steel 
plunger method was used. In each case a square test piece 
was cut of such a size th a t the area was 8.05 sq. cm. (1.25 sq. 
in.) greater than the contact area of the plunger, in order to 
get approximately the same supporting action by the surround
ing rubber. I t  is possible tha t the am ount of overhang should 
be based upon the relative circumferences of the test pieces 
under compression rather than be set a t the same excess 
area. The results are reported in Table II.

The hysteresis data were secured by plotting percentage 
deflection against load. A more complete analysis would in
volve the use of both loads per unit area and loads per unit 
volume. In  general, a small plunger shows a larger hysteresis 
value than actually exists. This increased hysteresis area 
with the smaller plungers may be explained somewhat on 
the basis of the increased load per unit volume and also by 
means of an experiment with a very thin sheet of pure gum.

PER CENT DEFLECTION
F ig u re  6

The use of plungers (anvils), rather than subjecting the 
whole test disk to the compressive load, eliminates the error 
due to the cupping effect but may involve even more serious 
errors. Cutting due to  sharp edges of the plungers is quite 
serious a t relatively high loads, and this influences slippage. 
In addition, different test pieces are subjected to different 
stresses per unit volume by use of the plunger. Consequently, 
a t  high distortions a t  least—i.e., loads of 42.2 kg. per sq. 
cm.—on small plungers of 1.9 cm. (0.75 in.) diameter and 
even slightly larger, the test is so severe th a t it produces ab
normal compression results. I t  is true th a t motor supports 
and other parts assembled under compression are commonly 
considered as loaded to a constant load per unit area—or, 
owing to the low percentage deflections to a constant load 
per unit area—but in reality they are assembled a t prac
tically constant deflection. A 5.9-cm. (2.32-in.) round disk 
cut from a slab of motor-support stock No. 5 of 0.545-cm.

I
S

I
I
1

F ig u re  7—E ffect of G age on  P e r  C e n t  D e flec tio n  R e la tiv e  
H y ste res is  A rea, a n d  L oad  p e r  U n it  V o lu m e

If such a sheet is stretched with the finger nearly to the 
point of rupture, it is found th a t the stresses are somewhat 
similar in effect to surface tension—viz., the small volume of 
rubber over the end of the finger tends to form to the rounded 
portion of the finger and seemingly to cling to it. A t very 
high loads a  plunger of 1.9 cm. (0.75 in.) diameter has pene
trated the rubber to such a degree th a t the test piece seems to

T a b ic  I I — E ffec t of V ario u s  S izes o f P lu n g e rs  o n  S q u a re  T e s t  P lcces o f S a m e  A rea o f O v erh an g
(Stock No. 6, cured 12 m inutes a t  160° C .; all tests a t  19.3 kg. per sq. cm. (275 lbs. per sq. in.)

A r e a
u n d e r
L o a d

G a g e

V o l u m e  
u n d e r  L o a d F i n a l

G a g e

M a x .
( F i n a l )

L o a d

L o a d  p e r  c c . 
B a s e d  o n : I n c r e a s e

IN
L o a d

M a x .
D e p l e c -

TIO N

R e l a t i v e
H y s t e r e s i s

LossO r ig i n a l
t h i c k n e s s

F i n a l
t h i c k n e s sO r ig i n a l F i n a l

Sq. cm. Cm. Cc. Cc. Cm. Kg. Kg. Kg. Per cent Per cent
2.84 1.69 1.27 0.447 550 32.4 43 .0 32.7 24 .8 0 .6
4 .45 0.564 2.51 1.89 0.425 863 34.2 45 .5 33 .0 24 .8 2 .45
6 .45 0.595 3 .84 2.87 0.445 125 32.4 43.5 33 .6 25 .2 5 .4

11.40 0.587 6 .7 5 .55 0.485 222 32 .7 39.7 21 .1 17.3 4 .5 5

D i a m e t e r  o p  
P l u n g e r

Cm.
1 .9
2 .3 8
2.90
3.81

In.
*A
1S/l6

1»/«
I»/«

(0.214-in.) gage was deflected only 7 per cent by a load of 
227 kg. (500 lbs.). Therefore, tests on disks large enough 
to  insure sufficient accuracy are much more comparable to 
service conditions and fairer to all grades of stock than the 
constant-area tests as secured by plungers. Furthermore, 
the percentage distortion in tests a t constant load per unit 
volume is more in line with service assembly compression.

In  a further effort to show tha t i t  was advisable to use a test

cling to the plunger as the loads are released, and consequently 
there is a high hysteresis area. The proof of this theory is 
found in experiments run on small plungers a t  much higher 
loads. In  Figure 4 we see th a t the unloading curve descends 
abruptly for a  considerable period, causing a large hysteresis 
area. When the major portion of the load has been released, 
there is an abrupt decrease in the distortion value. This point 
indicates the stress above which the sample clung to  the
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T a b le  I I I — E ffects of V ario u s  S h a p e s  o f P lu n g e rs
(Area of plungers, 6.45 sq. cm. (1 sq. in.), stock No. 2 cured 10 m inutes a t  160° C.)

T y p e  o p  
P l u n g e r

G a g e
M a x .

D e f l e c 
t i o n

R e l a 
t i v e

H y s t e r e s i s
A r e a

F i n a l  G a g e

S t r e s s  p e r  U n i t  V o l u m e
. .. - —

400 L B S ./S Q . IN . 28 K G ./S Q . CM.
I n c r e a s e  

i n  l o a dO r ig i n a l F i n a l O r ig i n a l F i n a l

2 .9  c m .  d i a . In. Cm. Per cent In. Cm. Lbs./sg. in. Kg./sq. cm. Per ccnl
2 .5 4 - c m .  c u b e 0 . 2 3 0 0 . 5 8 5 2 4 . 4 5 . 1 5 0 . 1 7 4 0 . 4 4 2 1 7 4 0 2 3 0 0 1 2 2 1 6 2 3 2 . 2
A n n u l a r  r i n g  ( 1 .9 0 . 2 3 2 0 . 5 9 0 2 5 4 . 1 0 . 1 7 4 0 . 4 4 2 1 7 2 0 2 3 0 0 1 2 2 1 6 2 3 3 . 7

c m .  i .  d . )
2 .9 - c m .  d i a .  d i s k 0 . 2 3 2 0 . 5 9 0 2 9 . 7 4 . 3 0 . 1 6 3 0 . 4 1 5 1 7 2 0 2 4 6 0 1 1 5 1 7 3 4 3 . 0

o f  r u b b e r
0 . 2 1 9 0 . 5 5 5 2 9 . 2 2 . 7 5 0 . 1 5 5 0 . 3 9 4 1 8 2 0 a 1 2 8 a 0

* 400 lbs. per sq. in. based on the final area would have required a  final load of 565 lbs., or an  increase of 41.3 per cent in load per un it volume.

plunger. The lower maximum distortion and the high 
hysteresis area for the largest plunger show th a t the slippage 
factor influences the results greatly.

This effect in the use of the plunger is decidedly detrimental, 
and plungers of small size, particularly a t  high loads, have 
been found to give greater errors than buttons or disks cut 
from flat sheets. Although the corners might be rounded to 
a certain extent for all anvils, the question of uniformity of 
this construction presents a serious objection. I t  would seem 
th a t a more satisfactory type of plunger would be a round disk 
with a convex contact surface. As a suggestion, there could 
be used a plunger 2.9 cm. (1.14 in.) in diameter with a sug
gested i adius of curvature for the convex surface of approxi
mately 15 to 25 cm. (6 to 10 in.) based on the center line of 
the plunger (.Figure 4-a). Slippage variables could be largely 
eliminated by using vaseline to lubricate the plunger.

These facts show tha t considerable care must be used in 
judging a stock by its hysteresis data unless full details of 
the test method are known.

Effect of D ifferent S hapes of P lu n g ers

Undoubtedly the rubber surrounding the plunger during 
test exeits a supporting action on the volume of rubber di
rectly underneath the plunger. In order to find out if this 
supporting action varied with different shapes of plungers the 
following tests were performed. In each case a  test piece 
3.2 cm. (1.5 in.) square was used. The various plungers were 
placed on the center of the respective test pieces. In the 
case of the square plunger, the sides were parallel to those of 
the test piece. The data are given in Table III . Although 
the maximum deflection data a t 28 kg. per sq. cm. (400 lbs. 
per sq. in.) for the round disk, the square block, and the an
nular ring increased, in the order named, nevertheless these 
values check within 3 per cent distortion. The 2.9-cm. 
(1.14-in.) round disk of rubber suffered the same maximum 
deflection as the sample with the annular ring, although in 
the latter case the maximum load was 43 per cent greater. 
Evidently the test volume under the ring was able to carry this 
43 per cent increase in load because of the supporting action 
of the rubber not directly under the plunger.

The slightly greater maximum deflection found in the test 
with the annular ring over th a t for the other plungers can be 
explained on the basis of flow into the hole in this plunger.

F ac to rs  In fluenc ing  S lippage a n d  C o n seq u en t E ffects on 
D eflection a n d  H ysteresis D ata

B irkitt and Drakeley (S) have shown th a t the percentage 
deflection is dependent upon the ease of slipping a t the surfaces 
of the test piece and the testing equipment, and also that, 
with almost perfect slippage as secured by vaseline, variations 
in the thickness have little or no effect on the maximum per
centage deflection. Although it is true th a t there is a t most 
very low slippage in the assembly compression of motor sup
ports and many other parts, slippage certainly does condition 
the results of deflection tests. It is later shown th a t consid
erably more slippage occurs with a chromium-plated surface

than with the polished steel surfaces. To date all routine- 
tests of deflection comparisons in the compressetometer have- 
been conducted with the test piece in contact with polished 
steel surfaces. These are cleaned before each test with a 
metal polish, the surplus of which is immediately wiped off 
with a clean dry cloth.

Undoubtedly test pieces arrive in the laboratory with the- 
surfaces in a different condition. Some of them may be oily 
or greasy, either naturally or as a result of contact with such 
materials. In order to learn the effect of such surfaces and' 
also the effect of cleaning them, tests were conducted with a. 
disk th a t had been sponged off with benzene and also on a. 
similar disk from the same slab which was not sponged off. 
(Table IV)

T a b le  IV— E ffec t of S p o n g in g  Off S u r fa c e  o f T e s t  P iece w ith  B enzene. 
(Stock No. 2 cured 30 m inutes a t  148° C.)

G a g e S u r f a c e

D e p l b c t i o n  a t : R e l a 
t i v e

H y s t e r e 
s i s

A r e a

L o a d  t o  
D e f l e c t  

1 8 .7  %
5 .5 5  kg. 2 8  kg. 4 2  kg.

per per per 
s q .  c m .  s q .  c m .  s q . c m .

Cm. In. % %  % Kg. Lbs.
0 . 6 1  0 . 2 4 0 Sponged0 2 1 . 2  5 1 . 2  5 7 . 5 1 . 6 1 3 . 6  3 0
0 . 6 1 2  0 . 2 4 1 N atural 2 5 . 3  5 1 . 0  5 6 . 9 0 . 3 1 0 . 5  2 3

a An undercure (highly bloomed) was used, b u t the  te st piece was nott 
sponged sufficiently to  remove all the  bloom.

The greatest difference is noted a t low loads per unit area,, 
while a t very high loads the results are very close. Probably 
the outstanding effect was th a t the hysteresis area of the un-* 
sponged sample was much less than th a t for the sponged 
sample. This is entirely in keeping with the theory of the 
effect of slippage—poor recovery due to friction.

Unless otherwise specified, all the tests recorded elsewhere 
in this paper were on test pieces with the natural surfaces.

Effect of T h ick n ess  o n  C om pression  T ests

The influence of gage on compression testing has been ig-. 
nored in the literature, w ith the exception of the work of 
B irkitt and Drakeley (8). Although their paper pointed out 
th a t the percentage deflection under equivalent loads per unit 
area is the same for test pieces of different gage provided per
fect slippage occurs, it seems doubtful if gage variation haa 
been generally considered as a source of error in specifications 
requiring such tests. The data in this paper are offered be-- 
cause in compression testing of motor supports or similar 
products little slippage actually occurs and, as previously 
mentioned, practically no slippage occurs in the service age 
sembly.

Table V gives some data on two stocks tha t have been 
cured in a press in large slabs approximately 1 meter square. 
The slabs were cured 20 minutes a t 160° C. (320° F.). I t  will 
be noted from the penetration data th a t the test disks showed 
no difference in cure (a poor criterion), although in the case 
of stock No. 7 it is quite possible tha t the thicker portion was 
enough below the cure of the thin section to give the results 
noted. However, the nature of stock No, 5 was such th a t
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the optimum cure (maximum tensile) could have been ob
tained anywhere from 14 to 20 minutes a t the temperature 
used. Consequently, it is doubtful if the thicker portion of 
this stock is undereured or the thinner portion overcured. 
I t  will be noted th a t the thicker portions gave deflection values 
consistently higher than those for the thinner test pieces. 
This is to  be expected when we consider th a t we have not 
provided for slippage of the test pieces over the contact sur
faces of the testing equipment. Consequently a thicker sample 
will have more freedom of movement than a thinner sample 
(on a percentage-volume basis). The same general result is 
found in the study of compressive loads on short versus long 
columns.

T a b le  V— E ffect of G age  o n  C o m p re ss io n  a n d  H y ste res is  D a ta

C u r e  P e n e - 
S t o c k  a t  t r a - 

160° C .  TIO N

G a g e

D E F L E C T IO N  a t :
R e l a t i v e

H y s t e r e s i s
A r e a

5.55 k g ./ 28 k g ./ 
sq. cm. sq. cm.

M in . 0.001 in. Cm. In . Per cent Per cent
1.9-cra. round disk

20 88-9 0 .627  0.247 25 .5  47.4 1 .0
90 0.765 0.301 27 .9  50.9 0 .5

5 20 0.606 0.239 15.1 36 .0 3 .5
0 .740 0.291 16.8 41.9 2 .85

2.9-cra. round disk
7 88-9 0.660  0.260 18.0  38 .5 4 .0

90 0.772 0.304 18.7 40 .5 1.5

5 0.615 0.242 8 .2 6  30.1 7.1
0.726 0.286 7 .7  31 .8 6 .8

Another peculiarity is th a t the hysteresis area of the thin 
test piece was always greater than th a t for the thick piece. 
There are two possible explanations for this. In  the first 
place, the thinner test piece was subjected to a greater load 
per unit volume—i. e., greater fatiguing stresses. Elementary 
mechanics furnishes the second explanation. I t  is known tha t 
a body which least resists a force is the least affected perma
nently by th a t force. Therefore, the thin pieces must have 
offered greater resistance to the deflecting force, for we find 
th a t they were deflected a lesser amount. In  other words, 
there was a greater ratio of stress to strain in the thinner than 
in the thicker test piece. Because of this, it is to be supposed 
th a t the thinner samples were under a somewhat greater 
fatiguing action. In  addition, it is known, th a t the thinner 
section actually was subjected to greater stress per unit volume 
than the thicker one, yet, as noted previously, was deflected 
to a less extent (was in a condition of less strain) principally 
because of less slippage per unit volume. Furthermore, in 
this case the ratio of deflection due to  slippage and actual 
deflection of the rubber inside the test piece is greater for the 
thin test piece. Hence, there is less tendency to recover upon 
unloading, with a consequent greater hysteresis area.

Further proof of the above theory as to why a thick test 
piece suffers less hysteresis loss than a thin sample is found in 
the action of a pure-gum stock as compared with a highly 
compounded stock. In  general, the pure-gum stock has a 
lower hysteresis loss, a t least for the first hysteresis loop and 
even in the flexometer test, because it resists the compressing 
force to a lesser degree and also offers less internal resistance 
to molecular re-allocation. In  Table VI are recorded some 
data for the load-deflection curves of a pure-gum stock (No. 
2) and the same stock loaded with 15 volumes of carbon black 
(No. 9). In each case the 30-minute cure was an undercure. 
The loading curves for the disks 1 and 3 were almost identical 
(absorption of the same amount of energy) with the same 
maximum deflection. Nevertheless the relative hysteresis 
area of the pure-gum stock was 0.3 as compared with 2.75 
for stock No. 9. In  each case the 60-minute cure was ap
proximately the optimum, yet for the pure gum we note a 
decided increase in the hysteresis area, whereas there is very 
little increase for stock No. 9.

T ab le  VI—L o ad -D eflec tio n  D a ta  fo r  P u re -G u m  S to c k  (No. 2) a n d  
S to c k  C o n ta in in g  C a rb o n  B lack  (No. 9)

(1.9-cra. round disks a t  120 kg.)

S t o c k D i s k
C u r e  a t  
140° C .

P E N E 
TRA
TIO N

G a g e

M a x .
D e 

f e c 
t i o n

R e l a t i v e
H y s t e r e 

s i s
A r e a

M in. 0.001 in. Cm. In . %
2 1 30 (under) 105 0.557 0.241 56.9 0 .3

2 60 (opt.) 100 0.562 0.243 61.8 3 .9

9 3 30 84 0.593 0.257 56.8 2 .75
4 60 (opt.) 74 0.565 0.244 52.0 3 .05

At first it would seem th a t no further proof of the above 
explanation is necessary. However, in the following series 
the opposite relation is shown for the hysteresis data. An 
explanation is presented with the data.

In the above series of tests the question of identical cure 
arises, particularly when the gage variation is considerable. 
In order, to avoid this difficulty, it was decided to  take 2.38- 
cm. (15/ i 6-in.) disks of 0.55-cm. (0.94-in.) gage slabs of stock 
No. 8 cured 25 minutes a t 160° C. Deflection and hysteresis 
data were first obtained on a single disk, then on a sample 
piled two disks high, and finally on a third sample three disks 
high. The piled samples appeared under load as single thick 
disks. However, it is known th a t greater slippage must have 
occurred between the rubber surface in contact with rubber 
than between the rubber-to-metal surfaces. Proof of this is 
given later from compression-set tests conducted under similar 
conditions. The data of these tests are given in Table V II 
with curves in Figure 5.

From this table we can see th a t increased gage means

T a b le  V II— E ffect of G age on  C o m p ress io n  T e s ts

G a g e
T o t a l  V o l u m e

U N D ER
C o m p r e s s i o n

M a x . 
D e f l e c t i o n  

AT 42 KG.

R e l a t i v e
H y s t e r e s i s

A r e a

R e l a t i v e  
E n e r g y  o f  

L o a d i n g

L o a d  p e r  
U n i t  V o l . N o. o f  

L a y e r s

Cm. In . Cc. Cu. in. Per cent Kg./cc. Lbs./eu . in.
0 .55 0.216 2 .46 0 .15 27.8 1.85 6 .6 7680 2780 1
1.1 0.436 5.92 0 .30 45.8 2 .75 9 .4 3810 1380 2
1.65 0.651 7 .38 0 .45 52.7 2 .85 10.2 2580 933 3

T ab le  V III— E ffects of R e p e a te d  D eflection
[Original gage 0.63 era. (0.249 in .); final gage, 0.625 cm. (0.246 in.)J

L o o p

D e f l e c t i o n  a t :
L o a d  L o s s  

a t  M a x .

L o a d  t o  
D e f l e c t  

(1.5 CM .) 24%

R e l a 
t i v e
H y s 

t e r e s i s
A r e a

L o a d  D r o p  a t :

22.6 kg. 163 kg. (max.) 0 .05 cm. 0 .10 cm. 0 .15 cm.

Cm. In . Cm. In . Kg. Lbs. Kg. Lbs. Kg. Lbs. Kg. Lbs. Kg. Lbs.
1 0.025 0.010 0.165 0.065 11.4 25 150 330 17.7 17.7 39 27.2 60 33.6 74
2 0.038 0.015 0.168 0.066 11.4 25 134 295 9 .6 15.0 33 20 .5 45
3 0.035 0.014 0.169 0.0665 135 297 8 .4 9.1 20 12.1 27 17.7 39
9 0.033 0.013 0.165 0.065 11.4 25 138 303 8.1 7 .7 17 14.1 31 15.0 33
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greater percentage deflection and greater hysteresis area, in 
spite of the fact th a t the thicker disks carried smaller loads 
per unit volume. This last may seem quite anomalous until 
consideration is given to some possible curves as shown in 
Figure 6. If two stocks give deflection curves as in D and 
B  ( a hard and a soft stock, respectively) yet are both fairly 
deflectable, it is seen tha t it is entirely possible for the stiffer 
stock, D, to possess a  higher hysteresis loss than the more 
deflectable stock, especially if it is assumed th a t complete 
hysteresis loss occurs a t the maximum deflection. On the 
other hand, in case of a very stiff stock which deflects only a 
small am ount and suffers 100 per cent hysteresis loss after 
reaching maximum deflection, as in curve C, it is easily pos
sible for the hysteresis loss to be less than th a t for a highly 
deflectable stock, D  or B. I t  is assumed th a t these tests are 
all conducted to the same maximum load. The application 
to the tests in Table VII is very easy merely by assuming tha t 
these curves apply to disks of different gage instead of disks 
from different stocks. The major cause of the higher hys
teresis loss for higher gages is, however, the increased re
sistance to slippage (as in P art II).

The data in Figure 7 show th a t per cent deflection, relative 
hysteresis area, and load per unit volume in constant maxi- 
mum-load tests vary with gage (data shown in Table VI and 
Figure 5). Curve I  shows tha t the percentage deflection, as 
well as the hysteresis area, is approaching a maximum with 
increase in gage.

The outstanding feature of the whole m atter is th a t the 
hysteresis area depends on the cure, the gage, the slippage, and 
the location of the load-deflection curve. I t  is again evi
dent tha t great care is needed in judging a stock by hysteresis 
data.

F ig u re  8 —L o w -T e m p e ra tu re  C o m p re ss io n  
T e s t

Effect of E x trem e Cold in  D eflection a n d  H ysteresis 
T es ts

Additional proof of the preceding discussion is found in 
tests run on a sample a t normal temperature and then sub
jected to severe cold. The sample, which was tested cold, 
naturally had stiffened up considerably and consequently 
suffered less deflection; in other words, it resisted the com
pression force to a greater extent. I t  was found tha t the 
hysteresis loop for low temperatures was greater than for 
higher temperatures. In  the tests here recorded a sample of 
No. 10 stock was cut from a shock insulator. This test 
piece was cut for flexometer tests (1) and was 1.43 cm. (0.56 
in.) wide by 4.12 cm. (1.63 in.) long by 2.86cm. (1.13 in.) high. 
The lower end of the compressetometer together with the 
test piece was immersed in a mixture of carbon dioxide snow 
and acetone for several hours previous to the test. Changes

in the freezing mixture were made from time to time to keep 
the tem perature a t  approximately —50° C. The curves for 
the deflection tests on this sample, both a t  normal and a t 
low temperature, are shown in Figure 8.

A t extremely low temperatures, as is to be expected, the 
deflection curve, from the beginning, is much more nearly a 
straight-line function of the compressing load than the curve 
for the higher temperature tests. The loading curve shows 
a similarity to  th a t of a steel spring. In  other words, the 
rubber very nearly obeys Hooke’s law. This is the only ex
ample of this phenomenon encountered in the work herein 
reported, and is only relative, 
for the size of the test piece and 
conditions of the test determine 
the relation between the load and 
the deflection for any given stock.
Howrever, owing to  the great hys
teresis loss of this sample (for a 
single impact or compression) it ^  
has greater absorbing power than ^  
th e  s p r in g  because the spring ^  
w o u ld  re c o v e r  directly. The 5  
tests on the cold sample were ^  
made after it had been tested a t  ^  
room temperature. cj

In  Figure 8, although there 
was considerable d if fe re n c e  in  ' ' l 
the percentage deflection a t  the 
maximum load, the energy of 
lo a d in g , as measured by the 
comparative areas u n d e r  th e  
loading curve for each case, was 
approximately the same. The 
r e la t iv e  r e tu r n  of energy as Fliure 9̂ 0T S C° mpre8‘ 
measured by the area of the
loops was approximately 60 per cent less for the cold sample.

In  order to  determine whether the rubber suffered any 
serious effects from this test, the test piece was taken immedi
ately from the cooling solution and run in the flexometer a t 
50 per cent distortion. The test piece rapidly warmed up 
to  approximately 70° C. and after 10 m inutes’ flexing was 
removed. No failure or appreciable set could be detected.

In  the above it was assumed th a t the previous test a t  room 
tem perature on this sample had no effect on the piece as later 
tested in the cold. These tests were run 24 hours apart. 
This assumption is justified as shown by data presented in 
the next section. Furthermore, data on im pact tests on 
bumpers, given in P art I I  of this paper, show th a t very little 
change in hysteresis loss occurred after several hundred de
flections a t 54 per cent distortion.

Effect of R epeated  C om pression  on  R esu lts  of C om pression  
T ests

Repeated hysteresis tests under compression show a simi
larity to repeated stretch tests (i?) in th a t the greatest area is 
found for the first loop and reaches a fairly constant value 
for the third loop. Undoubtedly, continual fatigue occurs to 
a greater or less extent depending on the stock. A direct 
comparison of data of repeated tensile tests with data of 
repeated compression tests cannot be made without consider
ing the question of the relative loads per unit volume and 
whether repeat tests have been made a t  constant maximum 
load or constant maximum distortion.

Table V III gives deflection and hysteresis data for the 
first, second, third, and ninth tests on 2.3-cm. round disks of 
stock No. 4 cured to  the optimum. The original area of this 
test piece was 4.16 sq. cm. (0.6-15 sq. in.) and loadings were to
38.5 kg. per sq. cm. (550 lbs. per sq. in.). The hysteresis 
loss or area in the first loop is shown to be considerably greater
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than th a t for the second loop, which in tu rn  is somewhat 
greater than th a t for the third loop. In  other words, the 
hysteresis loop is continually getting smaller, but very little 
difference is noted after the third cycle has been made. The 
data for load loss, which is the drop in load a t  maximum load
ing for 1  minute, show th a t this stock is fairly resistant to 
fatigue effects. The values for load drop represent the re
spective decreases in load, for the given distortions, for the 
unloading curves as compared to the loading curves, and are 
an indication of the relative decreases in hysteresis areas with 
repeated deflection. Figure 9 shows the curves for the first 
and for the ninth hysteresis loop. I t  will be noted th a t the

ninth loop falls entirely within the first. These data are 
typical of those obtained in many similar tests.
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Part II—Compression-Set and Some Special Tests

AS M E N T IO N E D  in 
P art I, m any auto
mobile m e c h a n ic a l 

rubber parts are assembled 
wholly or in p art under com
pression. In  the first class 
are motor supports, body and 
fender shims, radiator pads, 
spring shackles, torque insula
tors, etc. Axle and s p r in g  
bumpers, grommets, tubing, and other parts are so installed 
th a t portions of them are under compression to a greater or 
less degree, and so belong to  the second class. All such parts 
in time acquire permanent set as a result of compressive 
forces. Set under compression has been considered of such 
serious consequence th a t motor-car manufacturers insist tha t 
such parts shall withstand some sort of a compression or 
permanent-set test. Unfortunately there are a great many 
such tests requested in specifications, although they all aim 
to determine the same answer—namely, the quality of the 
part tested. Under properly controlled conditions a single 
test can be made to furnish all the information desired 
which is the resistance of the part to  perm anent set wrhen 
under a compressive load.

C o n s ta n t D is to rtio n  Vi. C o n s ta n t Load

Compression-set tests can be made under conditions of 
constant distortion or constant load. Although the former 
is the simpler, particularly as regards equipment, the writer 
believes th a t permanent-set tests on the various stocks or 
rubber parts to be assembled under compression should be 
conducted under constant load.

Probably one of the simplest devices for the test a t con
stan t distortion is made from two parallel steel plates clamped 
together by means of four bolts passing through the plates 
near the corners (/I, Figure 1). The distortion of the test 
piece is determined by holding a scale beside the clamp. 
This is a grievous source of error. In  B  (Figure 1) a step 
toward greater accuracy has been made in providing a con
stan t zero point for measuring the distance between the two 
plates. The scale can be put flush on the bottom plate and 
thus there is a single point of error in measuring the distortion. 
Even these distortion measurements are probably not ac
curate to  within ±0.025 cm. (0.016 in.). This is only a 
6 per cent error based on a gage of 0.635 cm. (0.250 in.) 
for the test piece. B ut the slope of the load-defiec.tion 
curves for a 1.9-cm. (0.75-in.) round disk near the maxi
mum load in a standard test conducted a t  42 kg. per sq. cm. 
(600 lbs. per sq. in.) is much greater than the slope a t the 
low loads. The above maximum load produced a deflec
tion of 0.322 cm. (0.127 in.) on a test piece of stock No. 6

cured 12  minutes a t 160° C. 
(320° F.). An error in the 
maximum distortion of but 
±0.025 cm. (0.01 in.) would 
am ount to a variation in the 
load from 107 kg. (236 lbs.) 
to 136 kg. (300 lbs.). These 
data correspond to deflections 
of 0.298 cm. (0.117 in.) and 
0.348 cm. (0.137 in.) taken 

from Ioad-deflection curves. This is a variation in load of ap
proximately 12 per cent. An additional variable—drop in 
load due to fatigue—also exists.

Consider the case of a soft and a harder stock, each com
pounded and used for motor-support service, and also of a 
third stock which is much stiffer yet likewise a high-quality 
stock. Some relative compression data for these stocks are 
given in Table I.

If all tests wTere conducted a t 37.3 per cent deflection, a 
load of 120 kg- (265 lbs.) would be imposed on stock No. 
1 1 , whereas less than two-thirds of this am ount would be 
imposed on stock No. 5. Stock No. 14 is even more de
flectable and a t 18.7 per cent deflection it carries only approxi
mately one-fourth the load carried by No. 11. Inasmuch as 
the gage of the No. 11 sample was about 16 per cent greater 
than th a t for the other samples, this stock was favored in 
the series and a sample of approximately 0.57 cm. (0.225 
in.) gage would have required a higher load than 120 kg. 
(265 lbs.) for 37.3 per cent deflection as used in the above 
comparison.

In  tests run a t a  constant maximum load the actual loads 
per square centimeter under a  maximum load of 120 kg. 
(265 lbs.) show th a t No. 11 is being stressed only 38 per cent 
more than No. 14, instead of 350 per cent more as was the 
case in tests under constant distortion.

In  order to consider the constant-load tests to have been 
made a t the same load per cubic centimeter, let us assume 
th a t the original gage of all stocks was the same. This 
would mean th a t those stocks which in the table have a gage 
higher than No. 14 would actually show in the table even 
greater variations from th a t stock. To summarize, a  soft 
stock experiences a less load per un it area due to a greater 
percentage deflection, but the same load per unit volume. 
This decrease in load is nearly proportional to the final area 
resulting from a decrease in thickness. On the other hand, 
in the case of constant-deflection tests the hard stock may re
quire three to four times as much load, or even more, to  
deflect to the same am ount as the soft stock. If, as above, 
we assume th a t all stocks in Table I  had the same original 
gage, the figures in the last two columns will represent loads 
per unit area during test.

In  P a r t  I I  th e  m a in  fac to rs  n ecessary  to  be c o n 
sidered  in  fo rm u la tin g  a co m p ressio n -se t te s t  a re  d e 
scribed  a n d  a  p roposed  co m p ressio n -se t te s t  is briefly 
o u tl in e d . T h e  c o n s ta n t- lo a d  te s t  is p re fe rab le  to  a 
c o n s ta n t-d e fle c tio n  te s t. To secu re  th e  tr u e  re la tive  
p ro p e rtie s  of stocks, i t  is reco m m en d ed  th a t  th e  s u r 
faces be lu b r ic a te d  w ith  vaseline. T es ts  fo r special 
cases, su c h  as  th e  flexom eter te s t  a n d  an  im p a c t te s t fo r 
b u m p e rs , a re  a lso  described .
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T ab le  I— C o m p a ra tiv e  D eflection  of H a rd  a n d  S o ft S to c k s“ L o ad ed  to  M a x im u m  of 42 kft. p e r  sq . c m . (600 lb s . p e r  sq . In .) B ased  o n
O rig in a l A rea

S t o c k C u r b

M a x .
H a r d n e s s  D e f l e c t i o n  

( P e n e t r a t i o n ) a t  120
KG.

G a g e

V o l u m e
F i n a l
A r e a

A c t u a l  L o a d
P E R  SO. CM.

a t  M a x . 
L o a d  o p  120

KG.

R e l a t i v e  L o a d  
t o  G i v e  

D e f l e c t i o n  o p :

Orig. F inal 18.7%i> 37 .3%

M in. ° C. 0.001 in. % Cm. Cm. Cc. Sq. cm. Kg. Kg. Kg.
14 25 320 100 54 .8 0.562 0.254 1.6 6 .3 19.1 8 .2 37 .8

5 12 320 63 45.4 0.576 0.315 1.64 5 .2 23.0 18.2 68.2
11 60 298 38 37.3 0 .68 0.426 1.93 4 .55 26.5 36 .4 120.0

« l.Q-cm. (0.75-in.) disks used.
b Approxim ate assembly deflection of a certain car support, b u t on larger areas.

C om pression-S et C lam p

The above discussion has disregarded actual changes or 
fatigue of the test piece during the test. For botli constant 
load by spring clamps and constant distortion the stock 
which suffers the more rapid fatigue will be benefited to the 
extent tha t it will be resisting the smaller final load per unit 
area. This effect is negligible in a properly designed spring 
clamp, as has been shown by tests in the compressetometer. 
Evidently a constaut-load device is a necessity. If a spring 
clamp is used, a suitable means for measuring deflection of 
the springs (loads) is likewise a necessity.

Probably the simplest type of constant-load equipment 
is based on one of the constant-deflection clamps described 
above. If the tie bolts are longer, a short compression spring 
can be inserted between the plates of the clamp. The test

A — Double zero-error 
B —C onstant zero-setting a t  Z

piece is then put on a steel disk placed on top of the spring 
and loaded by compression of the spring. Here again there is 
a fairly large error in measuring by means of an ordinary 
loose scale or caliper and scale. One such type of set clamp 
which has come into use has a short clutch spring about 7 cm. 
(2.75 in.) long, which distorts 0.95 cm. (0.38 in.) under 120 
kg. (265 lbs.) load. I t  has been shown that percentage 
deflection increases during tests by an am ount equivalent 
to the fatigue of the test piece. This may amount to as 
much as 0.127 cm. (0.05 in.) on a 0.635-cm. (0.25-in.) sample, 
and may cause an error of approximately 13.0 per cent based 
on the spring distortion of 0.95 cm. (0.38 in.).

In  order to provide an easier operating and more accurate 
device, the writer designed the small compression-set clamp 
shown in Figure 2 (also shown in Figure 1 , P a rt I). This 
clamp is provided with a spring 10.1 cm. (4 in.) long, which 
deflects 1.9 cm. (0.75 in.) a t 120 kg. (265 lbs.). The error 
due to the change in distortion caused by the fatigue of the 
sample has been cut 50 per cent. Likewise the percentage 
error arising from an error in measuring this spring deflec
tion has been decreased. For convenience the clamp is pro

vided with a depth gage with a scale graduated in hundredths 
of an inch. The gage is rigidly attached to the clamp, and 
hence is much more satisfactory than a loose scale. Load- 
deflection data are then obtained for each spring and suitable 
curves are constructed so th a t the clamp can be set to a 
definite scale reading for a given desired load. A magnify
ing glass is used in reading the scale. A single nu t control in
creases the ease of operation and permits uniform deflection 
throughout the test piece.

C om p ariso n  of T ests  U sing  P lu n g e r a n d  R u b b e r D isk

I t  can readily be seen th a t both the constant-deflection 
clamp and the constant-load clamp can be used to test either 
small buttons cut direct from the samples (constant-volume 
tests) or to make constant-area tests by means of a small 
plunger or anvil. The relative merits of the plunger versus 
the round rubber disk method wrere discussed in P art I. 
The same arguments against the plunger are valid here. 
Some comparative compres
s io n - s e t  t e s t s  w ere  also 
made.

All tests were started in 
clamps originally a t room 
tem perature and were of 66 
hours’ duration a t 70° C.
All test pieces w'ere 1.9 cm. 
in diameter and were cut 
from the same slab of stock 
No. 14, cured for 50 minutes 
a t 148° C. The load was 
42 kg. per sq. cm. (600 lbs. 
per sq. in.). All disks were 
sponged off with benzol and 
d r ie d .  The original gage 
was determined by a R.
& S. g ag e  w ith  1 -cm .
(0.39-in.) diameter foot, the 
final gage by a B. & S. No.
2 micrometer caliper 0.396- 
cm. (0.16-in.) diameter foot 
after a 30-minute recovery.
In the exceptional case of FU lure 2 - C o m p r e s s lo n - S c t  C la m p

i i - i  5 —T est diska warped disk the average
of the minimum and maximum gage was measured 0.15 cm. 
(0.08 in.) from the edge of the disk.

The results are given in Table II. The final load per unit 
volume is 59.4 per cent greater in case of the plunger method 
with an increase of 40 per cent in permanent set. This 
would tend to show th a t percentage increase in set is not 
in the same ratio as percentage increase in load per unit 
volume and hence the error is slight for small differences 
in the latter. In  addition, “cupping” occurs in the lower 
side of the test piece in the plunger method a t high loads 
(over 42 kg. per sq. cm. or 600 lbs. per sq. in.). This should 
preclude the use of an ordinary thickness gage unless it is 
provided with a small foot and also a small pedestal to sup
port the test piece.
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T a b le  I I — C o m p a ris o n -S e t T e s ts  U sin é  D isk  a n d  P lu n g e r

C l a m p
M i n i m u m  G a g e

S e t
V o l u m e

L o a d  p e r  
c c .

Orig. F inal Loss Orig. Final Orig. Final

Cm. Cm. Cm. % Cc. Cc. Kg. Kg.
D i s k :

1 0.658 0.470 0.178 28 .6 1.87 1.87 1050 1050
2 0.674 0.508 0.166 24.6  

Av. 26 .6
1.91 1.91 1040 1040

P l u n g e r :
1 0.665 0.420 0.245 37 .0 1.85 1.19 1045 1670
2 0.665 0.417 0.248 37 .4  

Av. 37 .2
1.85 1.118 1045 1670

D ead-W eigh t vs* S p ring  C om pression -S e t C lam ps

W ithout doubt a properly arranged dead-weight equip
m ent should be more nearly capable of 100 per cent accuracy 
in load than the spring clamp. However, in order to elimi
nate frictional “wobble” troubles such equipment should be 
vertical acting, as in Figure 3. A, instead of “horizontal act
ing” as shown in B. A dead-load device is unwieldy and 
liable to error due to a sudden application of the load (slip
page errors). For testing a piece 12.9 sq. cm. (2 sq. in.) 
in area a t 28 kg. per sq. cm. (400 lbs. per sq. in.) using 364 
kg. (800 lbs.), for example, some hydraulic or pneumatic 
equipment would be much more convenient than the actual 
weight method. However, for the sake of simplicity and for 
practical accuracy, the constant-load spring clamp is very 
satisfactory when properly designed, and the adoption of 
some fairly compact device, such as shown in Figure 2, would 
be an im portant step forward in the program of unification of 
methods of testing.

F ig u re  3—D e a d -W e lg h t C o n s ta n t- L o a d  C la m p s
O—Oven D —T est disk
T —Table C—Telescopic te st clamp

The question has been raised as to the effect of repeated 
use on the calibration curve of the springs used in the con
stant-load clamps. Figure 4 shows th a t deflections of a 
new spring a t 120 and 182 kg. (265 and 400 lbs.), respectively, 
W'ere 1.7 and 2.59 cm. (0.67 and 1.03 in.), whereas after 
almost 3 months of continual use a t  loads between these 
two values for periods varying from 22 to 72 hours a t 70° C., 
the distortions were, respectively, 1.9 and 2.76 cm. (0.7 
and 1.09 in.). Of course other calibration curves were neces
sary in the meantime, but most of the change occurred within 
the first few tests a t  the higher load, and hence probably 
could have been avoided by a dead-weight test before cali
bration. I t  is considered th a t most of this change occurred 
in the thin ground-down portions of the last coil a t each 
end of the spring.

