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possible Chrome!
example, the 110-V wire is
.072' dia., for 110 and 220
it would be .045",
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The insulation is 41s'

wire. For

thick

all around. The furnace is well

made in

all

respects.
don’t build a “cheap”

We
fur-

nace, because a cheap fur-
nace can’t be good. Hoskins
Furnaces are cheaper in the

long run.

Hoskins electric laboratory furnaces deliver

in and out. Their Chromel

beyond belief.

We don’t invite you to abuse these furnaces,

but if you must force them through an emer-

you'll see what a good factor of

has been built info them. Hoskins

are dependable. Write to your

dealer or us. . Hoskins Manufacturing
Detroit, Mich.

When the unit wears out, all you need to

is the Chromel wire itself, which

comes as a coil.

You install the Chromel wire merely by
wrapping it around the grooved muffle.

* This furnace can be had, equipped witha
small inexpensive pyrometer and couple.

The sliding door saves heat. To remove a
crucible you don’t need to open the door
the way.

The turns of the Chromel coil are “con-
densed" to compensate for heat losses ot
door.

These furnaces are available as muffle,
carbon combustion and small crucible

HOSKINS PRODUCTS

ELECTRIC HEAT TREATING FURNACES -
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FIXTURES -«
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« HEATING ELEMENT ALLOYS -
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« THERMOCOUPLE AND
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« ENAMELING *
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CENCO HIGH TORQUF

Cat. No. 18805

shown in use on

Cenco-Harring-
ton Support.

Stirrer Position Unchanged
by Speed Adjustments

For all laboratory stirring and driving and rotating opera-
tions requiring precise control of speed through the range
from approximately 80 rpm to 1300 rpm.

The electric motors used for the various voltages are
selected to give the most satisfactory performance and have
adequate power for stirring extremely viscous liquids. A
combination of a ball bearing and a wick-fed plain bearing
assure carefree operation. Sintered oil-absorbing bronze
bearings, that require less frequent oiling, are provided on
the driven shaft. The friction drive cone has a long taper
that permits more gradual change of speed adjustment than
can be secured with similar short tapered cones. The fric-
tion ring is of special durable composition. It transmits
power for the heaviest loads in the entire range of speed

adjustments.
Detail of A four position rod clamp with white-plated T-screw per-
Mechanism of*Ve mits clamping to all usual laboratory support stands. The
No. 18805 Stirrer motor and housing are finished in glossy-black baked japan

with bright metal trim. Line connection is made through
a five-foot rubber-covered connecting cord with two-prong rubber attachment plug.
An on-and-off toggle switch built into the motor permits control at the point of
operation.

No. 18805. Cenco Motor Stirrer, complete with support rod clamp, chuck, connecting cord with attach-
ment plug, but without stirring rods.

A B C D)
230 115 230
. A.C. 60 cy D.C. D.C.
BaCh oo $35.00 $36.00 $40.00 $42.00
SCIENTIFIC INSTRUMENTS LABORATORY APPARATUS

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO
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OFFICIAL U.S. MARINE CORPS PHOTOGRAPH

BETWEEN SHOTS, A SWIG OF WATER HELPS

In the far-off South Pacific, the need of pure drinking water is of the greatest importance
to the health and’ well-being of our ,fighting Marines, and it was especially so in those
hot, bitter-fighting days when they first swarmed ashore on-Tarawa.

Medical science has done a marvelous job in the field of water purification, and, of no
less importance, is- the wonderful record of the Navy Medical Corps during this war in
the far flung corners of the globe under most difficult conditions. It is very satisfying to
us that Hellige instruments are of some assistance in providing safe, pure drinking water

to the Marines.
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U anORm as the valor of the Buckeye Division

Descendants of sturdy pio-

neers who crossed the forbid-

ding Appalachians to settle in Ohio,

the hardy 37th Division played a

prominentrole in the Meuse-Argonne
sector.

As dependable as the fighting 37th

are Analytical Reagents bearing the

mallinckrodt trade mark. Manu-

ALWAYS SPECIFY REAGENTS IN

M ANUFACTURER’'S ORIGINAL

factured to predetermined standards
of purity, without variation from lot
to lot, MALLINCKRODT ANALYTICAL
reagents assure accuracy in gravi-
metric, titrimetric, colorimetric and
gasometric work. A catalogue of
MALLINCKRODT ANALYTICAL REAGENTS
and other laboratory chemicals will
be mailed to you on request.

PACKAGES

MALLINCKRODT CHEMICAL WORKS

77 oflSPebidce ¢o qo/e> }irc(ic fyTaeta.

ST. LOUIS
CHICAGO

PHILADELPHIA
NEW YORK

MONTREAL
LOS ANGELES

VICTORY

BUY

UNITED
STATES
WAR
bonds

STAMPS
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Particularly adapted for the con-

struction of special apparatus

and for breakage-repair, stand-
ard Pyrex Tubing and Rod is also a favorite in the
school laboratory because it is easy to manipulate
and has such a wide working range.
Pyrex Tubing and Rod are machine drawn for
uniformity in diameter and wall thickness. Rigid
laboratory control further insures uniformity in
composition and physical characteristics.

Tubing and Rod of Pyrex brand Chemical Glass

No. 774 are furnished in the following range of
dimensions:

Standard Wall Tubing: 4 ft. lengths—3mm to 100mm OD
Capillary Tubing: 3 ft. lengths— 'A mm to 3 mm bore
Rod: 3 ft. lengths—5 mm to 10 mm OD

For complete information refer to supplement No.
2 of Pyrex Laboratory Catalog No. LP 21 or, send
for this supplement using the convenient coupon
below. A helpful manual "Laboratory Glass Blow-
ing with Pyrex brand Glasses" is also available.
Always consult your regular Laboratory Supply
Dealer for all Pyrex brand items.

CORNING GLASS WORKS « CORNING, N.Y.
Laboratory and Pharmaceutical Division {Dept. S4-33)

Please send us

Name

Company or Institution

Street

PYREX srano

LABORATORY WARE

Research

O Supplement No. 2 (Tubing and Rod) to Catalog LP21.
O "Laboratory Glass Blowing with Pyrex brand Glasses."

(please print)

Position

“PYREX" and "VYCOR" are registered
trade-marks and indicate manufacture by
CORNING GLASS WORKS

|n GlaSS CORNING, N.Y.

16, No. 4

L}



April, 1944 ANALYTICAL EDITION

Ity ie ttU & te deetU o*t c& oo

TOIM3H

For the following reasons:
* Uniformly high quality.
e Comprehensive line of reagents.

* Many chemicals of U.S.P. and similar quality suitable for
certain uses in a laboratory.

» Packaged in best available containers.
» Stock points strategically located.

] MERCK & CO., Inc. RAHWAY, N. J.

Please send me the following charts: Ind. Eng. Chem. 4-15-44

O Sensitivity of Qualitative Reactions Name....

Company. Position.
O Periodic Chart of the Elements

Street_

O Sensitivity Chart City..... State.



For extra fine polishing,
AB Metpolish No. 3 or
Alumina No. 3 on AB
Miracloth. No. 1505-2F
low speed polishing unit.

Second stage of finishing
and in many cases the
final stage, polishing with
AB Metpolish No. 1 or
Alumina No. 1 on AB Sel-
vyt Cloth. No. 1500-F pol-
ishing unit.

Fountains for washing
samples during and be-
tween polishing.

First stage of finishing
specimens is fine grinding
with 600 mesh alundum
polishing compound on AB
Billiard Cloth. No. 1500-F
polishing unit.

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 4

Convenience and speed
o! specimen preparation in the

METALLURGICAL LABORATORY

MULTIPLE UNIT POLISHING TABLE

The BUEHLER line of The No. 1540 AB Metallographic Polishing Table

specimen preparation
equipment includes —

Cut-off Machines * Specimen

with units for three stage polishing is a most; con-
venient piece of laboratory equipment for speedily

Mount Presses « Power Grind- handling the polishing of specimens. One operator
ers « Emery Paper Grinders « L. . . .

Hand Grinders « Belt Sur- can finish many more specimens in a working day
facers « Polishers « Polishing . . . .

Cloths + Polishing Abrasives. than with a single polishing unit.

METALLURGICAL APPARATUS

165 West Waeker Drive, Chicago 1, Illinois
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THE SURE WAY TO SOLVE YOUR
LABORATORY HEATING PROBLEMS

There is a Lindberg laboratory furnace and hot plate
in the type and size you need to solve your heating
problems.

The combustion tube furnace provides temperatures
up to 2500°F., maximum for carbon and sulphur de-
terminations using volumetric methods and for carbon
determinations using gravimetric methods of analyses.

Chemical analyses and metallurgical tests, as well
as numerous other laboratory duties are efficiently
handled by the box type furnace. Built in two appro-
priate laboratory sizes, this self contained furnace is
equipped with a one piece rod type element which
can be removed and replaced in a few, short minutes.
A removable refractory type hearth plate is also fur-
nished. Temperatures up to 2000°F. maximum are
accurately controlled by means of the Lindberg input
control. An indicating pyrometer indicates tempera-
tures in both Fahrenheit and Centigrade.

Three convenient laboratory sizes present a hot
plate selection to suit individual requirements. Tops

are made of a special distortion resistant cast metal.
Temperatures are accurately obtained and controlled
with the Lindberg input control.

L atest engineering principles and rugged long life
construction are incorporated into all Erndberg labo-
ratory equipment. Modern functional design combines
neat appearance with compactness. Housings com -
pletely enclose unsightly auxiliary electrical equip-
ment and wires while the streamlined designs con-
tribute to the high standard of cleanliness typical of
the modern laboratory.

Your laboratory equipment dealer will be
pleased to give you full particulars on Lind-
bergs new line of furnaces and hot plates.
Call him today.

LINDBERG ENGINEERING COMPANY

2450 WEST HUBBARD STREET « CHICAGO 12, ILLINOIS

W DBERG

WELL KNOWN THROUGHOUT THE WORLD AS
LEADERS IN DEVELOPING AND MANUFACTURING
INDUSTRIAL HEAT TREATING EQUIPMENT

SOLD EXCLUSIVELY THROUGH

LABORATORY EQUIPMENT DEALERS



A ,boy in his father’s spectacle-making shop around
1610 . . . two lenses and a tube ... the result: the
accidental discovery of the first compound microscope.
Thus, does history record Zacharias Jansen’s claim to
fame.

Denied the honor of being discoverer of the telescope
by the weight of evidence, his claim in the microscope
controversy seems to be stronger than that of Galileo,
his leading competitor.

One of Jansen’s microscopes, presented to Austrian
Archduke Albert, then supreme governor of Holland,
has been variously described as six feet, two and a half

PROBLEM: To prevent parallax from causing untrue

readings on barometers.

Vol.

iisd .y cecccafém jf

Nocencl/lyfe
MICROSCOPE

creieSodtcer/ec/

ce AerA & uccit

feet, and one and one half feet long ..a tube of
gilded brass supported by three dolphins ... an ebony
disc at the base on which minute objects were in-
spected from above.

Today, 334 years after Jansen’s discovery, other
men of vision are viewing minute objects and charting
new courses in other lines of optical endeavor . ..
using new lenses and prisms to fathom-the depths of
Nature’s secrets. With these men in industry, educa-
tion and the armed forces, Perkin-Elmer has been
happy to work and plan . . . helping write new pages
in optical history.

SOLUTION: Perkin-Elmer engineered a special optical
system which made every reading absolutely correct from

every angle of vision.

If you’re looking for an optical answer to a question of

analysis, control or inspection ...

if you need a specific

device for a known function, Perkin-Elmer can probably
help you. Here, optical engineers, with a tradition of
accuracy measured in millionths of an inch or of a circle,
bow to none in ability to make custom-built instruments

of the highest quality.

16, No. 4

PERKI1IN-ELMER CORPORATION

GLENBROOK CONNECTICUT
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Typical views in the filter plant, Finishing Division of Arkwright Corp., Fall
River, Mass. The three Micromax Recorders show, left to right, the pH of fin-

FOR HELP IN WATER
Micromax Solves Arkwrights pH

Efficiency of water-treatment in the Arkwright Finishing
Division has been considerably improved because of
the complete, quick and accurate pH information which
the filter plant operators get from the three Micromax
pH Recorders shown above. Starting with raw water
which varies from 5 to 9 pH, and treating it to a value
slightly above 7, the plant had for years done a good
Job, but never before did it operate so easily and effi-
ciently as since 1942, when the Micromax Recorders
were installed.

Instruments selected by Arkwright for this service are
our Strip-Chart Signalling Recorders; these are self-
standardizing and fully automatic; they operate alarms
if pH exceeds preset limits; they can be equipped at
any time to handle automatic-control problems. They

LEEDS & NORTHRUP COMPANY, 4920 STENTON AVE.,

A Slogan For Every American

ANALYTICAL EDITION

ished water at the clear well, pH of raw water coining into filter plant; pH of
water just after alum and filters. Note electrode unit at left.

CONDITIONING

Recording Problem

record in great detail, and their range is 2-12 pH, which
gives ample working space on both sides of any pH value
normally held in an industrial application.

The electrodes employed are our modern, flow-type glass
and calomel units, sturdily made and securely housed
in the metal boxes shown below the Recorders. They
receive water by pipe and discharge into the trough for
return to the mill’s raw-water supply.

Different conditions from those at the Arkwright plant
might of course call for different pH equipment; a
Round-Chart Micromax, perhaps, and a different type
of glass electrode. If you have a pH recording problem
and will outline it, an L&N engineer will be glad to help
select, from the various types of L&N equipment, that
which will meet your needs.

Jrl Ad N-96-701(2)

PHILA., PA.

CONTROLS HEAT*TRE"TING FURNACES
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IF YOU ARE FILTERING:

* INTRAVENOUS SOLUTIONS
« SERUMS
« BIOLOGICALS

« STRONGLY ACID OR ALKALINE
SOLUTIONS

YOU WILL BE INTERESTED

in knowing and trying our new hardened grades of filter paper. These papers
being washed with 11N O3are lintless and are available in various filtering speeds
and degrees of retention to cover the range of laboratory and production filtra-
tions. Samples and data will be cheerfully supplied for your evaluation.

AVAILABLE THRU YOUR FAVORITE LABORATORY SUPPLY HOUSE

€ATON-DIKEITIANn CO

* MANUFACTURERS of fine futer papers < ®
MOUNT HOILY SPRINGS, PA.

GLASS ABSORPTION CELLS

OF FINE QUALITY

K ke tt

Fused in an electric furnace with cement

that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are

Sole manufacturer in the

"A United States of fused available. Special sizes made to order.

Electrophoresis Cells.

Makers of complete

Electrophoresis Apparatus KLETT SCIENTIFIC PRODUCTS-
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS +
Literature sent COLORIMETER NEPHELOMETERS + FLUORIMETERS + BIO-
Upon Request COLORIMETERS +  ELECTROPHORESIS APPARATUS
GLASS STANDARDS « KLETT REAGENTS

MANUFACTURING CO., 177 East 87th Street, New York, N. Y.



KIMBLE LABORATORY GLASSWARE

Most Kimble items in the Blue”®
r Line <exax>. Precision <ndrmax>= and

Brand Lines are now available for

civilian uses. N
Item illustrated is *37035, Serologi- ¢0°

N cal Pipette, capacity 1 ml, J

k. graduated in hundredths, j& w a

The Visible Guarantee of Invisible Quality
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A.H.T. CO. SPECIFICATION

Vol. 16, No.

AIR DRIVEN STIRRING APPARATUS

9224,

A NEW MODEL, OF SIMPLE DESIGN AND HIGH TORQUE,

REPLACE, FOR MANY PURPOSES,
STIRRERS WITH ELECTRIC
MOTOR DRIVE

AIR DRIVEN STIRRING APPARATUS, A. H. T. Co. Speci-
fication. A new model, of simple design and high torque, espe-
cially at low speeds; with piston drive, for operation at variable
speeds by means of compressed air or vacuum. Operates on
pressures as low as 2 Ibs. Recommended ‘particularly for use in
laboratories where volatile liquids or explosive vapors make hazardous
the use of many electric stirrers.

The piston drives a sturdy machined flywheel, 3ki inches di-
ameter, and attached stirrer shaft. Air under positive or nega-
tive pressure reaches the piston chamber through a hollow tube,
4 inches long, x "~¢-inch o0.d., by which the apparatus can be
attached to ordinary support stands. The adjustable chuck
takes metal or glass rods J™-inch diameter. Rubber tubing
inch bore can be used to connect the Stirrer to pressure or vacuum
source.

Maximum speed, without load, at 15 Ibs. air pressure is approximately
2500 r. p. m. which can be reduced by changing the pressure at the source.
Requires approximately 1.3 cu. ft. of compressed air per minute at above

speed.

Will mix 4 liters of Aluminum Hydroxide 10% solution thoroughly

in a 4 liter beaker using 15 Ibs. air pressure.

9224.

9224-A. Ditto, with adjustable chuck but without stirring rod....

Stirring Apparatus, Air Driven, A. H. T. Co. Specification, as

above described, with adjustable chuck and stirring rod of
Monel metal 9 inches long with propeller 1 inches diame-
BB T s 9.25

7.75

9224-B. Ditto, without chuck or stirring rod but with shaft, ~j-inch

diameter, extended approximately 2 inches for affixing stirring
rods by means of rubber tubing secured by wire, etc.  As sug-
gested by the Squibb Institute for Medical Research. Its
use increases personal safety and permits the stirrer to be used
either remote from, or at an angle to, the shaft if pressure tub-
ing of suitable length is used for flexible connection. Without
glass stirring rod or rubber connection.........cceevveeeevrvnnene, 6.85

9226. Stirring Assembly, Air Driven, A. H. T. Co. Specification, similar to above but

for use in deeper baths or larger bottles. With brace to eliminate
“whip” and insure satisfactory operation in deep containers. Complete
with support with heavy, semi-circular base shaped to fit around cylin-
drical vessels up to 12-inches diameter and with cadmium plated steel
rod 30 inches long x 24-inch diameter. This support provides greater
stability and quieter operation than the usual type support. With
clamp holder but without glass jar shown in illustration.

ESPECIALLY AT LOW SPEEDS

AH.T.CO.«

9224-B.

With shaft for affixin
stirring rods by means o
flexible rubber” connection

Length of stirring rod, inches 18
Diameter of propeller, inches.. 2
Each 17.80 18.30
9227. Ditto, Stirrer only with adjustable chuck and Monel metal stirring rod with 9226
propeller end. . :
Length of stirring rod, inches 12 18 W ith 12-inch Monel stirring rod with, brace and with
Each 13.00 13.50 propeller end, complete on heavy base with 30-in. rod

10% discount in lots of 12, No. 9224 to 9221 singly or assorted

ARTHUR H. THOMAS COMPANY

RETAIL —WHOLESALE— EXPORT

LABORATORY APPARATUS AND REAGENTS

WEST WASHINGTON SQUARE, PHILADELPHIA 5 U. S. A.

Cable Address “Balance” Philadelphia
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Chemical Analysis by Powder Diffraction

LUDO K. FREVEL, The Dow Chemical Company, Midland, Mich.

This paper cites examples of use of the powder diffraction
method in the chemical identification of solids, and dis-
cusses some of the general difficulties that may be en-

countered in its use.

COMPLICATIONS IN REGISTRATION OF POWDER
DIFFRACTION PATTERNS

Absorption Edges. In view of the fact that most x-ray dif-
fraction work is being done with filtered radiation, characteristic

. . Table I. Data on Boiler Scale
IN THE past ten years the powder diffraction method has been _ _ ' ‘ _ Powder Diffraction
used to an increasing extent in the chemical identification of Chemical Ana'VS'OS Microscopic Analysis Anglysls

solids (4, 5, 9, 18, IS, 16, 24, 26, SO, 84, 46, 47, 59, 60, 62). The % . %

utility of the method resides in its ability to detect the state of ¢} 5530 hetsrogensons: "t 30 EACaS  alcite
chemical combination for each crystalline component in a mixture S . 6.21  ticles too small for re-  -30 CaSO<

. . . 0*-- 22.10 fractive index measure-
(SO). The present paper cites a few typical examples and dis- Ignition loss 15.70  ments

cusses some of the general difficulties that may be encountered

in this physical method of chemical analysis.

Identification of boiler deposits is a general problem that is

conveniently handled by the powder method.
A particular scale submitted for identification
was examined by chemical analysis, by mi-
croscopic examination, and by powder diffrac-
tion. Table 1 lists the data ascertained by
each method.

The information obtained by the diffraction
method is of evident value to the. chemist
interested in selecting the correct treatment
for the removal of scale or in devising methods
to diminish scaling. The manner in which
the diffraction data are conveniently com-
pared with published powder data is illustrated
in Table II.

Other typical problems solved by the diffrac-
tion method are: the identification of corrosion
products, the constitution of fluxes, the de-
tection of pigments or fillers in plastics or
elastomers, the analysis of minerals, the recogni-
tion of allotropie modifications, and the study
of chemical reactions in the solid state.

As illustrated in Table Il, chemical analysis
by the powder method consists of matching
the diffraction pattern of an unknown material
with one or more standard powder patterns.
This requires (1) a correct registration and
measurement of the diffraction lines and (2)
a careful interpretation and evaluation of
these data as applied to chemical analysis.
The first part of the problem has received
considerable attention in the literature and
only a few points require enumeration. The
second part, however, has not been treated
extensively in previous publications and de-
serves detailed discussion.

Advantages

Accurate quantitative High sensitivity for de- Direct identification of

data, method of analy-  tecting minor phases, compounds, nonde-
sis independent of state morphological details  structive method ap-
of aggregation of sam- readily ‘ascertainable licable to extremely
ple CcM) ine powders

Table Il. Powder Diffraction Data on Boiler Scale

Filtered MoKcc radiation used to obtain powder diffraction patterns, d » interplanar
spacing measured in ® peak intensity of a diffraction line as estimated with a direct
comparison intensity scale (arbitrary units). 1/1i = relative intensity of a diffraction line,
where i is intensity of strongest line of particular phase in question.” Most representative
value for li of phase 1is taken as 33 and is obtained by multiplying intensities of six unambigu-
ous reflections (4.83, 2.95, 2.41, 1.705, 0.967, 0.855 A) b%/ corresponding relative intensities
of FeFeiOi and taking arithmetic mean of computed values of Ii (36, 55, 37, 22, 25, 20).
The average value for the strongest line of phase 2 is 22; for phase 3 it is 38.

Spectroscopic analysis of scale: Fe, Ca, cnief constituents; Co, Mo, Cu, Na, 0.001 to 0.01%.

Boiler Scale FeFeiOt Phase 1 CaSO< Phase 2 CaCOa Phase 3
d,A. I d, A, I/h 1/1x d.o. 11X 1/1x d, A, 1/Ix 1/1x Sl
5.80 1 )

4.83 3 4i85 0!06  0.09 - ) N
3.87 4 3.89 0.03 (|)l 3:86 0!08 (3) 4
3.49 25 3.49  1.00 1.14 ]

3.03 30 ) 3.04 160 0.79

2.95 10 2.97 0.28 olso

2.84 15 ] 285 ol,7 ol!68 ;
2.52 75 253 100 (33) 2.49 0120 ®) 4
2.41 6 242  0.11 0.18

2.33 8 232 0.33 0.36

2.27 10 2.26 0.01 (0.2) 2.28 0.24 0.26

2.21 8 . 2.20 0.33  0.36

2.08 30 2.i0 0732 (i) 2.08 0.11 2 2.09 0.20 (®) 21
19 3 %gg 8%}1 4 1.92 032 0.24

1.91 10 . . 1 . : .

1.865 12.5 1.86 0.27 Eeg 1.87 0.24 1)) i5
1.745 4 . ) 1.74 020 0.18

1.705 6 1.71  oUs 0.1i8

1.640 4 o i ) 1.64 0.27 0.18 )

1.606 20 ilei  0i64 (2i) 1.59  0.03 (|8 i’éo 0.i6 (6) 28
1.560 1 1.56 0.05  0.05 )
1.518 6 152 0.07 2 151  0.12 5 7
1.480 32 1.483 oo (26) 1.487 0.08 2 H;g 8'82 o %1 30
1.439 . . .

1.420 1 1.420 0.08 2 1.425 0.05 2 4
1.320 2 1.326 0.06 2 1.318 0.09 2 1.350 0.03 ﬁlﬁ 5
1.278 6 1.279 0.20 7 1.275 0.09 2 9
1.210 2 1.210 0.05 2 1.215 0.05 a 3
1.150 2 ) 1.i50 0.60 0.05

1.120 2 1.121 olio  0.06

1.09 7 1.092 0.32 0.21

1.047 6 1.049 0.10 3) 1.045 0.06 @) 5
1.010 2 i N 1.011 0.03 0.05

0.967 4 0i970 0U®6 o0u2

0.938 2 0.940 0.06 0.06

0.879 2 0.880 0.10  0.06

0.855 4 0.859 0.20  0.12

0.850 1 0*853 0.08 0.03

0.810 1 0.814 0.10  0.03
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Method of Preparing
Powder Specimen

Grinding or filing

Precipitation or crys-
tallization

Condensation, electro-
deposition, or sput-
tering

INDUSTRIAL AND ENGINEERING CHEMISTRY

Influence of atmosphere
02, CO2 dust.)

rind and load sample

in a drying box flushed
with purified dry Nj;
or grind sample under
dry benzene and load
wet powder into a thin-
walled glass capillary

{31, 63)

Coprecipitation or
crystallization
Make qualitative spec-
troscopic analysis and
spot tests on” washed
precipitate
Preferred orientation
Check condensed film
for preferred orienta-

co-

Table IlI.

Vol. 16, No. 4

Preparation of Powder Specimens

-Precautions to Be Observcd-

Abrasion contamination
Grind hard nonferrous
materials in an agate
mortar. (Micromicro-
nizer may be useful in
the pulverization of
abrasives.) Remove
metallic iron contami-
nation from steel mor-
tar by magnetic
methods

Oxidation
Load precipitate in wet
condition—e.g., pyro-
phoric catalysts such as
Raney nickel

Oxidation
(Adsorbed 02 H20,
etc., on substrate)

tion of crystallites by
taking exposures at
various inclinations

Tabic IV. Powder Diffraction Pattern of Magnesium Oxide
{hkI) dobs. do&lod (1//)obs. (1/11) calod.
111 2.425 2.428 0.08 0.08
200 2.103 2.103 1.00 (50 1.00
220 1.487 1.487 0.50 (25 0.55
311 1.268 1.268 0.04 .06
222 (1.216) 1.214 0.12 (6B) 0.15
400 (1.053) 1.052 0.04,B 0.06
331 (0.9661) 0.9049 0.01 B 0.03
420 ai 0.9405 0.9405
420 «2 0.9404 0.9405
422 cri 0.8583 0.8585
422 02 0.8587 0.8585

= 4206 * 0.001 A. (25° = 3° C

sze Bl: a = .

Exposure. iltered MoKa radiation; camera radius, 20.477 ==0.010
cm., calibrated with spectroscopically pure Mg (a —3.2026 A., ¢ » 5.1998
A. at 25° C.); slit dimensions, 0.2 X 5 X 50 mm.; specimen radius, 0.2
mm.; duplex film without intensifying screen.

Preparation of MgO. Sublimed magnesium metal, spectroscopically
pure, was dissolved in = 10% IIC1 (c.p. grade distilled). Magnesium hy-
droxide was precipitated by dropwise addition of freshly prepared c.p. am-
monium hydroxide. The precipitate was washed twice by decantation, fol-
lowed by filtration and washin?. The wet hydroxide was transferred to a
clean ignited sillimanitc crucible and vacuum-dried over Mg(C10«)x. The
Mg(OH)a was then converted to MgO by heating to 890° C. for 1 hour in an
oxygen atmosphere free of carbon dioxide.

Chemical Analysis. % Mg = 60.22 =2=0.05 (pyrophosphate method);
calcd. % Mg = 60.32.

Spectroscopic Analysis for Impurities. Si 0.01 to 0.1%, Al 0.005 to
0.05%, B 0.001 to 0.005%, Cu 0.001 to 0.005%.

Particle Size Dibtrihution. Electron microscope, 200 to 1200 A
average diameter 650 A., very uniform; particles are not of regular shape,
though crystalline in character; general tendency is for platelike particles
~200 A thick (see Figure 1).

x-ray absorption manifests itself in four ways: (1) in the silver
bromide emulsion (Agk<» = 0.4845 A., BrK« = 0.9181 A);
(2) in the filter (17) (ZrK» = 0.6874 A.f NiKra = 1.484 A);
(3) in tlic specimen containing elements, the characteristic ab-
sorption edges of which fall within the transmitted background
radiation; and (4) in the tungsten contamination of the target
(WLi = 1.022 A) (2). There also exists the possibility that the
zinc edge (1.281 A.) may introduce a discontinuity in the response
of fluorazure intensifying screens. For powder diffraction work
these effects are observed only for the more intense reflections.
For example, using a sealed-off Mo tube operated at 35 kv., one
finds that the intense (111) reflection of cubic silver iodide pro-
duces one spectrum toward the longer wave-length end of AgKm
and another corresponding to 1K». In the case of silver phos-
phate the intense portion of the continuous spectrum from (210)
is slightly stronger than the (220) MoKa reflection. For powder
patterns the sharpness of the edge of the transmitted spectrum is
often blurred; consequently care must be exercised in dis-
tinguishing these edges from weak Ka reflections.

Fluorescence excited in the sample by pri-
mary Ka radiation is readily detected by a general enhancement
of the background and a corresponding decline in the prominence
of the desired diffraction pattern. Using MoKa radiation for
specimens containing yttrium, strontium, rubidium, bromine, or
selenium, one obtains relatively weak diffraction patterns with
high background. For example, carbon tctrabromide gives an

Fluorescence.

Volatilization
Grind sample contain-

Mechanical strain

Phase decomposition
Vacuum-anneal

me- (Supersaturated

solid

tallic filings at suit- ing sublimable sub- solutions, quenched al-

able temperature stances in a small loys, pressure-sensitive

(31) closed system or in an substances such as
equilibrium - atmos- wurtzite or brookite
phere [NHJICO], chemical reaction in
(NH#2C03, NH40CO- solid state {14, 58).
NHs, NH4N3, NH<CN, For alloys a structure-
NHasH, etc.; ammo- integrating camera of
nates or alcoholates micro design may be
may lose NHj or ROH adaptable

. on grinding 1
Solvation

Vacuum-dry washed
precipitate

extremely poor powder pattern with MoKa but a normal intense
pattern with CuKa. Specimens containing elements of high
atomicnumber—e.g., gold, mercury, thallium, lead, bismuth—show
L-fluorescence with MoK. These fluorescence considerations
apply not only to filtered Ka radiation but also to erystal-mono-
chromatized x-rays. In the case of filtered x-rays, the distribu-
tion of the continuous radiation may noticeably affect fluores-
cence. Thus if a zirconium oxide screen is placed in front of the
film to filter the diffracted MoK radiation, the resultant diffrac-
tion pattern from a molybdenum specimen has a background 35
times as high as in the case when the filter is placed in front of the
slit system. For general routine analysis by powder diffraction,
two sources of Ka radiation—e.g.,, MoKa and CuKa—are
usually adequate to avoid serious cases of fluorescence.

Resolution. The geometrical factors deciding the resolution
of a Debye-Scherrer-Hull pattern are: R, radius of the camera;
r, radius of the powder specimen; h, length of the specimen;
5, divergence of the impinging x-ray beam; and <, difference in
wave length of the Ka doublet. For a fixed camera radius the
optimum resolution corresponds to the limiting condition: r, h,
6, < -m0. In general, however, the hardness of the primary
radiation used and the time required for the registration of a good
diffraction pattern are the limiting factors in the design of a
suitable camera.

The geometrical resolution for a camera of radius R can be ex-
pressed approximately as the sum of 5, the divergence of the dif-
fracted beam due to the divergence or convergence of the im-
pinging primary beam, and ar.h, the angular spread of the dif-
fracted Eream due to the dimensions of the powder specimen

("r,° = R radian’ for Parallel x-rays) (8, 82, 41). Accordingly,
two powder reflections d and (d -(- Ad) will be resolved if

(0a2 — 0ai),j < (Qd — od 4- Ad)a > (5 + arh)e

where 0 is the Bragg angle for the interplanar spacing, d, and a
denotes the wave length under consideration (33). For example,
with. MoKa, radiation_the two powder reflections corresponding
to 2.260 A. and 2.274 A. will be separated by 3.4', which interval
is equal to the MoKa doublet separation, (0a2 —0ai)23. Evi-
dently the use of very narrow slits does not aid greatly in the
resolution of a noncubic powder pattern because of the disturb-
ing doublet separation. (The utility and precision of powder dif-
fraction work would be greatly enhanced if an intense source of
strictly monochromatic WLa, could be made available for pre-
cision-focusing cameras). Convenient standards for testing and
calibrating powder cameras are 200-mesh powders of the follow-
ing substances: pure fused magnesium oxide, pure crystallized
silicon, annealed 99.9% molybdenum metal, c.p. thallous chlo-
ride, and indium sesquioxide prepared by the direct oxidation of
99.95% indium metal.

Absorption.
tion line

The intensity distribution of a powder diffrac-

is markedly influenced by absorption in the powder
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1.105

0.17

1.102

0.07

1.104

0.06

1.104

0.15

1.67
0.20
1.67
0.29
1.67
0.10

3.18
0.75
3.17
0.80
2.56
0.20

2.54
0.30

April, 1944
Table V.
Diffraction patterns taken with filtered MolCa radiation,
Substance
Pb d, A 2.85 2.47 1.74 1.490 1.428 1.134
I/h 1.00 0.50 0.50 0.50 0.17 0.17
85Pb.I5Na d, A 2.85 2.47 1.74 1.487 1.424 1.131
ili, 1.00 0.37 0.20 0.31 0.07 0.07
Examples: In, In-Ag; Mg, Mg-In; Pd, Pd-Ag; Fe, Fe-Cr
Ag d A 2.36 2.04 1.445 1.232 1.179 1.022
I/h 1.00 0.53 0.27 0.53 0.05 0.01
Au d. A 2.35 2.03 1.440 1.227 1.173 1.019
i’h 1.00 0.53 0.33 0.40 0.09 0.03
Examples: Co, Ni; Cr, Fc; Pd, Pt;; Rh, Ir; Mo, W; Ch, Ta
CuCl d A 3.12 2.70 1.91 1.63 1.353 1.240
I/h 1.00 0.08 0.60 0.30 0.06 0.08
3-ZnS d, A 3.12 2.69 1.91 1.63 1.353 1.242
I/h 1.00 0.05 0.75 0.50 0.05 0.18
Examples: NaBr, PbS; NaCl, Ag(Cl, Br); KCN, RbCI;
ZnFj d, A 3.33 2,60 2.35 2.27 2.10 1.75
I/h 1.00 0.80 0.06 0.20 0.05 0.80
COF2 d.k. 3.37 2.64 2.30 1.75
i’h 1.00 0.86 0.29 0.86
SnOa d, A 3.34 2.64 2.36 2.30 2.11 1.75
I/h 1.00 0.63 0.18 0.03 0.02 0.63
(NHOaCrO« d, A 5.6 4.80 3.91 3.74 3.65 3.45
i’h 0.62 1.00 0.35 0.10 0.10 0.40
(NHOsSeCh d, A 5.5 4.80 3.89 3.45
I/h 0.60 1.00 0.40 0.40
COCI26H20 d, A 5.6 4.85 3.52 3.11 2.94 2.73
i’h 1.00 1.00 0.31 0.10 0.63 0.50
NiCI2.6H20 d, A 5.5 485 3.53 3.08 2.95 2.70
I/h 1.00 1.00 0.50 0.04 0.50 0.50
Examples: Co0SOi.HsOt?}, ZnSCh.1bO, NiSOr.THjO, ZnS0Oi.7HjO

Co(NH,)ZS0,),.6H10, Fe(NHN)j(SO<)i.CHIO, Zn(NH,)!(SO.)I.6HtO, Cu(NH,)i(SO«)s.'8HsO

specimen (4#, 49). With an
essentially parallel x-ray beam
and a suitable combination of
absorption coefficient and
diameter of the powder rod,
the resulting diffraction lines
for low values of 0 can appear
as pseudo-doublets (.40). For
MoK« radiation and a speci-
men radius of 0.2 mm., only
the denser powders containing
elements of high atomic number
exhibit this effect—e.g., mer-
curic bromide, tungsten, bis-
muth, etc. Dilution with flour
or reducing the specimen diam-
eter will overcome this com-
plication. The standard
"edge technique used in many
laboratories does not lead to
pseudo-doublets.

Phepahation of Specimen.
The two most common factors
influencing the quality of a
powder diffraction pattern arc
particle size distribution and
instability of the sample. The
grating limitations of a
powder specimen are mani-
fested in the breadths of the
resulting diffraction lines (10).
Thus materials of colloidal

d > interplanar spacing; I/h “mrelative intensity.

Substance’
ZnS0Oi.HsO

MgSO«.H20
MgS04.7H:0
ZnSO<.7HiIiO

C0C 020«
ZnAhO*
MnjAli(SiOi)i
MgjAlj(SiO<)j
(NH4)A1(S00j.12Hi0
KA1(S04)i.12Hi0
KCr(S04)j.12Hi0
KiCaFe(CN)«
KJCUuFj(CN)e
As<0«

ShiAsTO»

Table VI.

d. A.
I/h
d A
i’h
d.k.
I/h
d.k.
I/h
d, A
i’h
d A
i’h
d.k.
I/h
d A
I/h
d. k.
I/h
d A
Uh
d. A
i’h
d.k.
I/h
d, k.
I/h
d A
I/h
d.k.
I/h

4.80
0.64
4.82
0.40
5.9

0.20

4.68
0.08

2.89
0.30
2.88
0.50
7.0
0.30
7.0
0.04
7.0
0.12
0.0
0.07

6.3
0.56
6.4
0.25

1.56
0.08
1.58
0.14
1.58
0.05

2.94
0.40
2.95
0.40
2.40
0.63

2.40
0.50

interplanar spacing; I/h

1.492
0.11
1.496
0.14
1.492
0.10

2.84
0.20

2.20
0.50
2.18
0.50

Ambiguities Arising from Solid Solution or Isomorphism
d =

1.412
0.32
1.420
0.14
1.435
0.10

2.77
0.10
2.75
0.20
2.07
0.05

2.05
0.06

2.32
0.62
2.33
0.40

2.02
0.03
2.02
0.06

relative intensity

Mg-Sn, MgsPb; FeFrOr, NiMniOr, ZnFciO*; EriO», YiOj

2.01
0.15
1.98
0.20

1.98
0.31

1.97
0.20

Partial Ambiguities Due to Isomorphism

3.80
0.11

5.3

0.20
5.3

0.00
2.86
0.20
2.85
0.53
2.59
1.00
2.58
1.00
5.4

0.00
5.4

0.20
5.5

0.10
5.1

0.30
5.1

0.38
3.18
1.00
3.18
1.00

to check

3.40
1.00
3.38
1.00
4.50
0.08
4.50
0.16
2.43
1.00
2.44
1.00
2.46
0.02
2.45
0.18
4.97
0.30
4.96
0.08
4.98
0.08
4.60
0.03

3.06
0.40
3.07
0.20
4.22
1.00
4.20
1.00
2.34
0.06

2.30
0.20
2.35
0.20
4.30
0.80
4.29
1.00
4.31
1.00
3.72
0.13

2.53
0.32
2.52
0.13

2.75
0.24
2.75
0.25

2.52
0.40
2.55
0.40
3.76
0.10
3.76
0.20
2.02
0.13
2.02
0.07
2.27
0.13
2.20
0.20
4.07
0.60
4.05
0.40
4.08
0.30
3.64
1.00
3.63
1.00
2.24
0.08
2.24
0.02

2.40
0.06
2.40
0.05
3.41
0.12
3.44
0.30

1.91
0.07
2.10
0.15
2.10
0.15
3.67
0.40
3.05
0.04
3.68
0.60
3.07
0.10
3.00
0.20
2.12
0.10
2.11
0.04

2.34
0.11
2.33
0.03
2.90
0.18

2.99
0.12

1.85
0.07
2.04
0.05
2.03
0.02
3.20
1.00
3.24
0.40
3.26
0.35
2.85
0.03
2.86
0.08
1.95
0.24
1.95
0.30

2.19
0.14
2.19
0.05
2.87
0.20
2.87
0.30
1.05
0.04
1.65
0.13
1.88
0.25
1.87
0.25
3.05
0.30
3.03
0.16
3.04
0.30
2.57
0.42
2.57
0.75
1.60
0.16
1.60
0.30

2.10
0.10
2.10
0.04
2.74
0.08
2.75
0.10
1.56
0.25
1.55
0.33
1.67
0.15
1.66
0.13
2.95
0.08

2.93
0.12

2.35
0.03
2.36
0.15
1.59
0.08
1.58
0.06

1.87
0.05
1.87
0.10

1.89
0.20

1.90
0.20

2.05
0.05
2.05
0.17

2.66
0.40

2.66

0.25

1.86
0.10
1.86
0.14

1.97
0.13
1.97
0.05
2.48
0.02

2.50
0.12
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1.81
0.03

1.81
0.02

In the case of mixtures the above differences are more difficult

1.91
0.08
1.90
0.05
2.38
0.05
2.37
0.08

1.432 1.235

0.30

0.02

1.480 1.431 1.232

0.07

1.00

0.30

0.40

0.07

1.545 1.44

0.40

1.595 1.54

0.40
2.79
0.12
2.78
0.20
2.81
0.12
2.30
0.10
2.29
0.31
1.54
0.16
1.54
0.10

0.63
2.60
0.12
2.58
0.06
2.50
0.06
2.13
0.07
2.13
0.25
1.438
0.08
1.430
0.07

0.085

1.440
0.13

2.06
0.10
2.06
0.63



212 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 4

subdivision, such as coprecipitated oxides of the spinel type,
specially prepared catalysts, or clays give rather diffuse diffrac-
tion patterns that may appear insignificant in the presence of an
intense sharply defined pattern. A similar situation is en-
countered in the field of high polymers. In order to obtain infor-
mation of greater value in the case of these idiosyncracies, the
use of crystal-monochromatized radiation has been advocated by
a number of diffractionists.

Figure 1. Electron Micrograph of Magnesium O xide Standard

The problem of the instability of a sample usually can be over-
come without serious difficulty (see Table Ill). Hygroscopic
substances are readily powdered in a drying box and loaded into
thin-walled glass capillaries that can be sealed easily. Efflores-
cent materials can be loaded wet (to prevent extreme crystal
growth, a little amorphous material, either starch or charcoal, is
admixed with the wet powder). In the case of complex organic
compounds the existence of two or more allotropie modifications
must be kept in mind; thus a material crystallized from a melt
may give an entirely different powder pattern than the same sub-
stance crystallized from a solution. Other cases of loss general
occurrence are: allotropie transformation on grinding or filing
(wurtzite, brookite, supersaturated solid solutions); photosensi-
tivity (BaNe I1\); and chemical interaction of the substance
with glass capillaries [acid fluorides, such as NHtFHF to form
(NHi)jSiF«]. Polystyrene capillaries, developed for the study
of acid fluorides, have proved useful for powder diffraction with
soft radiation such as CuKa and FcKa.

COMPLICATIONS IN METHOD OF ANALYSIS

Chemical analysis by the Debye-Scherrer-Hull method con-
sists of matching the diffraction pattern of an unknown material
with one or more standard powder patterns. When a match is
found (see Table Il) one infers that compounds A, B, C. . . are
present in the unknown. If p denotes the powder diffraction
data of the unknown material; pT, the diffraction data of all the
cataloged standard patterns; and 12, the composite operation
of matching the unknown with the standards A, B,C ... one may
express the mode of analysis symbolically as

U'ippr)3 A,B.C ...

The uniqueness of this inference is not evident and requires
further examination.

Validity of Standard Patterns. |t is convenient to con-
sider first the validity of the standard patterns, pT (4, 25, 26).
From the results of x-ray diffraction analysis it is well recognized
that the powder diffraction pattern of a single phase is a function
of the particular crystal structure, the elements present, and the
crystallite-size distribution of the powder. To be acceptable asa
standard each substance should be subjected to a precise analysis
to substantiate the assigned chemical formula. The method of
preparation of the powder specimen should also be stated. Table
1V illustrates a satisfactory presentation of a powder diffraction
standard.

On examining the published tabulated powder data (4, 25, 26)
one finds the labeled standards usually have not been examined
for the correctness of the ascribed chemical formulas. This de-
ficiency was realized when the first 1000 Dow standards were
published (25).

The more frequent types of errors are: (1) incorrect degree of
hydration [pattern 240 is CaS032H2); pattern 338, CoSO<.112;
pattern 623, NiF24H2; pattern 864, NaZS.a:HD]; (2) chemical
reaction between standard substance and water, oxygen, or
carbon dioxide [pattern 193 is mixture of CaCOj, Ca(OH)2 and
graphite (7); pattern 227, Caio(OH)2(POi)«x and Ca(OH)2
pattern 215, vaterite plus calcitej; and (3) incorrect chemical
formula [pattern 13 is AI(OH)3 gibbsite; patterns 68 and 69 are
largely (Sb, As)iOt; patterns 132 and 143 are largely Bi(OH)3

attern 269 refers to a mixture containing minor amount of
examethylene tctramine]. Some errors in the diffraction data
have been noted—e.g., the most intense line for FeCI22HD
(pattern 409) is 5.5 A. (40); the (020) reflection for NaZSQOJlI
(pattern 859) should read 4.47 A.

An examination of the useful compilation of pow'der data
on minerals (26) reveals a similar state of affairs for these
tabulated standards:

Pattern 3 (alabandite, MnS) lists in addition to the diffraction
data for cubic manganese sulfide the lines 2.83 A. and 1.995 A
(probably NaCl). Pattern 23 [bravoite, (Fe, Ni)S3] gives the
accepted C2 pattern plus the noncubic reflections 3.08, 2.18, 2.04,
1.86, and 1.682 A. Pattern 35 (chromite, FeOCr20 3 does not
correspond to the HI3structure for FeCrD 3 Pattern 37 (elaus-
thalite, PbSe) lists an extraneous 2.86 A. reflection. In pattern
39 (coloradoite, HgTe) the strong (111) reflection is missing and
the lines 2.82 A. and 2.52 A. appear extraneous, as does the line
2.79 A. in pattern 95 (magnetite, Fe3<). Pattern 93 (lollingite,
FeAs? does not check the published data (53); the specimen used
may have been an impure form of arsenopyrite. Pattern 137
(sphalerite, ZnS) checks the B3 structure except line 3.95 A
Pattern 143 (sulvanite, Cu3vSi) omits the (220) reflection (1.90
A.) and lists the extraneous lines 5.2, 4.15, 3.70, and 2.84 A.

For a number of substances the innermost reflections have not
been recorded: pattern 9 (argentite, AgX) should include the
line 3.91 A. (57); pattern 16 (berthierite, FeS.Sb%S3, 8.0, 7.2,
5.7,5.1 A.; pattern 66 (gersdorffite, NiAsS), 3.99 A.; pattern 76
(hauerite, MnSii), 3.52 A.; pattern 77 (hausmnnnite, Mn30i),
4.92 A.; pattern 95 (magnetite, Fed 3, 4.85 A.; pattern 141
(stibnite, Sb2S3, 8.2 A. Pseudo-doublets due to absorption are
noted in pattern 30 (cerargyrite, AgCl), the (200) reflection;
and in pattern 38 (cobaltite, CoAsS), the (220) reflection.

While the experimental inaccuracies discussed can be remedied
(the A.S.T.M. has an organization set up to issue new patterns
periodically and correct old ones), there remain inherent limita-
tions to the uniqueness of an established standard pattern. Solid
solution, isomorphism, or structural similarity can contribute to
the ambiguity of a standard pattern (see Tables V, VI, and VII)'
The absence of solid solution in an identified phase should always
be checked by qualitative spectroscopic analysis and spot tests.
If solid solution is indicated, a sensitive back-reflection technique
is required to measure the d-shifts between standard and solid
solution. Ambiguities attributed to isomorphism (see Tables V
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and V1) or structural similarity (Table
VTI) usually are resolvable by spec-
troscopic analysis, spot tests, or some

simple physical criterion such as solu- Substance
bility in water, melting point, etc. Si d, A, 3.12
In the identification of multicomponent I7h 1.00
mixtures the intrinsic limitations illus- 0-zns  d, k. 3.12
trated in Tables V to VIl become pro- I/h 1.0
nounced because of superposition of Cucl Id}hk. iég
lines (see Tables Il and XI). '
The phases present in an unknown Co0 |d/.|k'
may be forr_n_ed under rathe_r_haphazard cuto 4 A 300
or unequilibrated conditions con- h 0.03
ducive to the formation of defect struc- FeO d k.
tures (6, 27, 51, 52). The differences I/h
between the diffraction pattern of cdo d k. 270
such a defect structure and that of a I/h © 1.00
normal standard may be subtle and Agio d. k. 2.72
escape the notice of the analyst. In I/h 1.00
general, structural irregularities in Al d. A 233
crystalline phases may be detected by i/h 1.00
changes in intensities of the diffrac- LiF d A 232
tion lines (as compared to an ordered M. 0.67
standard), by an increase of diffuse «-Ce d A 297
scattering, by the appearance of broad i’h 1.00
diffraction ghosts (6), by a broaden- Licl d- A 296
ing of one or more types of reflections, i/h 1.00
and by a change in the small angle Tho, d A 322
scattering. Serious refinements in the ith 100
normal powder technique, however, Ca d A 821
are requited to gain information of 1/n 100
- L L AgCl  d.k. 3.20
sufficient reliability to justify an i/h 0.40

evaluation of the type of randomness
in a particular phase. In a careful
analysis of an unknown, due consider-
ation should be given to the possible presence of defect struc-
tures (see Table VIII1). The formation of a continuous range
of solid solutions of cocrystallized salts is a rather common oc-

Figure 2. Back-Reflection Patterns

Taken with unfiltered FeK radiation. Specimen-to-film distance,

7.50 cm. Sector 1 refers to a mechanical mixture of 98% Kl and

2% KBr; sector 2, same mixture crystallized from water; sector

3, same mixture fused. AIll samples ground to ~200-mesh
powders

ANALYTICAL EDITION

Table VII.

213
Ambiguities Arising from Structural Similarities
d *=interplanar spacing; 1/h = relative intensity
1.91 1.63 1.354 1.242 1.104 0.958 0.916
1.00 0.63 0.18 0.25 0.40 0.06 0.13
269 1.91 1.63 1.353 1.242 1.104 1.044 0.957 0.913
0.05 0.75 0.50 0.05 0.18 0.15 0.05 0.03 0.04
2.70 1.91 1.63 1.353 1.240 1.104 1.043
0.08 0.60 0.30 0.06 0.08 0.06 0.04
2.45 212 1.50 1.281 1.227 1.060 0.975 0.951 0.869 0.819
0.67 1.00 1.00 0.40 0.40 0.10 0.10 0.30 0.20 0.07
2.45 2.12 1.51 1.283 1.228 1.065 0.977 0.953 0.869 0.819
1.00 0.31 0.44 0.31 0.05 0.03 0.05 0.03 0.03 0.03
247 2.14 1.51 1.293 1.238 1.072 0.984 0.959
0.50 1.00 0.63 0.15 0.08 0.03 0.03 0.05
2.34 1.65 1.412 1352 1.171 1.075
1.00 1.00 0.75 0.30 0.15 0.30
2.36 1.67 1.422 1.360 1.179 1.082
0.40 0.24 0.16 0.03 0.01 0.02
2.02 1.43 1.219 1.168
0.40 0.30 0.30 0.07
2.00 1.42 1.211 1.160
1.00 0.23 0.03 0.03
2.57 1.815 1.55 1.481 1.288 1.179
0.60 0.40 0.40 0.28 0.12 0.16
2.56 1.81 1.55 1.482 1.283 1.178
1.00 0.60 0.32 0.12 0.05 0.12
2.80 1.97 1.68 1.399 1.280 1.245 1.140
0.38 0.75 0.88 0.13 0.38 0.25 0.38
2.80 1.97 1.68 1.61 1.28 1.246 1.138
0.30 0.20 0.20 0.10 0.05 0.03 0.05
277 1.96 1.67 1.60 1.385 1.270 1.240 1.131
1.00 0.75 0.20 0.25 0.09 0.06 0.20 0.13
currence. Figure 2 illustrates the sensitivity of the back-

reflection method for ascertaining this effect.

Classification of Standards. Up to the present about 2500
patterns have been cataloged at Dow. When one deals with
this number of standards the identification of unknowns by the
group classification system (24) is adequate, as has been amply
demonstrated at Dow during the past ten years. However, it is of
theoretical interest to consider what probable limitations may
arise when a comparatively larger number of standards is con-
sidered. A statistical study of this problem has been made and
is presented here purely as a guide to any modified index that
might be considered by the diffraction analyst.

To arrive at a tentative answer to the above query it is in-
structive to examine how the three most intense diffraction lines
(reference lines) for each of the cataloged patterns are dis-
tributed with respect to interplanar spacing. Figure 3 shows

Table VIII. Defect Structures
Examples Diffraction Effects References
Continuous range of solid so- Merging of Ka doublet on
lutions back-reflections

K (I, Br)
Structures with “Leerstellen™ Occurrence of superstruc- {20-23)

Fei-iR (R - 0, S, Se, Te) ture linesand anomalous

NaxWO« change in lattice con-

stants with x
Mgi-xAhOi-x Broadening of diffraction

lines
Pseudomorphism
Mg(OH)m-x)Ox
Randomness in layer struc-

tures
CdBn (Wechselstruktur)

0.37
X-ray data can be ac- (3, 27, 28), So,
counted for on basis of a 38, 39, 45)
unit of structure con-
taining a fractional stoi-
chiometric weight
Broadening of diffraction
lines, changes in intensi-
B “efi diffracti host
r?é iffraction ghosts

Micas, clays nCdCl»mCd(OH)j, 127, 28, 38)
luster carbon

Alloy systems with transition
structures

{6, 11, 19, 36,
65 61)
Al-Cu, Al-Ag, CiuFeNii,
AuCua



Table IX.

