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PROBLEMS AND RESEARCH IN WATER
FLOODING.*

By S. T. YusTERf

The growrn realization that our petroleum reserves are not mexhaustrble
and that a hjgh en meerrnd efficiency In operatjons usua meansa high
ec nomrc rrenc has srmulated research In petrole m proquctlo
|ete ets rnv%lve are re [ativel sma” as compared wrth those
rn petrol eum refinin eexPen ditures are on the Increase. One drvrsron
of etro eum rodu ion which has b en recervgnﬁ considerable research
att ntion IS secon arz recove nv 1S olfowed from necessrtv
because of the numerous p roPIe s involved, the hi ho eratrnrg cost, a d
rl)eed forhrgho eratin efrcrenﬁ/ In_order to o[) rate] at a profit R
een espe rue wate[] 00 mg and | rst ose (? é
rscussront] some o 3 ms which ave re
Ee researc %oratorv (and fo Indicate iome of the pr Egblemﬁ |c are
eh % or wjll be, studied. Th Worh will be co srdf e order In
which 1t mrd ht be_ encountered in the normal development of a water-
rood [ erty... Since the wrrter has had most of h) ex erren%e In the
Pennsylvania orl reﬂron most of the eﬁm ples cited g be ro t area
However |t IS fel at he majority of the work is sufficiently undamental

to have airly general a rcatron
One of thgf?rsto erftpons erformed in the development of an area for
ater-flooding 1s to drrII some core wells for the pu ose of sﬂnap mg
ormation to Quide future work.  The numbher o suc ﬁ or]
The three rrncrIp
cable-tool core harrel,

the_extent and the character of the area Involved
corrné methods used are : %1) rotary corfi-barrel, ?

s, byt the thrrd has been used

orrng meth

an corl
cht?l fmst@révongrr? farrlrlay Wet|| Iéngwcna eethooo(i n whic n
iefly | r r whi
ordinar cabPet oY It th t has ge%n dresse chrse? d eI u?edl
Verv/ ort screws are dril ed and the cuttings, w |ch varg srze rom
ividual sand grains to pecan nuts are rem ve a san
arder cuttin sorcrpsaeusd ew SIS, one ar
ater are us d ‘itst e drilli w mi rmrzes an us the
chips. a t}ool core- arre rres su Icient watrrn e oeto
cov%r etoos whi wou ve a ead of watere ulvalent to apout
per square inch, e rmatrlon pressurer than this, t ere
wil be som FeneMton dril rng Srrh et elrotary oore rre]
requrres that] [ujd be Tircu ate re will be a fairl
rressure on't formaro S erng cored an tere ore, amaxrmumo

ilst the plastering efféct of the drilling mud tends tq reduce th
Tt?shrng action, tﬁe extent is limite d except r% nhe cases where specrael

F E\a Shr ce \rggeszsgtrho':flg r%l Uth%S atur|a\ Gas En rrr]:g and in charge of
arér 8 ?5 Fesearc?\ ooI Inera ndustrre ennsylvania State
é Ioegi_e tate Col ennsylvania.
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additive have heen sed If the formation being cored is under an
apﬁ) e}c ressure e COores wrf [ﬁ da when brgu t to the surfacey
which Introd ces nother error.

[t can he seen t at one of the maj orfnroblems In_secondary. recovery is
an accurate sampl |n% of the formations orade ermrnatre ? fluid satura-
tions. |n areas where the average permeability Is fair g/ 0w, core ¢op-
tamrnatron may not be too serious. " For example, .in th Bradford Field

fennslylva a here the average ermeab(! IS oféhe order o [frve
mrI darcies, the' three coring methods named are use successful
Predrct eavrour In thn permea ||t formations errors dué¢ to

ushrngZ are mtrg u e varr us methods which have heen used to

minimize these difficulties are (1) the use of low loss additives to drillin
muas, (2) pressure core barrels (3) fluid tracers, and (4) combinations 0
these. While dthese reEresent improvements, 'they do not comf)letely
overcome the difficulties. For example, a method has been developed2
fordrfferentratrnﬂ hetween the connate, drrIIrng rood water in a core.
While it labels the watergresent in the core Sample at he]nd It does not
grve the condrtron of the formatign before the well was drilled

In aree% where there arg available fairly accurate Froductron truure
it 1S possible to obtain the fluid saturations by a material balance calcula
trotn atss(umrn that thte forrtrratront Wats orl |naII 100 per cfent liquid
saturate nnate water saturation m btained from cores
taken with an orf%ase mucf1 which assumes tqrt/at the penetration o? the
oIl does.not displace any of the water. econnae}water plus the ro
duced ﬂrl (c?rrected for shrrn ge) subtracted from“toéa pore vou
grves the oil saturation Iin pla Anot er metho etermrnrn t e
onnate water saturation was eveJ Archre3 in which th
sistivit Igian resistivity tests on brine saturate core samples are use
The difficu tg ith thesg ethods |s that they yield average values for the
reservolr and do not indicate local varjations.

In view of the importance of obtarnrnrglr samgles of the formatron Wrth a
minimum of contamrn tion, work Is %pe ormed. on the rot?1
IS beIreYed \hatér theArkem met od attack is through the use of
a very ow loss rr mP $ tracers.

WHile the actual f fd saturatron of a formation ma be In question
because of samp mP ifticulties, 1t is generally feIt that a laboratory Is
able to make atarw accurate analysis %f the sam le at hand. In most
cases this Is true, b0t some cases ave een brought to the attention of
the wrrter In whrch the ordrngry routine tests will not give the correct
result, For examg Let It be SUPP] ed that a producing formaﬁron
contarns some soli asg alt or paraf ong with the liquid crude of
he formation henth)er tyre.  Such a sifuafion Is possible in a shallow
ormation which was orrﬂrna ly deegy buried, but over %eologrcal [rme
the overburden has erode bringing the formatjon closer
to the surface. This would (lt1 reducé the fEm eraturg hg forma-
tion and AJ allow some of 't gases which were dissolved In the
crude orIu er pressure to escape Both of these factors would tend o
gecrpr te a material s(u% ara fin wax the frrstb a _reduction |n

ubtl |tv and the second by a 10ss in solvent. ~In th ecaeofasPnhat the
situation’ would not be as clear cut, but the effect would be similar, A
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de ermrnatron of thT oil satuyation b the ordrnary ext actron or reéort
ﬁ Mes will result In a va evyr % trswante
ihe gt Id oil saturation, since this rsthequantrty ich wr determine the

Research work is being done on the problem, and some core samples
from ones ? i hrcﬂ hagasolrd ga'?a?ﬁn In it at the ?ormaron tg
Perature ha x safurations up to around 6 ﬁer cent One criterion
?r such ﬁ condition is that the cloud point of the crude should be very
close to the formation temPerature ,

The roytine determination of Porosrt and 1permeabrlrt Qn Cores is
farrIayVIWeII established, but the n erPeret tion o thes (iua tities to freId

our is one of the major ms In secon ecove
]USt recently It has heen qu ogeg that the ermeght/lrt meagrrred Bvrtﬂ
9as such “as a]rr IS rdﬁntrc%l Wrth the single phase “(1 tt)ermea rrtx
Klinkenber owedt at this. is not true and found Egare
Bermeabrlrt Was% Inear function of the reciprocal offhe mean sre
extrag t e line to In nrtemean pressure, the liquid er
rsob ained. It rst rs#qurd permeabr rty which shouldb us Hrn makrn
alculations IB 0od rng The d rsrhre ancy b %een the arr an
qui Permea\ rteﬁ IS not se rosrn the ermeanilit ran? but at
owg E ties the error ma ?regtert 100 per cent ﬁserres
rp ytests made on a ord_sand corsrt was found that air
permeabi|ities of 1, 10, and 100 m rdarcrei were abo ﬁger centlﬁ B
cent, ang. 16 per 'cent greater respectrvey than the t oretrca Id

el T L rergr.rsﬁﬁnerr.ry%hrrrrt;"rdvs

uratron curves base
calculate water intake ratés and rat recovery in water-floo rnrq
B%es Is that a flood

reclgvaerrotar Cgre heasmtaedeenrhaltﬁg gBe 0or ¥ arovvatdr that flushin
the drrHr % I(P is at a_minimum. H 3/ rPg has been extensrvegtRX
remarn(h fo saturatron I some{mes considered.to be the resi ? P
ttaine er a norma ter ood Since rt Is sometimes difficult to
etermne th %extentn Tng t may not e a safe criterion to use for
etermining the lower [jmit ot flooging, ~In Some casesthe core Is extracted,

satyrated with pring, rooded with qil, and this artificjally ﬁaturated COrg
IS the It water-flooded. By extracting agd resaturatrn%t e core, it IS

PNt e e it 5%%%%3( fiom oo n”vhagr. o gt tt.atts'sa L
ores have ¢ ref a quali atrve rcatr One, of the c reatr
ftors IS trf]e osr epresenceot S0- Cﬂ nis t
Il roducing end of

“end effech
ng ? Since t ecore sam es
ot | ar rt ma] ve an a recr ee o upon the results
etrsgre % t reIatrve ett rIr the orI and wate Lorte
a surface, rs rs studred rt nru eo eend
ect. It 'ﬁ a s researc ena oratoroles {0
me sn]re bot eresr ua orlsatur?tbonsu der erent 08 conditions
eeffectrve ermean)lities of both o an Wate at eent satyra-
trons For exam Ie an important actor In water- oodrn IS the effect
?gressuregradre ts'on recoveries. This scontroIIed both}bg eeffec%ve
looding préssure and the spacing. La oratory work shown that
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hrgher pressure radrents usuaII result rn greater uItrmate recovery as
| as an Increased rate of recgve h his’Is supported to some extent
¥ ertain field results. . However, the magnitude ofthe ffect of p ressure
m lents, on recoverres is not known too Well, and, therefore, the effect of
acrnﬁ] oodrng gressure cannot be evaluated accurately. Work
IS bel ? e onthis pro lem, and it rsho ed tha afarrly simple and rapid
Iaboraory Hest will be deve oRed or eva uatrnget IS factor.