Another question has been raised as to the variation be
tween calibration a t room temperature and a t the standard 
test temperature (70° C.). In Figure 5 it is shown tha t at 
182 kg. (400 lbs.) there is less than 0.038 cm. (0.015 in.) 
weakening a t  70° C. as compared with the value a t 24° C., 
whereas a t 120 kg. (265 lbs.) there is practically no error. 
This is quite within the experimental error in most spring 
clamps in use.

I t  has been claimed (private communication to  the author)

tha t the spring clamp gives higher compression-set results 
than the dead-load method “due to the stiffening action re* 
suiting from the heat-expansion of the spring.” Others 
have maintained th a t heat tends to weaken the spring. 
The latter view is strengthened by the curve in Figure 5. 
In fact, the variation 
due to temperature in 
the lo a d -d e f le c tio n  
c u rv e  of th e  type of 
s p r in g  u se d  in  th e  
clamps shown is prob
ably fa r  wn'thin th e  
other errors inherent in 
any sm a ll, c o m p a c t 
non-precision in s t ru -  ^  
m e n t of th i s  ty p e .  ^

Note—F o r present pur- ^  
poses a precision instrum ent ^  
is considered only as one 
which will measure distor
tions of load or gage of the 
sample to  within 1 per cent 
and 0.0025 cm. (0.001 in.), 
respectively.

I t  is true tha t there is 
an apparent stiffening 
of the spring d u r in g  a 
co m p ressio n -se t test 
which may am ount to 
as much as 0.127 cm.
'0.05 in.) in c re a se  in 
length a t 120 kg. (265 lbs.) in tests on 1.9-cm. (0.75-in.) disks; 
cut from slabs of approximately 0.635-cm. (0.25-in.) gage. 
This is due, however, to fatigue of the stock, and in fact the- 
load is really falling instead of increasing. Some data are- 
given in Table III. The tests were conducted a t 70° C. a t 
136 kg. (300 lbs.) on 2.9-cm. disks of 0.95-cm. stock. The. 
error in load is less than 3 per cent, and is less on lower- 
gages and a t  higher loads. For two samples tested simulta-. 
neously the error is doubled.

T a b le  I I I — E rro r  In  S p r in g  L oad  D ue  to  F a ilu re  o f T e s t  P iece

400 (f82 kg) 1 n10? m.pS9crr^f A,
/  /  !09tn.

I  -  H/* 176 
300- E  ~ 2j/9/29

« m i r n w  f tn c c X ç y  Ao-7Sm(/.9cm)

200- /  / ■

too- /  /

4o/-'*38 36 3-4 32 SC 2 à
S C  AIE READ/NO (Inches)

F ig u re  4—C a lib ra tio n  o f C o n stan t-L o ad ?  
S p r in g

_  , in  S a m p l e  
C * - * « '  g a g e  S s t

Cm. %
0.965  11.1
0 .966 9 .2

C o m p r e s s e d  L e n g t h  o p  
S p r i n g

Orig. F inal Increase

H e i g h t  A v .
o p  S p r i n g  I n c r e a s b - 

a t  1 3 6  i n
k g . L e n g t h

Cm.
2.135
2.135

%
3 .0

I t  was shown in P art I  th a t the load falls when test pieces, 
stand under constant distortion due to the fatigue in the- 
rubber. Even greater fatigue occurs in the constant-load. 
spring clamp, because the load is greater than th a t necessary 
for a constant-distortion test. A large change in distortion, 
of the test piece allows the spring to expand slightly with, 
an appearance of stiffening; hence the load in a spring clamp, 
is continually decreasing with increasing fatigue, but this, 
load drop is quite negligible. Since the load drop is doubled 
if two samples are tested in the same clamp, only one test, 
should be made a t  one time in each clamp.

The accuracy of spring calibrations as determined by data, 
obtained from tests on 1.9-cm. pieces tested a t 42 kg. per- 
sq. cm. for 24 hours a t 70° C. in different clamps is shown, 
in Table IV. All the disks were cut from the same slab of 
stock (No. 15 cured 20 minutes a t 160° C.) and readings, 
were checked independently by twro observers. Final gage- 
measurements were made by a small-Joot (No. 2) B. & S.. 
micrometer caliper. ’
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T a b le  IV— C o m p a riso n  of A ccu racy  o f C a l ib ra tio n  of V arious  C la m p s

C l a m p
G a g e

S e t
Original Final Loss

Cm. Cm. Cm. %
A -l 0.702 0.572 0.030 18.5

0.695 0.562 0.033 19.1
A-2 0.691 0.550 0.041 20.6

0.695 0.565 0.030 19.0
B-l 0.675 0.542 0.033 19.9
13-2 0.678 0.542 0.036 20 .2
B-3 0.678 0.526 0.052 22 .5
B-4 0.695 0.555 0.040 20 .4

These data indicate tha t the calibration curves for the various 
springs used were very accurate. The duplicate tests in 
clamps A-l and A-2 likewise show very satisfactory agree
ment when tests are made a t different times in the same 
clamps.

The slope of thespring- 
calibration curve has a 
definite effect on the ac
curacy possible with the 
constant-load clamp. I t  
is doubtful if any spring 
should be used a t test 
loads of 182 kg. (400 lbs.) 
or under if the slope of 
its calibration curve is 
greater than th a t noted 
in this paper. Owing to 
the increased r e la t iv e  
distortion a t low loads 
due to the ground-down 
spring ends, the slope is 
arbitrarily set for data 
between 120 and 182 kg. 
(265an d 400lbs.). Thus 
the original slope of the 
calibration curve (Figure 
4) for the spring was 3.86, 
whereas the final value 
was 3.97. A maximum

F ig u re  S - E J c c t ^ H e a t  o n  S p r in g  v a l u e  0 f  4 .5  m ig h t  be  Set,

b u t  is  probably high, 
and any value lower than 3.75 prevents use over a wide 
load range.

For high-load clamps this laboratory is using springs cali
brated to 455 kg. (1000 lbs.) with a maximum slope of 6.5.

Note—Since presentation of this paper clam ps of 1800 kg. (4000 lbs.) 
capacity  have been secured.

In fluence  of G age a n d  S lippage a n d  F ac to rs  In flu en c in g  
S lippage

Variation in the gage of the test piece has an enormous 
effect on permanent-set tests under compression. The effect 
on single disks of variable gage is magnified in tests conducted 
on pieces formed by "piling” disks. Table V gives data 
of permanent-set tests conducted similar to deflection tests 
recorded in Table VII, P art I, except tha t the set tests were 
of 24 hours’ duration a t 70° C. under 188 kg. (414 lbs.) in 
the compressetometer.

Greater slippage (distortion) occurred a t the rubber-to- 
rubber surfaces and evidently the increase in area of the 
middle disk on test 3 alone accounts for the increased set, 
for it was subjected to less load per unit area and also per 
unit volume than specimens in tests 1 and 2. In P art I 
it was show'n by percentage-deflection data th a t lubricated 
samples distorted the most, as a result of surface slippage. 
Evidently control of slippage is of prime importance in true 
set tests as well as true deflection tests.

Various surfaces affect the slippage to different degrees.

Accordingly compression-set tests were made to  determine 
the effect of a lustrous chromium plate on polished steel. 
In  one experiment twro test disks of 1.9 cm. diameter were 
separated by a bright chromium-plated spacer during tests 
in polished steel clamps. In each case the final diameter of 
the surface in contact with the steel plate was 1.9 cm., whereas 
th a t in contact w ith the chromium surface was 2.16 cm. 
This represents over 22 per cent increased area with the 
chromium surface. Practically no slippage occurred a t  the 
polished steel surface.

T a b le  V—In f lu e n c e  of G age V a ria tio n  on  C o m p re ss io n -S e t

O r i g i n a l  G a g e V o l u m e R e l a t i v e
C o m p r e s s i o n - S e t

T e s t Each
d i s k T otal

u n d e r
L o a d

L o a d  
p e r  cc. Each

d i s k
T otal

average

Cm. Cm. Cc. Kg. % %
1 0 . 5 0 8 0 . 5 0 8 2 . 3 0 8 0 1 9 . 6 1 9 . 6
2 0 . 4 S 8

0 . 4 7 0
0 . 9 5 8 4 . 2 6 6 2 2 3 . 2

2 6 . 0
2 4 . 6

3 0 . 4 4 5
0 . 3 6 1
0 . 4 4 5

1 .2 5 1 5 . 5 7 3 2 . 6 3 0 . 0  
4 3 . 2
3 0 . 0

3 4 . 4

Table VI shows set data obtained when both surfaces 
of the test pieces were in contact with polished steel and 
bright chromium-plated surfaces, respectively. In  this 
laboratory bright chromium-plated contact surfaces have 
been made a standard because it is easier to keep them in a 
uniform condition. All constant-load clamps have been 
chromium-plated all over. The results are so satisfactory 
th a t such a procedure is recommended for adoption as stand
ard.
T a b le  VI— R ela tiv e  In f lu en c e  of S te e l v i. C h ro m iu m - P la te d  S u rfa ce s  

in  S e t T e s ts
A. S. T . M . hardness stock No. 1. Load, 120 kg.
T est specification, 20 hrs. a t  70° C. D iam eter of disk, 1.9 cm.

C l a m p
G a g e

S e t SU R PA C E
Orig. Final Loss

Cm. Cm. Cm. %
A-l 0.726 0.596 0.13 17.8 Chrom ium  plate
A-2 0.726 0.615 0.11 15.4 Steel

Birkitt and Drakeley (3, P art I) reported more nearly 
ideal slippage in deflection tests when pieces were lubricated 
with vaseline bu t they made no mention of set tests. Table 
V II shows the increased set resulting from the use of a thin 
film of white vaseline on the round 1.9-cm. test disks sub
jected to 42 kg. per sq. cm. for 24 hours a t 70° C. as com
pared with normal teste.

T a b le  V II— E ffect of L u b r ic a t io n  of T e s t  P iece

C u r e  a t  148° C .
C o m p r e s s i o n - S e t

N orm al surface Vaseline

M inutes % %
30 17.3 27
45 16.6 26 .5
GO 14.7 18.7
75 15.8 20.4

Here again set is affected more by the physical distortion, 
or relative displacement within the test piece, than by load 
per unit volume or unit original area. Consequently, in a 
test to determine the true deflectability and set the rubber 
should be lubricated.

D u ra tio n  of C o m p ressio n -S e t T ests

Increased duration of the test naturally produces increased 
set, b u t there seems to be nothing gained by setting up a 
standard of duration greater than 22 hours a t 70° C., which 
is universally accepted as the standard aging temperature.

DISTORTION (Inches)
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Table V III shows the values for percentage set on 1.9-cm. 
disks of stock No. 16 (cured 25 minutes a t  160° C.) when 
subjected to 120 kg. for various periods a t 70° C.

T a b le  V III— E ffec t of D u ra t io n  o f T e s ts  o n  C o m p re ss io n -S e t

T e s t D u r a t i o n O r i g i n a l  G a g e
C o m p r e s s i o n - S e t  
( A v .  o f  2  T e s t s )

Hours Cm. In . . Per cent
1 8 0 . 6 2 0 . 2 4 5 1 4 . 3
2 2 1 0 . 6 1 5 0 . 2 4 2 2 4 . 2 5
3 2 5 1 /a 0 . 6 1 7 0 . 2 4 3 2 5 . 5
4 4 8 0 . 6 2 0 . 2 4 5 3 1 . 0
5 7 2 0 . 6 2 0 . 2 4 5 3 7 . 0

Inasmuch as daily routine tests are often desirable, this 
laboratory is standardizing on a 22-hour test. This allows 
a 2-hour change-over period, winch is sufficient to take care 
of several clamps and allows the clamps to reach room tem
perature, which is desirable for the sake of uniformity. The 
22-hour standard will facilitate testing by speeding up tests 
and in having a definite time each day for the work.

M easurement of Original and Final Gage of Test Pieces

The measurement of the final gage after subjecting the 
test piece to the compressive load is very important. In 
most methods cupping occurs on the top or bottom surface 
or both, as a result of slippage. In  all tests in this labora
tory, and those herein reported except tests with the ring 
method mentioned later, the original gage has been measured 
by a Randall and Stickney gage with a 1.9-cm. (0.75-in.) 
diameter foot acting under a dead load of 200 grams (0.44 
lb.), whereas the final gage was obtained by a No. 2 Brown 
and Sharpe micrometer 30 minutes after removal from the 
test apparatus. Samples wrere allowed to cool on an oak 
desk top.

This recovery period has been considered ample for ordi
nary test procedure. No trouble is experienced in getting 
checks with the B. & S. micrometer caliper even by different 
operators. In  order to compensate for the lack of a pressure- 
foot load, 0.001 inch (0.025 mm.) is deducted from the read
ing obtained by the touch system. If the distortion has 
been uniform, as required in this laboratory and made pos
sible by the single-nut control constant-load clamps, little 
experience is necessary for the operator to  get the minimum 
gage reading th a t just allows no-load slippage between the 
micrometer feet. A small-foot R. <fe S. gage with a similar 
small-foot pedestal or table for the test piece is necessary for 
accurate work if the micrometer is not used, but the latter 
is more economical and just as accurate if made a standard 
procedure. The No. 2 B. & S. micrometer is not satisfac
tory  for measuring the gage a t the center of test pieces of 
large diameter because the anvil does not protrude far enough 
from the frame. A micrometer similar to B. & S. No. 30 
R. & S. is needed, but with a micrometer larger than the No. 
2 the accuracy has been impaired.

Other Perm anent-Set Methods

Where service assembly involves compression a com
pression-set test is more logical than any type of tension-set 
test, whether a t  repeated constant distortion or repeated 
constant load. The procedure of holding a t  either a definite 
elongation or elongating load and then determining the 
set after a certain recovery period likewise finds small favor 
for, although such tensile methods may differentiate be
tween stocks, only by checking against set results under com
pression or actual service is it possible to find out if such re
sults have any meaning as to  service under compression. 
After all, shims, supports, and similar parts fail principally 
due to one or two causes (or both)—namely, structural 
deterioration or loss in gage.

A cold-flow test depending upon exudation of rubber 
through the opening in an annular ring has occasionally 
been used in place of the compression-set test. The ring 
test finds little to warrant its adoption because:

(1) The flow into the opening depends upon the condition 
of the edges of the ring surfaces and of the rubber and ring.

(2 ) T he flow occurs early  in  th e  tes t and, a lthough it  is more 
or less perm anently  held owing to  th e  conditions of th e  test, 
i t  is n o t necessarily a criterion  as to  w hether or n o t th e  support 
will suffer compression-set, inasm uch as in  service assemblies 
usually very little  percentage flow occurs.

(3) There are inaccuracies inherent in the method of measur
ing the relative displacement into the hole in the ring.

(4) The necessary sample—a t least greater than  the 3.44 
cm. (1.355 in.) o. d. of the ring—cannot be secured from many 
automotive rubber parts.

(5) The test requires 48 hours to give a percentage value 
for the cold flow equivalent to th a t secured in 24 hours by the 
disk method. Lessening the tim e would greatly decrease the 
accuracy of the ring test and is inadvisable.

Requirements of a Compression-Set Test

A satisfactory compression-set test should be formulated 
only after due consideration of the following factors:
M a t e r ia l  T b s t e d

(1) W ithin w hat limits of thickness do samples fall?
(2) W ithin w hat limits of hardness do samples for a particu

lar product fall?
(3) Is any consideration taken of such ingredients as paraffin, 

etc., which might give a surface with a  lubricating effect? 
T e s t  P i e c e

(1) W hat is the size (diameter or other dimensions) of the 
test piece?

(2) How are the test-piece dimensions secured? Are they 
(a) molded; (b) cut by a steel die,* by blow with a hammer, 
or by pressure as in an arbor press; (c) cu t by a  cork-borer; 
or (d) by the spinning or motor-drill method?

(3) Is the slab or die wet before the test pieces are cut? 
T e s t i n g  C la m p s

(1) Does the dcvice produce constant distortion?
(2) Does the device give a constant load obtained by springs? 

Are the springs inside or outside of the oven, and w hat is the 
load-defiection ratio of the spring?

(3) Does the device give a constant load obtained by dead 
weight, and is the test piece assembled in a horizontal or verti
cal position?

(4) W hat is the speed of (a) compression; (b) releasing the 
load?

(5) Is slippage in the clamps controlled by (a) lubrication 
of contact surface; (b) a  polished contact surface; or (e) plated 
(chromium, etc.) contact surfaces?

(6) Is the clamp a t  room tem perature or test tem perature 
when the test pieces are inserted and the load is applied?

(7) If a constant-distortion device, how is the distortion 
measured ?

(8) If a constant-load device, how is the load measured?
(9) W hat kind of an oven is used in the test? Is the tem 

perature automatically controlled, and is the air changed regu
larly or circulated by a fan?
O t h e r  C o n d it io n s  o f  T e s t

(1) W hat are the temperature limits of the test?
(2) How long is the test (22 to 72 hours, etc.)?
(3) Is the test piece removed from the clamps a t  once after 

removal from the oven?
(4) Docs the test piece recover on glass, wood, or a  metal 

surface?
(5) How soon after removal from the clamp is the final 

gage measured?
(6) How is the final gage measured (R. & S. gage or microme

ter caliper)? S tate the size of both contact feet or surfaces 
of the gage.

(7) Can the method be universally adopted without highly 
complicated equipment?

(8) Are there any special factors peculiar to the part to  be 
tested or to the laboratory equipm ent th a t must be considered?

Suggested Method for Compression-Set Test

Cut two round disks of the same gage, preferably less 
than 1.27 cm. (0.5 in.) from the part in question by means
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of a steel die with an arbor press, giving accurately an area 
of 1 sq. in. (6.45 sq. cm.) without lubrication of the test 
piece or die. Compress between bright chromium-plated 
surfaces in a constant-load clamp a t room temperature to 
28 kg. per sq. cm. (400 lbs. per sq. in.). The maximum slope 
of the load-deflection curve of the spring for providing the 
load shall be 4.5 for a 182-kg. (400-lb.) spring or 6.5 for a 
455-kg. (1000-lb.) spring.

Keep the clamps with the test piece in a 70° C. oven pro
vided with a fan for air circulation for 22 hours, and then 
immediately remove the test piece from the clamp. Take 
the final gage a t the center of those test pieces which are not

i r r e g u la r ly  deflected by 
means of a s m a ll- f o o t  
micrometer caliper similar 
to B. & S. No. 2 not less 
than 30 or more than 35 
minutes a f t e r  re m o v a l 
from the testing device. 
C o m p re s s io n -s e t  is re
ported as the percentage 
decrease in gage based on 
the original thickness as 
determined by the stand
ard Randall & Stickney 
gage or No. 2 B. &. S. mi
crometer caliper.

F o r  t r u e  comparative 
results of the quality of the stocks test disks should be lubri
cated, but this involves difficulties not worth encountering ex
cept for research and stock development since service compres
sion is without slippage. Hence lubrication of the test disk 
is not included in the above.

A dditiona l T es ts  on A uto  M echan ica ls

In the automobile assembly most rubber parts 
used under compression, particularly those used 
to  absorb vibration, suffer, in addition to the com
pressive load, repeated dynamic stresses of impact, 
flexure, or shear, or perhaps all three. Flexure, 
impact, and shear tests have been used in this 
laboratory for evaluating such parts as spring 
shackles and torque insulators, bumpers, and cer
tain types of motor supports. Figure 6 shows 
the load deflection, or shear, curve obtained in a 
test on a vertical type of metal-rubber motor 
support which is fast replacing compression sup
ports.

Figure 7 shows a device for repeated compres
sion tests on bumpers. Various stocks, cured in the form 
shown in A , are subjected to 44 impacts each minute, either 
for a definite period or until failure occurs. In  the former 
case hysteresis and deflection tests, before and after the test, 
are used to judge the ability of the stock to 'withstand im

pact. M ost tests have been run a t  approximately 54 per 
cent deflection, which for stock No. 11, cured 60 minutes 
a t 147° C., required 590 kg. (1300 lbs.). Some data ob
tained on various cures of three stocks are given in Table IX . 
In  every case the maximum deflection a t  the 227-kg. (500- 
lb.) load increased as a result of the impact test, whereas 
there was a decrease in the relative hysteresis area. Com
paring the optimum cures of the first two stocks, it will be 
noted th a t stock No. 11 showed less change in hysteresis 
loss than stock No. 12. The former is the more efficient 
stock. Furthermore, the relative drop in hysteresis loss with 
increased cure was less for No. 11 than for No. 12. Even 
though the optimum cure of No. 11 was impacted for 5 hours, 
the relative hysteresis loss was intermediate between the 
lower and higher cures. In  the case of No. 12 the 5-hour 
impact test had increased the change in hysteresis loss be
yond th a t obtained for either the under- or the over-cure, 
indicating th a t this stock had absorbed more internal energy, 
or a t least had acquired a certain am ount of set, and conse
quently was requiring less energy per deflection as the te st 
progressed. The 45-minute cure of No. 12 had started to- 
fail before the end of the 5-hour test. This is taken as further 
proof of the logic of the hysteresis theory especially when we 
consider that no failure occurred with the 40-minute cure 
of No. 11 when impacted 7 hours more. Likewise the drop 
in hysteresis loss in this latter case was no more than for 
the overcure.

In the case of stock No. 13 failure had occurred before 
the end of the l'/r-hour im pact period. This test piece is 
shown in Figure 7.

I t  might prove more sound technically to impact th e  
bumpers under constant load or to  a constant energy absorp

tion value each time. However, the m atter of imposing 
actual loads of approximately 455 kg. (1000 lbs.) a t the ra te  
used in this test offers serious difficulties for the ordinary 
laboratory type of equipment. Furthermore, if a  com
pounded stock meets other requirements for m otor-support

DEFLECTION (¿4 Inch)
F ig u re  6—S h e a r H y ste res is

F ig u re  7

T a b le  IX — R e p e a te d  C o m p ress io n  T e s ts  o n  B u m p e r  S to c k s— 44 Im p a c ts  p e r M in u te

S t o c k C u r e

P e n e t r a t i o n
D u r a t i o n  o f  

I m p a c t  a t  5 4 %

M a x i m u m  D e f l e c t i o n  
AT 2 2 7  KG.

A p p r o x . R e l a t i v e  
H y s t e r e s i s  L o s s

D e c r e a s e
in

H y s t e r e 
s i s  A r e a

Before
im pact

After
im pact

Before
im pact

After
im pact

Before
im pact

After
im pact

J l / i n . O.OOJ in. O.OOl in. Hours Cr
/C % % % %11 4 0 54 IV* 3 2 . 4 3 3 . 9 ° 4 3 3 6 7a

6 0 5 0 * 4 9 5 2 9 . 6 3 2 . 5 5 0 4 1 9
8 0 5 3 5 0 l ‘/ i 3 2 . 8 3 3 . 8 5 4 4 3 1112 3 0 4 9 4 S i l/ i 2 8 . 6 3 1 . 4 4 7 3 8 9
4 5 4 8  b 4 7 5 C 2 S . 4 3 0 . 3 5 2 3 8 14
6 0 4 9 5 0 I 1/« 3 0 . 2 3 2 . 8 5 6 4 5 11

1 3 20 55b 5 5 IV* 3 S . 5

? T he maximum deflection and  relative hysteresis loss values a fte r 7 hours’ additional im pact were 33.4 and 32 per cent, respectively. 
b Considered as optim um  cure.
c H ad  ‘ failed" (internal crack up  from bottom  and  also in from the  side) before the  end of a  5-hour test.



April 15, 1930 IN D U S T R I A L  A N D  E N G IN E E R IN G  C H E M IS T R Y 159

stocks, it should be satisfactory for bumpers if it passes the 
above impact test.

In  the case of No. 11 and No. 12 the results should be 
entirely comparable, particularly for the optimum cures, 
for they showed the same stiffness as determined by load- 
deflection data.

For shock and torque insulators and also the vertical 
type of motor supports, the flexometer test, with or without 
compression to correspond to service conditions, is undoubt
edly valuable, and laboratory tests have been made on this 
basis. Results of the flexometer tests have been found much 
more satisfactory than tests on the entire shackle.

The above-mentioned impact and flexure tests require 
special equipment and consequently are not recommended 
for the general run of automobile mechanicals assembled 
under compression, but rather only for special products. 
For motor supports, body shims, and similar parts it would 
seem advisable, as previously stated, to perform tests such 
as deflection and compression-set, since these can be per

formed on the parts themselves or on test pieces cut there
from.

N otes

(1) Tests recorded in this paper have been on stocks of m oderate or 
relatively good resistance to  compression-set. For torque-resisting purposes 
under compression, stocks have been developed with practically no set as 
determ ined by the m ethod suggested.

(2) Trouble has not been taken to  m ake m etric units (obtained as 
slide rule derivations of s tandard  English data) check perfectly, since the 
slight discrepancies do no t interfere with the point to be proved.

(3) C om m ittee D - l l  of the A. S. T . M . has approved a  ten ta tive  
m ethod of test for the hardness of rubber. This is published in the 1929 
Proceedings of the society (D314-29T).
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Cholesterol as a Measure of Egg Yolk in Milk 
Products1
L incoln  M. L am p ert

R e s e a r c h  L a b o r a t o r y , G o l d e n  S t a t e  M i l k  P r o d u c t s  C o m p a n y , S a n  F r a n c i s c o , C a u p .

T HE increasing use of egg 
in milk products and 
the enactment of legal 

r e g u la t io n s  specifying the 
minimum amount of egg solids 
permitted in certain products 
has dereloped a need for an 
adequate method of routine 
analysis for egg solids. The 
lipoid phosphorus method is 
usually employed for this determination. Preliminary work 
with this method showed considerable variation when the gravi
metric procedure was employed. Better results were had 
with the colorimetric procedure for lipoid phosphorus. Since 
cholesterol occurs in considerably larger quantities in egg 
than in milk products, it occurred to the writer th a t choles
terol might serve as a point of attack  for the solution of the 
problem. In  contrast to the lipoid phosphorus, cholesterol is 
stable and quite well defined chemically, and it can be sepa
rated and estimated accurately. Theoretically it would ap
pear th a t cholesterol has desirable properties for the purpose 
in hand.

A review of the literature revealed only meager work done 
on this question. Cappenberg (3) suggested the use of 
cholesterol for the determination of egg yolk. Later Berg and 
Angerhauser (1) made the same suggestion and gave six 
analyses of egg in which the cholesterol was determined. 
Buchanan (2) made a historical review of the methods used by 
various investigators, and concluded th a t Cappenberg and 
Berg and Angerhauser “ propose cholesterol as a means of 
determining egg solids. This method has not been applied 
practically.”

This information, coupled with previous studies, convinced 
the writer th a t the use of cholesterol as a quantitative index 
for the am ount of egg added to milk products offered inviting 
possibilities.

1 Received October 26, 1929.

D ete rm in a tio n  of C ho les
tero l

Cholesterol m ay be deter
mined gravimetrically as the 
digitonide or colorimetrically. 
Digitonin is an e x p e n s iv e  
reagent and often difficult to 
p ro c u re . The colorimetric 
method of Steinle and Kahlen- 
berg (10) was thought to oiler 

some advantage,. such as permanence of color, over the well- 
established Liebermann-Burchard procedure, but the correct 
cobalt-blue color was only obtained with pure cholesterol. 
The color usually obtained by this method on the material 
extracted from milk products ranged from purple to gray. 
This led to the adoption of the Liebermann-Burchard method 
as the more desirable procedure.

A standard solution of cholesterol was made of cholesterol 
purchased from Pfanstiehl. This was compared colori
metrically with a sample of specially purified Kahlbaum ’s 
cholesterol and also determined as the digitonide. The 
cholesterol digitonide gave a recovery of 99 per cent in the 
Pfanstiehl product, and both samples gave identical colori
metric reactions.

Owing to the limited am ount of digitonin available, only 
a few control determinations were made with it to check 
the colorimetric values. In all cases the agreement was good.

The material extracted by ether from the unsaponifiable 
portion of the fat is called “cholesterol” throughout this 
paper, although it contained small quantities of unidentified 
substances.

Unless otherwise stated, all analytical data given are the 
results of a t least two determinations of cholesterol.

P r o c e d u r e —The sample was extracted by the Mojonnier 
modification of the Roese-Gottlieb method. The sample was 
weighed into a Mojonnier extraction flask. Ten-gram por
tions were taken for milk products, two grams for skim-

A m e th o d  for th e  d e te rm in a tio n  of cho lestero l in  
da iry  p ro d u c ts  is described .

T h e  cho lestero l c o n te n t of several d a iry  p ro d u c ts  and  
of d ried , frozen, an d  fre sh  egg yolk h as been  d e te r
m in ed .

If th e  n o rm a l s te ro l c o n te n t of a  food p ro d u c t is 
know n, a n  index to  th e  a m o u n t of egg yolk added  to  
th a t  p ro d u c t m ay  be found  by d e te rm in a tio n  of th e  
to ta l s te ro l c o n te n t.
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milk powder, and 0.5 gram for butter samples. When egg 
products were examined, 0.3 gram of the dry yolk or 1 gram 
of the fresh or frozen yolk was taken. In  all cases a t least 
three extractions were made. Sufficient water was added to 
make the total volume about 12  ml., and then 2 ml. of strong 
ammonium hydroxide solution was well mixed with the 
sample. Ten milliliters of ethyl alcohol were added, and 
the flask was shaken for l/ 2 minute, after which 25 ml. of 
ethyl ether were added and again shaken for ‘/ 2 minute. 
Next 25 ml. of petroleum ether were added and the flask 
was shaken for 5/2 minute. If an emulsion formed, it was 
broken by the addition of a few milliliters of alcohol. After 
centrifuging or allowing to  stand a few moments, the clear 
ether layer was poured into a dry 250-ml. beaker and evapo
rated nearly to dryness upon a hot plate. The succeeding 
extractions were made in the same manner, except th a t only 
5 ml. of alcohol were added. The combined extracts were 
evaporated until the residual liquid became cloudy owing to 
the insolubility of the fat in the remaining alcohol. The 
residue was then saponified by a method modified from tha t of 
Kerr and Sorber (?). To the residue in the beaker 15 ml. of 
95 per cent alcohol were added and brought to a boil. To 
this was added 1  ml. of a  solution made by adding 100 grams 
of potassium hydroxide to 100 ml. of water. The beaker was 
covered with a watch glass and allowed to boil about 10 
minutes. After cooling 30 ml. of ethyl ether were added so 
as to wash down the sides of the beaker and mix thoroughly 
with the contents. The ether suspension was carefully trans
ferred to a conical separatory funnel. Another 30-ml. por
tion of ether was added to the beaker and likewise transferred 
to the separatory funnel. Next the beaker was washed with 
two successive 25-ml. portions of distilled water, added slowly 
to the separatory funnel. The funnel was rotated gently but 
not shaken, in order to prevent the formation of a stubborn 
emulsion. WTien an emulsion formed, a  few milliliters of 
alcohol were added to  break it. Separation took place rapidly 
and the soap solution was withdrawn. The ether layer was 
washed three times with 50-ml. portions of distilled water, 
or until it was alkali-free, as shown by testing the aqueous 
portion with phenolphtlialein indicator. The ether portion 
was next transferred to a 50-ml. beaker and carefully evapo
rated to dryness, preferably on a steam bath. The clear 
yellow oil-like residue was dissolved in chloroform, trans
ferred to a volumetric flask, and diluted to exactly 50 ml. 
The solution was always clear, bu t a t  times had a slight 
yellow tin t due to the presence of carotinoid-bodies.

For colorimetric determination of the cholesterol, 10 ml. 
of the chloroform extract were taken in a dry test tube and 
2 ml. of acetic anhydride were added. Then 0.2 ml. of con
centrated sulfuric acid was added and the tube inverted 
several times to mix the contents. The tube was stoppered 
and let stand exactly 15 minutes in the light by which it was 
to be examined. I t  was then compared with the standard, 
made from ice cream of known egg content, pure cholesterol, 
or fresh egg yolk. No satisfactory permanent color standard 
has yet been foimd.

Very good results were obtained with a  series of solutions 
prepared from ice-cream mix of known composition. If kept 
tightly stoppered, in the dark, these solutions appear to keep 
indefinitely. For ordinary work a series increasing by 0.5 
per cent egg yolk from 0.0 to 4.0 per cent was found useful.

The same results may be obtained by using pure cholesterol 
as a standard, in which case a solution containing 0.0005 
grain per milliliter is prepared. A standard may also be 
made by extracting by the above method 1  gram of the care
fully separated and well-mixed yolks of three or four large 
fresh eggs. Two milliliters of this solution diluted to  10 ml. 
with chloroform equal 0.04 gram of egg yolk. This amount

of egg yolk was found to contain 0.00054 gram of cholesterol. 
By taking various amounts of this solution and diluting to 
10 ml. with chloroform, standards covering a wide range can 
easily be prepared.

Samples of ice cream containing no egg or very small addi
tions of egg exhibited a yellow-gray tin t when examined for 
cholesterol. This color is similar to  th a t obtained a t  times 
in the cholesterol determination of blood. In  most cases this 
off-color did not interfere with a very close approximation of 
the egg content. Should difficulty be experienced, recourse 
may be made to a method suggested to the writer by Rollin 
G. Myers (8), who used a similar procedure for the determina
tion of minute amounts of ammonia in blood. The method 
was to  add to the unknown a small known am ount of the 
standard, bring to volume, and determine the cholesterol. 
The result minus the amount added was th a t originally 
present.

C holestero l C o n ten t of Som e M ilk  P ro d u c ts

Milk, cream, condensed milk, butter, skim milk, con
densed skim milk, and skim-milk powder are the chief milk- 
product constituents found in ice cream. In  order to obtain 
a quantitative measure of added egg solids by the deter
mination of cholesterol, it is necessary to know the am ount 
of cholesterol added to the mix by these products.

The literature has few references to the sterol content of 
milk products. The data in Table I  are taken from “The 
Fundamentals of Dairy Science” (9).

T a b le  I— C h o le s te ro l C o n te n t  of M ilk  F a t
A U T H O R ITY  C H O L ESTER O L

Per ccnl
K losterm ann and Opitz 0.075
Boemer 0.3116 to 0.4066
K irsten 0 .36  to 0.43

Kirsten also reports th a t the breed and age of the animals 
and the type of their feeds has little influence upon the choles
terol content of the milk fat.

Two valuable sources of information giving the cholesterol 
content of milk products are Denis and M inot (-i) and Fox 
and Gardner (■?). The average findings of these authors is 
given in Table II.

T a b le  I I — A verage C h o le s te ro l C o n te n t  of S o m e M ilk  P ro d u c ts
A v e r a g e

A v e r a g e A v e r a g e C h o l e s t e r o l
A u t h o r i t y P r o d u c t F a t C h o l e s t e r o l i n  F a t

Per cent Per cent Per cent
Denis and  M inot M ilk 4 .07 0.0145 0.356*
Fox and G ardner M ilk 3 .05 0.0126 0.343
Fox and Gardner M ilk 3.8Ö 0.0151 0.3635
Fox and G ardner Condensed milk 9.16 0.0303 0.328
Fox and Gardner Skim med milk 0.187 0.0037 1.912
Fox and  Gardner B u tte r milk 0.511 0.0101 1.977

T a b le  I I I — C h o le s te ro l F o u n d  in  S o m e  M ilk  P ro d u c ts

P r o d u c t F a t
C h o l e s 

t e r o l

C h o l e s 
t e r o l  i n  

F a t

A v e r a g e  
C h o l e s 

t e r o l  i n  
F a t

P e r  c e n t Per cent Per cent Per cent
M i lk :

(a ) 3 .3 0.012 0.333 0.346
0b) 3 .9 0.017 0.359

C r e a m 32 .3 0.075 0.232 o! 232
E v a p o r a t e d  m i lk 7.S7 0.031 0.393 0.393
B u t t e r m i l k 0.59 0.01 1.69 1.69
C o n d e n s e d  s k i m  m i lk  (32% 

s o l id s ) :
( a ) 0 .32 0.009 2.81 2.49
(6 ) 0 .56 0.012 2.16

B u t t e r  f a t : a
(a) 0 .23 0.23 0.257
(b ) 0.29 0 .29
(c ) 0.25 0 .25

S k im - m i l k  p o w d e r  ( t h r e e
s a m p l e s ) 1.00 0.02 2 .00
a T he am ount of cholesterol found in d ry  filtered b u tte r fa t was more 

than  expected. In  order to  check th is  determ ination, the  b u tte r  fa t (a) 
giving 0.23 per cent cholesterol was trea ted  w ith digitonin. T he choles
terol digitonide precipitate obtained  corresponded to  a cholesterol con ten t 
of 0.20 per cent.
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Denis and M inot used the Liebermann-Burchard colori
metric method for determining the cholesterol, while Fox 
and Gardner used the digitonide method, extracting the fat 
by the Roese-Gottlieb method. Fox and Gardner believe 
that, in addition to  the cholesterol, free or esterified, which 
is held by the fat, a certain am ount m ay be present in colloidal 
solution or even combined with a protein.

The results obtained by the writer, given in Table III, 
compare favorably with those in Table II.

C ho lestero l C o n te n t of Egg P ro d u c ts

Samples of fresh, frozen, and dry egg yolk were examined 
for their cholesterol content. As a check three of the de
terminations were made w ith digitonin as well as colori- 
metrically.

Some ice-cream manufacturers use powdered egg yolk in 
their mix rather than fresh egg. Fresh or frozen egg yolk is 
generally preferred in making French ice cream. In  some 
samples of powdered yolk obtained from different sources a 
low content of cholesterol was found. Investigation showed 
th a t some manufacturers of egg products for ice-cream use 
make for this purpose an egg powder containing added milk 
proteins or sodium caseinate. The sodium caseinate adds to 
the viscosity of the ice-cream mix.

T a b le  IV— C h o le s te ro l F o u n d  In  S o m e  Egg P ro d u c ts
C h o l e s t e r o l

C o l o r i  b y  D i g i  D r y

S a m p l e P r o d u c t  M o i s t u r e m e t r i c t o n i n B a s i s

Per cent Per cent Per cent Per cent
1 Powdered egg yolk 4 .98 1 .95a 1.84 2 .05
2 Powdered egg yolk 6.02 2.54 2.70
3 Powdered egg yolk 5 .70 1.84a 1.88 1.95
4 Powdered egg yolk 4 .15 1.76° 1.83
5 Powdered egg yolk 3 .66 1 .72° 1.78
6 Powdered egg yolk 3 .00 2.55 2*. 61 2.63
7 Frozen egg yolk 46.66 1.50 2.81
8 Yolk from small cold-

storage egg 1.27
2.819 Yolk from large fresh egg 49!61 1.415

10 Yolk from sample 9 dried 
in vacuum a t  135° C . 
for 40 m inutes 2 .74 2.81

11 Yolk from 3 medium-size 
fresh eggs 1.33

12 Yolk from fresh egg 1.38
13 Yolk from 3 fresh eggs 1.40
14 Yolk from 3 fresh eggs 1.33

° These egg powders were evidently no t pure, bu t contained some 
diluent such as d ry  skim milk. T hey were of a  very light cream  color, 
whereas samples 2 and 6 were deep yellow in color.

Berg and Angerhauser (1) give the average cholesterol 
content of fresh egg yolk as 1.40 per cent. The results 
found in this work indicate a value of 1.36 per cent for the 
whole fresh egg yolk.

D e te rm in a tio n  of Egg in  Ice C ream

I t  will be seen th a t in an egg-free mix, cholesterol is added 
chiefly by those products containing bu tter fat in appre
ciable amounts. To obtain a measure of the cholesterol in 
ice cream, some determinations were made on ice-cream mixes 
known to contain no added egg products (Table V). These 
mixes, with four exceptions, were factory made, and con
tained from 35 to 40 per cent of total solids. The milk solids 
used were cream and condensed skim milk. Samples 1, 2, 
4, and 12 were prepared in the laboratory from cream and 
skim-milk powder.