Index to Aluminum-Containing Substances

Below headings 1, 2, 3 are listed respective reference lines and corresponding intensities for substances of second column.

bracket; corresponding structure (16) is stated in column "Pattern”.
No Substance
1 MnAIljO«
2 Najo.llIAlIOi
13 7-Al10*
NiAlaO,
5 7-A10.0H, boehmite
6 Na,AlF,
AINi
hé AlCo
9 FeAli
10 FeAl
11 cr-Aliol
12 FeiAl*
13 LiAl
14 Al
15  MgAljoi
16  CaAlj
17 CeAli
18 CuAlaOo,
19 ZnAUO,
20 CoAljO«
21 FeAlaOi
22 LaAlj
123 AlaCl.
24 MgtAla
25  MgAlt
26 FeO.Cra0j.AlaO*
27 MnAlaO,
28  .KAla(AlSijOio) (Oll)a, muscovite
/29 (Fe, Mg)«Ala(Sio,),
\30  Mn,Ala(Sio)),
31 YAIO,
32 AINd
g?l CPg’AI\Ila S(i'\CA)Oi Fc),(AlSi,0io0) (OH)a, biotite-phl it
, Na , Fo), i,0io a, biotite-phlogopite
35 XI,,Sano(OgH, F))uCI phiogop
36 LaAlO,
37 SCaO.AlaOi
38 5Ca0.3Ala0,
39 §Na, Li),AlF,
40 OH)j(Ca, Na, K)a-«(Mg, Fe, Al), Si, Al),Qia, hornblende
41 ;\Na, Al, Ca, Fe),Mna(P04)a., (OH)j, griphite
42 hC,
43 NaAICI,
44 AlP
45  NaAlSijO«, albite
46 CaAlaSiaO*, anorthite
47 AlaS,
48 AlAs
49 KAISiiOi, microcline
50 NH4AI(S04)j.12Ha0
51 AICIi.GHaO
52 (NH,CH,)A1(504)j.12H20
53 AlaSioO,
54 PtAla
55 NaAlSiaOa.HaO, analcite
56 AuAla
57 All,
58 AIaéSO4),
59 1F,
60 AlSb
61  AlaSiaOs(OH)4, kaolin
(62 Na,(AlSiO,),Cl, sodalite
{63  Naa(AlSiO,)e, SO,, noselite
104 Na, Ca)«-8(AlSiO,)i(SO«)i-ti haftynite
65 xIBri.OlleO( i ) Y
66  a-AlO.OH, diasporc
67 AUNO B.gHiO
68 NaAl(S0%)s.12H,0
KAI(SO,),.12H,0
o T1A1(SO<)j.12HIO
71 RbAI(SO<)I.I2HsO
[72 CaAl1(S0,)1.12H20
73 '&OH ,SiaAl:0s. metahalloysite
74 1a(50,),.18Ha0
75 AI20J.3H20, gibbsitc
76 (NHOaAlF«
77T AIFj.3VsHIO
78 éOH),Si_AI:Os.ZHiO, halloysite
79 enfonite
80  (OHJsAIjSiiOio.nHjO, montmorillonite

Below headings !, 2, 3 are listed respective reference lines and
Isomorphism is indicated by a bracket;

—

Substance

FcSi, pyrite
(Fe, Ni)Si
'gFe,__Ni),Ss
eSii
CuiFcS,
FeSi

a-Fe

FeAii

FeAl
Fei-xS

d-Fe(1070° K.)
FeS

a-Fc(1700° If.)

(63LiiFciOr.37LiiTiOs)

'Il:'ae’{}ite, 57.7% Fe, 40.8% Ni, 0.5% P
>

e
7-Fe51370° If.)
FeiAli

FeO

Fe,N

FeiP

FeAsS

SFeAsO

Le AliOi

(Co, Fe)AsS
FeO.CriOi.AliOi
FeCnO.
CuiFiO.
MgFeiO.
NiFeiO.
CoFeiO*.
ZnFejo,
FeFeaO*

(Ms, Mg)Fe.O,
CuFeaO,

FoVjo,
(Fe, Zn, Mn)(Fe. Mn)iO.
MnFciO

Fe,AL(SiO))i

(Mg, Fe)«Al,(SiO,J,

Fei+rAst-r

FeS.Sbis*

CdFcO,

(If, Na)(Mg, Fe)j(AlSiiOio)(OH)s, biotite-phlogopite
Ca.fAl, Fe)i(SiO.)i

FeiCli

FeiOi
CaiFei(SiO.)i

corresponding structure
(16)

>
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A. A.
(50) 4.03  (20) 3.24
2.80 5.46
g 2.81 20)* 3.28

2.83  (30) 5.5

7.46 2.31
(50) 3.95  (30) 2.48
(125) 4.39 (62.5) 2.45
2.23 257

(50) 3.86 (25)* 3.28
4.48 1.481

(40) 4.48  (20) 3.14
4.45 2.54

Table X.

(40)
5)*
6
@5
(20)

40
30
50
17.5)

)
(30)

i
15
40
)
(8
8
(15)
Elz.'S)
(20)
§§8>
403
(30)
(40)
&3
(1.5)
do)

(25)
(12.5)

(20)
o)

)

(25

®)

Pattern numbers refer to published Dow standards

Supplementary index (2, 1, 3, No.) refers to ordered arrangement of second reference line and is used w

Pattern Reference 2 1 3
i A A
556 1.151  1.99 2.82
14 1.166  2.02 2.86
1.180 2.04 2.89
617 1.417  2.41 2.00
(1s) 1.423  2.43 2.85
813 , 1.455  2.48 1.58
B2; 2.82 A, 1462  2.49 2,92
B2: 2.856 A. 1.52 2.64 3.73
403 1.54 2.65 10.4
402 1.54 2.58 2.88
11 1.55 2.59 2.89
404 1.58 2.65 2.96
B32; 6.36 A 1.59 2.08 2.55
1 1.62 2.71 3.03
497 . 1.64 3.10 2.95
Cl5;8.02 A. 1.76 3.52 211
CIS; 8.04 A. 1.84 2.60 3.67
343 1.89 2.67 3.78
962 . 1.90 2.68 1.55
HI,; 8.08 A. 1.92 3.13 1.64
Hli; 8.10 A. 1.99 3.25 1.70
C15; 8.16 A. 2.02 2.33 1.430
4 2.02 2.44 1.430
495 2.05 2.11 3.20
496 2.08 2.02 1.445
427 . 2.09 3.41 1.78
Hl,; 8.27 A. 2.09 3.62 6.27
6 , (IS, 60) 2.12 3.46 1.81
Sl,; 1151 A. 2.16 3.53 1.85
S1,; 11.60 A, 2.20 3.40 1.52
E2,; 3.67 A. 2.23 5.14 2.57
B2; 3.73 A., 2.24 2.48 1.434
SI; 11.87 A. 2.30 3.29 2.05
(46, 60)  2.31 3.99 1.63
SO,; 13.82 A. 2.38 2.47 1.423
E2,; 3.78 A. 2.42 1.40 2.01
170 2.43 1421 2.01
171 2.49 1.398  2.39
S1,; 12.10 A. 2.61 3.68 2.12
(46) 2.63 3.72 2.15
(44) 2.75 1.94 1.57
"3 2.80 2.87 1.66
o 2.80 4.32 5.46
B 3:5.43 A. 2.81 4.34 3.28
854 2.82 3.22 1.86
(46) 2.83 4.35 5.5
2.84 2.42 1.54
B3: 583 A. 284  2.42  2.32
703 2.85 2.44 1.428
21 2.85 2.44 1.431
5 2.89 2.46 2.36
114u; 12.44 A. 3.01 4.05 2.36
15 3.08 3.50 2.14
Cl; 5.91 A.. 3.08 2.75 2.51
SOi; 13.68 A. 3.17 1.86 6.15
Cl; 5.99 A: 3.59 3.84 3.38
9 3.65 4.23 3.98
19 3.67 2.25 1.92
3 . 3.86 5.50 3.28
B3; 6.12 A. 3.95 4.42 2.48
17 . (15, 60)  4.03 4.29 3.24
S6:;8.87 A. 4.05 3.20 3.66
S6:; 9.03 A. 4.05 3.20 2.52
S6j; 9.11 A. 4.23 325  3.35
4.30 3.26 5.4
12 4.39 4.88 2.45
10 4.40 3.32 5.5G
23 445 152 2.54
Pattern Reference 2 1 3
A A. A.
22 4.48 10.1 1.481
H4,, 12.21 A. 4.48 122 3.14
738 4.92 268 244
302 5.6 3.42 2.93
, (46) 5.8 2.46 2.80
20 55 3.50  2.65
) i . 3.58 4.43
s2i; 85b A 746 436 231
7 7.98 266  4.17
. (46) 8.7 2.73 3.12
Is 9.99 2.56 4.47
(46) 11.8 1.400 159

Index to Iron-Containing Substances

(£6)

No.

Isomorphism is indicated by n
enever first reference line is obscured
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Pattern

A N N Reference AZ Al AS No
i.ggs (62.5)  2.70 (50) 242 (30) 443 1166 2.01 1428 7
e oan L EHIE
%gg (100) 2.37 (62.5) 51 (30) 433 (111%?3 58? Hgg ﬁ
18 3.30 315 20 526), 29 (60) i1.432 244 2002 24
2o %o 16 (19 1o @ i1 1455 248 188
2.02 (75 2.08 (62.5) 1.445 (15 403 .%'i?sg %'% 1% )7
2.04 5125 1.180 25} 2.89 (15 402 1.476 251 593 %
2.04 (100 171 (50 297 (40 3.43 A, 1.476 2.52 igf %3
2.05 1.184 1.450 Eg-{cz dona®® | . .

%8(75 (75) 297 (25) 2.65 (25) ‘422, Hgé %gg %g% g%
2.07 1.196 1.465 A2; 2.93 A. , 1.484 253 297 32
207 1.464 2.39 (B1);4.142 A. 1.488 254 162 34
208 1.80 1.273 Al; 3.60 A. 149 255 162 37
2.0 (40) 2“132 (10) i'gés (10) | 417 1.492 2554 163 35

: . . Al; 3.63 A, . :

211 562.5) 2.05 Eez.s) 3.20 (25) 404 st 391 sar
2.14 4118) %g% 25) 2.47 (20) 425 151 257 164 312
2.23 §17).5) 2,03 ({8 1530 ({% ﬁ%g /11'2?1 281 288 0
ggg 30) Zlgg (17.5) zlgf @ 133(2(%) (1154 %gg 1%'.38 ig
%'ﬁé (25) 21.;132 (20) ﬁgg (20y' HI,; 8.10 A. Tlesf 5'?8 5'8(7) 2;1
. . . 67 (26 . .
Zzgg (50) 1.455 Ezo)- 1.58 (17.5) . 427 ( ) %gga ggé 2133 L
2.50 (62.5)  1.468 (62.5) 1.60 (50) Fi1,;8.334. 171 2004 297 51)(5)
280 84 2.23 51 (26); 47 (60) 1.76 271 345 49
251 (19) 13;2 @0 %gf (20) Hli: 8.35A 177 302 250 63
. . . i; 8. . 1.80 2.08 .
2.53 283 1.481 (40) 161  (25) HI,; 8.38 A. 181 295 iéﬁ 5195
2.53 1.484 ElS; 297 (12.5) 979 1.81 296 154
253 62.5)  1.483 (50 1.61  (40) 426 182 200 1193 °9
254 HS? 1.62 HI,; 8.42 A. 182 210 17283 19
254 L492 1.63 HI,; 8.44 A. 1.82 243 2382 22
255 149 %gg HI,; 8.47 1.86 3.03 159 64
2.55 149 . 60 (26) 1.88  2.18 1136 20
257 . 1.64 11,; 8.54 1.88 3.07 1601 65
251 (160) 154 (40) 2.88  (30) S17 11.51 A. 1.88 322 175 67
2.58 (100) %gzzt (62.5)  2.88 (50) SI,; 11.51 A. 1.91 311  1.63B 66
289 2.32 252 - (63) 1.94 275 57 53
280 o 382 3115 16 (26) 203 223 192 21
282 o 308 13.27 161 204 7.4 351 115
2.69 (100; 1.54 1 . (46, 60)  2.05 211 320 18
2.85 (00 . 2.97 SI,; 11 .89 A. 2.08 2.02 1.445 8
2.68 240. ) 208 1 5.9 407 2.08 2568 59 45
2.69 ) 251 1 1.84 423 219 209 161 16
. 1.61 3.00 S1,; 12.02 A. 222 292 20090 57

(Continued on page 216)
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A.
1.88 2
1.82 %
1.80 15
1.82 17
1.66 48
1.166 7
2.08 8
1.184 11
1.196 13
1.81 60
81 59
455 26
86 64
468 27
88 65
19 16
476 30
481 31
483 33
488 34
49 37
492 35
97 36
1 66
1 38
8 42
1 58
3 50
5 62
8 67
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Substance

Mn, Fe)*0*
eS*, marcasite
FeTiO»

OiNi(Ca. Na, K)*_»(Mk, Fe. Al)»(Si, ADiOn, hornblende
N PO.)*.»(0H)i, griphite

a, Al, Ca, Fc)»Mn*
Na.Fe(CN)i

5CuiS.2fCu, Fe, Zn;S.ZAsiSi
5Cu*S.2(Cu, Fe, Zn)S.2Sb*S.
I1.Fe(CN).

Fc, Mn)(Ch, Ta)*0»

eCriS*

CuFeSi

é@u, Fe, Mo, Sn).(S, As, Te)»-.
u

iS.FeS.SnS*
CusS.2FcS
FeSO.
ff-Fe0.OH
4PbS.FeS.3Sb»S»
FeSOnHaO
Fei(SO.)».H»0
KiCuFe(CN).
CaKiFe(CN).
Zn*Fe(CN)».3H*0
Pb*FeéCN)»SHiO
KiFe(CN)»
FeSO.(NH.)iSO.,6Hil
ot-FeO(OH), goothite
AgFe*S»-.
FePO.,2H*0, strenglte
FeNH«(S0.)*.12H.0
FeC.H.O

Fe(CiH.OHSOi)»
Na»Fe(CN)»N0.2H»0
FeC*0.,2H*0
2Na»Fe(C*0.)».0H*O
FeS0..7H,0
CuiFe(CN)*.711*0
Fe.(Fe(CN).]»
CajFe(CN)».1211*0
LIliFeFi

(NH.)jFeF,
Na»FeF.

FeCli.4H*0
FeCl*.2H*0
FcF*.4V*H*0
FeS0..411*%0

Iron ammonium chloride
Fc(H*PO*)a

KiFeF.
Fe(NHj).Clj
FeCl».611*0
Fe(NH»)»Br.
Fe(NH»).(G10.)»
Fe(HCO*)».H*0
Fe?NH»)el,
*y-FcO.OH
Fe(N1*)»(BF<),

Fe( NO»)*911*0
Fe(NH,).(SOjF).
Fe%\ao.))*(.GiIJ‘O)
KiFeiC*0.)».3H,0
(NH.".FelC.0.)»
Fe(N H.) (SO.)*< 1211%0
Na.Fe(CN)*.10H*O
Fe(C»H»0*)*.311.0

Ferrie Salicylate
FoUCH.hAsSO.I.
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of reference lines for one component
[for an n-component mixture there
are 3n(3n —1)(3n —2) —(n — 1)
combinations]. In the general case
of a binary mixture, allowance must
also be made for the following pos-
sibilities: (1) the superposition of
reference lines, for example, the
second reference line of phase A and
the third reference line of phase B
so thath + fs> h orr,; (2) the
superposition of a reference line of
phase A and a moderately intense
reflection of phase B (7S+ > 72;
and (3) the presence of prominent
nonreference lines for phase A, so
that Itor h + n> fi- These con-
siderations are general and apply to
any scheme of classification.

In case the number of standards
exceeds 10,000 to 20,000, the prob-
lem may arise as to how to cir-
cumvent the probable congestion of

reference lines and the multiplicity
Figure 3. Distribution of Interplanar Spacing* of Reference Lines of trial reference lines for multi-
| refers to distribution of first reference line of various standards with respect to d, interplanar component mixtures. In view of the
spacing; Il and Ill pertain to second and third reference lines, respectively. No = total number P

of cataloged standards = 2100. (dN),,d = number of standards having their first reference fact that the great majority of

. . . . . analyses are supplemented or con-
line located in interval (d + For sake of clarity experimental points are shown only for I. finned by qualitative spectroscopic

Maxima for J, 1l, and W eegur at 2.95 + .08, 2.75 ==.20, and 2.60 +; 30 4, respectively. analysis, it may be expedient to re-

n = number of diffraction limes-per-pattern; 4 ~ < 45/ n = 19. / = intensity of rtb verse the procedure and obtain the

reference line; 2 ~  ~ 212 based on /; (NaCl) — 150. hdtdi — 42.3:25.7:20.2 for ] . L
spectroscopic data first to facilitate

MoKa (when corrected for factor sin2t cos " continued ratio is proportional to 26.0:- finding the appropriate diffraction

22.0:19.2). pi expresses probability that di > c2or o3 pip2pj —1.00:50:0.28. A bar

standards.
above a letter signifies an arithmetic average for No standards.

For example, all compounds con-
taining aluminum would be grouped
that for most common inorganic substances the reference lines under aluminum as shown in Table IX. Those substances
fall within the interval 2.0 to 3.5 A. Considering the first refer-  containing both aluminum and iron would be listed under
ence line, one finds 15 patterns
listed in the interval 15 to 20 A.
and 74 patterns in the interval

< Table X1. Powder Diffraction Data

29 to 300 A. (of course, the Filtered MoKa used to obtain diffraction patterns, @ ¥ interplanar spaeing. | —Peak intensity of a dif-
second and third reference lines of fraction line. 1/h = relative intensity, where li is intensity of strongest Ime of particular phase_in gn|stj>n
a substance materially reduce the (values in pare/theees refer to-SIt?H%w «I5le i1 i

number of standards to be con- Spectroscopic Analysis of Unknown. F& Al Si, Na chief constituents: minor constituents P 0.1 to
sidered). In the identification of 0.5%, K 0.01 to 0.1%, Ca 0.001 to 0.01%. NaAlSijOs, Albite
mixtures, however, a crowding of Un Goethite, Amelia Court House,
reference in the relatively narrow known NaAlSijo« Phase | a-Fe0.OH Phase II s dA a h
interval from 2.6 to 3.0 A. might dA 1 dA  1n I/h dA th H/im ot 006
necessitate an undue amount of 6.5 1 04 008 002 s 0.08 0.09 gg 0.04
searching to locate the sought 120 25 035 0.28 421 1.00 2 0.76 201 0,50 (50)
standard patterns in a very large g'_% 12.5 4 IR 0.07 g-%‘ g.08
collection of standards. The point 361 9B 366 0.25 0.20 3139 002 612 gﬁgg 8#118 (40)
may be visualized by the diffrac- 319 50  3:20 Loo (50) é%é 337 008

tion pattern of a binary mixture 2.95 125 248 323 ” 2.10 0!36 oge 319 1.008 (100)
for which there are six reference 287 125 280 042 Egé 53 o%o (S 32 gigi 8%2

lines, the intensities of which may 2.37 1 R 0.12 0.05 255  0.10

be denoted by Ir and f, where 232 f-, 2z O ’ 2.25 0.12 07.15 o 2.43 9-19
rns=1,2, 3 Assuming (1) that 2.18 5, M8 9'6e KO8 2.19  0.20 ™ 531 0108

there are no superpositions of lines, 201 4 199 008 009 Koo 008 g 528 003

(2 that the six most intense re- i;g? ZE %Zgg 0.18 Egi 1.80 0.08 i 11% %%(25 8-8%
flections are also the six reference L 175 173 008 4 Teo 0108 4, igg 81(1)85

lines for the binary mixture, and 156 15 1.58 0.2 Eg} %gg 8:%2 1 185 008

@ that Ji > 1t~ 1t~ fi © R I5hs 107 Theo 028 E7g 1.455 0.12 U 182 010

A £ Q, one may have to exhaust 14l 9 1425 018 (Z;) 1422 008 ®) 9 1743 004

from 1 to 119 possible combina- ' (1)i = (44) i~ (33) 1.720 0.04

tions to find the appropriate set
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aluminum and iron—e.g., FeAJjCL is listed in Tables IX and X
(there are nine such substances listed). Under the nonmetals—
H, C,N, O,F, S, Cl, Se, Br, Te, I—one would list only those com-
pounds which do not contain elements detectable by the conven-
tional arc spectra—i.e., which do not contain any of the follow-
ing: Li, Be, B, Na, Mg, Al, Si, P, K, Ca, Sc, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Ga, Ge, As, Rb, Sr, Y, Zr, Ch, Mo, Ru, Rh, Pd,
Ag, Cd, In, Sn, Sh, Cs, Ba, La, Co, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Lu, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI, Pb, Bi,
Ra, Th, U. Chemical tests are convenient to identify the non-
metals—e.g., the use of aqueous sodium hydroxide and Nessler’s
reagent to detect ammonium salts. Organic compounds may also
be detected in the arc (using copper-electrodes) by the 2478.5 A.
emission line of carbon and the cyanogen band. For routine
analysis it would be advisable to check the diffraction standards
listed under carbon and nitrogen.

The procedure for identifying an unknown by this modification
of the triple index system (SB) is illustrated by Table XI.

Qualitative spectroscopic analysis of the unknown shows the
following chief constituents: iron, aluminum, silicon, sodium.
The more prominent diffraction lines of the unknown (column 1,
Table X1) are: 4.20, 4.02, 3.19, 2.95, 2.69, 2.57, 2.44, 1.72 A.
Looking under Table X to locate the iron- contalnlng phase(s)
one finds a-FeO(OlIl) as a likely component of the unknown.
Chocking the complete data of standard pattern 424, one es-
tablishes the presence of goethitc in the mixture. In a like man-
ner Table IX indicates albite, NaAlSijOa, as the second phase of
the unknown. The presence of albite also could have been
ascertained by looking under the index for sodium or silicon. As
all the diffraction lines of the unknown are satisfactorily accounted
for, the qualitative compound analysis is considered complete
and there is no need to check the diffraction standards listed
under carbon, nitrogen, etc.

The extent to which the suggested classification of diffraction
standards by elements circumvents the anticipated congestion of
reference lines can be estimated by an examination of Tables IX
and X in regard to the number of times the average compound is
listed under more than one element.

For aluminum (Table IX) there are 18 substances listed only
once (under aluminum), 47 substances listed twice (distributed
over 23 elements), 11 substances listed three times (distributed over
8 elements), and two substances listed 4 times (distributed
over 5 elements). For Table X there are 39 substances indexed
only under iron, 60 substances indexed twice (distributed over 23
elements), 13 substances listed three times (distributed over
19 elements), and five minerals listed 4 times (distributed over 11
elements). A calculation of the quotient

Xrn,
p

NUn'r
r

number of substances listed r times
total number of elements under which the various
substances are indexed

where n,

shows that the congestion of references lines has been reduced by
a factor of 12.7 for the aluminum compounds and 13.9 for the iron
compounds.

However, it appears that the intrinsic advantage of combining
spectroscopic information with diffraction data is the natural
incorporation of isomorphous groups in the various tables. This
combination of empirical standards and structural types into one
index should broaden the scope and utility of chemical analysis
by powder diffraction.
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Potentiometrie Determination of Acidity in Highly
Colored Materials

Application to New and Used Petroleum Lubricants Containing Additives

LOUIS LYKKEN, PAUL PORTER, H. D. RULIFFSON, and F. D. TUEMMLER

Shell Development Company, Emeryville, Calif.

Potentiometric methods for the determination of free and combined
acidity of materials soluble only in a nonaqueous solvent are pre-
sented; they are particularly applicable where acidimétrie color
titration indicators fail—that is, to highly colored or opaque ma-
terials such as used lubricants or lubricants containing oxidation
and corrosion inhibitors, detergents, fats, and other additives. A |-
though developed primarily for study of the oxidation characteristics
of lubricating oils, the principles, apparatus, and procedures are
applicable to many other materials such as asphalt, emulsions, resins,
polymers, animal and vegetable fats, oils, etc.

F OR the determination of acidity in highly colored or opaque

materials methods that depend upon indicator color change
are inadequate and often useless, even though they may be ap-
plicable to colorless materials insoluble in water or ethyl alcohol.
Tire potentiometric method for the determination of neutraliza-
tionend points, the logical alternative, seems especially promising
when considered in conjunction with a titration solvent that is
capable of dissolving or dispersing a suitable portion of water-
insoluble material. While the present discussion deals with
petroleum products such as heavy oils, asphalts, resins, and the
like, the principles are equally applicable to many other com-
mercial materials.

Apotentiometric method which is both sound in principle and
readily applicable in practice should combine several important
characteristics. The electrodes should be sturdy and readily give
reproducible values in identical solutions, but should not be at-
tacked by dilute acid or base solutions or organic materials, be
subject to atmospheric oxidation, or appreciably contaminate the
titration solvent. The potential difference of the electrode system
should be nearly proportional to the hydrogen-ion activity of the
mixture of titration solvent and sample, and equilibrium should
be attained in a conveniently short time. The titration solvent
should completely dissolve an adequate amount of sample and
this mixture should tolerate the presence of several milliliters of
water from the sample without formation of a second phase. The
titration medium should have a low inherent acid value, and
should be inert to prolonged action of strong bases, strong acids,
salts, metals, glass, and atmospheric materials. The polar proper-
ties of the solvent should be such that dissolved acidic materials,
"ith dissociation constants greater than 10~7when dissolved in
water, will ionize sufficiently to permit neutralization by the
addition of an equivalent quantity of an alcoholic strong base
solution. The titration solvent should be sufficiently conductive
to allow only momentary accumulation of electrostatic charges
when a low-resistance reference electrode is immersed in it.

While there have been many noteworthy contributions on the
Potentiometric titration of acids in nonaqueous solutions {1-37),
10Published method entirely fulfills the above conditions.

The hydrogen electrode is slow, troublesome, and easily poi-
soned by a variety of materials (8, 32). Although the quinhy-
urone electrode has found repeated application in nonaqueous
solutions {5, 6, 11, 13, 19, 30, 31, 35), it cannot be used in all
solvents; it is attacked by dissolved oxygen, and is not reliable in
alkaline solutions. The antimony electrode functions well as an
Indicating electrode (80), but is not reproducible from time to
tune and is not universally applicable; this is generally true of
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Titration is made directly or after saponification with potassium
hydroxide in a single-phase solution of the sample in a nonaqueous
solvent (benzene-isopropyl alcohol) containing approximately
0.5% water, using a glass-calomel electrode system. Inflection
points and fixed cell potentials are used for the estimation of end
points. The determination by a single titration of two or more
components of a mixture of acids or bases not distinguishable in an
aqueous titration, and phenomena which make possible the estima-
tion of ionization constants of acids and bases having limited solu-
bility in water, are briefly described.

all similar metal electrodes (33). Platinum-tungsten (28), plati-
num-carbon (27), and other dissimilar electrode pairs (/,, 9)
function only in systems that show distinct, sudden changes in
hydrogen-ion activity; they are easily influenced by extraneous
materials. The thin unshielded glass electrode (7, 12, 14, 29) is
reproducible and accurate, but undesirably fragile. The modern
high-resistance glass electrode has ample mechanical strength,
but requires adequate shielding in order to avoid error due to
electrostatic influences, and is not applicable in completely an-
hydrous solvents (12).

The saturated calomel electrode, in various forms, is generally
desirable as a reference electrode when used with a suitable salt
bridge. The agar-agar salt bridge is a JJpreciany attacked by
organic solvents and must be renewed at frequent intervals
(6} 11, 29, 30). The aqueous salt bridge with a ground-glass
joint contact is generally reproducible, it properly prepared and
maintained. The use of a nonaquepus salt bridge Is feasible
(3, 12, 16, 20, SO) and desirable, but further work is needed to
establish satlsfactorlly the appllcatlon of the nonaqueous reference
electrode. In some instances, the silver-silver chloride electrode
(11, 12, 1S, 31) is a satlsfactory reference but it is very slow in
attaining equilibrium and gives a distorted potential-volume ti-
tration curve.

The potentiometric methods given in this paper have proved
satisfactory for determining the free and combined acidic, or
basic, constituents present in new.or oxidized petroleum oils and
in other petroleum products. The free acidity, or basicity, is
determined by potentiometrically titrating the sample dissolved
in a benzene-isopropyl alcohol solution, using a glass-calomel
electrode system. The combined acidity is similarly determined
by potentiometric titration with alcoholic acid after saponifying
the sample dissolved in a benzene-isopropyl alcohol solution con-
taining an excess of strong base. These methods are applicable
to materials that are soluble, or nearly soluble, in benzene-
isopropyl' alcohol mixtures, and that are colorless, colored, or
produce colored solutions during the determination. Unchanged
compounds that are only weakly acidic or basic, and whose dis-
sociation constants, Kaor Kb in water are equal to or less than
K = 10“’, are not detectable and do not interfere. Various acid
or base groups may be distinguished, provided there is a satis-
factory difference between the dissociation constants of the
groups. Thus strong acids, such as hydrochloric, are distinguish-
able from weak acids, such as formic and acetic, which in turn are
distinguishable from weaker acidic materials such as thiophenol.
Similar relationships hold for basic groups of like differences in
basicity. Covering a period of four years, these methods have
been successfully used for the determination of free and combined
acidity in new and oxidized motor oils, turbine oils, oil additives,
motor oil sludges, asphaltenes, crude oils, asphalt, asphalt resi-
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dues, distillates, dis-
tillate bottoms, poly-
mers, rubber, soaps,
vegetable and animal
oils, fats, waxes,
greases, common sol-
vents, and water solu-
tions.

The applicability of
the glass electrode to
the measurement of £
hydrogen-ion activity >
in  nonaqueous solu- 5
tions has been fre- [0}
quently questioned
from a theoretical 0.30
viewpoint. However,
titration curves made
in nonaqueous solution
using the glass-calomel
electrode pair are per-
fectly reproducible,
and are usable for ac-
curately measuring the
acid or base content of Figure 1.

. Potentiometric titration with base
the solutions. To A. Blank o _
avoid confusion of ti- e Noamme oxiazed ofl
tration data obtained D. Hydrochloric and naphthenlc acids
N A E. 5 grams of asphalt
in nonaqueous media
with those obtained in water, a new unit, the ¢G unit, has been
coined to replace the pH unit in nonaqueous media.

0.200

0.100

o]

I't has been found (10,17) that the potential of a glass electrode
in aqueous media depends upon the hydrogen-ion activity of the
solution according to the equation (at 25° C.):

Eq = Eo° + 0.0591 log (H+ activity)

Assuming that the potential of the glass electrode varies in a
similar manner with the hydrogen-ion activity in nonaqueous
solution, the following equation can be considered valid:

Ea —Eo0° + ¢cG

The value of Ea® for any particular glass electrode is constant.
Under suitable conditions and assuming that liquid junction
effects are negligible, the potential of a saturated calomel elec-
trode is constant, and not dependent upon the hydrogen-ion
activity or upon the activity of any other dissolved substance.
Therefore

E = Ec°--Eqg° - ¢cG

E — Egc4-cG

where E is the measured electromotive force between the elec-
trodes and Eqc is a constant which must be determined by cali-
bration for each electrode pair.

Methods for Free and Combined Acid and Base
Numbers

Since complete details of these methods are available (1, 2),
only a brief outline isincluded here.

APPARATUS

The following apparatus has been found through experience
to be most satisfactory:

M eter. The electronic voltmeter (26), the dual alternating
current titrometer described by Penther and Rolfson (25), or the
Beckman model M or Model 0 industrial pH meters.

Electrodes. High-resistance glass electrode No. 4990, and
the slccve-type calomel electrode, No. 4970A, manufactured by
the National Technical Laboratories, and supplied on Beckman
meters.

Titration Stand, described by Lykken and Rolfson (21).

Refluxing Apparatus. Regular sapomflcatlon apparatus
including hot plate, Allihn-type condenser, and 300-ml. Erlen-
meyer flask, or the special apparatus pictured in Figure 3 of (2).

ML. OF 0.1 N ALCOHOLIC KOH OR HCI
Illustrative Titration Curves for Determination of Free Acids and Bases

Potentiometric titration with acid
F. 5 grams of alkaline oil containing free caustic
G. 5 grams of alkaline oil
Titration cell. Glass electrode || saturated calomel electrode
Titration solvent. 50 ml. of benzene and 50 ml. of isopropyl alcohol
containing 1% water

REAGENTS

Standard 0.1 N and 0.2 N potassium hydroxide in isopropyl
alcohol. Standard 0.1 A7and 0.2 N hydrochloric acid in isopropyl
alcohol. Standard aqueous pH = 4 buffer.  Standard non-
aqueous cG = 0.650-volt buffer (2). Standard nonaqueous ¢G =
0.236-volt buffer (2).

Titration Solvent. Mixture of equal volumes of c.p. ben-
zene and c.p. isopropyl alcohol containing 1% water.

CHARACTERISTICS OF ELECTRODE SYSTEM

The glass-calomel system requires constant and regular atten-
tion to obtain reproducible values. After every titration the
electrodes must be rinsed thoroughly with benzene-isopropyl
alcohol and water, carefully dried with a clean towel, and soaked
for a short time in distilled water. Special care must be taken
in preparing the ground-glass sleeve of the calomel electrode.

Before use, the electrode pair is standardized with aqueous
pH = 4 buffer, and calibrated with two nonaqueous buffers (2),
¢G = 0.650 and 0.236 volt. The constant Eac is calculated from
the expression:

Eoc = E —0.236
where E is the voltage of the cell when immersed in pH = 4 huffer.

PROCEDURE FOR FREE ACID (ACID NO))

Weigh or pipet a sample of less than 20 grams containing from
0.2 to 0.5 millicquivalent of acid into a tall-form 250-ml. elec-
trolytic beaker, add 100 ml. of titration solvent, and adjust the
beaker so that the electrodes are immersed in the solvent. Titrate
with 0.1 N alcoholic potassium hydroxide, making certain that
sufficient time is allowed for equilibration between increments d
caustic. A satisfactory indication of equilibrium is a cell voltage
“drift” of less than 5 millivolts per minute. Plot a graph d
milliliters of potassium hydroxide as abscissas, and millivolts a
pH scale readings as ordinates. Mark inflections that oocur
in the neighborhood of ¢cG = 0.236 and 0.650 volt (corresponding
to pH scale readings of 4.0 and 11.0, respectively). Determine
the number of milliliters required to each break. Make a blanx
titration following the above directions, but omitting the sanple-

When the titration curve of the sample shows no definite in-
flection point, the number of milliliters of potassium hydroxide
used to obtain cG readings of 0.236 and 0.650 volt are taken &
equivalent to the amounts of strong and total acids, respectively-
The voltages between the electrodes corresponding to ¢G =
0.650 and 0.236 volt, as calculated using the constant Eac meT



April, 1944

be used as the correct values for any series of determinations
with a given electrode system. For work of a special nature or
for cooperative or referee testing, the voltages corresponding to
these c¢G values should be obtained by calibration with standard
nonaqueous buffers.

PROCEDURE FOR FREE BASE (BASE NO))

Proceed exactly as for free acid, using 0.1 AT hydrochloric acid
instead of potassium hydroxide.

CALCULATIONS FOR FREE ACID AND FREE BASE

Figure 1 gives acid and base titration curves which illustrate
the typical shapes commonly encountered and the manner of
locating end points. The amount of base needed to neutralize
the acids up to the first end point near cG = 0.23G volt less the
equivalent blank titration is a measure of the acid constituents
with strong acid characteristics. The amount of base needed to
neutralize the acids between the end points near cG = 0.236 and
0.650 volt less the equivalent blank titration is a measure of the
acid constituents with weak acid characteristics. Basic mate-
rials neutralized by hydrochloric acid above the end point near
oG = 0.650 are strong bases and those neutralized between the
end points near cG = 0.650 and 0.236 volt are weak bases.

PROCEDURE FOR COMBINED ACIDS AND BASES (SAPONIFICATION NO.)

General Procedure. Although this procedure is the most
general one, it is used only for samples of unknown saponification
characteristics or for samples that upon saponification produce
an adherent precipitate which clings to the surface of the reflux
vessel.  The simplified direct titration procedure is generally
preferred whenever it is applicable because it allows a consider-
ablesaving of time and manipulative effort.

Weigh or pipet a sample containing from 1to 3 milliequivalents
of combined acid or base into a suitable reflux vessel. Add boiling

Figure 2.

Potentlomeblc libation with alcoholic hydrochloric acid of basic constituents remaining after saponification with

potassium hydroxide
Rapeseed oil, tlbation of nonaqueous saponification mixture

OO w>>

libation cell.  Glass elcchodc || calomel clecbode
Saponification medium. SO ml. of benzene, 50 ml. of isopropy! alcohol

lllustrative Titration Curves for Determination of Combined Acids and Bases

. Rapeseed oil, tlbation of water-soluble residue remaining In saponification vessel
Oxidized oil, tlbation of nonaqueous saponification mixture directly in reflux vessel
Castor oil, tibation of nonaqueous saponification mixture directly In reflux vessel
Blank, tlbation of nonaqueous saponification mixture directly In reflux vessel
Alkaline oil, tibation of nonaqueous saponification mixture directly In reflux vessel
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chips, 40 ml. of c.p. benzene, and 40 ml. of 0.2 N alcoholic po-
tassium hydroxide. Reflux gently for 2 hours, remove from the
hot plate, cool, and transfer the contents to a titration beaker.
Adjust the beaker so that the electrodes are immersed in the
solvent, and titrate with 0.2 N alcoholic hydrochloric acid as
directed in free base determination. Select the strong base and
weak base end points in the same way as for free base (above). To
recover caustic or weak bases left adhering to the walls of the
reflux vessel, add 100 ml. of water, cover the vessel, and bring
to a boil. Cool the water solution, pour into a titration beaker,
place the beaker upon the titration stand, and titrate with 0.2 N
alcoholic hydrochloric acid. On the water titration curve select
the end points near the cG potentials of 0.49 and 0.30 volt (pH
8.2 and 5.0, respectively). Add the number of milliliters of
hydrochloric acid required for the upper break in the aqueous
titration curve to the number of milliliters required for the upper
break in the nonaqueous titration curve, and the number of milli-
liters for the lower break in the aqueous titration curve to the
corresponding number in the nonaqueous titration curve.

Make a blank determination using the above procedure, but
omitting the sample.

Direct Titration Procedure. Carry out the determination
as directed in the general procedure, but add sample, caustic,
and benzene directly to the titration beaker, reflux in an appara-
tus with an immersion-type condenser, cool, and titrate directly
in the reflux beaker.

CALCULATIONS FOR COMBINED ACIDS AND BASES

Figure 2 gives typical combined acid-base titration curves
which illustrate the shapes commonly encountered and the
method ofselecting endpoints. Where no definite breaks are
obtained, thearbitrarypoints at which ¢cG= 0.650 and 0.236
volt are selected as in the free acid procedure.

The difference in the amount of standard acid required to pro-
duce the end point near cG potential 0.650 volt (pH scale reading
of 11.0) for the sample and the blank determinations is a measure
of the amount of free and combined acidic constituents in the

sample; this differenceis equiva-
lent to the customary saponifica-
tion number. The difference in
the amount of standard acid

18 required to produce the end
1 point near cG potential of
0.24 volt (pH scale reading of

I 4.0) for the sample and blank
determinations is a measure of

10 the free and combined strong
acid constituents in the sam-

9 ple if the blank titration is
greater than the sample titra-

8(:% tion; if the sample titration
is greater than the blank ti-

7 %<> tration, the difference between
2 them is a measure of the basic
6 X constituents present in the

CcL . .

sample. These relationships do

5 not apply if the sample contains
4 strong acids or bases, along
with constituents that upon

3 saponification produce bases or

acids, respectively.

2 In those cases in which a water
solution is prepared and titrated,

| the amount of standard acid
used to produce an end point
near cG potential of 0.485 volt
(corresponding to pH 8.2) in
the water solution titration is
added to that required to
produce an end point near a
c¢G potential of 0.650 volt
(corresponding to pH scale
reading of 11.0) in the benzene-
isopropyl alcohol solution
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titration.
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Similarly, the amount of standard acid used to produce

an end point near c¢G potential of 0.295 volt (corresponding to pH

5.0)

in the aqueous titration is added to that required to produce

an end point near a cG potential of 0.236 volt (corresponding to
pH scale reading of 4.0) in the nonaqueous titration.
sums are used to calculate the various differences and the calcu-
lations are then made as though only one titration curve had

been obtained.

Solvent Composition

100 ml. (CI1.)iCHOH
100 ml. (CII.)iCHOH
100 ml. (CHi)iCHOH

15 ml. CHCIi 4- 90 ml.
(CH.hCHOH
25m1.CHCI1.4-75 ml.

50m!. CHC|,4- 100 ml.

(CH.liC
75 ml. CHCIl

75 ml. CHC1*

(CH#)iCHOH
75 ml. GHC> 435 ml.
(CHi)jCHOH
100mICHCI<<4 10 ml.
(crt).c OH

. CCU 4- 35 ml.

(CH|)|C OH
100 ml. CeH»

SOmI (CH|)|CHOH o

SOéUI 6«H«4 50 ml.

75 mI C«Hfl 4- 75 ml.

(CH»)jCHOH
100 mI petroleum

ethe
75 ml. petroleum ether
4- 75 ml. (CHi)i-

CHOH

75 ml. n-butyl alcohol
75 ml. acetone

75 ml. n-butyl alcohol
75 ml. fCHIihCHOH

75 ml. n-butyl alcohol
4- 75 ml. (Clli)i-

CH
75 ml. cyclohexanol 4-
75 ml. (CHj)jCHOH
150 ml. cyclohexanol

50 ml. methyl ethyl
ketone 4* "25 ml.
(CHi)iCHOH
75 ml. methyl ethyl
ketone - 75 ml.
(CH.)iCHOH

75 ml. methyl ethyl
ketone 4- 75 ml.
(CHj)iCHOH

100 ml. methyl ethyl
ketone

100 ml. methyl ethyl
fketonc 4- "50 ml.
'(CIHhCRO1I

75 ml. amyl ketone -f
75 ml. (CHi)JCHOH

50ml.aniséle 4-100 ml.
CHj OH

j)ic
30 ml.aniséle 4-100 ml.
(CHihCHOH
75 ml. isopropyl ether

4- 75 ml. (CHj)j-
75CHIO | eth

m |so ro ether

-j- B |py(CHI)j-

CH

75ml. dloxane 4~75 ml.

(CHj);CHOH
95 ml. dloxane

100 ml. benzyl alcohol

None
0.3

None
0.8

None
0.8
0.8

0.8

1
0.025
0.8
0.8

None

0.8

0.8

None

Table 1
IndiI_Electrodes
cating  Reference
Glass Calomel
Glass Calomel
Glass Calomel
Sh Calomel
Glass Calomel
Glass Calomel
Sh Calomel
Sh Calomel
Sh Calomel
Sh Calomel
Glass Calomel
Glass Calomel
Sh Calomel
Glass Calomel
Sh Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Sh Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Glass Calomel
Sh Calomel
Glass Calomel
Sbh Calomel
Glass Calomel
Glass Calomel
Glass Calomel

Solvent

Action

Hggrvy

Qil

Poor
Fair-poor
Fair-poor
Good
Very good
Good
Good
Very good
Excellent
Very good
Very good
Very good
Excellent
Very good
Very good
Excellent
Excellent
Good
Excellent
Excellent
Excellent
Good

Excellent

Poor
Good
Good

Good

Good
Good

Excellent
Excellent

Good

Excellent

Good
Good
Good
Good

Good

Good
Good

Excellent

These
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ACCURACY AND PRECISION

The accuracy and precision of the free acidity method depend
upon the acids present, and upon the materials associated with

the acids.

In the determination of naphthenic acids in 10 grams

of lubricating oil, the standard deviation is less than 0.05 ml. of

0.1 N alkali, and the systematic error is less than

the standard

error.

=*=19% times

The accuracy and precision of the combined acidity method

Electrochemical Characteristics of Various

Equilibrium Elec-
R o

Electrodes tivity
Very good Good
Very good Fair
Good Fair

Good Good
Good Good
Good Good
Good Very good
Slow Very poor
Slow Good
Slow Fair

Slow Good
Slow Poor
Slow Very poor
Slow Poor

Slow Poor

Nil

Good Poor
Good Fair

Good Fair

Slow Very poor
Good Poor

Nil

Good Fair

Very alow Good
Good Good
Good Very good
Slow Poor

Slow Poor
Good Good
Very good Good
Very good Good
Slow Very good
Very good Good
Good Good
Fair Fair
Good Good
Good Fair

Good Good
Slow Fair

Slow Good
Very slow Fair

Nonaqueous Solvents

Inherent Chemical
Acidity Stability
of of
Solvent Solvent

Low Inert
Low Inert
Low Inert
Low Slightly
reactive
Low Slightly
reactive
Low Reactive
Low Reactive
Low Reactive
Low Very
reactive
Low Reactive
Low Reactive
Low Reactive
Low Very
reactive
Low Reactive
Low Very
reactive
Low Inert
Low Inert
Low Inert
Low Inert
Low Inert
Low Inert
High Reactive
Very high Inert
Very high Inert
High Inort
Very high Inert
Hig Reactive
High Reactive
High Reactive
High Reactive
High Reactive
High Reactive
Low Inert
Low Inert
Low Reactive
Low Reactive
Very high Reactive

Nature
0
Inflection
Point Remarks
Excellent  Standard of reference
Excellent
Excellent Etk%;llllbrlum slow in
Good
Excellent  Little acid formed
during titration
Good Little ‘acid formed
during titration
Good LiCl added
Good Acid formed during
titration
Poor LiCl added, much
base consumed
Very poor Acid formed during
titration
Very poor Acid formed during
titration
Very poor Acid formed during
titration .
Good Acid formed during
titration
Fair
Poor Acid formed during
titration
Nonconducting, titra-
tion impossi le
Excellent
Good
Excellent
Excellent
Excellent
Nonconducting, titra-
tion impossible
Good
Good
Good
Good LiCladded
Good Base dilution not
“normal”
ood
Excellent  Unusually high po
tentialriso
Very good High final potential
LiCl added, curve
dwarfed

Unusually high po-
tential rise .
High final potential

Good

Good

Poor LiCl added, curve
dwarfed

Excellent Reactivity due to
compounds

Excellent LiCladded

None

Very poor Good inflection for
strong acid brear

Very good Medium baa nig*

viscosity
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Figure 3. Optimum Water Content of Titration Solvent

Free acid-base procedure. Potentiometrlc titrations of Inherent acidity of solvent con-

taining: A 0.05, B 0.5, C 2.5, D 5.0, and E 9.6% water
Titration cell. Glass electrode || calomel electrode
Titration solvent. 50 ml. of benzene, 50 ml. of Isopropyl alcohol

depend upon the esters and aeids present, and upon the materials
associated with the esters. In the determination of the saponi-
fication number of castor oil in 10 grams of lubricating oil, the
standard deviation is less than 0.05 ml. of 1.0 N acid, and the
systematic error is less than =*=19 times the standard error.

The accuracy, though not the precision, of both methods may
be impaired by the nonreactivity of some acids or esters, and
by the insolubility of some materials such as certain high molec-
ular weight asphaltenes.

Experimental
SOLVENT

Selection of Titration Solvent. The first part of this in-

vestigation was concerned with the search for a solvent or solvent
mixture to meet the specifications
stated above. Exhaustive tests were
made of solvents mentioned in the
available literature, and of all others
which might conceivably qualify.
Those mixtures which evidenced pos-
sibilities were tested in various con-
centrations before abandonment.
The characteristics of the major
compositions tested are summarized
in Table I; some of the concentra-
tion variations for individual mix-
tures are not listed, as they showed
essentially the same characteristics as
the parent mixture.

The study resulted in finding two
suitable media: (1) an approximately
50% mixture of benzene and iso-
propyl alcohol, and (2) an approxi- 0.100
mately 50% mixture of petroleum
ether and isopropyl alcohol. The
benzene-isopropyl alcohol was chosen
because it has greater water tolerance
and is a better solvent for asphalts
and oxidized materials.
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Optimum W ater Concentration of Titration
solvent. The presence of a certain amount of water
in the benzene-isopropyl alcohol medium is beneficial,
since it greatly reduces the resistance of the mixture
and makes the measurement of potential difference be-
tween the electrodes considerably easier. A study was
made of the optimum water content of the solvent for use
in the free and combined acid methods already described.

Titration of Free Acid or Base. Mixtures of benzene
and isopropyl alcohol were prepared containing 0.05,
0.5, 2.5, 5.0, and 9.6 (saturated) % water, and used as
titration solvents in the following titrations:

Blank titrations. One hundred milliliters of each sol-
vent were titrated with 0.0852 N alcoholic potassium
hydroxide.

Hydrochloric acid-naphthone A titrations. Samples
of 2 ml. of 0.1 N alcoholic hydrochloric acid and 2 ml.
of 0.065 N alcoholic naphthone A (naphthenic acid)
were dissolved in 100 ml. of each solvent-water mixture
adnd titrated with 0.0852 N alcoholic potassium hydrox-
ide.

Zinc soap-oxidized oil titrations. A standard solu-
tion of zinc soap was prepared such that 4 ml. of solu-
tion contained 0.1 gram of zinc soap. Samples of 4 ml.
of this solution were mixed with 5 grams of a typical
oxidized motor oil, and titrated in each solvent-water
mixture with 0.0852 N alcoholic potassium hydroxide.

The results of the titrations are summarized in Tables |1
and I11, and the titration curves are shown in Figures 3 to 5.
They indicate that while all solvent-water mixtures are
suitable for the determination, the most desired titration
characteristics are obtained using 0.5 to 2.5% water. On both
sides of this range the titration curve is more dwarfed, and the
characteristics of the titration are more erratic. The equilibra-
tion rate is more rapid as more and more water is added; how-
ever, the increase in rapidity is not pronounced after 0.5% water
has been added. Balancing all factors such as equilibrium rate,
the desire for a high water tolerance in the final medium, the
desire for undwarfed titration curves, etc., the 0.5% value for
water is considered optimum; it has been found very success-
ful in routine application of the method.

Titration of Combined Acids and Bases. The same water-
solvent mixtures used for the free acid-base investigation were
employed for a study of the influence of water upon the combined
acid-base determinations.

Figure 4. Optimum Water Content of Titration Solvent

Free acid-base procedure. Potentiometrie titrations of mixtures of hydrochloric acid and
naphthone A In titration solvent containing: A 0.05,B 0.50,C 2.5,D 5.0,and E 9.6% water

Titration cell. Glass electrode I| calomel electrode

Titration solvent. 50 ml. of benzene, 50 ml. of Isopropyl alcohol
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Figure 5.

zinc soap in titration solvent containing: A 9.6, B
Titration cell. Glass electrode || calomel electrode

Titration solvent. 50 ml. of benzene, 50 ml. of isopropyl alcohol

Optimum Water Content of Titration Solvent

Free acid-base procedure. Potentiometric titrations of 5 grams of oxidized oil and 0.100 gram of
5.0, C 2.5,D 0.5,and E 0.05% water

the salts formed during the
nonaqueous titration tend to
coat the electrodes and beaker
walls, slowing the rate of equili-
bration and rendering the
titrations almost impossible.
The second effect must
naturally be avoided, so that
a limitation of the water con-
tent to less than 0.5% is ab-
solutely necessary. The first
effect places a still greater
limit on the water content.
Previous to the determina-
tion of optimum water con-
tent, the possibility of de-
termining combined acids by
saponification in the benzene-
isopropyl alcohol medium had been investigated.

Table II. Titration of Hydrochloric Acid and Naphthone A in Titration Solvent Several unsuccessful attempts were made to
Containing Water employ a single direct titration of the saponi-
(Titration solvent: 50 ml. of benzene, 50 ml. of isopropyl alcohol) fication mixture in the reflux vessel: in every
er‘f;’t gf"" nnoro aT case there was an unaccountable loss in caustic
Titration Solvent Strong Acids Weak Acids when the direct titration was employed, while
Solvent blank Found. Theory Found Theory Remarks I ted when the double titrati
% > ML ML ML ML ML no loss was noted when the double titration pro-
0.05 0.23 2.38 2.38 1.44 141 Slow equilibrium, poor cedure was used. It was soon discovered in
icrggglllllc;rlvny, potential running many identical samples and blanks by
0.5 0.18 2.38 2.38 1.37 1.41 Rapi(ti ergpillibrium,stable both procedures, that the loss in caustic was
potentia . .
2.5 0.23 2.38 2.38 1.34 141 very rapid equilibrium, proportional to the size of the second or water
very stable potentia i H H _
5.0 0.20 2.43 2.38 1.32 141 Much like 0.5% water titration to be expected from the mixture. Ap
test i i
9.6 0.18 2.38 2.38 1.37 1.41 Much like water titration parer!tly, the SeCO!‘d tlFratlon results from the
reaction of caustic with the reflux vessel or
with some other substance to form a residue
Table Ill.  Titration of Oxidized Oil Sample Containing Zinc Soap that is insoluble in the titration solvent but

in Titration Solvents Containing Water

(Titration solvent: 50 ml. of benzene, 50 ml. of isopropyl alcohol)
W ater
Content Total Acid Number

of Oil (5 Grama) plus Increase with Zinc

Titra- Zinc Soap (0.1 Gram) Soap (0.1 Gram)
tion At A At At
Solvent break cO “ 0.65 break c¢G « 0.65 Remarks
% »e
0.05 6.46 6.22 4.62 4.38 Slow equilibrium, un-
stable potential
0.5 6.50 6.04 4.66 4.20 Slow eqluilibrium, es-
pecially in break,
unstable potential
2.5 6.46 6.08 4.62 4.24 Good equilibrium
rate, slightly wun-
stable potential
5.0 6.49 6.24 4.65 4.40 Rapid equilibrium,
much like water
titration
9.6 6.50 6.27 4.66 4.43 Like water titration

Samples of 10 grams of a typical oxidized oil were added to
100-ml. portions of the water-solvent mixtures, 10 ml. of 0.8 N
alcoholic potassium hydroxide were added to each solution, and
the resulting saponification mixture was refluxed gently for 2
hours. A blank was prepared for each solvent mixture by per-
forming the identical steps, but omitting the sample. After sa-
ponification, blank and sample were removed from the hot plate,
cooled, and transferred to titration beakers. The nonaqueous
solution was titrated with 1 N alcoholic hydrochloric acicT (the
"first”, or “nonaqueous” titration). One hundred milliliters
of water were added to the reflux vessel, and the contents were
boiled, cooled, and titrated with 1.0 iV alcoholic hydrochloric
acid (the “second” or “water” titration).

