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ALUMINIUM STEARATE GELS IN LIGHT
HYDROCARBON OILS*

By ¢. M Cawley, FJ H_G. Carlile,! J. G. King,! and

. Kingman.!
Synopsis.
An. account is l%rven of the preparation Ser erties of ° gels of
aluminium stear(a In_yarigus ‘sofyents, ipclu H enzene cclorh
sene, an ects 0T 50-Ca érserg enals,

e
aC.PEI he)ggfatron ocess and g l [0 ertres re described
g é ec 0 €S, Suc iaS .oNc ? ation 9 SO& ET.ISGI’S
OIS'[UF content of soap an %n tions o (% ratrci t est il H/OJ
(h oducts was e amrne Ot rdpro ertie a%(ESCOHSI gre mc de
t ep enomenon of anomalous VISCaSIty and gmperature sensitivity

Introduction.

The Mixtures Committee, an Advisory Committee of the Petroleum
Warfare Department r?m 1940 to_ 1946, \yas concerned with the. devising,
Investl atro and deveo ment of Incendiary mixtures for use in a wide
arret unitions of War.  The committée was forme mﬁesummr
of 1940 under the or}arrmanshrp of the late Director of Fue esezir
F. S. Sinnatt.  After his death in Januar 1943, Professor Sir Alfred
E ertorl was ¢ arrm n until the omm ew s dishanded In Marh 194p.
esearch an deve ﬂpmentwor on er nt cts was arrre t y
arrous members of the commrttee eac 0 ene |t o
advice and qui ance ofthe committee asaw From 1940 to 1945, a
[east one team, and ot n two or more teams or ked dp(?ntmuousl at the
Fuel Re earcp Statron or the co émttee H addition carried out
a consr erabe amount of work directly for the Petroleum Warfare
elgar ment.

xperimental investigations concerned with the devising and stud¥ of
mcn rﬂrré dxturs o various urrtm? were carried outa fhe Station

e described In.a paper entitled “ Incendi Jy or Various

Purposes The most important work was the study of the preparation
nd rfro erties ?ffuelﬁfor flame-throwers, and in artrcular the creatro? and
evelopment o theaumrnrum tearate etr?fg s known as FRAS r]a
thr ciwer ue An accounto these ueswr e |ven In a;z)ap r entitled
Aluminium Stearate GesforUse s Flame-Thrower F e present
aper records the results of?om of the studies of the eathono alu mrehm
fearate in hy r car 0'1 oils which were made during the course of t
developmen o e fue ?
(Note ere are different oprnrons as to the erNecrse nrfrcaFce to be
attached to the terms “ % * Y en aluminium
stearae is drsgerse]d In % %/drocar on solve Igirve a free- owrp
colloidal solution, the product I1s perhaps more property termed a “ so

fZ (F"Zue\iwﬂZgg%cwgttaﬁsr)erwegépartment of Scientific and Industrial Research.
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but the term * gel " has been ysed throughout the work and the process has

always been described as * gelation.”)

Literature.

_The property of aluminium stearate of forming sols or %e s in hydrocarbon
oils 1s wed known and has found tefchnlcal aopll ation_for a“number_of
Pur 0SS, such f(s the manufacture of soaps and |ubricating greases. The
ormation of Ael les bx/lalumml,um s0aps In_organic solvents was studied in
1932 bP/ McBain and McClatchie, 3and’in 1935 Ostwald and Rieclel 4showed
that afuminium soaps in benzene solution exhibit structural viscosity, the

effect mcreasm([; with_Increase in concentration. The Iattgr workers also
drew attention To the influence of moisture in the soap in reducing viscosity

of e%el. . . .
%c of the work with aluminium stea,rzite and other aluminium soaps
has been carried out with the commercial products. . These have heen
made bg douple ,decomp?smon between aquequs solutjons of the sodium
soag and an aluminium salt, and are usually available as fine, white powders.
They are not single chemical compounds but are mixtures, containing a
gro ortion of “ free ” fatt¥ acid 3wp|ch. is readily extracted bg means, of
rganic sojvents. The Influence of this “ free ® acid in reducing the
wscosﬂly of gelsin orr%;anlc solvents has been re&_ognlzed by users.6
According to_Ejgeriberger 7a considerable difference exists between the
com osmops of aliminium stearates preﬁ]ar%d b¥ double dﬂecowgosmon n
ﬁ ueous solution, and by the reaction of the free tatty acid with ajuminium
qroxide. PreV|ousI8/ he 8 had beep unable to prepare aluminium di-
and tri-stearates. McBain and McClatchie 9 have stated that the |atter
cannot be prepared evenlnc,omPIeteI non-aqueous media, but according to
Lawrence (private communication) the preparation can be effected under
sutable conditions. In an cas?, it 15 generally supposed that the usua
commercia Product consists Of a mixture of the mong-Stearate an
di-stearate with a é)roportlon of * free ” ?tea,rlc acid.  According to Ostwald
and Riedel 4 the omﬂosmono their aluminium soaps varied from 11 to
1-6 ato,msAluperSmo atty acla. , _
A wide stud ofthelgl)re ra?}on and propertl%s ofmetgl oaps and their
elation n Xrocarbo, and other solvents has been made by Lawrence.1)
IS work on the action of ?ptlsers and ,esgemally tpe efect. of sucg
substances, as cresol and amyl alcohql in in reasmp the solubility an
Iowerlng the ,gelatlon temge ature of sodium stearate in hydrocarbon
solventS, 10(> IS, of particular Interest and Importance In connexion with
the present work. ,
ention must ?Iso be made of the great volume of work on the preparation
and proPertles of aluminium soaps Which was carried qut during the war in
the Unlted States, but is as. yet. ungubllsh d. . Close 1iaison DEtWEEN
\?vglrtlsh and American workers irf this field was maintained throughout the

Materials.

Aluminium Stearate.

An a,ccant of the developments by A, Boake, Roberts ang Co. Ltd,,
of a suitable grade of aluminium stearate for the preparation of petrol gels
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has been given elsewhere.2  The material used in the experiments described
In this paper was supplied by the Sandoz Chemical Company. It was a
granular white powder having'the following properties :

: L 45 g/ml
EﬂLélrsetgraec tent . S 10035pgr c5er?(
; eg((trac}tfggn”\]/vrtﬁ‘g(ég% aIcohoI 100 mI wrth 2gsoap) 3é ,
Pns Ble as marXIy [eﬁ o
* This corresponds to 1atom aIumlnrum to 1-5 mol acid.

The stearine used in the pre 8arat|on of the aluminium stearate was a
c?mmerézral grade containing about 50 per cent palmitic acid and 8 per cent
oleic aci

Petrol.

Petrol was used for the pr aratron of many of the gels. Except where
Eherwrse stated, the etrI s as obt ined fromasrngle consi nment
pbtained f rom the P oo Board, The etro was stored In a Sealed co alrner
In contact with on ly a [imited amou to arran Was not exoosed to 9
exce t unn (e Rre aration of the || the sam es or w c
esu ts oée per werep are urrng
ew ¥vee ; It |st ther ore rteasona totassume t t there was t
significant change n he compositio rol durin Xperim ns
nhe etroP was untwed and was Pre rom tetragmra% had the
foIIowrng propertles

Bsrt @ . .. 0-7372
0 range :

b 4
A et -
AIEJ%BE L g
PR o s e, 1
sa urat#\/ pFo“art ons g

|t|o;1
atura(! éiocar ons . . . . %
romatic gyroc hons
Peroxide vdlue actrve oxygen “gllitre petrol -012

Xylenols.