T a b le  V— C h o le s te ro l C o n te n t  o f Ic e -C re a m  M ix w i th o u t  Egg
S a m p l e F a t C h o l e s t e r o l S a m p l e F a t C h o l e s t e r o l

Per cent Per cent Per cent Per cent
1 8 .42 0.030 7 11.77 0.038
2 9.87 0.032 8 11.92 0.037
3 10.26 0.032 9 12.16 0.038
4 10.40 0.035 10 12.50 0.038
5 10.59 0.038 11 13.13 0.039
6 11.50 0.038 12 16.35 0.040

The results on the ice cream examined showed a fairly uni
form cholesterol content. The am ount of cholesterol found

was not absolutely proportional to the fat, but varied in a 
manner analogous to the cholesterol content of milk, cream, 
and milk fat.

In  order to facilitate the approximation of the cholesterol 
content of an ice-cream mix, the curve shown in Figure 1 
was obtained from experimental data.

By multiplying the fa t content of the ice cream by the 
figures shown in the abscissa the percentage of cholesterol 
in the no-egg mix is obtained.

Since large amounts of added egg yolk will appreciably add 
to the fa t content of an ice cream, a correction for this ex
traneous fat should be applied. The average fa t content of 
commercial samples of egg yolk is about 23 per cent. In the

F ig u re  1—C h o le s te ro l C o n te n t  o f Ic e -C re am  M ixes

calculation of the following formula, which was used to ob
tain the egg-yolk content of ice cream, the factor used for 
the cholesterol content of the yolk was 1.36 per cent, and 23 
per cent for the fat content.

73.5 (a -  be)
Per cent egg yolk =  1 _  16 g

where a = total per cent cholesterol found 
b — total per cent fat found 
c =  factor for fa t obtained from Figure 1

In  order to  prove the accuracy of this method for deter
mining egg yolk in ice cream, a number of samples of ice
cream mix were made containing various amounts of fresh, 
frozen, or powdered egg yolk. The approximate cholesterol 
content of the no-egg mix was found from Figure 1, and the 
egg content calculated from the formula given.

Table VI shows the results obtained when powdered egg 
yolk was added to ice-cream mix known to be egg free, Table 
VII, the results of analyses of commercial ice cream, and 
Tables V III and IX, the results of single determinations on 
samples the egg content of which was not known to the writer 
when analysis was made. Some variation in results may be 
attributed to  the difficulty in mixing the small am ount of 
egg homogeneously with the sample, especially with the 
small lots prepared in the laboratory. All ice creams were 
plain or vanilla flavored.

T ab le  VI— D e te r m in a t io n  of P ow dered  Egg Y olk  In  Ic e  C re am

C h o l e s t e r o l E x c e s s
E g g  Y o l k  F o u n d  

p r o m  I n c r e a s e
E g g  Y o l k i n  A d d e d  E g g  Y o l k C h o l e s t e r o l o p  C h o l w h t e r o l

A d d e d P o w d e r F o u n d  i n  M i x C o n t e n t

Per cent Per cent Per cent Per cent
1.0 1.84 0.019 1.03
1.0 1.76 0.018 1.02
1.0 1.72 0.018 1.05
2 .0 1.84 0.036 1.95
2 .0 1.76 0.034 1.93
2 .0 1.72 0.034 1.92
0 .64° N o t known 0 .72
1 .50a N o t known 1.65

a This mix was prepared by  N . C .  Sm ith, of the  S ta te  D airy  Laboratory,
r adding powdered yolk to  evaporated  milk.
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T a b ic  V II— D e te rm in a tio n  of Egg in  C o m m e rc ia l Ice  C ream

R e p o r t e d  C o m p o s i t i o n

86 lbs. of whole fresh egg in 4500 
lbs. mix (1.91 per cent)

0.4 to  0.45 per cent powdered yolk 
20 eggs in 2.5 gallons of mix (about 

11 per cent)

T a b le  V III— Egg Y olk in  Ic e -C re am  of U n k n o w n  C o m p o sitio n

E g g - Y o l k
E q u i v a l e n t C o n t e n t

E g g - Y o l k  C o n t e n t F o u n d

Per cent Per cent

0.96 0.93
0 .8  to 0 .9 0 .88

About 5 .5 5 .4

E g g  Y o l k E g g  Y o l k E g g  Y o l k E g g  Y o l k
C a l c d . a s A c t u a l l y C a l c d . a s A c t u a l l y

S a m p l e A d d e d A d d e d  S a m p l e A d d e d A d d e d

Per cent Per cent Per cent Per cent
1 None None 8 4.12 3.83
2 1.00 1.12 9 1.49 1.14
3 4 .90 4.83 10 7 .49 7.55
4 7.55 7.92 11 0.32 0.39
5 None None 12 3 .65 4 .19
6 1. 18 1.40 13 0 .50 0.50
7 7.33 7.55

T a b le  IX — D e te rm in a tio n  of F resh  E g g  Y olk A dded to  M ix
S a m p l e E g g  Y o l k  F o u n d E g g  Y o l k  A d d e d

Per cent Per cent
1 0.55 0 .5
2 0.96 1.0
3 1.43 1.5
4 2.13 2 .0
5 2.64 2 .5
6 2.94 3 .0

A preliminary experiment has indicated tha t this method 
may also be applied to other food products, such as noodles 
and salad dressings. In this case, also, there are no data 
available giving the amount of sterols normally to be found 
in these products. An interesting comment is made by Hert-

wig and Bailey (6) who, in determining the unsaponifiable 
m atter in wheat flour, pastes, and eggs, found “The un
saponifiable m atter obtained from all samples and using 
all methods responded very satisfactorily to the chloroform 
sulfuric acid color test for plant and animal sterols.”
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Com parison of Fused Silica, Gold, and Platinum  
Linings for Calorim eter Bombs1

O scar K e n n e th  B ates

D e p a r t m e n t  o f  P h y s i c s , M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y , C a m b r i d g e ; M a s s .

T HE lining for heat of combustion bombs as recommended 
by the A. S. T. M. “shall have an inner surface of plati
num, gold, porcelain enamel, or other material which 

is not attacked by nitric and sulfuric acids or other products 
of combustion.” This article describes a series of teste made 
for the purpose of comparing translucent Vitreosil linings 
with platinum and gold linings in order to determine their 
ability to resist the action of acids formed during the combus
tion in the bomb. Samples of coals ranged from a little 
higher than normal sulfur up to extremely high percentage of 
sulfur, giving thereby a wide range of results as far as acid 
formation in the bomb was concerned.

A p p ara tu s  a n d  M ethods

An Emerson calorimeter bomb of approximately 400 ce. 
capacity was used. The A. S. T. M. Standard Method 
D271-29 and the sodium peroxide fusion method for deter
mination of sulfur were employed.

Sodium  Peroxide Fusion Method—A 1-gram sample mixed with 15 
to  18 grams of sodium peroxide in a  nickel crucible suspended in cold water. 
The m ixture was fired by  means of a glowing piece of string. The cooled 
mass was disin tegrated  in water, acidified with hydrochloric acid, filtered, 
and  barium  sulfate precipitated in the  usual m anner.

The same Emerson bomb, Vitreosil pan, and nickel pan 
support were used in every test, the only change being in the 
linings. The water equivalents of the bomb with the different 
linings were determined.

1 Received December 10, 1929.

C om parison  of Gold an d  V itreosil L in ings

The gold lining was approximately 0.004 inch (0.1016 mm.) 
thick backed by 0.020 inch (0.508 mm.) of silver. The 
total weight of this lining was 147 grams. The Vitreosil 
lining weighed 86 grams.

Three samples of coal of varying sulfur content were used. 
The sulfur content was determined directly by the sodium 
peroxide fusion method. The results of these tests are given 
in Table I.

The determinations made with the translucent Vitreosil 
gave lower heating values with the two samples having a 
high sulfur content, bu t with the sample of low sulfur content 
the results agreed very closely. On the low-sulfur sample 
the heating values obtained using the Vitreosil and gold lin
ings checked to better than 0.2 per cent. On the coals of 
higher sulfur content the results with the two types of lin
ings differed approximately 0.6 per cent.

Since lower heating values were obtained with the Vitreosil 
linings on the high-sulfur coals, it might seem th a t an error 
results w ith the use of this type of lining. Further tests indi
cate, however, th a t the results obtained with the Vitreosil 
linings are the more nearly correct of the two.

C om p ariso n  of G old, V itreosil, a n d  P la t in u m  L in ings

The coal was of a higher sulfur content than those used in 
the first series of tests. The sulfur was determined by the 
bomb-washings method.
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indicate an appreciably higher heating 
value than th a t received with either of 
the other linings. This was also defi
nitely shown in the first series of tests 
when the high-sulfur coal was used.

The sulfur content as determined with 
the Vitreosil lining was much higher than 
was obtained when either the platinum 
or gold lining was used. The gold lining 
g av e  the intermediate value and the 
platinum lining the lowest. W i th o u t  
doubt the value obtained using Vitreosil 
finings is nearest to the true sulfur con
ten t of the sample.

C om parison  of V itreosil a n d  P la tin u m  
L in ings

As a further check translucent Vitreosil 
and platinum linings were again com
pared using another sample of coal of 
high sulfur content. The sulfur content 
was determined by the sodium peroxide 
fusion method for comparison with the 
result obtained from the bomb washings.

This series of tests gave results similar to those 
obtained with the same linings in the second 
series. The heating values checked very closely, 
but the sulfur determinations from the washings 
were quite different. The sulfur content deter
mined from the sodium peroxide method was 4.51 
per cent; determined from the bomb washings us
ing the Vitreosil lining, 4.13 per cent, and using 
the platinum lining 3.30 per cent.

S u m m a ry  of R esu lts

These experiments with high-sulfur coal show very good 
agreement between the heating values obtained w ith the 
Vitreosil and the platinum linings. The values determined 
with the gold lining do not agree very closely but they clearly

T a b le  I— C o m p a ris o n  of H e a tin g  V alues of C oals  U sing  G o ld  a n d  
V itreosil L in in g s

Gold

Vitreosil

Gold

Vitreosil

Gold

Vitreosil

T e m p .
C a l c d .
H e a t

T i t r a 
t i o n S u l f u r

F u e l R i s e O b s d . C o r . C o r . H e a t i n g  V a l u e

Grams ° C . Gram-cal. Cal. Cal. Gram-cal. 
per gram

B. t . u. 
per lb.

SAM PLE I — SU LFU R  CO N TEN T, 1 .«  P E R  CENT
0.9467 3.080 7253 - 2 5 - 1 8 7616 13,710
1.0060 3.283 7732 - 2 7 - 1 9 7639 13,750
0.8332 2.724 6415 - 2 3 - 1 6 7652 13.770
1.2287 4.008 9439 - 3 2 - 2 3 7635

Av.
13.740
13.740

0.8195 2.650 6273 - 1 5 - 1 6 7617 13,710
0.8248 2.673 6327 - 1 8 - 1 5 7631 13.710
0.7239 2.341 5541 - 1 6 - 1 4 7614

Av.
13.710
13,720

SAM PLE n — SU LFU R  CO N TEN T, 2.13 P E R  CENT
1.1302 3.483 8202 - 3 1 - 3 1 7202 12,960
0.9289 2.870 6759 - 2 7 - 2 6 7219

Av.
12,990
12,980

0.8805 2.690 6367 - 2 4 - 2 4 7177 12,920
0.9071 2.766 6517 - 2 0 - 2 5 7168 12,900
0.9246 2.811 6654 - 2 3 - 2 6 7144 12,860
1.0255 3.142 7437 - 2 3 - 2 8 7199 12,960
0.7487 2.277 5390 - 1 9 - 2 1 7146 12,860
0.9283 2.832 6703 - 2 4 - 2 6 7167

Av.
12.900
12.900

SAM PLE I I I — SU LFU R  CO N TEN T, 2..14 P E R  CENT
0.7801 2.408 5671 - 2 4 - 2 2 7211 12,980
0.8263 2.557 6022 - 2 4 - 2 3 7233 13,020
0.8492 2.630 6194 - 2 6 - 2 4 7235 13,020
0.9105 2.814 6627 - 2 6 - 2 5 7222

Av.
13,000
13,010

0.9359 2.867 6786 - 2 3 - 2 6 7198 12,960
0.8196 2.502 5922 - 1 4 - 2 3 7180 12,920
0.7766 2.382 563S - 2 2 - 2 2 7203 12,970
0.5281 1.615 3823 - 1 4 - 1 5 7184 12,930
0.8625 2.630 6225 - 2 0 - 2 4 7166 12,900
0.8423 2.570 6083 - 2 0 - 2 3 7171

Av.
12,910
12.930

The heating values of the different coals as de
termined by the Emerson bomb lined with Vitreosil agreed 
very closely with those determined using a platinum lining. 
The values obtained with the bomb lined with gold backed 
with silver agreed satisfactorily with the Vitreosil lining for 
samples of low sulfur content, but differed when samples of 
high sulfur content were used. This indicates th a t additional 
heat is evolved by reactions in which the lining plays the im
portant part. This additional heat was not evolved when the 
Vitreosil and platinum linings were used.

T a b le  I I —C o m p a riso n  of H e a tin g  V alue  a n d  S u lfu r  C o n te n t  of C oal 
(S am p le  IV) U sing  G o ld , V itreosil, a n d  P la t in u m  L in in g s  

C a l c d . T i t r a -
T emp. H eat TION Sulfur

F uel R ise O bsd. COR. Cor. H eating Value SULPUR
Gram-cal. B. t. u.

Grams 0 C. Gram-cal. Cal. Cal. per gram per lb. %
GOLD LINING

1.0467 3.291 7750 - 4 8 - 5 1 7308 13,150 3.72
1.0047 3.175 7477 - 4 7 - 5 2 7341 13,210 3 .99
0.6852 2.149 5062 - 3 6 - 3 9 7278 13,100 4 .42
0.6729 4.31

Av. 13,150 Av. 4.11
VITREOSIL LINING

0.7378 2.295 5433 - 3 5 - 4 1 7261 13,070 4.29
0.6260 1.945 4604 - 3 2 - 3 8 7243 13.040 4.62
0.7069 2.197 5200 - 3 8 - 4 4 7241 13,030 4.73
0.6780 4.86
0.7873 4.76
0.5381 4 .68

Av. 13,050 Av. 4 .66
PLATINUM LINING

0.7757 2.414 5675 - 2 4 - 3 0 7246 13,040 2.96
0.7239 2.251 5292 - 2 3 - 2 9 7239 13,030 3.07
0.6676 2.082 4895 - 2 4 - 3 0 7251 13,050 3 .52
0.8018 3.18

Av. 13,040 Av. 3.21

When the sulfur content of high-sulfur coals is determined 
by the bomb-washings method, somewhat low values are ob
tained with all three linings, but those obtained with the vitreo-
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sil lining are much the highest and are much nearer the true 
value. This fact was shown in the second and third series 
of tests.

T a b le  I I I —C o m p a riso n  of H e a tin g  V a lue  a n d  S u lfu r  C o n te n t  of C oal 
(S am p le  V) U sing  V itreo s ll a n d  P la t in u m  L in in g s  

C a l c d  T i t r a -
T e m p . H e a t . TION S u l f u r

F u e l R i s k O b s d . C O R . C o r . H e a t i n g  V a l u e S u l f u r

Grams ° C . Gram-cal. Cal. Cal. Gram-cal. B. 1. u. %
per gram per lb.

V ITREO SIL LIN IN G

0.8832 2.757 6526 — 35 - 4 7 7297 13,140 4 .06
0.7970 2.491 5901 - 3 2 - 4 3 7310 13,160 4 .17
0.8046 2.517 5958 - 3 5 - 4 2 7309 13,160 4 .14
1.0050 3.151 7460 - 4 4 - 5 4 7326 13,190 4.16

Av. 13,160 Av. 4 .13
TLATINUM LIN ING

0.7351 2.312 5435 - 2 3 - 3 5 7316 13,170 3.66
0.7770 2.441 5739 - 2 3 - 3 3 7315 13,170 3.26
0.7192 2.256 5304 - 2 3 - 3 2 7298 13,140 3.47
0.7049 2.208 5191 - 1 9 - 2 6 7302 13,150 2.S2

Av. 13,160 Av. 3 .30

The cause of these low values may be the fact th a t the lin
ings act as catalysts differently in the formation of sulfonic 
acid during the combustion in the bomb. If the bomb wash
ings contained sulfonic acid, soluble barium salts would be 
formed during analysis, and consequently the determinations

would give low results. Further experiments are being made 
in order to  verify these facts, and will be presented in a later 
paper. The formation of sulfonic acid in the bomb washings 
during the combustion of high-sulfur oils has been already dis
cussed by Griffin (/).

The Vitreosil lining does not fracture readily from the 
shock resulting from the combustion in the bomb. One- 
half of the Vitreosil lining used in these experiments has 
withstood approximately seventy determinations, including 
both eoal and oils, and is in every way perfectly satisfactory 
and w ithout signs of injury. The other half of the lining 
fractured slightly after fourteen determinations and was 
replaced after the thirtieth  run by a new one of better design. 
This new upper lining has been used in forty determinations 
of both coal and oil samples, and is still in very satisfactory 
condition.

The results of the above experiments make it evident th a t 
Vitreosil has chemical and mechanical properties which are 
excellent for its use as linings for combustion bombs, and with 
ordinary care should give very satisfactory results.

Literature Cited
(1) Griffin, I n d . E n g . C h E m . ,  Anal. E d . ,  1, 167 (1929).

Separation of N ickel and Cobalt by Means of 
H ypochlorite1

MUCH of th e  c o b a l t  
used in this country 
is obtained from the 

complex ores of Ontario, in 
which the cobalt is associated 
with nickel, iron, copper, sil
ver, and arsenic. In  smelt
ing, the cobalt is concentrated 
as a  complex speiss, which is 
roasted and leached to  pro
d u c e  a solution containing 
cobalt, nickel, iron, and small 
a m o u n ts  of c o p p e r  a n d  
arsenic. From this solution 
the iron, copper, and arsenic 
are precipitated by calcium carbonate, leaving a final solu
tion containing nickel and cobalt relatively free from other 
metals.

The most commonly used methods for the separation of the 
nickel from the cobalt are based upon the differences in the 
extent and rate a t which the two metals may be precipitated, 
as their higher oxides, by the addition of oxidizing agents 
to solutions of their divalent salts. The oxidizing agent 
commonly used is sodium hypochlorite. This reagent, under 
proper conditions, precipitates cobalt as a sesquioxide or hy
drated sesquioxide (C02O3 or CojOiJjfljO), while from solu
tions of nickelous salts a mixture of nickel sesquioxide and 
nickel peroxide (NiOj) or complexes containing these oxides 
are obtained. The precipitation of the cobalt proceeds 
somewhat more readily than does the precipitation of the 
nickel, so th a t by properly controlling the conditions it is 
possible to  throw down most of the cobalt relatively free

1 Received January  12, 1930.

from nickel and to leave in 
solution most of the nickel 
relatively free from cobalt.

Despite the industrial im
portance of this method of 
separation, there is compara
tively little published infor
mation as to  the effects of 
various conditions upon the 
completeness with which the 
separation may be effected. 
This investigation was under
taken for the purpose of de
termining the extent to  which 
n ic k e l a n d  cobalt m ay be 

separated by fractional precipitation by sodium hypochlorite 
and to study the effects of various conditions upon the com
pleteness of this separation.

Materials Used

In  the preliminary experiments solutions of pure cobalt 
sulfate and nickel sulfate were used. The raw material used 
in the final experiments was a crude mixture of cobalt oxide 
and nickel oxide presented by the Deloro Smelting and Re
fining Company, of Toronto, Ont. This material contained: 
nickel, 17.4; cobalt, 22.6; iron, trace; and calcium, 12.3 
per cent. The calcium was present in part as carbonate and 
in part as sulfate.

The solution of sodium hypochlorite used in the preliminary 
experiments was prepared by dissolving 50 grams of sodium 
hydroxide and 10 grams of sodium carbonate in 900 cc. of 
water, cooling a t  10° C., passing chlorine into the solution 
until 40 grams of chlorine had been absorbed, and finally

F. H. Rhodes and H. J. Hosking

C o r n e l l . U n i v e r s i t y ,  I t h a c a , N. Y.

Nickel and cobalt can be separated from each other 
by fractional precipitation w ith sodium hypochlorite. 
The sharpness of the separation may be increased by 
effecting the precipitation in hot solution, by allowing 
the precipitated oxide to stand in contact with the 
solution for a considerable time, and by adding suf
ficient alkali to neutralize the free acid formed by the 
interaction between the cobaltous salt and the hypo
chlorite. Under proper conditions it is possible to 
precipitate m ost of the cobalt free from nickel and to 
leave a final residual solution containing m ost of the 
nickel free from cobalt, with but a comparatively 
small interm ediate fraction which contains both 
elements.
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diluting until the solution was 1  normal in oxidizing power. 
The hypochlorite solution used in the final experiments was 
prepared in a similar manner bu t was somewhat more con
centrated, being 2.2 normal in oxidizing power and 0.44 
normal in respect to alkalinity.

Preliminary Experiments

Two solutions were prepared which were, respectively, 
0.5 normal and 1 normal both in cobalt and in nickel. To 
25-cc. portions of each of these solutions were added varying 
am ounts of the 1 normal hypochlorite solution. After stand
ing for 1 hour a t  room tem perature each solution was filtered. 
Each precipitate was washed thoroughly with water and then 
analyzed for nickel and for cobalt. The results are shown 
in Table I.

T a b le  I— E ffect of C o n c e n tr a t io n  of S o lu t io n
POCHLORITE R a t i o  o p
SOLUTION T o t a l  Co T o t a l  Ni Co t o  Ni
A d d e d P p t d . P p t d . i n  P p t .

Cc. Per cent Per cent
0.5 n o r m a l s o l u t i o n s

10 60 0 100:0
15 75 Trace 99:1
20 87 2 .5 97:3

1 n o r m a l s o l u t i o n s

10 40 .5 0 100:0
15 52 0 100:0
20 69 0 100:0
25 77 0 99:1

Effect of Alkalinity upon Precipitation

ofThe general over-all equation for the precipitation 
cobaltic oxide by hypochlorite may be written:

2CoSOi +  NaOCl +  2H20  = CojOi +  NaCl +  2H2SO,
The hydrochloric acid formed by the interaction may inter
fere with the precipitation by decomposing any hypochlorite 
which does not immediately enter into the reaction and also 
by dissolving a part of the cobaltic oxide with the formation

of the unstable cobaltic chloride. I t  is evident th a t the 
amount of cobalt which can be precipitated by a given quan
tity  of hypochlorite should be increased by the addition of 
sufficient alkali to neutralize the hydrochloric acid as fast as 
formed. The addition of excessive amounts of the alkali 
will cause the precipitation of nickel along with the cobalt 
and will thus interfere with the completeness of the separa
tion.

A series of precipitations was made in which varying 
amounts of 0.15 N  sodium hydroxide solution were intro
duced along with the solution of hypochlorite. In  each 
case 25 cc. of a  1 Ar hypochlorite solution were added to 25 cc. 
of a solution of nickel and cobalt sulfates which was 0.25 
normal in respect to each element. The precipitations were 
made a t  room temperature, and the precipitate was allowed 
to stand for 24 hours in contact with the solution before 
filtering. The results are shown by Table III.

T a b le  I I I— E ffect o f A d d in g  S o d iu m  H ydrox ide  w ith  H y p o c h lo rite
N aO H  S o l n . T o t a l  C o T o t a l  Ni R a t i o  o f  C o  t o  Ni

A d d e d P p t d . P p t d . i n  P p t .
Cc. Per cent Per cent

0 88 0 100:1
10 95 1 99:1
20 97 18 84:16
30 100 38 73:27
40 100 49 67:32
50 100 64 61:39

100 100 96 51:49

These results indicate that, in solutions containing equal 
amounts of cobalt and of nickel, the fraction of the cobalt 
which can be precipitated practically free from nickel is 
independent of the concentration of the solution.

In  a second series of precipitations, made a t 18° C. with 
25-cc. portions of solutions which were 0.2 normal in respect 
to nickel and cobalt, it was found th a t the completeness of the 
separation increases with increase in the time of standing 
after the addition of the hypochlorite. The results are shown _ 
in Table I I .

T a b le  I I— E ffect of T im e  of S ta n d in g  
T i m e  o p  S t a n d i n g  T o t a l  Co P p t d . w i t h  O n l y

a f t e r  A d d i n g  N aOCl F a i n t  T r a c e  o f  Ni
Per cent

5 m inutes 40
1 hour 75

24 hours 88

Upon the first addition of the hypochlorite it is possible 
to precipitate only a relatively small fraction of the cobalt 
w ithout a t the same time throwing down some of the nickel. 
If sufficient hypochlorite is added to precipitate some nickel 
along with the cobalt, the precipitated nickelic oxide will react 
slowly with the cobaltous salt remaining in solution, forming 
soluble nickelous salt and insoluble cobaltic oxide. The 
rate a t which this reaction proceeds increases with the tem
perature. For example, when the precipitation is effected 
a t  18° C. and the precipitated oxide is allowed to stand only 
5 minutes in contact with the solution, only 40 per cent of 
the to tal cobalt is precipitated free from nickel, while when 
the precipitation is made a t 80° C. under otherwise similar 
conditions it is possible to precipitate 67 per cent of the cobalt 
substantially free from nickel.

Fractional Precipitation of Cobalt and Nickel

In  any industrial appUcation of this method to the prepara
tion of pure cobalt and pure nickel from solutions th a t con
tain both of these metals, i t  will be necessary to effect the 
precipitation fractionally, so as to obtain a first precipitate of 
pure cobaltic oxide, an intermediate fraction which contains 
both cobalt and nickel, and a final solution carrying nickel 
free from cobalt. The economic feasibility of this process 
depends upon the possibility of being able to remove the 
last traces of cobalt from the solution w ithout a t  the same 
time precipitating an excessive am ount of nickel, since only 
in this way would it be possible to obtain a  reasonably small 
intermediate fraction which could be redissolved and added 
back to the original solution.

To 250 cc. of a solution which was 1 normal in respect to 
nickel sulfate and cobalt sulfate was added a mixture of 
200 cc. of normal 1 N  sodium hypochlorite solution and 200 
cc. of 0.15 N  sodium hydroxide solution. After standing for 
2 hours a t  70-80° C. with constant stirring, the solution was 
filtered. To the filtrate was added 100 cc. of a mixture of 
equal volumes of the solutions of sodium hydroxide and so
dium hypochlorite, and the solution was stirred and filtered 
as before. A third precipitation was then made, using 100 
cc. of the mixture of the solutions of sodium hydroxide and 
sodium hypochlorite. Each precipitate, as well as the final 
filtrate, was analyzed for nickel and cobalt. The results 
are shown by Table IV.

T a b le  IV— F ra c t io n a l  P r e c ip i ta t io n  D a ta

Per cent of to ta l Co 
Per cent of to ta l Ni 
R atio  of Co to N i

1 s t  P p t . 
9 0 . 0  

0.1 
9 9 . 9 4 : 0 . 0 6

2 n d  P p t . 
8 :0  
0 :8  

10 :1

3 r d  P p t . 
2.0 
3 . 5  

3 7 . 5 : 6 2 . 5

F i n a l
F i l t r a t e

0
9 3 . 7

100:0

These results indicate th a t under proper operating con
ditions it would be possible to recover, from a solution which 
contains approximately equal concentrations of cobalt and of 
nickel, an initial precipitate which contains 90 per cent of the 
cobalt free from nickel and a final filtrate which contains a t 
least 90 per cent of the nickel free from cobalt, with an 
intermediate fraction which should contain less than 10 per 
cent of the to tal metal present.
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Separation on Semi-Plant Scale

To determine whether or not the results obtained in the 
laboratory can be duplicated on a manufacturing scale, one 
•experiment was made with relatively large quantities of 
material, using apparatus similar to th a t which might be 
•employed in actual industrial operation. A solution of cobalt 
■and nickel chlorides was prepared by dissolving the crude 
mixed oxides (from the Deloro Smelting and Refining Com
pany) in hydrochloric acid. This solution contained 12.8 
grams of nickel and 16.6 grams of cobalt per liter—i. e., it 
was 0.218 molar in respect to nickel and 0.282 molar in re- 
aspect to cobalt. To 81 liters of this solution were added 26 
liters of a solution of sodium hypochlorite which was 2.2 
normal in oxidizing power and 0.44 normal in respect to free 
alkali. Since the hypochlorite solution itself contained free 
alkali, no additional sodium hydroxide was required in the 
precipitation. The precipitation was effected a t 70-80° C. 
After the addition of the precipitant, the mixture was stirred 
for 2 hours and was then filtered through canvas in a plate- 
and-frame filter press. No particular difficulty was experi
enced in this filtration. The cake in the press was washed 
w ith water. The filtrate was returned to the agitator, and

an intermediate fraction of mixed oxides was precipitated by 
the further addition of 8 liters of the solution of hypochlorite. 
The precipitate was filtered and washed as before. The 
original solution, each press cake, and the final filtrate were 
analyzed for nickel and for cobalt. The results are shown by 
Table V.

T a b le  V— F r a c t io n a l  P r e c ip i ta t io n ,  S e m i- P la n t  S ca le

Gram s Co 
Grains Ni 
Per cent to ta l Co 
Per cent to ta l Ni 
R atio  C o :Ni

O rio . Sou*. 
1 3 4 5  
1 0 3 5  

100 
100 

5 6 . 5 : 4 3 . 5

1 s t  P p t . 
1 0 5 4  

7 . 3  
68 

0 . 6 4  
9 9 . 3 7 : 0 . 6 3

2 n d  P p t . 
3 2 0  

3 0 . 8  
2 4 . 0  

3 . 0  
9 1 . 3 : 8 . 7

F i l t r a t «

N one
9 9 7
0

9 6 . 4
1 0 0 :0

These data indicate th a t the results obtained in the labo
ratory can, in general, be duplicated in operations on a large 
scale. T hat the separation obtained in the semi-plant scale 
experiment was not quite so complete as was indicated by the 
laboratory work is due principally to  the fact tha t the wash
ing in the filter press was not so thorough as was the washing 
in the laboratory experiments. The precipitated cobaltic 
and nickelic oxides are rather finely divided, but can be 
filtered very satisfactorily on canvas in any standard filter 
press.

Im proved M ethod for D eterm ining Volatile H ydro 
carbons in Soap1

Clarence T. N. Marsh

M e a t  I n s p e c t i o n  L a b o r a t o r y ,  B u r e a u  o f  A n i m a l  I n d u s t r y , U. S. D e p a r t m e n t  o p  A g r i c u l t u r e , C h i c a g o , I i x .

IN T H E work of this laboratory it has recently been 
necessary to  examine a large number of samples of so- 
called “naphtha” soap. P art of the examination con

sisted in determining the percentage of volatile hydrocarbons 
or naphtha present. The standard method of the Committee 
on Methods of Analysis and Specifications of Commercial 
Soap and Soap Products of the Division of Industrial and 
Engineering Chemistry of the A m e r i c a n  C h e m i c a l  S o c i e t y  
(/) was followed. By modification in certain details it was 
found possible to shorten the method, make it more conven
ient of manipulation, and enhance its accuracy. As the 
modifications devised materially diminish the difficulty of 
the determination, a description of them is offered.

The use of calcium chloride, suggested in a footnote in the 
original method, was resorted to in order to save time and 
enhance accuracy. A three-hole rubber stopper was used 
in the flask containing the soap, the third hole being fitted 
with a 60-cc. open-top, cylindrical separatory funnel, the 
stem of which was allowed to extend into the flask for about 
7.6 cm. (3 inches). This separatory funnel was filled with a 
solution of calcium chloride of approximately 1.34 specific 
gravity. Just as the soap solution starts to boil and foam 
begins to rise in the flask, approximately 15 to 20 cc. of the 
calcium chloride solution are allowed to run in. This pro
duces a flock of large suspended insoluble particles which 
tend to keep down the foaming and allow a faster rate of dis
tillation. I t  may be found necessary to  make further addi
tion of calcium chloride solution later in the distillation period 
in case foam rises too high in the flask.

To collect and measure the recovered naphtha, a 50-cc. 
Mohr apparatus graduated in 0.1-cc. divisions was used. 
The bottom of the buret was connected by means of a piece

1 Received February  10, 1930.

‘ of rubber tubing 15 to 20 cm. (6 to 8 inches) in length to a 
glass tube of about 7 to  8 mm. outside diameter. This tube, 
which is approximately 13 cm. (5 inches) shorter than the 
buret and bent a t  the top, is held in a vertical position and 
parallel to the buret by means of a clamp. I ts  upper end is 
bent outward and down to deliver liquid into a 1 -liter beaker 
held in position under it by a ring support and clamp. The 
buret is so placed and adjusted th a t the condenser tube just 
touches its inside edge, thus allowing the distillate to run in 
quietly down the side and not to fall in drops. Before the 
distillate sta rts to  come over, the 
buret and side tube are filled with 
water and so adjusted th a t water 
drops from the side tube into the 
beaker when the level of water in the 
buret is near the 5-cc. mark.

The naphtha soon appears on the 
surface of the water in the buret, 
and a t  this point a very small particle 
of powdered oil-soluble red dye is 
dropped in the buret. This dissolves 
in and colors the naphtha layer. If 
the tip  of the condenser tube is cor
rectly placed in contact w ith the 
buret, the naphtha layer will be 
quiescent and no trace of red color 
will appear in the water below it.
The water automatically flows into 
the beaker. When there is no further 
increase in the volume of the naphtha 
layer and approximately 800 cc. of 
water have collected in the beaker, 
the distillation may be discontinued. ct’ p
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The side arm may then be raised or lowered to bring the bottom 
of the naphtha layer to any convenient point and its volume 
read. The volume of the hydrocarbon oil may be read immedi
ately, as no émulsification or entrapm ent of hydrocarbon oil in 
the water takes place. No gain in accuracy is attainable by 
corking the buret and deferring the reading until the next day.

The accompanying drawing illustrates the set-up of the 
buret and side tubing and the adjustm ent of the tip  of the 
condenser to the buret.

L ite ra tu re  C ited

( 1 )  J .  I n d . E n g . C i i b m ., 1 4 , 1 1 5 9  ( 1 9 2 2 ) .

A System  of Proxim ate Chemical Analysis of 
Plant Materials 2

S e lm an  A. W aksm an  a n d  K e n n e th  R . S tevens

N e w  J e r s e y  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , N e w  B r u n s w i c k , N .  J .

IN in v e s t ig a t io n s  in 
volving th e  c h e m ic a l 
c o m p o s itio n  of plant 

p r o d u c ts ,  a complete and 
s y s te m a tic ,  e v e n  if only 
proximate, scheme of quanti
tative analysis of the various 
organic and inorganic chemi
cal constituents of the plant 
material, both fresh and de
c o m p o se d , is f r e q u e n t ly  
n e e d e d . This applies not 
only to problems in  p la n t  
physiology, plant pathology, 
agronomy, and animal feeds, 
but also to  soil science prob
lems, especially in the study 
of the mechanism of decom
position of green manures, stable manures, and artificial 
manures, as well as of the degradation of organic plant 
residues in the soil in general.

Because of the complexity of the composition of different 
p lant materials and in view of our limited knowledge of the 
chemistry of many of the constituents, it is out of the ques
tion to propose a system' of analysis which would either be 
complete or could be applied in an unqualified manner to all 
plant substanccs. Some of the more abundant plant con
stituents can be grouped in such a manner, on the basis of 
both their chemical relationship and their role in plant growth, 
th a t their determination should give an insight into the gen
eral composition of the p lant and offer a basis for further in
vestigation. One cannot expect, however, to account in 
these analyses for 100 per cent of the constituents of the sub
stance analyzed, provided th a t  the most im portant chemical 
groups are not overlooked.

Sources of E rro r in  A nalyses o f P la n t M ate ria ls

In  carrying out quantitative analyses of plant material, 
several im portant errors are frequently made, even if the analy
sis is only proximate:

(1) Only a few definite groups of chemical constituents are 
usually taken into consideration, such as the complex carbo
hydrates—starches, pentosans, celluloses, etc.—proteins, fats, 
lignins, and mineral substances. A large number of other com
plexes which frequently form quantitatively im portant ingredi
ents of the p lant material are thereby overlooked. An attem pt 
to make the sum of the constituents accounted for total 100 per

1 Received Jan u ary  16, 1930.
* Paper of the  Journal Series, New Jersey  A gricultural Experim ent 

S ta tion , D epartm ent of Soil C hem istry and  Microbiology.

ccnt usually involves several 
errors of determination. Young 
p lan t materials may contain, 
for example, as much as 15 to 
35 per cent of water-soluble 
substances, including various 
sugars, organic acids, amino 
acids, e tc .; these substances are 
only partly  accounted for in 
many systems of analysis (22) 
and are usually not considered 
a t  all.

(2) Some of the analyses are 
based, not upon the determina
tion of definite chemical com
plexes, b u t on certain known 
procedures which give well- 
k n o w n  preparations. Cellu
lose, for example, is usually de
termined by the Cross and 
Bevan method, which results, 
especially in the hands of in
experienced investigators, in a 

preparation containing, in addition to  true celluloses, pento
sans, lignins, nitrogen compounds, and mineral substances. Un
less all these impurities and perhaps others arc accounted for, 
one can never be certain to w hat extent the figure recorded 
actually represents true celluloses. The confusion th a t may 
arise can be seen from some analyses of Rege (23), who re
ported that dry poplar wood, consisting of 98.32 per cent organic 
m atter, was made up of 66.3 per cent cellulose, 20.63 per cent 
pentosan, and 28.44 per cent lignin. In  other words, the sum of 
the three constituents alone is considerably greater than tha t of 
the total plant material, and wood also contains various amounts 
of fats, waxes, resinous materials, nitrogenous substances, mineral 
substances, and what not, in addition.

(3) There is considerable confusion as to the nature and method 
of determination of the lignins. Here again one may use the 
method of hydrolysis of the p lant material with concentrated 
acids which do not act upon lignins, or extract the lignins with 
an alkali followed by precipitation with an acid, or one may 
employ special reagents, such as chlorine dioxide, etc., for the 
oxidation of the lignin. One is never certain whether in these 
different methods he is dealing with the same chemical complex 
or with different substances. The acid lignin, obtained by trea t
ment of the plant material with fuming hydrochloric or 72 per 
cent sulfuric acid, contains mineral substances and certain nitroge
nous compounds (protein derivatives), the latter usually not 
even being accounted for in the analyses. The alkali lignin con
tains hemicelluloses and nitrogenous complexes, while in the 
treatm ent of the plant material with an oxidizing agent for the 
removal of the inerustants one dissolves, not only the lignins, but 
also sugars, starches, certain hemicelluloses, and various other 
substances. Frequently the question is raised as to whether some 
of the lignin present in plant material may not actually dissolve 
in dilute acids and even in water, and whether the structure of 
the lignin molecule is not considerably changed as a result of the 
treatm ent with the chemical reagents (24).

(4) Confusion exists also in regard to  the hemicellulose group. 
In  some cases the pentosans only are determined by the furfural- 
phloroglucinol method. Frequently some of the material thus 
obtained represents not only pentosans, bu t also other furfural- 
yielding compounds, such as pectins and uronic acids. In  some

A sy s tem  of p ro x im ate  ana ly s is  of p la n t m a te r ia l is 
p roposed  w hich  will enab le  one, by a  series of sim p le  
m a n ip u la tio n s  an d  by th e  u se  of inexpensive a p p a ra tu s  
a n d  chem ica ls , to  a c c o u n t for 88 to  95 per c c n t of th e  
m a te r ia l, in c lu d in g  th e  m o s t im p o r ta n t g ro u p s of 
p la n t  c o n s t i tu e n ts . O nly th e  re su lts  o b ta in ed  by d i
rec t a n a ly s is  a re  reco rded . A com ple te  an a ly s is  can  
be c a rr ied  o u t, In d u p lic a te , w ith  on ly  14 g ram s of d ry  
m a te r ia l.