The resu ts of the core agses should d termrne the weII s acrng
ossrbryt e pattern of We d of well completion, and t the
water e urremen %flur productign. At the present time espacrng
IS deter Ineg cre the permeability of the formations. 1t is th
gneneral practice to ate pt to rood outaRro perty wrthrn ten years, and
ese\acrn}g IS accordrngl?/rncrease for higner ermeabr Ith/ sands. in an
e hrc rs badl en or lensed, the increased s acr1g will result

0ss of ojl whic %mp licates "a_decision on sFacr gattern in
some Cases IS setb)( e location, of old wells, but he five- ?Toots ems to be
favoured. More attention rs berng given at the re ent time to the effect
of att]ern on operatrng cost Io(od out time, cumulative water-oil ratios
and other factors simplifi ana Sis ofthepro em, arecentroaperS
pornts out that the seven-spot pattern has certain advantages In these

I%tﬁr prodycin formatrons have a heterogeneous permeability profile,
theweITsshouIdgg &Ieted 50 as to take t ?t?srndto cr?nsrderatrony pThere
are three methods whjch have been used in a development pro%ramme
for correcirng for variations In th Hermea ”Y of strata. are
(1) mutrpe packer completions, (2) delayed drifling, and (3) correctrve
S

?n thgfrrst method, the strata in the input wells are segregated into groups
by multiple p acker set- UPS and separate condurts carry thewaterdown to
these strat% 53 E looding nPressgres ay be varied on t

The method IS troubleso e and costly-and rsnot use ver){ mugh.
Care mgst e exercrsed In shooting the we IS, since the packer ocatron
cannof e fractured, a drn some casgst eR/ 8annot he shot at all, which
?rves ow input rates Inthe second method the input wells are’ drilled
Irst and the water rn{rected Into all of them simultaneously in_such a way

that the oil 1s pushed othecentre oftherndrvrdual atterns. . This requires
tha the Inputs be balanced carefyl grn ord er to h ve the orI con entrated
at t oatron of the future rodu In r[; l}/t IS met 0 t e lower
ermeabr Ity formations are a owed 0 catch rﬁ with the ger
eabrIrtreé When the rate of Water rn ut beco es sIow the rodu in
we Il are drilled and rmmedrate ﬁro uce oll. There is a anger
nypassrn% oll'in thetrﬁ ersectro so t eformatron it a vertical move-
mert rs 0ssible between strata, The water from a fifled- up h%h per-
meab rrty sectron can mrgrate Into a lower permeabrlrty stratum anhead of
Its advancrng oil- a block.its progress to the pro ucrn% well.
method 0 mrnrmrzrn e drsadvanta es of a heterogeneous
ﬁermea rIrt profile—namely, g/ corrective shooting—requires “that a
eavier ex osrtve tchar ge %r Iarr] rdrametert shel| be laced Oﬁ osre te the
OW perme strata rather than opposite the hi rmeability sections.
Thrsprncreases t)he effective radius o?pthe well to gdrﬁ‘erent extehts In the
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various strata.  Since the wells are the bottIenecks for fluids entering or
Ieavrngtheformatrons hrstech q(uewrll control therate of fluid movement
In the”strata, and in the Brad 0{ area Bermeabr It grratrons havrno a
maximum ratio. of about one to five can be shot t out at about he
same time. ~With the 300-foot five-s osand6 rnch weIsnormaIyused
In the Bradfo[)d area, a fifty and a en mill rctl stralt can be made to
water oyt at a out%esameﬁrme eavin tefrt arc section un-
shot and shootin etenmrlrdarc stratum with the maxim msrze sheII
n or er to a Xcorrectrves 0 trn% In an area rt IS necessarfy to know
1) th es ot res nSiveness of the formation and 2 t e It dt the effect
eede Irst may he obtamedb the analusrs of re ata In whic
the ca cul%ed effectr e well radn from water ut r%tefs are comgare
with t e shot concentrations. The second Is obtained from theqretica
calculations on the time necessary to water out a sand usm drfferent
efectrge ¥vel| radii. The evaluation of the frrs factor requir s a hack-
8roun some experience In an area It wou be hr h desrrabe to
evelop some aboraéor test Inv thgf Perha t nsre and %
Pressr e strengths an eastrcrt o] eﬁr n gredrc rnﬁ] Its sho
esPonsrveness A small amount o work een done along thiese lines,
the prob fsfartrom being solved
If a con rtLon % heterogarfneouiperm a%rlrty IS agqrava ted b% thfe ﬁbs nee
impermeanl rizontal breaks and the vertrca mrgratro ujas |
efrede the tec ni U%SJU? (Entrone wil] not be too successioodan

of

g -asse Y In the circu stances water-f
at gnt not e e .onomica y easi|

[

ﬁ econ recover )y alr- %a%
Ive, would be In rder Any oil whic Eas een by-passéd. in wat
o |n rs extreme drffrc(ult to recover,

[I In the same Ttuatr n
st ed ve medium the oil s not lost but is usually produced

X aso ros

wb ctr no eorI fro adevelo ment may be b t\rgo differ nt
met b“)um Ing anét % ¥ g In the secon metho
ackerr bv he ormatio the Hﬂtron re sur
se to e oil and wat rtot e sur acr an te rostatic

00

the in ut we IS neutralize an equivalent b ac ressure in t e ro
ucing well.  The rat % t ro uctr ZbeWI Il be slower t an %
um r]g because of t o er gra |en ut the 0 era rno cost 1]

uch [ower, Here again t he ef ect of

e c}esthon arises reg rdi 9

ressuregradren\s onr COVery, Igher rfressu]reg ad ren arefavourable
hen flowing wil resutrns me loss 0f oil. _This ma ore th nﬁ uft
Peratmg osts, There is opne 0 er actor w ? IS

uhntgvoura ein ﬂ? n at 15 tpe counterflow ot i urds away from
t roﬁucrng we B strataw ich have not bﬁg ntg roduce. It the
countertlowing liqui R It pro?u%tron wi er ed until the
stratum bréaks " |nto the well. It t ? Hnte fur swat r
some oil be Jost because cut of pushi

ctron may
water ou wrt has een oundt at lowin can be use
successf asa avaeoer on wh ntheo ratr cost b pum rn
IS Just.a ot orth.of the pro ced cr owin nder uc
co Tt ns wi ower operatrng coss su frcrently to prolong the economic
ife of the property.
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Water for roodrng 0 eratrons IS usuall¥ optained from the most con-
venren lowest cost Sou ce This ma resh waber rine from awater
roducing Stratum, or both.* If a ¢ orce IS ? gsr le 1t 1S someti
antageols to use brine, since laboratory. studies and some fie t ts
have |n icated that the effectrvepermeabrlrt may be higher than in the
e]se of fresh water, . This IF chietly due to the Pesence f such comPIex
silicates as clay, which swell to. a reater extent in the presence of fresh
ﬁter than when in contact Wrth rines. It a losed system. is ue rn
fa mgthebrrnefrom Its source tbernjectronwe an 0 enrsexc
corrosion and treating costs er e at'a minimum, Wr ox gen In t e
water, as I1s usually the case with fresh water or fres Water rrne mx-
tures corrosion may be quite serious with a plugging of the formation bg
the corrosion rProd cts. RecentIX Increased atentr n has_been given t
the deaeratro of flood wafer, and in one case, where sodium bisulphite
has been used, very beneficial results were obtarned !
It was orntted out Prtevrouslythatt it |sno possrble to corretgztltt/arratrr%ns
in erme hility comple shootin an of permeabilities Is too
grepat [t wol dbephrgaw dyesrrable gelectrvef{r) to shﬁt of?or reduce the
on uctrvrty of the watered-out sfrata after hey ave pro uced therr
hurde %ot 50 s fo reduce oper tr coslt Consid era%ewor
done ot e laboratory an fled on this lem.8 Co or a
dispersions suc as pecral érx emulsrons have shown excellent resuIsrn
laborator tests an a fair deqgree of success in the field, It should be
ornted %t these compounds are permeabrlrt requcers, a]nd not
P gfers the. strata have herr permeability reduce somewna
heefect on thehr%hest permeani gstrata IS mast marked. Itrsafr tra
tjon phenomenon in which the ¢ ?II idal artrces 0o {0 the formations In
the same ratio as the %uantrtY watert ey tak e Since this rsgreatest
In he hrghest ermea ihty, the Ig ctron |s greatest theré. The
prob emr not letely oved oweve ang urth erv¥]or rsrR rorﬂress
Int ewaterfoo rn arearnPenns vania about one-third oft inal
oil In ace Was prod uce b}( gas expansion, ahout ongt ird more can be
rodu ed by present-day intefisive water-flooding, and one- thrrd remains
R “s]erv Ir. In many casef the residue represents are tha ?
third of t orrgrnal oll. Itwoudbe In order to ask how this residua orI
is held in the sand, and h ow at least a portion of 1t can he removed. In
?rder to study these qug tions some yn hetic consolrdated orI sands In the
orm of thin “slides, made of srntlere pyrex gass were d to stu(dey
Rroblem mrcrosco ically. Thefoo Ing Oﬁel’ tion was o served under the
Icroscope, and rt was seen that the pe ratrn% water Eoo t e easlest
Path In raveIIrng through the sand, and by-passed small oil |IIed areas
he access to which Was by way of smaller caprIIarres The residual oil
was not |nthef%rm of thin“films, as was %ostulate Xs(?me rnvestr%aftors
The process might be termedmrcrosconrc passrng S rfferentrate rom
R LR et LRI Do
Pow gOnceatrng 15 and of oIl has beeﬁ bnysed tis ext |9emel dlffrcult
to remov% retrca }/ if the interf acra ensr%n were ma e ecr]ua to
zero, all the oll coHt e%overed since 1t would ﬁrmrla to extraction
by @ solvent, lows, therefore, that chemicals which lower the inter-
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facial t ensron bet ween orI and water should |ncrease recoverres Laboratory
tests hav S ownt IS 10 be] true, hut aongnwrt the a vanta s comes a
decrde |s vantagew |c has maer Eosr le to apg the method
Xe lowering utr or Interfacial tension
durres that th surface active reagent be g sor e (5 such Interfaces,
since extremely Iareﬁreas of § |d nr]ur g 9 th%urd rnterfaces
are resent In t 3 the chemical js removed after the solution has
A e g TR L S
and the d?rveqmedru)r/n at the flood front I1s water wh?ch is foll \h/eﬁb an
mcreasrn%Iy trajling solution of wetting agent.  This latter process is ver
Inefficient,’in that’a sgmple ater-flood which has had the normal micro-
SCopIC ypassrn? olfowe Z a we trnge aér r]t solution w ? must
Lelease ol ‘from the bY fassed lands.  The 1deal situation would be to
ave the wetting agent at the f oo Tont.