Mixed xylenols, a commerclal Produc was used as a lPe trsgr in_the
%reéparat of many of the mixt aterial wass ror?
ow T 8

icals L.td. WF ﬁ Pr an the |n %rmatron
ole ch from creyrcacr as Washe

sam e consisted of the w Istillate to pit
fl mixture of tars I’OHZ) HOI’IZOHta an

high-tem erature coal-tar |
§ oft e greater art eno
a

vertr aI re orts) after t e remov
ion 0 |n tar acrds

resq 6 %r c(e
%rs 1|n a prommate per cent at ofco ar or| In.
es mple containe traces of phenol and about 4 per ¢ nt of cresols;
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the bulk of the material copsisted of the xylenols, with a substantial
proportion of the ethyl phenols and higher homologues.

0|sture conterft, per cent o 0-4?
?pr? §[§ ¢ o 141
|stllllalt|on range : . 20
é% per'éént' boilsupto™" """ o éégo g
95 "x Ay Sy HET % °

Other Materials.
M%ng ther substances were useét as solvents and eptlser? It was not

BOSSI en the work was carried out to Use specia Iy pun led matenals
ut every care, Wdas taken to obtain the ures% ter commerua ay
gvallab An indication of the purity is JJ ven by the 0I owing physical
ata

Substance. Melting Pt, °C.  Density, df.

':rLe ((ireystalllzable). Lo — 8%;;

Ixgne0 drlesrtnlolte/d ang w%shed with sodlum bi- 08103

Eg“;?

Pt

gH Ftlc(nyléroearbons 0" C—free. from — 0-7144
0- 28 —
m_-C ressotil o 1-@50
“4-Xyleno I — 1-0208
- 4-Xyleno| . ) —
é-}g'ea |
atech I I -5 —
Joo ITﬁiltone' J —
rt?]i/ (icohf)l 112 _§%
el SR
n% 09 ?l — :
%t g[ cegoso Ve — - g
et acid . - :
yr| e _ :

Apparatus and Procedure.

The gelatlon of aluminium stearat]e in hydrocarbon solyents occurs at
temper tures above ordinary atmo \I\P eric témperature, and the method of
elation Fse In this | |nv stigation was therefore éo mlxt ec%mg nents
eans of a mec anlca operated. stirrer w p{) ay ng t from a
electnc urnace Thea aratu3|3|llustrated |n Figs, 1dn
%enera the size o the sample prepared was d% Oml. The rFqulsne
am unt of aluminj stearate;fw I Was wel % Htoazg f ar
covered as quickly as possible with 360 m| 0 % drocarbon solvent.
T e peptiser wa then weighed out and washed into the jar with the amount
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of the salvent gusu%ll about 5 mR requrred to co Epensate for Iﬁs 3/
evaporation duri etrntﬁ (When the solventwas a mixture of X
carbons of differe tvoIat |tP/ such as eHoI the compensation w s, of
?ourse not exact.) was ﬁ I position” over an electric
(pace the m(put ofthe jarbfrn?frled \Xlﬁcorkfrtted it athermometﬁr
a power rlven m| steel stirrer en In yse the stirrer normally
revove at 600 .M. The positjon of the furnace was adjusted o
that the temperature o the contents of the jar was raised at the rate of
Eermrnute
rocess of eIatron IS illustrated in Figs. 3, 4, and 5, At first, the.
action of estrr‘ p 0es a vortex in the susp ensror]qéFlp 3). but at a
pertaan fal nt/ -defined te perature an jncrease In t sc?srt ?fte
rr e ap arent, an vortex disappears leaving a levél (J uid
su face F| etem erature at which this phenomenon occurred was
record ese e}xg)errments as the “ (flatrontem eratHre
A er atron ating scontrnue S0 s to rarseé etemperatureb
ur, the rate’o eatrn e|n re uce in order to ach |evear|se
5° Crn the flrst 20 mlnute% Lt er 5° C In the sub oruent
mrnutes Durrngt IS period the gel thrc ens and cIrmbs the shart of the
strrrerpntl the strf ceo the %e |s cones ap e] rg
nace was then lowergd rom the a st|rr|n contrnueg
fora rt rlOmrnuteseretheg oIed g as remove
rom e contents transferred a3 .com Iete rnapgssrble to

in nca ottﬁe 0 ml capacit avrn n intérnal |ametero
% uthe %ot?tatthe (?e %?fthe §J ngt east 13cm. The bottle
seaed and the sam Ien ‘mally stored at la

oratory temperature for a ay

before meas%ements of viscos t¥ were mg
(Note :—The concentrations 0T soap an \ﬁ lotrsers quoted in this paper as
peerr]rt;ent%ggi Wereﬁlyvays measured on a welght/volume Dbasis [e.g., 5 per

Measurement of Viscosity.

The ap arent viscosity. of the g el was measured b observrn% the time
required for a 5/32-Inch diameter eel ball to fall 5 cnf througn t esamg .
Th resultwasdescrrbed as the  ball-drop viscosity  and was expressed In

)
He sample was contained in a Iafs tube or bgttle havrng r] internal
|arrhete{ﬁ at eaft 5 ¢cm and the :1\3 a(!owe f alt centra Y The
the sample was such that t ebaI had to fall at least 5 cm in or er
to attarn Its telr inal veloerty efore g measurement was made, and there
was always at a]st30mo gel below t eI Wer mar oft emeasured5cm
fﬁ The sample was maintaine %e required te]mlp r%ure In a
thermostatically controlled water hat t east 3 hours before the
IScosity was measured. . The viscosity was taken as t efa Vera eo three or
our determinations provrdedt agr% ment was close: |f the results varied
Scan}%% than = 1 per cent (which rarely happened ) the sample was
Ina st dy of the vrs ometr% of sogp-in Wdr?carbon fystems Wood,
Nissan an arner amination of the factors affecting viscosity
measurements by thi smet o
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Gelation Without Peptisers.

Aserie?] of gels wiﬁh differen conientrations of aluminium stearaée Wr?

made with several solvents, T eg[?]atlon temperature was recorded, a
observations of the appearance of the gels were made over a period of 3
months.
Petrol.
Table L
Gelation in Petrol without Peptisers.
Pl o WS, BREGAE THEu
g/TOm petrol. PeEeTe: cogllnﬁl. Yobserved

eak, heterogeneous gel  2-3 days
| LT

¥ﬁ|r?kt I.glrd S rease ours

Increase in the s?aE) concTnt,ratlon was accompanied by a small but
detinite  low rm? of the ge ﬁtwn tem erﬂture,; the same effect was
observed with all solvents. " T elgel,s were all white and opaque, ang were
(sjcl)svelsrggéjs at the higher concentrations that the soap was not uniformly

The mixture containing 2 per cent of soap was a weak, free-flowing gel
which agradual,l%_chan edgto g thin grease V\II)hICh showed Syneresis af?er9 2
to 3 qays. Similar phenomena were observed with all the mixtures, the
gglnsceﬁtercgt%lﬁlg more viscous and less stable with increase In soap

Light Petroleum.

The solvent used was a light petroleum of b.p. 80 to 100° C, free from
aromatic hydrocarbons.

Table Il
Gelation in Light Petroleum without Peptisers.

Cfoncentration Gelation Aopearance of gel Time after
of al, Stearate, .
gt e Rl et b

Weak gel ) ours
\T/Q}c tEnlggereTely stringy gel % 8HF§
¥ﬁr?t IC ge ours

Ick greas ours

The gels obtained were_similar to those ;t)re ared in getrol, but syneresis
occurred more ﬁaplijly. The mixtures containing 2 and 4 per cent of soap,
at first showed shight sticky and stringy properties, but these soon
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disappeared and syneresis occurred within 24 hours, By thjs time the (T;]el

oflowest concentration had ch qed to a very thin, free-flowin %r%ase and
th eremammg mixtures were white, opague (reases mcreasm ardness
ant increased soap concentratlon) and weesomew hat less rttethag
e correspond |n% mixtures In Petrol ese Tases showed marke
t |xotro and on vigorous shah the semzate nar%nd was re- abs?rbed
%Lim form thin creams. %lng ent |xtu5es were almost
e as water, but imme atel mgwas stcH)e they reverted to

non flowing greases, from WhICh solvent separated on standing.

cycZoHexane.