The data obtained are given in Table IV, and titration curves
are shown in Figures 6 and 7. Two major effects of the presence
of water in the saponification medium were noted: (1) The size
of the second titration increases with increasing water concen-
tration to a maximum at 2.5% water, then decreases slightly,
and (2) when more than 0,5% water is present in the medium,

soluble in hotwater. This material does not react with hy-
drochloric acid in the nonaqueous medium, but is readily
titrated with acid in the aqueous medium. The analysis of a
typical water-soluble saponification residue is given in Table V.
Nothing is known concerning the nature of these residues, but
the presence of water seems to promote their formation. There-
fore, if a direct titration is to be used, it is necessary to maintain

Table IV. Determination of Saponification Number of an Oxidized

O il in Titration Solvent Containing Water

(Titration solvent: 50 ml. of benzene, 50 ml. of isopropyl alcohol. Saponi-
¢cation conditions: approximately 10 g)rams of oil, 7 ml. of 1.0 N alcoholic
KOH

W ater Con- Strong Acid
tent of Saponifi- Saponifi-
Titration cation cation
Solvent No. No. Remarks

% V. Mg. KOIl/g. Mg. KOn/o.

0.05 4.(8) 1.(2) Very rapid equilibration, negli-
gible second titration, ideal
conditions

0.5 4.(0) 1.(0) Rapid equilibration, second ti-
tration fairly small

2.5 3.(7) 0.(0) Two phases “on  addition of

caustic. Equilibration slow,
potentials unsteady, second
titration high

5.0 6.(8) 1.(8) Two phases on addition of
caustic, equilibration slow,
second titration large

9.6 3.(7) 0.(8) Two phases on addition of
caustic, equilibration rapid,
fairly small second titration

Table V. Chemical Analysis of Typical Water-Soluble
Saponification Residue

Mg.
Total carbon 1642
Co* 29
BaOa 15
Sio* 100
Total potassium (KtO) 182
Total alkalinity (KsO) 182



April, 1944

M L. LOTI N ALCOHOLIC HCI

Figure 6.

Optimum Water Content of Titration Solvent

ANALYTICAL EDITION 225

commercial benzene even when
blank determinations are made.
A typical analysis of ordinary
commercial benzene is given
in Table VI, and the analysis
of a typical precipitate formed
by reacting the benzene with
potassium hydroxide in Table
VII.

Ordinary commercial ben-
zene or isopropyl alcohol can be
easily purified to meet specifi-
cations by refluxing over potas-
sium hydroxide for several
hours, and then carefully frac-
tionating.

Addition of Soluble Elec-
trolyte to Improve Conduc-
tivity of Titration Solvent.
The addition of lithium chlo-

Combined acid-base procedure. Potentiometric titration of aqueous and nonaqueous solutions resulting from saponification

of indicated amounts of oxidized oil in presence of 50 ml. of benzene, 50 ml. of isopropyl alcohol, 10 ml. of approximately
0.7 N alcoholic potassium hydroxide, and indicated amounts of water; 2-hour reflux period
0.05%water C’ Aqueous solution corresponding to C
Nonaqueous solution, blank, 0.5% water
D\ Aqueous solution corresponding to D
Nonaqueous solution, 10.31 grams of oil, 2.5% water
Aqueous solution corresponding to E

Nonaqueous solution, 11.71 grams of oil,
. Aqueous solution corresponding to A

Nonaqueous solution, blank, 0.05% water
'. Aqueous solution corresponding to B E.

Nonaqueous solution, 10.18 grams of oil, 0.5% water E'.

pB®=>

a low concentration of water in the saponification medium.
No difficulty is encountered if the water content is below 0.1%.
Necessary Purity op Titration Solvent. In several
thousand analyses of oxidized oils, it was found that the impuri-
ties present in ordinary commercial grades of benzene and iso-
propyl alcohol tend to produce erratic and inaccurate results
when these solvents are used in the combined acid-base pro-
cedure. Deviations of as much as 30% have been obtained
using the commercial solvents. This inaccuracy, not encountered
in the case of free acid-base determinations, is apparently due to
the presence of difficultly saponifiable compounds of sulfur or
chlorine, or of materials which
tend to form resins in the pres-

ence of excess caustic. 0.800
Commercial isopropyl alco-

hol occasionally contains ap- 0.700

preciable amounts of unsatu-

rated material, aldehydes, or 0.600

ketones. On standing with

excess potassium hydroxide, 0.500

these materials form resins

which color the alcohol yellow £ 0.400

and cause objectionably high )

blanks in the combined acid-

base procedure. The isopropyl 0.300

alcohol used should develop

no color on standing with solid 0.200

potassium hydroxide, should

contain less than 0.1% water 0.100

by test, and should have low
inherent acidity.

Commercial benzene gen-
erally contains saponifiable
compounds of sulfur and chlo-
rine which react more or less
completely with potassium hy-
droxide. Since a great many
factors can influence the rate
of saponification of such com-
pounds, considerable variation
13 obtained in the saponifica-
tion numbers determined using

Figure 7.

Combined acid-base procedure. Potentiometric titration of aqueous and nonaqueous solutions resulting from
saponification of indicated amounts of oxidized oil in presence of 50 ml. of benzene, 50 ml. of isopropyl alcohol.
10 mi. of approximately 0.7 N alcoholic potassium hydroxide and indicated amounts of water; 2-hour reflux period

ride to the benzene-isopropyl
alcohol medium was suggested
as a means of reducing the re-
sistance of the titration sol-
vent. Trials were made using
various concentrations of
lithium chloride in the medium, but it was found to react with
caustic and cause a considerable error in the titration curve.
To date, no soluble metallic salt has been found which is inert
to potassium hydroxide in the medium. If such a salt can be
found, its use may improve the characteristics of the solvent.
Characteristics of Benzene-lsopropyl Alcohol Titra-
tion Solvent. Equilibrium Rate. All acids, bases, and salts,
are ionized in benzene-isopropyl alcohol solvent to a degree com-
parable with that in water. Therefore it is assumed that the
reactions taking place in the free acid-base titration are very
rapid. As in aqueous solutions, saponification takes place at

ML. 1.071 N ALCOHOLIC HCI

Optimum Water Content of Titration Solvent

Nonaqueous solution, blank, 2.5% water
\ Aqueous solution corresponding to F
. Nonaqueous solution, 10.13 grams of oil, 5.0% water
'. Aqueous solution corresponding to G
. Nonaqueous solution, blank, 5.0% water

Aqueous solution corresponding to H

Nonaqueous solution, 8.15 grams of oil, 9.6% water
. Aqueous solution corresponding to /

Nonaqueous solution, blank, 9.6% water

\ Aqueous solution corresponding to J
itration cell. Glass electrode || calomel electrode
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Tabic VI. Analysis of Commercial Grade Benzene
Purity by freezin oint, % 99.92
Sulfu¥ ))/ gr 0.0013
Chlorlne, % 0.14
Carbonylvalue, mole per 100 grams 0.006
Acetyl value, equwalentper 100 grams 0.002
Carbon, % 91.96
Hydrogen % 7.79

Table VII. Analysis of Precipitate Formed during Saponification
of Blanks Using Commercial Benzene

SuUateash, 71.2

Potassmm ?{Iajor constituent
Silicon, % a
Calcium, %° 0.1 - 1
Sodium, %° 0.1
Carbon, % 3.3
Fv|drogen % 1.3
Chlorine, % 23
Sulfur, % 0.09

° Order of magnitude only.

Table VIII. Influence of Time on Saponification Number of Castor
oil
(Saponification condition: 60 ml. of benzene, 50 ml. of isopropyl alcohol,
0 gram of castor oil, and 10 ml. of 0.904 N base)

Time of Saponifica- Saponifica-
Reflux tion No. tion No. Saponified
Min. Mg. KOH/g. Mg. KOH/g. %
0 118 0.0 65
5 155 1.0 86
15 165 3.0 91
30 175 1.0 97
60 181 1.0 100
60 186 3.0
420° 194 0.0
° Sample and blank contained 10 grams of SAE 30 lubricating oil.

slow reaction rates which must be taken into consideration in
determining the time of reflux necessary for the saponification of
combined acids and bases, and in estimating the necessary excess
of caustic to saponify combined acids and bases in a reasonable
length of time. Unlike titrations in aqueous media, titration in
benzene-isopropyl alcohol solution requires that considerable
time be allowed between increments of titrant to allow the elec-
trode potential to come to reasonable equilibrium.

The course of events as each drop of titrant is added during a
titration is indicated by the following observations.

(1) In many tests on plain oxidized oils there has been no evi-
dence of the presence of a momentary excess of base immediately
after adding an increment of the base solution. After addition
of the base increment, the meter reading generally progresses
steadily to a constant readlng, in 1to 6 minutes, and never tends
to reach a maximum and decrease to a lower steady value on
standing. (2) The meter reading progresses more quickly to an

munchanging value at ¢cG = 0.600 to 0.700 volt than at ¢cG —
0.400 to 0.500 volt. (3) The increase of the base concentration
of the solution takes place rather rapidly after the addition of a
small increment of base titrant but the indicated cG potential
reading follows slowly. Thus, it appears that time is required
to replace the film of solution on the electrodes by a film of solu-
tion containing the added portion of the base. Rate of stirring
has no appreciable influence on the time for equilibrations, pro-
vided it is adequate.

A great many variations in the manner of adding titrant have
been tried—constant increments, constant waiting periods be-
tween additions of titrant, specification of rates of change of
voltage to be accepted as indicating equilibrium, and many
others. The present specification (I, 2) has grown out of a large
amount of experience in making titrations in the benzene-iso-
propyl alcohol medium. It has been applied with success to a
large number of standard samples in which the acid and basic
strengths have varied from the highest to the lowest detectable
by the method.

Reaction of Caustic with Combined Acids and Bases in the
Medium. The excess of potassium hydroxide, and the time of
reflux necessary for complete saponification of combined acids
and bases, were experimentally determined using a sample
of pure castor oil and a typical sample of oxidized oil. Tables
V11l and IX summarize the results of saponifying equal amounts

16, No. 4

of the oils for varying intervals of time in the presence of a large
excess of potassium hydroxide. Table X gives the results of
saponifying equal amounts of the oxidized oil in the presence of
varying amounts of caustic, using a constant reflux time of 2
hours. A refluxing time of 2 hours and an excess of at least 20
ml. of 0.2 N potassium hydroxide apparently are satisfactory
conditions, and allow sufficient analytical freedom. These con-
ditions have been checked with a large number of known mate-

Table IX. Influence of Time of Reflux on Saponification Number

of Oxidized Lubricating Oil

(Saponification mixture: 50 ml. of benzene, 50 ml. of isopropyl alcohol, 10
grams of oil, and 10 ml. of 0.904 N base)

. . Strong Acid
Time of Reflux Saponification No. Saponification No.
Hours Mg. KOH/g. Mg. KOH/g.
1 3.9 0.9
2 4.0 0.8
4 3.5 0.7
7.5 3.1 0.7
20 3.5 0.6
Table X, Influence of Excess Caustic upon Saponification Number

of a Used Lubricating Ol

(Saponification condition: 50 ml. of benzene, 50 ml. of isopropyl alcohol
10 grams of oil, and 2 hours’ reflux)

0.904 N Alcoholic Strong Acid
KOH in Medium Saponification No. Saponification No.

MI. Mg. KOH/g. Mg. KOH/g.

1.00 4.1 0.9

3.00 6.4 1.8

5.00 6.9 2.0

7.00 7.5 2.4

9.00 8.0 3.3

10.00 7.7 2.9
Figure 8. Influence of Acid Strength upon Free Acid Titration

Curve

Potentiometrie titration of acids with alcoholic potassium hydroxide:
Hydrochloric acid F. Acetic acid
B. Trichloroacetic acid G, p-Nitrophenol
C. Dichloroacetic acid H mm-Nitrophenol
D. Monochloroacetic acid |. Phenol (hydroxybenzene)
E. Formic acid J. Blank
Titration cell. Glass electrode || calomel electrode
Titration solvent 50 ml. of benzene, 50 ml. of isopropyl alcohol containing 1%
water
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Figure 9. Influence of Base Strength upon Free Base Titration Curve

Potentiometrlc titration of bases with alcoholic hydrochloric acid:

A. Blank E. Butylamine

B. Pyridine F. Sodium hydroxide

C. Hexamethylenetetramine G. Potassium hydroxide

D. Ammonia H . Tetraethylammonium hydroxide
Titration cell. Glass electrode || calomel electrode
Titration solvent. 50 ml. of benzene/ 50 ml. of Isopropyl alcohol containing 1% water

rials and found to produce complete saponification in practically
all the trials. Certain compounds of phosphorus and a few other
inert organic substances required more severe conditions.

Throughout these tests, it was found that the benzene-iso-
propyl alcohol titration solvent is stable in the presence of excess
base. It is not appreciably attacked even under conditions of
drastic saponification, such as 48 hours’ reflux with
excess strong base.

lonization of Acids and Bases in Benzene-isopropyl
Alcohol Titration Solvent.  While the apparent de-
gree of ionization of most acids and bases in the
benzene-isopropyl alcohol is measurably different
from that in water, the relative acid or base strengths
of the members of a series of acids or bases are s
in the same order in this titration solvent as in water;
however, there is a better differentiation of the apt- e
parent degree of ionization of the more acidic mate-
rials in this titration solvent than in water. These %
relationships are illustrated by Figures 8 and 9,
which give typical titration curves of various acids
and bases titrated in the benzene-isopropyl alcohol
titration solvent. Since it is assumed that the cG
potential is a measure of the hydrogen activity of a
nonaqueous solution, it is further assumed that the

potential at the mid-titration indicates the rela-
tive acid or base strength of the substance in this
titration solvent. That there is a definite relation-
ship between this c¢G mid-titration point in benzene-
isopropyl alcohol medium and the pK,, value in water’
ISindicated by the smooth curve given in Figure

0.700

0.600

0.500

0.200

0.100
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10, which is constructed by plotting these values for typical
acids of varying strengths.

As the medium becomes less and less waterlike, strong
acids tend to show considerably more irregularity than
weak acids in their apparent degrees of ionization. An
illustration of this is given by the family of titration curves
in Figure 11. This series of curves was prepared by titrat-
ing identical mixtures of strong acids and weak acids in
media of successively less waterlike properties. Evidently
there is a large regular departure in the position of the
buffering plateau in the case of the weak acid in contrast
to an irregular change in that of the strong acid. There
appears to be a tendency for the strong acid to show a maxi-
mum degree of ionization in solvents that are intermediate
in waterlike or nonaqueous properties, while the weak
acid shows a regular trend in this respect—that is, a weak
acid shows a lower degree of ionization and a strong acid
show's a somewhat higher degree of ionization in benzene-
isopropyl alcohol medium than in water. Practically, this
means that when using the benzene-isopropyl alcohol
titration solvent there is a better chance of distinguishing
between acids w'hose pK,, (H2) are in the range of 1to 3
than between those whose pK, (H2) range from 6to 8.

Titration Cuwes for Oxidized Oils. The acidity or ba-
sicity present in oxidized oils is by no means necessar-
ily due to a single acid or base. It may be and probably
is made up of a large number of different components,
each having its own individual degree of ionization. As
a result, in contrast to the clear titration curves produced
by single acids or bases (Figures 8 and 9), the oxidized oils
yield indefinite titration curves of the type illustrated by
curves B and E of Figure 1 and B of Figure 2. In most
cases there is an inflection on the curve to indicate the end
point; however, in some instances, the titration curves
exhibit no recognizable inflection. In such cases, in order
to measure the changes of acidity or basicity taking place
during the oxidation of the oil, it is necessary to establish
definite cG reference points to be used to indicate the end
point of the titration in much the same way that indicators are
used for this purpose. For the purposes of the methods pre-
sented in this paper, the points ¢cG = 0.650 volt for total acid
and ¢cG = 0.236 volt for total base were chosen to represent the
end point indicating the transition to strong base and strong
acid, respectively. These points were selected because for all

Vv =

—_ - !

Relation of Acid Strength i Water to Acid Strength in Benzene
Isopropyl Alcohol Solvent

1 hfydrochloric acid 6. Acetic acid

S. Trichloroacetic acid 7. Thtoph.nol

3. Dichloroacetic acid 8. p-Nltrophenol

4. Monochioroacetic acid 9. m-Nitrophenoi

5. formic k ia 10. Phenol

Baied on titration curves shown In Figure 8
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leum products. It dissolves or disperses most petroleum prod-
ucts to form a solution which tolerates several milliliters of
water without forming a second phase. In addition, it dissolves
most resins and organic polymers, alkali soaps, and esters. It is
not a good solvent for inorganic salts, salts of low molecular weight
organic acids, or organic salts of heavy metals; such salts pre-
cipitate in a more or less flocculent form. This is a decided
disadvantage where more than one acid hydrogen is to be found
in the titrated acid. In such cases, neutralization of the first
hydrogen precipitates the acid salt from solution, and successive
hydrogens must be neutralized by titrating the solid phase first
precipitated, converting it into a second insoluble phase. That
the titration of polybasic acids is not very satisfactory is shown
by the typical titration curves given in Figure 12; however, very
few such acids are ordinarily found in new or oxidized petroleum
products.

> Acidic Characteristics of Metallic Salts in the Medium.
Metallic salts, although for the most part insoluble in benzene-
isopropyl alcohol, react more or less readily with potassium hy-
droxide during the titration of free acids, or during the saponi-
fication of combined acids and bases, to form the respective
hydroxide, and they generally yield reproducible titration curves
(see Figure 13). In general, since the salts and the hydroxides
of the*metals are insoluble in the medium, the reaction of the
salts with caustic and the reaction of acid with the hydroxides
formed are very slow and give rise to slow equilibration of the
electrode potentials and erratic points on the titration curve.
The erratic potential readings are obtained because the potentials
change by a very large amount as a result of the momentary ex-

Figure 11. Effects of Nonaqueous Medium Characteristics 0.800
upon Free Acid Titration Curves

PoUntiometric titration of hydrochloric and acetic acids with alcoholic
potassium hydroxide in the following media:

A, 125 ml. of water C. 125 ml. of methanol (0.5% water)
B. 62 ml. of methanol, 62 ml. D. 125 ml. of ethanol (0.5% water) 0.700 uC
E,Olfzvéatriq. of isopropyi alcohol (0.5%) water N < *1.85 ril. 6.7 % * 8.10«
_F. 62 ml. of benzene, 62 ml. of Isopropyi alcohol containing 1% water . Oml. /1/ ml.
Titration cell. Glass electrode || calomel electrode
6.73 "LI
ml. /
) ) ) ) o 0.600 / / i
samples that give good inflections in the titration ml.
curves, the inflections occurred at or near these points.
The point cO — 0.650 volt is also near the point at
which phenolphthalein changes color in isopropyi - 0500 ' /
alcohol-benzene solution. 5
In the earlier work on the method, end points were
chosen at approximately c¢G = 0.620 volt; however, /4 V
in an effort to get better correlation with the higher
results usually obtained by the available colorimetric 0.400
indicator methods, it was decided to fix the arbitrary end
point at ¢cG = 0.650 volt, and this value was incorpo- 1B
rated in the method. Although c¢G = 0.650 volt may
generally be reached by proper handling of the apparatus 0.300
and use of a correct amount of sample, a value of ¢cG —
0.620 volt, or even ¢cG = 0.600 volt, could be fixed upon / (E
for cooperative work if desired. Of course, if a definite
"break” of more than 0,025 volt by 0.1 ml. of 0.1 Ar 0.200
base is realized in this range, the end point is logically c i
chosen at the inflection in the titration curve. Many A=
attempts were made to choose the insignificant break ML. OF 01 159 N ALCOHOLIC KOH
or "dip” occurring between ¢cG = 0.600 and 0.650 Figure 12. Titration of Polybasic Acids
volt, which is often found with oxidized oils, but pre- PoUntiometric titration of polybasic acids With alcoholic potassium hydroxide:
.. . . . A. 2.0 ml. of 0,1907 N aqueous phosphoric acid. Theoretical total titration, 3.29 m
cision was generally poor and erratic and this practice B. 0.055 gram of succinic acid. _Theoretical toUl titration, 8.20 ml.
was abandoned. S 0024 gram of ralec acd, Theoreteal total tation, 526, ml,
Solvent Action. The benzene-isopropyl alcohol titration E. 0.077 gram of o>phthalic acid. Theoretical total titration, 8.15 ml.

. . Titration cell. Glass electrode || calomel electrode
solvent is a very good solvent for practically all petro- Titration solvent. 50 mi. of benzene, 50 ml. of isopropyi alcohol containing 1% water
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Figure 13.

Potentiometrie titration with alcoholic potassium hydroxide:
A. 0.1172 gram of copper palmitate

B. 0.0276 gram of lithium chloride

Potentiometrie titration with alcoholic hydrochloric acid:
0.10 gram of calcium soap, saponified with 40 ml. of0.2 N alcoholic potassium
hydroxide (combined acid-base procedure). E. 0.1000 gram of zinc soap
Titration cell.  Glass electrode || calomel electrode

Titration oF Metallic Salts
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APPARATUS

Although most glass electrode and meter assemblies
intended for pH determination function satisfactorily in
an aqueous medium, many are not directly applicable for
similar measurements in a nonaqueous medium. Although
not all the exact specification limits have been established,
satisfactory results are obtainable by the proposed method
when the electrodes and meter possess certain essential
characteristics which are noted below.

Electrodes. Selection of Electrode System. Most
of the electrodes suggested in the literature were experi-
mentally evaluated for the measurement of hydrogen-ion
activity and for use as reference electrodes. The princi-
pal electrodes tried are listed above; their faults were
verified by experiment.

A considerable number of reference electrodes were tried,
most of them differing only in the type of salt bridge. Many
variations of the salt bridge were applied, including the use
of various organic electrolyte media. The best all-around
reference electrode was found to be a saturated calomel
(aqueous) half-cell with a ground-glass contact. Of several
reference electrodes tried, the only one that gave suitable
service was the Beckman No. 4970A calomel electrode hav-
ing a ground-glass sleeve. This is a pencil-type electrode
having a permanent inner cell surrounded by potassium
chloride solution. Contact between the electrolyte solution
and titration medium is made by a removable ground-glass
sleeve.

The only electrodes which were found suitable for use
as hydrogen-ion indicating electrodes in nonaqueous media
were the thin (low-resistance) glass electrode and the modem
sturdy (high-resistance) glass electrode; the former was
discarded because of its extreme fragility. All-glass elec-
trodes of the sturdy type available from American manu-
facturers were tested for use in the benzene-isopropyl al-
cohol titration solvent. The only ones found suitable were
the Beckman No. 4990 and No. 4990E electrodes. All
others (including the Beckman No. 4990X electrode) failed
in some respect to give satisfactory results or service. The
No. 4990 electrode is 12.5 cm. (5 inches) long with a diam-
eter of 1.445 cm. (0.578 inch) and a bulb of Coming-015

C. 0.1170 gram of zinc soap

Titration solvent. 50 ml. of benzene, 50 ml. of isopropyi alcohol containing 1% water

cess produced by each incre-
mentof titrant, and then fade
slowly back to the normal po-
tential as the excess is slowly
reduced by the reaction. This
behavior not only causes
error in estimation of the
free or combined organic
acids, but also prolongs the
titration to an impractical
point.

In an attempt to overcome
this metal salt interference,
sodium oxalate was added
to the medium before the
titration, in the hope that
the sodium oxalate would
precipitate the heavy metals
as oxalates, leaving the non-
reacting sodium salts in their
place. However, use of the
oxalate did not reduce the
interference by the metal
salts and in some cases a
considerably greater error,
resulted from its use. No
attempt was made to find
a more suitable anion than
the oxalate ion.

0.800

0.700

Figure 14. Effect of Improper Maintenance of Electrodes upon Free Acid-Base Titration Curves

A. Titration for free acid in blank. Electrodes carefully prepared according to directions given in method

B. Tiﬁraéion for free acid in 4.99 grams of A.S.T.M. cooperative test sample N-8. Electrodes properly prepared according to
metho

C. Tiltqraltdion for free base in 5.06 grams of A.S.T.M. cooperative test sample N-4. Electrodes properly prepared according to
metho

D. Titration for free acid in blank. Electrodes treated in recommended manner after making titration C, butnot allowedtosoak
2 minutes in distilled water before titrating

E. Titration for free acid in 5.00 grams of A.S.T.M. cooperative test sample N-8. Electrodes treated in recommended manner,
but not allowed to soak 2 minutes in distilled water before titrating

F. Titration for free base in 5.04 grams of A.S.T.M. sample N-4. Electrodes treated in recommended manner, but not allowed
to soak 2 minutes in distilled water before titrating

Titration ceil. Glass electrode || calomel electrode

Titration solvent. 50 ml. of benzene, 50 ml. of isopropyi alcohol containing 1% water
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of base.
1
Figure 15. Effect of Improper Maintenance of Electrodes upon Free
Acid-Base Titration Curves
A. Titration of free acid in blank. Electrodes, following nonaqueous titration, washed water,

down with benxene-isopropy! alcohol only, calomel electrode sleeve not removed
before titrating

Titration of free acid in 5.05 grams of A.S.T.M . cooperative test sample N-7.
trodes prepared as in A
C. Titration of free acid in blank. Electrodes, following nonaqueous titration, washed
down with benxene-isopropy! alcohol only, and wiped dry. Sleeve of calomel
electrode removed, wiped dry, and replaced In recommended manner

Titration of free acid In 5.02 grams of A.S.T.M. cooperative test sample N-5.
trodes prepared as In C
E. Titration of free acid in blank. Electrodes, following nonaqueous titration, rinsed
with isopropyi alcohoi-benxene, then with water. Immersed in water, for 0.5 minute,
then dried. Calomel electrode sleeve not removed prior to titration

Titration of free acid in 5.00 grams of A.S.T.M. cooperative test sample N-5. Elec-
trodes prepared as in E
Titration cell. Glass electrode || calomel electrode
Titration solvent. 50 ml. of benzene, 50 ml. of isopropyi alcohol containing 1% water

B. Elec-

D. Elec-

F.

glass; it has a resistance of 200 to 300 megohms at room tem-
perature. This type of electrode has been used with good suc-
cess in the analysis of over 5000 samples of oxidized oils over 3
years. The No. 4990E electrode, which is especially designed for
use in the high pH range, has given satisfactory service for
several months; however, it has not been tested to the extent
that the No. 4990 electrode has.

Although the thin, low-resistance glass electrodes that do not
require electrical shielding function reasonably well, they do not
have the chemical or physical durability required for continued
use in nonaqueous media.

The expected life of the electrodes is 3 months or more of con-
tinuous use 8 hours per day in nonaqueous media. The period of
satisfactory performance Is considerably prolonged by keeping
the electrodes immersed in distilled water between titrations.
Thus, upon completion of a titration it is desirable to remove
the nonaqueous titrated solution and replace it with water.

Preparation and Testing of Electrode System. Con-
sistently reproducible results may be obtained by different
operators, provided they are trained to prepare the electrodes
properly for use prior to each determination. Improper prepara-
tion of the electrode system has generally shown the following
manifestations in the blank titration on the titration solvent:
(1) production of a titration curve that fails to exceed c¢G
0.700 volt upon addition of 0.5 to 1.0 ml. of standard base, (2)
extremely slow rate of equilibration between increments of base,
(3) little or no change in potentials with the initial increments of
base, and (4) tendency for the titration curve to begin at too
high cG potentials. In addition, improper electrode preparation
is indicated during the titration of a sample whenever the initial
increments of base cause the cG potentials to decrease instead
of increase. Although the glass electrode may be partially at
fault, this improper performance is usually caused by the ‘condi-
tion of the interface between the salt solution in the calomel elec-
trode and the titration solvent.

Vol. 16, No. 4

A defective or faulty glass electrode is indicated when
the electrode system gives lower than normal potentials in
aqueous solutions at pH 11 to 12 and when the replace-
ment of the glass electrode with a new one increases the
maximum c¢G potential attainable in the blank and/or
increases the rate of equilibration between increments
Such a defective condition is not generally
detectable by visual examination. The reference elec-
trode is rarely defective when new; it is more likely
that it is apparently defective because of improper prepa-
ration for use or an unsuccessful attempt to repair or
replace a broken part, such as a sleeve.

The following preparatory steps must be taken prior
to each titration to secure proper performance in non-
aqueous titration.

Rinse the electrodes with benzene-isopropyl alcohol
titration solvent, then with water, and wipe thoroughly
with a clean cloth. Remove the ground glass sleeve from
the calomel electrode and wipe both ground surfaces of the
sleeve with a clean cloth. Replace the sleeve 'and allow
potassium chloride electrolyte to fill the ground area.

If this treatment does notleave the electrodes thoroughly
clean, immerse them in chromic acid cleaning solution for
several minutes, rinse them thoroughly with distilled
and allow them to stand in distilled water for

several hours. If required, use cleaning solution to clean
the ground surfaces. Whenever cleaning solution is used
to clean the calomel electrode, drain the remaining elec-
trolyte from the electrode and replace with fresh elec-
trolyte solution.

2. Immerse both (clean) electrodes in distilled water
for at least 2 minutes, remove from the water, and wipe
with a clean cloth as before. Again remove the sleeve
from the calomel electrode, dry each ground surface with
a clean cloth, and replace the sleeve in such a manner that
the ground surfaces are completely and copiously wetted
with electrolyte solution. Be certain to leave a ring of-
electrolyte solution in the capillary space above and below
the sleeve, so that good electrical contact is established at
the electrolyte-titration solvent interface.

3. At all times, maintain the level of the electrolyte solution
in the calomel electrode above the point to which the electrode
isimmersed in the titration solvent or other medium.

4. Immerse the electrodes in the solution to be titrated and
proceed with the titration.

To test a new set of electrodes, or an old set suspected of de-
terioration, make a blank titration of the benzene- isopropyl
alcohol titration solvent as directed (). Record the time re-
quired for equilibration after each increment as well as the final
potential produced. Continue the titration, using 0.05-ml.
increments, until the potential reaches its maximum value.
When the electrode sglstem is in good order and properly ‘pre-
pared, this test should yield a maximum potential on the blank
titration curve of cG — 0.7 to 0.8 volt and the average equilibra-
tion time to produce an unchanging potential should be less than
5 minutes per 0.05-ml. increment of base added.

In order to demonstrate further the importance of the prepara-
tory stepsin securing satisfactory performance ofthe electrode sys-
tem, experimental titrations were made after omitting the essen-
tial preparatory steps one at a time. The conditions of the tests
and the resulting titration curves are given in Figures 14 and 15.
For comparison, some actual titration curves obtained by typical
inexperienced operators are given in Figure 16.

These tests clearly indicate the importance of removing the
sleeve from the calomel electrode and immersing both electrodes
in water prior to every titration in benzene-isopropyl alcohol
titration solvent. The elimination of these steps causes serious
distortion of the titration curve. Apparently a water film ad-
heres to the surface of the glass electrode for the duration of the
titration and as long as this film is unbroken it provides the
necessary conditions for equilibrium. Prolonged contact with
the nonaqueous solvent (more than 90 minutes) tends to in-
activate the electrode system, possibly by removing the water
at points of contact. However, this does no permanent harm
because contact with water during the preparation for the next
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titration restores the activity. The contact with water also re-
moves any caustic film remaining on the electrodes from a pre-
vious determination.

Effects of Continued Use on Characteristics of Electrode System.
With continued use in nonaqueous solutions, the characteristics
of the glass electrodes change in such a manner that the
maximum potential, which can be obtained in the presence
of excess base, steadily drops. Thus, after 6 months’ continued
use, the maximum potential obtainable may be only equivalent
to a calculated cG value of 0.600 volt. This electrode deteriora-
tion is in accord with the corroborating evidence found by others
(10). The continued use of glass electrodes in a nonaqueous
titration solvent alters their characteristics in two ways: They
tend to exhibit a gradually increasing reluctance to follow
changes in hydrogen-ion activity in a normal way, and they be-
come less and less accurate in measuring the hydrogen-ion
activity.

When a new glass electrode is put into use, it equilibrates very
rapidly for the first few weeks, and then less and less rapidly.
Eventually it becomes so slow as to be unsatisfactory for non-
aqueous titrations and must be discarded. Thus it is desirable
to have a test of equilibrium rate for electrodes which will indicate
their usefulness. Such a test is included in the performance test
of electrodes in the procedures for free and combined acid and
base (1, S).

All glass electrodes show a certain amount of error in measuring
the pH of aqueous solutions or the ¢G of nonaqueous solutions,
especially in alkaline solutions. This error is gradually increased
by continued use in nonaqueous medidm until the electrodes be-
come impractical for further use (Table XI). It is because of
such errors in measurements by the glass electrode that no two
electrode systems will give identical cG readings for a given solu-
tion of partially neutralized acids or bases in nonaqueous solu-
tion. Thus, some means must be used to apply a correction to the
electrodes in order to determine accurately the important refer-
ence potentials, ¢cG = 0.236 and 0.650 volt. This correction
is determined by testing with standard nonaqueous buffers (S)
whose ¢G readings on the basis of tests with ideal electrodes are
assumed to be standard for cG = 0.236 and 0.650 volt. When
the errors become so great that the electrodes will not reach the
calculated value for ¢cG = 0.650 volt in the presence of a slight
excess of strong base, they must be discarded; in fact, for best
results the electrodes should be discarded if they will not give a
higher reading than ¢cG = 0.700 volt.

The continued use of the calomel electrode in nonagqueous

Figure 16.

Blank
B. 10 grams of A.S.T.M. cooperative sample N-5
C. 10 grams of A.S.T.M, cooperative sample N-7
D. 10 grams of A.S.T.M. cooperative sample N-8

Potentiometrie determination of free base by titration with alcoholic hydrochloric acid

£.10 grams of A.S.T.M. cooperative sample N-4
Titration cell. Glass electrode || calomel electrode

Titration solvent 50 ml. of benzene, 50 ml. of liopropyl alcohol containing 1% water

Free Acid-Base Titration Curves Obtained by Typical Inexperienced Operator
Potentiometrie determinations of free add by titration with alcoholic potassium hydroxide:
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Table XI1. Comparison of New and Used Glass Electrodes
(Calomel electrode used as reference)
Unsatis-
New Average Borderline factory
Glass Glass Glass Glass
Test Electrode Electrode Electrode Electrode
pH reading in pH 4.00
buffer 4.00 4.00 4.00 4.00
pH reading in pH
7.00 buffer 7.02 7.03 7.05 7.05
pH reading in pH
10.00 buffer m 9.95 9.79 9.28 8.83
pH reading in pH
11.00 buffer 10.76 10.53 10.03 9.37
Maximum cG reading
reached in free acid
number blank, volt 0.796 0.742 0.720 0.692
Time required to at-
tain_maximum po-
tential when Im-
mersed in benaene-
isopropyl alcohol
containing excess
caustic, min. 1 2.5 7 15
cG reading in ¢cG —
0.650 volt non-
aqueous buffer
solution, volt 0.649 0.629 0.617 0.608

solutions has no apparent effect upon its useful characteristics.
If proper care is exercised in its preparation and maintenance,
it should last indefinitely.

Titration M eter. Several commercial electronic voltmeters
were tested for applicability to the measurement of the voltages
between the glass-calomel electrodes in the isopropyl alcohol-
benzene medium.

The most satisfactory meters were the Beckman Model M (or
Model O) pH meters manufactured by the National Technical
Laboratories, the electronic voltmeter of equivalent character-
istics (S6), and the dual alternating current titrometer described
by Penther and Rolfson (25). Except for the Beckman meters
and electrodes, none of the commercial apparatus tested was
applicable without modification to titrations in the benzene-
isopropyl alcohol titration solvent, although all were applicable
to titrations in an agueous medium. In some cases, substitution
of the Beckman calomel electrode for the reference electrode,
furnished by the manufacturer, converted an unsatisfactory
apparatus to an apparatus useful for titration in nonaqueous
media.

In general terms, a suitable meter should meet the following
specifications:

The meter must be a voltmeter or potentiometer that will
operate with an accuracy of =*=0005 volt and a sensitivity of
26,002 volt, overa range of at least =0.5 volt, when used with
an electrode system having 500
megohms’resistance and when
the resistance between the elec-
trodes falls within the range of
0.2 to 20 megohms. The me-
ter must be protected from
stray electrostatic fields, so that
when it is connected to the
electrode system no permanent
change in meter readings, over
the entire range, is produced
by touching with a grounded
lead any part of the exposed
surface of the glass electrode,
the glass electrode lead, the
titration stand, or the meter.
A satisfactory meter should be
designed to operate on an in-
put of less than 5 X 10“ 1lam-
pere when an electrode system
of 1000 megohms’ Lresistance
is connected to the terminals
and should be provided with
a satisfactory terminal (SO) to
connect the shielded connec-
tion wire from the glass elec-
trode to the meter without
interference from the presence
of external electrostatic fields.
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Titration Stand. For most effective application of 0.900

the methods given in this paper, it is necessary to have

some convenient manner of mounting the electrodes, stirrer, 0.800

burets, and titration beakers in a compact unit, so that /

cleaning, adjusting, and replacing solutions can be done with 0.700

a minimum of effort and the titrations can be made con- \ = J--\.Domi. ) 4 \osm1. asml. 78ml.

veniently and rapidly. A stand (1, 2) was developed espe- 0600

cially for this application and has been found very efficient.

It i3 now available from a commercial supply house: 0.500 /
Saponification Apparatus. The greater part of the in-

vestigation of the combined acid-base determination was 0400 / (

done using the conventional type of reflux apparatus with

Erlenmeyer flask and Allihn condenser. When the proper- © 0300 E-

ties of the solvent became better understood and the single 1

titration procedure became possible, a special saponifica- 0.200 il.

tion reflux apparatus was devised for carrying out the AB ¢ 5 . 4ml.-

saponification directly in the titration beaker (2); this ap- 0.100

paratus was constructed by fitting the titration beaker ' ML.0.1002 N ALCOHOLIC KOH

with an immersion-type condenser. Fisure 17. Influence of Sample Size upon Determination of Free Acid

Potentiometric titration of following amounts of oxidized oil with alcoholic potassium

Discussion

During this investigation many attempts were made to ap-
ply indicator methods to the determination of acidity in dark
petroleum products for the very practical reasons of economy in
time and equipment. All indicators and mixed indicators
recommended in the available literature were tested, but were
rejected, because the color change could not be seen in dark
samples, took place too early or too late as compared with
potentiometric titration results, or was gradual or indistinct.
Spotlights, ultraviolet lights to induce fluorescence, white porce-
lain spatulas pressed against the sides of the titration flask, and
tilting the flask were tried to obtain better observation of the
end point, but without success.

No usable relationship has been found between acid numbers
of dark oils obtained by the potentiometric method, and those
obtained by the usual colorimetric methods. This is illustrated
in Table X 11, which shows the acid numbers obtained for several
typical series of oxidized oils chosen at random from the results
of a large number of oil oxidation tests. For combined acid
(saponification) number, the agreement between the results of
colorimetric and potentiometric methods is somewhat better
(Table X111).

Early in the development of the methods for free acid and free
base, it became apparent that the slow addition of titrant could
cause a gradual saponification of easily saponified materials during
the titration.

hydroxide:
Titration cell.
Titration solvent.

A 0.00,B 2.00,C 4.10, D 6.11, E 8.18 grams
Glass electrode || calomel electrode
50 ml. of benzene, 50 ml. of Jsopropyl alcohol containing 1% water

In order to determine the extent of the errors due to the
presence of easily saponifiable material, a standard solution of
oxidized oil and castor oil in benzene-isopropyl alcohol titration
solvent was employed. This was prepared so that 100 ml. of
solution contained 5 grams of oxidized oil and 3 grams of castor
oil. Portions (100 ml.) of thissolution were titrated to successively
higher e.m.f. values with alkali, and were immediately back-
titrated with alcoholic hydrochlorlc acid to see if the curves
would retrace themselves—i.e., to determine whether or not
saponification had taken place It was found that the back-
titration with acid retraces the base titration curve within the
practical limits of experimental error when the titration is
stopped at any point below cG — 0.650 volt. If the titration is
stopped at c<7 = 0.709 volt, a small amount of saponification
takes place. Thus, if the end point in the free acid-titration
occurs near ¢G = 0.650 volt, it can be safely assumed that no
saponification has taken place unless the sample contains esters
more readily saponified than castor oil. If the end point occurs
above ¢G = 0.700 volt, further evidence that some saponification
has not occurred is necessary.

The optimum sample size has been found by experience from
the results obtained in a great number of analyses. The main
factors governing the choice of sample size were found to be:

1 Amount of precipitated salts formed during titration.
This factor applies to free acid and free base determinations only,
since the amount of caustic added in the saponification procedure

control the amount of salts formed during the ti-
tration in the case of combined acid-base determina-

. ) ) ) tions. When too much of the flocculent precipitate
Table XII. Comparison of Free Acid Numbers Obtained for Dark Oils by of salts is formed in the titration vessel itpintelr')feres
- . Colonm'etrlc and Potent|(?metr|c Methods by qqcluding some sample. Wh_en this happen_s, the
ot)i((l)?]a_ Tlor?e Potemﬁyc'd N%olori ot?é?]a- Tlg;e bot tAcid No(.: ori equilibration is slow and the titration curve is ab-
- - otentio- olori- 1t i i
Teat Oxida- metric metric Test Oxida- etrin r i normal, both conditions producing considerable error.
No. tion method3  method*» No. tion method3  method & 2. Characteristics of the break. The sharpness
Hours Mg. KOH/g. Hours of the breaks in the titration curves for oxidized oils
1 0 119 Tostfailsc 5 8 14 0.6 depends to a considerable extent upon magnitude of
S 197 0.04 16 10 0.7 the titration and, for that reason, on the size of sam-
212 2.31 0.80 24 2.3 0.7 ple used. Examples of this dependence are shown for
T 279 iR Y 6 3 31 9.7 free acid determinations in Figure 17, and for com-
2 8 9.5 6.6 16 1.4 0.4 bined acid-base’determinations in Figure 18.
i g»% 47 24 1.8 0.6
. . 36 2.2 0.9 . T .
36 5.2 3.2 7 8 2.7 0.8 While the variation in the characteristics of the
3 8 13 92 1e 45 18 samples to which these methods are applicable is so
gg %‘21 8'2 8 33 gf; &.g great that general rules for sampling are almost im-
4 8 6.9 4.3 16 4.1 0.5 possible to formulate, the limits given in the meth-
16 11.6 6.9 24 4.5 0.9 i i
2% 15.4 72 6 57 20 ods (1,_2) are known to have given good results with
36 20.1 8.0 the majority of the samples to which they have been

3 Designated A.S.T.M. D6G4-42T.
b Designated A.S.T.M. D663-42T.
e Testfails owing toinherent color of sample.

applied.
The potentiometric method has generally been ac-
cepted without much commentin those cases where the
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Table XIIl. Comparison of Combined Acid (Saponification)
Numbers Obtained for Dark Oils by Colorimetric and Potentio-
metrie Methods

Saponification Number or Combined Acidity

Total Strong
A.S.T.M. A.S.T.M. combined combined
D94-39T D94-41T acidity, acidity,
colori- colori- potentio- potenti-
Sample0 metric metric metric ometric
Mg. of KOII per oram
1 3.5 4.5 3.4 0.2
2 30.6 30.7 30.9 0.7
3 1.2 1.7 1.6 0.6
4 3.6 4.6 4.5 0.3
5 40.2 30.7 28.5 0.5
C 1.0 1.6 0.9 0.3
7 3.4 4.2 4.2 0.2
8 28.8 30.1 28.5 0.3
9 2.5 4.8 3.6 0.5
10 4.9 7.8 7.8 0.6
1 25.2 27.1 27.6 21.3
12 31.4 33.1 35.2 24.7
Degras oil 117.3 121.8 132.0 10.1
Sperm oil 135.6 138.6 139.5 0.6
Sulfurized 167.7 161.6 163.4 26.4

0 Samples 1 to 12 are oxidized oil samples.

titration curves show definite inflection points or breaks. The
potential difference between the electrodes at the inflection point
of a given sample varies from one electrode system to another and
especially from one laboratory to another. While this variation has
no appreciable influence when definite inflections are found, it is
significant when the titration curves show no definite inflection
points and the results are calculated from the volumes of base
or acid required to produce a standard cG potential. Therefore,
in the absence of definite breaks (less than 0.025-volt change
per 0.10 ml. of 0.1 N base) the titration is made to the potential
found to be equivalent to the standard c¢G = 0.650 volt, or cG =
0.236 volt, by a test such as that suggested.

Even under good equilibrium conditions, titrations of some
oxidized or used lubricating oils give curves that fail to reach the
¢G value expected for the given amount of base added. This
lowering or flattening of the upper part of the titration curve
is probably caused by the presence of certain materials having
acidic characteristics that buffer the ¢G value in much the same
way that certain phenols lower the pIT of a dilute agqueous solu-
tion of a strong base. Except in the case of oils containing com-
plex metallic salts or dopes, the lowering or flattening of the titra-
tion curve is probably not due to the consumption of the base
by the acid complexes in a saponification or hydrolysis reaction.
Furthermore, the abnormal lowering of the curve probably is not
caused by reaction of the base
with nonacid constituents of
the sludge.

In general, inspection of the
titration curves submitted by
various laboratories using the
potentiometric method in-
dicates that, in many instances,
too large increments of stand-
ard base were used and a suf-
ficient length of time was not
allowed for equilibrium be-
tween the increments. Rea-
sonably satisfactory results
have been achieved by using a
short, constant equilibration
period (0.5 to 1 minute) when
small, constant increments
(0.05 to 0.10 ml. of 0.1 N) of
base are added, but erratic high
results are obtained when large
increments of variable size
(more than 0.1 ml. of 0.1 N)
are used with short, constant
equilibration periods. If in-

Figure 18.

droxide: A 0.00

sium hydroxide
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crements of variable size are used, as during a prolonged titra-
tion, more satisfactory results are obtained by allowing the
electrode system to come to equilibrium after adding each in-
crement. These considerations are especially important in the
region of the end point. False breaks are sometimes mani-
fested when a series of large increments is followed by several
small increments and insufficient time is allowed for equilibrium.

The methods for free and combined acids and bases given in
this paper have been applied to the analysis of over 5000 samples.
They have been found extremely valuable in studies of the
oxidation of petroleum products, and in the evaluation of a great
number of materials. More recently, the methods have been
adapted to a semimicro scale; equipment of a special nature has
been designed for such small-scale work {21).

Isopropyl alcohol, c.p., was chosen as the solvent for the
standard acid and base because it is one component of the titra-
tion solvent and because caustic solutions made from it are more
stable than those made from ethyl alcohol. Special grades of
isopropyl alcohol to which odorants may have been added are
not recommended for the preparation of these reagents.

In the determination of acidity in complex mixtures, such as
lubricating oil or organic distillates, any information which
helps to identify the acidic constituents may prove valuable.
The potentiometric titration gives such information, and, in
addition, furnishes a record of just what took place during the
analysis of any sample.

LITERATURE CITED

(1) AS.T.M. Standard on Petroleum Products and Lubricants,
Appendix 11, October, 1942

(2) A.S.T.M. Standard on Petroleum Products and Lubricants
(edition of October, 1943).

(3) Bishop, Kittredge, and Hildebrand, ./. Am. Chem. Soc., 44,
135-40 (1922).

(4) Boltounow and Korgious, J. Gen. (U.S.S.R), 7,
2842-7 (1937).

(5) Caldwell and Mattiello, ind. Eng. Chem., Anal. Ed., 4, 52-6
(1932).

(6) Clarke, Wooten, and Compton, Ibid., 3, 321-3 (1931).

(7) Darmois, Commun. soc. phys. (July 3, 1936).

(8) Demarest and Rieman, ind. Eng. Chem., Anal. Ed., 3, 15-17
(1931%.

(9) Dietrich and Binder, Ibid., 13,105-7 (1941).

(10) Dole, "Glass Electrode”, New York, John Wiley & Sons, (1941).

(11) Evans and Davenport, ind. Eng. Chem., Anal. Ed., 3, 82-5
(1931).

(12) lbid., 8, 287-91 (1936).

(13) lbid., 9, 321-3 (1937).

(14) Evans and Davenport, J. Am. Chem. Soc., 59, 1920-2 (1937).

Chem.

Influence of Sample Size upon Determination of Combined Acids and Bases

Potentiometric titretion of basic materiell remaining after saponification of following amounts of oxidized oil with potassium hy-
,B 1.101, C 2.014,D
Titration cell. Glass electrode (| calomel electrode

Saponification medium. 40 ml. of benzene, 40 ml. of Isopropyl alcohol containing approximately 7 railliequivalents of potas-

4.029, £8.01 grams



234 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 4

(15) Fogel’son and Kalmykova, Zasodskaya Lab., 5, 947-52 (1936).
(16) Gardener and Whitmore, Ind. Enq. Chem., Anal.Ed., 1, 205-8
(1929).
(17) Haber and Klemensiewicz, J. physik. Chem., 67, 385 (1909).
(18) Kratz, Z. Elcktrochem., 46, 259-64 (1940).
19) LaMer and Downes, J. Am. Chem. Soc., 53, 888-96 (1931).
20) Ledere, Ind. chem. beige, 4, 415-26 (1933).
(21) Lykken and Rolfson, Ind. Eno. Chem., Anal. Ed., 13, 653-5
(1941).
(22) Maelnnes and Dole, Ibid., 1, 57 (1929).
(23) Miller, Z. anorg. allgem. Chem., 217, 113-53 (1934).
(24) Nall. Petroleum News, 35, R90 (Feb. 3, 1943).
' (25) Penther and Rolfson, Ind. Eno. Chem., Anal. Ed., 15,337 (1943).
(26) Penther, Rolfson, and Lykken, Ibid., 13, 381—2 (1941).
(27) Ralston, Fellows, and Wyatt, Ibid., 4, 109-10 (1932).
(28) Rescorla, Carnahan, and Fensko, Ibid., 9, 505-8 (1937).

(29) Rolfe and Aleock, J. Soc. Chem. Ind., 56, 294-ST (1937).
30) Seitz and McKinney, Ind.Eng.Chem., 20, 542-4 (1928).
31) Seitz and Silverman, Ind. Eng. Chem., Anal. Ed., 2, 1-2

(1930).

(32) Smith, J. Am. Pharm. Assoc., 17, 241-3 (1928).

(33) Tomicek and Feldman, Collection Czcchoslov. Chem. Commun.,
6,408-22 (1934).

(34) Treadwell and Schwarzenbach, Fids. Chim. Ada, 11, 386-405
1928

(35) val'dman and Shehogrova, Zaeodskaya Lab., 7, 917-21 (1938).

(36) Willard and Boldyreff, J. Am. Chem. Soc., 51, 471 (1929).

(37) W(ooten) and Ruehle, I1nd. Eng. Chem., Anal. Ed., 6, 449-51
1934).

Pbbbented before the Division of Petroleum Chemistry at the 106th
Meeting of the American Chemical Society, Pittsburgh, Pa.

Laboratory Evaluation of Corrosion-Inhibitive Pigments

G. D. PATTERSON AND C. K. SLOAN, Chemical Department, E. I. du Pont de Nemours & Company, Inc., Wilmington, Del.

The importance of water condensation in failure of metal-protective
paints by corrosion is discussed. Severe-service tests are differ-
entiated from "accelerated” tests. Techniques are described for
laboratory evaluation of the corrosion resistance imparted by metal-
protective pigments. The preferred technique combines use of thin
metal foil panels 0.0005 inch thick, single films or thin films offering
minimum physical protection, and exposure under controlled water-
condensation conditions.

HIS paper deals with methods for investigating the protec-

tive value of corrosion-inhibitive pigments in maintenance
paints for metal surfaces, with emphasis on degree of inhibitive
action rather than film durability.

Because of the many variables which may be encountered in
service, the evaluation of pigmented coating compositions for the
protection of structural steel surfaces against atmospheric corro-
sion represents a most difficult field of testing. For the same
reason, apparently conflicting performance data are sometimes
obtained in so-called practical tests.

Progress in the development of improved pigments and paints
has accordingly been slow and the actual advances represented
by new products have been uncertain. Honest differences of
opinion may exist as to the relative merit of standard products
which have been in extensive use over a number of years. Even
after an anticorrosive pigment has been properly formulated into
paint, according to existing laboratory tests, varied conditions
in sendee may introduce factors that have a pronounced influence
on the protective effectiveness of the system.

Important variables in the use of coating compositions include
the metal painted, the condition of the surface (including rust and
mill scale), film thickness, temperature and moisture conditions
during painting and drying, contact with.other paint films (old
paint and new topcoats), and finally the several atmospheric con-
ditions including moisture, corrosive chemicals such as salt, sul-
fur dioxide and others found in some atmospheres, heat, and sun-
light. The investigator interested in development of metal-pro-
tective pigments faces an even more complex situation since, in
addition, he must consider control pigments, combinations with
other pigments, representative vehicles, and consistency as re-
lated to control of film thickness.

Evaluation techniques making possible a more intelligent se-
lection of leads prior to the essential long-time fence and field
tests are therefore of the utmost importance. Practical evalua-
tions of the latter type extend over many years and are not well
adapted for exploratory studies. In setting up preliminary labo-
ratory tests, conditions should be selected on the basis of an
analysis of the requirements to be met by a metal-protective
paint film in accomplishing its objective—namely, prevention of

corrosion of the metal. Film requirements include (1) mainte-
nance of continuity, (2) maintenance of adhesion to the metal,
and (3) inhibition at the metal-film interface. The pigment in-
fluences each of these characteristics but is particularly important
in relation to providing protection by passivation and/or exclu-
sion of water and oxygen and/or control of film acidity.

In connection with the development of improved metal-protec-
tive pigments, techniques have been devised in this laboratory by
which individual protective characteristics of a candidate pig-
ment can be studied under controlled conditions to provide a
basis for subsequent exposure work. These are not “accelerated
tests”, at least in the usual sense of the term, and in particular,
they arc not accelerated tests in which some one factor has been
exaggerated to a degree never met in practice in order to induce
some kind of rapid failure. Thus, they are not to be considered
in the category of salt-spray and continuous-immersion tests
which are frequently used as accelerated tests and accepted as in-
dicating performance under atmospheric conditions but which ac-
tually demonstrate performance under special conditions occa-
sionally met in practice. Rather, they are to be considered as
“severe-service” tests in which severe conditions which are most
likely to cause failure in general service are brought into the labo-
ratory and reproduced as faithfully as possible without intensify-
ing any factor to a degree greater than that actually met in prac-
tice. For example, water continuously or frequently in contact
with a paint film is an unquestioned factor in promoting corrosion
failure. Frequent water condensation in practical service may
cause failure of metal-protective paints which stand up satisfac-
torily under more favorable conditions. Rusting on the bottom

TOP COAT 0.0015

PRIMER 0.0015 0.000005"

“IRON MIRROR
-0.0005" IRON FOIL

AUTO BODY STEEL
GAUGE

20
0.037 THICK
Figure 1. Relative Thickness of Panel Material Used in Test-

ing Effectiveness of Metal-Protective Primers



April, 1944

2. Miniature Iron Foil Panel Painted with Iron Oxide-Linseed Ol

Left. Paint tide after exposure. Right. Back of panel. Note underfllm corrosion

surface of steel beams, while sides and top are in good condition,
isa common occurrence which can be traced to condensation and
hanging water droplets.