Laborator tests aves hown that It rsrbossrble to reduce the resrdual orI
saturatl b aboutla If from tFe one-third mentroned prevrodsy
one-sixt walterfoo n% | surface- actrve %omanoun § are lse

FI Pen vania this would Jrona quartr)trtdr
re urrea t

or} Oﬁra t?re order ?? rreil er acre foot. %

?nsa))?rmbun?fp%hs% ‘Carirt)ceacv?rﬂrcﬁ Igouﬁ e\é\attrr f%lr &he %r?eom?cblarvrverth r

b urring a financial. loss would esrx ents his IS consideranly
jow the ﬁresen\ J)rrce ofsuch ¢ emrca S owever tBat morg
|crentcem| I more frrgent methosofa rca lon will be foun

so asto rrn? rscemrca ) mgrnto an econo crang
%ueston IS often raise as the range of permea iliti es whrch(fan

e flooded boratory work has been done onte lower limit, an
? een foun that ormatrons avr erme Jtres as low as 001
rﬂr eﬁr es an owerwr be pe etrate oo ng tpressure? rése rH
fre However, the rae 0 enetratr n |nto suc rata wil Pe 0

?nt elr effectiye per eabil X r\ the pre sures rnvov t era
ood ad Kance IS 100 S owt bankwr not reac te n%we
urrn the economic e dpert For conditl n oun
qbordFreId srata ow05m|l| arcies are not consr e‘e rn na zrn
ehaviour o ert\x IS 15 a very arbitrary i eve
srnce cfa %es i con]J {t 1l ca se It to vary. Ht ede ro
ducin or J?n IS arrr%/ a)r emaxrr”rt floo |n gess re ca
Increased, eabflity strata wi eeconomc [ly tloodable.

ExPerrments (IJr\]rvetrger oratonl and some aba] e fred Ingicate
onttb* o) ol et shssble qraby seaayat rh)é’ olndwat
Pr |9 LQ(ermeabgrt}/]sand Thrswogfgdegen chre? onﬁheé)ermeabrtat}/

hickness of the unbroken sand strata, and the flooding pressure
gro%lrlrecn the flg)lcérshnrg ﬁessgrre is one .of the most |mﬁortaEt of the con-

t

ab e varia 00 g 0 era jon, Itis |m?norta £ 0 Know its up er
It, recent g aper 9 (? the maxrmu OOdInP EF[ESSUFG
ects Hlel(fgee ed, the ¢ {

en i Iteria_for Its determination From
the ana“rsrs 0 ata an certarn theore ical consrrteratrons It has been
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shown that the maxrmum safe ressure in pounds Ber square inch which
can he appb the san M e press re)r about equa(J to
te ept eowt e sur ace rn eet Fre IS 000 eet of overbur R
the maximum safe sand face pressu h ould be 10 ers ua%rnch
Pressure Xond this may excee the downwar pressur exer t
overburden and part the Tormations, with a resultant ytpassrn%v action.
orrec rnpnfor the h%/drostatrc head of water In the rn u 1l rve
the maximum_safe Surface pressure as 0-57 times the t rckness of t e
overburden Thrs theoretrca criterion does not always hold, and a freId
fest has b ? devel ope for d etermrnrngtemaxrmu pressure
IS made of the wate rnﬁut rate for a Series of successrvelg rncreasrn
decreasing pressures These rates should be taken as rapr yas poss
[T sufficigntly hgh pressures are available, the graph which Is norma
[inear will stiow a break. Theétressure at‘which the hreak takes Iacerg
the maximum 3ae pressure.  Since the limiting factor rsi e downwar
pressure exerted by the overburden, there is_a limit to thefoodrn% rate of
shallow, ang low permeahility formations. This must be taken mto con-
sideration In the evaluation-of such areas for water-floodin g

It can be seen from this brrefoutlrne thataIargenum er ffactors(pn¥
apart In wat rroodrn? pera pns Some of them have been fairly co
petelg solved, while others stjl gurre a great deal of attentign. T elir
qutr n will come from both Taboratory research and field studies, as has
already been indicated.
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THE ES'I(')IMATION OF THE SULPHUR CONTENT

THE SUL
F PETROLEUM DISTILLATES.
By A. R. Javes, B.Sc, F.R.I.C. (Associate Member).

Introduction.

Because of the necessity for obtaining accurate results for the total
sulphur content of benzine components, a series of investigations was
undertaken to ascertain the accuracy of the “lamp method ” of test, and
to modify the apparatus employed, with a view to obtaining the desired

i rseea? accufaﬁ]y aworskens'fIVIt as evolved which will give a ver
andsmoﬁ Tess com;ustlon of s P‘gs mc?udln no ewnhqél%l hao z?t
?on ent,  The results obtained wit theaggar(?tﬁ nally a 8p% g]
or liquids, a burner for 8ases a Water-C C |mne the ahsorper
system—have been found to be accurate and reliabJe’ using gravimetric
and turhidimetric methods for working, up the %s solutions.
rculr, Impprtance, s, atachel 10 SyIpmur contents ek thar
Isre\llteaskﬂi)ea“tgreugh ?ngher sulphur conter(ils were not excluded from the
hhsgapparatus exceﬁ]t fgr the Iar%er size of Iam ,Nas since beer\ adopted
toget er with the me t e In tlhute dpf Petroleum,
In¢lusion as. an extra_standard or su (P termination.
st Sl il b
reee rgagggsrg%r Its deSIa nleandtofrtw tests ungertaken {0 ascertalntLh
U with. |
the first sec ono this a er is given.an account of some prelimi
wr%&met(glertaken to ascerta ! F%he ES)esSggl IHoleg %fe |v0e?1 f)of eﬁ)rlm a?lfe?ag
?%ns which were a%ie to thg gdra(y n}e Em Pamp tog mcreaé %2/ rate at
i Slcggtaewa%s] couas Seeburne of tests which were undertaken when
| I
This sect |onpaYVo contains. an account of tests which confirmed that a
turidimetri metnod publish ? % Zahn 1 was suitable Lor sulphur con-
tents lower than t aﬁ qrawmetrlc method.

fere
The nert section eaﬁs with th)e final Yorm of the fast-burnin Iamg
wat er coo ed chlmney, and the absorber, and various matters connected

wur .
|na segtloré giv s the results of trial sulphur t sts mra%e WIth his
ratus ecide” whe ehr or not there ws any oss of hi 0| m
%rcome\?unds due to their retentlon on t WIka ?fthe a g)
ero ects were to measure the sulphur re over sulphur wer 'ﬁ)resent
as carbon disulphide, and to decide upon the efficiency of a method for

* Paper received 9th November, 1944,
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reducing errors in the sylphur recovery caused by the presence of tetra-
ethyf Pegad In samples ungee test. y ymep

Preliminary Investigation.

(a) The Gravimetric Method I.P.T.-GA [Modified).

For the early work results Were obtalned usm the a&par tug specified
ort e rawmetrc meth og |9|ven In the_| angard Methods
Testl Petroleum an |ts roducts,” 2n Ed|t|on (1929)—and a
5|g|1 htly mo dified form of procedure.
he’modifications to 1.P.T.-G.4 were —

82) Cotton wicking was used, as a satisfactory glass-wool was
tainable at that date owmg 'to the war Sityation,
1) The combustion of 10 ml of samtile in place of 5 ml,
The use of absolute e heyl alcohol In place of amy| acetate for
ensu ing.the combustion of thé last traces of sample
2 iltration of, solutlon and wa\shlngs from” absorber prior to
ﬁ)éltds(tigtnlo%rstd precipitation.  This filtration was carried out on the
(v) The analﬁl tical procedure used for working up the test solutions
was that whicli Is given in the appendix to this paper for use with
or V|me rc estlmatlons
1).A blank test was carried out burmnlg 2 ml, of eth%/I alcohol,
air belng allowed to g)ass throuHh the blan apﬁara us fof the same
duration of time as for the sulphur determinatio

Thi meéhod was known from experience to be reliable, bu Iackln%
Pubh ata, a check was made on solutions of pure ethyl sulphldel
(?o octane.  Th esuIBh r content of the IS0-0ctane 00002 er cent.) was

termined by a turbidimetric method.1

Table I.
Trials of Gravimetric Method.

own | Deter- A St rror,
@evw g B
Sk W WME - - - _
I T B
WSRO BER GO Gape oo 00003
ol HE O HE R o aom
MOEE OB BN MR MR v o0
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The r Tesults of this cheek are %rven in Table |, and show that over the
range o sul%hur contents 0-001-0-01 per cent, the error found was 0-0003
er-cent., w reata% hur crﬂttent %fOI er cent, the error wa?0003
er cent.. In vrew 0 t e small weights of %rrum su phate involved, it

onsidered that the error foun ith the Jower su'o ur contents
WouI oft en e exceeded, that the method was limited to_sulphur contents
own to 0-001 per cent, and that results should ordinarily be reported to
the nearest 0-001 per cent.

(b) Initial Modification to the Lamp Used for [.P.T.-GA.