. The gels ve %pared in choRexane were moderatel Clear, clo%dlne?s
increasing. wit |crease ?ncentr tion. ared wit

Pre are tPetro npetro eum, tne %es |n cZohexane ere
el tlveysta le, and showe syneresis only after

Table 1.

t0 4 weeks

Gelation in CyClOHexane without Peptisers.

n Appea anc el Time after which
aﬁtont%%ntrtatlo B ten?ﬁgigtoure nﬁ)l% oﬂa]te g afge Syneresis was
cyc ohserved.

|scous I<;tr|ng el -4 weeks
ne tic e -4 WeeKs
Vr e stic e -4 WeeKs
-Ver toudn, elastic -4 Weeks
Very tough, elastic -4 weeks

The gel contalnlnq 2 per cent of soap exhibited viscous, stnngr?/dpropertles

forabout2west he wscoswthe decreased onnderablg after 3 to
eeksfhe% chan%ed foat n ot rease and syneresis occurred.
ot er gels were tou astic, an stlc temost concentrated

els opa Lée vlvlﬁne s%reda sa§p|eare tﬁ ter% a/a%ys as 1l ustrateftm |§| )

ese gr spread irregularly throughou els, er o

Week gcraclf@ )(/ie eEo ed aF the strea S an %gamezﬂ (? with clear
Icé Syneresis In eac cas saccom anied by a change (?mg reas

th o was, in general, thinner an smooth rthant ecorres on etro
pro uct.

cycloHexene. _
Gels were made with three samples of cyclohexene, as follows :
(i) Material as recelved this contained a relatively Iarge proportjon

?f ?ﬁlgsmenzed mater (ca 3 \ngﬁttzwnt ) and had a high péroxide value

active ox tre S0
|m|\ar toyiz t washed With sodium bisulphite to remove
Beromdescnvgeoxe exn*ltre solven
i Th arple

e content of the sample used was equivalent to
IS sample” was_pre ared[b washlngi the original samﬁ)le to
remoe geromdes PAS'[I Ing to remove &ngnze materia

wash mg gain to yie Producﬁhavmga er econtentequwafént
to 0-012 g-active oxygen/litre solvent
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Tabte |V,
Gelation in 0yCl0Hexene without Peptisers.

Concentra- . . .
Sample of  fign o?aﬁ Gelation ﬁ%eea ance of gel  Time after which

g e et SR Ry
cyclohexene.
(i) 5 43 Mogn rately viscous .
4 |§)| ingy,
(6) SI. ut%. eIstrlngy

; No slyne es#'s ob:
| 500,
UR S A v sl e
) 5

45 Very tough gel

The iqels were practically transparent and possessed stringy, viscous
Ero erties. C(f_m arison on'the basis of mixtures con%ammgS er cent of
oap showed little difference in. viscosity and stability” between &es
repared from samﬁles (1i). and (||R, but the unwashed cyclohexene. gave a
el which was much less viscous a dshow.e%mlore raé)ld loss ofwscosugl
n prolonged storage. ~ The @resence of |% -pailing polymerized material
thus had relatively Tittle etfect in comparison with that due to peroxide.
The effect of variation In spap concentration Wﬁs examined with the
Beromde- and_polymer-free solvent (Sample 1i1); the mjxture contalnln%
er. cent of soap showed most r%pld loss of VISCOSII}/. In the gel
co ta|n|ngfh|g soap concentrations, this phenomenon was less marked, but
the loss Of viscosity was nong the less ¢ n3|d%rable and readily seen. In

none of the gels was syneresis or structural breakdown observed over a
period of 3 months.

Benzene.
Table V.

Gelation in Benzene without Peptisers.

Cor\centration of

al, stearate, Gelation Appearance of gel Time after which
%@n@senrgﬁ tempg@ture, mﬁ)ﬁ]ec%'@ﬁ%%. aftor syeresis was
. ry thin gel - _
e g o
Xfrrr?t Ick. (e months
ost rigid, tough gel

The qels in en|zene were all water cllear aHd varied Ln consiste CPI from a
vert){]th n fluid gel to a tough elastic gel.  They were the most staple of any
é)tg raeegels pregared and Showed thé srpallest changes in viscosity during

Thge mixture contajning 2 per cent of soap was a weak free-flowing %el,
the viscosity of which gradually fell and, after 3 months, was little nigher



Fig. 1l
LABORATORY APPARATUS FOR THE PREPARATION OF GELS.

Fig.2.
LABORATORY APPARATUS SHOWING SIX SAMPLES IN COURSE OF PREPARATION.
[Crown copyright reserved.
[To face page 6.



Fig.3 Fig.4.

PREPARATION  OF ALUMINIUM PREPARATION  OF  ALUMINIUM
STEARATE GEL | BEFORE GELA- STEARATE  GEL : GELATION
TION. BEGINS.

Fig.5. Fig.6.

PREPARATION OF ALUMINIUM INCIPIENT BREAKDOWN IN UN-
STEARATE GEL: GELATION PEPTISED ALUMINIUM STEARATE
COMPLETE. GEL.

[Crown copyright reserved.



Fig. 10.

VISCOUS PLOW OF SEMI-SOLID
GEL: AFTER 2 MINUTES.

Fig. 11.
VISCOUS FLOW OF SEMI-SOLID
GEL : AFTER 30 MINUTES.

Fig.12.

VISCOUS FLOW OF SEMI-SOLID GEL :

AFTER 2 HOURS.

Fig.15.
TEMPORARY BREAKDOWN IN GEL (ON
LEFT) ON COOLING.

Fig.16.

APPEARANCE OF UNPEPTISED AND
PEPTISED GELS AFTER COOLING.

[Crown copyright reserved



Fig.18.
CAPILLARY-FLOW VISCOMETER.

Fig.2l. Fig.22.
EXPANSION OF JET ON EMERGING FROM DISPLACEMENT OF A JET OF GEL.
A NOZZLE.

[Crown copyright reserved.
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than that of the orlglnal benzene. th mcreafs m so? concentration, the
VISCoSIt oftg gel increased, and th grateo os& iscosity was mych
5e eurcgen noosgg ease In viscosity could be observed with the gél containing
|OAII the qels however fshowed structural breakdown after storage for 24
ours at atemperature C nwarmm%to room temperaf[%ge after
this treatment, syneresis occurred the two phases consisted of benzene
and a broken, grease-like translucent paste.

Summary

Iu iniym stear te was readil |sﬁersed in benzene to give water-clear
O,ﬂncrease N VISCosIty wit creaemsoaonconce tration. Thri
0od s E w\/ en store at ordinary temperature, but rapid
owe st ctura reakdown at low temperature
SrmJar results were obtained usrnq cyclohexer'e except that the Qe(J
showe 1d rate of loss of vrscos Ty particu arY en te ero S
content oft ecyﬁlohexene was h esoa was ess read hy srl)erse
In CYCO exane, the gelation tem erat re emg Ag er and the gels less

stable, . The vqelatron temperature was ghest? the %els Ieaft abIe |n
gara Inic solvents.  Gelation temperaturg, in all solvents, was lowered
N Increase |n the soap concentration,

Effect of Peptisers in Gelation.