T h e  m e th o d  of an a ly s is  can  be u tilized  in  th e  s tu d y  
o f th e  ch em ica l co m p o sitio n  n o t only of fre sh  p la n t 
m a te r ia l, b u t  also  of decom posed p la n t  res idues, such  
as a rtific ia l co m p o sts , m an u re s , p ea ts , a n d  fo rest 
so ils. T h e  m e th o d  can  be u sed  conven ien tly  in  follow 
in g  th e  ch em ica l changes p roduced  in  p la n ts  in  th e  
p rocess of th e i r  g ro w th  as  well as in  th e  cou rse  of d e 
com p o s itio n  of p la n t  re s id u es by m ic ro o rg an ism s.
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methods of analysis the hemicelluloses are hydrolyzed by dilute 
acids and then calculated from the amount of reducing sugar. 
Some investigators (3, 18) even claim th a t hemicelluloses are not 
true pentosans or hexosans, but contain acid groups of the uronic 
acid type.

(5) Another source of uncertainty is found in the numerous 
foodstuff analyses involving crude fiber determinations. This 
complex is made up of true celluloses, certain hemicelluloses, 
considerable lignln, some nitrogenous organic complexes, and 
certain mineral substances. W ithout any concise definition of the 
nature of the substances th a t one sets out to determine, the re
sults are likely to be confusing.

I t  is difficult enough to interpret quantitative data ob
tained in the analysis of fresh plant material when the chemi
cal nature of the substances is more or less known. I t  be
comes doubly difficult when the plant material has undergone 
a certain amount of decomposition by microorganisms, owing 
to  the great number of substances formed, either inter
mediary or synthetic, of plant or microbial origin. This 
results in vague conceptions about “humus” and “humic 
acids” which cannot increase our knowledge of the processes 
involved. Here again only a more concise definition of the 
nature of the substances acted upon by the various reagents 
and a more complete knowledge of the products resulting from 
the chemical treatm ent will throw light upon the natural 
processes which lead to  the formation of the so-called “humus” 
and bring about a  better understanding of its true nature.

R eq u irem en ts  of S y stem  of A nalysis

The system of analysis described herein is a  result of a 
comparison of the methods proposed a t  various times for the 
analysis of celluloses, hemicelluloses, lignins, proteins, and 
other chemical complexes, with the intention of combining 
the methods of determination of the various plant constitu
ents, so as to fulfil the following requirements:

(1) The determination was to  be based, not upon the loss in 
weight, bu t upon the am ount of the specific complex actually 
found.

(2) The quantity of the chemical constituent thus determined 
should represent a definite minimum whereby one would always 
feel certain th a t the substance in question was present in the plant 
material in a t  least the am ount obtained in the analysis.

(3) The determination should be based as much as possible 
upon our knowledge of the chemical nature of the complex in 
question.

(4) The complete analysis of the p lan t m aterial should be 
carried out on a small quantity (5 to  10 grams) of material.

(5) The results should check well in the hands of different 
investigators and no chance should be left for large errors in the 
manipulation.

(6) The complete analyses m ust take only a minimum of 
time.

E xisting  M eth o d s fo r D e te rm in in g  P la n t C o n s ti tu e n ts

Before outlining the system of analysis in detail, one must 
consider the methods now commonly employed for the de
termination of several of the most abundant groups of plant 
constituents and indicate the reasons for the selection of the 
particular method.

T r u e  C e l l u l o s e s —The role of celluloses in the transforma
tion of organic m atter in the soil cannot be overemphasized. 
The true celluloses are characterized by various color reac
tions. They are not hydrolyzed by dilute acids, bu t are dis
solved and later hydrolyzed by concentrated acids (60 to 80 
per cent sulfuric or 42 per cent hydrochloric).

Three general methods are available for making a quanti
tative determination of celluloses:

(1) The chlorination method of Cross and Eevan or one of its 
various modifications, as well as other, similar methods usually 
employed for the determination of cellulose in certain natural 
organic materials, especially in the analysis of wood and wood 
pulp (26, 27).

(2) The removal of the lignins from the organic m atter with 
acid sodium sulfite solution, followed by extraction of the cellu

lose with ammoniacal copper solution and its precipitation with 
hydrochloric acid. This represents a  combination of Klason’s 
(13) and Charpentier’s (6, 7) methods as suggested and developed 
by Barthel and Bengtsson (1 ,5).

(3) Hydrolysis of the cellulose-containing material, previously 
freed from sugars, starches, and hemicelluloses, with concentrated 
acids, then completing the hydrolysis to glucose by boiling with 
the dilute acid. The cellulose content is calculated from the 
am ount of reducing sugar formed.

The first two methods are too lengthy and tedious, espe
cially the second method, which requires preliminary extrac
tion with an acid sulfite solution to remove the lignins. This 
method can, however, be modified considerably by extracting 
the pentosans and lignins with dilute alkali solution under 
pressure. This modification is based upon the fact tha t 
lignins are soluble in dilute alkali solutions under pressure and 
upon the observation th a t when a soil is previously treated 
with a dilute alkali solution the extraction and precipitation 
of celluloses are much less difficult. The only danger in the 
use of dilute alkalies under pressure is the destruction thereby 
of some of the true cellulose.

Table I  shows th a t by a preliminary treatm ent of the 
plant material followed by extraction of the cellulose with 
ammoniacal copper solution nearly all the cellulose can be 
recovered; only autoclaving with 5 per cent solution of the 
alkali results in a loss of cellulose.

T a b le  I — In f lu e n c e  of P r e l im in a r y  T r e a tm e n t  o n  C ellu lo se  C o n te n t  
o f P a p e r  a n d  S tr a w

P r e l i m i n a r y  T r e a t m e n t M a t e r i a l “ W e i g h t  o e  
D r y  R e s i d u e

C e l l u l o s e
C o n t e n t

Boiling 1 hour w ith 50 cc. of Paper
M g. Mg.

948
3%  N aO H  solution

W heat straw 443 352
A utoclaving 30 m inutes a t  15 Paper 868

lbs. (1 a tm .) pressure with 
50 cc. of 5%  N aO H  solution

W heat straw 361 325
A utoclaving 15 m inutes a t  15 Paper 940

lbs. (1 a tm .) pressure with 
50 cc. 2%  N aO H  solution

W heat straw 456 320

a 1 gram  used in each test.

The outstanding disadvantage of the chlorination methods 
is th a t they do not give pure cellulose. Unless the various 
impurities, both organic and inorganic, are accounted for, 
the results will be only of relative value.

Using the third method, Ost and Wilkening (19) hydrolyzed 
cotton with sulfuric acid and reported a 95 per cent yield of 
cellulose, as calculated from the reducing sugar of the hydroly- 
zate. W illstatter and Zechmeister (31) treated cellulose with 
41 per cent hydrochloric acid and obtained 96.3 per cent cellu
lose yield. Monier-Williams (17) and other investigators 
found th a t cellulose can be hydrolyzed by sulfuric acid 
theoretically to  glucose as required by the equation 

(C6Hl0O6)a +  hH ,0  =  nC ,H „0,
A yield of 95.1 per cent glucose was thereby actually obtained.

Iviesel and Semiganovski (12) were the first to  report 100 
per cent glucose yield from cellulose by the following pro
cedure: Pure filter paper, in which the moisture and ash
content have previously been determined, is treated with 
7 to  10 volumes of 80 per cent sulfuric acid (sp. gr. 1.74) for 
2V2 hours a t room temperature. The m aterial is then di
luted w ith 15 volumes of water and heated in a w ater bath for 
5 hours. A colorless hydrolyzate is obtained. The glucose 
is determined by  any convenient method. The am ount of 
cellulose is calculated by multiplying the glucose yield by the 
theoretical figure 0.9. In  the case of plant materials 
a small quantity  is first treated with 100 volumes of 2 per 
cent hydrochloric solution for 3 to  5 hours under a reflux 
condenser. The residue is filtered, washed first w ith water



April 15, 1930 IN D U S T R IA L  A N D  E N G IN E E R IN G  C H E M IS T R Y 169

and then with alcohol and ether, dried, and treated with 10 
volumes of 80 per cent sulfuric acid. After 2 '/2 hours’ ex
traction, 15 volumes of water (on the basis of the am ount of 
acid used) are added and the flask containing the material 
is immersed for 5 hours in a boiling-water bath. After filter- 

. mg, the solution is made up to volume and an aliquot portion 
is carefully neutralized and sugar determined.

T a b le  I I — In f lu en c e  o f P re lim in a ry  T r e a tm e n t  of P ap e r w ith  2 Per 
G e n t H y d ro c h lo ric  A cid on  C ellu lo se  C o n te n t ,  a s  D e te rm in e d  by

T r e a tm e n t  w ith  80 P e r  C e n t S u lfu r ic  Acid
(P aper used, 500 gram s; d ry  m aterial, 480 mg.)

P r e l i m i n a r y  T r e a t m e n t  w i t h  H C I
S u g a r  P r o d u c e d  

o n  T r e a t m e n t  
W ITH  HîSO <

C e l l l u o s e
R e c o v e r e d

Mg. Per cent
Autoclaved 1 hour a t  120° C . 490 91.9
Steam ed 1 hour a t  100° C . 509 95.4
Boiled under reflux condenser 5 hours 503 94.3

These results can readily be confirmed, although in most 
instances the yield of cellulose is found to be 95 to 96 per 
cent rather than 100 per cent. The influence of preliminary 
treatm ent with a dilute hydrochloric acid solution upon the 
am ount of cellulose obtained on subsequent treatm ent with 
80 per cent sulfuric acid is brought out in Table II. These 
results show th a t if the extraction is carried out a t tempera
tures not higher than 100° C. the loss of cellulose will be 
rather small. Wohl and Blumrich (82) have shown that 
the results of the treatm ent of cotton cellulose with dilute 
hydrochloric acid depend upon the strength of the acid and 
length of extraction. In  the case of a 0.5 per cent acid solu
tion the loss was 0.77 per cent in 2 hours and 1.38 per cent in 
6 hours; in the case of a 3 per cent acid solution, the loss was 
3.42 and 5.43 per cent cellulose, as shown by the sugar yield, 
respectively. Owing to  the numerous limitations of the 
methods of plant analysis and to a lack of a  clear understand
ing of the true chemical nature of the celluloses in the plant 
materials, the error of 5 or 6 per cent involved may be disre
garded. This is especially true if we define celluloses as that 
group of p lant complexes which is hydrolyzed with concen
trated acids (42 per cent hydrochloric or 72 to 80 per cent 
sulfuric) giving glucose as the product of hydrolysis.

H e m i c e l l u l o s e s — The methods now available for a 
quantitative determination of hemicelluloses are based either 
upon distillation with 12  per cent hydrochloric acid and de
termination of the furfural by precipitation with phloroglu- 
cinol, the weight of the precipitate being taken as a measure 
of the pentosan content of the material; or upon hydrolysis 
of the material w ith hot dilute hydrochloric acid a t  ordinary 
pressure and determination of the reducing sugar produced. 
Both methods are open to considerable criticism. By the

phloroglucinol method we determine, not only the pentosans, 
but the furfural-yielding compounds in general. The sugar 
produced in the acid hydrolysis may be a  result of the hy
drolysis of some of the true celluloses, while some of the hemi
celluloses m ay be only partly hydrolyzed.

Uncertainty frequently arises in regard to  the action of 
dilute mineral acids upon the different carbohydrates and 
allied compounds. Does the acid ac t only upon hemicellu- 
loses or does it also hydrolyze true celluloses? To w hat ex
ten t does it affect the lignins? W hat part of the proteins are 
hydrolyzed? The claim (10) th a t a large part of the cellu
loses is removed by hydrolysis with dilute acids cannot bë 
taken very seriously, since one is dealing here, not with true 
cellulose, but with a certain preparation obtained by chlorina
tion of plant material. Since this preparation is rich in 
pentosan, it is but natural th a t it should be reduced consider
ably in quantity when the plant substance has been first 
treated with dilute acid. The same would apply to the pre
liminary treatm ent of the plant material with an alkali solu
tion, which will remove part of the lignin and part of the 
hemicelluloses.

In order to obtain further information concerning the na
ture of the carbohydrates acted upon by dilute acids a t or
dinary pressure and a t  100° C. the following experiment was 
carried out: Nine organic materials, including four fresh
plant materials, three composts of plant residues which were 
kept under controlled laboratory conditions (29) a t a favor
able moisture and temperature, and two forms of peat (30), 
were used for this purpose. The pentosan content was de
termined in aliquot portions of all the untreated materials. 
Several 10-gram samples (on a dry weight basis) from each of 
the nine preparations were treated with 150-cc. portions 
of a 2 per cent hydrochloric acid solution for 5 hours in flowing 
steam. The extracts were filtered and washed. The solu
tions were used for the determination of total reducing sugar 
and of pentose sugar (furfural determinations). The cellu
lose and lignin (ash- and nitrogen-free) content of the residual 
material was then determined by treating aliquot portions of 
some of the residues left after the first hydrochloric acid ex
traction w ith 80 per cent sulfuric acid solution, according to 
the method outlined later. Some of these residues were 
treated a second time with fresh 150-cc. portions of a 2 per 
cent hydrochloric acid for 5 hours in flowing steam. The ex
tracts and some of the residues were then analyzed in a man
ner similar to th a t of the residues after the first extraction. 
The treatm ent was repeated a third time using some of the 
residues left after the second hydrochloric acid extraction. 
The results are given in Table III .

The effect of prolonged treatm ent of plant substances with 
hydrochloric acid differs markedly with the nature of the

T a b le  I I I — In f lu en c e  of R e p e a te d  E x tra c tio n  o f F re s h  a n d  D ecom posed  P la n t  M a te r ia ls  w ith  2 P e r  C e n t  H y d ro ch lo ric  A cid u p o n
H em ic e llu lo se , C ellu lose , a n d  L ig n in  C ontent®

(On basis of original material)

M a t e r i a l

P e n t o s a n
i n

O r i g i n a l
M a t e r i a l

O n e  E x t r a c t i o n  f o r  5 H o u r s
S e c o n d  E x t r a c t i o n  f o r  5 

H o u r s
T h i r d E x t r a c t i o n  f o r  5 

H o u r s

s o l u t i o n RESID U E s o l u t i o n RE SID U E SOLUTION R E SID U E

Hemi
cellu
lose

sugar

Pen
toses as 
pento 

san

Cel
lulose

U g-
nin

H em i
cellu
lose

sugar

P en
toses

as
pento

san

Cel
lulose

Lig
nin

H em i
cellu
lose

sugar

Pen
toses

as
pen to

san

Cel
lulose

Lig
nin

% % % % % % % % % % % % %
Fresh rye straw 23.91 25.67 24.50 37.57 17.32 3 .90 2 .73 35.09 15.85 1.76 0 .65 32.81 15.83
R ye straw  composted 18 m onths 21.04 23.33 21.50 35.30 25.25 3.71 1.90 31 .27 24.30 1.85 0 .70 29.37 23.24
Fresh  oak leaves 13.66 18.44 12.60 12.19 36 .13° 1.51 0.91 12.74 34.50 0 .66 0 .48 12.30 34.27
Oak leaves com posted 18 m onths 10.45 12.67 8.10 S .38 45.43 1.57 0 .74 8.10 46.52 0 .59 0 .45 7.71 46.42
Fresh alfalfa p lants 13.88 12.33 8 .80 25.25 13.43 3 .88 1.54 22.26 12.00 1.24 0.61 22.28 12.09
Alfalfa p lan ts  com posted IS m onths 9 .98 8.11 6 .60 18.66 19.09 2 .26 1.75 18.69 20.73 1*04 0 .75 17.00 19.20
Fresh Sphagnum  moss 14.05 24.56 9 .50 19.66 15.06 2 .52 0 .63 19.09 12.60 1.92 0 .42 17.86 12.73
H i g h m o o r  ( S p h a g n u m )  p e a t 11.64 23.44 11.80 17.09 24 .83 3 .96 0 .85 18.73 22.51 3 .27 01 ,0wmoor peat 4 .SI 9 .50 3.95 0 50.83 1.22 0 .43 0 48.03 0 0 0

a The lignin content is som ewhat high since the preparations were not extracted first with e ther and alcohol.
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material. I t  was much more marked in alfalfa plant and 
Sphagnum moss and peat than in oak leaves. In  some plant 
materials, notably rye straw, the hemicellulose group is 
made-up largely of pentosans, while other plants, especially 
Sphagnum moss and to a less extent oak leaves, contain a 
considerable quantity of hexosan hemicelluloses. As a m atter 
of fact both the Sphagnum plant and the Sphagnum peat 
contain much more hexosan hemicelluloses than pentosans. 
The same is true in the case of the lowmoor peat, which origi
nated from herbaceous plants.

In  the case of some plants—especially alfalfa, both fresh 
and decomposed, Sphagnum, and decomposed oak leaves— 
the total pentosan content of the untreated material was found 
to be greater than the pentose sugar content found in the 
liydrolyzate, even after prolonged treatm ent with dilute 
acids. This would tend to indicate th a t these materials 
contain furfural-yielding compounds, which do not yield re
ducing sugars on hydrolysis with dilute acid.

The loss in cellulose after repeated treatm ent of fresh and 
decomposed plant materials with dilute acid usually did not 
exceed 12 per cent of the total cellulose content. Only in 
the case of decomposed rye straw was the loss greater. In 
some cases, however, as in the fresh and decomposed oak 
leaves, there was no loss a t all or very little loss. The loss 
of lignins due to  prolonged treatm ent with hot dilute acid 
was also rather small.

Since even a single extraction with dilute hydrochloric acid 
for 5 hours in flowing steam gave, in the case of most plant 
materials, both fresh and decomposed, a larger figure for 
the total hemicellulose content than for the pentosans alone, 
and since the results for the reducing sugar obtained on hy
drolysis represent a more definite group of carbohydrate 
complexes than the total pentosan results, we may feel justi
fied in adopting the method of hydrolysis a t  least in the pro
cedure for hemicellulose determination. I t  is true th a t some 
of the sugar on hydrolysis m ay not come from polysaccharide 
hemicelluloses bu t from uronic acid complexes. One may 
go a step further and determine the am ount of uronic acid in 
the plant material. I t  is also true th a t some of the pentoses 
may be changed to  furfural even on boiling with dilute acid. 
However, for a proximate system of analysis the total sugar 
obtained on hydrolysis of the p lant material w ith hot dilute 
acid a t ordinary atmospheric pressure is as good a measure 
as any previously suggested.

For the purpose of a proximate p lant analysis, one may 
define hemicellulose as that group of plant constituents which 
gives reducing sugars on hydrolysis with hot dilute acids. 
I t  is understood, of course, th a t the free sugars and the 
starches in the plant material are accounted for otherwise, 
previous to  the acid treatm ent.

L i g n i n s —The methods a t present available for lignin de
termination can be classified into three groups:

(1) Treatm ent in the cold with concentrated acids—notably 
fuming (42 per cent) or gaseous hydrochloric acid. 72 to  80 per 
cent sulfuric acid, or a  mixture of these acids (8, 14, 28, 31). 
This treatm ent hydrolyzes all the carbohydrates, leaving the lig
nins intact. The digest is then diluted with 15 volumes of water, 
thoroughly boiled, and filtered. The undigested residue is 
considered to be lignin. However, it always contains some 
mineral m atter and some nitrogenous complexes; these must al
ways be accounted for (20). I t  is also im portant th a t the original 
plant material be first treated with ether to  remove the fats and 
waxes.

(2) Extraction with an alkali, preferably 4 to 10 per cent so
dium hydroxide solution under pressure. The lignin is thus 
brought into solution and can be reprecipitated by acidifying with 
hot hydrochloric acid (4,.16,21). I t  is essential th a t the ho t acid 
be allowed to act upon the precipitate so as to  remove the hexo- 
sans and pentosans which are dissolved by the alkali and precipi
tated by the acid, as shown in Table IV, Some of the lignin 
is also soluble in cold alkali solution (2, 3).

T a b le  IV— L ig n in  C o n te n t  of F re s h  a n d  D ecom posed  P la n t  M a te ria ls , 
a s  D e te rm in e d  by  A lka li E x t ra c tio n  M e th o d  a n d  T r e a tm e n t  w ith  

C o n c e n tr a te d  A cids 
( O n  b a s i s  o f  o r i g i n a l  d r y  m a t e r i a l )

M a t e r i a l

E x t r a c t e d  
w i t h  C o l d  4 %  

N aO H  S o l n ., 
P p t d . W ITH  

H o t  H C 1

E x t r a c t s d  
W ITH  4 %  

N a O H  S o l n .,  
u n d e r  1 A t m . 
P r e s s u r e  f o r  

1 H o u r

T o t a l
A l k a l i
L i g n i n 0

A c id  
L i c n i n  b 
( 8 0 %  

H iS O O
S u g a r

in
s o ln .

L i g n i n
S u g a r

i n
s o ln .

L i g n i n

% % % % % %
F r e s h  r y e  s t r a w 1 5 . 0 2 1 0 . 5 2 3 . 7 9 3 . 1 2 1 3 . 6 4 1 4 . 0 3
D e c o m p o s e d  r y e

1 8 . 8 3s t r a w 1 3 . 2 8 9 . 8 0 2 . 7 7 4 . 9 6 1 4 . 7 6
F r e s h  o a k  l e a v e s 4 . 5 2 G .7 6 4 . 9 4 7 . 5 6 1 4 . 3 2 3 0 . 3 0
D e c o m p o s e d  o a k

le a v e s 1 . 5 2 5 . 5 6 3 . 9 2 1 5 . 1 6 2 0 . 7 2 4 2 . 4 3
F r e s h  c o r n s t a l k s 1 3 .9 2 8 . 5 6 6 . 5 6 1 . 6 0 1 0 . 1 6 1 1 . 2 8
D e c o m p o s e d

c o r n s t a l k s  
F r e s h  a l f a l f a

2 . 8 0 1 2 . 8 8 2 . 5 7 9 . 2 4 2 2 . 1 2 2 3 . 8 0

p l a n t 4 . 0 4 5 . 3 6 2 . 5 7 1 . 6 0 6 . 9 6 1 0 . 7 8
D e c o m p o s e d  a l 

f a l f a  p l a n t 0 9 . 0 8 0 1 . 2 0 1 0 . 2 8 1 5 . 8 5
F r e s h  S p h a g n u m

m o s s 1 . 8 0 0 . 8 4 2 . 9 8 0 . 9 6 1 . 8 0 7 . 3 3
D e c o m p o s e d

S p h a g n u m
m o s s 1 . 1 2 1 . 9 6 4 . 3 2 0 . 6 4 2 . 6 0 8 . 7 3

“  N i t r o g e n  c o n t e n t  n o t  a c c o u n t e d  f o r .  
b N i t r o g e n  a n d  a s h  a c c o u n t e d  f o r .

Hagglund (11) found that, when w’ood is treated with an al
kali and the solution thus obtained is precipitated with hydro
chloric or sulfuric acid, lignin equivalent to  21.6 per cent of the 
wood is obtained. This is to  be compared with a yield of 28 to  29 
per cent when the same wood is treated with strong acids accord
ing to one of the methods previously outlined. A 10 per cent 
sodium hydroxide solution was found to extract 20.3 per cent of the 
lignin a t room tem perature for 24 hours, 29.6 per cent a t  100° C. 
for 3 hours, 45.6 per cent a t  120° C. for 5 hours, and 84 per cent of 
the lignin when extracted with saturated alkali solution for 24 
hours a t 100° C. The alkali lignin was found to  correspond to  a- 
lignin, or th a t which is precipitated from the sulfite extract of 
wood with naphthylamine; compounds may be obtained which 
contain 3 per cent nitrogen. The /3-lignin is th a t part of the alka
line extract which is no longer precipitated by acids. The alkali 
lignin gives the furfural reaction, indicating the presence of pen
toses or pentosans, and contains some ether-soluble substances. 
Unless a  very high pressure (10 atmospheres and 180° C.) is 
used, the lignin will not be extracted quantitatively by the alkali 
solution. Even then, however, the yield of acid lignin will be 
greater than  th a t of alkali lignin (16).

(3) The use of oxidizing agents to remove the lignins. Kouig 
and Rum p (15) employed a 3 per cent ammoniacal solution of 
hydrogen peroxide. Schmidt (25) recommended the use of a  5 
to  6 per cent solution of chlorine dioxide. This reagent does not 
attack  carbohydrates, bu t oxidizes lignins or substanccs having 
a  benzene ring and a  free hydroxyl group. However, the lignin 
yield obtained by this method was found to be considerably 
higher even than th a t of acid lignin, as the oxidizing agents also 
oxidize various hemicelluloses.

A detailed study of the three methods for a  quantitative 
determination of the lignin content of various fresh and de
composed plant materials, carried out in the laboratory, 
brought out the advantage of determining the acid lignin. 
The alkali lignin gives too low results and the yield varies with 
the nature and concentration of the alkali, as well as the tem
perature and time of extraction. The chlorine dioxide lignin 
gives too high results due to the action of the reagent upon 
various other plant constituents. The fact th a t the results 
obtained by this method are based upon differences in weight 
of the material before and after the treatm ent, w ithout a 
knowledge of the substances removed, makes the method 
open to further criticism.

R ecom m ended  M ethods

By combining the above methods for the quantitative de
termination of hemicelluloses, celluloses, and lignins with the 
procedure commonly followed in the determinations of the 
chemical composition of p lant materials, the following system
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of analysis of p lant products is outlined. This system has 
been used successfully in the study of the chemical composi
tion not only of fresh plant materials, decomposed plant resi
dues, but also of peats, forest soils, and other natural organic 
complexes.

The constituents of the fresh or decomposed plant material 
are divided into seven general groups—namely (1 ) ether- and 
alcohol-soluble fraction; (2) cold- and hot-water soluble frac
tions; (3) hemieclluloses; (4) celluloses; (5) Iignins; (6) 
proteins, including the various organic nitrogenous complexes, 
and (7) mineral substances or ash. The results are always 
calculated on an oven-dry basis of the material.

Note— Since some of the  organic nitrogenous complexes are soluble in 
w ater, correction m ust always be made. One may repo rt th e  w ater-in
soluble nitrogenous complexes as “ crude p ro te in .”

The determinations of the moisture, ash, and to tal nitrogen 
are carried out by the ordinary procedures. For the com
plete analysis, two 5-gram portions of the material are suf
ficient.

E t h e r  E x t r a c t —Two 5-gram portions of air-dry ma
terial are extracted for 16 to 24 hours, in a Soxhlet apparatus, 
with sulfuric ether. The solvent is then evaporated to a 
small volume and the concentrated extract is transferred to 
constant-weight drying bottles, dried for 12 to 24 hours at 
100° C., and weighed. The weight of the residue may be 
recorded as the ether-soluble portion, or i t  may be added to 
the alcohol-soluble material and only the sum of the two re
corded.

cold-water extraction is returned to the beaker or flask by the 
use of a fine stream of water. The volume of water is made 
up to about 150 cc. and the flask is placed on a boiling-water 
bath for 3 hours, or boiled for th a t period under a  reflux con
denser. The contents are then transferred to the original 
weighed filter paper. The residue is washed two or three 
times with hot water. The filtrate and washings are made 
up to volume: two aliquot portions are used for the deter
mination of the hot-water soluble organic m atter, soluble ash, 
and total nitrogen. When it is desired to determine quanti
tatively the starches in the original plant material, using an 
enzyme preparation, a separate portion should be employed, 
since the introduction of the enzyme will interfere with further 
analysis of the material. The yield of hemicellulose will have 
to be corrected for the starch content if a  separate determina
tion is made of the starches. The cold- and hot-water soluble 
organic m atter can be recorded together or separately.

A l c o h o l - S o l u b l e  P o r t i o n —The residue from the hot- 
water extraction is returned to  the flask with 95 per cent 
alcohol. The volume of alcohol is made up to  about 150 cc. 
and the flask placed on a boiling-water bath or a hot plate 
and connected with a reflux condenser; digestion is continued 
for 2 or 3 hours. The extract is filtered through the original 
filter paper and the residue is washed with hot 95 per cent 
alcohol. The filtrate and washings of the alcohol extract are 
evaporated in constant-weight dishes on a water bath, and the 
alcohol-soluble portion is determined. The residue of the 
plant material left after the alcohol extraction is now dried a t

T a b le  V— P ro x im a te  C h em ic a l C o m p o s itio n  of S o m e  F re s h  P la n t  M a te ria ls
(On basis of d ry  material)

C o n s t i t u e n t
Y o u n g
C o r n 
s t a l k s

M a t u r e
C o r n 

s t a l k s

T i m o t h y
H a y

R y e
S t r a w

O a k
L e a v e s

N e e d l e s
OP

Pinus
slrobus

Carcx,
G r e e n
L e a v e s

A l f a l f a
P l a n t

C y p r e s s
W o o d

% % % % % % % % %
E t h e r -  a n d  a l c o h o l - s o lu b l e  f r a c t i o n 3.42 5 .99 2 .90 5 .33 9.93 23.92 2.54 10.41 5.45
C o ld -  a n d  h o t - w a t e r  s o l u b l e  o r g a n i c  m a t t e r 28.27 14.14 16.92 6 .26 10.26 7.29 12.56 17.24 3 .18
H e m i c e l l u lo s e s 20.38 17.63 22.07 21.10 15.62 18 .9S 18.36 8.52 11.16
C e l lu lo s e s 23.05 29.67 26.09 38.62 17.18 16.43 28.20 26.71 37.62
L i g n i n s 9.68 11.28 16.21 14.63 29.66 22.68 21.08 10.78 28.21
C r u d e  p r o t e i n 2.61 1.9S 3.25 0.81 3.47 2.19 7 .08 8.13 0.66
A s h 7 .4 0 7 .53 5.68 4.18 4 .68 2.51 3.30 10.30 0 .76
T o t a l 94.81 88.22 93.12 90.93 90.80 94.00 93.12 92.09 87.04

C o l d - W a t e r  E x t r a c t —The material left after the ether 
extraction is carefully transferred to a  beaker or a 250-cc. 
Erlenmeyer flask and 150 cc. of distilled water are added; 
extraction is continued in the cold for 24 hours. The cold 
aqueous extract is filtered through small filter papers which 
have been previously dried and weighed; the plant residue 
is washed with two or 3 portions of cold distilled water. The 
filtrate and washings are made up to volume. One aliquot 
portion (usually one-tenth) is used for the determination of 
reducing sugars by the Bertrand or other convenient method. 
Another aliquot portion (usually one-third) is placed in a 
constant-weight silica dish, evaporated on a water bath, and 
dried a t  100° C . to constant weight; the dish is then ignited 
and weighed again; the difference in the weight of the dish 
and contents before and after ignition gives the total water- 
soluble organic m atter, while the difference between the weight 
of the dish after ignition and the original weight of the dish 
gives the water-soluble ash. A third portion of the extract 
(one-third) is placed in a Kjeldahl flask, a couple of drops of 
concentrated sulfuric acid are added, the flask is placed on a 
hot plate, and the contents are evaporated to a small volume; 
a determination of to tal nitrogen is then made using the Kjel
dahl method or one of its modifications. If nitrates are pres
ent in the plant material, a fourth aliquot portion can now be 
clarified and nitrates determined by the phenol-disulfonic acid 
method, or directly by reduction with Devarda's alloy.

I I o t - W a t e r  E x t r a c t —The plant residue left after the

80-100° C. to constant weight. The difference between the 
weight of the paper with the residue and th a t of the original 
paper gives the weight of the plant material from which the 
ether- and alcoliol-soluble, as well as the water-soluble, por
tions have been removed. The sum of the weight of these 
fractions and the weight of the plant substance left should 
give the quantity of the original dry p lant material taken for 
analysis.

T r e a t m e n t  w i t h  D i l u t e  A c i d —The residue from the al
cohol extraction is returned to the original flask and 150 cc. 
of a 2 per cent solution of hydrochloric acid are added. The 
flask is placed either in flowing steam or connected with a re
flux condenser, and the contents are boiled, using an open 
flame, for 5 hours. The extract is filtered through the original 
filter paper and the residue washed thoroughly with water un
til free from acid. The paper containing the residue is now 
placed in an oven and dried for 10 to  12  hours a t 70-80° C.; 
the temperature is then raised to  100° C. and drying is con
tinued until constant weight has been attained. The weight 
of the paper with the residue minus th a t of the original paper 
gives the weight of the plant material left after extraction with 
dilute hydrochloric acid. I t  is important to record this 
weight, since it enables us to  calculate later the cellulose and 
lignin content of the original preparation, because the de
termination of these is carried out on aliquot portions of the 
material left after the hydrochloric acid extraction.

The acid extract and washings are made up to volume.
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An aliquot portion (one-tenth or one-twentieth) is neutral
ized with 10 per cent sodium hydroxide solution. If a pre
cipitate is formed, it must first be filtered off. The reducing 
sugars are determined by any convenient method; the total 
reducing sugar found in the hydrochloric acid extract, when 
multiplied by the particular dilution, represents the hemicel- 
luloses in the original plant material which have been changed 
to sugars by boiling with dilute acids. By multiplying the 
total reducing sugar in the 2 per cent hydrochloric acid extract 
by 0.9, the hemicellulose content in the original 5-gram por
tion of the air-dry material is obtained.

C e l l u l o s e —Two 1-gram portions from each of the dried 
residues left after the extraction with 2 per cent hydrochloric 
acid are carefully weighed out and placed in 300-cc. beakers 
or Erlenmeyer flasks. If the material is not fine enough, it 
must be first thoroughly ground, then dried again, and the 1 - 
gram portions weighed out. If the original analysis has been 
made in duplicate, there will be four 1 -gram portions for each 
plant material. Ten cubic centimeter portions of 80 per 
cent sulfuric acid are added to the several 1 -gram portions of 
the residue. The acid should thoroughly penetrate the ma
terial within a few minutes. If it does not, glass rods should 
be used for mixing the material thoroughly with the acid. 
The acid is allowed to act upon the material for 2l/ i  hours in 
the cold, the mixture being stirred occasionally. A t the 
end of th a t time 150-ce. portions of distilled water are added 
to each flask and the contents steamed or boiled under a re
flux condenser for 5 hours or autoclaved a t 120° C. for 1 
hour. The cold concentrated acid transforms all the cellu
lose into hydrocellulose. This is further hydrolyzed, on boil
ing with the dilute acid, to reducing sugars. The boiling with 
the dilute sulfuric acid should be long enough to allow the 
transformation of all the hydrocellulose and other intermedi
ary substances to glucose. Kiesel and Semiganovski (12) 
found th a t treatm ent of cellulose with 80 per cent sulfuric 
acid, followed by boiling for several hours with the acid diluted 
with water in the ratio of 1:15, will give a quantitative yield 
of cellulose in the form of glucose; the am ount of glucose thus 
obtained when multiplied by 0.9 gives the cellulose content 
of the plant material. These results have been confirmed in 
this laboratory, although, instead of the 110  per cent glucose, 
one usually obtains only about 104 to 105 per cent, which 
indicates tha t only 95 to 96 per cent of the cellulose is usually 
accounted for. However, the advantages of this method over 
all the other methods of cellulose determination are so marked 
that it is preferred even if the results for cellulose determina
tion are 4 or 5 per cent lower than the actual cellulose content 
in the plant material. For an accurate cellulose determina
tion it is essential, of course, first to remove from the plant 
material the pentosans and other hexosans, as was done in 
this system of analysis by the 2 per cent hydrochloric acid 
extraction.

The 1-gram portions of material thus treated with sulfuric 
acid are now filtered through small quantitative filter papers, 
which have been previously dried and weighed. The residues 
are thoroughly washed with water until free from acid and 
placed in a drying oven a t 70° C. for 24 hours (temperature 
may be raised to 100° C. for 1 or 2 hours towards the end). 
The filtrates and washings are made up to volume. Aliquot 
portions (one-tenth) are neutralized with 10  per cent sodium 
hydroxide solution and the reducing sugars determined by the 
Bertrand or other convenient method. The yield of sugar 
calculated for the total volume of the filtrate is multiplied by 
the weight of residual plant material left after the 2 per cent 
hydrochloric acid extraction, to  give the yield of cellulose 
sugar in the original 5-gram portion of the plant material.

L i g n i n —The four residues from the sulfuric acid treatm ent 
are thoroughly washed, dried, and weighed. Two of the

residues are ignited to obtain their ash content and the other 
two are used for the determination of total nitrogen. The 
average weight of the residue after the weight of the paper 
has been subtracted, minus the ash and minus the nitrogen con
ten t of the residue multiplied by 6.25, gives the lignin content 
of the 1  grain of material left after extraction with 2 per cent 
hydrochloric acid. By multiplying this am ount of lignin by the 
weight of the residue left after treatm ent with the hydrochloric 
acid, the weight of the total lignin in the original 5 grams of 
the plant material is obtained.

P r o t e i n —This system of analysis lends itself readily to 
the determination of several organic nitrogenous fractions. 
However, for the present no attem pt has been made to deter
mine many of these. The nitrogen is differentiated into the 
water-soluble and water-insoluble. The total nitrogen minus 
the water-soluble portion is multiplied by 6.25 and the prod
uct recorded as “crude protein.”

T ypical R e su lts  by M eth o d s  O u tlin ed

Table V contains a series of typical analyses of various 
fresh p lant materials, by the methods outlined above. Table 
VI contains the analyses of several p lant residues th a t have 
undergone thorough decomposition by microorganisms, under 
aerobic conditions and in the presence of additional inorganic 
salts, and also of several peat preparations.

T a b ic  VI— P ro x im a te  C h e m ic a l C o m p o s itio n  of S o m e C o m p o sted  
P la n t  M aterials** a n d  P e a t 

(On basis of d ry  m aterial)

C o n s t i t u e n t
C o r n 

s t a l k s
O a k

L e a v e s
A l f a l f a

P l a n t

L o w -
MOOR
P e a t

H i o h -
MOOR
P e a t

% % % % %
E t h e r - s o l u b l e  f r a c t i o n  
C o ld -  a n d  l i o t - w a t e r

0 .3 5 1.77 0 .90 1.10 3 .96

s o l u b l e  f r a c t i o n 13.47 3.85 17.49 1.24
H e m i c e l l u lo s e s 10.74 12.27 8 .22 8 .95 16.24
C e l lu lo s e s 4 .78 S .92 15.90 0 19.91
L i g n i n s 23.86 44.50 16.08 50.33 38.26
C r u d e  p r o t e i n 12.97 7.44 9 .18 18.72 6 .58
A s h 26.63 8.12 2 4 .8S 10.13 1.50
T o t a l 92.80 86.87 92.65 90.47 86.45

o F o r periods ranging from 1 to  2 years.

W ithout going into a detailed discussion of the significance 
of the results presented in the above two tables, which has 
been done elsewhere (29, SO), it is sufficient to call attention 
to the fact th a t by this system of analysis we are able to ac
count for 88 to 95 per cent of the total constituents of various 
natural organic materials of plant origin. I t  enables us, not 
only to obtain an insight into the chemical composition of the 
plant substances, but also to follow the course of transforma
tion of the various chemical constituents when these sub
stances are undergoing degradation either in the digestive 
trac t of animals, in the compost heap or in the soil.
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Application of M icroscopic Analysis to  M ixtures of 
Metals and A lloys1

W illet F . W h itm o re  a n d  F ra n k  S ch n e id e r2

T u b  P o l y t e c h n i c  I n s t i t u t e , B r o o k l y n , N. Y.

T HE superiority of the 
microscopic tests over 
the ordinary methods 

of qualitative analysis is ob
vious when one compares, for 
example, the microscopic test 
for tin with the so-called wet- 
method test. In  the latter 
the presence of tin is con
firmed by the reduction of 
mercuric chloride, and the 
formation of the in s o lu b le  
white mercurous chloride con
stitutes the entire test. In  
microscopic analysis, on the 
other hand, the tin  itself is 
p r e c ip i ta te d  as stannous 
oxalate and the presence of the 
tin ascertained, not only by 
the presence of a precipitate, bu t also by the color and crystal
line form of th a t precipitate. The time required to make the 
test is also greatly reduced. I t  is apparent, therefore, tha t 
a system of analysis with such obvious advantages is one of 
great utility, which should be developed to  a high degree of 
efficiency.