The time required for the combustion of non-aromatic sam%I 5 in the
lamp specified for use with L.P.T.-G.4 was approximately hours.

/'4-0mm. I.D.tube restricted to
|'_| 3-4mm. I.D.at tip.

—Hi lk— 6 0 mm. O.D.
nil

— 35mmH

Fig. 1.
TEE-PIECE LAMP.

Hrghly aromatic materjals required dilution with to twice their volume

ethXI alconol nl)order {0 btarn a s[noke -free com us(sron As |J Was
strI cessar¥ lf H sample to obtain an adequate. order of
accuracg he sulphur content range under rnvestrgatro this meant
that th totaI charge to the Tamps was often 30 ml.“which took 11-13
ho rst burn.

n ateratron was herefor made to the lam ecrfred for LP.T.-G.4
my acrn?t e Wi P n¥ lass ee |ee Jectin ahppioxr
atﬁ tre/minute og arly Ir into t ewrc tube eIo eﬁ

etopo the wick. opening or shit was permissible In the cork of
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t]he |am£ for “ breathing.” Usin '1 IarBB 10 ml. of e]ven the most
thg necergrrtnatt‘ocr SamPrloerSr V\orletre acoon etgma rcrrs]g veln]t “ ourr]s W:tm?m
tion to th r/ate o(t urning was tHee ect o%the heat ofthe f?mye on th
rubber rrornt hetween the chrmnex nd absord ﬁ and a.tendency for the
absorbe ?I tion to evaPorate lagram of t IS shown InFig. 1

TrraI su ur determ nations made usin thrs tee-piece lamp and”the

am) showed satisfactor ﬁ?ﬁ ent

A more ite copfirmation that high-boiling sulphur compounds are
not concentrated on the wick otthe tee-piece la Pwas made b nycarr mg
out determrnatrons on drlutﬁ solutions of gas-ol] In iso- oriia e
sets Of tests were made In w |ch the as -0l solutron was followed ug
burnrnP two 2 m Fortrons of etg/ Icohol, one 2 gortron of tﬁ'
aIcoho and no ethz aIcohoI to_cle rthe wick after thec mpletion o the
combustion of th samF The sulphur content of the gas-oil-iso-
octan%nseollu jons was calculated from  the sulphur content of the two

T esulphur content of the gas orI comeonent of the solutjon had been
determrn byt hemodrﬂedfor bur md Rroxrmate g”n
In eth alco ol usin am Dup Ircate eterminations giving tne
sam resut had been made by the bomb met od usrn% rocedure srmrar
to that now given for [.P.-61/42. These tonp ce ures have bee
demonstrated f0 give concordant results even wit Irqht ubrrcatrng
mdrfatrngn that both methods probably give acgurae results to true
total sulpnur content of gas-oils. ~ The lamp method, burning more sample,
gIves greater precision,

The suIBhur content of he iso-octane used for the gfas -0il Tsolutron was
shown t0 eIess than 0 er cent ba/ the modrfred orm 0
usrng PT-GA4 P The valle ysed for ca cu(atron purposes

0002 per cent was obta ned by the turbr |metr|c procedure

Tabte Il
Comparison of Gravimetric Sulphurs Determined with “ Fast ™ and “ Slow ™ Lamps.
Solutions of Gas Qil in iso-Octane.

Sulphur found, %-wt.

2 aiohol il ST TEGANRET IR NSRS An:

s e (e BB e

Material burned.

W e Brow v o
"R o b A

i B B0t S AsEr B AR Yk A
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The uIsobtahned with thet lece. amps d the slow Iamp%grven
in Ta bI show that even with tb ur com ounds% re s
00 d agr %ment etween the resu tarn wrth both es of lamp,
nd that esup ur contents obtained are close to the known values for

e s hur cp ent of the materras burnea. It IS aIso apgarent that

T%IS very little loss of sup ur reco¥ r%/ due to the conc Htratron qf
I of the fast lamp, even when t

ur conpoundas on the wick p
d 0 bgrn 0] drg/ness and the wick 1s not cleared by the combustion
fa sulphur-free dilu

¢) Turbidimetric Procedure (Zahn).

Simultaneausly trials were made of the turbidimetric_method du e to
Zahn.Lin which the combustion Is carried out In purrfred air.  The meth d
specrfred or Workrn up th e test solutron IS sub ﬁqtrallg t? (ﬁme as th
prvenrntea end 0t paip Aver S drre ormot
amp chrmne and absorber given Yhodl nrn |s paper has since been

ado for their M of Test
|mdd/ar trrafs SM) d the method to b% |st%cton/ for the work
ut to facr tate its opera-

envrsa ed In t [ ows ur -content range
arafus ilS follows —s

tion, changes were shortly made In the a
? f g difficult to v¥]ash out |nto a
he

he yofumetric '%)e absorper w
beaker In Bre aration for Workrn g.up the so lution, So thjs was ch an?

for the I.P.T.-G.4 type of absorber, which has a drain tube at

°t1ﬁ
e chimney described by Zahn has a capacity of only about 50 ml.,
hhe amp thf Xfore hag be Inserted wrtﬁp }edexte tg n orger to
?ve It n ﬁce and the secon ahrg gr -stream tlowing, before the reserve
arrwa? xnausted.  This was therefore replaced yasp er|Cﬂ chimney
of 700 m capacrt ‘which gave a sufficient reserve of air to allow ample
trmefor Insertin e a p
Zahn’s paper s he use of a Betz- Hellrp \nstrumenéforéurbrdrt
easure ents. suc Instrument err] aval abe a Baird and Tatloc
otfo ectric tur |p|meter was successfully used n its plac
After th?se catronfs had| heen madg and.a fair num er ?f alp % ?
urtner series of trials was m? e uam solutions_of pure e
| e in_;-s0-0ctane, 0 e[]the rzitnge 0 up ondten S. %00 20-0-0050
e cent. eresu(!ts of the tria smetg IC are lven In
a Iﬁ [Tl confirmed that the tur |d|meH|c proc% urg was surtB L
urtcontents lower than those which could etermined
ravimetric proced
gbvh etbe e tHas o{ the turbidimetric. method Wee be carri d out,
it wa no Iced that a fallure to usetesreve stasof arium chloride
g y Zahn or the precipjtation 0 sup ur as arrum s hTte
resy te in occasrona erratrc [ adrngs oft e tu | imeter, also
noticed that, owing, to the different ty tur Id | eter empo ,tne
optimy volume test solutron wa prt an t at re urre the
Betz Hell pe for 3 given sensitjvit 10m ce 05 ?mg nee
%a corfespon n Increase In e volume of ?coho cerol colloid
stabilizer and In the precipitation time, hoth of which™were dou led,
becoming 20 ml. and 10 minutes, respectively.
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Tabte Il

Sulphur Contents using Turbidimetric Method Due to Zahn.
A. B. C. D. E. E. G. l.
%leﬂQH[ Weight sl yr lé\vera Exyor,
aterial 0% bUFEO, eFécatnc Sample, 0 1 e
" bu&;& v Milligr rmmes ofsulp:t’r:r u% 56
¢-Octane 000003  f- - -0 - +0-00003  -0-
‘BEEE N
ghmmes 0% R GHD BN B B O o
GOS0 BH BB O GO TR o0 1RHE
GOME's 002 B% OBE BRD LOHE rE4h OO RS
GofAes OO B OBRD B rhRS CROB O %
xR < R, B 1 T e 1

The tylpe of lamp used wasaprecurserofthe r)[/]p e specified forASTM

. The burner was carked into the la g flask nstead emg

f| ted W|th a grouna-glass joint, and great care had to be taken to avol
Ieakage ofairand sample vapour throtigh flaws in the cork

(d) Conclusions Reached in Preliminary Work.

From the results alrea(iy set out above, it w?s decided to use the turhidi-
metric procedure for all samples with a sulphur content I the range
-0001-0-005 per cent, and the, raV|metr|c rocedure for those witn"a
sulphur content above a Wrom %ey 0-02 per cent. Tpe Infervenin
range can be covered eci both procedures. T e exwtenceo
an lpper limit for the urbt |metr|c rocedure IS caused ){ opacity
of t eheaV|er remrﬁntateso barium uI hate Within limits this can be
overcome by working with less éampe or taking an aliquot Portlon
of the test “solution, but beyond a ‘certain quanfity of precipitate it IS

more accurate to make the measurement by Wweighing.

The Apparatus Finally Adopted.

The next stage in the work was to ada(otthefast burning lamp develo JJed
for orawmetrlc estlmatlons %0 that 1t could he used In an atmospher
Purl led air and be used f or oth procequres of sulphur estlmatlon
urbidimetric method wauld then no longer. suffer from the reIatlver
long t|me _spent 1n burnm the sam’ole Wh|Ie the %rawmetrlc method
V\i be improv ycar h out the combustlon in an atmosphere as
ean as that usg ort% imetric estlmﬁhons

This sectlon eals W|t the |naI form of the lamp and apparatus, the
rates of comb ustl n of various | (W]l pe[(ro eum products In the Iamp
theeffetofthesu hurcontent fthe wick, the ur|f|c tion andmea%ure-
ment the air supplied to the amps, the' amount of heat evolved from
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the Iamé)s the method of carr rntq out the blank test anij the effect of the
presence of rubber in the apparatus on the results of sulphur tests.
() Lamp.

Experience with the Zahn alppara us showed that the Iamﬁ was not
very much faster tlnant ﬁ F sampes?1 |eg aromatrc
cortent required almost the same degre ofdrutron as witn the |.P

1. I<—

Fig. 2.

LAMP FOB LIQUIDS.
é ; 78 Small. 85Large. Stmgll tL%r_ge.

: mm. mm, r]n ex lam. [{] . eXt. dlam.
TN Y ot

é% mm. : %mm, 9 lmm i dram 8 -4'mm, int. diam.
E oo domm. appio 00 mm . d 0 Skt
ﬁ 7142{§rirr¥rm 142{%mm ' M zﬂ mm. int. dram 4-9-57 mm. int. diam.