Owing to their consi encg and str %Jctural mstablllt% aluminium stearate
rqels ore ared withqut the a drﬁrono peptisers were unsuitale orgur oses
Tree- owrn% viscous, liquids. "1t was found thatt ead It n o

relatjvely sma trtres of certam substa ces ot on enceO, |eg
the

elation tem erature and t e e consr enc 50 mo
?ne stabillt %fthe ri orceyo dd% ubst n%e an

ag? scou ro en own ver %pr 3/ |n extreme
Cases %e atlon was in |te rng letely is ther this

amount usd the

epti ctro could be controlled so asto odity the wscos 'of the
ﬂe?s as J]egl)re a ?reatl to Increase their stnl) ity These e%% cts are
ustrated oy the following results.

Gels in Petrol.
The results recor?ed in Table VI give some indication, of the nature and
ﬂ]mtu e of the e ct 0 0p rTotrsers Epetrol gels containing 5 per cent of

Inium stearate § fg ? etro
The temgerat re egg atr n varre 50 ewhat wrt]h different peptrs rs

belnﬁ lowest with mixéd x eno, The o éco 0ls possessed ‘suc
marke gePtrsm%aCtlon that only very sma Itions Were necessary to
give suitab ISCOSIt]

T he nature and stabr?rt of the gels varied reatI wrth drfferent
trsers Xylenols gave vrscous trrn strc whrch not show
structur | change on rolonge %orﬁ/ tem erature

f] rate o reductloB In the |scos g eIs eptlse e Y]v?]
owever, considerable. Ethyl cellosolve gave a viscous, stabe ge whic
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was ore tough and eIa ic than that obtameg wﬁp X Ie(r]ols* Cetyl

alcohol gave & tou el which started to own after
weeE arter abou a mont tghagv |ost aI[l trlnglness and was a t |c&
Table VI.

Effect of Peptisers on Gelation in Petrol.

. lati
Peptiser. g/lo'érr[n(iyggtrol. tempe)g%aﬂ?re COSI%%,%GOC
qgee? xe\ijenols '
0solve
fet a
gtn FFICH Fl
ho
Bk - é?
dine. . - 5 ®

?rease showing slléqht SYH&I’ESIS The gels g) %trsed with 8Ie|c acid r apid!y
ost viscosity, and acetone and er ine bot r%;ave products which ‘were
grease-like and showed syneresis Within 1 mont

Peptising Action of Phenols.

The effect of mlxed xylenols in lowerin the gelatlon temperatyre and in
Pro uc;nﬁasta le, free-flowing, viscous gel, led to a closer examination of

he action of various phenols as peptisers.

The results recorded In Table [1 for mixtures contalnln% 5 ger cent of
aluminium stearate and 1-5 per ¢ gnt of peptlser showed that th peptlsmg
Bower of dlfferent henols Vfirle considerably. . 0-Cresol and 2 - 4- an
>§ enol had a relatively weak action, whlle phenol was the most

powerful peptiser.
Table VII.
Effect of Phenols on Gelation in Petrol.
Peptiser. Gelation gegperature, at %gjl(ngnper ilhsg)?sgtgfc
P enol 8

eno
eno
eno
eno

CJFSSH
was first drawn. by Per H, G. W|I‘|ams of the Anrqlot- merican i“u(]:&

Attentio
td t0 e nfersoting properties.of ethyl Collosoe &6 & peptisar: “INest ars No
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In general, he sultsr drcated hat there was a decrease |n

o Wi eac r?rtlono amelhy ) Jroup. FW}?V It ag peare [mSIE

resence of a metny ﬁI’OU Ina OS ortho to drox group

re test |i1f|uer]ce i edueglprgt e§ \Btlsmmoew(e:gn% ercﬁal rade of mixe

¢ reative U, o least n part, {p e pres Famal
;R RoserIy also artf 8ue to tﬁ

enoswas oqu 1 é
resence of uantities of po An xamr atio
heref ore ma(% ? trsrngpac X tt etPtJee drhydrox% Heno{; g
pyrogallol, and it was 0 nd that, except for hyaroquinone, they exercrse

am r Lﬁ)eﬁtlsm effect.

T eso rtres hese thepol in petroI as so small that theg were not
suna e eptlsers when use one an e|r Fcnon was ex m|ne In
S0 utlon er cent concentratron) In_2 :4-xylenal Petro els were
Bre pared usr ? er cento soap and ftSp rcer]t ome(e (?08 1ser: the

E oportion ofhw or?rntt] tar z%cr

oncentration™o )i_h% rc pheno In'the gel was thus per cent
The results are shown In
Table VIII.
Peptising Effect of Polyhydric Phenols.
Phenol added to Gelation erature, |- Viscosit
9 f)@qenol. tegtp at Q‘Jéjat% ay se%

- W

_The gelation te erat re. w%s practrcalllpl unaffected and in.all cases a
vrs ous strrn H as 0 tame Pyro alfol was the most acérve Pe tiser

Xro quinone the least, and the’pe tlsmg power appeared to InCrease
wrth the number and proxrmrty ofthe hydroxyl groups.

Gels in Various Solvents.
tllle adriProxrmate assessment of the effect of the na ure of the scgvent
? was g le when no peptisers were em %th addition
rt)ws erm| more exact gasurements to eo VISCOSIt
an m severa solvents were re are usrng5 er cent f
soa Ia spectlve er cent- o mxeh nos cent
{ ellosolve, aréd H ent of ethyl alcohol: “the a ount o eth
a%p was made refati gsmalso that 1t would glve els of the s
e]ofvrs 0sIty as the ot Ptlsers Th? ﬁsu ts relgsr enin Ta e

I'ES gts wed Nno COnsig ent etfect of t fe olvents, on e VISC Slt
| ere %)-‘IISEI‘S Slm the E '[ISGI’S sh OW

with th R e0
same egecﬁ Jt Vents, at ou £ Visc ft e
aefgtre els showed t j

enos

eastvarhatron an thoseo ece sove ég IS

0St. Exce t for 1ts behayiour |n nzene cel oso ve sho E
eakesé ction as eviden H

at the e fect o[ peptlse s cannot
assessed from the examlnatlon o els containing only'a sing o ar itrarily-

chosen concentration.
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Table IX.
Effect of Sol.n« and Peptiscr on Gelation.

. Gelation
Solvent. Peptiser. temperature, cosrt at 85 =C
P p,e(r:l F %ay Sec.
Petrol Xylenols
[lgsove
0ho
Benzene enols
losojve
coho
cyc/oHexane leno]s
Ilqnso ve
0ho
cyc/oHexene (Sample iii) enols
il
Li gtroleum (b.p. 80- £nols
%6% (bp ?CII0 sg ve

ect o1 Loncentration ot FEpusers, e effect of Tarrin g concen-
Effect of Concentration of Pepti The effect of T gth
tratron of mrred xylenols and ceIIosoIve on the vrscosrty of g IS containing
per cent ofsg LP'“ v%rrousso lvents |S|IIustrate%|n Ig8. /

In gels peptised with mixed xylenols (Fig. 7) the effect dueto thesolvent

PEPTISrsSG AOTOS OF XYLENOLS IX DIFFERENT SOLVEXTS.

Y)vas reIatrveIY small, but in genfral 1he most viscous gels were obtained in
enzene and the least viscous gels in light petroleum.