The microscopic identification of an element by chemical 
methods is accomplished by transposing th a t element into a 
known crystalline form possessing a definite color, using any 
suitable reaction. The substance to be tested is dissolved 
in a suitable solvent and a drop of this solution is placed on a 
microscope slide. The reagent is then added to the drop 
either in solid or dissolved form. The resulting precipitate 
is observed under the microscope. Since most of the forms 
suitable for this purpose are salts, one of the well-known reac
tions for salt formation is generally employed. The most 
useful of these reactions, so far as chemical microscopy is 
concerned, is the method of double decomposition. Accord
ingly in the detection of a basic element, an acid or a soluble 
alkali salt whose anion combines with the metallic element is 
added to  give a  relatively insoluble crystalline product.

The microscopic tests, in their present stage of development, 
are limited in their applicability, however. The chief diffi
culty lies in the fact th a t some of the best reagents can be ap
plied to  more than one element and when dealing with mix
tures the resulting interferences may seriously interfere with

1 Received N ovem ber 27, 1929.
5 T his paper is based upon a  thesis presented by  F rank  Schneider in 

partia l fulfilment of th e  requirem ents for the  degree of bachelor of science 
in chem istry a t  the  Polytechnic In s titu te  of Brooklyn.

or prevent identification of 
the constituents. The lack 
of information on the be
havior of the reagents to mix
tures has limited the appli
cation of microscopic tests to 
confirmatory tests. E m ic h
(S), a noted authority on mi
croscopic methods, says:

B e h re n s  h a s  a p p lie d  his 
methods to  separations, which 
are admittedly not possible in 
the case of an unknown mixture 
in  which all im portant elements 
m a y  be p re s e n t .  Schoorl, 
therefore, applied the m ic ro 
chemical analysis only to the 
separation within a group and 
to  the identification of a single 
ion.

Behrens and Kley (1) have used the ordinary methods of 
separation—i. e., with hydrochloric acid, hydrogen sulfide, 
etc.—and have used the microscopic tests in place of the usual 
confirmatory tests. This does not utilize the potentialities 
of microscopic analysis to  the fullest extent.

In  order to employ these elegant and sensitive methods of 
attack, it should be possible, after a study of the interferences, 
to devise a new method of separation which would conform in 
ease and speed of manipulation to  the final microscopic 
tests. This can be accomplished by utilizing all the possi
bilities for identification without further purification and also 
avoiding numerous filtrations, gas precipitations, etc. Sev
eral attem pts have been made by other investigators to arrive 
a t this end, but all the proposed methods have a t least one 
serious drawback. Chamot (2) gives a plan using group re
agents, but no separation is involved. The authors have 
made a careful study of the effect of these reagents on mix
tures of metals and the results of this study show th a t it is 
impossible to identify several metals simultaneously except 
in a few limited cases. The fact th a t some separation was 
necessary was recognized by other investigators. Zepf (<?), 
Longinescu and Chaborski (4), and M artini and Shamis (-5) 
suggest plans of analysis but either lim it themselves to a 
small group of metals or do not take the interferences com
pletely into account.

The authors have therefore attem pted to furnish a plan of 
analysis which will provide sufficient separation to prevent 
interference with the final tests for each element, and include 
all metals usually encountered in qualitative analysis. The

In  o rder to  em ploy  m icroscopic q u a lita tiv e  analysis 
to  th e  fu lle s t e x te n t in  in d u s tr ia l w ork i t  h a s  been 
necessary  to  devise a  new  sy s tem  of se p a ra tio n  of th e  
m e ta ls . A s tu d y  h as  th e re fo re  been  m ad e  of. th e  m o s t 
u se fu l m icroscop ic  fo rm s fo r th e  id en tif ica tio n  o f ce r
ta in  m e ta ls , an d  th e  m od ifica tion  of som e of th e  s ta n d 
a rd  c ry s ta l fo rm s caused  by th e  presence of o th e r  m e ta ls  
h a s  been  in v es tig a ted . P h o to g rap h s  of th e  c h a ra c te r
is tic  fo rm s o b ta in ed  w ith  ty p ica l m ix tu res , show ing  
th e se  m od ifica tions in  fo rm , a re  su b m itte d .

O n th e  basis of th e  above, an d  o th e r  co n sid era tio n s, 
a  new  p la n  of q u a lita tiv e  ana ly s is especially  ad ap te d  
to  m icroscopic p rocedu re  h a s  been developed. T h is  
p la n  e lim in a te s  th e  u se  of hydrogen  sulfide, sh o r te n s  
th e  tim e  of ana ly s is , p e rm its  w ork ing  w ith  sm all 
a m o u n ts  of m a te r ia l, a n d  d ispenses w ith  h a lf  th e  fil
te r in g  o p e ra tio n s  req u ired  w hen  th e  u su a l w'et m e th o d  
o f an a ly s is  is em ployed .
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F ig u re  3 —P o ta s s iu m  B is m u th  S u lfa teF ig u re  2—S o d iu m  A n tim o n ia teF ig u re  1—S ta n n o u s  O xalate

F ig u re  4—A m m o n iu m  M ag n e s iu m  
A rsen a te

F ig u re  5—C a e s iu m  B is m u th  
(A n tim o n y  Io d id e )

F ig u re  6—C o b a lt M ercu r i-  
th lo c y a n a te

alkali and alkali-earth groups have been omitted from this 
scheme, since their identification and separation have been well 
developed (1,8).

G enera l D irec tions

The sample to be analyzed, in shavings or some other finely 
divided form, should weigh 0.25 to 0.5 gram. If micro-aj>- 
paratus such as described by Emich (S) is available, the 
am ount can be reduced considerably.

S c h em e  of A nalysis
~ Add concd. HNOa; evaporate to 

dryness; dissolve in HtO; filter
I

Residue; dissolve in 
concd. H2SO4

Bi As

I
F iltra te ; add N H 4OH 

and  NH«C1; filter

Residue; add NajOi and 
N aO H ; filter

F iltra te ; add H jOs; 
boil and filter

I
Residue; dissolve 

in acetic acid
F iltra te ;
acidify

Residue;
acidify

F iltra te : acidify; 
add NajSO* and 
NH4SCN; filter

I

H g Fe Al Pb  C r M n N i Co
F iltra te

IC u__
I I I I

Zn Cd N i M g

I t  is essential to keep the volume of the solution as small 
as possible, as the final tests are made on the microscope slide 
and a large volume is obviously out of the question. The 
volume should never exceed 35 cc.

In the filtrations where a large am ount is to be handled a 
small funnel fitter and suction or a centrifuge is used, but in 
making tests on the slides decanting will often suffice. All

precipitates should be washed a t  least twice, the first washings 
to be joined with the filtrate.

All the final tests for the individual elements are given as 
recommended by Behrens and Kley (1).

P lan  of S ep a ra tio n

To 0.25-0.50 gram of the sample in an evaporating dish 
add concentrated nitric acid and evaporate over a water bath 
to a moist solid or sirupy liquid condition ( l ).3 Add water 
and evaporate again to a moist state. E xtract w ith hot 
water, but do not boil. Filter through double filter paper.

R e s i d u e —Oxides of tin, antimony, arsenic, and bismuth. 
Group I.

F i l t r a t e —N itrates of iron, chromium, aluminum, lead, 
zinc, cadmium, copper, cobalt, nickel, magnesium, man
ganese, and mercury. Add excess ammonium chloride and 
ammonium hydroxide. Filter. (2)

R e s i d u e —Hydroxides of iron, chromium, aluminum, and 
lead and mercuric amido-nitrate. Group II.

F i l t r a t e s —N itrates and ammonia salts of zinc, cadmium, 
copper, cobalt, nickel, magnesium, manganese. Add hy
drogen peroxide (3) and boil for five minutes. Filter.

R e s i d u e —Oxides of manganese, cobalt, and possibly 
nickel (4). Group III .

F i l t r a t e —N itrates and ammonia salts of zinc, cadmium, 
copper, magnesium, and nickel. Group IV.

Notes—(1) Care must be exercised to prevent decomposi
tion of the nitrates into insoluble oxides. Practice will enable 
the analyst to determine for himself the proper state of dehydra
tion.

* N um erals in parentheses in the  Plan of Separation and  Analysis of 
th e  Groups refer to  the  notes a t the  end of each group trea tm en t.
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F ig u re  7—P o ta s s iu m  C o p p er 
L ead  N itra te

F ig u re  8—Silver D ic h ro m a te F ig u re  9—C a e s iu m  A lu m in u m  
S u lfa te

F ig u re  10—C o p p er M e rc u r i-  
th io c y a n a te

F ig u re  11—Z in c  M crcu r i-  
th io c y a n a te

F ig u re  12—C a d m iu m  M erc u r i-  
th io c y a n a te

(2) The volume must be kept as small as possible a t  this point 
and the filter covered with a  watch glass to prevent oxidation of 
the manganese.

(3) The solution should contain an excess of ammonium 
hydroxide a t this point and a t  the end of the boiling. If an ex
cess is not present, more ammonia m ust be added.

(4) Some nickel may be oxidized a t this time, bu t the oxida
tion is incomplete and the nickel m ust therefore be tested for in 
both groups.

Analysis of the  Groups

G r o u p  I—The residue from the nitric acid treatm ent is 
placed in a small beaker and heated, gently a t  first, with 
aqua regia. The solution is then  boiled to expel excess nitric 
acid and divided into two parts. In  cases where the tin con
ten t of the m etal is high, some stannic oxide will remain in
soluble after this treatm ent, but enough tin will go into solu
tion to  give a good test for the element in any case.

1 —To the first part, water is added and an iron nail dropped 
in. The solution is slightly warmed to sta rt the action and 
then is allowed to  stand. After about a half hour the clear 
liquid is decanted and tested for tin  with gold chloride or 
oxalic acid. (Figure 1)

2—The second part is evaporated almost to dryness and 
divided into three parts (1 ):

(а) The first part is boiled with a few drops of concen
trated  potassium hydroxide solution, cooled, and a drop tested 
on a slide with sodium chloride. I t  is often necessary to add 
more sodium chloride, as the am ount necessary depends upon 
the am ount of potassium hydroxide used. The characteristic 
lentil-shaped or prismatic crystals of sodium pyroantimoniate 
are evidence of the presence of antimony. (Figure 2)

(б) The second part is dissolved in the least possible

amount of concentrated sulfuric acid, and a drop of this solu
tion is merged on a slide with a  drop of concentrated potas
sium sulfate solution. Colorless hexagonal plates of potas
sium bismuth sulfate show the presence of bismuth (2). (Fig
ure 3)

(c) The third portion is dissolved in ammonium hydroxide 
and filtered or decanted if a precipitate forms. The filtrate 
is placed on a slide and a kernel of magnesium or calcium ace
ta te  added. The characteristic H-shaped crystals of am
monium magnesium arsenate show the presence of arsenic. 
(Figure 4)

Notes—(1) A t this point it  may be well to  test for the presence 
of antimony and bismuth with caesium chloride and potassium 
iodide. Crystals of these two salts are placed a t  opposite sides 
of the test drop and the appearance of red or orange hexagons 
shows the presence of antimony or bismuth or both. (Figure 5)

(2) Sometimes these plates will be circular a t  first but turn 
into hexagons later.

G roup I I—The residue is dissolved on the filter paper in 
the least am ount of dilute hydrochloric acid, washed into a 
beaker, and sodium hydroxide and sodium peroxide added. 
The solution is boiled and filtered.

Residue: Group IIA , iron and mercury oxides. Dissolve 
in hydrochloric acid and take two test drops. To the first 
add potassium ferrocyanide. Blue precipitate indicates 
iron. Neutralize the second drop with ammonia and add 
ammonium thiocyanate and cobalt chloride. Clusters of 
blue needles show mercury. (Figure 6)

Filtrate: Group IIB , sodium alumínate, chromate, and 
plumbate. Acidify with acetic acid (1). Divide into three 
parts:

1 —To the first part add copper acetate solution and to  a
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test drop of this solution add a kernel of potassium nitrite. 
Black cubes show the presence of lead (Figure 7).

2—Add a drop of nitric acid to the second portion, warm, 
and add a kernel of silver nitrate. Prismatic crystals of 
varying shades of red indicate the presence of chromium. 
(Figure 8)

F ig u re  13—M e rc u r i- th io c y a n a te s  F ig u re  14—A m m o n iu m  M ag n e s iu m
of Z n  a n d  C d (1:1) P h o s p h a te

3—Add a few drops of concentrated hydrochloric acid and 
to a test drop add a very small am ount of concentrated cae
sium bisulfate solution. The colorless alum crystals indi
cate the presence of aluminum. (Figure 9)

Note—(1) If lead and chromium are both present, lead 
chromate will be precipitated upon acidifying the solution and 
no further tests for these two metals are necessary.

G r o u p  I I I—Fuse part of the precipitate with sodium car
bonate and sodium nitrate on a platinum spoon. A green 
color shows the presence of manganese.

Dissolve the remainder of the precipitate in hydrochloric 
acid and neutralize with ammonium hydroxide; filter if 
necessary. To a test drop add a drop of ammonium mercuri-

thiocyanate. Blue clustered needles show presence of co
balt. (Figure 6)

To another test drop of the ammoniacal solution, add a 
kernel of dimethyl glyoxime. Red or pink needles show the 
presence of nickel. (See note 4 under Separation.)

G roup IV—Acidify the solution with hydrochloric acid 
and add sodium sulfite and boil. Add 
ammonium thiocyanate solution, cool, 
and filter.

Residue: Copper thiocyanate. Dis
solve in ammonia and add mercuric chlo
ride. Green clusters of radiating needles 
show the presence of copper. (Figure 10) 

Filtrate: Chlorides of zinc, cadmium, 
nickel, and magnesium. Make solution 
a lk a l in e  w ith  ammonium hydroxide. 
Divide into three parts:

1—To the first part add ammonium 
mercuri-thiocyanate. Feathered crosses 
indicate zinc; colorless prisms show the 
p re se n c e  of c a d m iu m ; triangular or 
arrowhead-shaped crystals show presence 
of both zinc and cadmium. (Figures 
11, 12, and 13)

2—To the second portion add kernel of 
dimethyl glyoxime. Pink or red needles show the presence 
of nickel.

3—Add kernel of ammonium phosphate to the third part. 
Characteristic four-armed feathery crystals of ammonium mag
nesium phosphate show presence of magnesium. (Figure 14) 
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Substitute for Amalgamation in Testing Bituminous Materials 
for Melting Point, Ductility, and Float T est1

H ans Eisner 
I m p e r i a l  O i l  R e f i n e r i e s ,  L t d .,  S a r n i a , O n t .

n r i l E  melting point (S), ductility (1, 3), and float (4) tests
for bituminous materials are performed in most labora

tories by individuals without chemical training, and large 
quantities of mercury are often left on the plate after 
amalgamation. Stock (2) has s h o w  tha t 1 cubic m eter of 
air containing 0.001 mg. of mercurial vapor is injurious to 
health and chronic poisoning will result with prolonged con
tact. The layer of mercury on the plate when coming in 
contact with the hot bituminous material gives off poisonous 
mercurial vapors and, as a result, not only the man who is 
working with it, but also other people, are affected.

In  the writer’s laboratory an attem pt was made to replace 
this amalgamated plate. The first experiments were with 
highly polished plates, in the hope tha t the sample could be 
easily removed. These attem pts failed, as the asphalt stuck 
tenaciously to the plate, showing th a t the mercury forms an 
isolating film between the asphalt and the plate. The 
next experiment was to cover the plate with a material 
which must form a thin layer soluble in water—e. g., glycerol. 
This gave better results. I t  was observed, however, th a t 
the glycerol would not retain a continuous film if the plate

1 Received January  11, 1930.

was polished. The application of glycerol to a rough, un
polished plate gave better results. Should the surface of the 
brass plates be too smooth, the surface should be first cleaned 
and then etched with acid. On applying the glycerol to the 
surface prepared in this manner, it was found th a t the film 
remained unbroken; in fact, a great improvement over a 
rough, untreated surface was noted. The molds and rings 
could be taken off the plate with greater ease than when mer
cury solution had been applied for amalgamating.

In  this laboratory etched plates of brass and stainless steel 
give perfect satisfaction. All impurities are removed from 
the surface with solvent naphtha, carbon bisulfide, or carbon 
tetrachloride before applying the glycerol, one drop of which 
is quite sufficient to cover one square inch of surface. The 
quantity  of glycerol is small and the worker is, a t all times, free 
from danger of acid burns or mercury poisoning. In  this 
laboratory' the amalgamation of plates and molds has been 
replaced entirely by the use of glycerol.

(1) Am. Soc. Testing  M aterials, T en ta tive  M ethod D 113-26T (1928).
(2) Stock, Z . angew. Chem., 41, 663 (1928),
(3) U. S. D ept. Agr., Bull. 1216, M ethod 53, p. 81.
(4) Ib id ., M ethod 50, p. 79.
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D evice for Rapid Estim ation of the D ensity of Small 
A m ounts of Solids1

E arle  R. Caley

D e p a r t m e n t  o f  C h e m i s t r y , P r i n c e t o n  U n i v e r s i t y , P r i n c e t o n ,  N . J .

IN  CER TA IN  investigations it is desirable to determine 
rapidly the approximate density or specific gravity of 
small amounts of solids the available weight of which 

renders the employment of the usual means of making such 
estimations impracticable. The simple instrument shown in 
the illustration, which might be termed a “microdensimeter,” 
has been found useful in such cases and is particularly recom
mended as an aid in the rapid identification of fragments of 
material.

The principle involved in the operation of this device is 
elementary. The narrow graduated tube is partially filled 
with a  suitable liquid and the level of the fluid is carefully 
read with the aid of a reading microscope. Then a weighed 
portion of the coarsely powdered material is introduced into 
the tube and the rise of the liquid level in divisions is noted. 
Since the volume represented by each division is known from 
a careful calibration, the volume of the sample is thus given, 
and this value divided into the weight of the sample gives, 
of course, the desired density. While the principle involved 
is quite simple, i t  was found th a t satisfactory results are 
obtained only by careful attention to the proper construction 
of the instrum ent and the method of using it.

D escrip tion  of M ic ro d en sim e te r

This instrum ent is easily constructed from glass tubing, 
but i t  is essential th a t the tubing selected for the narrow tube 
be of quite uniform bore and care must be exercised th a t the 
uniformity of the part to be graduated is not altered in-the 
operations of closing the tube and forming the upper portion. 
I t  is also im portant th a t the internal diameter of the gradu
ated tube shall not exceed 2.50 mm. or be smaller than 2.00 
mm. A larger diameter means loss of accuracy due to the 
correspondingly smaller changes in the level of the liquid for 
a given volume of the solid, while a  smaller diameter leads 
to  difficulties due to  the inclusion of air bubbles in the tube 
when it  is being filled with liquid. Tubes of smaller diameter 
than 2.00 mm. also render difficult the ready introduction 
and removal of the coarse particles and powders th a t are used 
for density determinations by this method. The enlarged 
portion of the tube, which allows the sample to be readily 
introduced into the smaller part, should be from 1.5 to 2.0 
cm. in diameter and about twice as long. I t  should taper 
gradually and smoothly into the narrow tube and should 
have its upper portion so formed th a t it m ay be tightly 
closed with a rubber or glass stopper.

A suitable length of the narrow tube is arbitrarily gradu
ated into a number of divisions spaced not more than 1.0  mm. 
apart. These graduations m ust be spaced very evenly and 
should be etched in lightly to increase the accuracy in reading. 
The glass part of the instrument used in obtaining the values^ 
shown in the tables had a total height of 13.4 cm. The length 
of the narrow tube was 9.5 cm., the total distance occupied 
by the 100 divisions being 7.3 cm. The external diameter 
of the graduated part of the tube was 6.0 mm. and the in
ternal diameter 2.33 mm.

The finished tube is provided with a well-fitting glass or 
rubber stopper and a base th a t permits the ready removal

1 Received Decem ber 30, 1929.

of the tube for cleaning and inspection. The completed 
instrument is calibrated with distilled water a t  20° C. in the 
usual manner. The water for calibrating is most con
veniently introduced by means of a pipet with a drawn-out 
capillary end. The accurate reading of the liquid level in 
the tube is most conveniently done by means of a 25-50 
power reading microscope provided with cross hairs and 
arranged to slide vertically on an upright stand. W ith this 
accessory there is little difficulty in reading tenths of a division 
on the tube. Less satisfactory results are obtained by using 
a reading lens owing to the difficulty of avoiding errors due 
to parallax.

D isp lacem en t L iquid

I t  was found impracticable to employ water as a confining 
liquid in this instrument, since its high surface tension 
caused gross errors due to the inclusion of minute air bubbles 
in the tube and between particles of the solid sample. The 
most satisfactory displacement liquid is ethyl ether. With 
this fluid there is rarely any air bubble 
formation either in the tube or between 
fragments of the sample and any minute 
air bubbles present are readily removed 
b y  ta p p in g  the tube gently. E thyl 
ether is also of great practical advan
tage in making a series of determina
tions, since successive samples are readily 
removed from the tube by shaking, and 
the remaining film of ether evaporates 
rapidly leaving a clean, dry tube ready 
for another estimation. E ther further 
permits the direct estimation of the 
density of most water soluble substances 
by means of this method. Alcohol and 
other liquids of low surface tension may 
be substituted, bu t in general these are 
less satisfactory and should be used only 
in cases where the material examined 
is soluble in ether. The only disadvan
tage in the use of ether lies in its vola
tility, bu t the error arising from this 
source may be made negligible by proper 
manipulation.

S e v e ra l experiments demonstrated 
th a t it was necessary to use a stoppered 
tube in order to prevent undue error from 
the evaporation of the ether even from 
such a small surface as is exposed in the 
narrow tube of this instrument. These 
experiments were conducted by filling M ic ro d e n s im e te r  
the clean, dry tube with ether to dif
ferent points and making successive readings a t 5-minute 
intervals. Table I  shows the increased rate of evapora
tion from an open tube as compared with th a t from a 
closed tube, and it also shows how the rate of evaporation 
decreases as the length of empty tube above the surface of the 
liquid is increased. I t  will also be noted th a t in the experi
ment with the closed tube a certain time was required to 
obtain equilibrium, as might be~expected. The la tter experi
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ment also demonstrates tha t when a stoppered and partially 
filled tube is used the rate of evaporation is too small to  effect 
two successive readings tha t occur about one minute apart, 
which is the case in an actual determination. W ith less 
volatile liquids, such as alcohol and benzene, it was found 
tha t the rate of evaporation in open tubes of this small cross 
section is negligible for the purposes of this method.

T ab le  I— R a te  o f E v ap o ra tio n  of E th y l E th e r  f ro m  th e  M ic ro d e n s im e 
te r  T u b e  u n d erJD Iffe ren t C o n d itio n s  

(Tem perature, 20° C.)

T a b le  I I — R ap id  E s t im a tio n  of D e n sitie s  of S ev era l N o n -M e ta ll lc

E l a p s e d O p e n  T u b e O p e n  T u b e S t o p p e r e d  T u b e
T i m e N e a r l y  F i l l e d H a l f  F i l l e d H a l f  F i l l e d

M inutes Reading Reading Reading
5 9 6 . 1 5 9 . 0 5 6 . 7

1 0 9 5 . 1 5 8 . 4 5 6 . 2
1 5 9 4 . 4 5 8 . 1 5 6 . 0
2 0 9 3 . 7 5 7 . 8 5 5 . 8
2 5 9 2 . 9 5 7 . 4 5 5 . 5
3 0 9 2 . 0 5 7 . 0 5 5 . 3
3 5 9 1 . 2 5 6 . 6 5 5 . 0
4 0 9 0 . 6 5 4 . 8
4 5 5 4 . 6

S u b s ta n c e s  U sing  S m a ll  S am p le s
D i f f e r e n c e

b e t w e e n D e n s i t y
S a m p l e S c a l e D i s p l a c e d D e n s i t y b y
T a k e n R e a d i n g s V o l u m e F o u n d P y c n o m e t e r

Gram Cc.
p u r e  p o t a s s i u m  c h l o r i d e

0 . 1 2 9 7 2 1 . 2 0 . 0 6 5 7 1 . 9 8
0 . 1 0 1 4 1 6 . 6 0 . 0 5 1 5 1 . 9 7
0 . 1 0 1 4 1 6 . 5 0 . 0 5 1 2 1 . 9 8
0 . 0 9 1 3 1 4 . 7 0 . 0 4 5 6 2 . 0 0  

Av. 1 . 9 8 1 . 9 9
PU R E  SODIUM  CHLORIDE

0 . 1 1 2 1 1 6 . 6 0 . 0 5 1 5 2 . 1 8
0 . 1 0 7 1 1 6 . 0 0 . 0 4 9 6 2 . 1 6
0 . 1 0 0 2 1 5 . 0 0 . 0 4 6 5 2 . 1 5
0 . 0 9 1 3 1 3 . 6 0 . 0 4 2 2

ICELA N D  SPAR

2 . 1 6  
Av. 2 . 1 6 2 . 1 7

0 . 1 5 0 5 1 7 . 9 0 . 0 5 5 5 2 . 7 1
0 . 1 4 6 0 1 7 . 4 0 . 0 5 3 9 2 . 7 1
0 . 1 0 9 1 1 2 . 9 0 . 0 4 0 0 2 . 7 3
0 . 1 0 5 2 1 2 . 4 0 . 0 3 8 4 2 . 7 4  

Av. 2 . 7 2 2 . 7 2

P rocedure  for D ensity  D e te rm in a tio n

The solid material must first be reduced to particles of 
suitable size for introduction into the instrument. The 
method used will vary with the material to be examined. In 
the case of minerals and crystalline substances a convenient 
procedure is to crush the material in an agate or steel m ortar 
and select suitable fragments with a forceps as the sample 
is progressively reduced to smaller particles. The best 
results are obtained when particles ranging from 0.5 to  1.5 
mm. in diameter are taken. In  the case of metals or alloys 
fine clippings or coarse filings may be taken from the sample.

Note—This m ethod is not adapted  to  determ ining th e  density  of fine 
powders, since errors arise from the  inclusion of m inute a ir spaces between 
the  particles of powder and there  is often difficulty in introducing such 
powders in to  the  tube due to  the  tendency of the m aterial to  collect a t the  
meniscus. I t  is obvious th a t the density  of deliquescent and sticky sub
stances canuot be determ ined by this m ethod owing to  their tendency to 
adhere to the walls of the small tube.

After the sample has been prepared, the tube is filled about 
half way with pure ether, by means of a small pipet. No 
air bubbles will be included in the tube if this operation is 
properly performed, but if any are trapped gentle tapping 
will causc them to rise to the top. The instrument is then 
stoppered while the sample is weighed out. The weight to 
be taken will depend upon the amount of sample available 
and the probable density of the substance. Ordinarily a 
sample of from 0.0500 to 0,1000 gram will be chosen for non- 
metallic materials, while a sample of from 0.2000 to  0.3000 
gram is best for metals of high density and their alloys. 
Useful results in either case, however, can be obtained with 
smaller samples. As soon as the sample has been weighed 
out, the liquid level is read to the nearest tenth of a division 
with the reading microscope. Then the stopper is removed 
from the tube and the sample is introduced, after which the 
tube is immediately restoppered. The instrument is then 
gently tapped several times to bring all of the sample into 
the liquid and to cause any minute air bubbles th a t may be 
present to rise to the surface of the ether. The second 
reading of the liquid level is made immediately. The interval 
between the two readings of the liquid level should not be 
longer than one minute. A simple calculation then serves to 
give the required density.

There is no need to apply a temperature correction for the 
expansion of the glass tube over the ordinary range of room 
temperatures, since the error th a t might arise from this source 
is small compared with the other errors of the method. 
When liquids other than ether are used, care m ust be taken 
th a t sufficient time is allowed for the surface of the tube 
above the meniscus to dry completely before introducing the 
sample.

T a b le  I I I —R a p id  E s t im a tio n  of D e n sitie s  of S everal M e ta ls  U sin é  
S m a ll  S a m p le s

D i f f e r e n c e
b e t w e e n  D e n s i t y

S a m p l e  S c a l e  D i s p l a c e d  D e n s i t y  b y
T a k e n  R e a d i n g s  V o l u m e  F o u n d  P y c n o m e t e r

Gram Cc.
P U R E  ALU M INUM  W IRE

0 . 1 0 3 7 1 2 . 5 0 . 0 3 8 8 2 . 6 7
1 2 . 5 0 . 0 3 8 8 2 . 6 7
1 2 .4 0 . 0 3 8 4 2 . 7 0
1 2 . 5 0 . 0 3 8 8 2 . 6 7

Av. 2 . 6 S
0 . 0 9 6 2 1 1 . 6 0 . 0 3 6 0 2 . 6 7

1 1 . 5 0 . 0 3 5 7 2 . 6 9
1 1 . 4 0 . 0 3 5 3 2 . 7 2
1 1 . 4 0 . 0 3 5 3 2 . 7 2
1 1 . 5 0 . 0 3 5 7 2 . 6 9

Av. 2 . 7 0  2 . 7 0
P U R E  ZIN C (30-M E Sll)

0 . 3 1 1 6 1 4 . 2 0 . 0 4 4 0 7 . 0 8
0 . 3 1 6 1 1 4 . 3 0 . 0 4 4 3 7 . 1 4
0 . 2 9 7 1 1 3 . 6 0 . 0 4 2 2 7 . 0 4
0 . 2 7 5 2 1 2 . 3 0 . 0 3 8 1 7 . 2 2
0 . 3 4 5 2 1 5 . 8 0 . 0 4 9 0 7 . 0 4

Av. 7 . 1 0  7 . 1 2
P U R E  CO PPER  W IR E

0 . 3 2 2 4 1 1 . 7 0 . 0 3 6 3 8 . 8 8
1 1 . 9 0 . 0 3 6 9 8 . 7 4
1 1 . 8 0 . 0 3 6 6 8 . 8 1
1 1 . 8 0 . 0 3 6 6 8 . 8 1

Av. 8 . 8 1
0 . 2 7 3 3 9 . 8 0 . 0 3 0 4 8 . 9 9

1 0 . 0 0 . 0 3 1 0 8 . 8 2
1 0 . 0 0 . 0 3 1 0 8 . 8 2

9 . 9 0 . 0 3 0 7 8 . 9 0
Av. 8 . 8 8  8 . 8 9

ib le  IV—R ap id  E s t im a t io n  of D e n s itie s  o f V ario u s  S u b s ta n c e s
U sing  U n u su a lly  S m a ll  S a m p le s

D i f f e r e n c e
b e t w e e n D e n s i t y

S a m p l e S c a l e D i s p l a c e d D e n s i t y  b y
T a k e n R e a d i n g s V o l u m e F o u n d  P y c n o m e t e r

Gram Cc.
PU R E  POTASSIUM  CÏILO RID E

0 . 0 6 5 6 1 0 . 5 0 . 0 3 2 6 2 . 0 1
0 . 0 6 0 6 9 . 7 0 . 0 3 0 1 2 . 0 1
0 . 0 3 2 6 5 . 3 0 . 0 1 6 4 1 . 9 9
0 . 0 2 7 9 4 . 5 0 . 0 1 4 0 1 . 9 9

Av. 2 . 0 0  1 . 9 9
PU R E  SODIUM  CHLORIDE

0 . 0 5 8 4 8 . 9 0 . 0 2 7 6 2 . 1 2
0 . 0 5 7 2 8 . 6 0 . 0 2 6 7 2 . 1 4
0 . 0 4 1 3 6 . 1 0 . 0 1 8 9 2 . 1 9
0 . 0 2 7 6 4 . 1 0 . 0 1 2 7 2 . 1 7

Av. 2 . 1 6  2 . 1 7
ICELA N D  SPAR

0 . 0 5 1 6 6 . 3 0 . 0 1 8 5 2 . 7 9
0 . 0 4 0 5 4 . 8 0 . 0 1 4 9 2 . 7 2
0 . 0 3 1 0 3 . 8 0 . 0 1 1 8 2 . 6 3
0 . 0 2 0 2 2 . 4 0 . 0 0 7 4 2 . 7 3

Av. 2 . 7 2  2 . 7 2
PU R E  ALUM INUM  W IR E

0 . 0 3 8 5 4 . 7 0 . 0 1 4 6 2 . 6 4
4 . 7 0 . 0 1 4 6 2 . 6 4

0 . 0 2 7 9 3 . 4 0 . 0 1 0 5 2 . 6 6
3 . 5 0 . 0 1 0 9 2 . 5 6

Av. 2 . 6 3  2 . 7 0

R esults

The results obtained on various substances by the above
procedure are shown in Tables I I  to IV. These are all of the 
values obtained in series of determinations and are not 
selected results. The values found by the pycnometer 
method were determined a t 20° C. on large samples of the
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same material as used for the other determinations in each 
case. Each division of the particular microdensimeter used 
for this series of determinations represented a volume of 
0.0031 ml. a t 20° C. The actual determinations by the 
rapid method were made a t room temperatures th a t ranged 
from 20° to 25° C.

The best results were obtained when the difference between 
the two readings amounted to more than ten scale divisions. 
This is due to the fact th a t the effect of any error in reading 
the displaced volume is then a smaller percentage of the total 
volume than would be the case where a smaller volume is 
displaced. If possible, therefore, samples large enough to 
displace a  volume of liquid corresponding to a t least ten

divisions of the scale should be taken. Useful results, how
ever, can be obtained with much smaller samples, as the 
values in Table IV show. In  these cases the results of in
dividual determinations are seen to vary more from the true 
value than do those where a larger volume of liquid is dis
placed, but the average value of a series of such determina
tions is, in general, quite satisfactory.

Aside from the small amount of sample required for density 
determinations by this method, another advantage lies in the 
rapidity by which the results m ay be obtained. A single 
determination may be made in from 5 to 10 minutes including 
all operations, and a series of determinations can be made 
with similar rapidity.

Relay for Use in R egulatory C ircuits1
L. G. W esson

D e p a r t m e n t  o f  P h a r m a c o l o g y , V a n d e r b i l t  U n i v e r s i t y ,  S c h o o l  o k  M e d i c i n e , N a s h v i l l e , T e n .m .

AN electromagnetic relay, in which the operating 
circuit is automatically interrupted and in which 
undesirable sparking is prevented, has been developed 

and used in thermoregulation in this laboratory for the past 
year. Two dry cells only are necessary for operating the 
relay and will last for months w ithout attention, since current 
is drawn from the cells only during the time th a t the relay 
arm moves from one position to the other. The sparking 
th a t occurs a t  the break of the circuit in thermoregulators, 
etc., which may be used in connection with this and certain 
other forms of relays, is the cause of much difficulty in opera-

tion because of the corrosion or sticking of the metal tips or 
oxidation of the mercury surface of the thermoregulator. 
In  the relay to  be described this difficulty is avoided, since 
the actual break of the circuit takes place a t  an insensitive 
junction in the relay, instead of a t a sensitive junction in the 
thermoregulator.

The relatively heavy currents th a t often are switched on 
and off by a relay are a troublesome feature of regulatory 
circuits because of sparking. This difficulty is avoided, as 
in certain other types of regulatory circuits brought out in 
the past few years, by the use of a mercury switch2 in con
nection with this relay. By means of this switch currents as

1 Received O ctober 21, 1929.
a T his switch consists of a  closed glass tube  in to  which are sealed con

ta c ts  of special m aterial. I t  contains a q u an tity  of m ercury which, when the 
tube  is tilted , will m ake or break  th e  circuit. W ith  th e  m ercury switch 
there  is no open arcing, oxidation, or corrosion. T he  switch contains inert 
gases herm etically sealed w ithin th e  tube  which stifle th e  arc. Different 
types of m ercury switches are available, and  are designed to  carry  loads from

high as 10  amperes may he turned on and off by the ex
tremely small wattage used in the relay.

D escrip tion  of R elay

The relay (Figure 1) c o n s is ts  
essentially of two electromagnets,3 
M , M ’, each acting on one end of an 
approximately balanced arm, A, A ',  
carrying a mercury switch, S. Two 
wires, W,  IF7, which are insulated 
from the arm and which are provided 
with platinum tips, are so arranged 
tha t they can be lowered by means 
of thumb screws, R, R',  into cups of 
mercury,3 F, F[, one of which is be
low each end of the arm. (A layer of 
liquid petrolatum protects the mer
cury from corrosion.) Adjustm ent 
of the wires is made so th a t while 
the wire a t one end of the arm dips 
well into the mercury when the corre
sponding end of the arm is down, it  
ju st clears the surface of the mercury 
when th a t end of the arm is in the 
raised position. The current from 
the dry cells passes through the wire 
which is in contact with the mer
cury as soon as the circuit is closed 
a t  th e  s e n s i t iv e  ju n c t io n  of the 
thermoregulator, and passes thence 
through an electromagnet, M ',  a t 
th e  o th e r  end of the arm. The 
magnet pulls down th a t end of the 
arm, A ',  and while doing so lifts the 
■wire from the mercury a t the end A  
of the arm, and thus breaks the cir
cuit. As the relay stands now, the 
circuit is closed through the wire,
W',  and the corresponding electromagnet, M ,  except for 
the open junction in the thermoregulator. When this open 
junction of th e  thermoregulator is closed by change of tem-

n i l

F ig u re  2—T o lu e n e  T y p e  
of T h e rm o re f tu la to r

1 to  10 am peres a t 110 volts or 1 to  5 am peres a t  220 volts. M ercury switches 
are sold by  the  M ercoid Corp., 564 \Vest Adams S t., Chicago, III.

* Sounder m agnets, rubber-covered, 4 ohms, C atalog 30, No. 6203, 
J . H . Bunnell & Co., 32 P ark  Place, New Y ork, N . Y.
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perature, the current passes through the electromagnet, M,  
and pulls down the other end of the arm, A,  and in doing 
so tilts the mercury switch to the opposite position. The 
arm stays in the position to  which it is drawn by the elec
tromagnets by reason of the fact th a t the shaft on which 
the arm  pivots is placed slightly below the center of gravity 
of the arm. The position of the arm changes only when 
the electromagnet a t the other end of the arm becomes acti
vated. The arm moves through an angle of 10 to 12 degrees 
in passing from one position to the other.

A small, loose-fitting plunger, P, surrounded by heavy 
machine oil, acts as a brake to the motion of the arm, and 
thus prevents undesirable oscillation.

T h c rm o reg u la to rs  Used

Various types of thermoregulators, such as the bimetallic 
type4 or the toluene or mercury expansion type, may be 
adapted for use with this relay, the only requisite being th a t

E lectrolytic Cell for Use w ith  the M ercury Cathode1
A rth u r  D. M elaven

A l u m i n u m  R e s e a r c h  L a b o r a t o r i e s , A l u m i n u m  C o m p a n y  o p  A m e r i c a ,  N e w  K e n s i n g t o n , P a .

water, bu t in this case a subsequent filtration is necessary 
and there is danger of decomposition of some of the less stable 
amalgams in the process.

In  some work demanding the quantitative separation of 
iron and aluminum, the electrolytic method was used and the 
cell illustrated in the diagram was developed to  effect a clean 
and easy separation. The cell consists of a  cylindrical glass 
vessel, A,  with a conical base, and fitted w ith a two-way 
stopcock, B. One arm of the stopcock is connected to a 
leveling bulb, C, with a piece of rubber tubing. To the other 
arm  is sealed a piece of glass tubing, D, constricted in the 
same manner as the ordinary buret tip. E  is a piece of 
platinum gauze or coiled platinum wire serving as the anode, 
and F  a narrow glass tube dipping into the electrolyte and 
through which air is passed to stir the solution. Agitation 
may also be performed by a paddle and motor.