The centrgl wick tubg is rounded off to form the slight constriction at N after the

edges have nge

e t o the wic ust be |n line and there must be no constriction
attne r w he mlar

ere must b nobgeattejont

lam e pri in the Zahn Iam asses through a tube concentric

Wrtrﬁ) ewrcF nl) yo?(]ne lam tp and Is n% mrxeddrregtl with the vapour

o th agron In order to take advantage o the?reaersensrtrvrt

the r etric Proce urrf and to meas resulphur.contents — d Pto

O ﬁce £, wa? still necessar urn a mi |mum of of
%e though a smaller quantrt mpe wou(d e su |cd for
E ur one ts above 08 er cet consr ra e loss o time
rnvo ve In burning adequate quan rtreso materra
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as therefore decided to apply. the tee-piece type of Jamp to the
turbl Imetric methog W|h the)p?/lmar alrplnlject?/dpn at t,w g fimum
Fosmon In the WICk tube, the simple feé-piece gs cannot he corked
nfo a chlmne for use with Ipurl led alr, ecauset tee joint interferes
with the location of the cork. The de5| n of the lamp_ was therefore
changed to that shown as tne small t)( flamp In qu 2, 1N wh,(hghe
Prlmr alris aken through a Iasss eve concentric with fhe WICK_tu

he in ec |0n then helv\? att e roqer level t rou? a division In
the wc tube. ick tube Is made large enou% 0 accommodate
? ngths of standar? cotton sulphyr wick, this quantity belng sufficient
or the” combustion of most motor fuels at a rate of 7-8 ml.”per hour.

I|U4
1'

.5mm.+ 0.5mm.
f}\AﬁrrPx 5.0mm.

Ap :>rox.50mm.

80mm.x 10mm. hA

Primary Air
Inlet.
i
25mm.+5mmj
Sample Inlet.

leZomnr-*

+5mm. 1

Fig. 3.
BURNER FOR GASES.

v\51htly increasin the dlameter of the WICk tube to accommodate
more ? th erate of combustion of %ome VO atle fuels has been mcreased
per Ol]lr but the us% of this large amﬁ]for suC fueIs would
necessnate an enlargement of the absorbing system, so Jts use has been
restricted to the combustlon of sam;rJ]Ies of kerosine ?as oil, and of alcohol
for blank determinations, This is the large type of famp shown in Fi
T0 revent Ieaka?e of air and sample va{)our through flaws in Cork
{omts t e burner of the ?rm) and the s%mpe fIa?k are mage ilS a unit,
eonl}llv ?<rk belnrg n the ng.tupe at the side of the sample flask.
|c IS Int oduce by winding three tuyns forthg maIIer size of
g four for the Iar(r; I size round a strip of wood 180 mm, Iong
wh h-acts as a former, femoving it from the former without cutting
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rou theI san msertln the res It| six or eight lengths of wic
Rrougn %e | to e fam e fgsk A hgok enngg lece 0§
wire | ten use wnt %sampet be, en a%e WI the oo dWICk
s o “T 1. I o il 0 1 2040 st ﬁtték“’t‘é
combe% artm th each other. Wt v(alck |s then awn hac ah
tupe ang cut off suare fihny exces of wick protrudi q from the l
tube 1S Inserte |n o the ask e case o t f smaller size of [am
used W|Fsome volatile romattc sam dttL ess Wick is required—
say five lengths instead of six. ThISI eude y experience.

E | 3?5 o @iteenm.
- i | o -
ZSOO—Z%mmm f_( 9 mmn.]m'

For very volatile samtttles uch as entanes t(he ick is drawn down to
within 5 or 10 mm. of the IVISIOn nthe wick fube, and the WIC tube
above th| level Is B\/UR}] qwn a nrt e[;plece of wick.  This pl 1gns oFId
COHS\SdI ten e en?t s of wick ‘about 10 mm. ong e plug
shou not to c a|n wic

suhta le urner as samgles ,s shown P] ? consists of a
simple heat- re3|stantglas tee piéce plugged with cotton WIC

) Chtmn&}/ fheat evolved from these | fficient t

u of heat evolved from these lam swassu icient oev ora
thea sqb%er %Iutons and melt the ruRber tP ag h htcht e cztprgne
Wwas attached to tbe absorber.. The chimney was { ere ore modi h
fitt |ng a water-jacket to the exit tube as shown in Fig. 4.
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(c) Absorber.

Though_ the absorber specified for use with I.P.T.-G.4 was satisfactory
for use W|(§h the ? IamPs angd h|mne¥s, It was.found that the volume of
watey condensed from the products of combustion justified an increase In
Its diameter above the level of the glass beads. This increase in diameter

ABSORBER SYSTEM.

% nm g
20 mm. . mm.
40 mm. .9 mm.
230 mm., L mm.
40 mm. . mm.
G 25 mm.

gives greater fréedom from the risk of “ carry-over ™ of fluid from the
Fbsogber to the Drechsel bottle. The modified absorber is illustrated in
1. 5.

(d)_ Blank Estimations.

_For “ bI%nk estimations ” on the- air, an? rea ent?, &arallel determina-
tions can be made using alcohol to simulate the flame of the hurning
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5 L
BRRPTHE, SO o P e ol
Itap-
Fig. 6.

ELECTRICALLY HEATED ELEMENT FOR USE WITH BLANK DETERMINATIONS.

(e) Assembly.
A diagram of the assembled sulphur apparatus is shown in Fig. 7.

(f) Rates of Combustion.

VaIues for the rate of combustion of five Eetroleum Rroducs in fast
mp%are glveH r]Ta e IV, the ti tJne measured bel ﬁ tre UIred for
ec n to drynes underspurtetcnmo

f ar?e In t % to burn t B
These ra\ es of com tion were con5| ere to he su ICIG(H ast t? ena
a sultah %uap of the various materials to be burned 1n a su f|C|eH
tsgorﬁcperlo fl e 0 tewo an S0 N0 fur ther st?ps wFre fa

eas?t e rate of com TSIIOH such as X Hse of the arge size
a P or the more volati ?amples c?ulp d with the use 0 & arg
absor ng system, and the use o 0

an even larger lamp fort e ess v
samples.
g) Sulphur Content of the Wick, wick is often Qon-
denaLamJ) IS Idlrnedt 0 dr P]es as or meagured turbidi-
sume ulphur content of'the wicR wa

N
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) Table Iv. o
Rate of Burning of Various Materials in Fast Lamps.

Material. Diluent. . Timuené%rbgrln rdtreyr%ess Ay raaF

?ézrﬁpof con HPons corg?)yes#on

Nature. Volime:  Nature. - Volyme Individuals. ~Average. i out
iso-Octane. 2 nil Small %S Mgs H Mﬁs 8-2
Benzol. 20 nil Small 5 %g 2 M 7-8
Sq(s ex| rct from 20 nil Small 3 1% 3T 6-4

osine

Keshe pou) o2 Ry
Gaal R N TR AR I
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merrcaII}/h after co tiustron in the bomh, a blank determrnatron bern%;
er

made smal enqgth of irvrck Tgrs ca eto 0%89 mg. 9
f wick. lﬂ a samp were urneg1 or sulphur conte‘t
anreaser the sUlphur recovery of 001 m

tﬂ the acci enta

ustion of a ortr o tewrc wou rn rease the reported value for
he sulnhur con ent of the sa % er cent, "From t)he above
value of the sulphur content o t ewrck the quantity of wick to be burned

to produce this effect would be fi,o . The total weight of wick
ordinarily present in the type of lamp u¥rder consideration is of the order
of 0-6 g., therefore it would be necessary to burn X u’% 6 per

cent of the wrclj1 This has a Ien th of some 7 mrIIrmetrﬁs and is a far
ar er yantity than Js ch ﬁ urne mgactrce S0 trect of the

tron ofap ortrg e wick on he ulphur results obtained can
therefore be considered as berng negligible

(h) Air Purification.

Owrn to the drffrc Ity of obtarnrng lar e antities of purified air
with a egrr esu nur content, 1t ‘was decided to ren'(]ove ross rHt
urrtres rtraI |cat|on Wrthawater scru (f eter the
uantrtg arr use each | amg | lamps, Including the blank, being
“ ueStgratO ? sSHggtertneehsoa(rt]seforJ ”tt ng the air supply for the lam

v uh urifyi ir su
were trredp None of them gave aerr agne ?orble srﬁ)lph/ur content, ah)a
It seems that the efficienc ?f the metho uri |cat|on |s serious|
affecte bﬁt e nature of the sulphur odresw |ch trs ne] esSary oremov
Itwasf thaé thes gl rocedure of scrut% g e alr wrt a con-
- tinuously renewe pgy T tap-water was as e rcr nt as anly other ﬁ
cess for removrn ros contamrnatron of the alr o th e labo a(w ere
trs wark was ed out. naccount 0 rts rcrt n ssurdt
(th for haérqhn are antr ie Jarr Ehr me od Was |nany étgp

as use the work aescribed In thys paper, addition;

|t IS safe, as t here are no strong chemicals Irable to bIow out into the room
|fabreaf< e of leak a occurs

As on ny %rtral t{o d been achieved, it was necessary for alt
lamp s includi e set to c Hsume the same rruantrt
air.” When ass ssrn arr urrt from su ur hlank estrmarons trs
necessarh/ to subtract 5 e suHo ur coneht o the reagents aHd distilled
vvaterw ich is often a arge fraction of the total blank. On this account

It is also necessary that during sulphur estimations all reagents, must b
useg IH measuredrytﬁlntrt les, %dg that the tota vofume otaarstrfle water
used shouJd not be allowe }o var)y glreat from test to test.