In setting up tests to establish corrosion-inhibitive effective-
ness, the general rules have been (1) to use only conditions which
are actually met in practice, (2) to apply the more severe condi-
tions most likely to induce failure, and (3) to limit the evaluation
in so far as practicable to one cause of failure. In the techniques
presented, prevention of underfilm corrosion has been empha-
sized. The ability of the pigment-binder combination to inhibit
corrosion directly or to keep corrosion-inducing agents away from
the metal is the property under study, with durability and adhe-
sion either minimized or secondary. The importance of the latter
two factors is clearly recognized, but they are secondary unless
subfilm corrosion is controlled simultaneously.

With regard to the mechanism of corrosion, previous workers
have firmly established several points which stand out from the
maze of theories and isolated facts in the literature, and furnish
guidance in test development. Atmospheric corrosion cannot
proceed unless both water and oxygen are present. The process
of corrosion may be accelerated by the presence of active acids or
certain electrolytes. In service, the atmospheric oxygen factor
may be considered constant and the moisture factor the primary
atmospheric variable. Atmospheric acidity is undoubtedly iiv
volved in some severe failures in service—for example, acidity in
the form of sulfur dioxide or trioxide (smoke) and carbon dioxide.
Electrolytes may be very important in specific cases and must not
be overlooked—for example, sodium chloride from sea water
spray or other sources. Film acidity may also be involved.
However, in the majority of cases, water appears to be the con-
trolling factor in promoting corrosion under an intact film (ex-
cluding durability). Consequently, it was selected for emphasis
in developing laboratory severe-service tests.

In studying the corrosion-inhibiting power of pigmented films,
itis important to detect the first stages of corrosion and to follow
its progress. To this end, a technique has been developed in
which the normal metal panel is replaced by extremely thin metal
foil representing the immediate surface of the ordinary panel and
so thin that perforation occurs as soon as corrosion starts. This
"thin foil technique” makes possible the study of inhibition under
an intact paint film normally applied and without the introduc-
tion of abnormal influences.

In addition, two general techniques reflecting severe conditions
occurring in practice have been selected with the previously
stated general rules in mind. The first involves use of a relatively
thin paint film, a condition which is often encountered in prac-
tice and which represents a severe test of protective power be-
cause of the greater permeability of the film to water. The
second involves moisture condensation, the basis for which has
already been discussed.

These three techniques will be described in greater detail, to-
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gether with adaptations which introduce the
further factors of weathering and prerusted steel
surfaces.

THIN FOIL TECHNIQUE

The general method comprises the painting
of one side of a metal “panel” so thin that a
minute amount of corrosion will be apparent
from the back or uncoated side of the panel which
is protected by sealing it with an inert resin on
a transparent glass plate such as a microscope
slide. Panels made up from iron foil about
0.0005 inch thick have been extensively used in
development studies.

Figure 1lindicates the relative thickness of such
thin panels as compared with ordinary 20-gage
steel panels and with an ordinary paint film.

Corrosion usually becomes visible from the panel rear before it
does through the paint film. This is particularly helpful with
dark-colored primers and in cases where topcoats are applied over
the primer film. In the case of blistering or questionable areas,
it can be seen directly whether or not actual corrosion is involved.
Figure 2 shows a painted miniature iron foil panel after an expo-
sure; at leftisthe paintside and at right the extent of underfilm
corrosion as seen from the back of the panel.

The thin foil technique can readily be extended to nonferrous
metals such as aluminum and magnesium alloys.

Figure 3. Indoor Water-Condensation Cabinet Open to Show

Miniature Panels

Preparation op Thin Foil Panels. The thin iron foil used
in this investigation was obtained from the American Platinum
Works, Newark, N. J. The iron'was described as “Electrolyt-
Iron Heraeus-Vacuum-Schmelze A. Ca., Hanau, a.M., Germany”,
having the following elements in addition to iron: manganese,
0.030%; silicon, 0.030%; carbon, 0.010%; phosphorus 0.008%;
sulfur, 0.016%.

The foil used has a thickness of the order of 0.0003 to 0.0005
inch. It is cut into miniature panels (0.625-inch squares) with a
paper cutter after being placed within the fold of a sheet of paper.
Before use, each miniature panel is examined for freedom from
holes and blemishes. To protect from premature rusting, the
small squares of foil are kept immersed in mineral spirits.

The technique used in mounting the miniature foil panels is as
follows:

Clean microscope slides (3 X1 inch) are laid on an electric hot
plate and heated until the glass-to-metal adhesive, an inert ether
resin of the type disclosed in U. S. Patent 2,060,715, melts and
adheres when rubbed on the hot glass surface. Sufficient adhe-
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sive is transferred in this manner to cover the central third of the
glass slide with a thin film. The slide is then removed from the
hot plate with a forceps and one of the 0.625-inch squares of foil
is transferred to the central fluid resin area. Intimate contact
of resin to metal is secured before the resin solidifies by pressing
the metal foil with the end of a bar very slightly smaller in cross
section than the piece of foil. If there Is a tendency for the edge
of the foil to turn up, a small spatula with turned up point is
used to seal these edges by pressure. The mounted foil is ready
for painting when cool. If painting is delayed, the mounted foil
panel is kept in a desiccator to protect against atmospheric cor-
rosion. The sealing resin must be'inert to avoid the possibility
of corrosion from this source, and it must retain its bond to glass
in the presence of water. Turned up edges of the foil should be
avoided, since they will later cut the paint film and end the test
prematurely.

Figure 4. |Indoor Water-Condensation Cabinet Covered by

Glass Plate and Wet Towels

The miniature panel is painted with a flat 0.5-inch brush.
Attention is given to securing a “normal” film thickness of about
0.0015 inch except where a test of the effectiveness of thin films is
desired (see below). This is done by using a relatively “dry”
brush and first painting out each system on a specimen area corre-
sponding to the miniature foil panel. The amount of paint to be
applied to the foil area is the amount necessary to give the re-
quired increase in weight on the test specimen area. When the
effect of a topcoat is to be tested, the latter is applied over the
primer in a similar manner after a suitable drying period. Al-
most insignificant amounts of paint materials are required, and
it is therefore imperative that the brush used be clean of other
paint and dry of solvents.

THIN FILM TECHNIQUE

Primed metal without topcoat is frequently exposed to atmos-
pheric influences for long periods. Since this represents a se-
vere test of inhibitive effectiveness, a single primer coat has been
used in much of the routine testing of pigments in this laboratory.

Where a particularly severe, yet practical, test of inhibition is
desired, the normal thickness of the primer film, 1.5 to 2 mils, is
reduced by about 50%. This is legitimate, since practical paint-
ing practices frequently result in thin areas of film. Improper
thinning of normally effective paints in service has been known to
produce early failure for this reason. The film thickness factor
is especially important if the primer is expected to be the sole pro-
tecting film over a long period of time, as is the case with shop-
primed maintenance steel. For these reasons, it is frequently de-
sirable to determine the performance of metal-protective pigments
in a thinner paint film than would be recommended.

WATER-CONDENSATION TECHNIQUE

Because of the fundamental dependence of extent of corrosion
on degree of moisture condensation, controlled water condensa-

tion in laboratory equipment has been used for evaluation of in-
hibitive power, selecting conditions which, although severe, rep-
resent commonly occurring conditions that cause corrosion in
practice. Heavy condensation is a general phenomenon, exist-
ing wherever the temperature of tGe metal object drops below the
dew point, and may be encountered wherever atmospheric hu-
midity is relatively high, as in the vicinity of a stream or near
the seacoast or in a damp basement or tunnel, or wherever warm
days are followed by cool nights with rapid decrease in tempera-
ture. It occurs daily in the tropics and frequently in other re-
gions. The degree of corrosion is also governed in large measure
by the frequency of long damp periods. Choice of a wet/dry
condensation cycle can be made in specific cases to adjust the se-
verity of the exposure to correspond to that of any condition in
any climate.

Two types of condensation tests have been used, an indoor test
involving alternate periods of condensation and drying without
weathering, and an outdoor test comprising alternate periods of
condensation and exposure outdoors 45° south. Each contrib-
utes useful information and the two preferably should be run in
parallel. Both sets of conditions are met in practice.

Two water-condensation cycles have been used in laboratory
service tests. The “daily cycle” involves a wet period of water
condensation at night and a dry period during the daytime, corre-
sponding to the d;urnal variation that often occurs. The
“weekly cycle” of 4 days wet and 3 days dry is used to simulate
the effect of frequently occurring damp periods. For the fihn-
metal systems studied, corrosion was definitely more rapid for the
weekly cycle than for the daily cycle, even though the wet frac-
tion of the total cycle is about the same. Corrosion in the daily
cycle is much more severe than in the much shorter cycles of some
“accelerated tests” where the wet to dry change takes place con-
siderably more frequently (such as at 15- to 60-minute intervals),
there being less chance for either a dry or wet equilibrium condi-
tion to be developed in the film. The exact significance of the
dry portion of the cycle has not been established. However, it
affords an opportunity for migration of water-soluble components
of the film which theoretically may occur.

The results of indoor water condensation tests should be inter-
preted only in the light of the purpose for which the test was de-
signed, to show the behavior of film systems when used under con-
ditions involving relatively prolonged water condensation and no
exposure to outdoor weathering. The indoor tests do not show
the specific effects of sunlight on the ultimate durability of the
system but they do emphasize the inhibitive value of the film.

Outdoor exposure at 45° south can be included intermittently

Figure 5. Outdoor Water-Condensation Cabinet
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Figure 6. Typical Underfilm Corrosion
Rear view of painted miniature iron foil panels after exposure

Corrosion of simple single-pigment-linseed-oil primer systems after exposure in indoor water-con-

densation cabinet under selected conditions

with the cycle for the indoor box, where this type of information is
desired.

W ater-Condensation Cabinet, Indoors. The panels are
exposed painted side downward between bars suspended over the
top of wooden boxesabout24 x 24 x 12inches deep (see Figures 3
and 4). The top edge of the box is recessed to receive a snugly fit-
ting plate-ghass cover, which is supgorted about 0.125 inch over the
panels. The box is Waterproofed y waxing inside. A wide tray
containing water covers the bottom of the box and may be reached
through a door in the side. If the number of exposure panels is
insufficient to cover the top area of the box completely, “dummy”
panels are used to fill up the space, so that the system is a closed
one even before the glass plate is put in place. A wet towel is
placed over the glass plate and kept wet.  Continuous evapora-
tion from the towel maintains the temperature of the panels in the
box at or below the dew point. In this closed water-saturated
system, fine water droplets condense and remain on the painted
side of the panels. The box is deep to facilitate regulation of the
pli of the condensed water if it is desired to investigate the effect
of acid dews (such as with sulfur dioxide).

A somewhat simpler although less flexible arranlgement is one
in which the deep box is replaced by a relatively shallow tray, and
the panels are directly sealed (paint side exposed) to the bottom
of the large glass cover with a beeswax-rosin mixture. The cover
may be kept cooled by a thin layer of water retained thereon by a
shalltow wax dam around its edges or by the above towel arrange-
ment.

W ater-Condensation Cabinet, Outdoors. The general
arrangement for outdoor exposure is essentially the same as that
of the indoor box, with the added feature that the cover is hinged
and the panels are fastened thereto in a manner permitting them
to be exposed at 45° facing south by swinging the cover back on
its hinge 135° from the normal face-down position (see Figure 5).
The top of the box is plate glass sealed in the wood frame so as to
provide a tray. In the summer months, condensation is pro-
moted on the panels by the cooling induced by evaporation from
a 0.25-inch layer of water maintained in this tray when the box is
Hosed. During other seasons when the temperature is low out-
doors, no cooling water is needed but several low-wattage immor-

Figure 8.
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sion heating coils are required in the interior water
tray to ensure the necessary temperature differ-
ential for condensation. The water is maintained
about 10° F. above the air temperature when it is
necessary to use the heaters.

Exposure Cycle. For the indoor conden-
sation tests, two wet/dry cycles have been used.
The daily cycle corresponding to that of the
outdoor box is not so effective in producing cor-
rosion as is the weekly cycle consisting of 4 days
of continuous condensation and 3 days dry.
This latter period has been used to the greatest
extent, inasmuch as it is considered to simulate
the effect of frequently recurring condensation dur-
ing humid periods or in damp locations. The daily
cycle corresponds more nearly to heavy condensa-
tion conditions in the absence of direct sunlight.

The outdoor arrangement is best adapted to
a daily cycle with water condensation at night
and exposure at 45° south during the day. For
convenience, a wet/dry cycle of 15/9 hours has
been used in the work to date. A weekly cycle
comparable to that used in indoor tests appears to
have promise but has not been explored thoroughly.

PERFORMANCE

Reproducibility of Results. As in all corro-
sion evaluation, it is advisable to make at least
duplicate and preferably triplicate panels. General
experience has been that results with the miniature
panels are readily reproducible. Performance has
been much more consistent than for ordinary
large panels on outdoor rack tests.

Time Required for Tests. The time re-,
quired for significant results depends on the
efficacy of the protective systems and on
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Figure 7. Primer Only, 25 C.
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NUMBER OF WEEKLY CYCLES EXPOSED

Figure 9. Primer and Topcoat, 25° C.

the cycle chosen. In the case of an outdoor water-coﬁdensation
box with a daily cycle, differences among the poorer systems are
often apparent within a month or two, while some systems show
failure only after 10 months or so. In the case of the more severe
condensation test using the weekly cycle, similar failure occurs
indoors within shorter time intervals—i.e., within the correspond-
ing number of weeks.

Method of Grading. The panels are graded on a numerical
basis after visual examination of both the front and the back of
the panel. Inasmuch as the early incidence of corrosion is of in-
terest, a grading code has been used that emphasizes slight in-
itial changes. A grading of 10 represents no rusting, whereas 0
represents complete failure. A grading of 9 denotes very slight
(even questionable) corrosion, while 8 indicates slight but definite
corrosion, and 7 corresponds to failure of about 10% of the metal
surface area. Gradings from 7 to O are in proportion to the sur-
face area remaining unattacked—i.e., from 90 to 0%.

TYPICAL RESULTS

The paints used to illustrate results are simple experimental
compositions consisting of single pigments in refined linseed oil
at equal pigment volumes, in which no attempt has been made to
develop the maximum protective effectiveness possible by correct
formulation. Figures 7 to 11 present corrosion data obtained on
them by one of the above-described techniques, while Figure 6
shows typical underfilm corrosion on a number of miniature
panels. All results shown are for thin foil panels exposed in the
indoor condensation cabinet using the weekly cycle of moisture
condensation. The effects of temperature, topcoat, and use of a
slightly acid (sulfur dioxide) condensation are shown. Three
commercial grades of pigments, red lead, zinc yellow, and iron
oxide, are used to illustrate the course of corrosion under these
different conditions. Red lead and zinc yellow were selected as
typical inhibitive pigments. Iron oxide was selected inasmuch
as it has not ordinarily been considered as an inhibitive pigment,
its extensive use being due to other factors. Tests have indi-
cated wide variation in the behavior of different samples of iron
oxide.

Thick Panels—Prerusted Panels. INn certain instances,
it will be possible to use panels of ordinary thickness—for ex-
ample, when studying the corrosion of very thin primer films
without topcoat or iron surfaces where corrosion often is visually
apparent on the paint side of the panel after a relatively short
exposure to moisture condensation. Use of thicker panel mate-
rial is obligatory when using prerusted steel surfaces.

When panel material of ordinary thickness can be employed,
it is convenient to use simple 3 X 1 inch panels. Full-scale
panels, say 12 X 4 inches, may be used if desired.

lron Mirrors. The idea of thin panel material has also been

carried to an extreme by the use of translucent iron mirrors.
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RED LEAD AND ZINC YELLOW

FigurelO. Primer and Topcoat, 5° C.

NUMBER OF WEEKLY'CYCLES EXPOSED

Figure 11, Primers, Different Grades of Iron Oxide, 25° C.

This system is so sensitive that it has not to date been useful from
the standpoint of the objective of this paper—namely, evaluation
of practical metal-protective pigments. However, the technique
itself is briefly described because of its possible utility as a tool
in studying theoretical aspects of the effect of pigments in pre-
venting corrosion.

Translucent iron mirrors were prepared by evaporating rela-
tively pure iron on a heated tungsten filament under high vacuum,
the mirror being formed by condensation of the iron vapor on a
3 X 1 inch microslide in the evacuated system. Mirrors having
a thickness of the order of 0.000004 inch (1000 A.) were selected,
selection being on the basis of visual density of the mirror film.
The thickness has been checked by an interferometric method
and by a colorimetric analysis for iron.

The iron mirror film is relatively stable to corrosion in the or-
dinary laboratory atmosphere. Under high humidity condi-
tions, however, the film fails. Extremely thin mirrors are unsuit-
able because they fail by microcracking and microcurling at high
humidity. Thicker, but still translucent, mirrors show the typi-
cal micro “pitting” type of corrosion when exposed fora week or
two in an atmosphere of high humidity. An area of bright yel-
lowish-brown rust appears at or near the center of the pit and
appears to grow at the expense of the retreating iron mirror.
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Analysis of Soap-Synthetic Detergent Mixtures in Bar Form

DONALD BERKOWITZ AND RUBIN BERNSTEIN, Detergent Section, Test Laboratory, United States Navy Yard, Philadelphia, Pa.

A procedure for the analysis of commercial soap-synthetic deter-
gent mixtures is proposed which has given sufficiently accurate and
reproducible results. The sample is extracted with 95% ethyl
alcohol to remove the major portion of the active ingredients,
followed by solution of the alcohol-insoluble salts in water and
reprecipitation of them by the addition of excess ethyl alcohol.
Soap, fatty matter, and alcohol-soluble chlorides are determined
directly, synthetic detergent being determined as the difference
between total alcohol-soluble matter and the sum of soap, fatty
matter, and alcohol-soluble chlorides.

BAR form of spap-synthetic detergent mixture has recently
A come into wide use by the Navy for general cleaning in sea
water. Several publications have described the use of soap-
synthetic detergent mixtures as replacements for coconut oil
soaps which are no longer available in large quantities (3,11,12).
Methods for analyzing these mixtures are being used by. manu-
facturers for their own products, but as yet, except for a method
contained in a government specification for bar form of salt-
water detergent (2), no general procedure for the analysis of
such mixtures has appeared in the literature. Inasmuch as the
Navy Department is a large consumer of soap-synthetic deter-
gent mixtures in bar form which must conform to specification
requirements, it is important that an accurate method of analy-
sis be available. This paper presents a sufficiently accurate and
reproducible procedure for the analysis of soap-synthetic deter-
gent mixtures in bar form, which was developed after an in-
vestigation of the literature and various procedures submitted
by several soap and synthetic detergent manufacturers.

Methods for the direct determination of synthetic detergents
have been reported (1, A-7,10), but none has been applied to the
analysis of soap-synthetic detergent mixtures. Moreover, these
methods are applicable only to those detergents whose exact
structure is known, and cannot be used for commercial soap-
synthetic detergent mixtures in which the synthetic portion is
not identified and may consist of a mixture of indefinite com-
position.

Soap-synthetic detergent mixtures of the type useful for salt-
water cleaning consist of an active portion (soap and synthetic
detergent) and an inactive portion (inorganic salts, moisture,
and fatty matter). The term “fatty matter”, as used in this
paper, refers to all constituents preferentially soluble in petro-
leum ether; this will normally include hydrocarbons, fats, and
free fatty acids. .The term “active ingredient”, as used imthis
paper, is applied to the alcohol-soluble portion corrected for
determined impurities. The present method is based on the
separation of active ingredients from inorganic salts by means of
ethyl alcohol, and the subsequent determination of soap, fatty
matter, and sodium chloride in the alcohol-soluble portion.
Synthetic detergent is calculated as the difference between total
alcohol-soluble matter and the sum of soap, fatty matter, and
alchohol-soluble sodium chloride.

PROCEDURE

Anhydrous, Salt-Free Soda Soap. Weigh to the nearest
milligram a 2-gram sample of the soap-synthetic detergent bar
in a tared 300-ml. Erlenmeyer flask. Add 50 ml. of water and
50 ml. of 95% ethyl alcohol. (Formula 2B or 30 alcohol may be
used if 95% ethyl alcohol is not available.) Warm on the steam
bath until no further solution takes place. Cool, add 5 drops of
methyl orange indicator, and titrate with 0.5 N sulfuric acid to a
pink color. Add 5 to 6 ml. in excess. Transfer the contents of
the flask to a 500-ml. separatory funnel, washing out the flask with
50 ml. of water, then with 50 ml. of ethyl alcohol. Add the wash-
ings to the separatory funnel. Extract the fatty acids and fatty
matter 4 times with petroleum ether, using 40-ml. portions.
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Combine the petroleum ether extracts and wash with small
portions of distilled water until the water washings are no longer
acid to methyl orange.

Transfer the petroleum ether extracts to the original 300-ml.
tared flask, filtering if necessary, and wash the separatory funnel
with 2 small portions of petroleum ether, adding the washings to
the flask. Evaporate the petroleum ether on the steam bath,
then dry in an oven at 100° to 105° C. to constant weight. Cool
and weigh as fatty acids plus fatty matter.

Dissolve the fatty acids and fatty matter in 50 ml. of neutral
ethyl alcohol with warming; add phenolphthalein indicator and
titrate with standard alcoholic 0.1 N sodium hydroxide.

Calculate the per cent of soap plus fatty matter as follows:

Per cent ofsoap +
(ml. of NaOH X normality factor X 0.022) +
(weight of fatty acids + fatty matter)

---------- "'------weight~of sample

fattymatter

* 100

Calculate per cent of soap by subtracting from this value the
per cent of fatty matter determined later.

Alcohol-Insoltjble M atter. Weigh to the nearest milli-
gram a 2-gram sample in a 250-ml. beaker, add 100 ml. of 95%
ethyl alcohol, cover the beaker, and heat on the steam bath with
frequent stirring and maceration of the sample until it is com-
pletely disintegrated. Let settle and filter through a tared Gooch
crucible with suction into a tared 300-ml. Erlenmeyer flask, re-
taining as much of the residue as possible in the beaker. Repeat
this extraction 3 times with 25-ml. portions of hot 95% ethyl
alcohol, each time retaining as much of the residue as possible
in the beaker. Finally, evaporate any remaining alcohol and
dissolve the residue in the smallest possible quantity of hot dis-
tilled water 15 ml. should be sufficient). Reprecipitate the al-
cohol-insoluble matter by slowly adding with vigorous stirring
50 ml. of 95% ethyl alcohol. Heat the solution to boiling on the
steam bath, filter, and transfer the precipitate to the Gooch
crucible, washing several times with 95% ethyl alcohol. Dry
the crucible at 100° to 105° C. to constant weight and calculate
the per cent of alcohol-insoluble matter. Reserve the combined
filtrate and washings.

Alcohol-Soluble M atter. Evaporate the filtrate and wash-
ings obtained in the determination of alcohol-insoluble matter to
dryness on the steam bath. Heat the residue to constant weight
at 100° to 105° C. and calculate the per cent of alcohol-soluble
matter.

Fatty M atter. Dissolve the alcohol-soluble matter in a
mixture of 50 ml. of water and 50 ml. of 95% ethyl alcohol, warm-
ing if necessary. Transfer the solution to a 500-ml. separatory
funnel, washing out the flask with 50 ml. of water, then with 50
ml. of 95% ethyl alcohol. Cool and extract fatty matter 4 times
with petroleum ether, using 25-ml. portions. Combine the
petroleum ether extracts and wash 4 times with 10-ml. portions
of 0.2 N sodium hydroxide, adding the washings to the alcoholic
solution which is reserved for the determination of chlorides.
Finally, wash the petroleum ether extract with small portions of
water until the water washings are no longer alkaline to phenol-
phthalein. Transfer the washed petroleum ether extractto a tared
300-ml. Erlenmeyer flask, washing out the separatory funnel with
2 small portions of petroluem ether, and add the washings to the
flask. Evaporate the petroleum ether on the steam bath and
dry the residue at 100° to 105° C. to constant weight. Calculate
the per cent of fatty matter.

Chlorides in Alcohol-Soluble M atter. Add 15 ml. of
20% magnesium nitrate solution to the alcoholic solution re-
maining after the determination of fatty matter. Heat on the
steam bath until the precipitate is coagulated, filter, and wash
thoroughly with water. Make the filtrate acid with dilute nitric
acid and determine chlorides by the Volhard method.

Synthetic Detergent, by Difference. Calculate the per
cent of anhydrous, salt-free, synthetic detergent as follows:

% synthetic detergent = (% alcohol-soluble matter) — (%soda
soap + % fatty matter + % NaCl in alcohol-soluble matter)

DISCUSSION

The usual method for analyzing commercial synthetic deter-
gents consists in the separation of alcohol-soluble and insoluble
portions by extraction with ethyl alcohol. The alcohol-soluble
portion is then generally considered to be “active synthetic deter-
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Table 1.

(Values represent average of 4 individual determinations, expressed as per
cent of total sample)
Alcohol-Soluble
M atter Recovered
from Precipitate of
hol-Insoluble Alcohol-Insoluble
Residue Salts Synthetic Detergent

Method Meltlr160d Method Method Method Metboi
| [l | I

Adsorption of Synthetic Detergents

Loss in Weight on
Ignition of Alco-

Sample la

1 4.1 0.9« 8.3 0.0 37.1 46.3
2 2.2 0.1 5.0 0.0 34.9 40.9
3 1.5 0.2 4.0 0.0 30.5 34.7
4 4.9 0.3 5.7 0.0 47.2 53.8
5 1.5 0.1 1.4 0.0 19.9 22.0
6 2.8 0.4 3.4 0.0 25.6 29.7
7 1.8 0.3 3.6 0.0 22.8 26.9
8 1.2 0.2 3.2 0.0 17.1 21.1

a Method I, no reprecipitation of alcohol-insoluble matter.

6 Method 11, reprecipitation of alcohol-insoluble matter.

¢ High result probably» represents loss of water of hydration of borax

which is present in this sample.
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of eight samples by the nonprecipitation and precipitation
methods are also given in Table I.

Samples 1, 2, 3, and 4 were four commercially available syn-
thetic detergents. Sample 1 was the sodium salt of a sulfonated
straight-chain hydrocarbon; samples 2 and 4 were sodium salts
of alkyl aryl sulfonates; sample 3 was the sodium salt of a sul-
fonated glyceryl ester of a straight-chain fatty acid. Samples
5, 6, 7, and 8 were mixtures in bar form of soap and the above
synthetic detergents.

In addition to giving incomplete separation of alcohol-soluble
matter from alcohol-insoluble salts, most of the methods in-
vestigated gave incorrect values in the determination of soap,
chlorides, and fatty matter. As the synthetic detergent is
determined by difference, the values reported for it may be cor-
respondingly inaccurate. Experience with the submitted meth-
ods showed that soap values
tended to be low and fatty mat-
ter values high, while the diffi-

Table Il. Analyses of Known Soap-Synthetic Detergent Mixtures | in d o h d
Mixture 1 Mixture 2 Mixture 3 Mixture 4 Mixture 5. cu _ty _m etermmmg . _en
o Pres- res- Pres- Pres- Pres- point in the chloride determina-
Determination ent Found ent  Found ent Found ent Found ent Found tion led to either high or low
% % % % % % % % % % g
Afshobselwlenster 117 7g g1e S1e Te8 1ep e qae gas Ve
Alcohol-insoluble mutter . . . . . . . . . . i i
Soap + fatty matter 44.5 443 43.2 43.1 41.3 41.2 48.6 48.9 46.2 46.2 It is bel_leved that the low
Fatty matter 4%.3 4%.% 3%'3 3@.471 333 33(2) 4715 4715 4%3 4(%2 values obtained for soap are due
Soap . . . . . . . . . . f P
Chlorides 12 13 47 47 28 26 11 11 08 08 to the incomplete decomposition
Synthetic detergent 32.0 32.2 19.9 20.1 30.1 30.2 31.4 31.1 27.8 27.5 of the soap and Consequent in-
Sum of alconol-insoluble .
matther,' ct&lorides, soap, complete extraction of the fatty
synthetic detergent, an . . s
fatty matter 1000 1002 1000 999 1000 1000 1000 999 1000 997 acids when mineral acid is added
Type of soap used oilet Soap eic acid soap
S))//r?thetic deptergent used A B c = Only to a methyl orange end

gent”. Low results were always obtained by this procedure in
this laboratory. In the analysis of Boap-synthetio detergent
mixtures by the above alcohol-extraction method, low results
for synthetic detergent were also obtained. These low results
are caused by the fact that some synthetic detergent is adsorbed
by the alcohol-insoluble salts: (1) When the residue of alcohol-
insoluble matter was dried in an oven at 105° C. and then ignited
at 500° C., the loss in weight in some instances amounted to al-
most 5% of the total sample. (2) The residue of alcohol-
insoluble matter foamed in water, indicating the presence of some
active material, which might be soap or synthetic detergent.
(3) The residue of alcohol-insoluble matter formed a very turbid
solution upon the addition of Pedersen’s reagent, which does not
react with soaps or the salts present (9).

Investigation showed that the adsorption of synthetic deter-
gent by the alcohol-insoluble residue can be very greatly reduced
and the separation made more complete by a procedure which
involves initial extraction of the sample with 95% ethyl alcohol
to remove the major portion of the alcohol-soluble matter, fol-
lowed by solution of the residue in the smallest possible quantity
of water and precipitation of the inorganic salts by the addition of
ethyl alcohol.

To determine directly the amount of adsorption, samples were
extracted with ethyl alcohol, and the residue of alcohol-insoluble
matter was filtered on a Gooch crucible, dissolved in the mini-
mum amount of hot water, and reprecipitated by the addition of
excess ethyl alcohol. The precipitate was filtered oil and the
filtrate evaporated to dryness and weighed. This weight rep-
resented the amount of synthetic detergent which could be
recovered from the thoroughly extracted residue by solution
and reprecipitation.

The results in Table | show that the adsorption of synthetic
detergent by the alcohol-insoluble residue, as indicated by (1)
loss in weight upon ignition of the alcohol-insoluble residue and
(2) recovery of synthetic detergent from the alcohol-insoluble
residue, can be markedly reduced when the reprecipitation pro-
cedure is employed. Values for the synthetic detergent portion

point. Judging from the results

obtained, the small excess of acid

added in the proposed method is
sufficient to decompose the soap completely, but insufficient to
decompose the synthetic detergents used.

The high values obtained for fatty matter are believed to be
due to solution of acid soaps in the ether used for extraction.
Such acid soaps cannot be removed by washing with water alone
(8). Washing the petroleum ether solution of the fatty matter
with dilute alkali seems to overcome this difficulty.

APPLICATION OF METHOD TO KNOWN MIXTURES

Inasmuch as no referee method exists for the analysis of com-
mercial soap-synthetic detergent mixtures in bar form, the
present method was tested by analyzing mixtures of known
composition, containing soap, synthetic detergent, sodium sul-
fate, fatty matter, and sodium chloride.

The mixtures were prepared by dissolving the constituents in
50% alcohol, diluting to a definite volume, and taking aliquots for
the analyses.

The fatty matter used in the mixtures was obtained by ex-
traction of the synthetic detergent in the commercially available
form with petroleum ether in a Soxhlet extractor. The filtered
petroleum ether solution was then washed thoroughly with
50% alcohol, evaporated, and dried to constant weight at 105° C.
and this extract was used to furnish the fatty matter.

The material left in the Soxhlet after extraction with petro-
leum ether was extracted with absolute alcohol to remove alco-
hol-soluble synthetic detergent. The alcoholic solution was then
evaporated and dried to constant weight, and after being cor-
rected for sodium chloride present was used in the preparation
of known mixtures.

The soap used in the mixtures was obtained by first extracting
solutions of two commercial soaps with petroleum ether to re-
move unsaponified and unsaponifiable matter. The residue ob-
tained on drying was dissolved so far as possible in alcohol and
the filtered alcoholic solution evaporated to dryness and to
constant weight. This residue, corrected for glycerol and sodium
chloride present, was used in the mixtures.

Table 11 gives values obtained by the proposed method on 5
known mixtures. Synthetic detergent A is the sodium salt of a
sulfonated glyceryl ester of a straight-chain fatty acid; B and C
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Table 11l. Analysis of Known Soap-Synthetic Detergent Mixture

Prepared in Bar Form

Type of soap, toilet so?f Synthetic detergent, sodium salt of a sulfonated
amide of a straight-chain fatty acid)

Determination Present Found
% %
Alcohol-soluble matter 72.1 72.0
Alcohol-insoluble matter 27.9 27.7
Synthetic detergent 23.4 23.3
Soa 4Q. 46.
Chlgrides 8?. 55
Fatty matter 0.0 0.0

are sodium salts of alkyl aryl sulfonates; D is the sodium salt of a
sulfonated amide of a straight-chain fatty acid; E is the sodium
salt of a sulfonated straight-chain hydrocarbon.

In order to guard against the possibility that results obtained
by the proposed method on a mixture in bar form, as opposed
to mixtures reported in Table Il, might be incorrect, an addi-
tional sample of known composition made up in bar form was
analyzed. The results as given in Table 111 are of satisfactory
accuracy. The figures given are on the anhydrous basis.
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HE saturated chloroform solution of antimony trichloride,
Tused in the chemical determination of vitamin A, must be kept
under anhydrous conditions at all times, and provision must
be made for rapid dispensing of accurately measured volumes.
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Anal.

An ordinary pipet is unpleasant to use with this solution and
is slow in delivery. The apparatus described serves to solve the
problem where a considerable number of determinations are to
be made.

A constant-level reservoir for the reagent (Figure 1, A) con-
sists of a 300-ml. flask (or other convenient size) with an angular
bottom offset leading to a side-arm reservoir wide enough for
insertion of a 10-ml. Luer hypodermic syringe. To fill the res-
ervoirs the small one is stoppered and the solution is added to
the large one, which is then securely stoppered. The liquid level
in the small reservoir remains constant when liquid is withdrawn
therefrom.

The solution is removed in measured volume by a hypodermic
syringe (Figure 1, B) with needle removed, fitted with a brass
collar which can be clamped on the syringe barrel. A wrapping
of surgical tape on the barrel forms a firm cushion for the collar.
Two vertical rods are soldered to the collar and the limiting
distance to which the syringe plunger may be withdrawn is
governed by a swiveling top bar which may be turned aside
when the plunger is to be removed. A stopper around the
barrel assures its suitable depth of immersion in the small
reservoir and eexcludes contact between solution and atmos-
pheric moisture. A pipet of similar principle but not suited
to the present purpose was described by Krogh (1). A paper
which appeared after submission of this note includes another
design of apparatus for the same purpose (2).

For accurate measurement the plunger must be inserted
in definite position of orientation with respect to the barrel.
This is maintained by suitable markings on the syringe parts.

Tests, using water, gave four successive delivery weights of
9.02, 9.05, 9.03, and 9.04 grams. No tendency for the syringe
orifice to drip during transfer was encountered. The syringe
should not be left overnight without washing, as there is danger
of freezing due to deposition of antimony trichloride. Rubber
stoppers should be changed periodically because of attack
by the reagent. The solution should be kept in the reservoir
only during its actual use to avoid possible contamination from
the rubber stoppers.
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Determination of Carbon by the Low-Pressure
Combustion Method

W. M. MURRAY, Jr.,

The apparatus for the low-pressure combustion method of determin-
ing carbon in iron and steel has been redesigned to increase the speed
of manipulation. Several thousand determinations showed results in
good agreement with Wooten and Guldner's form of the apparatus.
A detailed description of the equipment and its manipulation is
given, together withanaccountof experimental studies on the method.
Results are also shown for the carbon content of copper.

HROUGH the kindness of Wooten and his associates, the

method of carbon analysis described in his recent paper (IS)
was shown to the authors in the spring of 1938. The desirability
of securing accurate data on the carbon content of silicon steels
induced them to investigate the possibilities of this method for
types of steel which consist largely of iron with silicon ranging
from 3 to 6%. Since that time about five thousand determina-
tions of carbon have been run in this laboratory by that method,
and this paper reports experience with it. The general problem of
determining the carbon in iron and steel has been well discussed
by Lundell, Hoffman, and Bright (7). In most general use for
irons and steels is the combustion method (pp. 157 ff.), in which
the steel is burned in a stream of oxygen and the resulting carbon
dioxide is absorbed in a suitable train. There are many sources of
error in this method, some of which are not easily controlled.
These are reflected in the relatively large blank, which is difficult
to reduce when dealing with small amounts of carbon and often
equals or exceeds the amount to be determined. Measurement of
the carbon dioxide formed by combustion of the steel has been
one of the chiefsources of error. It isupon this pointin the proce-
dure that many efforts (6) have been directed to reduce the error
involved. Further comparisons of these methods are given below.

APPARATUS

The earliest form of the authors’apparatus is similar to Wooten
and Guldner’s and is shown in Figure 1 with Z joined to Z' and
the intermediate traps omitted, and without the cutoff on the
combustion vessel. Various modifications have been made of
the equipment, which at the present time is used in the form
shown in Figure 2. This form requires the use of only two mer-
cury wells, thus reducing the amount of mercury required by a
factor of 2. Asmercury is a critical costly material at the present
time, it is expected that the McLeod gage can be replaced by a
Pirani gage for measuring the concentration of carbon dioxide
produced, with a consequent saving in mercury and the con-
venience of a direct-reading instrument.

Although Figure 2 shows only a single unit, the authors actu-
ally construct four units to operate from a common oxygen supply
system (Figure 3). Asingle auxiliary vacuum serves for all four,
and whereas each unit requires one mercury diffusion pump, the
units are joined to operate with a common fore pump. Four
units are all a single operator can conveniently manage. Just
outside the picture at the left, symmetrically arranged with re-
spect to the oscillator, is another unit of four.” Both receive their
power from the 5-kilowatt oscillator shown behind the operator.

In describing the apparatus, manipulation, and results, only
the differences from the' procedures described by Wooten and
Guidner are emphasized; their publication (13) should be con-
sulted for the elaboration of details. To facilitate comparison
between the two papers, the same symbols are used in Figures 1
and 2 to designate parts and equipment functionally the same.

Purification of Oxygen. The catalyst is contained in a
Pyrex tube and it has not been necessary to use the quartz tube
shown in Wooten and Guldner’s apparatus. This catalyst is
active enough at 400° C. to oxidize all the carbonaceous materials
occurring in the authors’ oxygen gas. The palladium black cata-
lyst was prepared by the method described by Farkas and Mel-
ville (5, p. 338) by precipitation on broken pieces of Alundum and

AND S. E. Q. ASHLEY, General Electric Co., Pittsfield, Mass.

was loaded into the tube after preparation. Operation of the cata-
lyst at this low temperature considerably lengthens the life of the
furnace used to heat the tube. The amount of oxygen consumed
is small; hence, the gas from an ordinary pressure cylinder will
last a long time and is more constant in composition than line
oxygen.

Although the authors use liquid nitrogen for cooling their traps,
and liquefied the oxygen in their first experiments, they found
that they could obtain oxygen of sufficient purity to give a low
blank, simply by passing it in_the gaseous state through the
double traps. This technique simplifies operation of the equip-
ment and permits liquid air to be used when liquid nitrogen is not
available. The liquefaction of oxy%en permits a larger amount of
the gas to be stored ready for use, but a simple calculation of the
amount of oxygen consumed by the burning iron, silicon, etc.,
the sample shows that it is adequately supplied by the volume of
gas trapped by the mercury when the level of mercury is at Lt.
The substitution of stopcock Sx for a mercury cutoff used in
Wooten’s apparatus has not raised the blank on the oxygen by
any amount that will interfere with the determination. The
grease used for this stopcock is Apiezon L.

Combustion System. The combustion chamber used for the
earlier work permitted the insertion of only one sample into the
system for each determination as shown in Figure 1. The sample
dropped directly into the crucible before the side tube was sealed
off. The disadvantages are, first, that air must be admitted to the
system each time a determination is run; and the subsequent
pumping and degassing are time-consuming. The air carries
carbon dioxide and dust into the system, which may produce an
increase in the blank. Secondly, the blank cannot be determined
directly before the sample is run because of the presence of the
iron sample in the crucible, and if air enters the system between
the running of the blank and the running of the sample, it is not
possible to ascertain whether the blank has been changed.

These difficulties were eliminated by the multiple loading sys-
tem devised by Benjamin M. Walker of this laboratory, whose
innovation speeded the operation of the method considerably and
added to its precision. The diagrammatic arrangement of this
loading tube is shown in Figure 2, and a photographic close-up is
shown of one type ofarrangement of the tubes holding the samples
in Figure 4. The sample is held at a until a satisfactory blank has
been obtained on the ai)paratus, and then is transferred by means
of a magnet to the inclined glass tube, whence it is easily moved
until it falls into the crucible. The number of such samples that
can be sealed into the loading tube at any time is limited by the
number that will fill the crucible, and this is dependent to some
degree upon the type of sample used. The authors find that a
crucible will take about 28 samples, and loading tubes hold 14
samples. The clinkers should not fill the crucible higher than
to within 0.6 cm. (0.25 inch) of the top. When the crucible is
thus filled it must be replaced by removing the top of the com-
bustion vessel. In order to keep the equipment in continuous use,
a duplicate combustion vessel with crucible and loading tubes with
samples can be made ready and the complete combustion vessel
units interchanged.

The platinum-iridium (0.4%) crucibles used were specially de-
signed for the purpose by J. Bishop and Co., Malvern, Pa. They
are of 15-ml. capacity and have welded to the rim a loop which al-
lows the crucible to hang 9 cm. below the support in the combus-
tion vessel. The platinum crucibles expand when heated, allow-
ing the ceramic liner to slide down to a lower position which im-
poses a strain on the crucible when it cools to room temperature.
The usual crucibles showed a tendency to crack around the upper
rim, as well as about the bottom. The high-frequency current
raises the point of such breaks to the melting point of platinum
with disastrous results. By heavily reinforcing the bottom and
the rim, this difficulty has been almost completely eliminated.
At one time difficulty with high blanks was traced to a lot of
crucibles which had apparently been contaminated by the for-
mation of platinum carbide during manufacture. The blank
could not be lowered by a cycle of repeated ignitions of the cruci-
ble in pure oxygen and pumping off to a low pressure, although the
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Brocess was repeated continuously for several days. Care should
e exercised to get platinum free of carbon.

The first ceramic liner used for the platinum crucible consisted
of a fused silica crucible, the bottom of which was covered with
Alundum powder. The use of Alundum is objectionable because
of the blank it introduces and the space it occupies in the cruci-
ble. The silica, being acidic, is readily attacked by molten iron
oxide, forming a slag which shatters the crucible and destroys its
usefulness. G. H. Porter of the ceramic laboratory prepared
crucible liners high in magnesium oxide content. These proved
very much more satisfactory and were eventually replaced by the
magnesia liners described by Wooten and manufactured by Nor-
ton. Since that time Louise Harrop of this laboratory has pre-
pared beryllium oxide crucibles which are even more satisfactory
as liners, by a method similar to that outlined by Thompson and
Mallett (11). Dr. Harrop’s liners are slightly smaller in outside
dimensions, 'permitting a thin layer of powdered beryllia to be
placed between liner and crucible. This arrangement greatly
facilitates the removal of the liner from the platinum crucible
after it has been filled with combusted samples. The blanks ob-
tained on beryllia liners seem to be lower than can be obtained on
the magnesia. It is expected that beryllia liners of this type may
become commercially available.

Analysis System. The pumping system consists of a two-
stage mercury diffusion pump of the type shown by Dushman (j8)
and manufactured by the General Electric Co. Details of the
construction are shown in his article (2). The speed of this pump
is considerably greater than of single-stage pumps that have been
used. As backing ‘)ump for four units the authors use a Welch
two-stage Duo-Seal vacuum pump, Catalog No. 1405H. The
pump for the auxiliary vacuum used to evacuate the chamber
above the mercury in the mercury wells needs to be capable of
going to only a few millimeters’ pressure.

Single traps are often too inefficient to trap condensed carbon
dioxide. The solid material may be blown through the trap by a
flow of uncondensed gas. Attempts to prevent this by using a
plug of glass wool in the traps made it exceedingly difficult to
get a good vacuum. Consequently, this technique was aban-
doned in favor of the double traps shown in the diagram.

The large hollow stopcock, S7 with 15-mm. bore is vacuum-

Flgure 1.

F. Electric furnace at 400° C.
a G. Palladium black on porous Alundum
M. McLeod gage
Mi, Mi, Mi. Marks for confining calibrated volumes
N. Platinum crucible
O. Magnesia or beryllia lining crucible
Si. Mercury-sealed stopcock for admitting oxygen
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tight, of excellent construction, and can be obtained from Eck
and Krebs, New York, N. Y

The highest percentages of carbon reported by Wooten (13) arc
approximately 0.02%. The authors wished to analyze sam-
ples of steel containing as high as 0.06% carbon. It is not easy
to get a representative sample of steel less than 0.5 gram nor is it
convenient to work with samples much smaller than 0.5 gram;
hence, the authors added an auxiliary volume gFigure 2, V! —
V) to their equipment, whose use is explained below

They have used one 1.5-kva (output) Lepel Model C-3 high-
frequency converter with a frequency range 170 to 500 kc. for
four units. For more units they find it advisable to use more
power and are now employing for eight units a General Electric
5-kva (output) power oscillator, Model 4F5A4, mean frequency
550 kc.  The coil which surrounds the combustion vessel must be
designed to conform with the characteristics of the oscillator.
For each set of four units there is one coil. The two coils are con-
nected in series and so to the oscillator. Air cooling must be
provided to keep the walls of the combustion vessel from being
overheated by radiation from the platinum crucible. The authors
have used a small hand hair dryer clamped in a support or a jet
of air from the laboratory compressed air system. An insulating
casing, as of Herkolite, surrounding the high-frequency heater,
is desirable to prevent the operator from actually touching the
turns of the conductor. Although they are cold and a high-
frequency current does not produce a shock, nevertheless an arc
which will produce a deep burn can be drawn by accidental con-
tact.

Calibrating the Volume. In this method the volume of the
McLeod gage must be known. First ascertain that the system
has no leaks and earn the time required to evacuate the system
from 5-to 10-mm. pressure to 10-6 mm. (usually 10 to 15 minutes
with mercury pump hot at the start).

Evacuate the system, holding the mercury down in both res-
ervoirs. With pumps running, open Sa momentarily, admitting
a small mount of air to the system. Quickly raise the mercury in
the McLeod gage, thus trapping air in the bulb and capillary of
the gage. Run the mercury up in the gage and determine the
pressure of this trapped gas. Thus a known volume of gas is ob-
tained, Fi, at a measured pressure, Pi. (The volume of the bulb

Apparatus

Si, Si, Si, Si, Si, Si, St, St. Precision-ground stopcocks

7*. Electric heater for mercury pump

7*i#Tt, T9 Tt, 7%7, 7%o. Liquid nitrogen traps

74, g Dry ice-acetone traps

7%9. Trap filled with palladium black on porous Alundum

Z, Z\ Extra equipment for separating Hs, HjO, CO, and CO*
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Figure 2.

a. Sample pocket

F. Electric furnace at 400° C.

G, Palladium black on porous Alundum

Lk U. Marks for confining calibrated volumes
M. McLeod gage

JV. Platinum crucible

.0. Magnesia or beryllia lining crucible

jand capillary of the gage were obtained during its calibration.)
Leaving the mercury up in the gage to hold the traplged gas,
.evacuate the remainder of the system to 10~5mm is must
be done by timing, allowing more time for evacuation than the
.determined minimum. Raise the mercury in the multiple cutoff
«to Li, then lower the mercury in the gage and expand the trapped
gas into the volume to be determined. Allow ample time for the
gas to reach equilibrium pressure. Now measure the pressure,
Pi, of the gas in the unknown volume, Vx. V. may be calculated
from the relation
PiVi = PA/X

When Pais measured, another volume of gas, V\, is trapped at
Pi and the system may be evacuated again and the gas expanded
to Pj, etc. Thus a series of volume determinations may be made
at decreasing pressures from the one original portion of air. The
aeries of relations null bo

PiFi = PiFx
PiF, = P,VX
PtVi = P,VX etc.

jn which 7i is the volume of the McLeod gage and Vx is the
volume to be calibrated.

PROCEDURE FOR ANALYSIS
The preparation of the steel is the first important step in the
analysis. The authors expected to have to reduce the steel to a

finely divided powder in order to ensure complete combustion,
but they were unable to do better than cut the silicon steel, usu-
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Apparatus

Point of opening glass for loading samples

Mercury-sealed stopcock for admitting oxygen

Mercury-sealed stopcock for dividing oxygen supply to various unlb
Si, Si, St. Precision-ground stopcocks

Electric heater for mercury pump

7¢1, Ti, 7*3, 7*s, 76. Liquid nitrogen traps
74 Dry ice-acetone trap »

ally in the form of sheets, into pieces weighing about 30 mg. All
other methods resulted in contamination of the material from
the carbon present in all the hardened tools they tried to use.
Later experience proved that it was easier to convey heat to large
steel fragments and the combustion of the steel was effected more
easily and more thoroughly. Washing the sample with organic
solvents was tried and eliminated after it was found that results
on low-carbon samples so treated tended to be high.

Evacuating the System (Figure 2). Close Si and turn Sx
so that the oxygen-purification system is connected with the
analysis system. Close S7and start the oil pump. Partially open
Si and begin to pump out the system from Si to S7. Keep the
mercury down in the walls of the multiple cutoff and McLeod
gage by cautiously connecting S,, and S5to the auxiliary vacuum
line. When the mercury ceases to rise from the two wells, open
Si wide and start the mercury pump. Evacuate the entire system
until a pressure of 10-s mm. is reached. Keep trap Tt cooled
with dry ice-acetone mixture at all times.

Admitting Oxygen. Close S7 leaving S,. turned to connect
oxygen supply train to analysis system. Using the reducing
valve on the oxygen tank, place a slight oxygen pressure on the
line from A to Si (this pressure will be indicated on the mercury
safety valve). Raise the mercury in the multiple cutoff to Li by
admitting air through S,,, and in the McLeod gage to the level
of the cutoff arm of gage M by admitting air through Ss. By
opening Si slightly and maintaining a pressure from the tank, ad-
mit oxygen to the system until a pressure of about 15 to 20 cm.
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has been attained. This pressure will be indicated by the mer-
cury dropping back into the wells of the multiple cutoff and Mc-
Leod gage. The mercury safety valve serves to prevent excess
pressure on the system from the tank, and also gives a visual indi-
cation of pressure which helps in adjustlng Si and the tank reduc-
ing valve while oxygen is being admitted. By constant adjust-
ment of Si and the tank reducing valve, the mercury can be kept
level in the safety valve and gas admitted to the system without
difficulty. When an oxygen pressure of 15 to 20 cm. has been at-
tained in the system, raise the mercury in the multiple cutoff
to Li and connect Si to the auxiliary vacuum. Pump out the
excess oxygen until the mercury ceases to rise in tube I, then
close Si and S*.

Burning the Sample. By manipulation with a small Alnico
magnet, move the sample through R into the crucible. Heat the
platinum crucible to 1200-1300° c. Direct a stream of air
froma fan or compressed air line onto the combustion chamber to
cool the glass. As soon as the crucible reaches maximum tem-
perature, the sample will oxidize (if the silicon content is high
enough it will burn), but the crucible is kept hot for 15 minutes
longer to ensure complete combustion of the carbon. While the
sample is burning, place liquid nitrogen around 7Y After com-
bustion is complete, carefully open S7just enough to raise the mer-
cury in tube K, so that it i1s level with the mercury in the two
tubes to the left of K (the difference in levels is caused by the
oxygen used in the combustion). Lower the mercury in the
multl?le cutoff to L2and open <¥slightly. This begins the re-
moval of the excess oxygen while the carbon dioxide is frozen out
in 7V. The mercury will rise slowly in the multiple cutoff, but
must be kept below K. When the mercury ceases to rise, column
I will again be level with the others. Open S7wide and pump the
system until a pressure of 10~6mm. is reached. When the system
is evacuated, raise the mercury to Lsand close <&. Expand the
carbon dioxide into V by removing the liquid nitrogen and allow-
ing Tt to come to room temperature. Measure the pressure of the
gas on the McLeod gage, or if the pressure is too high to read in
the small volume, lower the mercury to Ltand take the pressure
on the larger volume, V'.

After having obtained the pressure of the carbon dioxide, lower
the mercury to Li and evacuate the system to a pressure of 10~I
mm. before admitting oxygen for the next sample.

Calculating the Carbon Content of the Sample. Sub-
stitution in the following formula will give the percentage of
carbon in the original steel sample.

Where

V (or V') = volume into which carbon dioxide expands

h = difference in height of mercury levels in two capillaries of
McLeod gage

k(ki, 4 etc.) = constants for converting h to absolute pressure
There will be a different constant for each mark on the
McLeod gage.

T = absolute temperature

u = weight of steel sample combusted

then,

100 X 0.2729 X 273 X 44 X V_X h X k
760 X 22,400 X w X T

Percentage of carbon =

Since some McLeod gages are calibrated directly in pressure
the actual pressure may be substituted for (h X k) which rep-
resents pressure in millimeters of mercury in this expression.

Small changes in temperature do not affect the value of the
above expression appreciably. Therefore, for a fixed weight of
sample there can be obtained for V (or V' ) a simple series of ex-
pressions for each calibration mark on the McLeod gage:

Percentage of carbon —constant X h

_This is easily converted to a graphical form for quick calcula-
tion.