The effect of small han([;es In the concentratron ofx le oI? was hig ﬁ@%

low concentratron?] Per cent% ?at veg e%
concentrations e%lcontarn ? Iprcento xylenols soon beca
anged to a thick grease in which syneresis occurred

mo & VIScous e}]nd ch
thin 2 mont
The lowering of the temperature of gelation, by an increase in the
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concentrat#n of x;rlenols was conmderab{%m all solvents. It was gr ?test

inth e%ara Inic salvents; an increase In the concentration of xylendls from
?5to tfer cent reguce te el mgqtemmature from 54° to 36° Cin
| rom 4 enzene.

gW Hpetro eum. and

en cellosolve was used as the peptiser (Fig. s) the nature of the solvent

a amuc reater effect on gel viscosl e eﬁ Were most wacous In

|eo{/ getroe m an gast v cous , enzene ereas this order was
ersed In gels

R eptised by mixed xy
The rate ofc ange ofwscosny W|t concentratlon of peptiser was in a

PEPTISING ACTION OF ETHYL CELLOSOLVE IN DIFFERENT SOLVENTS.

gneral ay similar to that obse ved with xylenols; with concentrlatl q
ove about 1?1 LPer cer] hhe e e?t of the, peptiser Wﬁs either negligi
or reversed. s with light petroleum ant ease in the concentrati
cellosolve up to 20 per cent (not shown In Flg 8) had no appreuable
Intluence on the viscosity of the gfe
Incrﬁaselnthe concen ratlﬁno ceIIosBIve rad very little effect in r%dti WIJ
ng tem erature the maximlm  lowering, observed wit

the
etr(%eum Was
P wer oJ eth%l alcohol was_very much qre?ter than that of
Wi

e t|5|
x Ienog rce gso ve an tI; scont Inin tP?enr Ce%nm tsga‘p Vﬁl’ lations

from 0 1t003 I[IJer cent of pep |se¥ oduce
VISCOSIty COVeri ﬁ ? art or the practical range of meflsurement
Thus, t] etrol; t (?? viscosities at 0-1 and 0-3 per-cent ot alcohol were
respectively 1400'and 105 seconds.
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Stability of Peptised Gels.

Gels pre ared in varioys solvents with 5 per cen of?oap and respectlveh{
15Per ? t of mixe x%/ Bols 15[€el’ cent of cellosolve an 0-25 per ceﬁ
of a oho Were stored at laboratory temperatures (15 to 20° C)n or3mont
ew -Jrop.” \nscosmes were measured at intervals. The results are
shown grap |ca ly n n[;

The Gels peptised with xylenols or cellosolve were structurally stable,

PEPTISI-RS.
X. XYLENOLS.
C. CELLOSOLVE
A. ALCOHOL,

GELS IN UQHT PETROLEUM

STORAGE TIME - MONTHS

Fig. 9.
EFFECTS OF SOLVENTS AND PEPTISERS ON GEL STABILITY.

but there was a radual Iowenng In viscosity when xylenols was. the
tlser There as not a large difference betwe (en the ‘results obtalned
h different solvents alt oug the saturated hydrocarbons gave gels of
the reatest V|sc03|ty stanill h
eacoho nﬁ)eptlsed els s owed a much Iower stapility. In etrol and

petroleum the visco |t|es o the els at fjrst decreased—ror 1 0 2
Weeks—and then %raéj ! he gels ﬁost tpelhlnltlal tlckg/
strlnlgg gropertles gradua ﬁ greases whig soon showed
syne 5| On the other hand ges In_the other solvents all showed

radual lowering of viscosity, the rate of change being most rapid |ncclo
Hexene and Teas? rapid in chZoh]exane ! J P y
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Ef{]ec of Concentration of Soa Aser*es of gels was prepared i ?etrol
in whic eamounto soap Was varied from 2% fo s-o per cent while. the
ratio of x eno %soap was maintained at 0-3 : L The results a{ gven
In Table showed that an increase |n the concentratton of gelling
angts e to an Increase n t ewscosng dsta ||t%0 the gels.
he viscosity of the gels aIso Increas thht econcentratlon of the soap.
With st? 12 er cent of soati) mi-solid gels \ere obtatned when the
amounto the peptiser was small (about 1 percent); when a mixed eptlser
Ienos and_cellosolve was u Fd these semi- solld %els ?how dl ttIe
e|n Viscosit overaEeno of e months.  The viscous flow of %eso

thls pe is illustrated by the photographs shown i Figs. 10, 11, and 12.

Table X,

Effect of Concentration of Aluminium Stearate.
Gel composition _ “ Ball-drop ” viscosity at 25° C after

Gelation
Alumln{um Mlxetlt tempg{:etture,

stearate,  xyleno 1 day, 1month, 2months, 3months,
01100 ml %00 m5|_ SeC: SeC. SeC. SeC.

N

Effect of Moisture-in the Soap.

Water is a powerful p rTPtlsmlg agent, and tne importance in Practlae of
matnta“t gsa constant moisture ¢ ndtent of the soap is therefore evident,
Speci aluminium ste rat? erish ?scoc Water alone maey
euse 0 produce vIscous Tree Iwmrg etro aIumtnlum stearat
ut they are unstable. Thusaq epared in petro usmg rPer cent oJ
aluminiym stearate avmgamost re content f6-3 per ¢ nt| tially ha
almost the same viscosity as.a gel made wif df» \Be cento F Tf
containing 1-5 er cento moisture an a/ aptlse er cento xyleno
Tewscosn g? e[r)]tlse with water alone, o ever, was freduced
to ab on er ent hw

MU"\)G"

Itia| value In 48h urs; (fxgose 10 aterﬂger
ture of 10°°F ( ours, tehsameg aowe (iSIS 99
contglrn{rrtga%(ylenos on the other hand, showed no measurable change after
Sl
”t‘tt owep%u gfe tising action of water is |IIusHated r%ra hically in Fig.

Bhyt eeff aryi ?mmsture contents of the aluminium steafrate og
gels%repare In petrol with 5 per cent of soap and 1-5 per cent of mixe
XylEn

t was fownd that an incre s? in th? mmstute contenhoft e so? tended
to reduce the wscosﬂly stability_of the but that the effect was
comparat||veys all, a 3ny rate for moistdre contentsu tofa th er
fentm esotetvb) eseri edletjnwm tf ngeno ls
arge In corg ahnson ith the a Fnto water.  Wiiere, ous
are required, the importance of a fow moisture content |se ent
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664
d,r%, soaPs are extremely hﬁ/grosco ic and their use_introduces practical
ai |cuI5es. ,I%was found that a moisture content of TO per cent was most
generally satisfactory In practice.

Fig. 13.
EFFECT ON GEL VISCOSITY OF MOISTURE CONTENT OF ALUMINIUM STEARATE.

Other Factors Affecting Gel Viscosity and Stability.

Effect of Temperature of Preparation of Gels.

Mixgures in Petrol were prepared by the method described, using 5-5 per
cent of aluminium stearate and 1-65 per cent of mixed xylenols, except that
the maximum temperature of mixing was varied. In each case the mixture

STORAGE TIME. WEEKS
Fig.14.
EFFECT OF TEMPERATURE OF PREPARATION ON GEL VISCOSITY.

as heated uniformly to fthe elation temperature 544° C).in 30 minutes, and
then to 50° C durlné a furthier 20 minutes. During a further 40 mlnutﬁs
heating mixtures wére heated resgectlvely to 55°,°60°, and 65° C. The

results, recorded in Fig. 14, showed that’a marked increase in viscosity
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resuIted from heatrnge dto 65° C On sto e the rate of loss of visco
|

fetrs at first rop t% els nr tehlr esttm erature, EL%

after_some | graduall sot a Pnoroac a
con |t|on 0 H]I r VISCosIty ot er x eriments vri
r\o w)e ptise es |tw s |n eneraI oun that the vrscosrt -stah

as (reate P xrmum temperature ? g(e aration was

ut 10° Cabove the ?atron temi)erature When cellosolve was used éﬁ

tepe tiser, the viscosty of the gels was much more sensitive to the sm
variations In the temperéture of greparatron

Effect of Storage Conditions.