Alrp urryrs satistactory for mgstlow s Bhurestrmﬁtrons ifthe qua W
o alr use dunng a test does not contribute more than 0-1 mg. ‘sulphur

% refrner IaboratorY ordrnar showrn %ub hur in
satisfactory H trcatron s been |eve f scrubbing the
arr wrth 95 per cent, suIB uric acid prior to further purification.
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It has been found that the supplg/ of punfled a|r available must be
motet an the a{ Jmmmum required vy)or a]m s and that the
Fun ied a|r manifol % which | |s dlstr ed to Iam s, must
ar?e enoug not to show an ap rema le drop In ressureaon its Ient
IT these ¢ nétt%ons are sattsfg the contro ot Iar%e number of | 8 E)
Presents no difficulties, but if they are not, then any adjustment made

he air supnly to one lamp will ‘effect the adjustnfent of all the others,
and the system hecomes very difficult to control.

(i) Volume of Air Consumed by the Lamps.

The sulphur lamps for use in a batch of tests are set to consume the
famevolume of air, Aconvementrate or the fast Iamg IS about 2- —25
Itres per minute gpnmar s fecond(a This 15 easily mea ured b
fitting a flow-meter at the outlet ena OF each apparatys. The error
cau?]edb measunng the discharged air instead ofthe mdom air Is shown
In the calculations Summarized in Table V, which give the Volume of air

Table V.
Theoretical Air Requirements and Meter Errors.

Burning 10 ml. per hour of the following—

thyl exa-
aFcothon. Pentane. Octane. (J-elcane. Benzene.

Total anre uired IJtrefs/ in. 09 12 14 15 15
Lo yalume ofeh alier |
meter read] Ing, ?ltres/mln 0-07 0-10 0-10 0-11 0-06

DD

theoretically required to burn 10 ml. ger hour of various substances and
the differerice between that volume and the volume of air eavm%
Bgaratus af%er water vapour, has been condensed and. carbon dioxide

orbed, The largest error in measurement calculated is 0-11 litre a
minute for hexadecane. This error is foo small to have any practical
significance during a sulphur determination.

(j) Heat Evolved by Fast Lamp and Method for Determining Blank.

The quantity of heat evolved from the fast [amp, is very high compared
with the lam prevmusl In use, and it was therefore neces ry to deter-
mtnﬁ ex en enta wh theracorrespondtng amount of heat |s reﬂuned
In t determi r] tion in order to oxidize any sulphur impurities

present In t rhe alr sug
Assumtn t] ml. of motor spirit are b%rned rber hour, the same
(i uantify eat will be evolved bt¥ the compustion of approximatel
(Z)Wraqttsocfaetacy alconol per hour or By an electric heater of a rommatel?
The lar e5|ze of fast lamps consumes almost this required quantity of
Icohol?h -55 mllh 3 and fstherefore sun"b(te forbl (hestlmqatlonsy
70-watt heater was afso prepared, but as a arge part of the heat appeared
to be lost by radiation, its size was Increaséd to 108 watts. This was
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still not quite Iar?e enougnh but no further increase was made. It was
opera[ed af a medium red

temperatures from the Iam%s \vere measured usrn%1
chrmne}/ wrthout a_water-jacket, the exit tube bern% cut off short and
sealed jnto a tee lece, S0 that a thermometer ?oul be inserted. The
determined exit aif temperatures are given In Tab

Tabte VI
Exit Air Temperatures from Chimneys.
AIcohtﬂ AI ohol |so Oct? Iectrrc
ln ater
fast amp. fast fast

Average g‘ oJrulrIrtr 19, ml/hlr :§ 1:§5 .§5 =3
',: ) r’ia'lrrlteemé)_‘ \ %Z %g } %gig
" r |na|rte p., C i
A serreﬁ of blan tjsulpht’whests was the[t carried out Si t.iltaneoirslq

Psrnq A ol hn a small fast [amp, alconol |n a large
st Jamp an a108wt ectric_heater, These test Wﬁfe carried out
plicate on two successive occasions. The element In the electric heater
was of Prchrome wire. PrevroFs tests haﬂ shown that there was no
detectable advantage In using platinum. The results given in Table VI

Table V”
Blank Determinations.

Weight of sulphur found.
Method. Batch No. #rtaetsl?

ours.” Individuals, ~Average,
mg. mg.

e @

R
L
| b

Electric heater (108 watts). 32@

show that tne av rage blank is the sam within the limit sofexperrmental
error, for all methods. A part of the lank (Drsually about 50 per cent,)

0-091
Etpays Icohol burned in small

0-099

f
t
é 0-092
f
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comes from the reagents and distilled water which are measured, and
the:re ore constant quar]tltles
rom the a 0Ve resu ts It 1S ewdent that i dt made no difference whether
eaer or f ame as used or entirely omitte enecess;tPI for a heater
orfame IS probab %da functio tenature of t J Ettbr es present at
the time of test, and it was therefore considered advisable to retain its
use. Preference was given fo the electric heater, on account of ease of

handling. ~In addition; ethyl alcohol or other low sulphur content material
would have to be tested for that impurity prior to use.

(k) Effect of Rubber Tubing and Stoppers in the Absorber.

It was considered possible that sulphur dissolved from the rubber
tublng and st?ppers used in the absorbers stem mlght have an effect on
the test results obtained w%h oW- sulg r-content™ fuels. Comﬁaratlve
determinations made W|t rubber-free apparatus demonstrated that the
quantity of sulphur absorbed from the ru ber (red rubber) was too_small
to he detected in the results.  The rubber-free apparatus was too incon-
venient to be retained for routine use.

Trial Sulphur Content Determinations with the New Apparatus.

() Methods of Test.

The methods of usm% the aRParatus for samples in the gravimetric
and turbldlmetrlc ranges are given as an appendix to this paper. The
grawm%trlc proc(e ure |samo ifi cat|on fthelnstltl}t]tesMeho |LP.T.-G.4,
while the turhi |metr|c method 1s taken from that due to Zahn.1 In
conn(f tion with the latter, the absorbh%solutlon has been chan% ed from

ofa solution of 1 per cent, of bromyne in 1 per cent, caustic sqda
fo 20 ml, ofN/4 sodlum arbonate Ten millimetres Rflger cent, romlne
In caustic soda are to the wash ngs Lrom t L % x
after the combustlon as een com ete ereason for this Cha els
that t e % dioxide ro uced urtn the combustion of the sa g
was foun e suff|(:|en to drive off aI the bromine from the absorber
solution durlng the first minute.

(b) Trials with Solutions of Gas Qil in iso-Octane.

Since evaporation of the sample takes place along the upper 30 mm.
of wick in the ast]lamp it was ne essahy to usedest s%m ples which woulg
demonstrate whether or not any of the ieavy ends of the sample remaine
unburned on |the wick. This Romt had aIread been satlsfactorll cleared
lrJTPe over a Sulphur content range up to r cent, by the ? ravimetric

thod usin the lamp shown in Fig. 1 so tfﬁ)IS new set of triafs was con-
{0 sulgh ontents IR the r[ange belo 0006 per cent, Fsm the
tur |d|metr| method and the final Torm of t g aratus.  Solutions of

as oil in 1s0-octane, prepared by diluting a mast blend, were used for
IS purpose. The sulﬁhur content of the master blend was determined
H}e rawmetrlc met od gusm %slow IamR) descrlbed at the begmnln

of this paper, th e et od having been show ? cfcurate resui

such solutions. e sulphur contents were calc ate rom the sulphur
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coptent of the master bjend (tO -1035 per cent, sulphur b?/ weight) a rl]d the
sulphurcontent.of the 1s0-octane 000033 Per cent, suPhur which was
determlned tU{bI | etncallg usmg he fast ame ;t)para
Sets 0 trla S were ” |n the |r? Eet 20 ml. o{ ? Rle
were %rne to_ dryness and followed by 2 ml. of absolute edt 51
(see Table VIIT), and In the second set e lamps were burne ryness
Tavte VIII,

Trial Sulphur Contents with Fast Burning Lam I’IC Procedure.
argeCBurneds toIBryness oIIow%d ﬁy mT E)t cohol

lB/Iatenéll sﬁ%{ We}%ht eFe&rlc Sample stjgs%le S%Lgé]é" %&’:@F Error, %.

TER T S
ot 9og)

B oM%K Y N

o R 1

! a7 R
Bce2

iso-Octane. 0-00033

+

Ditto. 0-00138
Ditto. 000243

i
isodaoscgepﬁ 0-00075 }j
ft
it

(It S T
ot OUEL RS GO G B RORE OO Myl

Qvera energorogreatmg all as elther posmve ornegatlve 50 that they shal not cancel 8888%&)

%Pl(rj]ew%yal\clvoqulwl}l\VgasthheoTamps beforwelﬁg ?{eell}&?nr}snugm?sdeeberlgglede&r.—

Table IX.

Tri SuI r Cont nts, with Fast Burnin ur |d| etric_Procedure.
%harg urned o E)ryness %ut not ko oweg]%y ér ulp ur ree Solvent.

b
i
:
]
I

Sample
Material q;ti u bu?ngeht ePecamc Sample, b1g?5< Sﬁé'@{? ' Averﬁég; Error, %.

Milligra mmes of sulphur.

Y AN LY
Qe VS B GRE BRSO S
ow.vwn BEOME BB MR OO0 g
O W R R

Qvera eerror treatlng all as either positive or negative so that they shall not cancel) 8888%[%

Th avera e error of theprst set of trials was d: 000014 ger cent, w 'ﬂ]h

wﬂa |{nu error o 8804 per cent The aver eerroro
second set of trials was ~ 0-0 percF W|thamax|mH —0-0001
per cent.  This order ofaccuracy for sulphur contents in the range 0-0003-
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0-006 gr cent, Wﬁ]consrdered to be adequate. These resylts have be%n
reported to the fifth place of decimals. For routine work there would
no Justrfrca lon for gorng beyond the fourth place.

() The Recovery of Sulphur Present as Carbon Disulphide.