Sensitivity. Since the difference in height of the mercury
levels in the two capillaries of the McLeod gage is the final meas-
ure of the carbon in the steel, we may express the sensitivity of
this method in terms of the height of mercury which corresponds
to a given carbon content. When measuring carbon contents in
the range 0.02 to 0.03%, using a 0.5-gram sample and expanding
the carbon dioxide into the smaller volume, V, a difference of 10
uun. in the heights of the mercury columns at the highest reading
range of the McLeod gage (lowest sensitivity) corresponds to
0.001% carbon. When reading the lowest pressures on the Mc-
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Leod gage, a difference of 10 mm. corresponds to 0.00006% car-
bon. Obviously the sensitivity of the method increases with de-
creasing carbon contents. The inherent limitations which the-
authors have found in determining carbon arise not from the
sensitivity of the measurement, but from the lack of uniformity in
the distribution of carbon. The reproducibility found, working
with samples in which the carbon content is seldom below 0.004%,.
permits fixing the carbon content within £0.0005%. For this
reason the authors have been content to work with a larger blank
than Wooten and Guldner. In general the blank averages
0.0005%. The blank has not been subtracted from any of the
results reported in this paper.

When operations are started for the day, even when the ap-
paratus has stood overnight under high vacuum, there is a high
blank, usually 0.001% or higher. After running one sample of
steel, the blank drops and, in general, continues low throughout
the day. The authors can find no explanation for this phe-
nomenon. Actual results are further discussed below.

Combustion of Sample. The combustion of a steel sample of
high silicon content will consume about 600 ml. of oxygen meas-
ured at 20° C. and 200 mm. pressure, assuming that the iron is
oxidized to Fed 4and the silicon to silica. Since the supply of
oxygen is not in equilibrium with the liquid phase but is shut off
from the supply before combustion starts, the pressure falls by
about 70 to 80 mm. during the combustion. No difficulty seems
to have been raised by this change in technique. The composi-
tion of the clinker remaining as a residue has been shown to be-
chiefly Fe3)< by the x-ray diffraction method.

In the earliest analyses,.-the sample after being introduced into-
the crucible was heated to about 500° C. for 5 minutes to drive off
any adsorbed gases, particularly any that might contain carbon-
before oxygen was admitted. Results obtained from samples
treated in this fashion were lower by about 0.001 to 0.01% than
those run without this preliminary degassing, varying with the-
time of heating and the sample. A review of the literature (5)
indicates that any such carbonaceous gases were derived from a
reaction of carbon or carbides in the sample with oxides on the
surface or in the steel.

In order to ascertain whether any carbon was given off in the
form of monoxide when the sample was heated to 5000C., two traps
and a catalyst were introduced into the system as shown from Z
to Z' in Figure 1. The system was evacuated and the sample
heated with the cutoff on -the combustion vessel closed. After
the sample had cooled, the cutoff was opened and oxygen admitted
to the system. As the gases were pumped off, the water vapor
was frozen out in Tt, the carbon dioxide in Tt. Any carbon mon-
oxide and the residual oxygen passed over the palladium catalyst
which was maintained near 200° C. by a boiling bath of trichloro-
benzene. Any water from hydrogen which might have escaped
previous combustion was frozen out in TV The carbon dioxide
formed over the catalyst was frozen out in Tt and measured in the
usual manner. This gas is allowed to escape and then by warming
Tj the carbon dioxide previously condensed there is frozen out
in Tt and measured.

The authors had no means for measuring the temperature of
their sample, other than of estimating the temperature from the
color of its incandescence. Carbon monoxide and carbon dioxide
were both evolved; the proportion of the former increased with
temperature in agreement with the results of Ryder (<?. How-
ever, the composition of the gas also varied with the nature of the
sample; pure iron appeared to give a higher proportion of carbon
monoxide. Experiments conducted in a vacuum system of
somewhat different design, provided with a Toepler pump to
collect the gases evolved, indicated that at 1000° C. nearly all the
carbon could be driven from a sample, provided the percentage of
carbon was not too high. Samples of iron appear to have enough
oxide on the surface or internally to bring about this oxidation.
Since heating can remove an appreciable amount of carbon from
the sample, the preliminary heating was dropped and the sample
combusted without "degassing” the sample at an elevated tem-
perature.
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Figure 3.

No evidence of the incomplete oxidation of carbon to carbon
dioxide when a sample is burned was found with the arrangement
of apparatus in Figure 1.

When the platinum crucible is heated in the evacuated combus-
"tion vessel, no deposit is formed on the walls of the vessel. When
oxygen is present, the wall becomes brown, then gradually black
and opaque. The deposit, when scraped off and examined by
testing its diffraction of x-rays, is shown to be platinum metal
with some iron oxide (Fe,0(). Since this deposit forms only when
oxygen is in the system, the intermediate formation of platinum
oxides seems not improbable (9).

RESULTS

In order to demonstrate the agreement that is possible with
this method between various laboratories and different operators,
the authors have compiled the data shown in Table I. They are
indebted to J. B. Austin of the United States Steel Research Labo-
ratory for the use of their data. Each "series” was run on one or
more different apparatus or on apparatus completely dismantled
and rebuilt. The data have been obtained over a fairly long
period of time. The results grouped as “l Pittsfield G. E. (3
operators)T were accumulated over many months and on more
than one apparatus. The operators included high-school gradu-
ates as well as chemists with postgraduate training.

The summary attempts to show how these six averages com-
pare with the thirteen reported on the Bureau of Standards
certificate for sample 55a. These results were obtained by selected
cooperators who (with one exception) used the classical combus-
tion method. After preliminary results are submitted by coopera-
tors, the bureau customarily requests additional tests when re-
ports deviate too grossly from the mean.

The results reported for the low-pressure combustion method
represent all those obtained with the three exceptions noted. The
elimination of the six values as indicated in Table | does not affect
the mean of the six averages appreciably. The spread of the six

Low-Pressure Combustion Apparatus in Pittsfield Laboratory

averages reported is 0.0014% (Table Il1) compared with 0.004%
for the bureau’s cooperators. The average deviation is 20.0006%
compared with 0.001% (the fourth decimal place is not reported
on the bureau certificate, hence this comparison is not strictly
fair).

Table I.  Summary of Results for Carbon Analysis
(Bureau of Standards Sample 55a)
Spread
Aver- High- Stand
No. of age eat- ard
Deter- Devia- Low- Devia-
. mina-  Average, tion est tion,
Series Reported by tions % X 100 X 10* v X 10
1 Bell Telephone Lab- 10° 0.0108 0.1 0.4 0.1
oratories (IS)
2 Il _Brackenridge G. 8 0.0109 0.4 1.1 0.4
E. (E. J. Fitz)
3 | Brackenridge G. E. 11&  0.0109 0.2 0.8 0.3
(E. J. Fltz?
4 U. S. Steel Corp. (J. 10>  0.0116 0.2 0.8 0.2
B. Austin)
5 | Pittsfield G. E. (3 10& 0.0121c 0.3 1.3 0.4
operators)
6 Il Pittsfield G. E. 12 0.0122* 0.4 1.9 0.5
(L. Casali)

Unweighted mean of six averages 0.0114

a Including additional value, 0.0110, sent by Wooten.

b After rejecting two values whose deviation from mean exceeds four times
erage deviation of rest of group.

c Averages in 5 and 6 on different samples of standard 55a.

Tabic Il. Carbon Analysis
(Comparison of six averages of Table | with thirteen averages reported on
B. of S. certificate 55a)

Mean Spread
Devia- X 10*

tion of (High- Values
% Car- Averages est- Re-
bon X 10* Lowest) ported

Recommended value B. of S. cer-
tificate 0.014
0.011

1.0 4.0 13
Mean of averages (Table I) 4 0.6 1.4 6
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Table IIl. Carbon in 3% Silicon Steel, Sample A

« Determined Carbon Value

29 Determinations Run on Eight 21 Determinations Run on Four Units
Units at Pittsfield (3 Operators) at Brackenridgo (3 Operators)

% % % %
0.0034 0.0027 0.0027 0.0042
0.0029 0.0035 0.0023 0.0035
0.0027 0.0029 0.0036 0.0029¢
0.0027 0.0028 0.0027¢ 0.0020“
0.0032 0.0040 0.0027¢ 0.0038*
0.0034 0.0040 0.0030* 0.0029“
0.0026 0.0041 0.0038 0.0035
0.0029 0.0034 0.0033 0.0026
0.0028 0.0032 0.0026* 0.0032
0.0031 0.0028 0.0033* 0.0029“
0.0033 0.0031 0.0042
0.0031 0.0029
0.0035 0.0027
0.0033 0.0031
0.0031

Av. 0.0031 Av. 0.0032
Average
deviation f0.0003 t0.0005
Standard
deviation fa0.0004 b0.0005

° High-carbon samples interspersed with these runs.

Table 1V. Carbon in 3% Silicon Steel, Sample B

Standard combustion value, 0.006% carbon. Eight units, two operators.
-Percentage Carbon-

Date Unit Blank (before) Value Blank (after)

Portion A, n — 11
12-4-43 A 0.0010 0.0036 0.0000
12-4-43 C 0.0006 0.0046 0.0007
12-4-43 D 0.0006 0.0043 0.0006
12-6-43 A 0.0006 0.0040 0.0006
12-6-43 C 0.0007 0.0042 0.0011
12-7-43 D 0.0009 0.0038 0.0006
12-14-43 B 0.0005 0.0043 0.0006
12-14-43 C 0.0005 0.0041 0.0007
12-14-43 D 0.0008 0.0051 0.0009
12-15-43 B 0.0006 0.0044 0.0006
12-15-43 B 0.0006 0.0048 0.0007

Av. 0.0044
Standard deviation a=0.0004

Portion B, n @ 9
12-20-43 E 0.0009 0.0036 0.0004
12-23-43 E « 0.0004 0.0050 0.0008
12-23-43 F 0.0005 0.0036 0.0005
12-23-43 G 0.0004 0.0042 0.0005
12-29-43 F 0.0004 0.0041 0.0006
12-29-43 G 0.0006 0.0041 0.0005
12-29-43 H 0.0007 0.0037 0.0006
1-8-44 B 0.0005 0.0042 0.0007
1-11-14 B 0.0005 0.0038 0.0007

General General
av. 0.0006i Av. 0.0040 av. 0.0006*

Standard deviation +0..0004

The most striking feature of the comparison is the fact that
the average by the method under discussion is 0.011% compared
with 0.014% reported by the bureau certificate. In general, it
has been the authors’ experience that their results by this method
on Bureau of Standards samples containing up to 0.3% carbon
average a few thousandths of a per cent lower than the certificate
values which are usually obtained by the classical combustion
method. It is their opinion that occasional “wild” values ob-
tained on even a carefully prepared well-mixed sample of steel
come from a lack of uniformity in the distribution of carbon in the
sample. It becomes evident with this method because of the
small size of samples taken for chemical analysis.

Finally, series 2, 3, and 6 obtained by the authors’ operators
show somewhat poorer consistency than series 1 and 4. This
probably reflects the effort to reduce the time required per de-
termination and represents a slight sacrifice of accuracy in favor of
speed. This is further discussed below.

In Tables Il and IV are given typical sets of data to show the
reproducibility that may be obtained with 3% silicon steel. All
data over a given period of time are reported in both tables, with
the exception of one very high value on portion A, Table IV.
The precision of the authors’ method seems to be consistent as
measured by the standard deviation reported in Tables I, III,
«and 1V.
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Table V. Analysis of High-Manganese (14.4%) Iron Alloy

Before Treatment After Treatment

Wt. of Carbon, Wt. of Carbon,
sample sample | sample sample Il
Gram % Gram %
.05 0.0206 0.05 0.6191
. 0.0178 0.05 0.6502
. 0.0155 0.1 0.6780
Carbon Carbon by
Determined Weight Increase
Sample IlI, % C after Sample Il, % gain in
treatment 0.649 weight 0.65
Sample I, % C before Sample I, % B added by
treatment 0.018 treatment 0.02
Carbon added by treat- Gain in weight corrected
ment 0.631 forB 0.63

A difficult question to settle in the determination of carbon is
whether all the carbon is removed from the sample in the course of
a combustion. In Table V are shown the results obtained in the
recovery of carbon.

Two samples of high-man?anese iron wire with weights shown
were submitted by H. H. Uhlig of the G. E. Research Laboratory
in Schenectady, who had observed a gain in weight under treat-
ment which could be attributed to boron or carbon (lower right
column). These data were not known to the authors at Pitts-
field, and the carbon found by combustion was reported as given
in the two upper columns. Boron was found in the wire, hence
the gain in weight due to carbon is shown in the lower right
column. This checks well with the authors' analysis. The spread
in their carbon values in the upper two columns may be attributed
to ununiform distribution of carbon as well as to the difficulty of
completely burning the sample.

DISCUSSION.

The time required for a determination by this method as de-
scribed by Wooten and Guldner is not stated in their paper. The
authors found that with the apparatus described, consisting of a
single unit with one operator, a determination averaged about 2

( hours, though under exceptional
circumstances they have been able
to average about one determination
per hour through a single 8-hour
day. A single operator can, how-
ever, manage about four units, pro-
vided he does not prepare and weigh
the samples. With an assistant to
prepare the samples, it is possible on
the present equipment to average
a single determination every half
hour. A set of four units such as
the authors have been using about
2 years isshown in Figure 3. Their
experience has indicated that intelli-
gent high school graduates can op-
erate tlxis equipment satisfactorily
under the guidance of technically
competent college graduates. When
large amounts of data must be ac-
cumulated for statistical studies or
production control, time and cost
factors must be considered and will
determine the feasibility of the
analytical method.

The authors have attempted to
adapt some of the older methods for
carbon determinations. When the
carbon and carbides are first sepa-
rated by dissolving the steel in
potassium copper chloride (7, p.
179) the amount of carbon recovered
varied directly with the time the
sample was centrifuged. Appar-

Figure 4. Combustion
Chamber, Showing Mul-
tiple Loading System
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Table VI. Carbon Content of Pure Copper
Carbon
Specimen A Specimen B
% %

Sample | 0.0017 0.0015

Sample 11 0.0016 0.0025

Av. 0.0017 0.0020

ently some of the carbon separates in a form which tends to
remain in suspension and is filtered off on sintered glass only with
difficulty.

The barium hydroxide method (7, p. 172) has been tried, but
with the type of absorber shown in Figure 39 (7, p. 173) it seemed
impossible to get complete absorption of the carbon dioxide with
any reasonable adjustment of oxygen flow, concentration of
barium hydroxide, etc. (I). It is, therefore, necessary to use an
empirical factor in calibrating the standard solution for this
method, and the factor will .change with any of a number of
variable circumstances. The method does not recommend itself
to the determination of small amounts of carbon. Attempts to
improve the efficiency of absorption and to finish the analysis
gravimetrically usually result in increasing the length of the
method to an inconvenient degree {IS). Good results were re-
ported by Thanheiser and Dickens (10) using barium hydroxide
as an absorbent for iron and steel containing a few thousandths of
a per cent carbon. However, large samples of about 10 grams
are required to secure the desirable accuracy, and, when the
size of the sample is decreased, there is a correspondingly large
decrease in the accuracy' of the results.

CARBON IN COPPER

The only values given in the literature for the solubility of
carbon in copper are those of Floe and Chipman (4). The auth-
ors were asked to determine the carbon content of a sample of

Determination of Carbon
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liigh-purity copper prepared in the laboratory by melting in a
graphite crucible under an atmosphere of nitrogen. When copper
oxidizes, the heat of the reaction is less than for the oxidation of
iron, and the copper does not burn. However, it is possible to
oxidize it completely under the conditions described above for
iron. The results on two samples of copper prepared as just de-
scribed are shown in Table VI.
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iIn Low-Carbon Steel

Precision and Accuracy of the Low-Pressure Combustion Method

R. W. GURRY AND HASTINGS TRIG G 1 Research Laboratory, United States Steel Corporation of Delaware, Kearny, N. J.

The precision of the low-pressure combustion method described ap-
pears to be at least three times that of the standard combustion
method when used on low-carbon steel. Its accuracy, as determined
by direct calibration on Iceland spar, is about 0.0007% carbon,
again about three times that of the standard combustion method.

T HIS paper reports the results of a number of tests of the pre-

cision and accuracy of the low-pressure combustion method
for carbon described by Wooten and Guldner (2. The apparatus
and procedure are virtually identical with those of Wooten and
Guldner, except that large single traps are used instead of smaller
double ones, and during evacuation of the system after burning a
sample the U-seal between the combustion and measuring section
of the apparatus is closed at a pressure of 0.1 mm. of mercury, so
that water may not be carried from the trap at dry ice tempera-
ture to the one in which carbon dioxide is condensed.

PRECISION

The precision attainable by this method is well illustrated by
the analyses of National Bureau of Standards Sample 55a re-
ported by Murray and Ashley (7, Table I). The authors have

1Present address, Carnegie-lllinois Steel Corp., Ohio Works, Youngs-
town, Ohio.

also investigated the precision relative to that of the common
combustion method on four samples of steel, which proved to
range in carbon content from 0.015 to 0.026%. These were sub-
mitted for analysis to four laboratories which use the ordinary
combustion method, all accustomed to analyzing steels of this
type, so that the results which each reports may be assumed to be
reasonably representative of the precision that his procedure is
capable of yielding. These results are given in Table I, columns
A to D ; the authors' results by the low-pressure method are in
column E.

For each laboratory the mean for each sample was calculated
and the deviation, A, from this mean tabulated; for the sake of
clarity these deviations have all been multiplied by 1000. The
average deviation from the mean for all samples done by each
laboratory was calculated from the arithmetic sum of the indi-
vidual deviations—that is, without regard to the sign of each.
This average is a measure of the precision of the analysis reported
by each laboratory.

On the basis of these data, it is concluded that the precision of
the low-pressure method is in general about +0.0005% carbon,
although under favorable circumstances it may approach the
value of the blank (about 0.0002), and that it is at least three
times as good as that of the ordinary combustion method.
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The authors’ general experience with the low-pressure
method, in which a 0.5-gram sample is used, leads
them to believe that there may be actual differences
in carbon content of samples nominally identical unless
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(By four laboratories and by the present procedure, on four samples of steel.
deviation, A, in each case is the deviation X 1000 from the mean obtained for each
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Table I. Comparison of Carbon Determinations
The

sample by that laboratory.)

i i . Low-Pressure
they are prepared ar?d_ handled with metlculous. cgre, No. of Standard Procedure in Laboratory Method
consequently the precision of the result may be limited Sample B D
less by that of the method than by the reproducibility, % A% A% A% A % A

: I 0.019 0 0016 -1 0.025 -1 0.028 +4 0.0165 -0.2
with respect to actual carbon content, of the sample 0018 -1 0016 -1 0020 -§ 0058 +4 001ics .06
analyzed. 0.020 +1 0.014 -3 0.024 -2 0.027 +3 00173 +0.6

0.034° 0.020 +3 0.032 +6 0015 -9 00171 +0.4
0.031° 0.018 +1 0.027 +1 0.024 0 0.0166 -0.1
ACCURACY 0.023 -1 0.0164 -0.3
T " thod of vsi b di Mean  0.0190 0.016$ 0.025¢ 0.024$ 0.0167
€ accuracy or a methoc or analysis can be gaged In " 0.011 -3 0012 +1 0011 -1 0019 0 0.0170 -0.1
three ways: (1) by comparison of the results with those of 88%‘51 .0 88%(2) +11 88%% % 88%; g 0.0169 -0.2
other methods; (2) by analysis of a standard sample 0016 +2 0011 0 0013 1 0025 +6 ooiri T *
whose composition has been determined by a number of 3913 %, ot o 0012 0 0018 -1 0.0478 +0.2
different analysts, preferably using different methods; or Mean 0.013i 0.011$ 0.011c 0.0190 0.0171
(3) by analysis of a suitable pure compound, the com- 1 0.020 0 0.024 -1 0023 0 0018 -2 0.0200 -0.5
position of which is fixed and reproducible. All three 0039 . 0058 iF 994 Y 093 L9 Qgo1%9 0.8
methods have been used in the present case. 0.019 -1
T 0.020 0

Anindication of the accuracy of the low-pressure method 0.022  +2
relative to that of the common combustion method can be Mean 0.0200 0.025% 0.022; 0.019; 0.0205
derived from Table | by comparing the results of the v 0.026 0 0.024 0 0.029 0 0.027 0 0.0260 0

. ' . 0.026 0 0.024 0 0.030 +1 0.027 0 0.0256 ~-0.4
several analysts with a grand weighted average. In doing 0.027 +1 0.024 0 0.029 0 0.028 + 1 0.0264 +0.4
this the question always arises as to who decides how the 3027 1
weighting is to be done. The authors have followed an 0.026 0
impersonal procedure, frequently used, in which to each Mean ~ 0.026% 0.0240 0.029% 0.027% 0.0260
. . . . Average deviation 0.8 0.9 1.4 2.1 0.3
average is attached a weight inversely proportional to the Maximum deviation 3 3 6 9 1.2

average deviation from the mean of the individual results
from which that mean was derived. Analyzing the data
in Table | on this basis, they multiply for each sample
the mean for each laboratory by the appropriate weighting
factor (the reciprocal of the average deviation), and divide the
sum of these products by the sum of the weighting factors

(here 6.88). The resulting grand average is given here:
Average De-
1000 (from Weighting Grand Weighted Average for Samples
Table 1) Factor | 1 11 v
A 0. 1.25
B 0.9 1.11
C 1.4 0.71 0.0186 0.0151 0.0214 0.0201
D 2.1 0.48
E 0.3 3.33
6.88

The deviation of each laboratory’s' mean from the grand
weighted average for each sample is shown in Table II. The mean
deviation shown at the bottom of the column for each laboratory
was derived by dividing the algebraic sum of the deviations for
the four samples—that is, with consideration of the sign of each—
by four. This mean deviation from the grand weighted average
not only indicates the accuracy of a particular laboratory, but
also shows whether that laboratory tends to report high or low
values. On this basis, the low-pressure method has an accuracy
of twice to ten times that of the usual combustion'method as car-
ried out by the various laboratories.

As regards the second method of calibration, it was believed
at first that a Bureau of Standards sample would provide a suit-
able standard. Accordingly, the authors selected Sample 55a,
the certified carbon content of which is 0.014%, although the
values reported by the laboratories which cooperated with the
bureau in standardizing this sample ranged from 0.012 to 0.016%.
Later they found that several other laboratories which use the
low-pressure method likewise had been using this sample as a
standard. The results of all these determinations are summarized
by Murray and Ashley (1) and range from 0.010S to 0.0122%
with a mean of 0.0114, which is significantly lower than the
certificate value, though just at the lower limit of the range cov-
ered by the bureau's collaborators. The authors’ general experi-
ence indicates that analyses made by the low-pressure method
commonly yield a carbon content slightly low'er than that ob-
tained by the ordinary combustion method. The determinations

° Not included because deviation is so much greater than in all other results of

laboratory A.

Table 1I. Deviation (X 1000) of Weighted Mean from Average of
Laboratory
Sample A B C E
(Low-Pressure
Method)
| +0.4 -1.8 +7.0 +5.6 -1.9
1 -1.3 -3.9 -3.5 +3.9 +2.0
11 -1.4 +3.9 +1.3 -1.7 -0.9
v +0.4 -2.1 +3.2 +1.2 -0.1
Av. (% C) -0.0005 -0.0010 +0.0020 +0.0022 -0.0002

of carbon in Sample 55a, instead of providing the desired check
on the accuracy of the low-pressure method, have rather cast
doubt upon the accuracy of the certificate value which should
certainly now be reconsidered.

In view of the results on Sample 55a, special attention was paid
to the third method of calibration, which was an absolute deter-
mination of the amount of carbon dioxide evolved from a crystal
fragment of pure calcium carbonate (lceland spar). A small
crystal of analytical grade Iceland spar, carefully weighed on a
microbalance, was placed in the magnesia crucible, oxygen was
admitted, and the carbon dioxide determined by the standard
procedure, special attention being paid to the rate of heating.
The temperature of the crucible was raised from about 600° to
1100° C. over a period of about 20 minutes, after which it was
maintained at this temperature for another 20 minutes before the
carbon dioxide was collected.

The results of four such analyses (Table Il1) indicate that the
average deviation of the observed amount of carbon dioxide from
that calculated is 0.03 X 10-6 mole of carbon dioxide, equivalent
to 0.0036 mg. of carbon, which for a 0.5-gram sample corresponds
to 0.0007% carbon. On this basis, therefore, so long as the gas
finally measured is substantially pure carbon dioxide, the accu-
racy of the method seems to be of the same order as its precision,
since the average deviation shown in Table | is 0.0003% carbon.

COMPOSITION OF GAS COLLECTED

Before one can claim for the analysis of a steel the accuracy
indicated by the evolution of carbon dioxide from Iceland spar,
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stopcock to an evacuated filter flask. With
the stopcock closed, a small amount of

Table Il1l. Absolute Standardization with Iceland Spar (Calcium Carbonate) L I ou ¢

) purified acetone is poured over the millingsin

SOl the tube; the stopcock is then opened and

(Pressure  Tem- the acetone slowly sucked away. After a

Cacoi  Weighed on 3506 M1y Rure Observed Chisulatedo " Diff minimum of three such washings the sample
! g ) MI) - ture serve alculate ference is placed in a vacuum desiccator and kept
Ma. Min. °C. Mole Mole Mole overnight at a pressure of about 1 micron
1.9 Analytical 1.460 30 1.95 X 10- 1.9, X 10'1 +0.0« X 10-° (%r? 3 mm. OJ m?r(:léry)f ”t\ earlt;ert \t/vork
balance ether was used instead of acetone, but its use

%;2;‘;’; R",.',ﬁig*;g'.gﬂi‘; 8';% 53 %;22 %;2‘; +88£ was discontinued when it was found that in
1.93« Microbalance 1.393 28 1.87 1.93 -0.06 humid weather evaporation of the ether
Mean 0.03 chilled the metal enough to cause an undesir-

° 0.5 gram of steel containing 0.05% carbon gives 2.08 X 10 mole COi.

it is necessary to show that the material collected in the liquid
nitrogen trap contains nothing other than carbon dioxide. That
this is in fact true has been demonstrated by analysis of the con-
densed material by means of a fractional vaporization method
based upon the fact that, as the temperature of the trap is slowly
raised, there is for each condensed substance a characteristic
temperature at which it vaporizes to cause a marked increase in
the gas pressure of the system.

To carry out such a test, the trap was fitted with a copper
shield, which helped to equalize the temperature, to which was
attached a thermocouple. After combustion of a sample the ex-
cess oxygen was evacuated and the mercury levels were raised to
isolate the calibrated volume. The trap was then quickly sur-
rounded by an empty Dewar vessel which allowed it to warm only
very slowly, and at suitable intervals the pressure was measured
by means of the McLeod gage. For the materials condensed
from the combustion of Bureau of Standards Sample 55a, which
contained 0.02% sulfur and might have been expected to yield a
little sulfur dioxide, the result of these measurements is shown
by curve A, Figure 1.

The pressure, hence the number of moles of gas in the system,
remained low up to about —120° C., at which temperature there
was a relatively sudden increase to a pressure corresponding to
the production of about 4.5 X 10~' mole of gas; further increase
of temperature up to 0° C. produced no further significant in-
crease in the amount of material vaporized. The corresponding
behavior of the condensate from the Iceland spar is shown by B,
Figure 1. Had any sulfur dioxide or trioxide, or any other con-
densable substance, been present there would have been at a
somewhat higher temperature another knee in these curves, as
Wooten demonstrated by intentionally adding a little sulfur di-
oxide to the system.

Curve A indicates a slight evolution of gas between 0° C. and
room temperature, an increase which is not evident in B. This
increase, which was noted in all such runs on steel, indicates the
evolution of less than 2% of some other gas, presumably water
vapor. Itisevident therefore that the gas condensed in the trap
during combustion of a steel is virtually pure carbon dioxide.

The authors have also investigated the influence of two steps in
the procedure upon the accuracy of the result. The first is the
matter of washing the sample to remove superficial dirt and
grease, which must be taken into account, since the surface of
the sample is usually large and may therefore hold a relatively
large quantity of carboniferous material.

If the sample is in the form of a thin strip, the surface can be
cleaned by abrasion, after which the metal can be cut into small
pieces with a pair of snips, avoiding any contact of the sample
with the fingers or other material likely to contaminate it. If,
however, the specimen is more massive, as, for instance, the frac-
tured end of a tensile specimen, it is necessary to do some ma-
chining and in such case washing is desirable.

In the authors’ procedure washing is carried out in a small
Pyrex tube with a sintered crystalline Alundum bottom, the
lower part of which is ground into a holder connected through a

ably copious condensation of moisture. The

question has also been raised as to whether
[ I some trace of acetone may not remain ad-

sorbed or occluded on the sample, but direct

comparison of the carbon content of a number
of washed samples with that of samples carefully cleaned but not
washed indicates that when the washing is properly carried out
the acetone remaining is not sufficient to increase significantly
the carbon present.
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Figure 1. Fractional Vaporization of Condensed

Carbon Dioxide

The other question considered is whether the true blank value—
that is, with the high crucible temperature resulting from the
burning of a sample—is appreciably different from that obtained
in the normal way. To gain some information on this point a
number of check runs were made on the same material after a pre-
liminary heating of the crucible in oxygen and without opening
the system, on'the basis that if the higher temperature due to
combustion of the sample did cause an increased blank, this blank
should decrease on successive combustions, so that the apparent
carbon content would successively decrease. The results indi-
cated no significant trend in this direction.

literature cited

(1) Murray and Ashley, Ind.Eng.Chem., Anal.Ed., 16, 242 (1944).
(2) Wooten and Guldner, Ibid., 14, 835 (1942).

Photoelectric Photometer— Correction

In the caption of Figure 4 of the article “Photoelectric Photometer
for Determining Carbon Disulfide in the Atmosphere” [ind. Eng.
Chem., Anal. Ed., 15, 593 (1943)] the caption should have read:
Re. 250,000 ohms. Rj. 15,000 ohms. Rs. 50,000 ohms.
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Measurement of Detergency

A Photometer for Determination of Films on Transparent Surfaces

JOHN L. WILSON and ELWYN E. MENDENHALL
Economics Laboratory, Inc., St. Paul, Minn.

A simple inexpensive photometer has been designed for the quantitative determination of “ hard water”
films formed on transparent glass plates during certain detergent processes such as commercial

dishwashing.

Constructional details and the electrical measuring circuit are discussed and informa-

tion on the sensitivity of the instrument is presented.

“HE calcium and magnesium salts present in hard water
react with many detergents to form insoluble compounds,
the precipitate thus formed attaches itself to objects be-

such as commercial dishwash-
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400

Figure 1. Transmission Data

One would expect the appearance of such film to be a function
of such factors as the type of hardness and the amount present in
the water used, the type and concentration of detergent used,
the nature of the washing, rinsing, and drying processes, the tem-
perature at which the processes are carried out, the nature of the
surfaces being washed, the nature of the soil on these surfaces,
and finally the number of times the objects are
washed.

In commercial dishwashing, as ordinarily prac-
ticed, the build-up of unsanitary hard rvater or
so-called lime films has presented a troublesome
problem for the operators of public eating places.
While progress has been made in recent years in
the preparation of detergents which partially
overcome this trouble, the relative importance of
the various factors involved have not been known
quantitatively, nor have satisfactory methods or
instruments for use in the study of this problem
been established.

This paper describes a photometer which has
proved useful in obtaining accurate quantitative
information regarding some of the factors in-
volved in a study of this film build-up problem.

Arelatively simple method now commonly used
permits one to approximate roughly the comparative amounts of
filmproduced when various detergents are used. Drinking glasses,
glass plates, or other such objects are washed in a home-type dish-
washing machine under known conditions, rinsed, and allowed
to air-dry without toweling, and then the objects washed with
different detergents are compared visually. Often several cycles
of wash, rinse, and air-dry are required before good comparisons
canbe made. Atbest, however, such visual comparison yields only
semiquantitative information which cannot be reduced to con-
venient numerical values for future use. An accurate and inex-
pensive instrument is therefore needed which can replace the
visual comparison of objects washed and which will yield numerical
and quantitative data. Since these data are indicative of the visual
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TO
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appearance of the film on the washed objects they have, for want of
a better term, been designated as values of visual film thickness.

Since it is more difficult to make suitable optical measurements
on drinking glasses or other irregularly shaped objects than on
flat and regularly shaped ones, squares of plate glass were se-
lected as test plates. Preliminary investigation indicated that
the measurement of transmitted rather than reflected light is
suitable for the purpose.

In order to determine whether a monochromatic light source
would be necessary or of value in such an instrument, several sets
of test plates washed with different detergent materials were
prepared and the transmission spectra for the films on these
plates were studied by means of a General Electric recording
spectrophotometer. Transmission data thus obtained for the
three most commonly used constituents of alkaline detergents are
represented graphically in Figure 1. These studies indicated
that the films are all essentially white—i.e., the amount of light
transmitted is almost independent of the wave length used and
wave lengths between 450 and 600 millimicrons are almost equally
well transmitted. The deviations from “whiteness” are essen-
tially independent of the detergent used. Therefore monochro-
matic light need not be used and any incandescent light source
should be suitable with respect to wave length.

PLATE HOLDER
REFERENCE
PLATES

/ TO
HEADPHONES

BATTERIES

OPTICAL
SYSTEM

Figure 2. Photometer

An attempt was made to use commercially available photom-
eters, but two construction characteristics rendered them unsuit-
able for this work. While a small beam of light is advantageous
for most analytical work in that it permits the use of small vol-
umes of solutions, it necessitates a large number of measurements
if accurate averages are to be obtained on an object covered with
an irregular film. Similarly, placing the photocell close to the
absorption cell is advantageous in an instrument designed for
work associated with colored solutions. For measurement of
films on glass plates, however, usefulness is increased by placing
the photocell farther from the plates on which measurements
are being made. Such construction permits determination of
beam transmission rather than diffuse transmission.
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MODIFICATIONS IN PHOTOMETER DESIGN

Having selected plate-glass squares 5 inches on a side and
0.125 inch thick as test objects, it was necessary to consider the
ways in which these plates could be held in the instrument, so
that a large area would be sampled by each measurement. Two
methods were considered. The first involved increasing the
cross-sectional area of the incident beam of light; the second
utilized the principle of tilting the plates at an acute angle with
respect to the incident beam. This second alternative was se-
lected in order to avoid the necessity of incorporating in the in-
strument the more complicated optical system required in utiliz-
ing a larger beam of light. This tilting process increased the
effectiveness of a given film in reducing the amount of light reach-
ing the photocell.

Figure 3. Photometer

The light extinction of a given film was not changed by the si-
multaneous use of additional plates—that is, the per cent extinc-
tion as determined for a set of two or more plates is equal to the
sum of the values obtained when each plate is measured indi-
vidually. On the basis of these results four test plates are usu-
ally employed in each set, thus increasing fourfold the area in-
volved in each measurement.

Modifications of this type are essential if a simple photoelectric
circuit is to be employed. The simplicity of the measuring cir-
cuit is likewise dependent upon the photocell used, although ac-
ceptability based on this feature alone would not jUStIfy the use
of a particular photocell in the final instrument.

FINAL INSTRUMENT

A line drawing of the photometer appears as Figure 2. It con-
sists of a light source, an optical system which gives a parallel
beam of light, a test- plate holder, a photocell, and a measuring
circuit. This drawing indicates the way in which the test-plate
holder, movable perpendicularly to the light beam, is mounted
so that either a set of test plates or a set of reference plates may
be measured. The standardization of the instrument by means
of reference plates is discussed below.

The R.C.A. 919 phototube was selected on the basis of factors
previously mentioned. The maximum convenient angle at which
the 5-inch test plates could be tilted in a photometer using this
photocell was calculated on the basis of the size of the photoactive
target and found to be 18°. Using this arranﬁement it is pos-
sible to sample an area of almost 3.5 square inches on each plate
with a single transmission measurement, although the phototube
has a target area of only 0.9 square inch. Since four glass plates
are used simultaneously, a total area of 14 square inches is in-
volved in each measurement.

The plate holder was designed to hold two sets of four plates
each. It was constructed in such a way that it compensates for
the refraction of the incident beam by the glass plates, so that
similar sections of all plates in each set are measured.

For preliminary work the use of excessively expensive equip-
ment was not'warranted and hence the photometric circuit best

suited to the need was that described by Roberts (1). This cir-
cuit is of the nature of a relaxation oscillator which causes a series
of clicks to be heard in the high-impedance telephone. The
frequency of the clicks is, for a given capacity of the condenser,
proportional to the intensity of the light falling on the photocell.
Light intensity may thus be measured by counting the number of
clicks which are heard in a given period of time. A count on
clean test plates of 100 clicks per minute has been found con-
venient. This rate may be attained by adjustment of the vari-
able condenser or of the intensity of the light beam.

When no light falls on the cell, 1 or 2 clicks per minute will
occur, owing to electrical leakage across the glass surface of the
tubes. This "dark count" is always subtracted from actual
counts on plates before the data are recorded or used in further
calculations.

The electrical circuit unit of the photometer was mounted as
shown in Figure 2, avoiding long lead wires and an extra housing.
It is especially important to mount the 1D8GT super control
tube in such a way that the light from its filament cannot fall on
the phototube. Constructional details are shown in Figure 3;
a wiring diagram in Figure 4.

A Mazda lamp Type 82 has served as a convenient light source.
In order to ensure a constant intensity of light, energy Is supplied
from a set of storage batteries which, in turn, are continually fed
by a trickle charger. The voltage drop across the lamp is regu-
lated by means of a rheostat and indicated by a voltmeter.

DETERMINATION OF VISUAL FILM THICKNESS

The “visual thickness” of the film formed by a given wash test
is determined in the following way:

A set of reference plates is placed on one side of the sliding
plate holder and the clean set of plates to be used for the test on
the other side of the same holder. (These plates are always
placed in the same order and same position.)

The light intensity is adjusted by means of the rheostat to the
desired voltage.

The plate holder is moved into position, so that the beam of
light passes through the set of reference plates and the number of
clicks heard in the headphones in one minute is noted. This
value is recorded as

The plate holder is then moved so that the beam of light passes
through the set of plates to be washed and the number of clicks
heard in one minute is again counted and recorded as T-.

The ratio Ri/Ti is calculated. Since it is constant for a given
set of test plates when compared to a given set of reference plates,
the value is indicated by K

The test plates are washed, rinsed, and dried according to the
desired procedure and returned to their former position in the
photometer.

The final reference-plates count is again determined and re-
corded as R/.

The final test-plates count is determined and recorded as T/.

The final transmission of the test plates as compared to their
initial transmission is given by the formula:

/|\i X ’Ci/ X 100 = K E/?/ X 100 apparent % transmission

When Ri = R/—that is, when the photometer has remained in
a stable condition—this equation becomes:

A X 100  apparent % transmission
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The “visual thickness” of the film on the test plates is then cal-
culated by use of the formula:

Visual thickness of film '= apparent % extinction =
100% —apparent % transmission

The washing and measuring procedure is then repeated the
desired number of times. For convenience each repetition of
this procedure is called a wash cycle.

REPRODUCIBILITY OF MEASUREMENTS

The reproducibility of measurements was determined by select-
ing a set of test plates which, after washing, had an apparent trans-
mission of 57.0%. Over a period of 2 days this set of plates was
measured ten times. After each measurement the plates were
removed from the photometer and placed in a tightly covered
wooden box. The “reference-plates count” was intentionally
varied from 78 to 100 clicks per minute. The probable error
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was then calculated and found to be =*=0.52% for a single reading
or +0.17% for the average of 10 readings.

Experience has shown that the errors resulting from the pho-
tometer are negligible as compared to those arising from varia-
tions in the wash procedure.

CONCLUSION

The photometer described is easily and cheaply constructed
and possesses sufficient sensitivity to permit its use in the devel-
opment of performance tests for certain types of detergents.

LITERATURE CITED

(1) Roberts, W. van B., Rev. Sci. Instruments, 11, No. 5, 159-60
(May, 1940).
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Determination of Rate of Hard Water Film Formation in the Washing of
Glass Objects

A method is outlined for measuring the tendency of precipitates
formed by the reaction between detergents and calcium and mag-
nesium salts to adhere to glass surfaces during washing. Data are

T HE relatively recent introduction of "polyphosphates”

{1—4) has given the detergent chemist convenient materials
with which to decrease the rate at which film will appear on
dishes and glassware when normal washing conditions are em-
ployed. However, there has been no satisfactory method of
quantitatively measuring this rate of film formation.

This paper reports a test capable of yielding reproducible re-
sults quantitatively evaluated by means of the photometer de-
scribed in the previous paper (0).

METHOD

Washing Machine. A home-type General
Electric dishwashing machine has been found
applicable to this type of test. Basically it
consists of a covered tank, at the bottom of
which is located a small impeller-type agitator. 30
This agitator revolving at a speed of approxi-
mately 1700 r.p.m. throws the wash (or rinse)
solution in the form of a fine spray over the
test objects which rest on a -wire rack in the 25
upper portion of the machine.
Test Objects. Pieces of plate glass 5inches
square and 0.125 inch thick cut from a single
sheet of glass have been used as test objects. 20
It is possible that the film build-up may be
different on different types of glass and may
vary with the physical as well as chemical nature
of the surfaces of the test objects. Because 15
the initial purpose of this work was to study
the relative effects of different detergents rather
than of different surfaces, these test objects
were considered appropriate. o}
Preparation of Standard Hard Water.
Water of known hardness may bo obtained by
drawing from some natural source enough water 5
for the tests to be performed and then deter-
mining its calcium and magnesium content
by analytical methods. A somewdiat simpler
method consists of softening a natural supply
of water by means of a zeolite softener and
then increasing its hardness by the addition of
concentrated solutions of calcium and mag-

presented to show the reproducibility of results obtained by the
suggested method and the ease and accuracy with which differences
between detergents may be determined.

nesium salts. For this purpose the authors have used cal-
cium chloride and magnesium sulfate; care must be take in
adding these salts to prevent the precipitation of calcium sulfate.

Addition of Detergent. The desired weight of detergent for
each cycle may be added directly to the wash water in the ma-
chine. Sincethe volume of wash water is small and the concentra-
tion of detergent is usually lowr, relatively small amounts of de-
tergent are added at one time. Under these conditions a serious
error may result, in that the composition of all additions may not
be representative of the composition of the detergent being tested.
This error may be partially nullified by adding a given volume of a
concentrated solution of the detergent by means of an automatic

pipet.

Figure 1



254 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol.

Table I.

(Detergent, trisodium phosphate.
ness, Ca — 140 p.p.m., Mg

Reproducibility
Concentration, 0.32%.
50 p.p.m.)

Probable Errors (in Ten
Apparent % Extinctio

W ater hard-

Apparent % Extinction
1 2 3 5 v

Cycle 4 Av. r R
1 3 4 5 5 5 44 0.56 0.25
2 6 8 5 6 8 6.2 1.20 0.54
3 100 9 7 9 10 9.0 0.82 0.37
4 13 10 10 12 15 12.0 1.42 0.63
5 16 1C 12 13 18 15.0 1.60 0.72
6 20 19 16 16 19 18.0 1.26 0.56
7 23 22 20 20 22 21.4 0.82 0.37
8 25 25 22 24 27 24.6 1.22 0.54
9 29 31 26 27 28 28.2 1.35 0.60

10 31 32 29 31 33 31.2 0.95 0.42

Zeolite-softened water is heated to 160° F. by means of a ther-
mostatically controlled water heater. A gallon of this water is
drawn from the heater, hardened as previously described, and
then poured into the machine. The temperature in the machine
is indicated by a mercury-actuated dial-type thermometer
whose bulb extends downward from the top of the machine. On
starting the spray action the thermometer reading increases
rapidly, until after about 15 seconds a maximum is reached and
is recorded as wash temperature or rinse temperature. No de-
crease in temperatures has ever been noted during the 3-minute
wash period.

VISUAL THICKNESS

OF FILMS
PRODUCED BY___
DETERGENTS
<SODIUM .
METASILICATE
TRISODIUM.

PHOSPHATE St

PYROPHOSPHATE
PROPRIETARY

TETRAPHOSPHATE
PROPRIETARY
1 2 3 4 5 6 7 8 9
NUMBER OF WASH CYCLES
Figure 2

Selected Test Cycle Conditions. Washing. Volume of
wash solution, 1 gallon. Time of wash, 3 minutes. Tempera-
ture of wash water, 125° F. Hardness of wash water calculated
as calcium carbonate, 140 p.p.m. of calcium and 50 p.p.m. of
magnesium. Determent concentration, 0.3%,

Riming. Immediately after washing, while still in the same
position in the machine, the test objects were rinsed for 2 min-
utes at a temperature of 130° F., using water of the same hard-
ness as that used in washing.

Drying. The test plates were dried by removing them from
the dishwashing machine and placing them in a drying rack which
held the plates at an angle of approximately 45° and separated
one plate from another by about 0,5 inch. The plates were dried
in approximately 1.5 minutes by a stream of warm air.

Measurements Of visual film thickness were made using the
photometer described in a previous paper (S). In order to follow
the regularity with which the film appeared on the glass test
8lates, measurements were made after cycles 1, 2, 4, 6, 8, and 10.

ince the films formed by this wash procedure were not perfectly
uniform—that is, since water spots or uneven films frequently ap-
peared on the plates—measurements were made on two areas of
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each test plate. This represented a measurement on 28 square
inches of plate area. The instrument was standardized by mak-
ing a measurement on the set of reference plates both before and
after the measurements were made on the set of test plates.

REPRODUCIBILITY OF RESULTS

The reproducibility of the results obtained by this test proce-
dure is indicated by Table I. These data were obtained by re-
peating tests in which all controllable variables were maintained
as nearly constant as was experimentally possible and using the
conditions outlined above.

The average probable error for a single reading was approxi-
mately 1.0% extinction. The significance of this probable error
is best understood after studying Figure 1, in which visual film
thickness has been plotted against the number of times the test
plates were washed, rinsed, and dried. Because of the repro-
ducibility of this type of test, differentiation between detergents
which give nearly similar results is possible.

DATA

Film build-up curves for three common constituents of com-
mercial dishwashing compounds are shown in Figure 2. All data
resulted from tests utilizing the conditions outlined above, the
only variable being the composition of the detergent used.

Of the three alkaline materials most com-
monly found in commercial dishwashing de-
tergents, commercial trisodium phosphate,
NasP0+.12H D, produced the least film during
ten repeated washing cycles. Sodium meta-
silicate, NaZi035H2, produced a heavier
film than the trisodium phosphate under the
test conditions but less film than soda ash,
NaZOj.

The rise of certain molecularly dehydrated
phosphates in reducing hard water film for-
mation is illustrated by the two remaining
curves. A notable improvement may be ob-
tained by the introduction of tetrasodium
pyrophosphate into the detergent. A pro-
prietary containing 25% tetrasodium pyro-
phosphate, 40% sodium metasilicate, and
35% soda ash produced after 10 cycles a film
having a relative visual thickness of only 15
units as compared to a thickness of 31 units
produced by trisodium phosphate alone.

Greater effectiveness in preventing hard
water films is possessed by other phosphates

10 commonly referred to as polyphosphates. One

of these, commercially designated as sodium

tetraphosphate, Na«P(Oi3 was selected for

testing. Chemical analysis of this glassy ma-

terial indicated a composition which may be
represented by 3Na2.2P2D 5 The results obtained with a pro-
prietary containing 32% of this sodium tetraphosphate, 40% of
sodium metasilicate pentahydrate, and 28% of sodium carbonate
show that such a detergent, under identical test conditions, yields
a visual film thickness of less than 2 units.
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A Compact Field Apparatus for Determination of

Lewisite or Mustard Gas

JOSEPH W. KOUTEN,

J.B_.SHOHAN,

and W. FAITOUTE MUNN

West Orange Gas Defense Laboratory, West Orange, N. J.

M EMBERS of the West Orange, N. J., Gas Officers’ Defense

Staff have developed a compact apparatus for field detec-
tion of lewisite or mustard gas (liquid). Its simplicity makes it
adaptable also for laboratory use.

When liquid lewisite is treated with 15% sodium hydroxide
solution, acetylene is liberated and is detected in this apparatus
by the formation of deep red cuprous acetylide on a disk of filter
paper, freshly moistened with cuprous chloride solution. If the
cuprous chloride solution is practically colorless, the moistened
disk turns pink, then gradually deep red if considerable acetylene
is generated; if the cuprous chloride solution is blue, the disk
turns purplish red and the color gradually deepens. The reaction
is distinctive, sensitive, and quantitative.

To test for liquid mustard, the paper disk is moistened with
sodium platinic iodide-starch solution, without addition of so-
dium hydroxide or other reagent. In the presence of mustard the
color changes from violet to strong blue. Gentle heat hastens the
reaction.

APPARATUS

The main tube, 1, has an expanded bottom bulb 3.75 cm. (1.5
inches) in diameter, on the side of which is blown a 2.5-cm. (1-
inch) opening. A rubber stopper, 2, fits tightly in this opening
and is provided with a 0.6-cm. (0.25- |nch) hole in which is pushed
tightly the end of a small vial containing the cuprous chloride
reagent used to moisten the disk just prior to making the test
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for lewisite. A rubber stopper is very satisfactory here, as-
neither lewisite nor mustard has any immediate effect upon it.
After the test has been completed, the entire apparatus is taken
apart and thoroughly scrubbed with calcium hypochlorite sludge.
Inner tube 3, centrally located in the upper part of tube 1,
is supported in a cork having a small V cut out along its entire
Iengllth, so that when cork and tube are in position, the gas
evolved will vent through this cork and grevent the building up
of pressure during the test. A slight bulb or bulge is blown 1.25
cm. (0.5 inch) from the lower extremity of this inner tube. Tube
4, connected with the upper end of tube 3 by 10 cm. (4 inches) of
rubber tubing, has a capacity of 15 cc. Tube 4 has 1.5 grams of
flake sodium hydroxide Iplaced in it and is then tightly stop-
i>ered. Its contents will remain in perfect condition for any
ength of time. A small glass bead fits into the rubber tube,
connecting tube 4 with the upper end of tube 3, about 2.5 cm.
above the point where the rubber tube is fastened to tube 3.
This bead, or valve, prevents liquid from entering tube 1. When
the test is to be made, the side of the bead is pinched with the
thumb and forefinger, causing a channel to be formed through
which the caustic solution flows into tube 3, then into tube 1.
The filter paper disk upon which the color reactions are pro-
duced is cut to a diameter slightly smaller than that of the upper
partof tube 1. In its centeris cut a small hole of a size whigh will
allow the disk to be pushed on the lower end of tube 3 up to the
point where it meets the bulge. A small rubber band is twisted
around the tube, flush with the underside of the paper disk, to
keep it in position.
lhe supporting stand may consist of nothing more than a
square block of wood containing a slight hollow in the center to
support the bottom of tube 1and an upright piece of wood with a
clip near the top to support the upper end of the tube.
Construction of Vial and Capillary Tube. The vial is
made from soft-glass tubing of about 1.25-cm. (0.5-inch) diameter,
the lower end being drawn down to fit the 0.6-cm. (0.25-inch) hole
in the rubber stopper and sealed. The total length of the vial is
7.5 cm, (3 inches). The capillary tube, which acts as a dropper
tube, inside the vial is 3-mm. glass tublng open at the lower im-
mersed end and having a very small hole blown in it just below
the point where the lower end of the rubber stopper, which closes
the vial, is located. The upper end of the capillary tube is sealed.

PROCEDURE

Place the contaminated material, such as sand, leaves, rubble,
twigs, etc., in tube 1 through the 2.5-cm. opening by means of
tweezers or tongs, then firmly place rubber stopper 2 in this open-
ing. Remove tube 3 with its dry paper disk, take out the capil-
lary tube, and wet the disk with cuprous chloride solution by
touching the open end of the capillary tube to the disk. Immedi-
ately replace the capillary tube and cork in the vial and return the
inner tube with its moistened paper disk to tube 1. Remove the
stopper from tube 4 and pour In 10 cc. of water, leaving the stop-
per out. Hold tube 4 straight above tube 3 and pinch the bead
inside the rubber tubing, regulating the flow of solution, so that
all the sodium hydroxide flake will nave dissolved by the time all
the water has run into tube 3 and thence into tube 1. (Consider-
able heat will be evolved, owing to the dissolving of the caustic
flake.) The reaction of the caustic solution upon the lewisite is
practicall?/ instantaneous and if any such “gas” is contained in
the sample being examined, the filter paper disk will soon show
its presence by a change of color.

Although the minimum sensitivity of this test when applied in
the apparatus has not been determined, the West Orange gas
laboratory staff has obtained very positive results with less than
0.25 drop of lewisite. The presence of arsenic may be confirmed
by extracting the contaminated material, after the treatment with
sodium hydroxide, with a small amount of water, neutralizing
the solution thus obtained with 50% sulfuric acid, and then test-
ing for arsenic by the Gutzeit test, using mercuric bromide paper
and not mercuric chloride paper for the arsine color reaction.
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ADVANTAGES OF APPARATUS

The chamber in which the acetylene or mustard vapors are
brought into contact with the moistened reactor paper is very
small, thus concentrating the amount of reactive gases in contact
with the reagent.

The use of dry sodium hydroxide flake in tube 4 prevents
deterioration and spilling of alkali.

The addition of the water to the dry sodium hydroxide just
before use produces considerable heat, speeding the reaction.
In the case of lewisite, this decreases the solubility of the acetylene
in the liquid reactive mass and thereby increases to a maximum
the amount of acetylene generated.

The filter paper disk, of practically the same area as the
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chamber through which the reactive vapors must pass, gives
quicker and better contact with such vapors than a paper strip
suspended within the reaction chamber. The disk is placed at
a point where contamination with the caustic solution is impos-
sible.

The rounded bottom of tube 1is an advantage if one desires to
heat the contaminated material gently (in case of mustard gas)
for more rapid volatilization of the vapors.

Placing the cuprous chloride solution in the small vial, which in
turn is carried at all times in the rubber stopper, eliminates the
necessity of carrying a separate bottle for this reagent.

The entire apparatus may conveniently be carried in a coat
pocket or field Kit.

Routine Determination of Zinc in Magnesium Alloys

A Volumetric Method

LLOYD GEORGE MILLER, ALBERT J.

BOYLEl and ROBERT B. NEILL

Technical Service Laboratories, Basic Magnesium, Incorporated, Las Vegas, Nev.

A rapid accurate volumetric method for the determination of zinc
in magnesium alloys involves the precipitation of zinc in 1 N hydro-
chloric acid with excess standard potassium ferrocyanide. The
excess is subsequently determined by titration with standard eerie
sulfate solution. Manganese, cadmium, tin, and small amounts of
iron do not interfere. The method is capable of an accuracy rang-
ing from 1 to 5% of the amount of zinc present in magnesium-base
alloys of high and low zinc content, respectively.