In  operating the cell the leveling bulb is filled with mercury 
and the stopcock turned to perm it mercury to  enter the cell. 
The cathode surface is adjusted by raising or lowering the 
leveling bulb to  the desired height. Contact to the source 
of current is made by a piece of coppcr wire dipping into the 
mercury in  the leveling bulb. The solution to be electrolyzed 
is introduced into the cell and the circuit closed. When 
the electrolysis is completed, the leveling bulb is lowered 
until the mercury reaches the upper end of the stopcock bore. 
The stopcock is then turned through 180 degrees to  permit 
the electrolyte to  drain into a  suitable vessel. A closed
circuit is maintained a t all times during removal of the
mercury, either by having sufficient electrolyte present to 
cover the anode when the mercury is a t  the lowest point or 
by lowering the anode as the mercury is being removed.

The cell lends itself to  easy washing with a minimum 
am ount of wash water.

L ite ra tu re  C ited

(1) Alders and StShler, Ber., *2, 26S5 (1909).
(2) C a i n ,  J .  I n d . End. C h e m . ,  3 ,  476 (1911).
(3) F rary , Z. Elcklrochcm., 13, 308 (1907).
(4) Sm ith, J . A m . Chem. Soc., 25, S83 (1903).

VARIOUS types of mercury cathode cells have been used 
for the electrolytic separation of metals, particularly 
aluminum and magnesium from other common metals. 

While the mercury cathode method has many advantages, 
difficulty is experienced in separating the electrolyte from 
the mercury without resolution of the amalgamated m a
terials. To avoid this the circuit m ust be closed a t all times

C

M crcu ry  C a th o d e  C ell

during the separation: Separation is made in the Smith- 
Howard (J,) cell by repeated additions of water prior to the 
interruption of the current, but this has the disadvantage 
th a t the volume of solution is greatly increased. The cells 
of Frary (S) and of Alders and Stähler (1) have the same 
drawback. Cain (2) has devised a cell from which the elec
trolyte can be drawn off with a minimum am ount of wash

1 Received February  15, 1930.

two contacts are provided, one for the maximum and one for 
the minimum limit of the desired range of temperature. The 
same is true of the possible use of the relay in maintaining 
constant pressure, depth of liquid, hydrostatic head, volume, 
etc. Other factors being the same, the accuracy of the 
control attained with the relay is limited only by the sensitive
ness of the regulator used in conjunction with it.

Figure 2 illustrates a toluene type of regulator th a t has been 
used in this laboratory with satisfactory results. Toluene, 
by contracting or expanding, forces mercury to make alter
nate contacts with wires b, b' th a t lead to  one or the other 
electromagnet of the relay. The regulator is set by screwing 
inwards or outwards the metallic plunger, p, which extends 
into the toluene, thus changing the effective volume of the 
toluene.

« Room therm ostats, T ype Q-10 or T ype 4010, M inneapolis-Honey- 
well H eat R egulating Co., M inneapolis, M inn., are a  readily  available form 
of bimetallic therm oregulators th a t are adap ted  for use w ith this relay for 
therm o control of rooms or a ir ba th s where extrem e accuracy is not essential.
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Acid N um bers of D ark-Colored Resins1
Ilayw ard H. Coburn

E x p e r i m e n t a l  S t a t i o n ,  H e r c u l e s  P o w d e r  C o m p a n y , K e n v i l , N .  J.

IN T H E  paint, varnish, and lacquer industries and in 
other industries where natural or artificial resins are 
used, the chemist is frequently called upon to determine 

the acid number of these resins. Normally this is accom
plished by titration  of an alcohol or benzene-alcohol solution 
of the resin with standard alkali, phenolphthalein being used 
as the indicator. However, when the alcohol or benzene- 
alcohol solution is dark-colored, as is frequently the case, 
the phenolphthalein end point is so masked th a t accurate 
titration becomes very difficult.

This inexactitude of the ordinary method and the inherent 
difficulties of the well-known electrometric titration led the 
writer to investigate the Albert method (1,2). This method 
consists in titrating in a two-phase medium a benzene-alcohol 
layer and an aqueous layer. In  order to improve the sharp
ness of the separation, the lower layer is saturated with so
dium chloride. The color bodies which would mask the 
end point remain in the upper layer, while the indicator color 
appears in the aqueous layer, and its change is consequently 
clear and sharp.

The procedure used by the writer contains no change in the 
principle of the method, but some improvements have been 
made in the operating technic.

Approximately 1 to 1.5 grams of rosin are dissolved in 
25 cc. of a neutral mixture of 2 parts benzene and 1 part 
alcohol. When solution has taken place, 25 cc. of a neutral 
saturated sodium chloride solution and several grams of 
solid sodium chloride are added. The solid sodium chloride 
prevents the dilution of the salt solution by the water added 
with the alkali and acid during the titration. Phenol
phthalein is added and the solution is titra ted  with 0.5 N  
sodium hydroxide with vigorous shaking until the lower 
(aqueous) layer turns red and further shaking does not cause

1 Received N ovem ber 16, 1929.

this color to disappear. A considerable excess of reagent will 
cause no inconvenience. The solution is now titrated  with 
0.5 N  sulfuric acid until the red color of the lower layer 
just disappears. In  this titration, since the excess sodium 
hydroxide in the aqueous layer is being titrated, the flask 
should be given a rotary swirling motion, but it is not neces
sary to shake so vigorously as to break up the two layers. If, 
after the addition of the sodium hydroxide, the separation 
into two layers is not sharp, neutral alcohol may be added 
to the solution.

R esu lts

The acid numbers obtained by this method on a number of 
different grades of rosin and those obtained from determi
nations made on the same samples by direct titration with 
alkali are given below.

S a m p l e  A  S a m p l e  B  S a m p l e  C
D IRECT TITRATION

149.1 118.7 112.8
150.1 106.4 112.5

118.5
106.6

M ODIFIED ALBERT METHOD
149.0 103.6 115.7
149.0 103.6 115.5

103.0
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Duplex W eighing Tube1
W. E. Eskew a n d  F ra n k  C. V ilb ran d t

U n i v e r s i t y  o e  N o r t h  C a r o l i n a , C h a p e l  H i l l , N .  C .

T OSS of sample with subsequent inaccuracy of analytical 
data is likely to occur when samples m ust be transferred 

from a watch glass or weighing bottle into a beaker or narrow- 
neck receptacle. Flicking of sample may also occur when the 
material m ust be brushed out of the weighing bottle or off the 
watch glass with a  camel’s-hair brush.

In  order to avoid such losses and to  obviate the necessity of 
double transference, a weighing tube has been designed to 
incorporate the principle of a watch glass or weighing bottle 
provided with an accessible and easily discharging delivery 
end. The device consists of a wide-mouthed glass tube with 
a flattened bottom side and a tapering delivery end turning 
up and away from the flattened side, as shown in the accom
panying drawing. Details of size are given, bu t proportion
ally larger or smaller sizes are just as applicable. The use of 
inside or outside ground joints and caps on both ends enables 
th e  application of this weighing tube or bottle for all purposes 
of weighing.

1 Received February  25, 1930.

The advantages in the specific details of the design given 
are as follows:

(1) The large mouth provides for easy addition of or taking 
portions of the sample from the tube.

(2) The designed slopes perm it easy access of brush or stream 
of water into and against all parts of the interior.

(3) The flattened side permits proper upright position 
during weighing and standing.

(4) Distribution of the mass of glass assists in preventing 
the tube fro m  e a s i ly  
toppling over.

(5) Narrow en d  o r 
stricture a t delivery end 
permits easy transfer of 
s o l id s  o r  liquids into 
n a r ro w -n e c k  r e c e p 
tacle.

(6) Variation of size 
for weighing la r g e r  o r 
smaller samples does not 
involve p r o p o r t io n a l
bulkiness. side view
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T he Baro-Buret—A N ew  A ccurate Gas Buret1
H aro ld  S im m o n s B oo th

M o k i . k y  C h s m i c a E  L a b o r a t o r y , W e s t e r n  R e s e r v e  U n i v e r s i t y , C l e v e l a n d , O h i o

T H ERE have been a t
tempts to improve the 
gas buret since its in

ception. The chief improve
ments have been the develop
ment of devices of one sort 
or another to compensate for 
te m p e r a tu r e  and pressure 
errors, of which that devel
oped by White (11) is one of 
the best.

The sources of errors in the 
gas buret are fairly obvious:

(1) The m e a s u re m e n t of 
pressure by balancing the mer
cury column against the atmosphere and by reading the pressure 
of the atmosphere separately on the barometer increases enor
mously the errors in pressure reading.

(2) Accurate adjustm ent of the mercury levels in reading 
the volume is fraught with difficulty.

(3) Accurate temperature control is impractical.
(4) Leaks in the rubber connections and leaking of gas into 

the buret through the rubber tubing connecting the buret to 
the level tube is a hidden source of error.

(5) The experimenter is limited to  the measurement of the 
gases a t  atmospheric pressure or else may expect serious errors 
due to leaks.

(6) The use of a compensator introduces errors due to the 
volume of gas imprisoned in the compensator. In  the White 
buret, however, this error is minimized.

Of these difficulties the first two are probably the most 
serious.

Several years ago it occurred to the writer th a t these difficul
ties might be eliminated by an arrangement whereby the 
pressure of the gas in the buret was balanced by the pressure 
of a column of mercury only, rather than by the pressure 
of the atmosphere. In  other words, the gas buret could 
be made the well of a barometer. There have been several 
efforts to accomplish this, but they have all resulted in clumsy, 
complicated apparatus, difficult to  make and to maintain. 
One of the earliest of these was devised by Frankland and 
Ward ((?). More recently Bone and Wheeler (%, 3) modified 
Frankland’s buret but limited its usefulness. Bone and 
Wheeler’s buret is of the constant-volume type and suffers 
from the following defects:

(1) On account of set volume marks the buret has a use 
limited to ordinary gas analysis.

(2) There is no provision for preventing chance bubbles 
from the rubber tubing used to connect the level bulb from ris
ing into the buret.

(3) The diameter of the buret and pressure column is too 
small and may easily vitiate the measurements on account of 
the capillary-depression effect.

(4) On account of the short length of the pressure column, 
the manipulator has practically little choice of pressures a t 
which to  measure the gas; thus there is no flexibility of measure
ment with it.

(5) The vacuum in the pressure-reading column is produced 
by pumping out the gas through a stopcock a t the top of the 
column and is maintained by shutting the stopcock. Morley 
said th a t “ a stopcock is a located leak," and frequently, when 
you depend upon them, as in this case, they deserve stronger 
language.

1 Received August 27, 1927. Presented before the Division of Physi
cal and Inorganic Chem istry a t the  67th M Citing of the  American Chemical 
Society, W ashington, D. C., April 21 to  26, 1924. Revised paper received 
M arch 11, 1930. A bstracted in  Science, 59, 563 (1924).

The baro-buret to be de
s c r ib e d  eliminates all these 
difficulties.

Obviously the chief diffi
culty lies in the establishment 
and maintenance of the Tori- 
cellian vacuum in the baro
m e tr ic  column. The com
b in a t io n  of the overflow 
method first applied in the 
Toepler pump, and later to 
th e  b a r o m e te r  devised by 
Germann (?), w ith the gas 
buret offered p o s s ib i l i t i e s .  
The practical development 

of this idea resulted in the “baro-buret,” which has been 
found to be, not only accurate, but also rapid and capable 
of wide application. I t  has been thoroughly tested in this 
laboratory for seven years and has been applied to numerous 
problems successfully.

D esign

The baro-buret consists essentially of two limbs, the 100- 
cc. calibrated gas buret, IC, and the barometric column, 
B, made of glass tubing of the same bore as the buret, so th a t 
the depression of the mercury due to  surface tension shall 
be the same in both tubes. (Figures 1 and 3) These two 
parts are connected by the stopcocks M  and N  by fused- 
glass connections, and through pressure rubber tubing to 
the mercury reservoir, R. The tube composing the trap, 
L, should slope slightly towards the buret so th a t gas bubbles 
leaking through the rubber tubing will collect in the trap 
rather than go up the side tubes.

At first it was feared th a t there would be sufficient strain 
to break fused connections between the parts of the buret, 
and connections of rubber tubing were used between stop
cocks M  and N  and the trap  L. I t  was soon found th a t air 
leaked in through the best of tubing and th a t an all-glass 
apparatus, firmly supported and then fused together in po
sition, would not break. M  and N  are large hollow-blown 
stopcocks with a 6-mm. bore. L is an ordinary stopcock. 
These stopcocks should be carefully greased, so th a t no grease 
is left in the bore, and then held in place with clamps (!) 
to prevent loosening and consequent leakage. The overflow' 
capillary tube for establishing and maintaining the vacuum 
in B  should have a uniform bore of not more than 1 mm. to 
prevent breaking of the mercury thread with consequent 
“ lying down” of the gas in the capillary during evacuation 
of the barometer. The length of this capillary tube should 
be such th a t the difference between the surface of the mer
cury in D and the top of the buret is a t  least 760 mm. The 
capillary should be bent a t the top of the barometer as shortly 
as possible to prevent the mercury from siphoning back. 
Where it is planned to use the buret a t pressures above 1 
atmosphere, the length of column B  must be proportionately 
greater.

In  Figure 3 is shown a more recent design, especially in
tended for uses where it is necessary to  measure the gas a t 
low pressures or where it is desirable to be able to measure 
the vapor pressure in the adjoiningsystem. Here the baromet
ric column is a straight tube parallel to the gas buret and is

T h ere  is described  th e  c o n s tru c tio n  a n d  u se  of a  new  
gas b u re t , th e  b a ro -b u re t, in  w h ich  th e  b u re t  becom es 
th e  well of a b a ro m e te r , th u s  e n a b lin g  th e  ex p erim en te r 
to  read  b o th  p re ssu re  a n d  vo lum e s im u lta n e o u s ly  w ith  
g rea tly  increased  accu racy  a n d  speed . S ince w ith  th is  
in s tru m e n t  th e  vo lum e m a y  be m easu red  a t  an y  d e 
sired  p ressu re , th e  accu racy  of read in g  sm a ll vo lum es is 
especially  increased .

T h e  e rro rs  a n d  lim ita t io n s  a re  d iscussed , in c lu d in g  
th e  m ax im u m  e rro r possib le  u n d e r  th e  m o s t favorab le  
co n d itio n s  fo r m in im u m  e rro r.

T h e  c o m b in a tio n  of th e  m e a s u re m e n t of p ressu re  
a n d  vo lum e in  one  in s t r u m e n t  opens u p  m a n y  a p 
p lica tio n s, som e of w h ich  a re  given.
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supported a t the bottom of the case in the same fashion 
as the buret. W ith this design it  is possible to  measure 
very small gas volumes much more accurately by operating 
a t low pressures. I t  is the design of most universal appli
cation, and is much easier to  make than the original. I t  
requires a wide scale and even more careful leveling. If 
one is limited to  a narrow scale, the original design is required.

B uret Case

Figure 2 shows in detail the buret case. The sides are 
made of Vs-inch (2 .2-cm.) pine and the front and back each 
of four pieces of glass. The 150-cm. scale in the more ac
curate types was engraved on white celluloid fastened to a 
V rinch (1 .6-cm.) thick wooden strip, screwed to  the metal 
braces. For less accurate work selected wooden 2-meter 
sticks mounted on wooden strips have been found satisfac
tory. In  the small types of baro-buret it has been found 
convenient to support the mercury reservoir in a sliding 
bracket, 0,  mounted on the slide, S, fastened to  the case. 
When the buret is used as part of a large set-up, it is more 
convenient to support the mercury reservoir on a ring clamp 
on a vertical steel rod fastened to the whole apparatus. 
The upper barometric column, B, in the type of buret shown 
in Figures 1 and 2 is supported on the bracket, R  (Figure 2), 
fastened by brass plates to  the scale.

Assem bling

In  making the baro-buret the column B,  the capillary, 
and the side well D are fused together in a straight line and 
then bent, thus avoiding joints in the capillary in which gas 
might “lie down.” The lower part of the barometer leading 
to stopcock N  is then fused on and the whole set in position 
in the case. Stopcock M  is fused on to  the gas buret and 
the buret is carefully cleaned, dried, and calibrated with 
distilled mercury (4). The buret is then placed in the case 
and supported by the slot in the base. Both the barometric 
column and the buret are then wired permanently in place. 
Stopcocks M  and N  are then fused on to the trap, L, which 
has been previously blown in the blast lamp. Calibrated 
thermometers are suspended in the case alongside the buret. 
The slots in the base and the side of the case are stopped 
w ith cotton to prevent air currents. A piece of plate glass 
covers the top of the case. The rubber tubing to the reser
voir is wired in place. I t  is also advisable to wire the rubber 
tubing near the trap  permanently to  the buret case, so tha t 
the trap  may not be inadvertently broken. To prevent 
sm utting of the mercury by dust it is well to stopper the 
reservoir R  with a bulb tube filled with glass wool or cotton.

O p era tio n

The stopcocks are greased and clamped and the whole 
baro-buret is thoroughly dried by applying suction to the 
mouth of the reservoir R  and thus drawing air, dried by 
passage over potassium hydroxide and phosphorus pentoxide 
or barium  oxide W), in through stopcocks C, F, and L  for 
a week. The buret should then be carefully leveled. Be
fore filling with mercury the reservoir R  is lowered below the 
level of N  and the mercury slowly poured in; the entrapped 
air is removed by manipulating the rubber tubing. Stop
cock L is clamped in a closed position and stopcocks M  and 
N  are opened. The buret is evacuated through C and F, 
the mercury reservoir being kept a t a  level sufficiently below 
N  so th a t the mercury does not rise into N.  When evacua
tion is practically complete, stopcock F  is closed and clamped 
and reservoir R  is slowly raised, allowing the mercury to 
rise in both K  and B. The reservoir is raised further un til 
the mercury overflows down the capillary and forms a pool 
about 1 cm. deep in D; the reservoir is then quickly lowered

and the mercury column breaks, thus leaving a fair vacuum 
in column B. The reservoir should then be lowered well 
below the base of the buret, so th a t the mercury in the baro
metric column is down to stopcock N,  thus permitting gases 
adsorbed on the walls to evolve. After a few minutes the 
reservoir R  is again raised and the gases are driven out as 
before. Great care should be taken to  decrease the rate 
a t which the mercury rises as it approaches the top of the 
barometer, or the mercury will strike the constriction with 
such force as to  demolish it. A tiny bubble of air, on being 
forced down the capillary against atmospheric pressure, 
tends to “lie down” in it, whereas it is expanded so much 
if D is evacuated th a t it has to  carry along with the mercury 
into D. This evacuating process should be repeated several 
times after allowing the buret to stand with the mercury 
level a t N  for several hours to  remove adsorbed gases com
pletely.

Each day before using the buret it is also advisable to test 
the vacuum in B  by driving the mercury over into D. If 
too much mercury collects in D, it can be forced back into 
the buret by adm itting dry air through C, whereupon the 
mercury will be forced back into B  until the difference in 
level in D and the top of B  is equal to the atmospheric pres
sure. If a t any time it becomes desirable to  remove the 
mercury from the buret, air under slight pressure through 
C will force the mercury completely from D  into B. This 
process should always be used since, if air is allowed to  enter 
through N  and thus rise in the barometer column, it  will 
form a mercury hammer, which, lacking an air cushion above 
it, will strike the top of B  so hard as to  break it.

To use the baro-buret the gas to be measured is intro
duced through one of the capillary tubes of stopcock F  by 
lowering R  slowly, having stopcock M  open. I f  desired, 
stopcock N  may be closed during this operation, thus avoiding



184 A N A L Y T IC A L  E D IT IO N Vol. 2, No. 2

moving the mercury in the barometric column. If it is de
sired to flush out the buret with the gas, it may be forced 
out again by raising reservoir R. Care m ust be taken, 
however, to raise It very slowly as the mercury approaches 
stopcock F  to avoid having the impact of the mercury break 
the stopcock. When a suitable sample of the gas has been 
introduced into the buret, F is closed and N  opened slowly. 
When the mercury levels in B  and K  have come to equilib
rium, the volume of the gas is read on the buret. The 
pressure on this gas is equal to the difference in height of 
the mercury columns in B  and K  as read on the scale directly 
behind them. Should it be desirable to measure the gas 
a t a particular pressure, R  may be raised or lowered until 
the difference in height of the mercury in B  and K  equals 
the desired pressure, whereupon the volume of gas m ay be 
read on the buret.

M easu ring  S m all 
V olum es

If the volume of the 
gas being measured is 
small a t 760 mm. pres
sure, the gas m ay be 
more accurately meas
ured by expanding it to 
a la rg e r  volume (by 
lowering R) and thus 
measuring it a t  a  lower 
p re s s u re . F o r  th e  
most accurate results 
th e  distance between 
th e  m e rc u ry  le v e ls  
sh o u ld  be twice the 
h e ig h t of th e  gas 
column in the buret. 
In  the measurement of 
e a s ily  c o n d e n sa b le  
gases which tend to de
viate seriously from the 
ideal gas laws and suffer 
considerable adsorption 
on th e  w alls  of th e  
buret, it is advanta
geous to make the meas
urements a t low pres
sure. By such tactics 
“vapors” m ay be meas
u re d  w i th o u t  intro
d u c in g  to o  great an 
error.

To R em ove a  G as fro m  th e  B aro -B u re t

To remove a gas completely from a buret—as, for example, 
before introducing another gas—close N,  open F, and raise 
R  slowly until the mercury reaches F. Close this stopcock 
and lower R  until the mercury in K  is below the previous 
volume mark. This procedure will free gases th a t have 
“lain down” between the buret wall and the mercury when 
the la tter was raised in the first operation. If R  is raised 
slowly now, the gases will collect above the mercury in K  
as a small bubble, which can be easily forced through stop
cock F. This procedure is particularly advisable when 
measuring high-boiling-point gases and gases which are 
highly adsorbed by glass.

C orrec tions

The pressure reading for accurate work should be corrected 
for the difference in gravity constant a t the laboratory where

the readings are being made and a t sea level. In  this labora
tory the correct pressure reading (8) m ay be obtained by 
multiplying the observed pressure by 1.000384. Neglect 
of this correction introduces an error of —0.04 per cent. 
Since the temperature of the mercury in the baro-buret is 
greater than 0° C., the true pressure a t 0° C. is less than the 
observed pressure. The corrected pressure m ay therefore 
be obtained by multiplying the observed pressure by a fac
tor which is the ratio of the density of the mercury a t  the 
temperature of the buret case to th a t a t 0° C. (9).

For extremely accurate measurements the temperature 
correction for the scale should be known or determined, or 
else a scale engraved on glass should be used. The ideal 
scale would be one engraved on glass silvered on the back. 
This mirror would greatly reduce the error due to parallax.

In  calculating Vo it is well to include a correction for 
deviation from the gas laws, especially in the case of such an 
easily condensable gas as sulfur dioxide.

E rro rs  a n d  L im ita tio n s  of A ccuracy

I t  has been found in this laboratory th a t the volume of a 
100-cc. gas buret graduated to 0.2 cc. can be easily read to 
an accuracy of 0.05 cc., and by using a mirror or a mirror 
scale behind the buret to lessen the error due to parallax, 
the buret, with care, m ay be read to 0.02 cc.—th a t is, with 
an accuracy of 1 part in 5000. By using a W hite bulbed 
buret {12) doubtless this accuracy can be greatly increased. 
The pressure can easily be read to 0.2 mm., thus giving an 
accuracy of approximately 1 part in 4000 when reading 1 
atmosphere. According to the International Critical Tables 
(10) on the basis of six thousand observations, one ought 
to be able to read a  linear distance to 0.05 mm. This would 
represent an accuracy in reading a pressure of 1  atmosphere 
of 1 p art in 15,000. W ith a cathetometer the pressure 
might be read to 1  part in 26,000, which would be particu
larly applicable in the measurement of vapor pressures, 
though it is doubtful if the temperature could be so controlled 
as to make such accuracy significant. We find no difficulty 
in maintaining the temperature in the buret case within 
0.1° C., th a t is, an accuracy of 1 part in 3000. However, 
it  is probable th a t some of these errors are positive and some 
negative for any given experiment, so th a t they may be 
considered to be to a certain extent self-compensating.

M ax im u m  Possib le E rro r u n d e r  M ost Favorab le  
C on d itio n s fo r M in im u m  E rro r

John A. Maurer, of this laboratory, has calculated as 
follows the maximum error possible under the most favorable 
conditions for minimum error in a single reading:

Perhaps the most im portant point which we encounter in 
attem pting a comparison between the accuracy of measure
ments with the baro-buret and th a t of measurements with the 
ordinary gas buret is th a t the principle upon which the baro- 
buret is constructed makes it necessary for the user to  choose 
a particular one of an unlimited number of pressure-volume 
combinations a t which he might make his readings on a given 
sample of gas. I t  is clear th a t of all the choices possible there will 
be some one which makes the final error of the measurement 
a minimum. The present purpose is to discuss this question 
in connection with an attem pt to  find a definite expression for 
the accuracy.

I t  is easy to  show th a t whenever we have three quantities, 
A , B, and C, connected by a relation of the form

A  =  kBC  (1)
and we wish to determine A  by measuring B  and C, we obtain 
the maximum precision consistent with our experimental methods 
if we can vary the ratio of B  to  C so as to make the experimental 
error in measuring B  the same fraction of B  as th a t in measur
ing C is of C.

For, if we represent the error, or perhaps it is better to say the
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uncertainty, in the different quantities by Ea, Eb, and E c, we 
have, remembering th a t E b and E c are constants bu t 12„ is not,

aud
A  +  Ea = k {B +  Eb) {C +  Ei) 

E a = k (BEC +  CEb +  E bEc) 

The per cent uncertainty in A  is

100 =  100 A
( E c  , E u  I E k E e\

\ C  B B C  )

(2)

(3)

(4)

Ea = k (BEC +  - ~ E b +  EbEc) (5)

k(Ec kB 2Eb) =  0

Writing A =  kBC, we obtain

Eb E e 
B C

(6)

(7)

i i
V
A ' 2

Substituting this value for P  in the relation V 
obtain

_  I PoVo A .  
\  2 ’

P*V0/P , we 

becomes

V
200A

P«V„A

■, or finally

The last term  on the right-hand side of (4) is negligibly small, 
so th a t we may say th a t in general the per cent uncertainty 
in A  is equal to the sum of the per cent uncertainties in B  and C.

To find the condition for making E a a minimum, we write
(3) in the form:

Per cent uncertainty in Vo 200 \ / 2  V A  h (9)
V K v 0

Since A  =  ’/< w D-, where D is the diameter of the buret tube, 
this may also be written

Per cent uncertainty in Vo = 100 y/'!  V *  Dh (10)

and differentiate with respect to B, and then equate the right- 
hand side to zero. This gives

A

which is the result stated in the first paragraph.
Applied to the case of the gas buret, where we make use of 

the relation

Fo =  ¿ P 7  (8)

Equation 8 means that we should make our measurements under 
a pressure such tha t

E p E„
P  ~  V

W ith the ordinary gas buret it is difficult to  do this without 
complicating our procedure in such a  way as to introduce greater 
experimental errors, and measurements are usually made a t 
atmospheric pressure. Suppose we have only 1 cc. of gas. We 
can easily measure a pressure in the neighborhood of 700 mm. 
with an accuracy greater than  0.1 per cent, bu t we must have 
very highly refined apparatus indeed if we are to measure 
the volume to within 1 per cent. Thus the accuracy of the 
pressure reading is of little value because of the large uncer
ta in ty  in the volume reading.

W ith the baro-buret, however, we can take our readings a t 
any desired pressure, so th a t it is a simple m atter to fulfil the 
condition for maximum accuracy in the final result.

Ju s t w hat the best pressure-volume combination will be for 
any given baro-buret depends upon how it is set up, calibrated, 
and used. As an example, let us consider the conditions which 
apply to  those in use a t the Morley Laboratory.

These baro-burets are made with the barometer tube the same 
size as the buret tube. The manner of reading the mercury 
level is the same for both tubes. Thus there is no need to  cor
rect for capillary depression, and the uncertainty of the read
ing may be assumed to  be the same in either tube. The cali
bration of the instruments is done w ith the aid of a cathetometer, 
bu t the readings are taken by eye and mirror scale. Thus the 
errors of calibration are negligible in comparison with those 
of regular use.

Suppose the uncertainty in reading the mercury level is h 
and the area of cross section of the buret tube, A . If L\ is the 
length of the tube occupied by the gas, V  =  A Li, Ev = Ah, 
and E t/ V  — h/L i. The relative uncertainty of E„/P  in the 
pressure reading is 2h/L*, where L? is the length of the mercury 
column balanced by the pressure of the gas. The 2h appears 
because two readings are involved in determining the pressure, 
and it  is easily possible for the errors to be made so th a t they 
add. Then the condition E ,/V  =  E v/P  reduces to h/L , = 
2h/L% or Li =  2Li\ th a t is, we m ust adjust the leveling bulb 
so th a t the top of the mercury column in the barometer tube 
stands just as far above the upper end of the buret tube as the 
top of the column in the buret tube is below it. When this is 
done we have, from (4) and (8), th a t the per cent uncertainty 
in our determination of V0 is 100 2h/Li.

I t  is not hard to  pu t this in a form th a t can readily be applied 
to practical cases.

Thus the per cent uncertainty of a  measurement varies directly 
as the diameter of the buret tube and inversely as the square 
root of the quantity of gas being measured.

To show how this works out in practice, suppose Vo =  50 cc. 
and tha t h, the uncertainty in reading the mercury level, is 
0.02 cm. The area of cross section of the buret tube is not 
far from 2 sq. cm. This gives, by (9),

Per cent uncertainty in Vo = or 0.13 per cent.
V 7 6  X 50

But if we are dealing with a small quantity of gas, say 1 cc. 
under standard pressure, the per cent uncertainty becomes

2 } =  0.92 per cent
V 76

The uncertainty is still less "than 1 per cent, whereas with the 
ordinary gas buret, assuming the same method of reading the 
mercury levels, the uncertainty in the volume reading alone is 
4 per cent.

The above calculation has been carried out on the assumption 
that we wish to reduce to  a minimum the uncertainty in a 
single measurement on a sample of gas. In carrying out a  long 
investigation in which results are to  be averaged, it is proba
bly desirable to adopt a slightly different procedure. If, as 
seems reasonable to the writer, the worker is as likely to read 
the mercury column too high as too low, the probability is 
1 to 2 tha t the two errors involved in the pressure reading 
will cancel instead of add. Therefore, on the average the 
error of the pressure reading is not of the order of 2/j, bu t 
of h. On this basis we should adjust the leveling bulb so as 
to make L\ =  Lt.

The temperature correction has not been taken into ac
count in the above discussion, because as far as it is concerned 
there is no difference between the baro-buret and the ordi
nary gas buret.

Experience has shown th a t it is not difficult to obtain a 
series of readings which are consistent with each other to 
a much higher degree of accuracy. Nevertheless it is worth 
while to know how large the errors may become under the 
conditions of Ordinary use.

A pplica tions

M easurem ent o f  E x te r n a l Volumes—The determ ina
tion of the volume of connecting tubing, or of an apparatus 
itself connected to the buret, is ordinarily a difficult m atter, 
but is very easily accomplished by means of the baro-buret. 
To accomplish this, the buret K  and the connecting tubing, 
whose volume is to be measured, are thoroughly evacuated 
and then filled with a dry, permanent gas, such th a t the 
volume V'i in the buret K  shall be about 50 cc. a t a pressure, 
P t, of about 760 mm. Both pressure and volume are ac
curately observed with the stopcock F  opened to  the tubing 
or apparatus whose volume is to be measured. W ith stop
cock F open, reservoir R  is lowered so th a t the new volume, 
Vit is approximately the full capacity of the buret, and the 
new pressure, Pi, and the volume, V2, are accurately measured. 
Then it is easily seen th a t P i ( V i  +  C) = P i(V \  +  C), where
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C equals the constant volume to be determined. Solving 
this

r  _  PiVi -  PiVi
P i -  Pi

Obviously, the accuracy of such a measurement is inversely 
proportional to the volume to be measured, and of course 
it is assumed tha t the buret K  has been accurately calibrated.

I l l u s t r a t i o n  o p  D e v i a t i o n s  f r o m  G a s  L a w s — The baro- 
buret can readily be made the basis of an excellent experi
ment to demonstrate with such gases as carbon dioxide, 
sulfur dioxide, etc., the deviation from the gas laws. Of 
course, the deviation with the so-called permanent gases is 
too small to be readily measured.

D e t e r m i n a t i o n  o f  V a p o r  P r e s s u r e —To determine the 
vapor pressure of a solid or liquid, the substance is placed 
in a bulb sealed to one of the capillaries connected to  F  using 
a baro-buret of the design shown in Figure 3. The buret 
is then used as the bulb of a Toepler pump, gas being pumped 
from the bulb into the buret, and by rotating the stopcock 
F 180 degrees and raising the buret the gas and vapor are 
driven out. Five or six pumpings are generally sufficient 
to give a constant pressure. The vapor tension is then equal 
to the difference in the levels of the mercury in B  and K.

The last application illustrates how the buret may be 
used as a Toepler pump to pump out a small space. This

idea has been applied in a number of wTays which will be dis
cussed in separate papers, notably to a new method for gas 
evolution analysis; to the accurate analysis of gases with 
dry reagents; to a new apparatus for the determination of 
adsorption by the static method; to an apparatus for the study 
of gas-solid equilibria in which pressure, volume, and con
centration are measured; to the rapid determination of the 
density of gases; to the measurement of gases evolved from 
reactions at high temperatures; to the determination of 
the solubility of gases in liquids; as a laboratory demonstra
tion of Boyle’s law; to a method of obtaining accurate gas 
mixtures for the study of the critical phenomena of gas
mixtures; to the measurement of gases at higher pressures,
etc.
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Corrections for Standard Solutions of Inconvenient 
S trengths1

Selm a G ottlieb

D i v i s i o n  o f  S a n i t a t i o n , K a n s a s  S t a t e  B o a r d  o p  H i; a i . t h , a n d  U n i v e r s i t y  o f  K a n s a s , L a w r e n c e , K a n s .

IN M AKING a large number of volumetric analyses using 
the same standard solution, it is of course very con
venient to adjust the solution to such a strength th a t the 

calculation of results is simplified as much as possible. How
ever, it seems scarcely worth while to  make careful adjust
ments of those solutions which change strength rapidly, 
when the process will have to be repeated in a short time. 
The following suggestion is therefore offered to simplify the 
correction of buret readings for such solutions to those 
corresponding to the strength desired.

This method was originally applied to a sodium thiosulfate 
solution used in the dissolved-oxygen determinations re
quired in biochemical oxygen demand tests on sewage, and 
intended to be 0.025 normal. When a solution of this exact 
strength is used, the number of cubic centimeters of it re
quired in titrating a 200-ce. portion of the treated liquid is 
directly equal to the parts per million of dissolved oxygen 
present. Because of dehydration of the sodium thiosulfate 
crystals used, the solution as made in one case was 0.02531 
normal, or 1.0124 times the intended strength, and because 
of the instability of sodium thiosulfate solutions it wt&s 
thought desirable to work out a simple method of applying 
the necessary correction, rather than to adjust it to the 
desired titer.

If r is the ratio of the strength of the solution used to th a t 
of the solution desired, x  the buret reading, and c the cor
rection needed to bring the buret reading to tha t correspond
ing to the strength desired, the following relation will be 
obvious:

and * =

rx — æ *  c 
c

The sign of c will be positive when r  is greater than one and 
negative when r is less than one.

By substituting into the equation successive values of c 
and the value of r as obtained from the standardization of 
the solution in question, the corresponding values of x  can 
be calculated. The value of x  obtained when c is 0.005 
represents the lowest buret reading to which it is necessary 
to add 0.01 cc. as a correction. The next calculated value 
of x, when c is 0.0149, marks the end of the range for which 
a correction of 0.01 cc. is sufficient. Similarly, when c is 
0.0249, x  represents the end of the range to which a correction 
of 0.02 cc. is applicable, etc.

The corrected volume can then be readily found from the 
table prepared for the solution used, more rapidly than with 
a slide rule, and more accurately.

R a n g e  o f  C o r r e c t i o n  
Values of *

0 .40  -  1.20 
1.21  -  2 .0 0
2.01  -  2 .81

6 .85  -  7 .65  
7 .66  -  8 .46 
8 .47  -  9 .27

C o r r e c t i o n  (c ) 

Add 
0 .0 1  
0.0 2  
0 .03

0 .09
0 .1 0
0.11

* Received January  16. 1930.

Although the application of this equation is limited, it is 
a marked time saver in the cases in which it can be used. 
I t  is useful, for instance, when Kjeldahl determinations are 
made with acid and alkali solutions th a t are not exactly equiva
lent, and in many other routine volumetric determinations.
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C onvenient Reflux Regulator for L aboratory  Stills'
Jo h a n n e s  H . B ru u n ’

B u r e a u  o v  S t a n d a r d s ,  W a s h i n g t o n ,  D. C.

FOR a continuous distillation it  has been shown (3) 
theoretically th a t the reflux ratio (mois of vapor re
turned as refluxed liquid to the column per unit time 

divided by the mois of final product obtained per unit time) 
must always be maintained above a certain minimum value, 
in order to obtain a certain degree of fractionation. The 
theoretical calculation is a more difficult one for the ordinary 
laboratory rectifying still (batch still) in which the composi
tion of the liquid in the different parts of the system is con
tinually changing during the distillation. However, it is 
generally agreed th a t a high efficiency of separation is ob
tained by using a large reflux ratio and a small rate of distilla
tion (3).

For the purpose of controlling the reflux ratio and indi
cating the rate of distillation, the following reflux regulators 
have been found very convenient. They are modifications 
of a type which is used on industrial stills and they give a 
reflux ratio th a t is independent of the rate of distillation.

F or C o n s ta n t Reflux R a tio

Figure 1 shows a reflux regulator for use on stills for which a 
definite and constant reflux ratio is desired. The vapor 
leaves the rectifying column a t  A.  By means of a reflux con
denser, B,  it is completely condensed into the bulb C. From 
the bottom  of this bulb a certain part of the condensate is 
returned to the column through the capillary tube, R. An
other p art of the condensate passes through the capillary 
tube, D, into the cooler, H,  and to the receiver.

1 Received December 30, 1929. Publication approved by the  D i
rec to r of the  B ureau of S tandards. T his paper describes a  device which 
has been developed in connection w ith an  investigation on "T h e  Separation, 
Identification, and  D eterm ination of the  Chemical C onstituents of Com 
mercial Petroleum  F ractions," listed as Project No. 6 of th e  American Pe
troleum  In s titu te . F inancial assistance in th is worlc has been received 
from  a  research fund of th e  American Petroleum  In s titu te  donated by 
John  D. Rockefeller. This fund is being adm inistered by  the  in s titu te  
w ith  th e  codperation of the  C entral Petroleum  C om m ittee of the  N ational 
R esearch Council.

J American Petroleum  In s titu te  R esearch Associate.

In  order to obtain a definite and constant reflux ratio, the 
capillary tubes R  and D are made of the same bore but their 
lengths are made indirectly proportional to  the amounts of 
liquid they should carry. For instance, if R = 5 and D = 
50, the volume of reflux returned to the column divided by the 
volume of distillate will be 10. Instead of making the capil
lary tubes R  and D  of the same bore bu t of different lengths, 
it may be preferred to have capillaries of different bores but 
of nearly the same lengths. In  order to obtain the right 
lengths of the two different sizes of capillary tubes, these are 
sealed horizontally to a vertical glass tube. Liquid is then 
allowed to run through the T-tube and the flow per unit time 
is measured for both capillaries. The capillary tubes are 
then gradually shortened until the desired am ount of liquid 
per unit time will run through each of them. The T-tube is 
then sealed into the system and recalibrated.

This regulator will maintain a definite and constant reflux 
ratio a t any rat« of distillation. However, flexibility in the 
reflux ratio during a distillation can be accomplished by plac
ing an electric heating coil around the capillary tube, D, thus 
increasing the flow through D  by decreasing the viscosity of 
the liquid.