It rs known that suvphur present in samples as carbon disulphide rs
not fully accounted for when tests are_carried put usrnqt e amrp pecified
for |.P-62/41 and A.S.T.M. D90-34T. A blend of ow sulphur- content
alkylate and carbon disul hrde Wa acrior rn?yupre ared and tefte
the” gravimetric me hod ith the slow lamp Tequired for I.P.-62/41 and
turbrmeéécally with the fast: (a:mf aratu

In order to prevent Ioss of CS b vaporatron rt was introduced into a
tared tlrlass ampoule with a capi rhy neck, sealed, and weighed. The
ampoule was t hen crushed bene th the surface of the_alk Iate rn a tared
flpsk which was then made up to vol um and werghe The master
blend so prepared was further diluted with alkylate™for test v\purposes
The sulphur content of the alkylate (0-0002 per cent.) was allowed for in
calculatin thesulﬂhur confent of the hlend.

The results grve in Table X show that a 100_per cent, recovery of the
CS2sulphur was achieved using the fast lamp.  The results obtairied with

Table X.
Sulphur Content of Alkylate Containing Sulphur as Carbon Disulphide.

R ,
L SRS A AR R

Slow lamp. BBJE? 0-0186 0-0229 81

Fast lamp ﬁ@ggg 0-0229 0-0229 100

the slow lamp, confirm the published figures for the low recovery of CS2
sulphur with this amp. J y

(d) The Effect of Tetraethyl Lead on Sulphur Test Results.

t had be% n noted that the presence of tet raetheyl lead in samples cirused
the results o tarned for total squhurcontenttob too low for high sulphur
contents and too high with very low suIP ur contents workrng wrth fast
or sIow lamps, gravimetric or t urbrdrmet IC Proce ure.
ttemgt was mﬁde to reduce this eror % removing #he ngater
part of the |ead from the sample b shakrng? it with one-fifth of its volume
of cold fuming hydrochloric acrd 8710 per cent, wiw). The sam Ig Was
mpnnat}rg%shed with water before being measured for ‘the sulphur deter-
A large numper of tests were made using fuels of different types to
examtne the eftect of T.ELL., 61 Y htﬂ content %er‘ng detelrp rsned
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g

1M % INdLUIOD BnHdTnSa3XM 0d3ii HI UOUH3

hefore and after the addition of lead fluid, and also after its removal by
h amd wash pr edH rglven above.

0

ese results, whic ese raphical 8and| tabular

forn]lnTaqueXI sowt pthee[#ec ft% raetH n%hesurhu‘test
results is more marked |n ecas oftests carr% out with the ast

;Jé%” e Ehrafﬂe 38e“¥coamepby Wakhing (16 Teat out of the SaopleSui ‘WZ&
urw] ea B?Cge(s)lrrlecsat%l thank the Directors of The Anglo-Iranian Qil Co.,
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Table XI.
Effect of T.E.L. on Total Sulphur Determinations.
Average
Clear Lamp dem et '”(\{fcﬁ O o
sample. hpqulgge%r used. Mass &l .cS;oJA)nF%\;evrlitr fror
A Clear Fast 5 Turbidimetric - nii
Leaded é%s\\:vtv 16 gggé% 100” ﬁ{ﬁ
Deleaded 'éast é - ni
B Clear East , - % +0%|0
L eaded éggsx 3 gaaa +009000@§
Deleaded éast - ? nil
Clear st - %ﬂ ) _i
- R
Deleaded ast - -0-
D Clear Eflosvb 3 Gravimetric gﬁgi n%
ECI: P
E Clear Eflosvb % E%QS -0-0%15
g : 008
N MR BB ol

* Sulghur c%nt?nt of cIeFr sam%Ie in fas# Iamg1 taken.as correct for turbidimetric
estimations and clear sample in slow lamp Tor gravimetric.

Ltd., for permission to P,ubli h this Eaper and Dr. D. A. Howes for the
encouragement given dufing the course of the work.

Reference.
1V. Zahn, Industrial and Engineering Chemistry, 1937, o, 543.

APPENDIX.

THE USE OF THE APPARATUS FOR SULPHUR CONTENTS BY THE
TURBIDIMETRIC AND GRAVIMETRIC METHODS.

The manner of using the aPparatus and working up. the test solutions by
Braar\ébrpaer}nsc and turbidimetric procedures is summarized in the following
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Quantity of Sample and Choice of Method.

f the sulphur content of the materral being examined is less than
0005 er ent, werrt 1t s esrra(?lb rn a minimum of 20 ml. of
sample, ~ The test solution obtajne ywas Ing qut the apgaratus at the
end oft e combustron IS worked ug by the turbidimetric met

If the suI ur content N a ove 0-005 Rer cent, and less than about
002 er cen quuantrtlyo sam e burned can %e reduced, It desired,
to ahout 1% the test solution worked UP either the turbrdr
metric_ or the gravrmetrrc proceaure. |f the bidimetric procedure is
%esgtjsolltut%?ry necessary to work with ony an aliquot portion of the

With sul h r contents above O(i Per cent. it is usual fo burn &0 ml.
of sa P Work p the test solutjon byt e oravrmetrr etho

lg;as olls r}oé font rnrnﬂ apo/recraFe quantities of asB %trc material
can be urned olatile solvent ?f low sulphur content.
rg Htetro eum drstr ates oraIkyIates ar]e preferable t acoh IS as S0 vens

rﬂet‘t g gu{%(isrecmar ¢ advantgge of 1

£ a rnet od over the
noticeable with % dE RW sulpnur content
ena gb

ng mMore sam urn a higher or erofaccurac
to be tarnﬁrj an Is L%) gsr%e Wlt?t a Pg

om ? conventrona Size.
order notté) lood the, wi kwrlth undrlutedn%]as the drnen IS meaered
In first and then asurt1 me, Sa the sample, Is weighe |tn
Gum d osré ?n in t ewrc rom S rrrt sa es o tanrng gum can
i eé“? int s Utlregctor(re asla]mpeeagv Itt trsaeeC | Yts?ttgul Ct?e 0washed |
umrn ﬁ orocworrrc acrA trﬁ lead free be ore berngi taken for sul wnur

ggbeerr |nat|on A satisfactory procedure s given In the text of thrs

Reagents.

Only analytical reagent chemicals of the best quality should be used
for prgparrngythe follogvrng reagents. R

(a)_For the Turbidimetric Method. o
The following reagents are required for the turbidimetric procedure.

N/4 aquequs sodiym carbonate solutron

Bromr e In caustic soda solution. ?er cent, tiy weight of
ro |ne rsso ved in' 1 per cent aqueous caustic soda soldtion.

Normal hxdrochl ric acld,

% er Cﬁﬁ Fqueous caustic soda solution.

P
g Ac?ho? yc rcr;I solution.  This | a soI tro P eh(oart %
vou 8 ero tr\]rvo parts vo ume alco
alcoh n)e not ean P trt H e re from r ﬁces of
undesirable impurities, mnclu gtraces gitrocarbons which cayse
a turbi |ty to be produced when the alcohol-glycerol is mixed with
tes solutio

arum crnlorrde Barium chloride crystals (BaCI22H2)) shall
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be sieved, the fraction held on 30 mesh and passing 20 mesh being

géneAcfgrs%?rum chloride solution. _ This is a normal solution of
?Jm chloride containing 200 m? of normaﬁ hygrochTorrc aclrd per

Itre
é& Standard sodrum suI hate solutions. An_agueous solution of
sodilim sulphate shall repare A convenre str n%th IS such
that 1 litre” contains 1 f'sulphur. This shall ked gravi-
metrrcaII This Tsqu |on forms a stock from Whrch drIute solutions
can be pre are or stewdardrzrn? the turbidimeter. A convenient
drIutron 15 0-02 mg. sul

FO) Djst |IIed Water drstrlled water u]sed for turhidimetric

r,u%roert]etrrrérrgaitronsmust be free from sulphate caused by “ carry

(b)_For the Gravimetric Method. o
The following reagents are required for the gravimetric procedure

1) 10 per cent, sodium carbonate squtron 100% anhydrous
sogjum carbonate dissolved in water and mad eup itre,
Bromine water. A saturated solution of bromine in distilled

2
ilute hydrochloric acid. ncentrated hydrochloric acid
dlm (?\avrlirltuman}tél ur?devooulﬂ]treoomsg?gvgr@t%arrumychlorrd crystals
(B IZ H )d(rssolve% S[r distilled wategr and magd oto 1?” y

? |caﬁor Methyl orange, B.D.H.4-5 in cato or other indi-
ca or of similar pH ran&/e

Preparation oe the Apparatus.

The ap[)aratus is assembled as shown.in Prg T,
If the turbidimetric method of test is to be employed, the absorber is
charged wrth 20 ml. of N/4 aqueous sodium carboriate solytion, and a
few drops of the sameﬁolutroqa glaced in the Drechsel bottle and made
up to about 30 ml. with distil

If the gravimetric method of test IS to be em leode the absorbent |s

er cent, aqueous so%rum carhonate squtro he same volume I
use as was required for the turbidimetric procedure.

The wrck used for the lamps and_for the gas burners is of the same tr{
arr qua |tY as that soecrfred for LP62/41 The method of inserting it'in
t eIam sisgivenin hetexto the paper

As a sa etey r\r{\recautron when burnrng as samples, the chimney should
be surrounded with a piece of stout wirg gauze.

Lighting and Control of the Lamps.