IN VIEW of the large number of magnesium-base alloys con-

taining zinc, the determination of this element has become
increasingly important to the magnesium industry. The Lang
method (4) modified by Casto and Boyle (1) requires the elimina-
tion of manganese, cadmium, tin, and copper from the sample,
and is limited largely to magnesium-base alloys containing alumi-
num and manganese. If the zinc content of the magnesium alloy
is less than 1% a preliminary separation wdth hydrogen sul-
fide becomes necessary.

The method described in this
paperisapplicable to magnesium-
base alloys containing from 0.05
to several per cent zinc, and is

recommended for routine Mﬁrcury
analytical control. Cadmium, (Ié/lahnganese
. - aaminm
tin, and manganese offer little ,ﬁ,uminum
H ron
!nterfgrence. The error due to M agnesium 2600
iron is largely compensated by
: Zinc Taken
a step in the procedure em- Ms
ploying the use of potassium 10' 9.70 952
ferricyanide. If copper is pres- 10 955 9.88
ent, it is removed with test lead 10 9.91 9.0
! : Av. error -0.28 -0.27
%g 19.94  19.74
20.04  20.15
REAGENTS 20 19.70  20.02
Potassiu_m Feru_'ocyanide, Av. error -0.09 -0.03
0.025 N solution. Dissolve 11.2 B 2999 4988
grams of potassium ferrocyanide 50 49.84 49.79
trihydrate analytical reagent Av. error -0.11 -0.29
grade, in 1 liter of distilled 75 75.37  75.29
water containing 0.2 gram of 75 74.83  75.26
sodium carbonate. Letthe solu- 75 75.03  74.29
Av. error +0.08 -0.03

1Present address, College of Medi-
cine, Wayne University, Detroit 26,
Mich.

Table I.
(In the presence of magnesium. manganese, aluminum, cadmium, tin, iron, and mercury)

tion stand overnight, filter, and standardize against zinc
chloride solution.

Ceric Ammonium Sulfate, 0.025 N solution (5). Dissolve 22
grams of ceric ammonium sulfate dihydrate in 1 liter of distilled
water containing 28 ml. of concentrated sulfuric acid. The solu-
tion is approximately 0.025 N. Filter the solution, and adjust
the volume so that 1 ml. of solution is equivalent to 1 ml. of
standard potassium ferrocyanide solution.

Tri-o-Phenanthroline Ferrous Sulfate [(Ci2H8N2.H2)j-
FeSO<] solution. Dissolve 1.4S5 grams of o-phenanthroline
(CIAIN2H20) in 100 ml. of 0.025 M aqueous solution of ferrous
sulfate.

Standard Zinc Solution.
c.p.,in 20 ml. of 1to 1 hydrochloric acid. Dilute to 1 liter.

Potassium ferricyanide, c.p., 0.5% solution. Concentrated
hydrochloric acid, c.p. Dilute hydrochloric acid, 1to 10. Test
lead. Mercuric chloride, saturated solution.

Dissolve 1 gram of zinc metal,

PROCEDURE

Weigh a 2.000-gram sample of the magnesium alloy into a 400-
ml. beaker, and add 75 ml. of distilled water and 25 ml. of con-
centrated hydrochloric acid. Cover the beaker with a watch
glass to avoid loss by mechanical spray. If copper is known to

Estimation of Zinc in Standard Chloride Solutions

Milligrams of Metal Present®

500
100
' 30 "0 "60 30 30 30
60 "0 38 38 38
165 1651 162 1651'
2000 2000 2000 2000 2000 2000 2000 2000 2000
Milligrams of Zinc Found
9.83 10.37 9.57 10.70 9.83 10.01 9.57 9.80S 9.65
10.01 10.42 9.60 10.83 10.09  10.29 9.52 10.75  9.70
9.98 10.44 9.96 10.55 9.96 9.93 9.78 10.62  9.45
-0.06 +041 -0.29 +0.69 -0.04 +0.08 -0.38 +0.40
20.02  20.43 19.94 20.76 20.30 20.04 20.07 18.94 19.76
20.17 2051 20.04 20.68 20.20 20.30 20.02 18.94 19.87
20.04 20.45 20.02 20.61 20.04 20.33 20.17 19.46
+0.08 +0.46 *0.00 +0.68 +0.18 +0.22 +0.09 -0.65
50.25 50.43 49.38 50.76 50.23 50.18 50.12 49.92 49.87
50.48 50.66 49.72 50.66 49.56 49.74 49.74 50.18 49.48
50.15 50.76 49.59 50.59 50.12 49.82 50.07 50.18
+0.24 +0.61 -0.44 +0.67 -0.03 -0.09 -0.02 +0.13
75.44 76.26 74.75 76.39 7555 74.60 74.14 75.01
7537 75.80 75.32 75.75 7544 75.24 74193 75.26
75.60 7590 74.65 7596 75.75 74.65 74.83 75.14
+0.47 +0.69 -0.09 + 103 +0.58 -0.19 -0.37 +0.13

° All determinations made in hydrochloric acid solution.
&Results in this column determined by potentiometric titration.
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Table Il. Zinc Ferrocyanide Precipitates for Manganese
Contamination*
Manganese
Manganese und Zinc Error
Added in Precipitate Zinc Added  Zino Found (Determined)
Mg. Mg. Mg. Mg. Mg.
10 0.30 10 10.20 + 0.20
30 0.68 10 10.60 + 0.60
60 0.78 10 10.60 + 0.60
10 0.30 20 20.60 + 0.60
30 0.54 20 20.58 + 0.58
60 0.78 20 20.60 +0.60
10 0.16 30 30.43 +0.43
30 0.60 30 30.78 +0.78
60 0.68 30 30.50 +0.50
10 0.30 40 40.80 +0.80
30 0.52 40 40.98 +0.9S
60 0.68 40 41.00 + 1.00

h(l) Egch determination made in presence of 2 grams of magnesium metal a:
ohlonde.

Table IIl. Estimation of Very Low Zinc Content in Magnesium
Alloy
Polarographio Proposed Method
% %
0.065 0.07
0.067 0.07

0.065 0.07

6.09 636

be present in the allo¥, add approximately 3 grams of test lead to
the sample, and boil for 5 minutes. Decant the solution through
a Whatman No. 1 filter paper into a 600-ml. beaker, wash the
residue three times with 10-ml. portions of distilled water, cool
to approximately 45° C., and add 2 ml. of potassium ferricyanide
reagent. Add a measured excess of standard potassium ferro-
cyanide reagent dropwise with rapid mechanical stirring. The
dropwise technique snould be observed for the first few milliliters,
after which the reagent may be added more rapidly. Allow the
precipitate to stand for 5 minutes, and filter by suction through
a 9-cm. Buchner funnel into a 500-ml. suction flask. The filter
pad consists of a No. 42 Whatman paper covered with a thin layer
of asbestos. Wash two times with 15-mi. portions of 1 to 10 hy-
drochloric acid. Titrate the excess potassium ferrocyanide re-
agent with standard eerie sulfate solution. Two drops of o-phe-
nanthroline ferrous complex reagent are used as the internal
redox indicator. An indicator correction of 0.2 ml. must be sub-
tracted from the eerie sulfate titration.

If tin is present, add an excess of saturated mercuric chloride
solution just prior to the addition of the potassium ferricyanide
reagent. Proceed as described above, making the final titration
potentiometrically using a platinum indicator-saturated calomel
half-cell electrode system.

DISCUSSION

Iron (3) normally interferes with the precipitation of zinc as
ferrocyanide, yielding high results. On solution of magnesium
alloys in hydrochloric acid, the iron is present largely in the fer-
rous state. It appears that the addition of a 0.5% solution of
potassium ferricyanide reagent results in the oxidation of ferrous
iron (2, producing at the same time an equivalent of ferrocyanide
ion which is precipitated immediately by the zinc present. The
ferric iron formed apparently remains in solution as a soluble
ferric ferricyanide complex. As the precipitation of zinc pro-
ceeds, the ferric iron present is precipitated as ferric ferrocyanide.
It will be noted from Equations 1 and 2 that more ferrocyanide
ion is produced through the addition of potassium ferricyanide
than can react stoichiometrically mwith the ferric iron formed:

Fe++ + Fe(CN), = Fe+++ + Fe(CN)6------
(precipitated by Zn++) (1)

4Fe+++ + 3Fe(CN),—— = Fe,[Fe(CN),], 2

If it is assumed that the above reactions go to completion, it
would appear that 1 mole of ferrous iron produces 1 mole of ferro-
cyanide. The mole of ferric iron produced by the potassium
ferricyanide oxidation of ferrous iron will now react with 0.75
mole of ferrocyanide, which means that an excess of 0.25 mole of
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ferrocyanide is produced. This yields low results for zinc, as
illustrated in Table I. Theironnormally encountered is much less
than that added in this study. If care is not exercised in the
filtration of a sample containing very low zinc and a few hun-
dredths of a per cent of iron, a small quantity of colloidal Prus-
sian or Turnbull’s blue formed in the presence of excess potassium
ferrocyanide may pass through the filter. This yields low results
for zinc. The dropwise addition of standard ferrocyanide tends
to reduce this potential error.

The acid concentration employed in this procedure is suffi-
ciently high to avoid quantitative interference of such elements
as cadmium, manganese, or tin. Cadmium alone does not par-
ticularly interfere. Cadmium and manganese together (or
manganese alone) produce a slight deviation from true values.
It will be noted from Table | that manganese causes high results.
Table I illustrates the amount of manganese in a number of zinc
ferrocyanide precipitates. The interference of stannous tin is
overcome by addition of an excess of mercuric chloride prior to
addition of potassium ferricyanide reagent. Under these condi-
tions, the end point with the redox indicator is indistinct; there-
fore, the titration must be jarried out potentiometrically. Am-
monium salts, excess sulfates, and nitrates interfere.

A single analysis on a magnesium alloy may be completed in
30 minutes. The method is capable of an accuracy ranging from
1to 6% of the amount of zinc present on high and low magnesium-
zinc alloys, respectively. On magnesium alloys containing,less
than 0.1% zinc the method is much less accurate (Table I11).

In general, the method compares favorably with the accuracy
attained by the hydrogen sulfide procedure for zinc and, in the
hands of the average analyst, gives greater precision. Table IV
illustrates the agreement between the two methods.

Segregation of zinc in magnesium alloys may account for some
of the differences. Determinations were not made on aliquots.
Therefore, Table IV shows the agreement in results which may be
expected in ordinary routine analysis by the separate procedures.

Table IV. Estimation of Zinc in Magnesium Alloys

Difference Based
on Hydrogen Sulfide
Meth

Hydrogen Sulfide
od

Proposed
Procedure

Procedure
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MICROCHEMICAL BALANCES

Errors of the Kuhlmann Balance

ALSOPH H. CORWIN, The Johns Hopkins University, Baltimore, Md.

Methods are described for the location of many of the errors found
in microchemical balances, particularly in the Kuhlmann balance.
These fall into two general groups, those varying with the environ-
ment and those entirely resident in the instrument. In the first group
are errors due to temperature gradients in the balance case, to humid-
ity changes, to uniform temperature changes, and to magnetic influ-
ences. In the second group are those due to reading, to the imper-
fection of the knives, to poor arrestment design, to poor rider de-
sign, and to imperfect machining of the rider notches. Errors vary-
ing with environment can be controlled by the manufacturer by re-
designing the instrument or by the user by controling the environ-
ment, Under unfavorable conditions, they may range up to several
hundred micrograms but under usual weighing conditions they are in
the range of 0 to 20 micrograms. Random errors in the instrument
are found to have a standard deviation of nearly 5 micrograms at full
load. Methods are described for reducing the order of magnitude of
these errors to about one microgram. Later communications will
deal with other errors to be found in other balances and with details
of design and construction which will eliminate these errors.

IT IS now generally recognized that with respect to speed and

economy the methods of milligram analysis are superior to
those of decigram analysis which have long been standard in
organic analytical work. It is not so generally recognized that
milligram methods as presently practiced are almost uniformly
inferior in accuracy to the best decigram procedures which they
are designed to replace. The accuracy of the determination of
carbon and hydrogen on the milligram scale has been reported
upon by Power {27). His findings contrast with the accuracy
reported in decigram analyses by Benedict {Z, Morse and
Taylor {£5), Barnett and Thorne (1), Bruun (3), Coffari (4), and
Wing {39), to select only a few examples. In 1933 a program of
research was initiated in this laboratory which aimed at dis-
covering the fundamental reasons for the discrepancy in accuracy
between milligram and decigram methods.

It was soon discovered that weighing is one of the most im-
portant sources of error in the milligram analysis for carbon and
hydrogen. This alone is larger than the total error of most of the
decigram methods referred to above. This finding has been sub-
stantiated by Corner and Hunter and the Committee on
Microchemical Balances of the American Chemical Society
{82). When using milligram methods, the chemist is no longer
secure in his accustomed assumption that the accuracy of his
weighings is greater than the accuracy of his other manipulations.
As a result of this finding, a systematic investigation to determine
the causes of the irregularities observed was begun in this labora-
tory. This paper shows the presence and causes of weighing
errors sufficient to bring about a maximum analytical error of
0.3% in carbon, assuming a 3-mg. sample containing 50% carbon
with ideal laboratory conditions. With disturbing environmental
conditions, this error may mount to 0.6% or even higher. Under
normal conditions, the error would not frequently reach the
maximum value.

Because the Kuhlmann balance is the most widely used among
analysts, its performance was investigated first. In view of re-
ports on the performance of the Kuhlmann balance in the litera-
ture and the results reported in this paper, it is amazing to find
the statement by Pregl-Roth {28) that “this balance (the Kuhl-
mann) represents the limit of possible achievement in the con-
struction of balances of precision”. It seems certain that the
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authors, in this instance, succumb to a common failing in con-
fusing sensitivity with accuracy in balances. Thus they say, “it
appears to be easily possible to obtain, with this instrument, an
accuracy of +0.001 mg. on a weight of 20 mg.—that is, a sensi-
tiveness of 10~7’. The author has examined sixteen Kuhlmann
balances in several laboratories and in no case was half an hour’s
examination required to show that the accuracy of each instru-
ment was only a fraction of its sensitivity. The studies recorded
in this paper show that any analyst can make changes which will
improve the accuracy of his balance.

This communication presents test methods for locating and
evaluating the errors of the Kuhlmann balance, many of which
are also present on most other balances, and gives suggestions
which will enable the owner of a balance to decrease the magni-
tude of many of the errors. Later papersin the series will attempt
to assay all the features of design and workmanship in balances
which can cause errors as large as 1 microgram.

In the course of these studies it was realized that no palliative
measures would be sufficient to overcome the fundamental
weaknesses in design of the Kuhlmann balance and that the only
solution to the analyst’s problem would be the construction of an
entirely new balance with the errors of earlier designs eliminated.
In the last few years, the importance of a domestic source of
supply has become evident to all and this series of papers will
present the results of numerous experiments on balance design,
new and improved test methods, details of construction, toler-
ances, and specifications, which will permit domestic manu-
facturers to produce instruments superior to the best foreign in-
struments and with a reproducibility of 1 microgram under
laboratory conditions. As a result of this study a new balance
has been constructed in the author’s laboratory which gives
microgram accuracy. Details of its construction will be given in
the appropriate places in the series.

Examination of the data shows that the errors found may be
divided into two categories: (1) errors caused by environmental
changes and (2) errors entirely resident in the instrument. This
fact has given rise to some confusion in specification and to varia-
tions in reports on balance performance.

Errors Caused by Environmental Changes

Manufacturers possessing air-conditioned testing rooms with
stable supports are frequently able to obtain better results with
their instruments than users with laboratories less favorably
equipped. Makers who are unable to guarantee that their in-
struments are so constructed as to be free from errors due to
atmospheric and similar changes should know the magnitude of
the effects to be expected and should be able to instruct prospec-
tive purchasers as to the best precautions to be taken under the
available laboratory conditions. Their final objective should be
to produce instruments which are not affected by the environ-
mental changes encountered in a chemical balance room without
air-conditioning or other special preparation.

Environmental changes which may affect balances and weigh-
ings are changes in temperature, humidity, barometric pressure,
magnetic field, tilt of the building and balance supports, and
vibration.

ERROR DUE TO TEMPERATURE GRADIENT
Manley {19) demonstrated with a differential bolometer that

temperature differences exist within a balance case under the
conditions of ordinary use and showed how the beam of the
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balance could be protected against such an effect. In a later
article (24) he ascribed zero point shifts to lengthening of the
beam due to heating and to the change in buoyancy of air.
Both effects should cause the pointer to shift as if the heated side
of the beam were more heavily weighted.

In the summer of 1935 F. S. Arguelles of Seederer-Kohlbusch,
Inc., called the author’s attention to the fact that this could not
be the true explanation, since it is easily demonstrated that the
pointer actually shifts as if the heatecj, side of the beam were less
heavily weighted. This can be illustrated readily even with a
relatively insensitive balance by placing a hot object above one
of the pans. A rising current of air will result, which will cause
an immediate illusory decrease in weight on the heated side.
As far as the author is aware, no experimental method has been
proposed heretofore for demonstrating whether or not the beam
lengthens as Manley suggested (26). The results of such an ex-
periment are reported here.

A study was made of the shift of the balance rest point under
temperature differentials, with and without load. If the condi-
tions causing motion of the air near the beam are reproduced, the
apparent decrease in weight due to a rising air current will be the
same at all loads. On the other hand, any effect due to an in-
crease in the length of the beam will cause an apparent increase
in weight proportional to the load transported away from the
center knife by the elongation of the beam. By varying
the weight on the end knife, the effect due to the elongation of the
beam may be differentiated from that due to the direct action of
air currents. The experimental method by which this differentia-
tion is accomplished is given below.

Experiments. The following experiments cannot be per-
formed with a ICuhlmann balance because of the impossibility of
reducing sufficiently the initial temperature differential in the
Kuhlmann case. Instead, it is necessary to use a special experi-
mental balance, heat-insulated to eliminate temperature gradi-
ents. The insulation process will be described in detail in a
later communication.

A wire stand is arranged inside the balance oose to support a
heated object—for example, an empty absorption tube—in
approximately the position which it would occupy if it were being
weighed but so that no contact is actually made with the moving
parts of the balance. Any weight desired may then be placed
uPon the pans, the heated object inserted, and the excursion
of the pointer noted at various times. The differences between
the readings when loaded and those when
unloaded at corresponding times, all other
factors remaining constant, permit calcu-
lation of the effect due to changes in arm
length of the beam. The absorption tube is
placed in a 500-cc. glass cylinder in an air
thermostat heated 5 to 10° C. above room
temperature and allowed to remain until
equilibrium has been established. It is then
transferred inside the cylinder to the bal-
ance case and placed upon the wire stand as
quickly as possible and the time is noted,
preferably with a stop watch. Using this
technique, satisfactory results may be ob-
tained in plots of the displacement of the
balance against the time elapsed after in-
serting the warmed tube.

The experiment is performed first with
unloaded pans and then with a 20-gram
load. The two runs are plotted, the weight
of the pans and stirrups is determined, and
a third curve is constructed which repre-
sents an extrapolation to zero load at the
end knife. When the beam expands, it
transports a portion of its own weight which
cannot be calculated without knowing the
temperature gradient in the beam from the
center knife to the end knife. The major
portion of the load which it transports is
upon the end knife, however, and for this
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represents the effect due to the direct action of the air stream
alone, the difference between this and the actual curves being
due to the expansion of the beam when heated by the air stream.
For a further control, a thermocouple may be installed in the
case with oned'unction as near as possible to the heated end of
the beam and the other at the corresponding position near
the unheated end of the beam.

The results of a typical experiment are given in Figure 1. An
empty absorption tube was heated 9° above room temperature,
28° C,, and temperature differentials between the end knives
were read with a 40-gage copper-constantan thermocouple con-
nected to a critically damped galvanometer showing a deflection
of 1 mm. for 0.0004° C. In the first series of observations the
pans were unloaded and zero point deflections and temperature
differentials were recorded as nearly simultaneously as possible.
These are plotted with white circles. In the second series of
observations all conditions were the same except that the pans
were loaded with 20 grams. The zero point deflections and tem-
perature differentials are plotted with black circles. Both tem-
perature differentials and rest point displacements are plotted
as ordinates against time as the abscissa.

Examination of the curves in Figure 1 will show that an initial
thermocouple deflection of 0.010 corresponds roughly to an error
of 1 microgram but that the thermocouple equilibrates more
rapidly than the beam. From this it may be concluded that
temperature differentials as great as 0.01° between the ends of
the beam are not to be tolerated. This is in general agreement
with the calculations of Manley (18). The course of the thermo-
couple decrements in the two experiments serves as a control
upon the accuracy of the reproduction of the conditions. In
perfectly matched pairs of parallel experiments the two lines
should be identical.

The curves show that after 200 seconds the air current pro-
duced by the slightly warmed absorption tube caused a shift of
63 micrograms in the rest point. Lengthening of the beam com-
pensated this to the extent of about 10%, 7 micrograms, at zero
load and more than a third, 23 micrograms, at full load. After
10 minutes the shift due to the air current had fallen to 21 micro-
grams, which was one-sixth compensated by the lengthening of
the beam at zero load and 50% compensated at full load. Ap-
proximately 20 minutes were required for the heating error caused
by the tube to disappear.

Obviously, the relative magnitudes of the air current effect
and the expanding beam effect depend upon such factors as the
size of the surface exposed to the rising air current, the presence
of mechanisms which may act as baffles for the air stream, and the

Time, Seconds

reason we have chosen to neglect the weight Figure 1. Effect of Warm Object on Balance
of the expanding portion of the beam. First series, unloaded pans:— O —O — r**t point displacement;, — O — O — temperature differential.
Second series 20-gram load: — # — # — restpoint displacement; — # — # — temperature differential.

With this inaccuracy, the extrapolated curve

— x— Xx— rest point displacement extrapolated to zero load on knife.
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thermal reflectivity of the beam.j*The author has been able to
construct baffles so that the rising air current pushes the beam up
from its tip but does not heat it appreciably, turns at the top, and
gently descends to heat the arm on the opposite side. In this
case the effects reinforce each other. Top and bottom compart-
ments of the type recommended by Manley (20) are effective in
preventing the heating of the beam but do not entirely remove
the effects of temperature gradients on the zero point, since air
currents in the lower compartment containing the pans can still
affect the pans directly.

From the foregoing discussion, it can be seen that temperature
gradients in the balance case can easily cause errors as large as
100 micrograms, thus necessitating the waiting period after
loading which is recommended by Pregl. Further, even with a
balance which does not permit a temperature gradient to arise
from external heating in the laboratory atmosphere, the 5-minute
period ordinarily recommended after a brief cooling might not be
sufficient for complete temperature equilibration. With a poorly
insulated balance, equilibration may never take place except
momentarily by chapce. Finally, the absolute magnitude of the
effects due to gradients in temperature depends upon the details
of construction of the balance but gradients as large as 0.01° are
certainly to be avoided.

HUMIDITY COEFFICIENT

Changes in temperature ordinarily bring with them changes in
relative humidity. Hence, if an instrument possessed a humidity
coefficient, this would affect the results obtained upon exposing
it to temperature changes. The importance of humidity control
in weighing glass was recognized by Dumas and Regnault in
early gas density determinations (7, SO). The weight of skins of
moisture on glass was determined by Manley (21) and on metallic
surfaces by Stromberg (%, Since laterally unsymmetrical
effects due to humidity changes are conceivable, it is necessary to
evaluate the humidity coefficient of a balance before it is possible
to evaluate its temperature coefficient accurately.

If we assume that changes in weight of absorbing materials are
linear with relative humidity, we shall have a convenient basis
for comparison of results and for the setting of tolerances. Since
it has been observed that atmospheric humidity may change as
much as 10% per hour and since we wish no error as large as 1
microgram, we may set as an acceptable tolerance that a balance
may shift 0.5 microgram with 10% change in humidity. This
gives a tolerable “humidity coefficient” of 0.05 microgram per
degree C.

Experiments. A large “air-conditioned” box was constructed
from composition board and covered with shellac inside. It was
fitted so that the humidity could be increased by leading in air
saturated with moisture or decreased by circulating the air over
calcium chloride with a fan. As performed, the humidity tests,
were not strictly isothermal, variations as large as 3° C. taking
place during the day or more required for a complete experiment.

A test balance constructed in the author’ shops was used in
this experiment and certain others. As is demonstrated in ex-
periments recorded below, the only feature of importance in the
humidity error is the size and nature of the bearings used. This
test balance was constructed with large agate bearings the size
of those used in commercial 200-gram capacity balances. The
center knife weighed about 750 mg., the end knives about 275
mg. each, and end flats about 250 mg, each. The balance was
placed in the box at 25.5° C. and 25% humidity, determined with
a Friez precision hair hygrometer. The zero point was read and
the humidity was then increased to 73%, the temperature chang-
ing meanwhile to 28.3°. Tne zero point shift was +142 micro-
grams, representing a humidity coefficient of 2.96. On drying,
the rest point shifted in the opposite direction but did not return
to its original value during the remainder of a working day, when
the experiment was discontinued. It was difficult to secure
reliable results by this method because of vibration.

The humidity coefficient may also be estimated by a more
convenient method, iequiring no special equipment except a
hair hygrometer. The initial humidity and zero point are de-
termined and then two sponges moistened with 5 to 10% sulfuric
acid 2 to 3° above room temperature are placed in Petri dishes
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or watch glasses arranged symmetrically with respect to the pans
inside the balance case. The case is closed and the balance is
allowed to stand for at least 2 hours to equilibrate. Zero point
readings are taken until no change is observed on 15 minutes’
standing. The values of humidity and zero point are then re-
corded. Occasionally several hours are required for complete
equilibration.

When the foregoing experiment was performed upon a Kuhl-
mann balance, the zero point shifted 15 micrograms on going from
20 to 90% relative humidity. This is a remarkably small change
but not a ne?IigibIe one if accuracy to 1 microgram is essential,
since the coefficient is 0.214 or four times the tolerable coefficient
chosen above. Drying the balance case caused the zero point to
return slowly to its original value but 2 days were required before
the process was complete.

It is possible to demonstrate that the humidity coefficient is
due to the hygroscopic nature of the bearings, being almost en-
tirely caused by the fact that water absorption by one end bear-
ing is not exactly compensated by that of the other end bearing.
This demonstration is accomplished by a series of experiments,
described below.

An ordinary agate center knife was cleaned with acetone and
placed in a drying chamber under oil pump vacuum for 4 hours
at 100° C., then cooled to balance temperature-under vacuum,
and weighed as rapidly as possible. It was allowed to equilibrate
with the atmosphere at 27% humidity and the gain in weight
was found to be 603 micrograms. It is highly unlikely that two
bearings made of this material would change by exactly equal
amounts or at equal rates on humidification. Thus we have a
possible explanation of the coefficient observed.

Two sets of end bearings, knives, and flats, selected at random
from a large supply and identical in size with those used in the
humidity test balance described above, were equilibrated against
each other at 42% humidity and again at 83%. The excess
change in weight over the change due to the balance itself was
152 micrograms. A balance with these knives would have had a
coefficient of 3.71. This is comparable with that of 2.96 found
in the test balance with similar bearings, showing that the ob-
served humidity coefficient may be ascribed to unsymmetrical
absorption of moisture by the end bearings.

It I1s not to be expected that any lack of symmetry in this
respect in the center knife would seriously affect the result, since
the average lever arm of the center knife is about Vw of that of
the end bearings and the moment resulting from an unsymme-
trical change in weight of the center knife would be correspond-
ingly small. That this is true can be demonstrated by removing
the end knives and bearings from a balance and measuring its

mhumidity coefficient when adjusted as a compound pendulum.
A balance in this condition was adjusted back to_its original
sensitivity by lowering the center of gravity nut andits humidity
coefficient determined. Between 41 and 80% the shift in zero
point corresponded to a change of only 2 micrograms, a coefficient
of 0.051. Even this small change may be removed by the process
of impregnation described below.

Since the humidity error may be of such magnitude, it was
felt desirable to reduce or eliminate it before studying the tem-
perature coefficient. One possible method for reducing the error
is impregnation of the agate with a wax or plastic, the other a
search for a material of smaller intrinsic hygroscopic nature.
Both these methods were tried successfully.

Agate 1. An ordinary center knife weighing 744 mg. was
ground on all faces with 400-mesh Carborundum, cleaned, dried
as above, and tested for hygroscopic gain as a control. On
equilibrating at 30% humidity it gained 500 micrograms.

Agate 2. An ordinary center knife was refluxed in G. E. No.
3200 Bakelite “Monomer” (obtained through the courtesy of
G. F. D’Alelio, head of the Plastics Laboratory, General Electric
Co., Pittsfield, Mass.) for 24 hours, removed, and wiped. It was
heated to 70° C. for 7 hours to remove alcohol and then cured
at 100° C. for 24 hours. It was then ground on all faces with 400-
mnesh Carborundum to remove the resin on the surface._ Finally
it was dried as above and tested. On humidification it gained
50 micrograms. This experiment shows that it is feasible to
force plastic materials into the pores of agate by this method.

The test balance used with plain agate in the earlier humidity
experiment was fitted with knives and stirrup flat bearings im-
pregnated as described for agate 2 and sponges were added to
increase the humidity- Changing from 38 to 90% humidity
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caused a shift of 72 micrograms. This is a coefficient of 1.38
as compared with 2.96 found with the same balance with un-
treated knives. This represents an improvement over the earlier
performance of the balance but not a satisfactory result. After
repeated reimprcgnation of these bearings it was found possible
to reduce the humidity change to 5 micrograms with 50% gain
in humidity, a coefficient of 0.10 or twice the tolerance. The
process of impregnation improved the performance of this balance
with respect to humidity changes over that of the Kuhlmann, even
though the Kuhlmann has the advantage of much smaller bear-
ings.

Boron Carbide Flat. This was a trapezoidal bar 5-6 X 6 X 20
mm. and weighing 686 mg. It was cleaned with acetone, dried,
and tested as above. No gain in weight with humidification
could be detected. Unfortunately, the test balance could be
fitted with a boron carbide bearing only in the center. Up to

the present time the author has not been able to fit a balance with
boron carbide bearings throughout.

It is thus seen that the low porosity of boron carbide makesit an
ideal material for removing the humidity coefficient due to
hygroscopic knives but that more than 95% of the difficulty can
be removed by impregnation with Bakelite, thus making a care-
fully impregnated agate bearing system available for use in the
determination of temperature coefficients. A detailed discussion
of the preparation and performance of these and other bearing
materials will be given in a subsequent communication.

Since the determination of the humidity coefficient of an oper-
ating balance is such an easy experiment, requiring only a good
hair hygrometer and the inconvenience of withdrawing the
balance from use for a day, it is earnestly recommended that as
many users as possible perform this experiment to acquaint
themselves with an important feature of the performance of their
instruments.

SHIFTS CAUSED BY UNIFORM TEMPERATURE CHANGES

A balance containing repeatedly impregnated agate bearings
and fitted with an all-aluminum case as a shield was placed in an
air thermostat. The zero point was determined and the air
bath was heated to 38-40° C. and allowed to equilibrate at this
temperature. The zero point was then redetermined. Numer-
ous experiments of this character were performed and many
troublesome irreversible effects were discovered which will be
treated in greater detail in a subsequent communication. On the
other hand, reversible shifts in zero point in a beam free from
irreversible shifts and from humidity errors were found to be very
small, of the order of 1to 2 micrograms per 10° C.

Manley (£ t) speculates as to the cause of the observed tem-
perature coefficients of balances and ascribes them to shifts in
the relative positions of adjusting screws. It is easily demon-
strated, however, that balances containing force-fitted knives
retain temperature coefficients. In 1926 Manley (£2) reported
observations upon the behavior of a balance made with an
Invar beam and agate knives. In spite of the supposedly small
coefficient of expansion of the material of the beam, the balance
still had a relatively large “temperature coefficient . All these
observations support the conclusion drawn experimentally above
that the major portion of the temperature coefficient of a balance
may be in reality its humidity coefficient.

In an exchange of correspondence with W. H. F. Kuhlmann,
manufacturer of the Kuhlmann balance, in 1935, the author
alluded to the small temperature coefficient of the Kuhlmann
balance. Dr. Kuhlmann replied that several users had con-
firmed the small temperature coefficient of his balances as con-
trasted to other balances but that he had observed that some of
his balances had greater sensitivity to temperature changes
than others. He said that the source of this discrepancy was a
mystery to him and that he had been unable to discover its
cause. It should be noted that Schwarz-Bergkampf {34) re-
ported a relatively large temperature coefficient for his Kuhlmann
balances.

An examination of the Kuhlmann balance shows that it has a
much smaller weight of agate in the end knives and stirrup flat
bearings than other balances. The end knife is truncated to
Becure a lateral adjustment of parallelism with the center knife
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and the length and thickness of all end bearings are smaller than
average. The flat bearings weigh less than 25 mg. and the knives
weigh about 20 mg., making a total of about 45 mg. of agate in
each end bearing as compared with 525 mg. in the test balance
used above. Thus, if the humidity coefficients of both samples
of agate were identical and the random match between the sets
of end bearings equally good we should expect the Kuhlmann
humidity coefficient to be 9% of 2.96 or 0.266 instead of 0.214
found. Better or poorer match between end bearings should give
better or poorer coefficients, accounting for the observed vari-
ations.

These facts account for the remarkably small humidity co-
efficient actually observed on the Kuhlmann balance tested here
and, in the opinion of the present author, they also account for
the balance’s small “temperature coefficient”. The author’s
experiments with impregnation indicate that a single impregna-
tion of the Kuhlmann agates should bring the humidity co-
efficient very close to the tolerance chosen. Thus three methods
are open to the balance designer who wishes to produce an in-
strument with low humidity coefficient and low temperature
coefficient: (1) use tiny agate bearings; (2) use more substantial
agate bearings and impregnate them; (3) construct all bearings
of a material like boron carbide which is insensitive to humidity
changes.

Still another temperature effect should be pointed out in this
section. The usual practice in balance construction is to make
the beam from metal with a fairly high thermal coefficient of ex-
pansion and the knives from agate or other material of low coeffi-
cient. When a beam so constructed is subjected to extreme
temperature changes, strains may be set up which will perma-
nently affect the adjustment of the knives. Thus a Kuhlmann
balance was exposed to an outside temperature of —21° C. over-
night and when it was allowed to regain room temperature it was
found that the sensitivity-with-load relationship was permanently
changed, the sensitivity at full load being only 60 instead of 100
micrograms.. This shows that it is not desirable to ship pre-
cision balances during extremely cold weather.

MAGNETIC INFLUENCES

The possibility that variations in the earth's magnetic field
might influence the zero point of a balance was apparently first
appreciated by Manley {21), whose Invar beam was ferromag-
netic. An appreciable error due to the use of steel bearings was
also -found by McBain and Tanner {15) in a more sensitive
balance. The use of magnetic material in the moving parts of a
precision balance is to be deplored, yet the Kuhlmann balance
has steel screws that are used for adjusting the positions of the
knives. Since magnetic field changes in a modern laboratory
may be considerably greater than those resulting from the di-
urnal variations in terrestrial magnetism which affected Manley’s
instrument, it was deemed necessary to determine the magnitude
of the effect of magnetic field variations upon the Kuhlmann
balance.

Experiments. A tangent galvanometer was modified by the
removal of its base and its indicating needle in such a fashion that
it could be used as the source of a small magnetic field of known
intensity. The large coil was supported in a horizontal position on
top of the case of the Kuhlmann balance and readings were taken
without the current flowing and immediately afterwards with the
current flowing but without arresting the beam. Duplication of
the experiment gave results concordant within the reading error
of the instrument. Imposing in this manner a vertical field of
1.7 c.g.s. units caused a zero point shift of 10 micrograms.
Since the vertical component of the magnetic field at the labora-
tory was 0.552 unit at the time, the deviation from the true rest
point caused by the vertical magnetic component was 3.3 micro-
grams. J. A, Fleming, director of the Department of Terrestrial
Magnetism, Carnegle Institution of Washington, has very kindly
informed the author that during times of great magnetic dis-
turbances variations as large as 0.02 c.g.s. unit are found in
Washington. Using this figure, we should calculate a maximum
disturbance of 4% of the total force or 0.1 microgram, due to
variations in the vertical component.
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The experiment was repeated with the coil of the tangent
galvanometer encircling the case of the Kuhlmann balance at
the center and in a vertical position, thus creating a horizontal
field parallel to the beam. Imposing a field of 2.28 units caused
a change of 69 micrograms. Since the horizontal component of
the field at the laboratory was 0.207 unit at the time, the per-
manent deviation from the true rest point caused by this field
was 6.5 micrograms, corresponding to a maximum variation of
4% of thisamount or 0.24 microgram.

It is thus apparent that the degree and distribution of residual
magnetism in this particular beam are such that the errors
caused by the earth’s magnetic fluctuations are smaller than 1
microgram. On the other hand, magnetic fluctuations caused by
electrical installations such as motors, generators, rheostats, or
resistance furnaces may be many times those of the earth. An
analyst using a Kuhlmann balance or any other with magnetic
parts in the vicinity of electrical installations would have to take
precautions to ensure protection against this effect. This could
probably be most easily achieved by the use of a soft iron screen
of high permeability and low retentivity.

The magnetic error of the Kuhlmann balance is small in a
vertical field because the magnetic screws are symmetrically
placed with respect to the knife in the horizontal direction. Thus
vertical fields bring about only small torques due to differences
between the screws with respect to residual magnetism. The
relatively large sensitivity to horizontal fields is caused by the
fact that in the vertical direction the screws arc unsymmetrically
placed, exerting a considerably greater torque above the knife
than below' it. Occasionally, analytical balances have been
found with magnetic pointers. These would cause more serious
errors due to the large moment which would be exerted by a
force at such a distance from the knife edge.

OTHER ENVIRONMENTAL EFFECTS

Changes in barometric pressure can affect results only if the
materials of the two sides of the balance are of different density.
Such differences are seldom observed in balances themselves but
are regularly found in microchemical weighings, due to faulty
taring. Taring by the Pregl method can give rise to errors as
large as 100 mierograms or more in a single absorption tube if the
barometric pressure changes by 20 mm., a change which has been
observed in this laboratory on more than one occasion during
storms. The importance of proper taring has been fully under-
stood by chemists for many years and satisfactory methods were
developed by Rcgnault (SO) in 1845 to permit the determination
of gas densities. Discussions of the applications to microchemical
weighings can be found in articles by Friedrich (8), Williams
(55), and MacNevin and Varner (70).

The effect of tilting of the balance support was pointed out by
Manley (24), while vibration has been discussed by liirner (IS)
and Howard (12). Further comments on these subjects will be
made in a later communication.

Errors Entirely Resident in the Instrument

The instrumental errors which are independent of environ-
mental changes fall into two classes. Most of them are random
errors which may be treated by statistical methods. These have
been applied by Corner and Hunter (6 and the methods used in
the author’s laboratory do not differ essentially. Two do not
fall into this category and will be discussed separately.

D ata and Statistical M ethod Used. The primary objective
of the statistical procedures followed in recording the observa-
tions below is not to evaluate errors accurately but to locate them
and to make possible their reduction or elimination.

In the accompanying tables are recorded the number of ob-
servations, the standard deviation, <, and another measure of
reliability which seems appropriate for the purposes of the in-
vestigation, designated as Em, defined as Em — 2.65 <. If we
assume a normal Gaussian distribution of errors, the probability
is that 99% of the errors are less than Emand only 1% is greater.
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Since many of the errors studied approach normal distribution
fairly closely, a deviation of the magnitude of Em will encompass
practically all the valid observations. This measure is adopted
because of the custom frequently followed by analysts and
recommended in standard works on microchemical procedure of
permitting the balance to stand for a predetermined time after
closing the case, then releasing the mechanism and making a
single observation of the deflection from three readings of the
pointer. Assuming that there is no drift in the balance but that
only random errors are at Work, what is the maximum error to
be expected from this procedure? The answer to this question
is the real test of the validity of the procedure.

While the criterion, Em, might appear to be unreasonably
rigorous, it should be remembered that the determination of car-
bon and hydrogen requires six weighings and so, on an average,
one out of seventeen analyses will be affected with an error of this
magnitude or greater. On the other hand, the chances that
errors of this magnitude will affect more than one weighing in an
analysis are negligible.

Standard deviations have been calculated by the use of the
formula

a ==*=%/sic2/(n —1)

where v is the variation of each observation from the mean and
n is the number of observations.

Many of the sets of observations recorded have been found to
approximate roughly a Gaussian curve and others to represent a
curve only slightly skewed. It follows immediately that the
simplest method for increasing the accuracy of results in mkro-
analysis is to adopt the time-honored device of making a larger
number of observations than,one and to use the arithmetical
mean. The observations recorded in the following sections will
give an idea of the efficacy of the statistical method in improving
the precision of the weighings in various circumstances and of
the limitations of the method as applied to balances commercially
available.

Table I. Reading Error
No. of Observations g,y Em, y
14 0.8 2.1
10 1.3 3.4
10 0.8 2.1
10 0.9 2.3
10 0.8 2.1

READING ERROR

It is obvious that the process of interpolation commonly em-
ployed in estimating the pointer reading to 1 micr&gram on com-
mercial balances will cause an error whose magnitude will vary
with the operator and with the conditions of the observations.
To dissociate this error from all others is very difficult, yet an
estimation of its magnitude must be obtained in order to evaluate
other errors.

The method adopted is to release the balance so that it has a
moderate amplitude of oscillation and to record a series of ten or
more successive deflection determinations, each calculated as
usual from three reversal points. If the ten show' a marked
drift, the error can usually bo laid to unequal heating, as has
been developed above. In this case the set is discarded for the

urpose of evaluation of the interpolation error. If a sharp

reak is recorded in the series of deflection determinations, so
that the values fall into two distinct series, the members of which
agree closely, the error at the break is probably due to mechanical
damage at the knife, as is developed below'. In this case also
the set is discarded. If neither drift nor break intervenes, it
may be assumed that the residual errors are due to |nterpolat|on.
A series of ten is probably not sufficient to estimate the error
accurately, yet a series very much longer is difficult to procure,
owing to decrement. Table | gives the results of five series of
man?/ determined by different observers in this laboratory on a
Kuhlmann balance equipped with a concave mirror. ~ Each
observation is calculated from three reversal points.
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According to these results, the observer who made the second
series would not be justified in relying on a single interpolation
as being more accurate than 3to 4 micrograms. For general pur-
poses we may assume that the E,j duo to reading error is of the
order of 2 micrograms. It follows immediately that the operator
who wishes to assure microgram accuracy must provide himself
with a balance that reads directly to micrograms and auto-
matically eliminates the interpolation error. If such an instru-
ment is not available, he must have recourse to multiple observa-
tions. The accuracy of the observations on the Kuhlmann con-

cave mirror balance
may be increased
by the use of a
mounted magnifier.
Table Il gives the
results of two rep-
resentative serieson
the same balance with a 1.5-
power magnifier.

While errors of this magnitude
would prevent attaining micro-
gram accuracy by a nonstatisti-
cal method if a balance were
otherwise perfect, the larger
errors which accompany it in the
Kuhlmann balance minimize the
effect due to interpolation.

PAN ARRESTMENT ERROR

The pan arrestments upon the
Kuhlmann balance are of fixed
length; while the bows stretch
when loaded. As a result, the
distance from the stirrup arrest-
ment to the bottom of the pan
increases with increasing load.
When the rigid pan arrestment
touches the stretched, freely swinging pan, it tilts the pan and,
consequently, the stirrup, as illustrated in Figure 2.

Figure 2. Stirrup

Table Il.  Accuracy of Observations
No. of Observations a, y Eit, y
%8 0.0 16
0.5 1.3

This effect may occasionally be avoided if the center of gravity
of the pan and load system falls exactly above the pan arrest-
ment. The farther the load is from the arrestment, the more
difficult it will be to secure this adjustment. This leads to diffi-
culties in weighing absorption tubes which are ordinarily placed
some distance above the pan arrestment. Even ifthe center of the
pan-load system is above the pan arrestment, the mechanical
instability of this system with respect to its point of support
makes it impossible to secure uniformly reliable vertical lifting.
Any tilting causes an error upon the subsequent releasing of the
beam, due to faulty replacement of the flat bearing on the end
knife. The magnitude of the error is dependent not only upon
the load but upon the method of loading. The error was ex-
amined by statistical procedures similar to those set forth in
succeeding sections. In one series of observations the pans were
arrested and in an otherwise identical series the pan arrestments
were removed. This error does not follow a Gaussian prob-
ability curve at any load. With 9-gram absorption tubes it ap-
pears to have a “standard deviation” in the neighborhood of
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1.5 mic.rograms, corresponding to E,, of 3.9 micrograms. Closer
evaluation is of little interest because the error may be eliminated

by substituting flexible arrests for the fixed arrests provided by

the manufacturer. A simple design for such arrests is shown

in Figure 3. For safety, the arrestment should be compressed

by loads of less than 1 gram.

The author was not able to find spring wire sufficiently fine to
give the delicate touch desired, but found that small lengths of
sponge rubber are satisfactory for this application. These are
cut so small in diameter that they slide in and out freely. They
support a cylindrical pin which moves up and down in the hollow
cylinder of the arrestment as impelled by the motions of the pan.

ERROR OF THE CENTER BEARING SYSTEM

Because temperature inequalities strongly affect the zero point
of a balance, a Kuhlmann balance was equipped with aluminum
shields to prevent body heat from causing temperature changes
and with a 20-cm. (8-inch) extension handle for manipulating it
from a distance. As changes in the rider could also cause shifts
in zero point, the rider was not touched during a long series of
observations. Elaborate systems of baffles were also installed
in efforts to prevent fluctuations due to possible eddy currents
set up by the motion of the beam. All these precautions were
insufficient to prevent a considerable residual error on simply
arresting and releasing the beam.

By means which are given in detail below, it was possible to
establish the fact that this error was due mainly to the operation
of the arresting mechanism. Accordingly, the pans and stirrups
were removed and the balance was treated as a pendulum, with
only its center bearing system in operation. Since the pans of
the Kuhlmann balance were found to be unequal in weight, it
was necessary to correct the equilibrium adjustment by about
200 mg. This cannot be accomplished with the equilibrium nut,
even bymoving it through the entire length of the threaded
section’of thebar which carries it. The support of the threaded

bar itself can be rotated about its vertical
axis, however, and by thus rotating the bar
away from its normal position parallel to the
beam, the beam could be balanced roughly
with the adjusting nut and more accurately
with the rider. A typical series of observa-
tions with the balance in this condition is
given in Table IIl. All the precautions
mentioned above were observed during this
experiment.

In this particular balance, then, the
standard deviation of the residual error at
the center bearing alone is of the magni-
tude of 1.2 micrograms, even when loaded
with 15.8 grams less than the minimum load
under service conditions.

The identification of the residual error of
the Kuhlmann balance as an error of the
center bearing system can also be achieved
by a simpler manipulation of the balance.
It is a fairly easy matter to lower the end
arrestments so that they just miss the
arrestment points on the stirrups. Under
these conditions there can be no relocation
of the positions of the fiat end bearings with
respect to the knives ifthe pans are not touched. To make sure of
this point, it is necessary to lower the pan arrestments so that
they do not touch the pans. The residual arrestment error found

Figure 3. Flex-
ible Arrest

Table IIl. Center Bearing Error
b
Standard Va* - 6%
Deviation Standard
No. of a. from Deviation of
Observa- Standard Reading Residual En,
tions Deviation En Error Error Residual
7 7 7 7 7
10 1.5 3.9 0.9 1.2 3.2
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Table IV. Center Bearing Error
b,
Standard Val—hb2
Deviation  Standard
No. of a, from Deviation
Observa- Standard Reading  of Residual En
tions Load Deviation En Error Error Residual
Grams 7 y y y y
10 39.0 0.78 2.0 0.63 0.46 1.2
10 79.9 1.00 2.6 0.63 0.78 2.1

by this method, as described below, must be mainly due to opera-
tions at the center bearing (see, however, the last section of this
paper).

If the error in the center bearing.system were due to a shiftin
the relative positions of the center of gravity of the beam and the
parts of the knife which support the beam, successive releases of
the beam would cause errors which should increase in proportion
to the increase in load on the center bearing. That tins is approxi-
mately true is shown from the experiments recorded below.

Experiments. A factory-reconditioned Kuhlmann balance
which had been used for student weighings was the subject of the
following observations. The reading error had been reduced by
the use of a magnifier in addition to the concave mirror supplied
by the manufacturer. The stirrup arrestments were lowered, so
that neither touched its corresponding arrestment points, and the
|>an arrestments were disconnected. |t was found that the total
oad on the center knife when the pans were unloaded was 39.9
grams and when fully loaded, 79.9 grams. The balance was
shielded with aluminum and was operated with a long handle.
The rider was not moved during the observations. The results
are recorded in Table IV.

0.78y X 39.9/79.9 7 =0.39 {instead of 0.46 [ found. These
figures give a false sense of accuracy, since only the first digits
after the decimal are significant. It can be concluded that the
increase in the residual error is roughly in proportion to the in-
crease in load. Since it isimprobable that the error is due to any
mechanical defect at the end knives under the conditions of the
experiment, it is reasonable to conclude that it is due to a small
shift in the point of suspension of the beam with respect to the
center of gravity or, in other words, to an error in the center
bearing system.

A third method for locating and roughly evaluating this error
is given under Total Beam Arrestment Error.

We may thus conclude that in the Kuhlmann balance there is
a residual error after correction for the error of interpolation,
even when the center bearing is the only one in operation, as well
as under conditions which make it improbable that there will
be any end-bearing error.

A careful examination of the beam showed that no parts were
loose and that the pointer always returned to the same point of
the scale on arresting, thus showing that the error was not caused
by a loose arrestment. This same error has been observed on
numerous occasions with experimental balances having imper-
fectly ground center knives. It is probably due to progressive
microscopic disintegration of the knife bearing, caused by faulty
polishing or subsequent chipping. This error was noted by Thie-
sen in 1886 (37) and was subsequently commented on by Heyl
and Cook {11). Schmerwitz (33) has shown that changes in form
do take place in the knives and this is also made apparent by the
measurements recorded in the last section of this paper. Such
progressive disintegration would be capable of causing a load-
dependent error of the type found above.

Manley (17) made graphs of the rest point plotted against the
number of oscillations of a balance in a study similar to that
described here (Reading Error). In these plots he observed
both drifts and sinuosities and ascribed both to unequal heating
effects. The author agrees, on the basis of experiments de-
scribed under Error Due to Temperature Gradient, that the
drifts were probably due to temperature gradients. He does
not agree that sinuosities of the sort observed by Manley are to
be attributed to temperature gradients, since experiments in this
laboratory with much larger gradients failed to give sinuosities.
He is more inclined to attribute them to imperfect bearings, a

source of error which Manley overlooked. It will be noted in
Manley's article on the subject that compartmentation stopped
the appearance of the sinuosities, an effect ascribed by him to a
marked reduction in temperature gradients in the vicinity of the
beam. Actually, the sinuosities developed in a Bunge balance,
and the beam was protected in a Gallenkamp balance, so that
there is no basis for comparison of the effects with and without
compartmentation.

Manley also attributed discontinuities of the sort observed by
Thiesen and by Heyl and Cook, referred to above, to shifting of
adjusting screw’s. The author has observed the same effects
frequently in balances without any adjusting screws and thus
feels that they are more properly ascribed to defective bearings.

TOTAL BEAM ARRESTMENT ERROR

To evaluate the total beam arrestment error of a Kuhlmann
balance, the balance was shielded with aluminum shields and
operated with a long handle, flexible pan arrests were installed,
and the rider was not touched during the complete series of
observations. The values obtained are given in Table V.

Table V. Beam Arrestment Error
6, Val- 62
Standard Standard
Deviation Devia-
No. of Load from tion of
Observa- on Standard Reading Residual En
tions Pan Deviation E,, Error Error Residual
Grams 7 y 7 7 7
100 0 1.9 4.9 0.9 1.7 4.5
100 20 4.3 11.2 0.9 4.2 111

These two series are sufficiently large to permit the plotting
of probability curves. The deviations from the mean were plotted
in each instance. In the first set they were found to correspond
well with a Gaussian curve and in the second to deviate some-
what. We may therefore conclude that treating the results of
observations on this balance by ordinary statistical analysis is
a reasonable procedure.

Careful examination of this balance show’s that the manufac-
turer has supplied it in such adjustment that the left flat stirrup
bearing is never separated from the corresponding knife bearing.
Only the right stirrup bearing and the center knife are separated
from their corresponding bearings when the arrestment mecha-
nism is operated. An inquiry addressed to Dr. Kuhlmann
elicited the information that all his microbalances were adjusted
in this manner when they left the factory. Accordingly it is to
be anticipated that any mechanical defects in the placement of
the end bearings on release after arrestment would affect the
right bearing only. On this assumption, the magnitude of the
errors affecting the center and right bearings may be calculated.

If we represent the center bearing error by a and the right
bearing error by 6, both values taken at zero load on the pans,
the increased error on the center bearing due to loading will be
(79.9/39.9) a and the increased error on the end bearing due to
loading will be (27.9/7.9) b. (The weight of a pan and a stirrup
is 7.9 grams.) We may then solve the following equations:

al+ b2= 2.80 (square of the residual error at zero load)
(79.9/39.9)l0* + (27.9/7.9)%2 =
17.68 (square of residual error at full load)
Solving, a — 1.43 (center bearing error at zero load on pan)
b = 0.87 (right bearing error at zero load on pan)

The value thus obtained for the center bearing error is of the
order of magnitude found at a different time on the same balance
by the method summarized in Table I11.

It cannot be argued that the bearing errors found on arrest-
ment and recorded here are peculiar to the particular balance
investigated in this laboratory, since the author has had an op-
portunity to investigate sixteen Kuhlmann balances in various
laboratories and has found all to have errors of the same order
of magnitude.
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The conclusion that the end bearing which is arrested is af-
fected by an error due to the operation of arresting may be vividly
demonstrated by raising the arrestments under the left stirrup
points until both stirrup bearings arrest when the mechanism is
operated. Observations with this adjustment are:

No. of Standard
Observations Load on Pan Deviation Em
T y
10 0 11.3 29.5

When the pans are loaded, the magnitude of the error in-
creases still further. With such a large error, the "standard
deviation” is not to be regarded as being closely approximated
by a few observations. The highly erratic behavior summarized
by these figures, however, shows that one of the major factors
causing the Kuhlmann balance to perform more accurately than
many balances with similar rudimentary arrestments is the
omission of the arrestment of one bearing. Two questions come
to mind immediately: Why does the arrestment of the third
knife produce such a huge increase in error and what, if any, in-
crease in precision may be obtained by omitting the arrestment
ofthe second end knife?