The conce trattons of aluminium stearate and peptiser u ed in the
alre aratron the eptrseé1 gesrtor which élata are rfuo)ted |nt |s section,
ere In all casesS and %*5 er cen# resp ectrve g

Temperatu[) Althou the ssessed a hrqh degree oJ
viscosity-stanility durin stora at laboratory temperatyre, 1t was foun
th f the rate of [dwering of visc srtywa accele ted t higher temperatures,

nd that gel stabilit as often af at ver owtem er tt%res

els In”petrol, etrse wrt mrxe e/eno weres or succ?ssrve

7-0ay perio s at 8 l( spectrve att e end of each
per P J esamPIeswere transferre 0 a bath at 2% andater2da24 dt

e] Ps1cosrt at 25° Cwas measured.  The results.are recorde
Table X1, to et erwth comp rative data or asimilar é;el stored at %o
tory temdoer ure

The gels showed good viscosjty sta

at — 0 Cth decrease’ In VISCosIty” w sconsr era

genera |t was oun at aluminium stearate tro els peptised”
lenols were ver)(osta e at low temperatures, but un a

erwen Ograu
Qrﬁaser rate of Wertrlt of yiscosit asthe temperature was raise
e stabifity of a similar r§

9 el at very low température was examined in a
separate sertes ofexperrmens Samples In glass tubes were immersed in an

Table XI.

Effect of Temperature of Storage on Oel Viscosity.

“ Ball-drop " viscosity at 25° C.

torage
tempg{:a%ure, After storage for
. Initial,
SeC, 1week, 2 weeks,  3weeks, 4 weeks, 2 months,
S€C. S€C. SEC.. S€c.

@ B & & 4 4 4

alcohol bathc ed ymans ofsode rbon dioxide. Temperatures ere
measure |nt ﬁe ro eurtse nane atuerera\{\éas O\c/oeomrer(tj Was
agjﬁsted S0 thatt e de?erenoe between the temperatures ofﬁte gel ar?d the
was ne

ib
evrsco%t% ? the gel increased as the temperature was lowered. At
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temper( res down to —30° (ithe el was mo |Ie%r str t—32°
a mar ebec an e occurre all stn giness and mobi ry djeasreowe

h qe ame tougher and rub e]ry and somewhat b rtt
ten enc to acture Furt an |ncrease

er coornlg 0] —45 cause
In r| h ya brittleness, and the gel sta tg to shrink. neresrs
frrst sefved at a temperature of —45° Can ecame moreponounce as
the temperature was | wered At —64° C cracks a eared an gradually
developed throughout the At atemperature 0t —(7° C the Syneresis
had occurred to such ne tent a]the solvent ha frlled the cracks and
covered éhe surface of the ge, E earance the gel at this stage,
com are with that oftheo |g|nal geI Ilustrated in Fig.
hen the r%)e was allowed to warm up to labor torg temperature the
solvent which had seﬁarated was reabsorbed an el ‘reg allned ItS
stnngy propertres The viscosity of the gel reached a constant value after
310 dagls at (f , and showed a small“reduction from its original value,
L.e.. 225 Seconds as,_ ag arnst 245 seconas.

When an unp elptrse gie containing 5 per cent of aluminium stearate was
cqoled to 0° Cst uctura breakdown occurred r'cH)rdIy Syneresis qccurred
arter 30 minutes at this temperature and this thange proved to be
|rreversrbl Thea earance of the ?el after 3t 4 our at0° CIs 3h0wn
Rotograp icall |n ig, 16 In comparison with that of a% peptrse with

5 per cent of mixed x¥lenols after stora efor one month at — |(0 FI)

E)((ﬁosarre to Light, he vrscosrtles of the ere bse Y]ed toLI
rai) y during st raoew hen the gels were ex ose % This effect
IS Iustrate}ol y the fultsgwen In TabIeXIIforageI prepared in petrol,
peptised 1th mixed xylenols

Tabte XII.
Effect of Exposure to Light on Oel Viscosity.

“ Ball-drop " viscosity at 25° C after storage for

Stgrtage
condrtions. 1 day, sec. 1 week, sec. 3 weeks, sec. 4 weeks, sec.
b H {4 3 1%

In general this effect was more pronounced with petrols containing higher
gro ortions of nsaturatedh F]ocargons sugaesting that the formation of

g nic peroxides accelerated the reduction I viscosity. = The removal of
Pe oxides from petrols b WashrnH with sodium blt$ hite was found to
ncrease the vrscosrt stability of the gels, and the effect was more marked
with aged et[]ols in ahr{ ergxide_cont r]t. The effect of removal of
rate of lowering of the viscosity was sti e wit

|m| ar concl usrons were reached as the result of an examination of

peroxides Is shown e re agrven In Ta
Perox de remov I%Iso Increased the m”ral vrscosh of.tn %fls but thg
\Brecra g E are
\évalshg% Fe) roI Indicating that peroxides were probably not responsible
xernoIs peptised gels prepared in cyclohexene (Table XIV), but when
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Table X III.
Effect of Peroxides on Gel Viscosity.
eroxide . “ Ball-drop ” viscosity at 25° C after
Petrol. con%nt .{ac&we
0 2 gflitre). 1 day, sec. 1 week, sec. 3 weeks, sec.

1 0 i %Eg £

(e i & 8
Tabte XIV.
Effect of Peroxide Content of cycloHexene on Gel Viscosity.
Peroxide . . “ Ball-drop " viscosity at 25° C after
con eng .tactlve Peptiser.
0 2 gllitre). sm 1day sec.  1month, sec. 3 months, sec.

-] Xylenols 9
6
8%6 Cellosolve égg §§§ %gg
cellosqlve was used as the peptiser the viscosity stability of the gels was of a
much%}/gher orcer, PP y yorthe g

Size and Naturf of Container. The sarﬂples examined in the course of
Ithls work were all stored in ?Iass, aIéhouH they weréa tmOt exposed to day-

Ight except where specifically stated. as found that the presence
cgpperangﬁeag ad gﬁarge, a¥1 zmcasmaﬁYeffect in mcreasmgpthe rate oF
Tabte XV,

Effect of Size and Nature of Container on Storage Stability.

“ Ball-drop * viscosity at 25° C after
Sample. 1day,  T7days, 60days, 90days, 120 days,
SEC: SEC. SeC: SeC: Sec.

S AR I TR

reduction jn viscosity of gel peptised with'xylenols, On the other hand
Hon_a tin hag no}aeletgrloﬁspeﬁe,ct, S Ihgt In VIEW 0 tﬂ mﬂtgepc?] of
aylight, storage In iron drums or tinned-iron cans was less harmful than

sto a%e In glass. . . :

nother-observation, qften confirmed but never full¥ explained, was the1t
ges Hwalnt Ined thelr viscosjty much hetter when stored in bul S
tored in arums (5 to 50 gall ]ps czw.aﬂt}{ Iave mvagably Brov d to_he
much more. sta IF than those for whic sgts ha? een” quoted in this
paper.  This 1s Ilfustrated by results recorded Is Table XV for a sample of
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8 gaIIons of a petrol gel, peptised WI%h mlxed X enols stored in an iron
Fm In com arlson ith VISCOSItIe%(i rrna] ? Ee 30m oftEes me
%e stored In Iass e?ﬁeatersta |tyot 1ag}r%am le | mar ed

|s unfertam wheth ? IS was due to the efrec metal or to t e
relatively smaller surtace area compared with the glass-contained sample.

Properties of Aluminium Stearate Gels.

The means ba/ which the wscosﬂy and stability of aluminiym stearate
gelg be Intllencea by var mgt econantratlon of soap and the nat re

concentration of the peptiser have already been indicated. In this
section a description is given of some of the properties, of petrol gels n
which xylenols was used as the peptiser.

Anomalous Viscosity.