This device is also a convenient indicator of the rate of 
distillation, since this rate is directly proportional to the height 
of the liquid in the bulb C. This bulb may therefore be pro
vided w ith a vertical scale on which each mark corresponds to 
a definite rate of distillation.

F ig u re  2—R eflux R e g u la to r  fo r  a  M ea s u ra b le  a n d  V ariab le  
R eflux R a t io

F or V ariab le  Reflux R atio

Figure 2 shows a reflux regulator for measuring and main
taining any desired constant reflux ratio. I t  is conveniently 
used where liquids of varied character are to be distilled, and 
also for determining the most practical reflux ratio in problems 
involving extensive distillation. The vapor leaves the recti
fying column a t A  and is condensed into the bulb C■ A cer
tain am ount of the condensate is returned to the column 
through a stopcock, R,  and a capillary flowmeter, E, whereas 
another p art is carried through the capillary tube, D, to the 
condenser, I I , and to  the receiver.

The proportion of reflux to distillate may be regulated by 
adjustm ent of R, and a quantitative measure of the reflux
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may be obtained a t any time by observing the position of the 
liquid meniscus above E. This flowmeter is easily calibrated 
for any liquid by turning the 3-wray stopcock, G, and collect
ing and measuring the liquid obtained during a short inter
val of time. W ith a given setting of R  the position of the 
liquid meniscus above E  is also a sensitive index of the rate 
of distillation.

The tube which carries the refluxed liquid back into the 
rectifying column should be surrounded by an electric heat
ing coil, P,  in order to raise the liquid to  its boiling point. 
If desired, the capillary tube D may be replaced by a stopcock 
in order to  give somewhat greater flexibility in reflux ratios, 
bu t this introduces the disadvantage of contamination of the 
distillate by the stopcock lubricant.

In  both devices there is a free and unconstricted passage 
between the vapor outlet, A,  and the condenser, II.  Thus 
these regulators may be used for vacuum distillations as 
well as for distillations a t atmospheric pressure. They have 
been used successfully w'ith bubbling-cap-plate columns (1) 
as wrell as with iron jack-chain columns.
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D eterm ination of A lum inum  and M agnesium 
in Zinc-Base Die-Casting A lloys1

C h arles  M . C raighead

P e n n s y l v a n i a  S t a t e  C o l l e g e , S t a t e  C o l l e g e , P a .

IN TH E course of some 
w o rk  on zinc-base die- 
c a s tin g  a llo y s  in the 

laboratory of the Aluminum 
Company of America, an in
vestigation of various meth
ods of separation and deter
mination of aluminum and 
magnesium in the presence of preponderant amounts of zinc 
and various other alloying elements and impurities was un
dertaken. The object of the present work was to find a 
rapid and accurate method for the determination of aluminum 
and magnesium in these alloys.

U sual M ethods

The composition of typical zinc-base alloys is given in 
Table I. The determination of aluminum necessitates a 
separation from zinc. This separation is usually accomplished 
by: (1 ) repeated precipitation of the aluminum by ammonia;
(2) the addition of ammonium carbonate; (3) a basic acetate 
separation; (4) precipitation of the zinc as sulfide; (5) the use 
of ammonium chloride and ammonia; or (6) the method of 
Gooch and Havens.

T a b le  I— C o m p o sitio n  of T y p ica l Z in c -B ase  D le -C as tln g  A lloys
M e t a l S a m p l e  A S a m p l e  B S a m p l e  C

Per cent Per cent Per cent
Cu 2.82 2.86 2 .95
Pb 0 .03 0.32 0 .60
Cd 0.007 0.29 0 .10
A1 4.04 4.0-1 0 .58
M g 0.11 0 .10 0 .00
Fe 0.050 O.OSO 0.028
S n 0.00 0.00 5.95
Zn  (diff.) 92.943 92.31 89.792

(1 ) The separation of aluminum and zinc by means of 
ammonia is unsatisfactory, since the alkalinity required would 
cause the solution of an appreciable quantity  of aluminum 
hydroxide (9).

(2) Separations based upon ammonium carbonate (5) are 
not satisfactory.

(3) The basic acetate method, with its tedious neutraliza
tion, the sometimes uncertain precipitation of aluminum, and 
the adsorptive nature of the colloidal precipitate, is not suited

1 Received February  28, 1930. A thesis subm itted in partia l fulfil
m ent of th e  requirem ents for the  degree of m aster of science in physical 
chem istry from the  G raduate School of the  Pennsylvania S ta te  College.

for the separation of large 
quantities of zinc from alumi
num, although a separation 
of aluminum from small quan
tities of zinc can be satisfac
torily accomplished by this 
method.

(4) T h e  precipitation of 
zinc as sulfide in a formic acid solution, holding the aluminum 
in solution with tartaric or citric acid, was discarded after a 
preliminary trial. Complete precipitation of the zinc is time- 
consuming and the filtration is exceedingly slow'.

(5) Separation wdth ammonium chloride according to  the 
method of Ardagh and Bongard (1) results in the loss of 
aluminum hydroxide. A modification of this method was 
tried, using the following procedure:

Twenty grams of alloy were dissolved in 100 cc. of w ater and 
70 cc. of concentrated nitric acid, the nitric acid being added 
in small portions. The solution was evaporated to  a sirup, 
diluted to 200 cc. and boiled until solution of the salts was com
plete, allowed to stand several hours, and the precipitate of 
metastannic ad d  filtered off and washed w ith 1 :9  nitric acid.

The filtrate was electrolyzed overnight for copper and lead. 
The electrolyte was saturated with hydrogen sulfide and the 
precipitate of sulfur and sulfides filtered and washed with acid 
hydrogen sulfide wash. The filtrate was boiled to remove hy
drogen sulfide, a small quantity of bromine water added if neces
sary, cooled, and made up to a volume of 500 cc. in a graduated 
flask. A 50-cc. aliquot of this solution was taken for the de
termination of aluminum and magnesium. To the aliquot 
of this solution 10 cc. of concentrated hydrochloric acid and 
20 grams of solid ammonium chloride were added, the solution 
diluted to 200 cc., brought to a boil, and the aluminum hydroxide 
precipitated with ammonia according to  the method of Blum
(2). The precipitate was transferred to the original beaker, 
and dissolved in 10 cc. of concentrated hydrochloric acid and 
100 cc. of hot water. The solution was heated to  boiling and 
neutralized as before. A third precipitation was made in the 
same manner and the hydroxide precipitate filtered, dried, and 
burned off a t  500° C., and then ignited for 1 hour a t 1100° C., 
cooled, and weighed. The combined filtrates were evaporated 
in acid solution to 200 cc. and the magnesium was determined 
as phosphate by a double precipitation.

The results of this procedure on a series of nine alloys were 
invariably high and zinc was present in sufficient am ount to 
account for the errors in the determination of aluminum. 
Several samples were precipitated as before, 5 cc. excess am-

V arious m e th o d s  app licab le  to  th e  se p a ra tio n  of 
a lu m in u m  an d  z in c  in  z in c-b ase  d ie -ca s tin g  alloys a re  
d iscu ssed . T h e  m ercu ry  ca th o d e  is suggested  as a 
rap id  a n d  a c c u ra te  m e th o d  for th e  d e te rm in a tio n  of 
a lu m in u m  a n d  m a g n e s iu m  in  z in c -b ase  d ie -cas tin g  
a lloys, a n d  th e  re s u lts  o b ta in ed  by th is  m e th o d  are  
recorded.
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monia over neutrality being added each time. The dissolved 
aluminum hydroxide was recovered in the filtrate by a double 
precipitation. The combined precipitates were dried, ignited, 
and weighed. These determinations were high and zinc was 
again found in sufficient quantity  to account for the error. 
Additional precipitations using 10 grams of solid ammonium 
chloride upon the second precipitation gave results little bet
ter than the preceding determinations.

(6) The m ethod-of Gooch and Havens (8), although appli
cable to some separations, need hardly be considered. I t  is 
not only tedious, but with the various inaccuracies of the 
method and the necessity for small volume and consequently 
a small sample the value of the result would be questionable.

The unsatisfactory nature of these methods made it seem 
desirable to investigate any method which gave promise of 
being more convenient and more accurate. For this reason a 
study was made of an electrolytic method, using mercury as a 
cathode.

Review of L ite ra tu re  on  M ercury  C athode

Numerous references to the use of the mercury cathode are 
found in the literature. Gibbs (?) first used the mercury 
cathode. Smith (15) applied this method to the determina
tion of zinc and later showed th a t i t  was possible to separate 
quantitatively iron, cobalt, nickel, zinc, cadmium, and copper 
from the respective sulfate solutions (14)- Kimley (10) 
showed th a t accurate determinations of copper and zinc could 
be made in this way, bu t Price (18) stated th a t the results ob
tained with zinc were low. The early investigators weighed 
the amalgam formed and made no application of the possible 
separation of various cations in the solution.

Drown and M cKenna (6) separated iron and aluminum by 
this method and Smith (16) showed tha t chromium would also 
form an amalgam. Meyers (12) separated chromium from 
aluminum and molybdenum from vanadium, and Smith (lo) 
q u a n t i t a t i v e ly  removed iron from 
titanium, uranium, z irc o n iu m , a n d  
thorium solutions.

Cain (4) gives a  method for the deter
mination of vanadium in steel and a 
sketch of a special cell for this electroly
sis. Lundell, Bright, and Hoffman (11) 
apply the same method with slight modi
fication to the determination of vana
dium in steel. Brophy (S) used the mer
cury cathode to separate iron in the deter
mination of aluminum in special steels.

Hillebrand and Lundell (9) sta te tha t 
by means of the m e rc u ry  c a th o d e  
titanium , zirconium, phosphorus, arse
nic, vanadium, uranium, and aluminum 
can  be q u ic k ly  a n d  quantitatively 
separated from elements such as iron, 
c h ro m iu m , z in c , nickel, cobalt, tin, 
molybdenum, copper, bismuth, and silver.

From a consideration of the various separations which are 
recorded in the literature it seemed very probable tha t a com
plete separation of aluminum from zinc, copper, cadmium, 
lead, tin, and iron could be obtained by using a mercurjr 
cathode and working with sulfate solutions of low acid con
centration. The magnesium, because of its high decomposi
tion potential, would be found in the solution after electrolysis 
with the aluminum. Under these conditions it would be un
necessary to remove any element from a zinc-base alloy be
fore electrolysis. The rapidity and ease with which such a 
separation could be effected would give a very desirable 
method for the analysis of these alloys.

An investigation was made therefore of the conditions under

which such separation is possible, and the completeness of 
separation and accuracy of determination.

E x p erim en ta l W ork

A standard solution having the approximate composition 
of sample A, Table I, was made from metals of known purity. 
The analysis of the materials used is given in Table II.

T ab ic  I I — A nalysis  o f M e ta l U sed In  S ta n d a rd  S o lu t io n s

Z i n c ® 
Per cent 

Cd 0.002 
Fe 0.002 
Pb 0.0020 
As 0.000008 
Z n  99.993

A l u m i n u m  h 
Per cent 

Si 0.003 
Fe 0.012 
C u  0.014 
A1 99.971 (dill.)

C o p p e r  
( E l e c t r o l y t i c ) 

Per cent 
C u  99.921 Si
Pb 0.013

M a g n e s i u m  
( D i s t i l l e d ) 

Pe r cent 
0.005

Fe 0.004 
Al 0.006 
M g 99.985 (diff.)

° New Jersey Zinc Company. 
b Aluminum Com pany of America.

The standard solution was made by dissolving 0.5703 gram 
of copper, 0.8078 gram of aluminum, 0.0249 gram of magne
sium, and 18.5970 grams of zinc id 60 cc. of 1:1 sulfuric acid, 
30 cc. of concentrated hydrochloric acid, 20 cc. of concentrated 
nitric acid, and 200 cc. of water. When solution was com
plete the volume was made up to 500 cc. in a calibrated flask 
and 50-cc. aliquots were evaporated and fumed for one-half 
hour to insure the complete removal of nitric and hydrochloric 
acids. The samples were cooled and 5 cc. of 1:1 sulfuric acid 
and 100 cc. of water were added. The solution was boiled to 
complete the solution of the salts and then cooled and trans
ferred to a 200-cc. electrolytic beaker containing approxi
mately 200 grams of mercury. A current strength of 1 am
pere per 6.25 sq. cm. was found to be most satisfactory. Con
stan t agitation of the solution was maintained by means of 
compressed air. Figure 1 shows a diagram of the apparatus.

After 7 hours the electrolysis was complete and the solu
tion was siphoned off, the beaker and electrode being washed 
three times before the circuit was broken. The current was 
then turned off and the mercury shaken with 25 cc. of water

F ig u re  1—D ia g ra m  of A p p a ra tu s

to remove the last of the electrolyte. To this solution 10 
cc. of concentrated hydrochloric acid were added and the 
aluminum was precipitated by the method of Blum (2), by 
a double precipitation. The magnesium was determined in 
the filtrate by a single precipitation as phosphate.

R esu lts

Table I I I  gives the results obtained with this separation. 
The average deviation of the aluminum determination is 1 
part in 320, and no deviation is found in the magnesium deter
mination. I t  is concluded from these results tha t a rapid and 
accurate method for the separation and determination of 
aluminum and magnesium in zinc-base alloys is possible by 
using the mercuryr cathode.
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T a b le  I I I —R e s u lts  O b ta in e d  w ith  M ercu ry  C a th o d e  U sing  a  S ta n d a rd  
S o lu tio n

T a k e n F o u n d E r r o r F r e e  H*SO«
Gram Gram Gram Gram per cc.

ALUMINUM
0.0808 0.0809 + 0 .0001 0.044
0 .0S08 0.0S02 -0 .0 0 0 6 0.044
0.0808 0.0807 -0 .0 0 0 1 0.044
0.0808 0.0806 -0 .0 0 0 2 0.044

MAGNESIUM
0.0025 0.0025 0.0000 0.044
0.0025 0.0025 0.0000 0.044
0,0025 0.0025 0.0000 0.044
0.0025 0.0025 0.0000 0.044

The results obtained with Bureau of Standards zinc-base 
die-casting alloys are recorded in Table IV. Equally con
cordant results have been found in the case of other zinc-base 
alloys (about sixty in number) of known composition obtained 
from other sources.
T a b le  IV— R e su lts  O b ta in e d  w ith  B u re au  of S ta n d a rd s  Z in c -B ase  

D ie -C as tin g  Alloys
B u r e a u  o p  S t a n d a r d s  H g  C a t h o d e  M e t h o d

A B  C  A B C
A1 4 .04  4 .04  0 .58  4 .03  4 .0 0  0 .56
M g  0.11 0 .10  N ot detected 0 .12  0 .11  0 .00

R ecom m ended  P rocedure

The following method was adopted for the separation of 
aluminum and magnesium in zinc-base alloys:

Dissolve a 2-gram sample of alloy with 20 cc. of 1:1 sulfuric 
acid and 100 cc. of water. When all action has ceased, trans

fer this solution containing the undissolved copper to  the elec
trolytic beaker. The copper will alloy with the mercury. 
Electrolyze the solution for 5 hours and complete the analysis 
as described under Experimental Work.

A cknow ledgm ent

The author wishes to  thank H. V. Churchill, chief chemist, 
Aluminum Company of America, for permission to use the 
data, R. W. Bridges for valuable suggestions and criticism dur
ing the course of the work, and the New Jersey Zinc Company 
for a sample of high-purity zinc.

L ite ra tu re  C ited
(1) Ardagh and  Bongard, I n d . E n g . Chem ., 16, 297 (1924).
(2) Blum, J . Am . Chem. Soc., 38, 1282 (1916).
(3) Brophy, I n d . E n g .  Chem., 16, 963 (1924).
(4) Cain, Ibid., 3, 476 (1911).
(5) Dem orest, Ibid., 5, 302 (1913).
(6) Drown and M cK enna, J . Anal. Chem., 5, 627 (1891).
(7) Gibbs, A m . Chem. J ., 13, 571 (1891); Chem. News, 42, 291 (1880).
(8) Gooch and Havens, Am . J . Science, [4] 2, 416 (1896).
(9) H illebrand and  Lundell, “ Applied Inorganic Analysis,” p. 390, Wiley

1929.
(10) Kirnley, J . A m . Chem. Soc., 32, 637 (1910).
(11) Lundell, Bright, and Hoffman, I n d . E n g . Ciiem., 15, 1064 (1923).
(12) M eyers, J . A m . Chem. Soc., 26, 1124 (1904).
(13) Price, J . Soc. Chem. Ind ., 26, 345 (1907).
(14) Sm ith, “ Electro-Chem ical Analysis," p. 55, B lakiston's, 1907.
(15) Sm ith, J . A m . Chem. Soc., 25, 883 (1903).
(16) Sm ith, Ibid., 27, 1255 (1905).

C onfirm atory  T est for Z inc1
J .  S ta n to n  P ierce a n d  E th y l D. Nave

T r a n s y l v a n i a  C o l l e g e , L e x i n c t o n , K y .

T HE ferrocyanide titration  of zinc, with uranyl acetate 
as inside indicator, can be used as a confirmatory' test 
for zinc in qualitative analysis, if interfering ions are 

removed previous to  the test. This method has the advan
tage over most confirmatory tests th a t i t  affords a means of 
estimating fairly accurately the am ount of zinc in the un
known.

Zinc may be separated satisfactorily from small amounts of 
all members of group I I I  cations except iron, by precipitation 
with hydrogen sulfide in 1 N  acetic acid solution containing am
monium acetate, by filtration, and solution in 1 N  hydrochloric 
acid. A trace of iron, particularly if in the ferric state, inter
feres with the test. The separation of zinc and manganese 
by the above method is not sharp, so the test is not satis
factory in the presence of large am ounts of manganese.

Standard procedure is used for the precipitation of group 
III , solution of all members except cobalt and nickel, and 
precipitation of iron and manganese with sodium hydroxide 
and sodium peroxide. Thus, the cations which interfere are 
removed. Aluminum also is removed by standard procedure 
but, should it not be, it does not interfere in the slightest with 
the test. Trivalent chromium interferes only by its color, and 
this only slightly, even when present in high concentration.

E ither oxidizing or reducing substances interfere with the 
test. By saturation with hydrogen sulfide, all oxidizing sub
stances are removed. Hydrogen sulfide, formed by the action 
of hydrochloric acid on zinc sulfide, is removed by evaporation 
to dryness. The residue is dissolved in a small volume of 1 
N  acetic acid.

The titration may be carried out with sufficient accuracy

1930.
1 Received Septem ber 16, 1929. Revised paper received January  4,

by the following method: To the acetic acid solution add
an equal volume of 0.01 N  uranyl acetate and add 0.5 N  
potassium ferrocyanide from a medicine dropper (15 to  17 
drops per cubic centimeter), noting the number of drops re
quired to produce a distinct reddish brown color. If over 
15 drops are required, or if the precipitate is colored due to 
impurities, add more uranyl acetate. The number of drops 
(minus 1 ) of ferrocyanide represents the approximate num
ber of milligrams of zinc in the unknown.

Note—The dropper used gave 17 drops per cc. A ctually, 1 drop 
corresponds to  0.96 mg. of zinc, b u t the  m ethod is not accurate  enough to 
w arrant m aking a corre«tion for th is. By using a  s tandard  zinc solution 
and  titra tin g  d irectly  (w ithout precip itating  as sulfide, e tc .), the  following 
d a ta  were obtained:

M illigrams of zinc 0 2 .5  5 10 25 50
Drops of ferrocyanide 1 4 6 12 28 54

T e s t o f M ethod

Solutions containing 5 mg. each of aluminum, cobalt, man
ganese, and nickel, and 100 mg. of chromium as chromate, 
and varying am ounts of zinc, were made 1 N  in acetic acid, 
0.2 N  in ammonium acetate, and hydrogen sulfide was in
troduced. The precipitate was filtered, washed with dilute 
ammonium chloride solution, and dissolved in 1 N  hydro
chloric acid. The hydrochloric acid solution was evaporated 
to  dryness and the residue was dissolved in 2 cc. of 1 N  acetic 
acid. T itration was carried out as indicated above.

Zinc, mg. 0 2 .5  5 10 25 50
Ferrocyanide, drops 1 2 5 8 23 50

As is evident from the am ount of ferrocyanide used for the
lower concentrations of zinc, a little zinc is lost, probably as
the sulfide.
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D eterm ination of T otal N itrogen of Plant E xtracts in 
Presence of N itrates1

G eorge W. P u ch er, C harles S. L eavenw orth , a n d  H u b e rt B radford  V ickery

B i o c h e m i c a l  L a b o r a t o r y , C o n n e c t i c u t  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , N e w  H a v e n , C o n n .

Ex t r a c t s  of g ree n
tobacco leaves grown 
under different condi

tions have been found to con
tain widely variable propor
tions of the total nitrogen as 
n itrate (6). More than 30 
per cent of the water-soluble 
nitrogen is sometimes present 
in this form, although smaller 
proportions are perhaps more 
usual. T h e  p re se n c e  of 
nitrate nitrogen necessitates

T h e  observa tion  of R an k er th a t  th e  salicy lic  ac id -z in c  
m e th o d  does n o t give q u a n tita t iv e  re su lts  w hen  applied  
to  aq u eo u s  ex trac ts  of p la n t tissu e  th a t  c o n ta in  n it ra te s  
h a s  been  confirm ed . A n e rro r d u e  to  th e  loss of fro m  
40 to  95 p e r  c e n t of th e  n it r a te  n itro g en  m ay  occur. 
T h e  to ta l  n itro g e n  of such  ex trac ts  m ay , how ever, be 
q u a n ti ta t iv e ly  d e te rm in ed  if a  p re lim in a ry  red u c tio n  
o f th e  n it ra te s  w ith  reduced  iron  pow der a n d  d ilu te  
su lfu ric  acid  is ca rried  o u t, followed by K je ldah l d iges
tio n  w ith  su lfu ric  ac id  in  th e  cu s to m ary  w ay. T h is  
m e th o d  w as o rig inally  suggested  by O lsen fo r use In 
d e te rm in in g  th e  n itro g en  c o n te n t of so ils an d  its  
a p p lic a tio n  to  p la n t  ex trac ts  is h ere in  described .

m any respects the composi
tion of a plant extract. I t 
is clear tha t the analysis by 
the salicylic acid-zinc method 
of samples of plant extracts 
th a t contain water cannot be 
conducted without the dan
ger of loss of much of the 
nitrate nitrogen.

D evelopm ent of New 
M ethod

the use of special methods for
the determination of the total nitrogen in such extracts, 
and the writers’ attem pts to  employ the salicylic acid-zinc 
method (1) have substantiated the results of Ranker (5), 
who found th a t this method cannot be successfully used to 
determine nitrogen in aqueous solutions although it is per
fectly satisfactory when applied to properly dried material. 
The writers have therefore developed a method for the de
termination of nitrogen in the presence of nitrates tha t can 
be applied directly to aqueous solutions. A description of 
this method and data illustrating the errors th a t may arise 
when the salicylic acid-zinc method is improperly used are 
herein presented.

A nalyses by S alicylic A cid-Z inc M ethod

Table I  gives the results of analyses by the salicylic acid- 
zinc method of 10- and 20-cc. portions of a series of tobacco- 
leaf extracts. Although duplicate analyses agree moderately 
well with each other, it is clear th a t material losses of nitrogen 
occur during the digestion of the larger samples. Further
more, a serious error even in the analysis of the smaller sam
ples becomes evident when the am ount of nitrogen found by 
this method is compared with the nitrogen content of the 
extract calculated from the difference in the amounts of 
nitrogen in the leaf material before and after extraction. 
These results are in accord with Ranker’s view tha t water, 
present during the treatm ent of the sample with the acid 
reagent, gives rise to side reactions which involve loss of 
nitrogen. The insidious nature of this difficulty is apparent 
when it is recalled tha t such losses may escape detection 
entirely if nitrogen balances are not calculated. Tests upon 
extracts which contain a high proportion of nitrate nitrogen 
emphasize this error, b u t it is of equal importance in the 
analysis of extracts of low nitrate content.

In  Table I I  are presented data secured from the analysis 
of mixtures of the products of acid hydrolysis of the protein 
edestin with known amounts of potassium nitrate in ratios 
of nitrate to total nitrogen varying from 8 to 50 per cent. 
The losses of to tal nitrogen shown in column 5 varied from 
7 to 22 per cent. On the assumption th a t the entire error 
is due to loss of nitrate nitrogen, the figures in column 6 show 
th a t this varied from 43 to 96 per cent. These data are 
especially significant since the solution analyzed simulates in

1 Received December 19, 1929. T he expenses of th is  investigation 
were shared by  the  Connecticut A gricultural Experim ent S ta tion  and the 
Carnegie Institu tion  of W ashington, D. C.

Attention was therefore di
rected to the development of a 

procedure tha t might be conveniently applied to aqueous 
solutions containing nitrates. Methods involving the re
duction of the nitrate in the solution by means of D varda’s 
alloy were not considered because of the close attention 
required to the details of the procedure. Ranker’s method 
of drying the samples a t exact neutrality  in the Kjeldahl 
flasks before digestion with salicylic acid-thiosulfate mixture 
calls for a considerable expenditure of time. The present 
writers therefore turned to the use of reduced iron powder 
in dilute acid as a means for the reduction of the n itra te  to 
ammonia before the application of the Kjeldahl digestion 
process.

T ab le  I—A nalyses o f T ob acco  E x tra c ts  by S a licy lic  A c id -Z in c  M e th o d

S a m p l e
N  i n  8  

L i t e r s  o p

N  F o u n d  i n  8  L i t e r s  o p  
E x t r a c t  f r o m  A n a l y s i s  

o p ;

E r r o r  D u e  t o  Loss 
o p  N

E x t r a c t 3 20-cc.
aliquot

10-cc.
aliquot

20-cc.
aliquot

10-cc.
aliquot

Grams Grams Grams Per cent Per cent
E 110 68.7

69 .3
81 .8
81.8

37 .2 25.7

A 178 132.9
134.0

152.3
152.3

25 .0 14.7

B 177 127.8
128.4

143.1
142.0

27.6 19.5

C 168 128.9
129.5

139.7
138.6

22 .9 17.1

° l ,he figures for th e  to ta l nitrogen in these extracts were calculated 
from the difference in the  nitrogen in th e  d ry  leaf before and  after extrac
tion with hot water. Their accuracy was confirmed by  analyses by the  
method described in th is paper.

T ab le  I I —A nalyses o f A qu eo u s  S o lu t io n s  C o n ta in in g  A m in o  A cids 
a n d  P o ta s s iu m  N itr a te  by th e  S a licy lic  A c id -Z in c  

M eth o d

V o l u m e
A n a l y z e d

T o t a l  N  
P r e s e n t

N i t r a t e  N  
T o t a l  N

T o t a l  N  
F o u n d

Loss o p  
T o t a l  N

Loss o p  
N i t r a t e  N °

Cc. Grams Per cent Grams Per cent Per cent
15.0 19.13 51.75 14.91 22.06 42.63
30.0 32.97 30.03 25.28 23.31 77.67
27.0 26.93 14.49 23.29 13.68 94.37
26.0 25.05 7.81 23.15 7 .57 95.96

° Calculated on the  assum ption th a t  th e  entire loss falls upon the 
n itra te  nitrogen.

A method for the determination of the to ta l nitrogen of 
soils, which involved reduction of the n itrates with iron 
powder, has been described by Olsen (4), but no data on 
the application of this procedure to  the analysis of plant
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extracts were given by him. The reaction of dilute sulfuric 
acid on reduced iron powder has been widely used for the 
quantitative reduction of nitrate to ammonia in analytical 
procedures. Jones (2) has reported quantitative recoveries 
of nitrate by this method, as have Vickery and Pucher (£>). 
McCandless and Burton (S) have reported incomplete 
recoveries by this method. The analyses in Table I I I  were 
therefore conducted in order to furnish an additional check 
upon Olsen’s statement th a t the amount of reduced iron 
employed influences the completeness of the reduction. In 
columns 2 and 3 are given results of the analyses of different 
amounts of potassium nitrate using 2 grams of reduced iron. 
The low recoveries indicate th a t this is insufficient. When 
3 grams of reduced iron were used, however, the average 
recovery was 99.46 per cent, which agrees with the results 
of Olsen, who used 5 grams and obtained a recovery of 99.5 
per cent. I t  is highly probable th a t different lots of reduced 
iron powder differ in quality, and before use each lot should 
therefore be tested in this respect as well as for its content 
of nitrogen. The fact th a t the results are almost invariably 
slightly low suggests tha t a small but ordinarily negligible 
loss of nitrate nitrogen occurs.

T a b le  I I I —D e te rm in a tio n s  of N itro g e n  In P o ta s s iu m  N itra te  
S o lu tio n  U sing R ed u ced  I ro n  P ow der M e th o d

N i t r a t e  N  
P r e s e n t

2  G r a m s  R e d u c e d  I r o n 3  G r a m s  R e d u c e d  I r o n

N i t r a t e  N  t-. . 
f o u n d  R e c o v e r e d

N itra te  N  
f o u n d R e c o v e r e d

Mg. Mg. Per cent Mg. Per cent
9 . 9 0 9 . 7 8 9 8 . 7 9 9 . 8 0 9 S .9 9
9 . 9 0 9 . 3 7 9 4 . 6 4 9 . 8 0 9 8 . 9 9

1 9 .8 0 I S .  0 3 9 1 . 0 5 1 9 .7 4 9 9 . 7 0
1 9 .8 0 1 8 .7 4 9 4 . 6 2 1 9 . 6 0 9 8 . 9 9
1 9 . 8 0 1 9 . 6 0 9 8 . 9 9
2 9 . 7 1 2 6 !  8 4 9 0  . '3 6 2 9 . 5 4 9 9 . 4 3
2 9 .7 1 2 7 . 1 2 9 1 .3 1 2 9 . 5 4 9 9 . 4 3
2 9 .7 1 2 9 . 5 4 9 9 . 4 3
3 9 . 6 0 3 7  ! 0 6 9 3 !  5 7 3 9 . 9 0 1 0 0 . 7
3 9 . 6 0 3 5 . 5 0 8 9 . 6 4 3 9 . 4 8 9 9 . 7 0
3 9 . 6 0 3 9 . 4 8 9 9 . 7 0
A v e r a g e 9 2 . 9 9 9 9 . 4 6

evaporation of the solution before the digestion is sometimes 
troublesome, since bumping may take place in the early 
stages and, as the acid concentration increases, a  heavy 
froth m ay form. After this stage is passed, however, diges
tion runs smoothly and more rapidly than is usually the case 
with salicylic acid digestions. The addition of the sodium 
sulfate and of the mercury is essential to a smooth and rapid 
digestion. After the dilution of the digest any cake of salt 
a t the bottom of the flask must be dissolved before adding the 
alkali. The initiation of boiling during the distillation is 
sometimes accompanied by violent frothing, although this 
seldom becomes uncontrollable if due care is exercised. The 
contents of the flask should be black during the distillation; 
if they are red or brown an insufficient amount of alkali has 
been added. Blank determinations on the reagents, espe
cially the reduced iron powder, must be conducted.

A ccuracy of M ethod

Table IV  gives the results obtained on solutions containing 
mixtures of the products of hydrolysis of the protein edestin 
and potassium nitrate. The total nitrogen content of the 
hydrolysate was established by ordinary Kjeldahl determina
tions and four mixtures with different ratios of nitrate nitro
gen to total nitrogen were prepared. The recovery of nitro
gen from these mixtures was extremely good and indicates 
th a t the method gives satisfactory results.

T a b le  IV— A nalyses of M ix tu re s  o f a  S o lu t io n  of A m in o  A cids w ith  
P o ta s s iu m  N itr a te  by  th e  R ed u c e d  Iro n -P o w d e r 

M e th o d

I t  is clear, therefore, that, when properly used, reduced 
iron may be depended upon to  effect practically complete 
reduction of the nitrates present in a plant extract and since 
these, in general, form only a small proportion of the total 
nitrogen, the small error may in most cases be safely dis
regarded.

R educed Iron -P ow der M ethod

The sample is delivered from a pipet into a Kjeldahl flask 
(700 cc.) and diluted to  30-40 cc. with distilled water; 10 cc. 
of 1:1 sulfuric acid and 3 grams (±0.3) of reduced iron powder 
are added. A funnel is placed in the neck of the flask, which 
is shaken a t room temperature for 10 minutes and then 
slowly heated and the contents boiled for 5 minutes. The 
flask is cooled and 30 cc, of concentrated sulfuric acid, a drop 
of mercury (0.5 gram), a few angular quartz pebbles, and 5 
grams of anhydrous sodium sulfate are added. The flask is 
heated slowly to evaporate the water and the contents are 
digested in the usual way until the acid layer is clear and the 
precipitate assumes a yellow color. Heating is then con
tinued for 1 to 2 hours more. A few crystals of potassium 
permanganate are dropped into the hot acid, which is then 
cooled and diluted with 300 cc. of water; 3 to 5 grams of 
sodium thiosulfate and a small piece of paraffin are added. 
An excess of sodium hydroxide and a little zinc are then 
introduced and the ammonia is distilled into standard acid in 
the usual way.

I t  is important tha t the reduction of the nitrate be carried 
out with careful attention to the prescribed volumes of water 
and acid; otherwise loss of nitrogen m ay occur. The

T o t a l  N  
P r e s e n t

N i t r a t e  N  
P r e s e n t

N i t r a t e  N  
T o t a l  N

T o t a l  N  
F o u n d

R e c o v e r y  o p  
T o t a l  N

Mg. Mg. Per cent Mg. Per cent
1 9 . 1 3 9 . 9 0 5 1 . 7 5 1 9 .3 1

1 9 .4 5
1 9 . 4 5  
1 9 . 0 3  
1 9 . 1 7

1 0 0 . 9
1 0 1 . 6
1 0 1 . 6

9 9 . 5 9 °
1 0 0 . 2

Average 1 0 0 . 7 8

3 2 . 9 7 9 . 9 0 3 0 . 0 3 3 2 . 9 4
3 2 . 9 4  
3 2 . 9 0

9 9 . 9 1
9 9 . 9 1  
9 9 . 7 9

Average 9 9 . 8 7

2 6 . 9 8 3 . 9 1 1 4 . 4 9 2 7 . 1 2  
2 6 . 8 4
2 7 . 1 2  
2 6 . 9 9

1 0 0 . 5  
9 9 . 4 7

1 0 0 . 5  
1 0 0 . 0

Average 1 0 0 .0 1

2 5 . 0 5 1 . 9 8 7 . 8 1 2 4 . 9 9
2 4 . 9 9  
2 4 . 8 5

9 9 . 7 5
9 9 . 7 5  
9 9 . 4 5

Average 
G rand average

9 9 . 6 5

100.08

a 0.5 gram  sucrose added before reduction.

T a b le  V—T o ta l  N itro g e n  in  S a m p le s  of D ry  T o b acc o  by  R e d u c e d  I ro n -  
Pow der M e th o d  a n d  by  S a licy lic  A c ld -Z in c  

M e th o d

S a m p l e
I r o n  R e d u c t i o n  

M e t h o d
S a l i c y l i c  A c i d - Z i n c  

M e t h o d

Per cent Per cent
1 4 . 5 8 )  

4 . 4 9  } 4 . 5 4
4 . 6 0 )  
4 . 4 2  ] 4 . 5 1

2 4 . 3 8 )  
4 . 4 7  J 4 . 4 3

4 . 5 4  ) 
4 . 4 8  } 4 . 5 1

3 4 . 8 2 )  
4 . 8 6  }

4 . 8 4
4 . 8 4  1 
4 . 8 6  J 4 . 8 5

4 5 . 0 1  ) 
5 . 0 3 )

5 . 0 2 4 . 8 3 )  
4 . 9 1  }

4 . 8 7

5 3 . 2 7 )  
3 . 4 1  { 3 . 3 4

3 . 3 8 )
3 . 3 0 } 3 . 3 4

As a final check upon the accuracy of the method a series 
of dry samples of tobacco was analyzed ,by the new method 
and by the standard salicylic acid-zinc method. The samples
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contained approximately 20 per cent of the total nitrogen in 
the form of nitrate. The data (Table V) show th a t the two 
methods lead to practically identical results; they further 
demonstrate th a t the new method can be safely employed 
for the determination of the total nitrogen in solutions of the 
complex mixture of substances found in leaf tissue.
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T itrom etric  D eterm ination of M agnesium1
J .  S ta n to n  P ierce an d  M. B. G eiger

G e o r g e t o w n  C o u .e c e , G e o r g e t o w n , K y .

M AGNESIUM  has been determined titrometrically 
in the presence of calcium by the use of the hydrogen 
electrode (2 , 4), w ith trinitrobenzene as indicator

(7), and in 66 to 75 per cent alcohol solution with thymol- 
phthalein as indicator (.9). In  the absence of calcium, mag
nesium has been determined by precipitation of the hydroxide 
with excess alkali, separation of the precipitate and solution, 
and titration of the excess alkali in an aliquot of the solu
tion (3, 8). However, in the presence of a high concentra
tion of calcium salts this method fails unless some means 
is used to indicate the completeness of precipitation of mag
nesium, for on the addition of more alkali calcium also is 
precipitated.

Since calcium is associated so frequently with magnesium 
in nature and in manufactured products, and since the de
termination of magnesium in such mixtures often is very 
important, there is need for a practical, rapid, convenient, 
and fairly accurate laboratory method for the determina
tion of magnesium in the presence of calcium. Direct titra
tion of a  neutral solution with alkali, using trinitrobenzene 
as indicator (7), gives results accurate enough for most con
trol work, but requires a matching of colors. The method 
worked out in this laboratory for the determination of mag
nesium in cement (6) gives fair results, but the filtration and 
washing of the gelatinous precipitate of magnesium hydroxide 
is tedious if this precipitate is large. Also, if the time re
quired for this operation is long, there is danger of adsorp
tion of carbon dioxide from the air and precipitation of calcium 
carbonate with the magnesium hydroxide.

Since the time factor determines the value of analytical 
procedures in industrial laboratories, the work on magnesium 
was continued so th a t the tedious filtration could be avoided 
and the method made more universal.

In  this work magnesium is precipitated as the hydroxide, 
with standard carbonate-free alkali. When the end point 
for trinitrobenzene (a dark brick red) is obtained, the cal
cium remains in solution. The solution containing the pre
cipitate is diluted to a definite volume, an aliquot filtered, 
and the excess alkali titrated.

The accuracy of this method depends, not on the sharpness 
of the break of the neutralization curve in the titration of 
magnesium with alkali, but on the completeness of the pre
cipitation of magnesium, with calcium remaining in solu
tion, and the end point when the excess alkali is titrated 
w ith acid. This end point is around a pH  of 4, and is quite 
definite. Kolthoff (/,) states th a t calcium hydroxide does 
not precipitate in 0.01 N  sodium hydroxide and in this wrork 
its concentration does not become half so great.

E x p erim en ta l P rocedure

The following procedure for limestone, with slight modifica
tion, may be used for many substances containing magnesium.

1 Received M arch 21, 1930.

Dissolve sample of 0.500 gram in about 50 cc. of 0.25 N  
hydrochloric acid, boil out carbon dioxide, add 5 or 0 drops 
of 0.04 per cent alcohol solution of bromothymol blue, and 
add alkali until a blue color, indicating neutrality, is ob
tained. Filter and wash the precipitate, catching the wash
ings in the same beaker as the original filtrate. To the 
filtrate add 5 drops of 0.1 per cent alcohol solution of di- 
methylarninoazobenzene and 0.25 N  hydrochloric acid to the 
appearance of a faint pink. Add 10 cc. of a saturated alco
holic solution of trinitrobenzene and titra te  with 0.25 N  
carbonate-free sodium hydroxide (Bi) to the appearance of 
a deep red color. Transfer the solution to a 100-cc. volumet
ric flask and continue titration, if necessary, to hold the 
deep red color. Dilute to 100 cc., mix, and filter through 
a dry filter paper into a dry beaker, keeping the funnel covered 
with a watch glass as much as possible. Pipet 50 cc. of the 
filtrate and add an indicator which a t a  pH of about 4.0 
has a color change easily recognizable in a reddish solution. 
Titrate with 0.25 N  hydrochloric acid (A,) to the color change 
of the indicator.