The motion of the beam may be examined under a microscope
at any point desired by mounting a horizontal microscope near
the point of interest and a sheet of paper back of that point with
sufficient illumination to make the silhouette visible. Such an
examination at the moment of arrestment shows the reason for
the huge error when both end knives are arrested. With the
straight fail-away type of arrestment characteristic of the Kuhl-
mann balance, it is impossible for the mechanism to arrest all
three knives without lifting the end bearings first. If the
center bearing were arrested first, the beam would be lifted
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which is not “protected” by an arrestment." Thus, in this in-
stance, a faultily designed arrestment was worse than no arrest-
mentatall.

An increase in both accuracy and lifetime of the Kuhimann
balance may be secured bK readjusting it so that neither end
airestment works and both knives remain permanently in contact
with their flat bearings. To accomplish this, two special tools,
a spanner and a pin wrench, shown in Figure 4, are required.
The other end of each wrench is made to fit similar parts of the
pan arrestment. These are located within the glass base.

The readjustment should be carefully performed, so that both
arrestments come as close as possible to arresting without actually
succeeding. The course of the readjustment may be observed
by using a brightly illuminated sheet of white paper as a back-
ground for the observation of the contact or separation of each
end flat bearing from its knife. The author’s experience over a
considerable period of years is that this single readjustment of
the Kuhlmann balance is the most effective that can lie made
easily to improve its performance and that it eliminates essen-
tially all of the end-knife arrestment error. This procedure is
certainly to be regarded as a compromise due to faulty arrest-
ment design. While it is highly desirable that all three knives of
a balance should be arrested, careful experimentation has re-
vealed no method for accomplishing this without sacrifice of
accuracy on the Kuhlmann balance short of building in a com-
plete newrarresting system.

Another change which will improve the action of the arresting
mechanism is the installation of a Conrady pointer brake (5).
This is a light wire mounted on knives near the pointer with a
small arm to make contact with a moving part of the arrestment.
It is adjusted to rub lightly against the pointer until after the
knives are released and then to be swung free by the contact of
the arrestment part on its arm. While this does not increase the
accuracy greatly, it does assist in the protection of the arrested
end knife, since its action is to stop the oscillation of the beam
before the knife is lifted. The author recommends the use of a
Conrady pointer brake with all precision balances to guard
against accidental violent fluctuations of the beam.

To aid in comprehending the problem of mechanical design
posed by microchemical balances, we may calculate the magnitude
of the changes in arm length which are responsible for the ob-
served end knife error on arrestment. Since the length of a single
arm of the balance is 35 mm., the deviation in arm length which
would be responsible for an error of 0.9 microgram at 7.9-gram

35 X 09

load is - ge mm- or 4 *s n0* surprising to find a

balance with a random deviation in arm length upon arrestment of
the order 0f 0.00000025 cm. (0.0000001 inch), yet itisobvious that
this error must be traced and eliminated if the desired accuracy
isto be attained.

at the same rate as the arrestment arm and at least one of Table VI. Rider Error
the stirrups would never be overtaken. Arresting the end No. of darg darg
: : : H o : Observa- Standar Standard Deviation E
bee}rlngs first n_ecessfa”l){ results_ n |Ift|l"|g_ the bearings Experiment tions  Deviation Em  of Residual Error Residual
while the beam is oscillating. This causes violent chatter- y y y y
: : H : : e : 1) Reading only 10 a) 0.5 1.3
ing motion which is plainly visible under the microscope. EZ; (1) 4" arrest 10 §b§ 078 20  ys — a1 < 06 16
Hence this elementary type of arrestment is not satis- (center bearing
H error)
factory_ when the manufacturer deswes_to extend the @ @ ider 10 © 16 42 Vel 6= 14 37
protection of arrestment to all three bearings. adjustment (rider error)
Curiously enough, the same argument does not apply =
when only two bearings are arrested. By making the left
RIDER ERROR

pan and stirrup combination heavier than the right, the oscillation
of the beam may be terminated by catching the beam with the two
end arrestments before any knife islifted. The right knife is then
lifted immediately. The weight of the left stirrup in contact
with its knife prevents the beam from oscillating further and the
whole beam is finally lifted from the stationary center bearing.
This gives a tremendous improvement in the arrestment action,
but observation with the microscope shows that chatter is not
entirely eliminated. As a result, the knife which is arrested, sup-
posedly as a precautionary measure to protect it, suffers inces-
sant pounding during the process. As is demonstrated below,
this actually causes it to deteriorate more rapidly than the knife

The presence in the Kuhlmann balance of an error due to in-
accurate placement of the rider in the notches of the beam has
been commented on by Ramberg (29) and Schwarz-Bergkampf
(54). To eliminate this error a bar rider with channel beam has
been introduced by Seederor (35) and Gattoni (9) of the Seederer-
Kohlbusch Co. A similar device has also been proposed by
Ramberg and introduced abroad by the Sartorius Werke (14).
Since most commercial balances are not designed to eliminate
the rider error, its magnitude must be evaluated in order that
the performance of the balance at all loads may be understood.
This may be accomplished by making two series of observations.
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the first in ivhich the rider is never moved, the second in which it
is reset as accurately as possible after each reading. The usual
statistical treatment then permits calculation of the error. A
typical experiment of this sort is recorded in Table VI. The
experiments were performed on a Ivuhlmann balance shielded
against body heat and with neither end bearing arresting.

The observations recorded above represent the errors to be
expected in weighing a sample on a greatly modified Kuhlmann
balance under ideal conditions. Heat errors were eliminated,
pan arrestment and end bearing arrestment errors were not
present, and great care was taken with each setting of the rider
to secure the best adjustment which could be made by eye. This
experiment has been repeated on numerous occasions with closely
concordantresults.

a b c d e

Figure 5. Contact of Knives with Flat Bearings

By a further modification of the balance, even the rider error
may be eliminated. The substitution of a 0.5-mg. or 1.0-mg.
rider for the 5.0-mg. rider ordinarily supplied with the Kuhlmann
balance eliminates the rider error but makes it necessary for the
analyst to use milligram weights. If real accuracy is desired, this
procedure is recommended. Under these conditions, accuracy of
the order of magnitude of that given in the second experiment
may be achieved.

Schwarz-Bergkampf (3/f) examined a Kuhlmann rider bar for
differences in the machining of the notches and found none great
enough to affect weighings. Manley (23) notes that errors in
machining rider bars do occur, however, and recommends that
the user provide apparatus to protect himself against such
errors. The process of checking the accuracy of machining of a
rider bar may be accomplished in at least two different ways.
Use of a microscope with an ocular micrometer, as described by
Schwarz-Bergkampf, is not thoroughly reliable, since progressive
errors might be missed. A better method is to use a microscope
mounted on a micrometer screw of sufficient length to coyer the
entire beam without resetting. A simpler method which is open
to the analyst is to construct a 50-mg. rider of platinum with as
nearly as possible the dimensions of the Kuhlmann rider. The
rider bar may then be calibrated by balancing each new setting
of the rider with milligram weights. Only the former method
has been used in this laboratory. The Kuhlmann beam was
measured with a 100-mm. Gaertner micrometer microscope and
39 notches were found to deviate 1 microgram or more from the
average while 8 deviated 2 micrograms or more. None was off
by 3 micrograms. The cumulative error was 2 micrograms at
the fiftieth notch.

These measurements indicate that even better machining is
necessary to secure true microgram accuracy. They are not
thoroughly reliable, however, because of the impossibility of
deciding by a microscopic examination the exact point at which
the rider will seat. Some of the notches had appreciable burr
which would have thrown the rider off by more than the amount
indicated by the microscope. This leads to the conclusion that
rider notches should probably be ground and not milled, although
a small burr from milling might be removed by subsequent
grinding. The user who wishes to secure the greatest possible
accuracy from his instrument should first examine all notches
with a hand magnifier and remove any burr with a sharpened
match stick, since this is too soft to affect the machining of the
notch. He should then calibrate the notches with a platinum
rider. Alternatively, the use of a lighter rider, as recommended
above, eliminates the error on this particular type of balance.

Curvature of the Knives

The replacement of a flat bearing on a perfect'knife should
always yield the same arm length, even when the replacement
is not performed with precision. One might inquire, then, why
arrestment errors are possible. They would not be if actual
balances were the same as the "geometrical balances” with which
balance theory usually deals. For the purposes of the present
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argument, however, it is necessary to set aside the usual assump-
tion that the knife bearings form perfect geometrical straight lines.

Figure 5 shows several possibilities of the contact of knives
with flat bearings. In o we have the picture as it is usually repre-
sented, a perfect straight line in contact with a perfect plane. In
practice this is impossible of attainment because of mechanical
deformation. If we imagine a soft knife in contact with a hard
flat, we shall have the type of contact shown in b. This case is
frequently observed and gives rise to rapid dulling of the knife
edge. A hard knife in contact with a soft flat gives the figure
shown in c¢. This case is also easily demonstrated in practice
and results in permanent injury to the flat bearing. Balances
equipped with bearings of types b or c quickly show erratic
behavior. An ideal combination is one in which both knife and
flat bearing are constructed of the same material or materials of
equal hardness and in which neither is loaded beyond its elastic
limit. The picture of the deformation to be expected in such a
case is shown roughly in d and is the case normally to be expected.
If we permit the bearing shown in d to roll slightly, the depth of
penetration will remain constant and the net effect will be that
the circumference of the convex cylinder will move along a
plane parallel to the original plane of the bearing but displaced
from it by the distance of the depth of penetration. For this
reason the figure may be simplified for the purpose of the
analysis of the statics_ (but not necessarily the dynamics) of
the balance system as in e and we shall treat the knives as if
they were cylinders reposing upon planes. This assumption
introduces into the geometrical instrument a deviation from the
action of a perfect pendulum. The effect was first alluded to by
Richarz and Krigar-Menzel (31) and first measured by Gug-
lielmo (10). A more extended study was later made by Schmer-
witz (33). Both the calculations and the instruments used by
these experimenters are unnecessarily complicated. A simpli-
fied treatment of the determination of the radius of curvature of
the loaded bearing is given herewith.

Tilting the case of a sensitive balance will cause the beam to
incline from the horizontal until the center of gravity assumes a
position below the point of contact of the bearing with the plane.
This position is represented in Figure 6. Adding a restoring
weight, wr, will bring the beam back to the horizontal position as
in Figure 7. Moments about the point of contact may now be
equated. The mass of the beam is acting through the lever arm
(rsin a). The restoring weight is acting through the lever arm
(L —rsin a). Because (rsin a) is so small with respect to L, it
may be neglected in the second expression. We thus have:

wrL

Mtsin a
r w,L/M sina

or

Procedure. In the laboratory, this method of tilting the
balance case to determine the radius of curvature of the center
knife is much simpler than the procedures described by Guglielmo
and Schmerwitz. The tilting is accomplished by the use of gage
blocks. If the balance is supported by three legs, two in front
and one in back, it may be tilted sideways by the use of two
fage blocks, one exactly twice as thick as the other. The thicker

lock is placed under one front leg, the thinner under the central
stud in the rear of the case. If the balance is supported by four
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legs, two blocks of exactly equal thickness may bo placed under
the two legs on one side. The distance between the front legs
is measured as accurately as possible, using corresponding parts
of the legs as points of comparison. The thickness of the gage
blocks is determined with a micrometer. The balance is set for
the test on a glass or steel plate or upon flat metal blocks, so that
the legs will not sink in when the case is tilted. Under these con-
djtions the thickness of the largest gage block
divided by the length of the case between legs
issin a. With a microbalance an angle of ap-
proximately 1° is usuaIIP/ satisfactory. With
analytical balances, angles up to 3° may be
used. If gage blocks for 10 are available, the
angle may be doubled by taking the starting
point with the large block under one leg and the
tilted point with the block under the opposite leg.

When the case is tilted, the pointer scale is
moved with respect to the gravity line. The
pointer should, therefore, move through angle
a on the pointer scale if the bearing were
perfect. The difference between the angle
through which the pointer should move and
that through which it actually does move,
translated into terms of weight, represents
therestoringweight. Since the critical quantity
desired is usually a small difference between two larger quan-
tities, each reading must be made with the greatest precision of
which the balance is capable.

To calculate the restoring weight, it is necessary to evaluate a
in terms of pointer scale divisions. There are two methods for
doing this. One is to measure the pointer scale and the distance
to it from the knife edge and set their quotient equal to the sine
of the total angle subtended by the scale. From this the fraction
represented by angle a can be calculated. The other method is
to lower the center of gravity of the beam a great deal, perhaps
by attaching a light clamp to the pointer part of the way down,
and then to tilt tne case through angle a and see experimentally
how far the pointer moves. With the center of gravity very low,
the balance performs as a perfect pendulum with respect to the
angle of tilt and the theoretical value can be read off directly from
the scale.

The length of the beam can be measured conveniently and by
dividing by 2 the arm length, L, is obtained. The mass of the
beam is obtained by weighing it on a rough balance. If the
balance has been prepared for the experiment by the removal of
the pans and stirrups, only the mass of the beam Is involved in the
expression. When performing the determination in this manner,
it Is sometimes necessary to make a considerable readjustment of
the zero point with the balancing nuts to bring the pointer to the
scale. The determination may also be performed with pans
and stirrups in place, but even in this case M is the mass of the
beam only, provided that the sensitivity remains constant with
load. That the radii of the end knives will not affect the result
can be seen from Figure 7 if we imagine the point “end bearings”
shown (6 —6) to be replaced by cylinders with planes tangent at
the same points as those in the illustration. This change will not
affect the arm length. With the quantities found thus the radius
of curvature can be calculated. An example of an actual deter-
mination is given herewith.
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Measurement of Center Knife Radius of Kuhlmann Balance.
Calculation of a in Pointer Scale Units.

Thickness of gage block, 6.35 mm.

Length of case, 339 mm.

Sina = ~ = 0.01873

Length of Kuhlmann pointer, 139 mm.

If the bearing were perfect, tilting the case through a should
displace the pointer scale from the perpendicular position of the
pointer by 139sin a mm. or 2.604 mm. But 100 Kuhlmann scale
units = 1.938 mm.

(2.604) (100) _ .
Hence 1938 = 134.35scale units

Thus tilting the case through a should shift the scale by 134.4
units of rest point if the bearing were perfect. If we use de-
flection instead of rest point, tilting the case through a should
cause a displacement in the deflection of the pointer of 269 scale
units.

Calculation of the Radius of Curvature. The displacement
observed on tilting through a was 205 scale units. This means
that tilting the case caused a shift of the pointer from the per-
pendicular position of (269 —205) or 64 scale units. The sensi-

tivity of the balance was, 1 unit of deflection = 1Uo mg. per scale
unit = jQ%;Q mg. per scale unit. Hence 64 units = 64 mg. =
0.059 mg.

Weight of beam, 24,029 mg.

Length ofarm, L, 35 mm.

Hptipp

(0.059)(35)  _ nnn4-r ., f
r  (24,029)(0.01873) = mm*0L p

Figure 8. Curvature of Knife Edge

r =112

The equation for the calculation of the radius of curvature is
the most important of all the expressions at present applicable to
a precision balance because it enables the user to evaluate the
constant which is most directly responsible for reproducibility in
the instrument as contrasted to sensitivity. |t isconceivable that
a method may be found for preparing knives which are tiny per-
fect cylinders. However, at the present time, such a technique
has not been described. Any larger radius of curvature than the
minimum obtainable with the material used is to be regarded as
a flaw and is always accompanied in practice by more or less
erratic behavior on the part of the instrument. A subsequent
communication will contain details upon the application of this
test method to the preparation of precision knife-edges. As a re-
sult of these experiments, we regard 0.25 n as being the maximum
radius permissible in a precision instrument. It is to be empha-
sized, however, that this figure represents the maximum per-
missible when the objective of the manufacturer has been to
produce a mathematical line for the bearing. If he were to find
a process for preparing a perfect cylinder of slightly larger radius,
this mightactually be preferable.

If we consider that the center flat bearing of the balance is
perfectly plane and the knife is ground to a mathematical straight
line, the contact will be cylindrical, as shown in Figure 5, d, be-
cause of the mechanical deformation of the bearings under the
load impressed upon them. In practice, this is the nearest ap-
proach to the ideal case. Actually, it is frequently found that
the flat bearing deviates considerably from perfect flatness and
the knives are not perfectly ground. Even in this case the equa-
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tion given above provides a means for learning what the condition
of the bearing is. An examination of Figure 6 will show that
the angle of tilt of the beam produced by tilting the case through
a given angle will be increased by raising the center of gravity.
By raising it sufficiently, it is possible to make the balance so
sensitive to tilt that the excursion of the pointer may be sub-
divided into a considerable number of angular increments. If
the case be tilted through successive angular increments by
means of a micrometer screw under one end, a curve may be con-
structed by plotting the deflection per unit tilt of the case against
the number of micrometer units that the case is tilted. The value
of the plot at zero is indeterminate. With a perfect cylinder this
plot should be a horizontal straight line. If there are irregulari-
ties in the edge, the apparent radius of curvature will differ with
different angular increments and the plot will not be a horizontal
straight line. From the shape of the curve it is possible to re-
construct roughly the shape of the knife-edge. An example of
the appearance of such a curve is given in Figure 8. The "radius
of curvature” at any angle may be obtained by multiplying the
ordinate at that angle by 22.4.

This procedure is suggested by the work of Guglielmo (10) and
is much simpler than that of Schmerwitz (S3). With either this
procedure or that of Schmerwitz, the author has found it possible
to locate deviations from the form of a perfect cylinder only with
relatively poor knives.

It will be obvious immediately that an imperfectly ground
knife-edge in the center bearing will cause the instrument to
behave erratically. If the distance from the center of gravity
to the point of suspension varies irregularly with the angle,
the zero point of an oscillating balance will be irregularly de-
pendent upon the amplitude of the oscillations. This is a
possible explanation of the "sinuosities” of the curve of the
zero point of a damping balance found by Manley (17). If
sharp edges protrude from the knife, the wear will be uneven
at different parts of the knife and the plot mentioned in the pre-
ceding paragraph will be unstable with time. This possibility was
discussed under Error of the Center Bearing System.

Because of the curvature of the knives, it is possible that the
center of gravity of the beam may be raised to such an extent that
it is actually above the point of contact. As long as it remains
below the turning point, the instrument will be stable. When
the center of gravity is just at the knife-edge, the beam will tilt
through the same angle as the case and the pointer will appear
to remain fixed with tilt. These cases were pointed out by Con-
rady (6 While Conrady appeared to look with some favor
upon the possibility of the preparation of precision balances with
such adjustments, the author’s experience has been that such
an adjustment cannot be obtained in practice except with a very
poorly ground knife and that a knife which is so poor as to permit
adjustment to Conrady’s “autostatic” state is so poor that it will
notgive reproducible weighings.

Radii of the End Knives

If the center knife were a perfect cylinder, its radius could be
quite large without affecting the reproducibility of weighings.
With the end knives the situation is different. Here each increase
in radius of curvature carries with it the necessity for a corre-
sponding increase in the precision of replacement of the flat bear-
ings by the arresting mechanism, if precise weighings are to be
obtained. Hence the problem of the tolerances to be set upon
arrestment design is inextricably bound up with the radii of the
end knives.

A manufacturer may determine the radii of the end knives by
inserting them in a special balance as center knives before mount-
ing them. This procedure is hardly available to the user of an
instrument, who will be forced to resort to such a method as that
outlined below.

Procedure. The compensating link of the stirrup is tem-
porarily replaced by a special link which immobilizes the wrist
action in the direction of the beam but permits the pan to swing
freely in the direction perpendicular to the beam. This is illus-
trated in Figure 9. Hanging a weight on one side or the other
of this special link will tilt the stirrup and cause it to come into

contact with a different part of the knife-edge, just as tilting the
case alters the point of contact of the center knife. The angle of
tilt of the stirrup can be determined by attachlng to |talon8 light
pointer made of fine, stiff wire. An engineer’s scale graduated
in Vai inch is mounted in the case with stiff wax and the wire
pointer is bent to sweep immediately above the scale. |Itis
convenient to use a magnifier in reading the scale. A change in
zero point caused by tilting the stirrup with a given load attached
corresponds to the restoring weight of the equation and the radii
of the end knives may be tetermined with its use. An example
of such a measurement is given below:

Measurement of Right-End
Knife Radius on Kuhlmann
Balance. Length of auxiliary
Q pointer, 5.25 inches

Pointershifton tilting stirrup,

26.5 .
64 iDCh’

26.5

SN 64 (5.25)

0.0789

The special stirrup with
its load was adjusted to 10
grams. Shifting this weight
through angle a caused a
displacement of 0.288 mg.
Hence w, = 0.288 mg.

Fisure 9. Radii of End Knives

Left, front view. Right, bent brass pin
soldered In to hold pan and weights

(0.288) (35) _
(10,000) (0.0789) 0.01278 mm. = 128 p

The fact that the end bearings are also not mathematically
straight lines gives rise to the stirrup arrestment error noted in
balances (31). Unless the mechanism is designed to secure the
return of the end bearings to exactly the point from which they
were taken on arrestment, the arm length will vary with each
arrestment and weighings will not be reproducible. If the ap-
parent radius of curvature varies with the angle, the end knives
will also contribute to an irregular error dependent upon the
amplitude of oscillation of the balance. This effect would be even
more pronounced if the center of curvature varied with the angle.
It istrue that an imperfect bearing might give rise to a very small
error, provided that the imperfection were exactly proportional
to the angular displacement from the perpendicular. If, however,
any point on the bearing surface had its center of curvature dis-
placed horizontally from the average center of curvature by so
much as 13 A. it would cause an error of 1 microgram at full load
on the Ivuhlmann. This follows from the fact that at full load
the end knife of the Kuhlmann has a load of 27,000,000 micro-
grams. To cause an error of 1 microgram would require a change

. 35 mm. 5
inarmlengthof-27)000)0000rI3A.

When the Kuhlmann balance was first purchased, the author’s
examination showed that all three knives had radii between 3.0
and 3.5p. Sixyears later, the center knife had a radius of 4.5 p
and the left knife 5.2 p, while the right knife showed a radius of
12.8 p. From these results it will be observed that the left
knife, which was not arrested, maintained its radius of curvature
better than the right knife which was arrested. This emphasizes
again the faulty nature of the Kuhlmann arresting mechanism.

In the examination of balances other than the KuhIlmann,
certain of the errors enumerated above and still other errors not
present in the Kuhlmann will be found. In view of the number
of factors which can cause microgram errors, it is impossible to
predict the probable accuracy of any balance without a thorough
trial under the intended conditions of use. Since different instru-
ments vary in their susceptibility to environmental influences and
different laboratories vary widely in the suitability of their
balance rooms for susceptible balances, various instruments will
show wide divergences of performance in different laboratories.
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The prospective purchaser of an instrument should calculate for
himself the maximum error which he can tolerate in weighing and
should then purchase an instrument only on condition that it
can meet this performance specification under the conditions pre-
vailing in his laboratory. Specifications of this sort rigidly ad-
hered to will speed the day when manufacturers will cease to
confuse sensitivity with accuracy.
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Colorimetric Determination of Tin with Silicomolybdate

IRVIN BAKER, MARTIN MILLER, AND R. STEVENS GIBBS, Chemical Laboratory, Norfolk Navy Yard, Portsmouth, Va.

A rapid and accurate colorimetric determination of tin for concen-
trations ranging from 0.0005 to 0.5% is described. The method
is an excellent routine procedure requiring no special technique or
apparatus other than a comparator or filter photometer. Tin is
separated by distillation and determined colorimetrically in the
distillate. Five determinations can be run in 2 hours. Effects of
variables such as time, acidity, and concentrations of reactants and
of interfering ions have been investigated.

T HE determination of tin, particularly in small concentra-

tions, is of vital importance in analyses of steels and non-
ferrous alloys. Since much of our present steel is being pre-
pared from scrap which may contain tin, and since the presence
of tin even in small concentrations is likely to be injurious, added
stress is placed on the determination of tin in steel and scrap.
Generally, small amounts of tin, ranging from 0.001 to 0.05%,
will be found in most steels with the exception of tinplate or
special melts. The determination of small quantities of tin in
food, biologicals, fumes, and organic matter is also important.

Since small quantities of tin are present in the tei' | to
be anal}yzed gravimetric or volumetric procedures (Iﬁ 2§ are
unsatisfactory.

Spectrographic analysis (9, ]_1.) offers an excellent solution
to the problem. However, because of the skill and expense
required, spectrographic methods are beyond the reach of the
average laboratory.

An examination of colorimetric procedures suitable for the
determination of tin in the concentration range of 0.0005 to 0.5%

The use of organic reagents (16) for the
colorimetric determination of metallic ions has increased con-
siderably. Newell, Ficklcn, and Maxfield (O made a critical
study of the use of cacotheline test and found that it cannot
be regarded as specific. Where interfering substances are
absent, the test may be used for detection or confirmation of the
presence of small amounts of tin. Experiments with caco-
theline in the authors’ IaboratorY failed to give satisfactory
quantitative results. Tartakovskil (12) used hematoxylin for the
colorimetric determination of tin. The concentration of tin
required ranges from 0.3 to 2 mg. per liter of solution. The
sensitivity is, therefore, too great to obtain accuracy in the
ranges of tin concentration in which the authors are interested.

Hanssen (2) recommended comparison of colloidal tin sulfides.
The method Is unsatisfactory, since traces of elements and the
presence of sulfur caused by the bromine used in the oxidation
of stannous ion result in large deviations.

A number of other procedures have been suggested. Clark
(1) used 4-methyl-l,2-dimercaptobcnzene to determine 2.5 to
30 parts of tin per million parts of solution. Diazin Green S
(i) (16) has been used to detect as little as 0.02 mg. of tin per
drop of solution. Lowenthal (O used a mixture of ferric chloride
and potassium ferricyanide for the estimation of stannous ions.

Longstaff (5) used the reaction based on the reduction of am-
monium molybdatc by chlorostannous acid to detect tin to the
extent of 1 part in 1,500,000. Hiittig (3) developed conditions
under which he claimed quantitative results: separation of the
sulfides of arsenic, antimony, and tin, dissolving in 1to 1hydro-
chloric acid, boiIing to remove h drogen sulfide, and reduction
with zinc. The reduced tin solution is filtered into 100 ml,
of an ammonium molybdate solution and after 0.5 hour is
compared with a similar solution prepared from a standard tin
]go_llugion. Attempts to duplicate these results in this laboratory
ailed.

was undertaken.



270 INDUSTRIAL AND EN

EXPERIMENTAL WORK

In order to determine the cause of the erroneous results ob-
tained using the method of Hiittig (S), an investigation similar
to that of Truog and Meyer (I1S) and Woods and Mellon (16) on
the molybdenum blue reaction was conducted. This included
the effect of acidity, reagents, method of reduction, and time
of reaction upon the color developed. The experiments were
performed by adding a standard chlorostannous acid solution
to an ammonium molybdate reagent solution.

Variations in the acidity of the solution under test caused
divergent results at high acidities; the blue color of the reduced
molybdate complex did not form. At lower acidities incon-
sistent results were obtained in the intensity and fading rates of
the blue color. No conformity to Beer’s law was found.

Table 1 Colorimetric Determination of Tin

Tin Found * J-----Tin Found----- *

Tin Photom- Com- Tin Photom- Com-
Taken eter0 parator6 Taken eter0 parator6
Mg. Mg. Mg. Mg. Mg. Mg.
0.02 0.0196 0.022 0.50 0.500* 0.500*
0.0-1 0.0392 0.0415 0.60 0.573 0.562
0.08 0.088 .085 0.70 0.670 0.685
0.10 0.096 0.090 0.80 0.787 0.766
0.12 0.140 0.131 0.90 0.851 0.862
0.10 0.171 0.176 1.0 0.952 0.948
0.18 0.184 0.187 1.1 0.965 0.960
0.20 0.241 0.231 1.2 1.06 1.07
0.30 0.284 0.290 1.5 1.14 1.11
0.40 0.364 0.378

(Values through 0.18 m*g. of Sn determined by micromethod)

a 0.5 mg. of Sn on A Scale Fisher AC electrophotometcr using 650A
filter « 22.5 mg.

6 0.5 mg. of Sn at 20 mm. on Duboscq comparator.

¢ Standards.

The ammonium molybdate reagent used by Hiittig (3) is
prepared by dissolving 0.3 gram of c.r. ammonium molybdate
1M 4 ml. of water, adding 2.4 ml. of a 14 N sulfuric acid solution,
stirrin?, and adding 3 ml. of a 2 N sodium hydroxide solution
and 1liter of water.

Preparation of this solution resulted in formation of a yellow
color.  An examination of the reagents and their impurities led
to the conclusion that the yellow color was due to the forma-
lion of a heteropoly compound from the acid ammonium molyb-
date and the silica impurity in the sodium hydroxide. This was
further verified by substituting an equivalent amount of silica-
free potassium hydroxide for sodium hydroxide in the molybdate
reagent in one experiment and in a second experiment omitting
sodium hydroxide and adjusting the acidity by reducing the
sulfuric acid content of the reagent. In every case where the
silica was removed the yellow coloration did not appear and a
very weak, unstable blue color was formed upon reduction of the
molybdate reagent with the standard chlorostannous acid
solution. Addition of a solution of sodium silicate to the
silica-free reagents formed the yellow color quantitatively re-
dijcible with chlorostannous acid to the molybdenum blue com-
plex.

A theoretical consideration of the molybdenum blue complexes
(4, 7, 17) reveals that reduction of molybdates yields unstable
blue reduction complexes, the color being destroyed on changing
the acidity. Silicates react with molybdates under suitable
conditions to form a yellow color due to the formation of a com-
plex of the composition H4[Si(Mo3io)<].nHD. This complex
is more sensitive to the action of reducing agents and more stable
than the reduction complex from the molybdates.

The properadjustment of the ammonium molybdate-acid-silica
ratios was investigated. Too great an excess of silicate formed
a deep yellow color which interfered with the colorimetric de-
termination of tin.

Difficulty was experienced in duplicating the intensity of blue
color when identical concentrations of tin were determined, owing
to the rapid rate of oxidation of the reduced tin. After a number
of methods were tried, including the use of inert carbon di-
oxide atmosphere, it was found that accurate, duplicable re-
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suits could be obtained by pouring the silicomolybdate reagent
directly into the solution containing the tin after the reduction
period, while still in contact with the zinc, and decanting im-
mediately. This procedure excludes the use of zinc dust. Best
results were obtained by the use of zinc shot.

The next step in the operation is the separation of tin from
various materials preparatory to the colorimetric determination;
a distillation procedure proved most rapid and efficient. In the
procedure of dissolution most of the arsenic will be removed.
The only contaminating substance that may distill over is
antimony. Nitric acid must not be present, since it will inter-
fere in the colorimetric determination of the distillate. Nu-
merous experiments were conducted to determine the exact
conditions of temperature and distillation rate and the con-
centrations of reagents to effect, the complete, uncontaminated
separation of tin.

REAGENTS

Chlorostannous Acid Solution, 0.05mg. of tin per ml. Dis-
solve 0.1 gram of pure tin in 100 ml. of 1 to 1 hydrochloric
acid and dilute to 2 liters with 1to 1 hydrochloric acid.

Silicate Solution, 1 mg. of silica per ml. Fuse 1 -gram of
pure silica with 5 grams of c.p. sodium carbonate, dissolve in
distilled water, and dilute to 1 liter.

Molybdate Solution. Dissolve 5.3 grams of c.p. ammonium
molybdate in 100 ml. of distilled water, add 10 ml. of con-
centralted sulfuric acid (specific gravity 1.84), and dilute to
200 ml.

Silicomolybdate Reagent. Dilute 10 ml. of the molybdate
solution to approximately 800 ml., add 2.5 ml. of the silicate
solution, and dilute to 1 liter. Mix thoroughly and allow to
stand 0.5 hour before use. Prepare a fresh supply daily from the
stock solution of molybdate and silicate.

Zinc Shot. Reagent grade, low in arsenic, lead, and iron,
weighing 0.4 to 0.5 gram per shot.

PROCEDURE

In case of ferrous metals containing less than 0.05% tin,
weigh accurately a 10-gram sample for analysis; for metals
higher in tin, use a proportionally smaller sample. Introduce
the sample into a 250-ml. Claisen flask and add 200 ml. of a solu-
tion containing 15 ml. of concentrated sulfuric acid (specific

ravity 1.84) and 30 ml. of concentrated hydrochloric acid
%speci ic gravity 1.19). Add glass beads to minimize bumping.
Evaporate to the first fumes of sulfuric acid, or until the residue
is semisolid, but not to dryness. In case of nonferrous metals
containing more than 0.05% tin, dissolve 1 gram of sample
in a 400-ml. tall-form beaker with 15 ml. of concentrated sul-
furic acid, 10 ml. of concentrated nitric acid (specific gravity
1.42), and 25 ml. of water. Fume strongly to remove excess
nitric acid, transfer to a 250-ml. Claisen flask, and wash the
beaker with 1 to 1 hydrochloric acid. Add glass beads and de-
hydrate.

After dissolution and dehydration of the sample, add 10
ml. of concentrated sulfuric acid. Place a 200° C. thermometer
in the main neck of the Claisen flask with the thermometer
bulb close to the bottom of the flask. In the other neck place
a 50-ml. separatory funnel. Attach the side arm to a water
condenser. Receive the distillate in a 100-ml. Erlenmeyer flask.
A trap and caustic solution may be connected to the Erlenmeyer
flask to prevent the escape of uncondensed hydrochloric acid
vapors. Pour 10 ml. of concentrated hydrochloric acid and 15
ml. of 40% potassium bromide into the Claisen flask through
the separatory funnel to prevent loss of tin. Transfer 40 ml. of
concentrated hydrochloric acid to the separatory funnel. Distill
the solution until the temperature of the solution in the flask
reaches 138° to 143° C. Add the 40 ml. of concentrated hydro-
chloric acid drop by drop from the separatory funnel, keeping the
temperature between 138° and 143° C. After all the acid has
been added, continue distillation until the temperature rises to
150° C. Discontinue heating, disconnect the condenser, and
wash it with 1to 1 hydrochloric acid, collecting the washings in
the flask containing the distillate.

The distillate now contains the tin, and requires only evapora-
tion to a definite volume before being ready for the colorimetric
determination.

The volume to which the distillate is evaporated before test-
ing depends on the milligrams of tin present. Two procedures
have been developed, depending on the concentration of tin.
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Microprocedure (tin range 0.02 to 0.2 mg.). Evaporate
the distillate to less than 6 ml., dilute to 6 ml. with 1 to 1 hydro-
chloric acid, and transfer to a 50-ml. Erlenmeyer flask. Heat to
boiling, add 2 zinc shots, and shake while boiling for 1 minute.
Pour 20 ml. of the S|I|comolybdate reagent into the reaction
flask, mix, and decant immediately into a glass-stoppered
Erlenmeyer flask, to separate the solution from the zinc within
10 seconds. Simultaneously run a standard containing 0.1 mg.
of tin per 6 ml. by the same procedure. Compare the resulting
blue colors after standing 5 minutes.

Macroprocedure (tin range 0.2 to 1.0 mg.). Evaporate
the distillate to about 25 ml., dilute to 30 ml. with 1 to 1 hydro-
chloric acid, and transfer to a 250-ml. tall-form Erlenmeyer
flask. Heat to boiling, add 10 zinc shots (approximately 4 to 5
grams), and shake while boiling for 1 minute. Pour 100 ml.
of the silicomolybdate reagent into the reaction flask, mix,
and decant immediately into a glass-stoppered Erlenmeyer to
separate the solution from the zinc within 10 seconds. Simul-
taneously run a standard containing 0.5 mg. of tin per 30 ml.
of solution by the same procedure. Compare the resulting colors
after standing 5 minutes.

No color is found in a solution containing no tin when the
10-second maximum mixing and decanting time is not exceeded.
This period of time is more than ample to permit efficient opera-
tion.

RANGE OF CONCENTRATION AND CONFORMITY TO BEER'S LAW

A number of determinations were run on tin standards con-
taining 0.02 to 1.5 mg. of tin. Solutions containing 0.18 mg. of
tin or less were determined by the micromethod and above 0.18
mg. of tin by the macromethod. Each result was checked on
both the photoelectric filter photometer (Fisher) and a Duboscq
comparator, using 0.5 mg. of tin per 30 ml. as the standard.
It is evident from Table | that excellent results, conforming to
Beer's law, can be obtained for solutions containing up to a
maximum of 1 mg. of tin. Concentrations of tin greater than
1mg. per 30 ml. of 1to 1 hydrochloric acid solution gave weaker
color intensities than is required by the Beer’s law straight-line
relationship.  In the micromethod a maximum error of 15% was
found in the range from 0.02 to 0.2 mg. of tin, which represents
an error of only 0.03 mg. of tin when 0.2 mg. is present. The
macroprocedure as outlined will determine accurately within
5% of the actual value from 0.2 to 1 mg. of tin per 30 ml. of
solution.

In all the determinations by both methods, the per cent of
tin calculated from a reading with the Duboscq comparator
closely checked the results obtained using the Fisher photo-
electric filter photometer.

STABILITY OF REAGENT AND MOLYBDENUM BLUE COLOR

Experiments on the effect of aging of the silicomolybdate
reagent disclosed that the freshly prepared reagent did not
give satisfactory results if used immediately. After 24 hours,
poor results were again obtained because of the decomposition
of the heteropoly complex. Therefore, solutions were prepared
each morning, or prior to use, allowed to react for 0.5 hour,
and any excess was discarded at the end of the day.

The stabilities of the molybdenum blue complexes formed
on reducing the silicomolybdate reagent with amounts of tin
varying from 0.1 to 1 mg. per 30 ml. of 1 to 1 hydrochloric acid
solution were determined by measuring the color intensities on the
photometer at various intervals of time. Maximum color in-
tensities are formed in each case within 5 minutes after reduc-
tion. For concentrations of tin equal to 0.6 mg. or less, only
slight fading occurred in 1 hour. In greater quantities, fading
is appreciable in 30 minutes. Readings taken after 5 minutes
gave satisfactory results in all cases.

EFFECT OF ACIDITY

The acid concentration of the silicomolybdate reagent was
varied so as to obtain a final normality of the mixture of re-
agent and tin solution containing 0.5 mg. of tin ranging from
0.S2 to 1.72. Photometer readings at the end of 5 and 60
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minutes showed that this wide range of normalities had slight
effect on the development or stability of the blue color.

EFFECT OF DIVERSE IONS

A study was made of the effect of diverse ions that may be
found in the distillate after separation of tin, as described in the
procedure upon the blue color. Arsenic has little effect on the
color until 5 mg. are present in the 30-ml. aliquot. Antimony
interference is slight up to 3 mg. in the 30-ml. aliquot. These
concentrations are very high and, therefore, no interference is
to be expected in the majority of cases in which small quan-
tities of tin will be determined. Concentrations of iron over 0.2
mg. per 30 ml. depress the color and give a greenish cast to the
solution. The method of separation of tin used in the pro-
cedure excludes all but traces of these impurities and, there-
fore, little interference from them is found in an actual determina-
tion. In the absence of tin, the presence of antimony may lead
to the determination of 0.1 mg. of tin per 30 ml.

RESULTS

Results of determinations on standard samples prepared by
adding known quantities of tin to 10 grams of tin-free steel
showed a maximum error of 4%. Table Il shows the results of
45 determinations of National Bureau of Standards and Norfolk
Navy Yard steel samples. The maximum deviation is 0.0018%
and the maximum per cent deviation 0.0012. Also listed are
26 tin determinations of nonferrous metals. The maximum
deviation is 0.023% tin and the maximum per cent deviation
is 0.015 in manganese bronzes containing 0.2 to 0.5% tin.

Table Il. Determination of Tin
No. of
Sample Detns. Tin Found Deviation
% %

N.B.S. 25 Si Bteel® 4 0.0063 =*=0.0005
Steel from Norfolk Navy Yard 0 0.0005 =*=0.0012
N.B.S. 100, Cr-Mo-Al steel 4 0.014 =*=0.0005
N.B.S. 73 stainless steel 4 0.0029 =*=0.0002
N.B.S. 55 ingot steel 7 0.0029 =*=0.0002
N.B.S. 9C-Bessemer steel 5 0.0015 =*=0.0001
N.B.S5.633-3% Ni steel 4 0.0039 =*=0.0002
N.B.S. 72B, Cr-Mo steel 5 0.0073 =*=0.0009
N.B.S. 126-30% Ni steel 6 0.0168 =*=0.0008
Mn bronze 133040 9 0.202 =*=0.005
Mn bronze 133041e 5 0.223 =*=0.015
Mn bronze 133042 0 0.390 =*=0.013
Mn bronze 133143«* 6 0.415 =*=0.008

a Bureau of Standards analysis of tin = 0.007% includes any As or Sb.
b Determinations by micromethod.

e Gravimetric determination « 0.20% tin.

<Gravimetric determination = 0.43% tin.
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Hallett Appointed Associate Editor

Chapman, Churchill, and Oser Elected to Advisory Board

It is with a deep feeling of satisfaction and personal pleasure
that | announce the appointment of L. T. Hallett as associate
editOfOftheAnalytical Edition Of Industrial and Engineer-
ing Chemistry, and report the election by the Council of R. P.
Chapman, J. Raynor Churchill, and Bernard L. Oser to the
Advisory Board.

Dr. Hallett brings to the publication a wealth of diversified
experience in the analytical field. He will devote a considerable
portion of his efforts to initiating new editorial programs.

The Advisory Board of the Analytical Edition has been
functioning very actively now for slightly more than a year.
The members of the board and your editor have felt that several
highly important specialized~divisions of analytical chemistry

Lawrence T. Hallett brings to his posi-
tion as associate editor of the Anarytical
E dition a background in analytical chem-
istry dating from his associating while an
undergraduate at the University of British
Columbia with E. H. Archibald, pro-
fessor of chemistry, who had been a
student of T. W. Richards. This early
interest in precise analytical methods was
deepened while working on a master’s
thesis on preparation of pure rubidium
and cesium chloroplatinates and determi-
nation of their solubilities. In fulfill-
ment of his mother’s wish that some
part of his education be obtained in the
United States, he undertook further
graduate study in analytical chemistry at
the University of Wisconsin.

After a few months of instructing, a
full-time graduate fellowship was taken
in the development of microanalytical
methods for the analysis of lake water
residues. After receiving a Ph.D. from
the University of Wisconsin in 1928, he
had a brief excursion into teaching ana-
lytical chemistry at Oregon State College and research on thermal
insulation.

In 1933 he joined the Eastman Kodak Company to develop a
laboratory for microanalysis and thereby found his long cher-
ished opportunity to prove that micromethods were both accu-
rate and rapid and entirely suited to use in industry. After es-
tablishing the laboratory, he became interested in organizing the
company’s \rarious analytical departments, both plant and re-
search, into a coordinated group. This was effected by hold-
ing conferences for the demonstration and application of the
newer instrumental methods to analytical problems in research
and plant control. While at Eastman, apparatus for automatic
microcombustions was designed and perfected.

An opportunity to pursue further the path started at Eastman
came with the organization of a Research Laboratory at Easton,
Pa., by General Aniline and Film Corporation. Early in 1943
he was given the responsibility of organizing the analytical
chemistry of the new laboratory and now is actively enﬁaged in
developing and applying the newer techniques of microchemistry
and instrumental methods to the research and plant problems
of this company.

Dr. Hallett was born November 7, 1900, in Oakland, Calif.,
and received his B.A. in 1923 from the University of British
Columbia. He was secretary of the Microchemical Section of
the American Chemical Society in 1937, chairman in 1939,
and served on several analytical committees during the inter-
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were not satisfactorily represented by the existing make-up of
the membership of the board. Accordingly permission was re-
quested to increase the membership from six to nine. At the
most recent meeting of the board, held in Washington, January
22, 1944, the question of what fields should be more directly rep-
resented at this time was analyzed and nominations by members
of the board were carefully considered. The names of Messrs.
Chapman, Churchill, and Oser were presented by the editor to
the Council at its meeting in Cleveland, April 5, 1944. | am
happy to state that these individuals were unanimously elected.

vening years. Publications include articles
on solubilities, microtechniques, and re-
view on organic microchemistry. He
contributed the section on microanalysis
in Scott’s “Standard Methods of Chemi-
cal Analysis”.

Ray Parkin Chapman, in charge of
the central analytical laboratory iIn the
Stamford Research Laboratories, Ameri-
can Cyanamid Company, was born in the
Province of Prince Edward Island,
Canada, July 15, 1898. He received his
A.B. degree from Mount Allison Uni-
versity, Sackvilla, New Brunswick,
Canada, in 1921, after having taken time
out from college for two years’ service
with the Canadian Expeditionary Force
of World War I. He taught chemistry
and mathematics in high school for several
years, meanwhile attending summer ses-
sions at Columbia University (Teachers
College) and receiving his M.A. degree
in 1928. He entered Columbia Univer-
sity as a graduate student in the De-
partment of Chemistry in 1929 and re-
ceived his Ph.D. degree in 1932, serving during this period first
as assistant in chemistry at Columbia and later as instructor at
St. Stephen’s College. His research for the doctorate dealt with
indicators for oxidaiion-reduction reactions and resulted in the
discovery of the indicator properties of the now familiar ferrous
o-phenanthroline complex ion.

After a year as research assistant at Columbia he joined the
Experimental Laboratory of the American Cyanamid Company
at Linden, N. J., in 1933. He has been in charge of the central
analytical laboratory of that company’s Stamford Research
Laboratories since its organization in 1937.

He has been a member of the American Chemical Society
since 1931, and is a member also of various committees of the
American Society for Testing Materials and of Sigma Xi and
Phi Lambda Upsilon.

J. Raynor Churchill was born in Denver, Colo., in 1911 and
went to Pittsburgh in 1919, when his father, H. V. Churchill,
became chief chemist of the Aluminum Company of America.
Intending to become a mechanical engineer, he worked for a few
months in the Machine Shops of the Aluminum Company of
America, and for a year as a millwright at the Ford Plant in
Detroit. Returning to Pittsburgh, he entered the Evening
College of Engineering at the Carnegie Institute of Technology.
In 1929 he joined the staff of the Aluminum Research Labora-
tories as laboratory assistant. He completed the 9-year evening
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course at Carnegie Tech in 1938, obtaining the bachelor’s degree,
and took a number of graduate subjects in the evening school
during the next few years.

Most of his professional experience has been in the field of
spectrography from the time the first modern spectrograph was
obtained by the Aluminum Company of Americain 1931. He be-
came chief spectrographer in 1941 and has been in charge of the
company’s spectrographic operations since that time. He has
had an important part in the tremendous expansion of its analyti-
cal facilities during the past few years. The company is now
carrying on the bulk of its metallurgical analysis by means of
the spectrograph and is using 40 spectrographs in 31 laboratories
distributed over the country. Most of his time during the past
few years has been spent on the development of equipment and
techniques for spectrographic analysis and in the technical
supervision of spectrographic laboratories. He has done some
research in allied fields and has been the author or co-author of
papers on spectrography, electrographic methods of analysis,
and corrosion phenomena.

Bernard L. Oser was born in Philadelphia, February 2, 1899.
Hereceived the B.S. in chemistry from the University of Pennsyl-
vania in 1920, working under Edgar Fahs Smith, and the M.S.
in 1925, worklng under D. Wright Wilson; and his Ph.D. in 1927
from Fordham University, working under Carl P. Sherwin.

He was employed as chemist in the Dermatological Research

Standard Samples of Hydrocarbons

Work was begun at the National Bureau of Standards on July 1,
1943, on the preparation of standard samples of hydrocarbons of
known high purity for calibrating analytical instruments and appara-

N.B.S.
Standard Sample Amount of Impurity,

Compound No. Mole Per Cent
n-Pcn 0.25 0.10
2*Methy|butanc (isopcntane) 0.13 0.06
n-Hex: 0.24 0.09
2- Methylpentane 0.25 0.10
3-Methylpentane
2.2-Dimethylbutane 0.12 0.05
2.3-Dimethylbutane 0.06 0.04
Meth%Icyclopentane 0.25 0.09
Cycm exane . 0.012 .007
Me% Ib (toluene) 002 .
e enzene oluene .
hylbenz 030  oo7
12— |methy|benzene 0-xylene) 0.14 0.05
1.3-Dimethylbenzene (rn- x¥lene) 0.17 0.07
1.4-Dimethylbenzene (p-xylene) 0.07 0.03
Des;gnatlon Volume of
ollow Hydro-
Standard car on, ) ) Cost per
Sample No. Ml. Kind of Container Sample
—5 5 Plain ampoule, sealed in vacuo $3.00
—85 8 Special ampoule, with internal
vacuum break-off tip, Bealed
in vacuo 5.00
—25 25 Plain ampoule, sealed in vacuo 9.00

1Not determined; believed to be the same as for 2-methylpentane.
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Laboratories from 1918 to 1920, as assistant in the Department
of Physiological Chemistry, Jefferson Medical College, from 1920
to 1922, and as instructor in the Department of Chemistry,
Graduate School of Medicine, University of Pennsylvania, and
biochemist, Philadelphia General Hospital, from 1922 to 1926.
In 1926 he joined Philip B. Hawk as assistant director in charge
of the biological laboratories of the Food Research Laboratories,
Inc.; in 1934 he became director and in 1939 vice president.

He has been a collaborator on all revisions of Hawk and
Bergeim’s “Practical Physiological Chemistry” since the 8th
edition and author of several chapters, including those on blood
chemistry and vitamins and deficiency diseases. He is the
author or co-author of numerous scientific papers relating princi-
pally to vitamin methodology, stabilization, and control in foods,
fish liver oils, and pharmaceutical products.

He has been a member of the American Chemical Society
since 1927, and is at present a member of the Executive Com-
mittee, Division of Agricultural and Food Chemistry. Member-
ships in other scientific societies include: American Association
for the Advancement of Science, American Institute of Chemists,
New York Academy of Science, Institute of Food Technologists,
Animal Vitamin ~Research Council, Association of Consulting
Chemists and Chemical Engineers, Committee ori Valid Certi-
fication of the American Standards Association, and American
Association of Scientific Workers.

tus in the research, development, and analytical laboratories of the
petroleum, rubber, and allied industries. Only alimited quantity of
each hydrocarbon has been prepared and the purity of each has been
pushed only to a point that is believed to be amply adequate for the
present urgent needs for calibration. Fifteen hydrocarbons are now
available under this program (see table).

The cost includes delivery in the United States, Mexico, Canada,
Cuba, and United States possessions. For other countries, 50 cents
postage must be added for each container, plus 25 cents for insurance
or registration of each shipment.

Payment must be made with order. Orders should be addressed
to the National Bureau of Standards, Washington 25, D. C., specify-
ing clearly by number and name the hydrocarbons and containers
wanted.

Sensitive Indicator for Volumetric Determi-
nation of Boiler Feedwater Alkalinity

The reagents used in preparation of the indicator for volumetric
determination of boiler feedwater alkalinity [Ind. Eno. Chem.,
Anal. Ed., IS, 742 (1943) ] are:

1. Aiphazurine, National Aniline Division, Allied Chemical &
Dye Corp., reagent 205.

2. Methyl red sodium salt, Eastman organic chemicals, No. 1462.
Bureau of Ships Harry Fleisher
Navv Department
Washington, D. C.
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Textile Finishes and Fiber ldentification Stains

BRAHAM NORWICKZY Beaunit Mills, Cohoes, N. Y.

IT HAS been recognized that dye mixtures such as the Hahn

stains and the more versatile Davis and Rynkietvicz modifica-
tion (1) are not entirely adequate for the identification of treated
rayon fibers likely to be encountered in processed fabrics. The
presence of added substances in the yarn, as well as the chemical
and physical history of the fabric, frequently results in peculiar
alterations of test dyeing properties. Under such circumstances,
once the yarns are known, anomalous dyeing may serve to deter-
mine the finish or the extent to which processing has been car-
ried. When the treatment is known, the shade obtained may
be of value in control, once one has established a set of standards;
this is illustrated in Table I, which indicates the influence of
causticizing upon subsequent test dyeing with the Davis and
Rynkiewicz stain.

Table I. Effect of Caustic Treatment upon Subsequent Dyeing
Concentration of Caustic
-1% 5% ------- 25%,
Time 25° C. 50° C. 25° C. 50° C. 25° C.
Afin.
Acetate
0.5 Greenish Greenish Greenish Green Greenish
yellow yellow yellow yellow
Greenish Green Greenish Green Greenish
yellow yellow yellow
Greenish Blue Green
yellow
Viscose
0.5 Lavender Lavender Blue Violet Dark blue
1 Lavender Lavender Blue Violet Dark blue
5 Lavender Lavender Violet H%rlk Dark blue
ue

In testing samples which have had unknown treatment, one
must first consider the primary color components which go to
make up the shade obtained. The possible significance of the
various colors is not easily limited, but the probabilities, es-
pecially when considered along with the particular type of
fabric under examination, are indicated in Table I1.

Table 111 indicates how one may make further subdivisions
in such a typical treatment as sizing.

The various families of finishes may bo distinguished by test
dyeing before and after special treatments: enzymes for pro-
teins, 5% sulfuric acid at a boil for urea-formaldehyde resins,
alcoholic extraction for cationic softeners.

1 Present address, Aberdeen Proving Ground, Md.

Tabic 11 Color Components

Blue Yellow Bed
Cuprammonium Acetate Viscose
Cotton Nylon Attacked wool
Vinyon Wool Aldehyde resins
Sizes Heavy oiling

Melamine
Aldehyde resins

Cationic materials
Attacked viscose
Attacked acetate

Table Ill. Alkali- and Water-Soluble Sizes
Blue No Color
Starches Natural gums

Protein adhesives
Cellulose ethers
Polyvinyl alcohols

Natural resins
Alkyd resins

274

The fibers based upon cellulose can be treated to give test
dyeings in all the available shades.

Cotton, dried with formaldehyde and a trace of acid, moistened
with ammonia, and then heated either in an oven or in an or-
ganic liquid such as lauryl alcohol, quickly loses its ability to
pick up blue and shows first reddish shades and then yellows.
Drying cotton with glyoxal gives similar results. The presence
of melamine, even if unreacted—that is, in a state where it is
extractable with water—as it might be if employed for in-
hibiting the gelatinizing action of concentrated sulfuric acid
upon cotton, causes the latter to pick up yellow. Drying
viscose with glyoxal yields a yarn which dyes a pale yellow.
The common creaseproof and shrink-resisting urea-formaldehyde
finish gives yellow shades: one interesting sample of plain-
weave spun rayon showed a test dyeing yellow on one face
and lavender on the other, due to the use of dry cans contacting
and reacting the resin on only one face of the fabric.