Petrol ?els made from aluminium stearate PBt'Sed with xylenols
suPerflmaIyr resemble the VISC%US solutlons of rubber in hdrocarbon
50 venﬁ hey also resemble these so utlogs In showm% the ert¥
g?grr]n% r(_JUS V|sc03|ty, e apparent viscosity decreasing with inc ea Ing Tate

ThIS &ert% was demonstrated and measured in a capillary tube
viscometer I lllustrated diagrammatically in Fig. 17; & photograph

Pressure
Gauge

Fig.17.
CAPILLARY-FLOW VISCOMETER.

of the actual apparatus is shown in Fig. 18, The viscometer con3|sted ofa
lendrlcal steel vessel with a conical hase into WhICh was screwed a plug
ylng]t e capillary tubg, made of steel pressure tubing 3 inches lon

1/16In nom| al bore.  The vessel was connected bg ste I;t)ressure tu mq
to a mereura/ ft e] anometer for pres ures up, to about 1 atm a did
Pressure qa e ? 9 e rPressures and through gressure aIancmg
eServojr Inder of |troqen The method of experiment was t
determine thev ume of efflux at a known pressure over a measured time,
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the apparatys h_avmgI been calibrated by use of a Newtonian fluid (a com-
mercial lubricating oil) of known viscosity. , ,

Usm?(,the, normal Poiseuille, equatiori (with the appropriate correction
for the Kinetic energY of the fluid leaving the jet and the Couette correction)
the apparent viscosity was determined as a function of the apparent rate of
shear, as determined by the formula used for Newtonian liquids.

The results obtained by this apparatus are illustrated in Fig. 19 by the
curves for three fuels of * ball-drop ™ viscosities rangm_gz from 1 fo 47
seconds.  All the fuels exhibited marked anomalous viscosity, the apparent

Fig. 19.
EFFECT OF BATE OF SHBAB ON GEE VISCOSITY.

viscosity decreasing greatly with increasing rate of shear; the limitin
value of the viscosity obtained at high rates of shear F] terminal viscosity %
ranged from 0-18 to 0-39 poises as compared with the values of 10 to 47

poises (1.8, 1to 47 seconds) obtained at low rates of shear by the “ ball-

dr?P ” meﬁ od, I
_ It was thought that the “ terminal viscosity ” might be of%reater valug
in characterizing the gels than the “ ball-drop ” visCosity, 1T was found,
however, as a résult ot a large numper of experiments with fuels of widely
different compositions and viscosities, that gels placed in a certain order
according to “ terminal viscosity ™ were, in general, placed in the same
order by “ball-drop” viscosity (Fig. 20). Since the terminal viscosity
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therefore appeared to have no special significance, it was concluded that the
simple “ ball-drop ” method would provide a reasonably adequate assess-
ment of the viscosity of the gels. , _

In the photograph of the viscometer (Fig. 18) the shape of the jet of gel

leaving the capillary tube is of particular interest. The expansion of the

Terminal Viscosity, Rjises

Fig.20.
RELATIONSHIP BETWEEN TERMINAL VISCOSITY AND “ BALL-DROP " VISCOSITY.

jet on, emer%i_ng from an orifice is characteristic of a fuel of anomalous
viscosity; this Rhe_nomenon is illustrated more clearly in Fig. 21 by the
photograph of the jet of gelled petrol being discharged from an 8-gallon
mixing vessel. The elasticity and rigidity” of the Aet are illustrated in
Fig. 2 b%/ the photograph showing how the jet could be deflected without
wetting the finger.

Tejnperature Sensitivity.

Most of the aluminium stearate gels examined had a high temperature
sensitivity—that is, the viscosity increased rapidly with fall in temperature.
The temperature sensitivity was found to increasé with increase'in the soap
concentration, but was most affected by the nature and amount of the
peptiser. In general, ?els of lower viscgsity showed a_ smaller sensitivity.

he effects ‘on the femperature sensitivity of pansmg gels in petrol
containing 5 Rer cent of aluminjum stearate with xylenols, cellosolve, and
alcohol are shown graphically in Fig. 23. Gels péptised with cellosolve
had a much greater temperature Sensitivity. than ZqSeIs peptised with
xYIenoIs, havmg_ similar “ ball-drop ” viscosities at 25° C.. ‘The use of
alcohol as a peptiser gave a greatly reduced temperature sensitivity, and as
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shown in Fig. 23, this feature was still apparent when mixtures of peptisers
were used, addition of alcoho] to_either xylenols or cellosolve resulting in a
reduced temperature sensitivity in each case.

Mechanical Stability.

Peptised .aluminium stearate %els were found to possess a very high
degree of mechanical stability, that js to say they could suffer a violent
méchanical disturbance without showing any Signs of structural breakdown

Tabte XVI.
Effect of Agitation on Oel Viscosity.

W oD

l‘né“?ll- ra(!ueo\flsclag”ydlr%pmeg fgfglilltXftS?Cstirring, SC 1
AEer minutes . . . . .. T, =
Atter "

A Eer qwouré’ e

or under%omg any aPpremabIe permanent reduction of viscosity. When
pumped by means ot a gear pump, or otherwise subjected to mechanical
disturbance, the ?els showed a small thixotropic effeCt; the viscosity was
lowered to a small extent but gradually returned to its original value during
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the course of a few hours. This effect was illustrated by the behaviour of
a sample of gel immediately after being subjected to vigorous mechanical
agitation for10 minutes by means of two-bladed stirrer"revolving at 1500
rp'm. A record of the *ball-drop * viscosity at 25° C of the gel after
agitation is given in Table XVI; values of the viscosity of a second
unstirred sample of the same gel are included for comparison.
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By W. Davey, B.Sc, Ph.D., FR.I.C.

Summary .

Certain nd jodine co oundsahow EP.p %%ertleswhen bIendﬁd

romin
in mmeraJb T er%e bromine (Pm\ﬁ % are mar superior tq t
corresRon ing chlor om oun st dine com oun sare in Fnor
f0 both brontine a 0r| ecomq_?]un prn er on he result
our mac ine

es . OH g oBen en S o romine
meTcomnn nds are reatl ovd d||on o rea t|ve
echanis act| n 0 romlne and ine. compounds
addltlves has been's own to e5|m|Iar to thato orlnec mpoun

it has been shown: d;hat certain chlorine. compounds, bIended
mineral* 0| show marke ro erties and thatzs the addifi ?
rea '[IV su urerlTﬁ) I’eCIél |}/| vsthe E.P. rop?rtles of qese r]
[orine compaun s eac Wlt iron fo form' ferrous chloride films

an te ormat (?no su? films 1s ef ﬁntlal under extreme pressure_ con-
|t|ops The addition 0 eaftlve sua}ur Improves the E.P. pro emles f
ach ?nne comPourad BX acg |tatlg formation o the ferro oride
Im, ferrous sulphi ing formed’in the reaction. ~As far as the present
E or IS awar no Informantion has eﬁ ublished on the E.P. erties

rom|ne and iodine compounds ang t resentwork?wesac m arison
et een the E.P. properties of chlarine, bromine, and jodine compounds,
Blends of ceran romine and. 10 me Co goun S, N Genmp}e Penna
150 Neutral O aveb en tested in t our [l machine, and the results
obtalne indicate é romln com ounds are superior to_chlorine com-
E)oun S as EP addrtives, wh st |o e com oun sare Inferior. In the
ase of |o ine compoynds re atlve ew €0 were tested S|nce
many of them, e.g., 10 oform carbo tetra-iod e a too low a solubility
In the 0|I oper t tiests to b

|t|on of reactive su ur |m roves the E.P. properties ofbromln
an |o ecompoun s an tesu racts in t esame nner as In t
case 0f ¢ onne compoungs. Evi enF as been 0 talne IH & }a]
|on compounds may b form the ErTou sul

%en compound an fSO 0 t g Feactl e Su[ﬁhfl’ com 0Urg
halogen co

pound,  The me Pa?g'mo%n com oundé

casgs a
an
baﬁs used to el mdate he mechanlsm of ctPo
to study the mo%e of action 0

Lp (Si romine an
ompoun § an e|r action shown to

e S|m|far
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E xperimental

10,5, and 1 per cent weight tfleniis of the bromine and iodine compounds

|n Genume Penna 150 Neutral Oil were prepared and tested in the four

% machlne the standard short duration tfst belng %sed throu%hout

The re u%s obtained are given below in tabular (f the proposed new

metho Presentat|0n4 elng used, and the results obtalned or Corres-
ponding chlorine compounds &re included for purposes of comparison.