A sufficiently close approximation of the per cent mag
nesium oxide is as follows:

Bi — 2Ai =  per cent MgO
Solutions of samples containing no cation whose hydroxide 

is insoluble at neutrality are treated as is the neutral filtrate 
mentioned above.

L i m e s t o n e s T e c h n i c a l  S a l t s  o p  M a g n e s i u m  C h l o r i d e

MgO MgO M g M g
S a m p l e  p r e s e n t f o u n d S a m p l e p r e s e n t f o u n d

% % % %
1 1 . 0 1.0 4 7 . 4 7 . 4  ( c o n t a i n s  C a C h )
2  4 . 0 4 . 1 5 12.2 1 2 . 4
3  1 6 . 8 1 6 .7 6 2 3 . 8 2 3 . 5

W ith the same samples the magnesium was determined 
as described in the article on the determination of mag
nesium in cement (6). Satisfactory data  were obtained, 
but the method is much longer than the one given above.

Instead of filtering an aliquot of the solution above, the 
sample may be centrifuged after precipitation of the mag
nesium hydroxide and a sample for analysis pipetted. If 
a  large number of samples are to  be run in which the mag
nesium content is not very high, i t  may be advantageous 
to place each solution, after dilution to  100 cc., in a tall 
cylinder to allow the precipitate to settle, and to  pipet a 
sample of the supernatant liquid for titration.

D iscussion  of M ethod

Bromophenol blue was used as indicator for obtaining the 
data given above. This is a  satisfactory indicator if an 
aliquot of the alkaline filtrate is titrated  right away. Trini
trobenzene in alkaline alcoholic solution readily changes 
to some compound which retains a  distinct red color after
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Note—H epp (/) obtained a product with properties of a  n itrated  phenol 
by  allowing an alcoholic solution of trinitrobenzene to  stand  for a short 
tim e with 2 xnols of potassium hydroxide. Lobry de Bruyn (5) obtained 
S.S.S'.S '-tctranitroazobcnzene and dinitrophcnol by boiling trinitrobenzene 
w ith dilute sodium carbonate or by allowing the  m ixture to  stand  a t  room 
tem perature for 3 days. Sodium hydroxide reacted sim ilarly slowly a t 
room tem perature.

acidification. In  such a solution the color change of bromo- 
phenol blue cannot be detected easily. Congo red is a satis
factory indicator in such cases, and good results were ob
tained by using it, for the change from red to blue-violet 
is detected with ease in the presence of a high concentration 
of the product from trinitrobenzene.

Neither Congo red nor bromophenol blue is as satisfac
tory as dimethylaminobenzene as an indicator for adjusting 
the acidity before the initial titration. The red color of 
Congo red in alkaline solution interferes with the end point 
of trinitrobenzenc. If the final titration is made with bromo- 
phcnol blue as indicator, the end point is locatcd more quickly 
if one is warned of its approach by the decrease in the depth 
of the trinitrobenzene color. The presence of bromophenol 
blue in the solution increases the difficulty of recognizing

this point, so this indicator is not added until the solution 
is about neutral.

A slight error is introduced by using one indicator for the 
initial adjusting of the acidity of the solution and another 
for the final titration. The error thus introduced, however, 
does not exceed 0.1 per cent of MgO.
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Multiple Standard C olorim eter for pH D eterm inations’
S. L. Leiboff

B i o c h e m i c a l  L a b o r a t o r y , L e b a n o n  H o s p i t a l , N e w  Y o r k , N .  Y .

THIS colorimeter was especially designed for matching 
colors of unknown solutions where a single standard 
cannot be used, particularly in colorimetric hydrogen- 

ion determinations of wide range.

F ig u re  1—Box fo r  S ta n d a rd  B o ttle s

Usually such determinations are done in test tubes in a 
block com parator where the tubes are placed side by side and 
the color differences observed. In  the colorimeter here de
scribed all the standards are contained in small, rectangu
lar bottles of uniform size with two opposite parallel plane 
sides, the distance between which is uniform in all the bottles.2 
This allows the passage of light through equal depths of solu
tion. The standard bottles are placed close together in a 
a black rectangular box. (Figure 1 ) This box contains cir
cular fenestra on two opposite sides parallel to each other. 
Each bottle fits snugly between a pair of fenestra;, thus al
lowing the light to  pass through a uniform depth of solution 
with all the standards.

Figure 2 shows the colorimeter with the standards in place. 
I t  consists of com partment A,  which contains two mirrors, 
M  and  M ',  placed a t an angle of 45 degrees and parallel to  
each other. Mirror M '  is half the size of mirror M.  The 
cylinder B  carries a magnifying lens, L, and an eyepiece, E.

1 Received Decem ber 13, 1929.
* Very su itable bottles are Nos. 31,190 and  31,192, E im er & Amend 

Ca talog , 1927, p. 705. These bottles are used for spectroscopic work and 
a re  inexpensive.

To facilitate the reading the reading tube itself may be sloped, 
with the mirrors tilted a t  an appropriate angle.

For the determination of pH the following arrangem ent is 
used: In  com partment C are placed the unknown, standards, 
and compensators. Bottle 1 contains the unknown solution 
with the appropriate indicator. Bottle 2 contains distilled 
water. Bottle 3 contains the unknown solution, bu t w ithout 
indicator, to compensate for cloudiness and color of the un
known. T he box containing the standards is placed a t 4 and 
is moved along the stage S  horizontally by means of a rack 
and pinion, RP, with the thum b screw TS.  This box is 
moved along on the stage while the operator is looking through 
the eyepiece until the 
c lo s e s t  m atch is ob
ta in e d  b e tw e e n  the 
standard and the un
k n o w n . T h e  l ig h t  
p a s s in g  through the 
fenestra F  and F'  is re
flected upward by the 
m ir r o rs —m ir r o r  M '  
c o v e r in g  one-half of 
mirror M ,  a n d  p ro 
d u c e s , w 'hen v iew ed  
through the eyepiece, 
the effect of a  c irc le , 
o n e -h a lf  representing 
the standard and the 
other half representing 
the unknown.

Comparisons may be
made by artificial light
by placing a few sheets
of tissue paper between
th e  so u rc e  of l ig h t
and the colorimeter in
o rd e r  to  d if fu s e  th e  
»• t .  F ig u r e d —C o lo r im e te r  w ith  S ta n d a rd s
l i g h t .  in  P lace
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Modified Peterson-Palm quist Apparatus for the 
D eterm ination of Carbon Dioxide in A ir1

Edw in P. Jones

D u k e  U n i v e r s i t y , D u r h a m , K .  C .

A REV IEW  of the literature dealing with the determina
tion of carbon dioxide in air reveals many methods 
which seem to have fulfilled the requirements of the 

various investigators. The Peterson-Palmquist method was 
best suited for the problem of interest to the writer, and after 
an unsuccessful attem pt to  make use of what seemed to be the 
best apparatus of this type (1), the writer designed and con
structed an apparatus which seems to possess advantages over 
its predecessors.

In  principle, the decrease in volume a t constant temperature 
and pressure of a known volume of air is measured subsequent 
to the absorption of the carbon dioxide in a concentrated solu
tion of sodium hydroxide.

The modified apparatus consists essentially of (1) a bulb of 
known volume term inating in a uniform calibrated glass tube 
which is connected to a mercury leveling reservoir, (2) an 
absorption pipet, and (3) a manometer.

M a n ip u la tio n

Detailed instructions for carrying out a determination fol
low. I t  is assumed th a t the apparatus has been constructed 
in accordance with the accompanying sketch and th a t the 
glass jar, Q, is filled with water which is being constantly 
agitated by means of a stirrer, R. The manometer, M, is 
filled to  the bottom  of the bulb U with water. The absorp
tion pipet, K, is half filled with concentrated sodium hydroxide 
solution. The bulb A  contains a  few drops of water and the 
mercury reservoir, C, is partly filled with clean mercury.

W ith stopcocks G, D, E, and F  open, increase the pressure 
in K  by blowing through P  until the caustic solution stands 
a t a definite point in L, a capillary tube connecting K  and A. 
Note the position of the water meniscus on the scale back of 
M  and close F. Thus the air in L is a t  the pressure of the 
atmosphere. Close E. Raise the reservoir C until any air 
in A  is forced out through D  via S. The sample for analy
sis is drawn in through D  via T  by lowering C until the 
mercury meniscus is a t a predetermined zero point in 
tube I. Allow to stand a few minutes (3 or 4 usually suffice) 
in order for the sample to attain  the temperature of the 
bath and a t the same time become saturated with water 
vapor. Open D  to the atmosphere for a short time, keeping 
the mercury level on the zero point. Close D, open E, G, and 
F, and force the sample into K  by raising C. Allow to stand 
about 2 minutes and lower C to bring the sample back into 
A. Close G and adjust to their initial positions both the 
water level in M  and the absorbing liquid level in L. This is 
done by manipulation of J  (a device for raising or lowering 
the mercury in I  independent of C), N  (a screw clamp to which 

.have been soldered wide strips of heavy galvanized iron), 0  (a 
regular screw clamp), and P. Allow to stand 2 minutes and 
note the position of the mercury in tube I. This tube has 
been previously calibrated so th a t the relation between its 
volume for a given length and the total volume of A  is known. 
Fifteen minutes usually suffice for a determination. In 
order to simplify the drawing the wooden support on which 
is mounted the stationary p art of the apparatus has not been 
shown.

1 Received January  31, 1930.

C alcu la tio n s

The amount of carbon dioxide as determined represents the 
quantity present in saturated air a t the tem perature of the 
bath and a t a given barometric pressure.

If the am ount of carbon dioxide present in dry air (A') is 
desired, it is necessary to increase the value as above deter
mined (A) by a factor which is dependent on the vapor pres
sure of water a t the temperature of the bath.

X  = A +  A

D is the barometer reading and P  is the vapor pressure of water 
a t the bath temperature.

The quantity X  can be further corrected to standard tem 
perature and pressure by the application of the gas laws.

A dvantages of A p p a ra tu s

The obvious advantages of this piece of apparatus are 
twofold. There are no rubber connections in th a t part of 
the apparatus th a t is in contact with the sample; and the 
number of stopcocks in contact with the sample has been re
duced because the manometer is actuated by the movement of

the liquid in the absorption pipet. Both of these advantages 
minimize the leakage of the sample and thus correspondingly 
increase the accuracy of the determination.

A ccuracy of M ethod

In order to  compare the accuracy of this method and a 
standard one, analyses were made of the same air-carbon di
oxide mixture by two methods. The standard method chosen 
consisted in passing a known volume of an air-carbon dioxide 
mixture through an absorption train  composed of two calcium 
chloride tubes, two absorption bulbs containing ascarite, and 
a third calcium chloride tube, in the order named. During 
the two runs neither the calcium chloride tube nor the second
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ascarite bulb showed a change in weight. On this basis it 
was assumed that the change in weight of the first ascarite 
bulb represented the weight of the carbon dioxide contained 
in the known volume of the mixture. The volume used for 
these determinations was 2100 ml.

Three analyses of the air-carbon dioxide mixture were 
then made in the apparatus herein described. A tabulation 
of the results, expressed as parts of carbon dioxide by volume 
in 10,000 volumes of the mixture a t 28° C. and 760 mm., is 
given below.

R u n

1
2
3

Average

S t a n d a r d  M e t h o d  
115.3 
115.8

115.5

M o d i f i e d  P e t e r s o n - 
P a l m q u i s t  M e t h o d

118.2
117.6
119.4
118.4

If care is exercised in the selection of a uniform capillary 
for tube I ,  the accuracy of the method may be correspondingly 
increased.

L ite ra tu re  C ited
(1) Anderson, J . A m . Chem. Soc.t 35, 90 (1916).

Some Im provem ents in T herm oregu lato rs1
H enry  J .  W ing

B u r e a u  o p  S t a n d a r d s , W a s h i n g t o n . D. C.

IN A former paper (.{) a new type of thermoregulator was 
described. One of its features was the fact th a t toluene 
could be used without danger of fouling the mercury 

surface.
In  the further development of the regulator mentioned 

above a reservoir shaped as shown in Figure 1 has proved very 
effective. A therm ostat made from an uninsulated 20-liter 
stoneware crock has been maintained for several hours a t 
37° C. with a variation, as measured by a Beckmann ther

mometer, of ± 0.002° C. 
Of course, the type of 
h e a te r ,  th e  relay, the 
suspension of the regu
lator, the stirring, and 
insulation of the bath all 
h e lp  to  determine the 
regulation of any thermo
sta t (I, 2). In  order to 
maintain this degree of 
control, the regulator is 
suspended so th a t it is 
continuously shaken by 
th e  v ib r a t io n  of th e  
stirrer. An ordinary 20- 
ohm relay may be used 
w ith  th is  . r e g u la to r .  
However, the f r e q u e n t  
opening and closing of 
the circuit soon wear out 
the contact points unless 
a very small heating cur
rent is used. The cur
rent-carrying capacity of 
the relay may be greatly 
increased if the ordinary 
c o n ta c t  points are re
moved and flat plates of 
pure silver, 10 mm. in 
diameter and 3 mm. thick 
and fastened by means of 

countersunk screws, are substituted. If a 0.5-microfarad 
condenser is used in parallel with these contact points, cur
rents up to 2 amperes a t 110  volts "can be easily handled.

The new regulator is made entirely of Pyrex. The regu
lator head, the other new feature, may be sealed to any form 
of bulb. The contact leads a t A  and B  are of tungsten, which 
can be sealed through the Pyrex. The bulb is filled with

1 Received January  20, 1930. Publication approved by  th e  D irector 
of the  Bureau of S tandards of the U. S. D epartm ent of Commerce.

F ig u re  1—T h e rm o re g u la to r

mercury and toluene and the whole heated to drive off dis
solved air as described in the previous paper, or the toluene 
m ay be heated almost to boiling to expel the air and may then 
before it cools be filled in, through II, on top of the mercury. 
H  is then sealed off.

The contact chamber is filled with hydrogen. This is 
accomplished by filling the whole regulator with mercury, the 
tube C being unsealed. A stopcock is then attached to C by 
means of rubber tubing. Hydrogen from a cylinder is al
lowed to  enter, making sure th a t all connecting tubes are 
washed free from air, until the mercury is forced some distance 
below the contact point, D. The stopcocks a t C and E  are 
both closed and the hydro
gen tube is removed. The 
stopcock a t C is opened and 
C is immediately sealed off 
as shown. The expansion 
and escape of some of the 
hydrogen during the sealing 
process cause the mercury 
to be forced up above the 
contact point, D. If the 
height of the mercury above 
th e  c o n ta c t  D  is not too 
g r e a t ,  th e  setting of the 
regulator is accomplished by 
suction through a tube fitted 
to the cup a t  E  by means of 
a rubber stopper.

The use of Pyrex makes 
this new modification much 
easier to build than the old.
In  addition, this new design 
lessens the danger of break
age when making electrical 
connections. T h e se  c o n 
nections are made through 
mercury in the cups F and G.

I t  has been pointed out 
(I) th a t iron is  a b e t t e r  
m a te r ia l  for the contact 
point than platinum because 
mercury does not wet iron.
I t  has been found th a t tung
sten has this same advan
tage. C lea n  m e rc u ry  in  
contact with the tungsten wire shows a depression around the 
wire, indicating no tendency to  wet it.

The usual formation of oxide a t the mercury contact surface

F ig u re  2—T h e rm o re g u la to r  of 
S e n s it iv ity  to  0.5® C.
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permits the use of only very small relay currents with most 
other regulators. Since the contact is always made in an 
atmosphere of hydrogen, the am ount of current which may 
be used in this regulator is limited only by the volatilization of 
the mercury a t  the contact point. If too large currents are 
used, the mercury will spatter away and so cause the bath 
temperature to  vary. Currents up to 0.5 ampere may be used 
if a small condenser is placed in parallel with the contact. 
However, better regulation is obtained with small currents.

In  operation this regulator is entirely closed. Hence there 
is no danger of mercury vapors no m atter what the tempera
ture of the heated bulb m ay be, provided the pressure docs 
not become too great for the instrument. Therefore this type 
of regulator has been used to control furnaces a t temperatures 
even above the boiling point of mercury (3). This is ac
complished by making the vertical distance from the heated 
bulb to  the stopcock E  about 30 cm. or more. The pressure 
of this column of mercury prevents the boiling of the mercury 
a t temperatures well above its normal boiling point. If the 
heated bulb is horizontal, the mercury in the tube below E  is 
not heated by convection. This is im portant in order tha t 
the grease in the stopcock may not be melted. Better regu
lation is obtained if capillary tubing is used.

The useful range of the mercury thermoregulator is thus 
extended from the freezing point to  above the boiling point of 
mercury. Low-temperature furnaces m ay be easily regu
lated without resort to expensive equipment.

L ess-Sensitive T h e rm o re g u la to r

In  many cases it is not necessary to control a const-ant- 
temperature bath to 0.001° or 0.01° C. There are bimetallic

regulators on the market, for use in a thermostat-, which will 
respond to a change of approximately 1.0° C. The regulator 
shown in Figure 2 is intermediate in sensitivity between the 
very sensitive mercury regulator and relay and the bimetallic 
regulator. I t  operates differently from the other in th a t the 
expansion of the regulator liquid directly opens the heating 
circuit. I t  will make and break a current of 0.5 ampere a t 
110 volts w ithout trouble. I t  has been used with currents as 
high as 1.5 ampere a t 110 volts. If more than 55 w atts energy 
is required to heat the bath, it is supplied by other heaters so 
designed th a t they will not keep the bath a t  quite the desired 
temperature. The final heating is accomplished by a 50-watt 
heater in series with this regulator.

I ts  sensitivity is ±0 .5° C. over a period of several hours. 
Changes in barometric pressure will have some effect on the 
temperature of the thermostat.

The entire regulator is made of Pyrex and the electrical lead 
wires are of tungsten. Varying amounts of hydrogen were 
tried in the contact chamber. A comparatively small 
amount, as indicated in the illustration, was most effective.

This regulator is filled with hydrogen in the same way as the 
one first described, but in the sealing-off process the tube K,  
Figure 2, must be tightly stoppered to prevent too much 
mercury or even air from being forced in through this side 
arm.

In Figure 2, L  is a solid glass support for the side arm. 

L ite ra tu re  C ited

(1) Beaver and Beaver, I n d . E n o . Chem., 15, 359 (1923).
(2) Geer, J . Phys. Chetn., 6, 85 (1902).
(3) Wing, Thesis, U niversity of Iowa, 1929.
(4) Wing and Thom pson, I n d . E n o . C i ijJM ., 17, 1242 (1925).

Safety Device to  Protect Heating Units’
F . H . F ish  

V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e , B l a c k s b u r g , V a .

IN MANY laboratories electrically heated hot-wrater baths 
m ust be used, and frequently, especially in limestone re
gions, either rain or distilled water is necessary in order 

to  prevent scale formation.
In  many places the distilled water is made on certain days 

of the week and distributed in carboys to the smaller labora
tories of the plant. If the supply runs out and the water 
bath becomes empty, the heating coil is ruined. In  other 
laboratories where the city water is used, owing to the shut
ting off of the supply for some reason, heating units have 
been burned out no m atter howT careful the attendant has been.

The simple device described herein makes it impossible to 
burn out the heating unit, and will be especially appreciated 
if one has classes to  a ttend while carrying on research or doing 
analyses requiring long, slow evaporations. A fuse, which 
costs 5 cents, is blown in the main circuit, thus cutting the 
heat off from the heating unit. The cost of the heating coil 
to one of these baths, 15 X 58 X 13 cm. deep, having 
seven holes, is S30.

D escrip tio n  of P a r ts

A small tin  can 7.5 cm. in diameter and 2.5 cm. high is used 
as a float. A small No. 6 machine screw' 4.5 cm. long is 
soldered in the center with the threads sticking up and out a t 
the top. The cover is then soldered to the can. A small

1 Received February  1, 1930.

pinhole is made in the top to let out the air as the cover is 
being soldered on. A drop of solder will finally close the 
pinhole, making the can air-tight. The tin must be covered 
with asphalt paint or black enamel to prevent rusting. The 
can is tested for leaks by plunging it into boiling hot water; 
if no bubbles are seen the can is air-tight. An ordinary buret 
stand is used as an anchor for the float. A piece of glass 
tubing slightly larger than the brass machine screw is fastened 
to the screw with DeKhotinsky cement. This shaft tubing 
works up and down through another short piece of slightly 
larger glass tubing as a bearing. A t the estimated distance
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from the end of the shaft a No. 2 Fahnestock clip such as one 
finds on radio batteries is slipped on and a  flexible wire is 
fastened to  it in the usual way. A piece of thin copper sheet 
with a hole in it is extended from the clamp jaw up and over 
the end of the larger glass tubing.

Operation

When the safety device is operating, the single throw switch 
must be closed. As long as the Fahnestock rides high enough

so th a t it does not touch the copper strip, no current flows 
through the flexible cord or the single-throw switch bu t may 
flow through the three-heat switch and thus heat up the water 
which is kept a t a constant level. If the bottle of distilled 
water is allowed to become dry for any reason, the float will 
sink with the level of the water until the Fahnestock touches 
the copper strip, making a  direct short-circuit across the 20- 
ampere fuse, which burns out immediately, thus cutting off 
the source of heat to the heating element.

A Rapid Bulk-Sample D rier’
T. H. Hopper

N o r t h  D a k o t a  A g r i c u l t u r a l  C o l l k g b , F a r g o , N ,  D.

F lfiu re  2—D rie r  fo r  W et M a te r ia ls

This plate arrangement has been found excellent for the 
drying of ground lean meats for animal-feeding tests. W ith 
a room temperature of 72° F. (22° C.) and hum idity of 44 per 
cent it has been possible to dry ground lean m eat to  a dryness 
th a t perm itted grinding in a burr mill in less than 20 hours. 
The tem perature of the meats, under these room conditions, 
during the removal of the major portion of the moisture has 
been observed to be as low as 48° F. (9° C.), averaging ap
proximately 50° F. (10° C-). The dried meats have had the 
fresh odor of the raw material.

This drying apparatus has been duplicated by other work
ers, who have reported favorably regarding it. The writer 
has had one in use for more than eight years.

IN TH E preparation of materials of plant or animal origin 
for chemical analysis it is frequently necessary to  dry 
bulk samples to an air-dry condition. In  such cases it is 

desirable and frequently necessary, in addition to rapid dry
ing, to dry the material a t a reduced temperature.

mangel beets with bu t little if any oxidase reaction, and the 
dried ground sample was almost white.

T hat the drying of materials in this apparatus does not al
low any appreciable changes in the nitrogen compounds has 
been observed in the case of bovine feces. No loss of nitrogen 
was observed, nor was there any change in the true and non
protein nitrogen.

For the drying of very wet, sticky, or pasty substances the 
cloth-bottom trays arc not suitable, and a special box with 
glass plates, as shown in Figure 2, has been found practical. 
This box has a bottom of cheesecloth and screen wire as does 
the trays. One side of the box has a  door for the introduction 
and removal of the glass plates. The glass plates are stag
gered so th a t the air m ust pass over one after the other. 
After the material has lost its sticky characteristics it is 
scraped from the plates onto the cloth of the bottom  of the 
box, where it has greater exposure to the air current.

F ig u re  1—D rie r fo r  B u lk  S a m p le s

The writer has found the apparatus shown in Figures 1 and 
2 both useful and successful for this purpose. I t  consists 
essentially of three parts: (1 ) motor driven volume blower 
having a capacity of about 300 cubic feet (8.5 cubic meters) 
of air per minute; (2) a baffle box 18 inches (46 cm.) wide, 
36 inches (91 cm.) long, and 12 inches (30 cm.) deep, w ith a 
base for the blower; and (3) sample trays 18 inches (46 cm.) 
square and 6 inches (15 cm.) deep. The trays are square 
frames having bottoms of cheesecloth over screen wire held 
in place by cleats. In  use the trays are placed on top of each 
other over the open end of the baffle box.

This drier takes advantage of the rapid movement of a large 
volume of air through the material, which presents a large 
surface of exposure. The lower the humidity the faster is the 
rate of drying. In  a number of instances of drying wet ma
terials the temperature of the material has been noted as being 
as low as 46° F. (8 ° C.), the tem perature of an ice box.

The reduction of the temperature permits the drying of 
perishable materials with little or no chemical change. I t  has 
been possible to dry diced fresh potatoes, sugar beets, and

1 Received February  24, 1930.
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mately the efficiency of a Liebig coil condenser of the same 
length, and for ordinary distillations a condenser with an 
effective water column of 8 to 10 inches (20 to 25 cm.) is suf
ficient.

These small condensers, both plain and indented, have l^en 
found especially adaptable to  the construction of pieces of all
glass distillation apparatus of a variety of kinds. Figure 1 
shows an all-glass distilling apparatus, with trap, for the 
preparation of pure water, etc. An all-glass reflux-distilling 
apparatus is pictured in Figure 2 . In  using this it is conven
ient to connect both condensers in parallel with the water 
supply by means of T-tubes. The water is permitted to flow 
through both condensers during reflux and, for distillation, 
is simply cut out of the reflux condenser by a screw clamp. 
Figure 3 represents an all-glass steam-distillation apparatus 
with trap and Figure 4 a distilling flask with ground-glass 
thermometer holder and attached condenser. Simple and 
combination reflux distilling heads may be very easily as
sembled.

between jacket and inner tube, insuring a rapid flow of 
water; a thin inner tube for rapid heat transfer; and the

F ig u re  1—D is ti l l in g  A p p a ra tu s  F ig u re  2—R eflu x -D is tillin g  H ead  
w ith  T r a p  w ith  C o n d en se r  A tta c h e d

whole welded into a compact, sturdy unit. Quite satisfactory 
condensers can be made by using a somewhat heavier wall 
inner tube and slipping the narrow water jacket on with rubber

tubing, although they 
\_ ^  are not quite so efficient

,  i w \  as the all-glass ones with
| \ \  ’ thin wall tubes.

\ \  The efficiency of the
J-iX c o n d e n se r  h a s  been

Y greatly increased by in-
\  \  denting the walls of the

in n e r  tu b e .  The in- 
NX d e n ta t io n s  a re  b e s t

NX made by plugging one
end of the tube, heating 

\K  small areas, and applv-
'vk ing a slight s u c tio n .

\v ,\ They sh o u ld  e x te n d
\  V\ \ .  * Received February  17,
) y. \  \ \  1930.

/  \  \  * C o n d e n s e r s  and ap-
{ | para tu s embodying them  of
\ I th e  types discussed m ay be
\  \ \  /  o b t a i n e d  from A rthur H.

Thom as Co., Philadelphia, 
F ig u re  3—S te a m -D ls t l l la t lo n  A p p a ra tu s  Pa.

F ig u re  4—D is ti l la t io n  F la sk  w ith  S to p p e r  fo r 
T h e rm o m e te r

The usefulness of such pieces of apparatus in the research 
laboratory well repays the am ateur glass blower for the trouble 
of making them, and, since it is possible to obtain standardized 
ground-glass joints of Pyrex glass, their assembly is not diffi
cult. Further adaptations of these condensers to  the con
struction of all-glass apparatus is evidently possible where it 
is not feasible to use the cumbersome and less efficient Liebig 
type.

L ite ra tu re  C ited

(1) W est, I nd. E no. Chem ., 20, 737 (1928).

Correction

In  the article by W. F. Faragher, J. C. Morrell, and I. M. 
Levine, entitled “ Determination of Olefin and Aromatic H ydro
carbons,” Ind. Eng. C h ë m ., Anal. Ed,, 2, 18 (1930), the column 
headings in Table X IV  on page 23 should read “Benzine 1” 
and "Benzine 2,” instead of "benzene” as printed.

Im proved Laboratory Condenser and Its Use 
in the C onstruction of A pparatus 2

Edw ard S. W est

D e p a r t m e n t  o p  B i o i .o g i c a l  C h e m i s t r y , W a s h i n g t o n  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e , S t .  L o u i s ,  M o .

A SIM PLE and efficient laboratory condenser of Pyrex into the tube a distance equal to its radius or slightly further, 
glass was recently described by the writer (1). The and are conveniently arranged in two opposite rows, the inden- 
essential points of construction are: a narrow space tations alternating. The indented condensers have approxi-
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A Modified Thiele M elting-Point A pparatus1
E rn e s t C on te

T h e  M a l l i n c k r o d t  C h e m i c a l  W o r k s , J e r s e y  C i t y  L a b o r a t o r y , 223 t o  243 W e s t  S i d e  A v e . ,  J e r s e y  C i t y , N . J .

containing the material under test, in respect to  the mercury 
bulb of the thermometer very critical. W ith the modified 
tube the tem perature variation throughout the tube is greatly 
reduced, thereby accomplishing the much desired need of a 
uniform tem perature bath which is so essential to  obtain 
dependable melting points.

This laboratory has also satisfactorily used the tube for 
boiling-point determinations, where a uniform bath is 
also desirable. I t  has been used for dissolving materials 
which require considerable shaking and are not affected 
by the introduction of air, for extraction operations, and 
for aerating liquid materials. Other applications may in 
time suggest themselves.

Device for Fastening Melting- 
Point Tubes to Ther

mometers1
H . L. L oclite

U n i v e r s i t y  o p  T e x a s , A u s t i n , T e x .

A N U M B ER  of schemes for prevent- 
ing the aggravating tendency of melt

ing-point tubes to slip in making melting- 
point determinations have been described 
and are listed in handbooks and manuals.
The following simple and effective plan 
appears not to have been described be
fore.

A glass rod 3 to 5 mm. in diameter is 
fastened to the stem of the thermometer 
as indicated in the figure. Even the most 
vigorous stirring will not cause the tube to 
turn loose wiien in the position shown in 
a  sulfuric acid bath. If the plan is to be 
used with the Thiele melting-point ap
paratus the rod m ay be fastened by wire 
as shown or, preferably, be passed, along 
with the thermometer, through a single 
elongated hole in the cork.

1 Received December 26, 1929.

California to Utilize Surplus Natural Gas
Through the efforts of the railroad commission, arrangement 

has been made for the utilization of approximately 500,000,000 
cubic feet of surplus natural gas in Southern California for the 
generation of electric power by the Southern California Edison 
Company in its plant a t  Long Beach. This gas has hitherto been 
blown into the air and wasted by the gas utilities, which were 
required to  purchase in order to  obtain lowest rates in the field 
and to care for the peak demand in cold weather, bu t which have 
had no available market. The use of this surplus gas will result 
in a substantial economic saving in the cost of the gas and in the 
cost of operation of the utilities involved. I t  will also make 
possible a saving of stored water by the hydroelectric wing 
of the Edison Company. This water m ay also be used for irri
gation purposes in times of need.

M ELTING-POINT determinations made with an 
ordinary Thiele or Dennis apparatus are not 
very reliable since the temperature of the bath 

varies considerably a t different parts of the tube. These 
variations depend on the temperature to which the bath is 
heated, the method and rate a t which the bath  is raised, 
and the length and shape of the thermometer bulb; the 
human element is also involved. A modified Thiele tube 
with which it is easy to obtain a bath having a practically 
uniform temperature without any complicated or expensive 
mechanical devices is described herein.

The apparatus consists of a regular Thiele tube with a
4-mm. (o. d.) side tube, A, having a 0.5-mm. orifice, 0. 
I t  is im portant tha t the orifice extend about 12 mm. into the 
side arm of the Thiele tube; otherwise some of the air 
bubbles would find their way through the bath proper, 
thereby reducing the efficiency of the apparatus. The 
rubber stopper, S, has one hole a t  the center for the ther
mometer and another hole a little to the side for the bent 
tube, N ,  through which air is to be drawn.

The substance under test is introduced as usual in a capil
lary tube and placed on the 
thermometer. The c a p i l la ry  
tube is held in place either by 
adhesion or by tying it to the 
thermometer with some suitable 
material depending on the bath 
medium used. The bent tube, 
N,  is connected with a water 
p u m p  ( a s p ir a to r )  and air is 
drawn through the apparatus a t 
such a  rate th a t it will be just 
possible to  count the bubbles. 
This rate will give a uniform 
bath without any splashing of 
the bath medium. Instead of 
sucking air through the appa
ratus, the side tube A  may be 
c o n n e c te d  to a  Gramercy or 

M odified  T h ie ic ^ M c itin f i-P o in t Cenco blower. Compressed air
may also be used satisfactorily. 

The apparatus is now heated as usual with a Bunsen burner 
or a suitable electric coil.

The following table show’s the decided advantage of the 
modified Thiele tube:

O r d i n a r y  T h i e l e  T u b e  M o d i f i e d  T h i e l e  T u b e

T em perature a t: °C . ° C . °C . ° C . °C . ° C . ° C .
T 50 100 150 200 50 100 150
M 42 89 138 187 50 99 .8 149.5
B 36 76 122 168 49 .9 99.5 148.8

T he above readings were taken simultaneously when the 
tem perature a t T  had been held within 1° C. for 5 minutes. 
Three standard thermometers were used; one was placed 
a t T,  a height so tha t the bath just covered the mercury 
bulb, one a t M, the center, and the other a t  B, the bottom 
of the tube. Stem corrections were given to all these readings.

I t  will be noticed th a t the temperature of the bath varies 
considerably a t  different parts of the ordinary Thiele tube. 
This variation makes the position of the capillary tube,

1 Received January  24, 1930.
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LARGE CAPACITY PRECISION
CENCO

O V E N S
for routine

Moisture 
tests,

Ageing 
tests,

and all tests re
quiring exact 
maintenance of 
t e mp  e r a t u r  e 
a b o u t  m a n y  
samples—

No. 9842 Cenco Triple Walled Electric Dry
ing Oven reduces th e tim e factor in  h an 
dling control tests in  large q uantities by 
supplying twelve square feet o f sh e lf space 
—w ith precise tem perature control at every 
and all points. Cenco Triple Walled con
struction , w ith  absolutely controlled air 
convection, guarantees uniform  heat

d i s t r i b u t i o n  
throughout and 
r e g u l a t i o n  i s  
held accurately  
at any desired 
p o i n t  u p  t o  
200°C . by th e  
w e l l  k n o w n  
C en co  D e K h o -  
tinsky control.

Price $750.00

A s k  f o r  o u r  
special catalog of  
Cenco constant  
t e m p e r a t u r e  
e q u i p m e n t ,  
R-26F.

La b o r a t o r y  Ffwrfj S u p p l ie
cAppdPdtuS tetiujvtiQFf; Chemicals 

4éoE.OMoSt. rr Chioacjo U.S.A
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DIATOMACEOUS EA RTH
BY

R O B E R T  C A L V E R T
C H IEF CHEM IST VAN SCHAACK BROS. CHEM ICAL WORKS 

Formerly in Charge of Research Laboratory, The Celite Company

A. C. S. M ON OG RAPH  NO. 52

A description o f  the  present day indus try  o f  d ia tom aceous  earth,  
its occurrence ,  m in ing  and  p repara t ion ,  physical properties ,  and  the  
rapid expansion o f  its use and  appl ica t ion  to  new  industries.
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C E M E N T Y T E
a laboratory cement with UTlUSUCll adhesive qualities

Stronger, by actual tests, than any similar cement on the market, CEM EN TY TE is ideal for 
setting up or repairing apparatus, sealing vacuum lines, laboratory set-ups and gas connections, for 
sealing wires in glass, etc.

CEM EN TY TE A: For joining glass, 
porcelain, metal, etc.; sealing wires and 
metals in glass tubes, repairing apparatus, 
preventing leaks of gases and liquids in 
laboratory set-ups, vacuum seals, etc.

CEM ENTYTE C: For the same purposes 
as Cementyte A, where it is desirable to 
use a softer cement. Also for joining wood, 
hard rubber, bakelite, etc., and for electri
cal insulation.

CEM EN TY TE is supplied in two convenient size sticks, weighing ap
proximately 1 and 2 ounces each.

large
1.40
1.40

small
No. 1909-A CEM ENTY TE A.............................................  $0.75

1909-C CEM EN TY TE C........................................................75
Less 10% in  ca rto n s  of 1 dozen  stick s

LABORATORY SUPPLIES 

556-558 West Jackson Blvd.

Manufacturers—Importers— Distributors
CHEMICALS SCIENTIFIC APPARATUS

Chicago, Illinois

ANALYTICAL BALANCES WITH GUARANTEED SENSITIVITIES 
equipped with New Rider Carrier

THERE ARE NO OTHER BALANCES OF EQUAL QUALITY 
AVAILABLE AT LOWER PRICES

The patented rider carrier on these balances is arranged so that the 
rider is carried in a small hook which closes as it is raised off the 
beam making it absolutely impossible to drop the rider. Rider is 
lifted vertically off beam.

No. 3065
CAPACITY— 100 grains in each pan.
SENSITIVITY — 1/20 milligram.
KNIFE EDGES—Finest agate.
PLANES—Finest agate.
BEAM—Aluminum alloy, 6J<£ inches 

long, calibrated on both sides.
PANS—2Ĵ > inches in diameter.
Complete in mahogany case with rests 
..........................................................$65.00

No. 3065-B
This balance is same as 3065 but has ca
pacity of 200 grams, sensitive to 1/20 
mem., 3 inch pans, and 6%  inch beam 
......................................................... S75.00

N o. 3059
C A PA C IT Y —200 grams in each pan. B EA M —Aluminum alloy, GK inches long,
S E N S IT IV IT Y —1/10 milligram. calibrated on both sides.
K N IF E  E D G E S —Finest agate. P A N S —3 inches in diam eter.
P L A N E S —Finest agate. B O W S— iH  inches wide.
Complete in m ahogany case with re s ts ..................................................................................................... $54.0D

Write for Balance Bulletin B I

PALS COMPANY
APPARATUS FOR INDUSTRIAL AND LABO RATO RY USE 

153 WEST 23r d  S T R E E T  NEW YO R K , N. Y .
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N ew Idea in Modern Design

Standard B u rrell  
Electro-Analysis Apparatus

“Individualized”
U nit Control 

A n Exclusive 

Burrell Feature

for Burrell Catalog-77.

New Applications are constantly being found for electro-analysis. These include the new and 
more rapid determinations of aluminum and copper in steels. Metals regularly determined are 
copper, lead, antimony, cadmium, nickel, tin, zinc, and others of the non-ferrous group.

Modern Methods require equipment capable of passing much higher amperages than for
merly. With the new Burrell apparatus, these higher amperages shorten the time of analysis 
without sacrificing the accuracy of the result. The types of electro-analysis apparatus passing 
only 3 or 4 amperes are inadequate for fast work. In line with the new methods, STANDARD- 
BURRF.LL Electro-Analysis Apparatus are built to produce accurate determinations when passing 
any current up to  10 am peres .  In addition, the Burrell design provides the greatest flexibility of 
electrical and mechanical adjustment, because of the exclusive Burrell feature of “ individualized” 
unit control.

Individualized Unit Control means that each unit is electrically separate and distinct from 
all others, having its own rheostat for controlling the amount of current, pole-changing switch for 
reversing the current flow, meter-reading switch for ammeter, and switch for turning the current 
on or off. Efficient agitation is necessary and each unit is provided with a separately controlled, 
detachable, turbine-type, high-speed, glass stirrer fused to a tungsten rod, the speed of which 
may be varied by a simple adjustment of the driving mechanism. The analyst, therefore, is not 
limited to the same current flow and stirring speed in all units, but he may handle as many dif
ferent samples, with varying currents and operating conditions, as there are units in the apparatus.

STANDARD-BURRELL Electro-Analysis Apparatus is built in models suitable for oc
casional laboratory work as well as in designs for continual, heavy-duty, routine service. There 
are apparatus of two, four and six units, all of which are fully illustrated and described in the 
new Burrell Catalog-77 to which you are welcome.
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