All the Iamps are mserfed into the chrmnegs and the secondayy air is
grrnnped on to a volume of approximately 2-0 litres per minute tor each
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The coohng water is turped on,
The lamps are removed an |I% ted er bh/ one. Ifs(everal Iaﬁaps are
taken oyt at the same tlme ther excessive drop In the pres-
sure of the ur|f|ed a|r int %mamfold Thev\})nmar y alr |sturned on ust
rior to lig t| i e lamp, t e wick bein ﬁred If necessarg bﬁ' Bé”
he lamp. amp Is then’ re- mserte |n the chimney and the r
g IS roIIed down overéhe cork joint, Further ﬁqjustments are. made
g Imnechk when, required by tapping the Iamp while In position in the
It thg correct amounts of primary and secondary air have been turned
on the Iam IS not ext|n|gmshed W en mserted Intd the chimney. |f the
? eenv\})roperl}/ mmed, the flame will e unjform, resembhnga
un%en lame with'a [Uminous tip.  There Is no |ckenng
The norma #ota alr regunemen& per Iamn IS 2-0-2-5 I#tres‘mlnute
The quan |t?/ rimary air required varies with the type of fuel burnt;
it |s ener }{ a ?ut 0-3 ljtres/minute, and Ls ad{usted s% (wlve a
steady smokeless tlame which is not |er% Pfunu apour
an anmlxture [t 15 not neceésan{( talna on-luminous flame.
Volulmtehgflgmps including the are set to consume the same total
The lamp tfurne (f ryness and this is followed bg the c?mbus ion
of 2ml, o abso eet% cohol to ?onsume h P glon i erem |n
mg on th eW|c aH me)o Alternative A es m as we|
g arrHJ e aIc ash my be omitte P e eméjt}/ mI
we|g e eend of the t?st rproba ysat|s actory to burn rb
g rt of the ch ar e |n he amp, determinin (iuanut consume
loss Jn welg to th % lamp, hu ms ufficie ttn S hav bﬁn made t
ate to HSII as ef tg adoption of that proce ure with t
amlp 0se tnasarea 3/ ab ave %lv(en accuraeresu fs,
hot lg”mmetnc and tur metl ermlnatl ns ar b%lp%made
simultaneodsly, sepafate b ankssou be run for each, as the blank test
easures not ? nly the sulphur |mgurlt|es In the air use or the com-
us |on s0” sulphur 1m ur||s In rea n blank tests
t t th ts. t t
can be Qarne out ete l%y urning absolute aco o In a lam
or by using an eIectnca I¥ eated element to replace the flame. A suit-
able leme t|ss own In |g
|T the su Iﬁ Frconte as s m%e IS being detergnned It is essenglal
that the sa Pe shou? ed to the burner at™a stea Xpres ure of a few
:)ncthes of water Afuctuatlng gas pressure will cause the burner to go
U

IS type of

Working up the Test Solutions—Turbidimetric Procedure.

Th% contents of tpe absorber and Drechs I am the inner surface, of
the chimney are Was ed mto(a e t er cent, bromine
|n causnc go a 011|on are a] ded fo Iowedb 15 m' norma ny dro
ch orlc TT lquid 1s t en evaporated to a vo, umeo apéorrommate

€ss., xtent o t ee aporatio Uulr
oo bamer b i o o SRR & ke
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The squtr n is then exactly neutralized with the N/I hydrochloric acid
ner Whrc an excess of3y Iu #N/I acm trs added. yta number of
samples brartéetrgg tested it 1s convenrent to add the standard acid from a

The acidified solution Is filtered cold through a retentive frIter paper
such as a 12-5-cm, Whatman No. 44, into a graduated Nessler jar and
mad eurﬁ to a standardized vojume. I a Bairdand Tatlocknphotoe ectrrc
turbrdr eter is being used, this standardized volume can conveniently be

The contents of the Nessler jar are mixed, using a stirring rod, and
transferrgd o the turbidimeter cell. 20 ml. of the alcohol- gl cerol squ
tion 1s a ded an strrred In b[y means of a rubber- trﬁned stifrin
the standar ized volume of e solution is different from 10
volume of alcohol- dlycerol solution, can be changed proportrona Arr
bubb es arealowed 0 clear, and the initial turbidit rsmeasure Droxi-
maeg/ ag the arrum chIorrde cr saIs ae added mea of a
standardized dipper, ? stirred In with the rubber- thp strrrrng ro
untl com Ietelty drssoved This usually takes about famrnute
rt is hette tos% far ize on a time such as one minyte. After the la se
of tenmrnutest na turbr ity ofthetest solution Is measured. Before
reading the turbidity. rnrtr% or final) 1t 15 necessary to examine the ?rdes
of the gst cell. Tf air bubbles are found the%must eremoved IT the
standardized volume of test solution 1s less than 100 ml. before addjn
the alcohol- %cherol solution, 11 shorter trme can be allowed bef?re re?drn
he final furbidity. 1t the volume is 50 ml., five minutes usually suffices’
If the vqume |sgreater than 100 ml, a on jer trme IS Necessary.

The dto sul ﬁrecrprt%ted as arrtﬁm su pnate rsd educed from
the caljbration curv oft e turhl rmeer The weight of sulphur present
In th? bIan IS subtracted Iprrorto calculatin tesulphur content of the
sam hernercentageo sulphyr found in t esamBIe IS rrporte to the
earest unit In the Lourt Iaie of decimals ug 0.0-0099 per cent, and to
t enearestunrt in the third place fordreater phur contents

IT eltutrbrdrmeter IS calcibratted aﬁ fo IIows 15énl of the stantdardlacrd
sa solution are measured Into a Nessler jar, and an appropriate volume

f the st ndard sogrum sulphate a? |onjrs Fdded T%% V\Phoe IS, made
ULP with distilled water to the stan ardrzed volume chosen for use with the
turbi rmeter transterred to the t urbrdrmetercell aIcoh?I glycerol is added
the turbr |tly measured. he standardizing solution Is then pre-
cr itated with barium chloride and the turbidity again measured foIIowrng
the r%cedure used for the test solutions.. A blan deéermrnatrdn IS made
with the reagents and distilled water without any addition of standard
sodrum sul ate draLPh IS then greﬂared showing the change ?f tur-
bIdity agal stwerghto [phur. ra deO 1-00 mg, is usually sufficient.
It should be possible to read thegraphto he nearest0-001 mg. sulphur.

Working up the Test Solutions—Gravimetric Procedure.
The contents of the absorber and Drechsel and the |nner surfaci( of the

imney. are wa hed into The co tents of this rare
Wteregyrnto anot er eaker?thrst{ tration may eaccelerated By fterrng
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sol on after h |n iling), and 10 I of the bromine_ water
% y 10 ml. egdl % r%)ch rlcal area Bed to the flltrah
efl trate |s heat ed dto 0| mtg 0 Fxpe the bromine, and oP
gcator S0 utlonl add the liquid does not show an aC|d gaction,
iclent extra am IS a
10m of the barium ch orlde solution are added slowl the i Uld noé
being allowed to c%ase bol] |n during the addjtion. g.1s ¢ ntlnue
for a minimum of thirt m|nu es after thea tlon of t he banum chloride.
The con ents f the Deaker are then allowed to stand for a minimum
[% T six _hours, .an referaﬁgy overnight, after \ghlch the bariu
suti ate preC| |tate |s It red washed, and |gn|te ttsm th e usu
? tlca proced urfe he sup ur content of th sam e IS cal Citﬁ
the weight o barlum sulphate Iess t e wel arlum Su ate
obtﬁlned fr? the blank estimation. h)e ce o sug#a oun
Int esamp IS reporte tot enearestun|t| h| g C|mas
exce tlng en the su[p ur content is lger cent or "ahove, W en the
sulphur ontent is reported to the second place of decimals.



SUMMABY.

Mineral oils co Ergt ijree sul hur 0r active sulphur compounds ossesi
treme %res ure |cat|n |esn0ts n by stra egr [ rlsn%ruae

eens opment of these pro
he ormat on o Je afrlms on thepmetal suraceSpW rch prevent

Ir: tﬁ}gogf”eft S, W e#grme ron thr% sltrrf ces of stieeeltlbnalls subected toéest
Blorfertres were o serve Hsrneshuese aIs % dga sf)“arghtu?nrnerat
ubricant srmrar t? t ose tagne usrn untreate S

ke e e S gl e
m?nérghb%l curve[sar sﬁtEesquhlr e?ﬂrﬁrswor? %way iﬁre ref Pts ?Peégg/h

somewhat irregu er some confirmation of the * sulphide ayerJ t

Experimental.

Orls containing free sulphur or reactive sulphur compounds show very
t:vprca frict |on/trme curves when tested m the Four-Ball Apparatus (see
| 2 These curves mdrcate that no serzure—re metal-fo-meta
contact—occurs er these oils during test. estrng such oils bla fk
stains re fre entr‘ oduced aRoutbthe wear sgg n the test bal
ﬁﬁret'fo“ %r rma on0 s arhrd:at la erseﬁrr]rdseur egtcoryr]ratrt trrhse%e StatInS e

Accordrn%\?y, sul phrr?e fS Yrr?s were %rmed on the steel sur?aces otthe balls
for test In two ways —

&1) By heating the balls, wash%d free from oil, in malten sulphur

an removrn% the excess suIFhur ¥heatrng and quenchrng in water.
Thrs gave ve?{rrre ular c? mgso sy Rh ge.

y Was mq e oil-free Balls with dilute gca 5 per cent.) acjd,

then |mmersrn hem. In ammonium sulghrde olution, followed by

drying at 100°C. This gave a thin, but regular sulphide film

Untreated balls were first tested usrn? Penna 150 Neutral Oil as Iubrréant
The treated balls were then tested using the same oil as [ubricant. The
results are tabulated below, the short duratron (6% secs() t st—re the
Berformance during one compete revolution of the recor rng drum—
e us%d thr? 1ghou A full descr%ttron of the Four- BaII ep aratus
and "Me est 1S gven X layton, Instit utr n of Mechanical
Engineers, General Discussion on Lubrication, 1937, 2,

* Paper received 13th November, 1944,
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Discussion oe Results and Conclusions.

The results obtained, though somewhat |rrePuIar in.the case of the balls
treTted with molten sulphur,”indicate that sug films produced on the

ﬁle ld ver}/] similar results to those obt %ng from oIls contilnln%ac 1ve
sulphyr. It should be notedt at the SU\)J ela %r Imparts Joad earmq
ca amty to a straight mlnera oil and g| es a sulphur type of curve unt
f e |m IS Worn away, wear ehmgnpro uc?d on the balls"after the sulphide
ayer has been WOorn aw g/ Iy ctional forces,

t would appear, theréfore, that the deveIoPment of E.P. properties b
0|Is contalnlng active sulphur is due to the formation of sulphlde layers
on metal surfaces.
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