Table I.
The E.P. Properties of Chlorine, Bromine, and lodine Compounds.

Friction-time curves.

Wear:load
mpound ar um  Type of
SronRPHcg k@%'{)m W n1< ol Sre Frgionel
ofque
0% wt bl
%Igr‘?lrgak%e?%%aﬁmwax 2 Weldingat410 D Instant Low—rapid re-
é@/ : 716gkg g covery
rominated paraffin wax 2 % ks este
OmeBEeRe JF gE EEB B Higoh@esgizure pro-
IQ@?@? ozr%rl]%eenzene es{eg {0%8 4"
ﬁ/\‘éwf/f)rg@l nzéng ] 85160 10 .
ide v J
%% ePr{%A& fodide 1 Tested t0’400 " LOV\é]—F&pId re-
Chloroform 266//1; - Olggkg Weldingat410 D > lege— irly rapid
Bromaform ) Testedto 500 D Lo —ra d re
Carbon tetrachloride 2§€/F> - %@gkg Sli hwlding D very
%{ SFB% rgrrwde 2§€/< _ %Jgkg We mgatsz% [D) Hi'geh—fairlyrapid
Tetrabromoethane 2UEZY K Testedto 400 D ng(p rapid re-
Benzyl chloride 300 Testedto 410 D " Losistant re-
Benzyl bromide 200 Testedt0 300 D Locvgm?md re-
50 wt blends o
Meotﬁvy b|oef§]|e 143 Tested to 150 D Instant Higglv?rrapid re-
M}thr%*ene di-iodide EB gles ed t B >>)> {/)y
es egky F Gé E
Eggaonr rPratcthﬁl)rlde g8/< E iﬁse ] g "
25015900 K9 9 u!“f
t%?/rp éﬁ}rab omide %8 < & B : )
Iienzyl bromide 330> 8 Tes euﬁv fo 00 D "
0,
@th blends of: 500 Testedto 300 D Instant Ver'¥n low tort “ﬁ
Methylene di-iodlde 126 Tested to 250 H'@o?rya id re-
e ;g
Eo?n (0 ef |Hgtgt 0
enzy IorLe e|8g[at 0 " y
énz gsted*to , 3
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In order Fo studx the effect of the addi t|0n of suIPhur on the EP
ﬁ]rogertles 0 broml e and Iodine com ounds, blends of 5 per cent wt of
bromine or lodjne com

ound and o-6 per cent w of sulphur were
prepared and tested. The ?esuqts obtalned are given i)eow P

Tabte Il
The Effect of Added Sulphur on the E.P. Properties of Bromine and lodine Compounds.

Wear load Maximum Friction-time curves.
mpouna or Type of

%?en% %Jes(tje% kgalmrh tesar ﬁ kg Wi Seizure F%crt(i]%r%al
wt su 333 300
%%’ Wt?t@% odide 5?’ 1§ 20

g\M UH % 400 400 C  Noseizure Low—smooth
O(ﬁ% tgu ur+5 h
wt met ylene i throughout

333 300 .

owts Ilphur+ 5%
Oé/g}tetra moetp%@/(e) 333 400 . -
ngowtsuﬁgﬂur ' % 500 400 - D Instant Loe/gilrea&m re-

wt C(iil’ on fetra- 665 400

In order to investigate the rpechanl% m of ctg?n of bJotmlne arbd IOd(IPe
compoun sasEP additives, ferrous rom|e ms and ferrous bromide-
Lerr us sulphide films were r are on fest ball ﬁpassmgd v\}( yro%en
rorﬂlgeoer 0il- rTe test nd overéé qscoate thferrous
sulphide res ective Slmlar errous lodide films were gre ared g
pr?] smgC lod |ge vapo Tover test balls and over suIBhlde -coated fest bal
ese coated test balls were then teste using Gentine Penna 150 Neutral
Ol as lubricant and the results are given below —

Table |||
Effect of Preformed Films.

Friction--time curves
Wear Ioad Maximum
Nefyre of Toad " T4pe,Of

kgaI testeg kg Frictional

Seizure torque

Eerrous Bromtde 166 200%

eprous bromde ) |

ertous todide ! W% - D Instant ~ Low—rapid

gy O|0tJ -ferrous X recovery
200

* Welding at 300.

The results of tests on chlorine compounds and reactive Sulphur in
mineral oﬁj have mélcated tnat agdltlonpcompoungs may ? Pn J
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the ferrous sulphlde film, formedb the reactive sulphur, and the chlonne
compound, and this sngﬁestlon som? extent, Peen coqlrme
the actlon o such chlorine comPoun ston ferrous sulphide films.23
similar mechanism agpears to ope ate with bromine and |od|ne com ounds
since on pass]nag lutjon of a romln or logine compound in petroleum
ether throu layer of errous su ethe romlne rio |ne m ound
ecomes]attace 0 the ferrous su |ean cannot be removed fywas
"2]9 with the sq vent |n |cat|n(t1 that the process is not done of simple

sorptlon [tish OrPe to inves gate the nature of these addition products

ra method5| the near futdr
T e ormatlon of su tPh onium salts by halo%ens and halogen compounds
|

and sulp h|des or dISU des is well known and it was tho ht th t such
com oun sml be formed from active sulphur com?oun d halogen
com oun ss owm EP roperties. Th|s has been con |rmedb tests usmd
diethyl s hlde m|ne com&)oy Diethyl sug does no
react Teadily to form aferrous sulphide film Wlth Iron surfaces, but tiecomes
active in presence of bromine” compounds. Furthermore, a blend
dlethyl sulphide and ethyl bromide ylelded a crystalline deposit of the
honium salt on cooling to 0° C. "It must be ‘pointed out th tthese
f nnoun fare not forme as) readllg }/] chloring com ounds, byt the
ation % (th sa ts m }{ e |mR rtant in the development of EP
ro ertles ends of chlorine a d su Phur compounds. ~ That such
pounds are formed appears probable In view of the enhanced E.P.
grdpelgées shown when chlorine ‘and sulphur are combined In a single
5
e results of the tests on diethyl sulphide and bromine compounds
are given below

Table |V
E.P. Properties of Diethyl Sulphide and Bromine Compounds.
Maxi- Friction-time curves
%?mpo%mttj or VYtad T4 Té/J)e.of o
este “’; 10 tested, Ve ceizure Frictional
kg rque

1% wt diethyl sulphide 119 150 D Instant  High-recover
’ yiSuip sor%ewhat t:?el%yed
+ % wt ethyl bro- .
+ 1%)Ntbronggt; gg w0 fop Instant Locvg)v—etapid re-
tetra%romlde 167 200 J Y

Discussion of Results.

The results obtained F]how the marked superiority of bromine c?mpounds
asE.P. addltlves OVer ¢ Ionne and |od|nec mPoun s, In general, bromine
compounds show a much higher wear-load at|o than the corresponding
chIoHne or iodine compoun sand impart a hlg ?r load bearing Capac

to the ol The friction-time curves obtained for bromine compounds
were excellent examples of the D type of curve, and this type of curve
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