Incomplete and uneven desizing, which may be manifested
in a variety of ways, such as a slight uneven luster or dullness,
or variable tear strengths and air permeabilities, can be rapidly
detected on known fabrics of nylon, viscose, and acetate, since
the common size materials stain a deep, contrasting blue. In
such cases, and with mixed fibers, examination of the dyed sample
under a low-power microscope may be a source of further in-
formation about the condition of the material.

There is a relation between the extent of alteration of test
dyeing properties and the effective treatment, but this is gen-
erally true only over short ranges, and even there one will find
in commercial treatments that interferences uncontrollable by
the analyst are of such magnitude that in general only qualitative
information can be obtained.

Appreciating this fact, however, for satisfactory qualitative
tests, the analyst has considerable leeway, following the Davis
and Rynkiewicz staining suggestions.

LITERATURE CITED

(1) Davis, H. L., and Rynkiewicz, H. J., Ind. Eng. Chem., Anal
Ed., 14, 472 (1942).

Priority Assistance to Laboratories

Conditions under which priority assistance is given to laboratories
were clarified March 6 by the issuance of Preference Rating Order
P-43 as amended. Any person who carries on scientific or tech-
nological investigation, testing, development, or experimentation in
his business is considered to operate a laboratory in buying material
for these purposes, even though he does not have a separate depart-
ment or organization for such activities.

Priority ratings assigned by the order maybe used to get materials
for development of products designed primarily for future civilian
markets only if such activities will be carried on without diverting any
manpower, technical skill, or facilities from war work. Laboratories
may not use AA-1 preference rating for activities connected with
future civilian needs.

Restrictions on the quantity of aluminum that may be obtained
under the order are removed.

Priorities assistance assigned under P-43 may be used for con-
struction jobs costing not more than S500 without applying for per-
mission to start construction under L-41. Procedure for obtaining
controlled materials has been simplified, and the allotment number
V-9 is used in place of MRO-P-43.
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Nomographic Chart for Correcting Weights to Vacuum

HENRY C. THACHER, Jr.,

r 790
r760
=770
i-760
rISO
r740

730

A LTHOUGH the correction of weights in air to in vacuo is

i a very common operation in many fields of precise work,
the use of the tables available in handbooks is rather cumbersome
when the correction must be applied frequently. Moreover, in
many instances greater precision may be required than is ob-
tained by using tables based on constant air density.

The correction factor, K, by which the air weight of an object
must be multiplied to give its weight in vacuo is a function of the
density of the object, the density of the weights used, and the
density of the air. The density of the air, in turn, is a function
of the barometric pressure, the temperature, and the relative
humidity. The effects of pressure and temperature upon the
density of the air are relatively great, while the influence of hu-
midity is considerably less, diminishing the effective pressure by
0.3783 times the partial pressure of water vapor.

The accompanying nomograph facilitates the correction of
weighings with brass weights to vacuum. All variables except
relative humidity of air have been included within the limits indi-
cated below. A constant relative humidity of 50% has been
used.

Temperature, 10° to 35° C.
Barometric pressure, 730 to 790 mm. of mercury

Density of object, 0.7 to 4.0
Density, of brass weights, 8.4

Inasmuch as the effect of humidity of the air is small, limited
variations in relative humidity will have only a slight effect on re-
sults. The nomograph therefore offers a more rapid means of
computing correction factors and at the same time permits a
higher degree of precision, since it is based on constant air hu-
midity rather than on constant air density.

In constructing the chart, it has been assumed that dry air
obeys the ideal gas law, and that the effect of humidity upon air
density is given by subtractlng 0.3783 times the partial pressure
of water vapor from the observed barometric pressure. Where
do is the density of the air, dmis the density of the ob}ject, and da
is the density of the weights, the vacuum correction factor, K, is

C.W.S. Development Laboratory, Massachusetts Institute of Technology, Cambridge, Mass.

given by K = dm(dw —da)/dw(dm — da).
07- When da:/dmn is negligible in comparison

%A with dm this reduces to the commonly
t°C  loo@-o - used equation, K = 1 + d,(l/dm —
_ior 100130 — 1(/,,), which has been used in the con-

struction of this chart.

100120 - io- Use ofthe Chart. To use the chart,

100110 - draw a line from the observed Centigrade

1.00100 - temperature on scale t to the observed
Ly. 1.00090- pressure on line P. From the intersec-

tion of this line with line a draw a

(00080 - second line to the density of the object

100070 ~ on line d. Then factor K will be found

1-5- at this second line on scale K, and the
vacuum weight of the object may be ob-
tained by multiplying the observed
weight by this factor.

For example, suppose that an object

to~ of density 0.70 when weighed in air
at 50% relative humidity, 770-mm.
barometric pressure, and 20° C., weighs
100.000 grams. Then drawing a line
connecting 770 mm. and 20° C,, and a
second line from 0.70 on the d scale to
the intersection of the first line with the

-30* a scale, we find K equals 1.00158, and

3.0- the vacuum weight of the object is
100.158.

Or again, when with an object of
density 1.5 weighing 10.0000 grams in
air at 50 per cent relative humidity with
barometer reading 760 mm. and tem-

4.0- perature 25° C., K is found to be

’ 1.00064, the true weight of the object is
10.0064 grams.

| zo. 1.00060-

1.00050-

125. 100040 ~

1.00030 -

1.00020 —

-35*
1.000/5" -

The chart may be mounted on a piece of cardboard, and in-
dexes made of loops of thread of suitable length with rubber
bands or light springs to give sufficient elasticity. If such loops
of thread are placed around the chart, they can be moved at
will, and make it unnecessary to draw lines on the chart.

Joining Plastic Tubing to Glass

RICHARD KIESELBACH, Bakelite Corporation,
Bound Brook, N. J

B ECAUSE of the present scarcity of rubber and copper, ther-

moplastic tubing is becoming increasingly popular for labo-
ratory use. Where chemical inertness is desirable, it is far su-
perior to the materials it replaces.

The conventional method of joining plastic tubing to glass in-
volves the use of a short length of rubber tubing. This method
is usually satisfactory, where a temporary joint is required. For
more permanent connections, or where the use of rubber is ob-
jectionable, a neat, strong, vacuum-tight joint can be made in
the following manner:

Draw out the end of the glass tubing to a gradual taper, cutting
it off at the point where its outside diameter is slightly less than
the inside diameter of the plastic tubing. Fire-polish the end
and let cool. Then heat the tapered section uniformly in a Bun-
sen flame for about 2 seconds, and quickly force it into the end of
the plastic tubing for a distance of at least 1cm. (Care must be
taken to avoid overheating the glass, since it will then char the
plastic.) While it is still hot, press the curled end of the plastic
tubing to the glass with the fingers, to give the joint a smoother
appearance. Allow the joint to cool thoroughly before putting
it into service.

A properly made joint of this kind will be found to be as leak-
proof as the tubing itself, and able to withstand a surprising
amount of mechanical stress.



Safety Cap for Laboratory Glass Distillation Equipment

GEORGE A. RADER, Standard Oil Co. of California, Richmond, Calif.

Figure 1

O NE common cause of damaging fires in petroleum labora-
tories is the accidental building up of excessive pressure in
distillation flasks. Such flasks are usually equipped with two
stems or necks, one used as the filling stem and the other for a
thermometer. Both openings are ordinarily closed with a cork.
During the distillation the reflux column or condenser may be-
come plugged, there may be a sudden formation of foam, or the
operator may neglect to open a vent line, thereby causing unusual
pressure to build up in the flask. When this occurs one cork may
be forced out, releasing an appreciable volume of flammable
vapor plus liquid which flashes, and the result is a laboratory
fire.
A safety device (Figures 1 and 2) has been developed for the
purpose of preventing such fires. One device is attached to each
stem and acts as a safety valve by permitting the cork to lift

slightly to release the flask pressure, and then to reseat itself.
Along with the vapor a small amount of atomized liquid may be
released from the flask but the force of the discharge tends to
direct the mixture upward and away from the burner flame. If,
during the distillation, the flask pressure forces the release of the
safety cap, the operator can shut down and correct the cause of
pressure build-up.

THERMOMETER STEM CAP FILLING STEM CAP

LAYOUT OF STRAP BEFORE BENDING
(MATERIAL ~2 SPRING STEEL)

) DRILL FOR THERMOMETER
4*

3 , '
| INCH ROO i R

Figure 2

During the tests and demonstrations on laboratory distillation
equipment, no flashes or fires resulted, but it is believed that
under some conditions a flash is possible. The total amount of
stock released, however, is generally so small that serious con-
sequences are not likely to result.

Improvements in the Determination of Iron by the Nitroso R Salt Method

C. P. SIDER1S,H.y. YOUNG, AND H. H. Q. CHUN, Pineapple Research Institute of Hawaii, Honolulu, T. H.

T HE selection of a new light filter which is more sensitive to

the color of the iron salt of I-nitroso-2-hydroxy-3,6-naphtha-
lene disodium sulfonate and the introduction of certain improve-
ments in the nitroso R salt method for iron (1) have made neces-
sary revision of the original procedure.

Procedure. Add to a 10-ml. aliquot of the unknown in a 50-
ml. Pyrex test tube, 0.5 ml. of 10% hydroxylamine sulfate and
a drop of 0.05% metanil yellow (aqueous solution) and neutralize
with 14% ammonium hydroxide drop by drop until a pinkish-
yellow color is obtained. (If a decidedly yellow color is produced,
add one drop of 6 N hydrochloric acid.) Then add to the mixture
1ml. of 0.5% nitroso R salt and 2 ml. of 4 N sodium acetate and
dilute to a definite volume, in the range of 20 ml. Determine

color intensity in the photoelectric colorimeter from 2 to 24 hours
later, using filter KS-66 with transmission limits of 640 to 700
millimicrons and a 2.5-mm. cell or a combination of a 10-mm. cell
and a 7.5-mm. plunger as recommended for the Summerson-Klett
photoelectric colorimeter. The 10-mm. cell is recommended for
concentrations below 1 microgram per ml. A good linear rela-
tionship between concentration and colorimetric reading exists
up to 10 micrograms of iron per milliliter.

LITERATURE CITED

(1) Sideris, C. P., ind. Eng. Chem., Anal. Ed., 14, 75Q (1942).

Pubtished Vith the approval of the Acting Director as Technical Paper
No. 151 of the Pineapple Research Institute of Hawaii, University of
Hawaii.
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Some Color Tests for Rotenone Not Specific

H. L.

HALLER

U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine, Beltsville, Md.

O F THE several colorimetric tests proposed for the detection

of rotenone (9), the blue color, or Durham, test (4) and the
red color, or Gross-Smith-Goodhue, test (5, have been found
especially useful. The Durham test is based on the observation
that when rotenone is treated with nitric acid and then with am-
monia an evanescent blue color is produced; it has been modified
by Jones and Smith (11) to make it more delicate and suitable
for general use. In the Gross-Smith-Goodhue test a red color is
obtained when an alcoholic potassium hydroxide solution con-
taining sodium nitrite is added to rotenone and the mixture sub-
sequently is acidified with sulfuric acid.

Either test can be relied upon to show the presence of rotenone
or some of the rotenoids (IS) in specimens of Derris, Lonchocarpus,
and Tephrosia. The blue color test has been used by Jones et al.
(10) and by Sievers and associates ( to select specimens of
devil’s-shoestring (Tephrosia virginiana) highest in rotenone
content. Jones et al. (10) found that the effectiveness against
houseflies of acetone extracts of various species of Tephrosia is
well correlated with the degree of blue or blue-green color given
by the Durham test. By this simple test the effectiveness of a
sample of Tephrosia can be roughly predicted. Likewise, the
red color test has been widely used in the quantitative evaluation
of material containing rotenone and some of the rotenoids.
Calm et al. (3) found the method useful in an extensive study of
the composition of derris root.

These color tests, however, are not always specific for rotenone
in other genera of Leguminosae. For example, in 1937 Moore
(]2, searching for a domestic source of rotenone, reported its
presence in Amorpha fruticosa because it gave a positive Durham
test. Subsequently Featherly (2), of Oklahoma Agricultural and
Mechanical College, confirmed the observations of Moore and
proposed that seed of the plant be used as a source of rotenone
during the war emergency. More recently, however, Acree,
Jacobson, and Haller (1) have shown that rotenone is not pres-
ent in the seeds of A. fruticosa and that the blue color is produced
by a glycoside whose value as an insecticide remains to be de-
termined.

The yam bean (Pachyrhizus erosus) also was reported to con-
tain rotenone solely on the basis of the Durham test (S). Both
this plant and Amorpha fruticosa give a positive red color test.
Certain synthetic organic compounds have also been shown to
produce an evanescent blue color when the Durham test is ap-
plied (7).

From the foregoing results it appears that considerable caution
should be taken in interpreting the color obtained in both these
tests when they are applied to plant material other than Derris,
Lonchocarpus, and Tephrosia. Rotenone should be reported as
present in plants only when it has been definitely isolated and
characterized.
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Washing Selas Filtering Crucibles
by Reverse Flow

ERWIN J. BENNE

Michigan Agricultural Experiment Station, East Lansing, Mich.

INCE it has become impossible to obtain asbestos for analyti-
cal filtrations as desirable as that formerly available, the
author and his associates have sought equally effective and
convenient means of quantitative filtration without the use of
asbestos. Selas filtering crucibles meet these requirements for
certain determinations, including potassium by the chloro-
platinate method, sugar by use of Fehling’s solution, and others.
These crucibles are similar to the Gooch type in shape but
have a fixed, porous bottom for the filtering element, thereby
eliminating the use of asbestos. Directions for cleaning recom-
mend washing with hot water or hot acids by reverse flow in order
to remove fine, insoluble particles lodged in the pores of the upper
surface of the filter, but do not suggest a convenient, mechanical
means of accomplishing this; hence, the author devised the ar-
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rangement shown in the accompanying figure to facilitate the
task.

1is a Selas filtering crucible in position for being washed by
reverse flow. 2 is a reservoir for the wash solution. It is ar-
ranged to fit tightly around the bottom of the crucible being
washed and can be easily and quickly transferred from one cru-
cible to another. This exchangeable reservoir was prepared from
a large rubber pipet bulb by cutting off the top with a pair of
shears and making a hole in the bottom with a cork borer. This
hole must be of such size that the bulb can be slipped over the
end of the crucible and will fit snugly enough to retain the wash
liquid. Used bulbs, deteriorated at the point where they were
stretched over glass tubing, may be utilized for such reservoirs, in
keeping with the rubber economy program. A short length of
Gooch rubber tubing would serve as a satisfactory substitute for
such a bulb.

3, prepared from a No. 9 rubber stopper, holds the crucible
safely in position for the effective application of suction. A
circular groove in the top of the stopper accommodates the
upper rim of the inverted crucible, and if filled with water before
insertion of the crucible, it prowdes an effective seal against
entrance of air when suction is applied. A large hole in the
center of this holder permits exit of the wash liquid from the
crucible into the suction flask. In order to use a stopper with a
top larger than the mouth of these crucibles, it was necessary to
reduce and taper the lower part to fit the meck of the suction
flask. Front and side views of these holders are shown in the
lower part of the picture. The hole in the center of the stopper
was cut with a cork borer in the usual way; the %roove in the top
was made, and the lower part reduced, by use of a metal-cutting
lathe.

These devices used in combination with the arrangement shown
for holding the suction flasks and trap bottle provide a con-
venient means for washing Selas crucibles by reverse flow. After
a crucible is washed several times in this way, it is placed in the
ordinary crucible holder shown in the suction flask at the right for
washing in the usual direction.
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A.S.T.M. Holds 1944 Committee W eek
in Cincinnati, February 28 to March 4

In attendance at the 148 technical committee meetings held during
the 1944 Committee Week in Cincinnati, February 28 through March
4, were 745 technologists, this figure being almost double that of the
previous year, but the registration figure varies, depending on number
of standing committees which participate in the group, meetings.

Decision by the A.S.T.M. Executive Committee to issue its widely
used Book of Standards in 1944 instead of 1945, the normal triennial
year, led many of the committees to meet this year in March to get
their specifications and other work as up to date as possible. Deci-
sion to advance the Book of Standards' publication by one year is
caused by the unprecedented demand for the publication.

A number of major A.S.T.M. committees also held meetings im-
mediately prior to or subsequent to Committee Week.

There are constantly increasing recognition and use of A.S.T.M.
purchase specifications, methods of tests, and related standards.
This is indicated by the demands for publications, the request from
industry and government that technical committees extend their
work into fields not covered, and also the organization of new com-
mittees, such as those on Adhesives, Metal Powders, and Aromatic
Hydrocarbons.

The following main A.S.T.M. standing committees, except as
noted, met in Cincinnati (usually there were numerous subcommittees
and section meetings also) :

A-l on Steel A-10 on Iron-Chromium, lron-
A-3 on Cast Iron Chromium Nickel, and Related
A-5 on Corrosion of Iron and Alloys

Steel B-3 on Corrosion of Non-Ferrous
A-6 on Magnetic Properties Metals and Alloys

A-7 on Malleable Iron Castings B-5 on Copper and Copper Alloys

B-6 on Die-Cast Metals and
Alloys

B-7 on Light Metals and Alloys

B-8 on Electrodeposited Metallic
Coatings

C-16 ora Thermal
Materials

D-l on Paint, Varnish, and Re-
lated Products

D-2 on Petroleum Products and

Insulating

Vol. 16, No. 4

D-4 on Road and Paving Mate-
rials
D-5 on Coal and Coke

D-9 on Electrical Insulating
Materials (Philadelphia, Pa.,
Feb. 21, 22)

D-I1on Rubber Products

D-17 on Naval Stores

D-20 on Plastics (Philadelphia,
Pa., Fob. 23, 24)

Lubricants

NEW EQUIPMENT

Instrument for Measuring Small Particles

The Fisher sub-sieve sizer, for measuring the size of particles too
small to be measured by sieves, is based on the apparatus described
by Gooden and Smith [Ind. Eng.Chem., Anal. Ed., 12, 479 (1940)],
and is made by Eimor & Amend, 635 Greenwich St., New York, N. Y.
Operation has been simplified and a calculator chart provided to make
operation easy. The instrument consists of an air pump, air-pressure
regulating device, precision bore sample tube, double range flow-
meter, calculator chart, and accessory equipment.

In operation, the motor-driven air pump builds up pressure in the
pressure regulator to a constant head, so that a uniform flow of dry
air passes through the packed powder sample and is measured by
means of a double range flowmeter. The liquid level in the manom-
eter varies with the air flow, depending on the resistance (particle
size) of the particular sample. The average particle size of the
sample in microns is road directly from the chart as indicated by the
level of the fluid in the manometer. The range of the instrument
is from 0.2 to 50 microns.

Capacitor for
Electron

Microscope

A 0.01-mfd. 40,000-volt
direct current capacitor has
been built for a special ap-
plication of the electron mi-
croscope. It is capable of
continuous operation at
80° C. and of withstanding
total submersion and heavy
surges. The case is welded
steel measuring 4u/h X
55< X 7 inches high with a
standoff insulator 8.5 inches
high, soldered directly to the
case, thus eliminating the
possibility of oil leakage or
the entrance of moisture.
It is manufactured by the
Industrial Specialty Co.,
1725 West North Ave.,
Chicago 22, 111,

Lead Standard

The American Standards Association has announced approval of a
new standard, Allowable Concentration of Lead and Certain In-
organic Compounds (Z37.11-1943), which sets safe limits for the
amount of metallic lead, lead carbonate, lead sulfate, lead oxides,
lead nitrate, and lead chloride allowable in the air of industrial
workshops. It covers the physical and chemical properties of the
substance, summarizes methods of test, and includes a comprehensive
bibliography.

Copies may be obtained from the American Standards Association,
29 West 39th St., New York 18, N. Y., at 20 cents each.



BOOK REVIEWS

Semimicro Quantitative Organic Analysis. E. P. Clark. 1st ed.
135 pages. Academic Press, Inc., 125 East 23rd St., New York,
N.Y., 1943. Price, $2.50.

The book was written for the purpose of providing laboratories,
which are not equipped for precision microanalysis, with directions for
analysis on a semimicro scale with samples ranging from 10 to 25 mg.
It is excellent in this respect and fills a great need. However, the
book fails to give a reasonable number of alternative methods or
even a bibliography of such, and includes very few references to the
literature dealing with the methods recommended. The author tries
to justify this condition by stating in the preface that he did not
attempt “to compile a reference book but rather to present in as
brief a manner as possible simple working, well tested methods,
which can be followed to a successful conclusion”. Procedures are
described which make use of mierochemical apparatus, but it is un-
fortunate that the author, in his setups, has ignored the specifications
of the American Chemical society Committee on Standardization
of Microchemical Apparatus, since all large glass blowers and scien-
tific houses now have these. In many cases the apparatus described
practically meets the specifications but they should have been com-
plied with throughout. The reader will do well to use standard parts
for all setups, except for the semimicroazotometer, which is much
larger.

The book is divided into 13 chapters. Unfortunately, determina-
tions of ash and metals have not been included.

Chapter . Introduction. The use of a semimicrobalance is
recommended and a table is included showing the relationship be-
tween the precision of a balance and the practical size of a sample
to be weighed. At the top of page 3 the essential difference between
precision and sensitivity does not seem to be appreciated. Tem-
perature effects, lighting arrangements, care of the balance, calibra-
tion of the weights, and weighing are discussed, with directions for
making various standard volumetric solutions for semimicro work.
Filtering and drying apparatus are described and there are direc-
tions for determination of melting and boiling points. Some space
is devoted to calculation of empirical formulas from analytical data.

chapter Il. Determination of Carbon and Hydrogen. The
procedure is essentially the Pregl setup using micro-sized equipment.
Lead chromate has been omitted from the standard tube filling and a
preheater is employed. Approximately 10-mg. samples are burned
in an atmosphere of oxygen at a temperature of about 550° C. for all
samples. Persons using this book as a guide for their carbon-
hydrogen determinations will do well to increase the temperature of
their furnaces to about 680° C., as 550° C. is much too low for many
classes of compounds. The author does not recommend a second
combustion, which is also a rather dangerous procedure since many
compounds have a tendency to sublime back; the author attempts
to prevent this by the use of a platinum baffle. The specifications
for the preheater, bubble counter, combustion tubes, absorption
tubes, and Mariotte flask are not standard.

Chapter IIl. Determination of Nitrogen by the K jeldahl
M ethod. The author greatly favors the Kjeldahl method over the
Dumas for practically all types of compounds, stating that only in
the case of certain semicarbazones is the method not applicable.
Included in his discussion is the Friedrich method for handling com-
pounds containing N-N, NO, and NOs. Diagrams for constructing
an electric digester and the Parnass-Wagner electrically heated dis-
tillation apparatus are included.

Chapter IV. Dumas M ethod for Determ ination of Nitrogf,n.
A semimicro setup is described which uses microcombustion tubes,
and an azotometer of 5-cc. capacity constructed from a microburet.
There is no three-way stopcock or other form of regulator between
the combustion tube and the azotometer. Several carbon dioxide
generators are described which give a good grade of gas. The author
suggests that combustions here be done at a “dull red heat” and
merely employs one combustion. It would be far better to use a
temperature of about 650° to 680° C. and give the tube a second
combustion following the procedure of Pregl.

Chapter V. Determination of Halogens. The ethanol-
amine-sodium method is presented as the one of greatest importance;
following this is a description of the Carius method using 25-mg,
samples with details for constructing the semimicro Carius furnace.
Next is a description of the sodium peroxide fusion method, giving
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details for both gravimetric and volumetric procedures. The fusion
mixture described on page 58 should not be prepared and kept as
suggested, because of its explosive nature. For determination of
iodine the Liepert volumetric method is stressed, and finally a method
for displacing aliphatic iodine with bromine followed by titration
of the iodine formed. The filter tubes are not standard. The cata-
lytic combustion method for halogens should have been included.

Chapter VI. Determination of Sulfur. The author de-
scribes the Carius determination using 25-mg. samples and heating
the bomb tubes to 300° C. This temperature is in disagreement
with that recommended by the standard texts on microchemistry,
which advise keeping the temperature below 270° C. because of the
danger of fusion of barium sulfate in the glass. The analyst will do
well to use the lower temperatures. The method described for
filtering,is not micro in nature but rather macro, since it suggests
transferring the barium sulfate to a Gooch crucible with the aid of a
stirring rod. The reader will do well to use the methods generally
employed for microdetermination of sulfur, either the inverted filter
method or the Neubauer crucible. As in the chapter on halogens,
the catulytic combustion method should have been included.

Chapter VII. Determination of Phosphorus. The alkali-
nitratc fusion method for converting organic phosphorus to ortho-
phosphate, followed by conversion of phosphorus to phosphomolybdic
anhydride according to Woy's procedure, is given. The Kjeldahl
and sodium peroxide methods are mentioned but not recommended,
although they are known to give excellent results.

chapter VIII. Determination of M ethoxyl and Ethoxyl
Groups. A semimicro alkoxyl apparatus is described and a slightly
modified Viebock and Schwappach volumetric procedure used. The
setup is certain to give low results with such compounds as methyl
esters, which split off methyl alcohol almost immediately upon con-
tact with the hydriodic acid, unless the reaction mixture is allowed to
stand at room temperature for about a half an hour before heating
of the hydriodic acid is begun. The analyst would do well to modify
the setup to include a reflux condenser between the boiling flask and
the trap, while the latter should contain sodium thiosulfate and cad-
mium sulfate in place of water, as the author recommends. Valuable
information is given regarding the preparation of acid suitable for
the determination, as even the so-called reagent grade of hydriodic
acid recommended for microanalysis gives tremendous blanks.

Chapter IX. Determination of Acetyl Groups. The author
recommends hydrolysis of the acetyl compounds with ethanolic or
/V-butanolic potassium hydroxide for O-acetyl or iV-acetyl compounds
respectively, followed by acidification, distillation, and titration of
the liberated acetic acids. This method was chosen in preference to
the very excellent one of hydrolysis with p-toluene sulfonic acid
followed by vacuum distillation of the acetic acid. The reader will
do well to use the latter method of Elek and Ilarte or at least read
the earlier articles by Clark, referred to in the footnotes, before trying
his method.

Chapter X. Determination of the Neutralization Equiv-
alent. A procedure for determining the neutralization equivalent
of compounds is given, together with some valuable suggestions in
the so-called notes.

Chapter XI. Determination of M olecular W eights. The
Signer method of isothermal distillation and the Rast method of
freezing point lowering are presented, with greater emphasis upon
the former method. The author describes an apparatus for use
with the isothermal distillation method. No reference is made to
the work of Niederl and his collaborators which the reader will do
well to review.

Cchapter XII. Determination of Volatile Fatty Acids. The
author describes in detail a method for qualitatively and quantita-
tively determining volatile fatty acids in dilute solutions, chiefly
based on his own work. Examples are given as to the usefulness of
this method. The earlier papers referred to in the footnotes should
be read before attempting this work.

chapter XIIl. some Useful Tables. There are included
tables of gravimetric factors, barometer corrections for temperature,
atomic and molecular formulas and some of their multiples, the
carbon and hydrogen percentages and molecular weights of a series
of CHO compounds from Cu to C2 frequently encountered among
natural products and their derivatives, and a five-place table of
logarithms of numbers from 1 to 10,000. A rather complete index
follows at the end.

Al Steyermark
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Laboratory Manual of Spot Tests. Fritz Feigl. Translated from
German manuscript by Ralph E. Oesper. 276 pages. Academic
Press, Inc., 125 East 23rd St., New York 10, N. Y., 1943. Price,
$3.90.

This book was consciously designed by its author for the teaching
of advanced chemistry in general, and of spot-test analysis in par-
ticular. The reviewer deliberately lists advanced chemistry as the
subject of primary pedagogical interest, despite the book's title.
Thus are marked two departures for Professor Feigl: whereas his
former works were monographs for the laboratory worker in the spe-
cialized field of spot analysis, this volume is intended primarily for
the student who is learning, not spot testing or even analysis, but ad-
vanced chemistry in general.

This is an interesting idea. The author's argument points out that
college courses in classical qualitative analysis arc offered not so much
for the purpose of producing chemical analysts, but as a framework,
interesting and useful in itself, on which to hang much of the body of
fact and theory that constitutes the essentials of chemical science.
The argument submits simply that spot testing itself is sufficiently
broad in its foundations, and tortuous in its ramifications into the
bases of chemistry, to justify its use as a similar framework. The
reviewer is not a teacher, and must leave to teachers the authorita-
tive judgment on the validity of this argument; but he hopes that
Feigl’s unique idea, and this excellent book that is its medium, will
be accorded their sympathetic attention. ‘‘Extremely important
teaching goals”, the author writes, “are: the closest possible corre-
lation between handiwork (sic) and knowledge; the development of a
critical sense; the acquisition of the ability to discern the relations
of individual observations and findings to each other.” If this book
facilitates the achievement of these goals, its worth will have been
demonstrated.

The reviewer need add nothing to the author's summary of the
book's contents:

The Manual opens with a general discussion of the theoretical foun-
dations of the subject. Then follows a chapter on the technique of
spot testing, including a description of the necessary equipment.
Next comes a chapter, in six parts, giving an extended treatment of
surface and capillary effects, which are of such great importance in
spot reactions. Appropriate instructive experiments are described.
The following chapter deals with spot reactions designed to detect or
identify inorganic materials. . . . The next chapter, on Qualitative
Organic Spot Analyses, consists of three parts: detection of certain
elements in organic compounds, detection of certain characteristic
groups of atoms, detection of ceVtain compounds. This arrange-
ment accords best with the fundamentally different types of prob-
lems encountered in qualitative organic analysis. The three suc-
ceeding chapters deal respectively with the practical application of
spot reactions to the testing of rocks and minerals, industrial mate-
rials, biological substances. Numerous practical examples are given
in each of these chapters. The Manual closes with a chapter on
Quantitative Determinations by Means of Spot Colorimetry.

Much of the material in this book will of course be found, differ-
ently presented, in the author’s previously published “Spot Tests";
but there is a considerable amount of new material, too. The reviewer
is particularly pleased to see the inclusion of the three chapters on
the practical testing of rocks and minerals, industrial materials, and
biological substances.

The book has an attractive appearance.
were noticed.

No typographical errors

Bevekly L.Clarke

Examination of Waters and Water Supplies. Ernest Victor Suckling.
5th ed. 849 pages. Blakiston’s Son & Co., Philadelphia, Pa.
Price, $12.00.

This is the latest edition of the original text which was first issued
by J. C. Thresh in 1904 and has been a standard textbook on water
supplies and their examination since that time. The present edition
is of broader scope than the fourth, published in 1933, and contains
valuable information on water treatment, primarily from a sanitary
viewpoint.

This revised, expanded, and modernized text is divided into eight
parts, with several chapters under each section. The arrangement
and selection of the material are excellent and, like the former edi-
tions. the book is very well written. The subject is presented largely
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from the viewpoint of British requirements, but the author has re-
ferred to recent practices in this country and has drawn extensively
from articles and papers in technical journals and similar publications
in the United States. These references have been selected with care
and will be helpful to those wishing to refer to the origin of a great
deal of the data presented. The book will be found informative to
scientists in this country who are interested in certain phases of
water-borne diseases, since there is much material in it which is not
readily available in American texts.

The analytical data and illustrations, especially those relating to
microscopic organisms, have been very well prepared. The book
will be a valuable addition to any sanitarian’s library, and its pur-
chase is especially justified as a reference work.

S. T.Powell

Standard Methods for Testing Petroleum and Its Products. 5th
ed. 500 pages, 127 diagrams. Institute of Petroleum, London,
England, and American Society for Testing Materials, 260 South
Broad St., Philadelphia, Pa., 1944. Price, $3.00.

This new edition of The Institute of Petroleum’s handbook con-
tains details of 97 methods for testing petroleum and its products.

New matter includes an additional method for determining aniline
points of volatile materials, a low-temperature filtration test for gas
oil and Diesel fuels, the Fraass breaking point test for bitumen, a con-
gealing point test for waxes for which the setting point method is un-
suitable, a method for determining the water tolerance of a motor
fuel, new distillation tests for crude oil and residues, a method for
estimating the salt content of crude oil, and the use of the Abel flash
'point apparatus for viscous petroleum mixtures and of the N.G.A.A.
metal pycnometer for determining the specific gravity of liquefied
gases. A.S.T.M. methods, with slight modification, have been
adopted for determining the tetraethyllead content of motor fuel and
the residue on evaporation of kerosene and tractor fuels.

An innovation is inclusion of methods for testing bituminous emul-
sions and chemicals derived from petroleum. The sampling methods
have been completely revised, and major alterations have been made
in methods for acidity, ash content, Kamsbottom carbon residue,
cold test of motor fuels, color (Lovibond), dielectric strength, doctor
test, drop point, free acid and alkali in grease, knock rating, oxidation
of lubricating oils, oxidation (gum) stability of motor fuels, penetra-
tion, sludging value, softening point, Reid vapor pressure, and kine-
matic viscosity.

Specifications for wartime hydrometers and thermometers are
included, and the Appendix has been enlarged by the addition of a
standard scheme for evaluating crude oils and a vapor pressure/tem-
perature nomograph for hydrocarbons.

Directory of Textile Testing Laboratories

The Directory of Commercial and Educational Textile Testing
Laboratories is being released by the Textile Foundation at this
time when test methods and specification requirements are all-
important to manufacturers and consumers. Laboratories are listed
alphabetically, according to tests which they are equipped to per-
form, and geographically, in a 20-page pamphlet.

The foundation is particularly anxious to make available a com-
plete and up-to-date directory and would welcome the names of tex-
tile testing laboratories not listed, as well as suggestions which would
make a revised directory of greater value. Single copies are sold for
25 cents, 5 for $1.00, by the Textile Foundation, Industrial Building,
National Bureau of Standards, Washington 25, D. C.

Analysis of Coal and Coke

The American Standards Association recently announced approval
of a revision of the Standards Methods of Laboratory Sampling and
Analysis of Coal and Coke (K18.1-1944), the work of Committee D-5
of the American Society for Testing Materials. The standard has
been widely used since it was adopted in 1927, and has been revised
several times previously. It may be obtained for 25 cents from the
American Standards Association, 29 West 39th St., New York 18,
N. Y.
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SARGENT HEAVY DUTY ANALYZER
Designed for Modern High Speed Electrolytic Analyses

It applies high current densities up to a limit of 10 amperes
to greatly increase rates of deposition and produce bright,
smooth, closely grained deposits that firmly adhere to electrodes.
Use of high speed methods possible with the Sargent electro-
lytic analyzer reduces the time formerly required for making
analyses by as much as 60%.

A properly designed electrode system providing large surface
areas, thorough electromagnetic agitation of electrolyte, a water
cooling system and correct adjustment of concentration of elec-
trolyte are the principal elements in electrolytic practice that
make high current, high speed analysis practical ... In addition
to these considerations instrumental manipulation and mainte-
nance are facilitated by elimination of mechanical stirring de-
vices and by providing positive, quick acting, sturdy bakelite
electrode heads which can be moved to any vertical or lateral
position by slight pressure of the hand . .. No clamp adjust-
ments are necessary. The bakelite heads expose no metal other
than the platinum electrodes to corrosive fumes.

S-29405 ELECTROLYTIC ANALYZER — Sargent, High Speed,
Heavy Duty, Magnetic Stirring, Water Cooled. Without elec-
trodes or motor generator.

NO. Of POSItIONS..coviieeiiceir e 2 6
BACh e $275.00 $700.00

Literature on Request

E. H. SARGENT & CO., 155-165 E. Superior St., Chicago 11, 111
Michigan Division: 1959 East Jefferson, Detroit 7, Michigan

S A R G E N T

SCIENTIFIC LABORATORY SUPPLIES
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A RESEARCH AND CONTROL LABORATORY?

It's quite a job to prepare room layouts, compile budget estimates and write specifications when planning

a research and control laboratory.
the job easier.

Give Sheldon Planning Engineers the opportunity to help you.

Furthermore, present day material restrictions and shortages do not make

Tell 'em what you want and when you want

it. They will then prepare complete plans, compile accurate estimates, write detail specifications aijd then fol-

low through and expedite completion of the job.

Write today—ask that a Sheldon Engineer call.

SHELDON

718 NIMS STREET

CHEMICAL AND SCIENTIFIC PORCELAIN WARE

MUSKEGON. MICHIGAN

* REQUIRES- NO WINDING;
merely set pointer for interval
desired.

* SINGLE TAP CHIME; rings
once and is quiet.

« DIAL GRADUATED IN MIN-
UTES; fractions ore easy to
estimate.

« FIVE MODELS TO CHOOSE
FROM; up fo | hour capacity.

INTERVAL TIMERS

9351/1......... 30-minute range e $3.25
9351/2 60-minute range...... 355
PORTABLE SWITCHES — lor

turning electric current off after a desired
Interval. For 110 volt, 60 cycle A.C. cur-
rent 10 amperes capacity.

9351/3 15-minute'range....
9351/4......30-minute range.
9351/5....... 60-minute range......

SCHAAR & COMPANY

Complete Laboratory Equipment

754 WEST LEXINGTON STREET

CHICAGO, ILLINOIS



TRIPLE HEAT RANGE

or equivalent°C

Rugged—Efficient—Low Cost
110 V. A C-D C Operation

HUPPERT Model 4 Furnace was designed and built to
completely satisfy the needs of the Chemical Laboratory.
Seven control points are provided in each of its three heat
ranges (0°-500° F, 500°-1000° F., and IOOO-ISOOO0 F.).
Comes to heat fast and maintains temperature for precision
work. Overall dimension 12" x 12"x16" — work chamber
4%"x3%"x4%".

ete with pyrometer, C?'%y%.ZS

as illustrated— N |

Werite for Catalog of other Models.

K. H. HUPPERT CO.

6834 S. Cottage Grove Ave., Chicago 37, 111

FRECISTON-BDRE
1 CLASS TUBES

Cylindrical, Tapered or Square Shaped

F.S. Precision-Bore Glass Tubes are made to exact
inside dimensions for applications where inter-
changeability and precise bore are required.

Inside diameter; 0.31mm (0.0122") to 100mm (4")
kept accurate within .01 to .00lmm (=*=.0004' to
.00004").

For: Manometers, Barometers, Viscosimeters, Flow-
meters, Gauges, Pumps and many other scientific,
technical and industrial purposes.

Askfor Bulletin K-291
Made of Pyrex or Kimble NC. glass

FISH-SCHURMAN CORPORATION w
230 East 45th Street Now York 17, N. Y. n

TWO
IMPORTANT LABORATORY
SAFETY ITEMS!

-4R.... ... .. CARBON
DIOXIDE
: .« \FIRE EXTINGUISHER

Modern, portable, operated with one
hand, safe—with enclusive one-hand
thumb-trigger operation. The Randolph
kills flames with instant, effective action.
Quickly smothers oil, gasoline, paint,
machine and electric fires. Will not
conduct electricity; cannot damage or
stain food, clothing, woodwork, ma-
chinery. Leaves no mess to clean up.
Underwriters' approved. 18%" high.
Capacity 4 Ibs. COj.

No. 14090—filled, with hanging bracket
ready for use........... 20.16 each

ALL-PLASTIC FACE &EYE SHIELD

NOTE FOREHEAD
AND HAIR PROTECTION

HEADBAND
ADJUSTS
LIFTED 1\ TO ANY SIZE
POSITION ' FOR
I MENOR
I'WOMEN
FELTED
FOREHEAD BAND
PIAST1C SHIELD—| jilt M Tk
Pull-up strap lifts and | y/ /[j,U
adjusts to any angle S ITV- 3 1T
without touching cr
soiling face of shield. /1 " jj/'PVLL’UP
Designed for utmost "I A\ Xly'svlil"~St RAP
comfort. No bolts, :I_.l!/
nuts, ratches to lose. (o] |'j

Perfect all 'round

vision, ventilation. Nologging. Non-interference with eye glasses
or respirators. Light weight—no binding or tightness. Non-flam-
mable, unbreakable, maximum transparency, no side glare;
Cleaned with damp cloth.

NO. 36720ttt ee s reae s eee e $1.50 each.
ARTHR S & COMPANY
LABORATORY APPARATUS & REAGENTS =+« INDUSTRIAL CHEMICALS

121 W. Hubbard St. Chicago 10, lllinois
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TITRATION TABLE
Catalog No 5060

Designed with cupboards for solution
bottle storage. Solution may be forced
into burettes by compressed air, or sy-
Ehoned up by vacuum in the manifold
ehind the burette rods.

SPECIALISTS

in Precision Built

Laboratory Equipment

Designed and built by specialists — to
serve the highly specialized needs of
industrial and educational laboratory
technicians — STEELAB Furniture and
Equipment gives unfailing satisfaction!
"ON-TIME” delivery, unusual in these
times! REQUEST, WITHOUT CHARGE
(on your business or professional letter-
head) our 224 p. Catalog and Manual,
containing over 600 illustrations.

LABORATORY FURNITURE COMPANY

37 - 20 NORTHERN BOULEVARD * LONG ISLAND CITY 1

g Et PERFECT

NV O tS»°N

» EVERY TIME

LABORATORY Homogenizer

Saves Time—Gets Better Results!

* Hundreds of laboratories are saving precious ZEggfafcjfe
experimental time and valuable materials—
they’re getting perfect émulsification and perma-
tient suspension—with International Hand Hom-
ogenize«! Microphotos at right show superiority

. : Above: With Hand
of homogenization. Homogenizer.

A sturdily-built item of laboratory equipment Below: With mor-
N tar andpeatU.
—easily operated and kept clean. Pressure on
hand lever ejects perfectly emulsified fluid.
Molded aluminum; height 10Y2 inches. Piston is
stainless steel. Still immediately available from pre-
war stock! Only $6.50 complete —order direct or
from your supply house. Satisfaction Guaranteed.

HAND

INTERNATIONAL EMULSIFIERS, INC,
2401 Surrey Court, Chicago, IlI.

NEW YORK CITY, N. Y.

LUMETRON

PHOTOELECTRIC COLORIMETER MOD. 402-E

A highly sensitive instrument covering an unusually wide
field of application.

9 Designed for use with filters isolating narrow spectral
bands. 16 monochromatic filters available.

* Great variety of sample holders Including test tubes, micro-
cells, absorption cells up to 150 mm light path.

° Line-operated, high stability and reproducibility due to
use of balanced photocell circuit.

e Applicable with accessories to fluorescence, ultraviolet
absorption, scattering effect, haze, reflection of opaque
liquids, powders, pastes, solids.

Write for 15-page bulletin
PHOTOVOLT CORPORATION
95 Madison Ave. NEW YORK 16, N. Y.

Colorimeters, Fluorescence Meters, Reflection Meters,
Glossmeters, Densitometers, Smokemeters, Photometers
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THE NEW MULTISOURCE UNIT
FOR SPECTROGRAPHIC ANALYSIS

'THE NEW ARL-Dietert Multisource Unit in addition to combin-
ing the functions of the conventional D.C. arc, A.C. arc, and high
voltage condensed spark units, provides precisely controlled excitation
suitable for all types of analysis.
With this unit, resistance, inductance and capacitance of the circuit
may be set and precisely controlled to selected values over wide ranges.

Here’s How the Multisource Unit Enlarges the Scope of
Analytical Control:

Increases the operating range of spectrochemical analysis.

High concentrations of elements may be determined.

Improves the reproducibility thus increasing accuracy.

Reduces self-absorption of spectral lines of elements present in
high concentration.

Simplifies spectrograms.

No limitation experienced by inability to excite sample at best
electrical conditions.

21

Write for our catalog No. 128 giving complete description of the Multisource Unit and the
complete line of ARL-DIETERT spectrographic equipment.

A.R.L. -

APPLIED RESEARCH LABORATORIES
4336 SAN FERNANDO RD. GLENDALE 4, CALIF.

DIETERT

HARRY W DIETERT co.

9330 ROSELAWN AVE. DETROIT 4, MICH.
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A w ot e S i

S&S No. 497, Single-Acid-Washed Analytical Filter Paper

Speed and Retention: Similar to our standard grade No. 597
Ash Content: 0.02 percent, by weight; against

0.05 percent for No. 597 and

0.005 percent for 589

Wet-Strength: More than 20 Ibs. per sq. inch, Mullen
List Prices: Same general level as No. 597

The great wet-strength of No. 497 permits its use under suction without platinum cone. The paper is soft,
gives good seal in the funnel, resists pulping by hot water and washes readily. In our production of “hand-
folded filters,” its physical properties permit us to turn out such filters which, for all practical purposes, are
“tear-proof.”

In addition to No. 497 (medium), we are producing at our South Lee plant other, similar, single-acid-washed
papers of great wet-strength; f.i.: S&S No. 404 (loose texture; rapid); S&S No. 402 (very dense; highly
retentive); S&S No. 410 (extremely rapid; for iron and aluminum hydroxides, etc.)

Write /or Samples and Quotations

CARL SCHLEICHER & SCHUELL CO.

Headquarters for Fine Analytical Filterpapers since 1856

An American Institution since 1923
Plant and jLaboratories.: Pvpputivp and Snip* Olfirpf

SOUTH LEE, MASS.

r'\elch

DISTILLATIONS
ELECTRONICS

FREEZING :
DRYING exacting demands-

NOISELESS OPERATION
even with a number of pumps running
simultaneously.

FASTER PUMPING AT ALL
PRESSURES
assured by greater free-air capacity and
higher ultimate vacuum.

DEPENDABLE PERFORMANCE

In every well-equipped laboratory, and for
many industrial applica-
tions, a rotary oil type vac-

uum pump is essential.

No. 1405-H .
ThisWelch pump answers

DUO-SEAL VACUUM PUMP, Motor Driven. : .
" canacity of 334 the high requirements

Vacuum .05 micron — freo air capacity gf 334

liters per MinUte ..o 140.00 -

With larger motor giving 57 liters free air cafacity X-ray tube prOdUCtlon and

per minute and vacuum of 0.1 micron $155.00 the whole field of electron
Order Now for Prompt Shipment physics studies.

W. M. Welch Scientific Company This Book FREE on request.

i Established 1830 o
1518 Sedgwick Street Chicago 10, Illinois, U.S.A.
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B&A FINE CHEMICALS

Selected for Secret Processes

In guarded laboratories and restricted pro-
duction areas of key war industries, B&A Fine
Chemicals have been chosen for dramatic,
responsible roles. Their uses are strictly con-
fidential; exacting specifications must be met
...yet their results are always dependable.
Many of these vital products have long been
manufactured by B&A, either as Fine Cliemi-

SETTING THE

cals or as laboratory reagents. Others are spe-
cial B&A developments of the day, “tailor
made” to fit unusual individual’industrial re-
quirements. To insure secrecy, some are la-
beled and shipped under code names.

For your needs, in civilian or war produc-
tion, B&A Fine Chemicals are the products
of quality you demand. Always specify B&A.

Baker &&A damson

Division of GENERAL CHEMICALCOMPANY ,40 Rector St., New York 6, N .Y.

Technical Service Offices: Atlanta « Baltimore * Boston ¢ Bridgeport (Conn.)
Chicago « Cleveland < Denver ¢ Detroit * Houston « Kansas City ¢ Milwaukee ¢ Minneapolis ¢« New York

Philadelphia < Pittsburgh < Providence (R. X) < St. Louis « Utica (N.Y.)

Pacific Coast Technical Service Offices:

Los Angeles e« San Francisco < Seattle, Wenatchee and Yakima (Wash.)
In Canada: The Nichols Chemical Company, Limited < Montreal < Toronto < Vancouver

« Buffalo ¢ Charlotte (N. C.)

23



Braun Model PC Electrolytic Apparatus

FOR PRECISE ANALYSIS
OF STRATEGIC METALS

Electrolytic analysis of metals in these busy days re-
quires apparatus which is completely dependable,
highly accurate, yet easy to operate for speedy routine
work. Since Braun Model PC Electrolytic Apparatus
was designed to meet the most exacting requirements
of technical analysis it is the answer to every need in
either routine or research work.

Braun Electrolytic Apparatus is built to save every
possible moment of time in making routine analyses,
yet it gives sufficiently accurate results for the most
critical research work. It is the ideal equipment for
the busy laboratory working under wartime pressure.

Uniform and accurate determinations of copper, lead,
antimony, cadmium, nickel, tin, zinc and other metals
are rapidly made with this apparatus, permitting routine
analyses to be made with a minimum expenditure of
labor. All units operate independently of each other
so that as many as six individual analyses can be made
simultaneously on one 6-unit outfit.

These outfits are available in 2, 4 and 6-unit assemblies.

For complete information address Dept. 1-4

BRAUN

CORPORAT

2260 East Fifteenth S fteet”sii*~Los Angeles, California

San Francisco, Calit. Seallie, Washington
BRAUN-KNECHT-HHMANN-CO. SCIENTIFIC SUPPLIES CO.
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McDanel

Combustion
ate FIRED ffot
mfjiyk-"Tem jQetatu.ta 'Tutnacai

Tubes

McDanel high temperature tubes are a syn-
thetic product, the result of an exclusive pro-
cess in which the ingredients combine to form
natural Mullite crystals when fired at temper-
atures in excess of 3100°F. This process gives
a stronger, harder, more homogeneous struc-
ture with a low coefficient of expansion and
high resistance to thermal shock.

McDanel hightemperature combustion tubes are:
« Dense, vitreous, and gas-tight
e Straight and accurately sized
*« Smooth inside, easily cleaned
¢ Free from devitrefication
¢ Not distorted at high temperatures

*« Unconditionally guaranteed to with-
stand temperatures up to 2900°F., thus
providing a wide margin of safety when
used in Burrell Furnaces where tem-
peratures up to 2650°F. are recom-
mended.

For complete information on McDanel high
temperature combustion tubes write for Burrell
High Temperature Furnace Catalog, F-241.

Burrell

TECHNICAL SUPPLY COMPANY
1936-42 Fifth Avenue Pittsburgh (19), Pa.
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Bottle Shaking Machines

Constructed for large capacities « Adaptable to
containers of various sizes and shapes ¢« Variable
speed from 100 to 600 R.P.M. « Effective dual
motion ¢ Large motor with friction drive -«
Massive base for greater stability.

Size 2 Shaker with
10-place head adap-
ted for 500-1000 m .

A. motion is produced similar to shaking by
hand, but much more rapid and effective. It
is not only reciprocating up and down, but also
elliptical and produces within the container a
circulation as well as concussion of the fluid.
More compact construction is obtained by
employing a satisfactory friction drive in place
of the conventional belt drive.

International Bottle Shaking Machines can
also be furnished with an explosion proof motor
for hazardous locations or when volatile ma-
terials are being used.

The Size 2 Shaker can be furnished with a
variety of heads.

Send for Bulletin S for complete description.

INTERNATIONAL
LABORATORY CHEMICAL CENTRIFUGE

For purely scientific or pre-
liminary to large scale com-
mercial operations this
centrifuge is found useful
in the separation or de-
hydration of crystals, pulps
or other materials. It can
be operated continuously and
has adjustable speeds up to
4000 r.p.m. with one size of
head, 5" dia. x 212" deep,
furnished in manganese
bronze, stainless steel, Monel
metal, rubber covered — also
Coors porcelain. Send for
Bulletin CH for complete description.

There is an International for any job

INTERNATIONAL EQUIPMENT CO.

352 Western Avenue Boston, Mass.

Makers of Fine Centrifuges

EDITION 25

Klett

Photometers

Pltotoelec&iic
Ql1gaa. Cell
Colorimeter

No. 900-3

For the varied needs of industrial, clinical
and agricultural laboratories. Complete
and self contained — no accessory equip-
ment necessary. Fused cells for readings
on solution depths of 2.5, 10, 20, and 40 mm..
Selective light filters available.

£U t

Q luonim eten.

No. 2071

Designed for the
rapid and accurate
determination of
thiamin, riboflavin, and other substances which
fluoresce in solution. The sensitivity and sta-
bility are such that it has been found particu-
larly useful in determining very small amounts
of these substances.

To further increase its adaptability a separate
circuit and scale is provided for colorimetric
determinations.

KLETT SCIENTIFIC PRODUCTS

ELECTROPHORESIS APPARATUS « BIO-COLORIMETERS
GLASS ABSORPTION CELLS . COLORIMETER NEPHELOM-
ETERS « GLASS STANDARDS « KLETT REAGENTS

— -LITERATURE SENT UPON REQUEST—....

K Iett Manufacturing Co.

179 EAST 87TH STREET NEW YORK, N. Y.
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PARR INSTRUMENTS THIS BOOK WILL

Forty-Five Years
1899-1944

For 45 years Engineering Chemists have main-
tained a high degree of regard and favor for
Parr Instruments due to one predominant reason:
they can be depended on to do the jobs for which
they are manufactured— and do them efficiently.

Parr Engineers have maintained quality and
dependability in Parr Instruments by exercising
great and unusual care in the manufacturing
process, from selection of the raw material to
preparation of the finished product for shipment.

Parr Instruments are Accurate — Precise and and It IS free
Durable. You will like them. for the a.Sklngl

Because your days and nights are
crowded to overflowing, we have
assembled in this book a lot of time-
saving procedures that help you
greatly and speed up your work

It contains:
4 pages of steel tests
4 pages of vitamin tests
4 pages of general tests
4 pages of clinical tests

Molybdenum, phosphorous and manganese tests are also
given.

Users Report

". .. steel tests, we would have had to add at least one expe-
rienced chemist."
PAR OXYGEN ". .. emphasis on vitamins and minerals has increased our
COMBUSTION BOMB work 500 percent. All this we have accomplished with one
man and two of your instruments."
". . .speeded up our work three times. All problems were

MADE BY PARR ... referred to us by the National Research Council."

Calorimeters Turbidimeters
_ The COLEMAN UNIVERSAL

Hydrogenation Needle Control
Apparatus Valves SPECTROPHOTOMETER
Melting Point Glass Blowers Turning one knob permits any color
Apparatus Goggles light band required . . . the Coleman

Universal replaces all visual and filter
colorimeters.

For Complete Information See . . o
Write for this new free edition of CURVES AND

Your Dealer or Write to Factory. REEERENCES. Bulletin IE 4

An Authorized Coleman Distributor

PAPRP INSTRUMENT UNIIKENS-IINDERSJIN CO.

’ 11l NORTH CANAL STREET . CHICAGO, ILLINOIS



