
9 April 1941 NRL Report No. P-1720 

NAVY DEPARTili31'T 

Report 

on 

The Solubility of Gu.ms in Hydrocarbons 

Number of Pages: 

Authorization: 

Date of Test: 

Dat2.. and Report by: 

Revised by: 

Reviewed by: 

Approved by: 

Distribution: 

ejh 

at Temperatures Ra.ribing from 

-22°F to 110°F. 

NAV1:~L P.2.SEJ..RCII LADOR .. :\TORY 
LNACOSTIL STJ:.TION 

·:'h\.SII TIJGTON, D. C • 

Text - 16 Tables - 1 

~-\7d-o 

Plates - 5 

Bul1.er. Project Orc~er 1.Jo. 29/40 of 30 June 1939. 

October - December 1939. 

Berne.rd Berger, Contract Er:'..p1oyee. 

Dan Fore, Jr., .Associate Che:,1ist. 

P. Borgstrom, Senior Chenist, Su~erintendent, 
Chernistry Division. 

H. G. Bovren, Rear .Ldr:d.ral, U.SN, Director. 

BuI.ero. (5) Distribution Unlimited 

Approved for 
Public Release 



Table of Contents 

Subject 

Introduction • • • • • • . • 
(a) Authorization 
(b) Statement of Problem ••••••.••. 
(c) Kno1rm Facts Bearing on the Problem ••• 
(d) Theoretical Considerations •• 
(e) :Narrative of Original -,fork ••..•.. 

. . . . . 

. . . . . . 

. . .. . 

. . . . . . 
. . . Preparation of r~aterials • 

Data Obtained •••••• 
(a) Discussion of Results 

. . . . 
. . . . . 

Cone lus ions . . . . . . . . . . . . . . . . . . . 
Recomnend2.tions 

ADDendices 

Procedure for Determi.riing Solubility of Guras Studied 

Method of Purification of Solvents a.nd Analyses of 
Gums Used in the Study •••••••.••... 

. . . 

1 
1 
1 
1 
l 
5 

4 

4 
15 

14 

15 

A 

B 



\ 
l 

ABSTRACT 

The solubility of experimentally prepared gums from pure compounds 
has been studied. The solubilities were determined in three hydrocarbons 
and in a blend of these compounds at temperatures ra.t12;ing from -22°F to 
110°F. The co1".l.pounds from Yihich the gums Here f onned represent unstable 
structures which r.12,y be ,resent in aviation gasoline or 1:rhich may arise · 
during oxidation in storage; the solvents vrllerein their solnbility ~-!as in­
vestigated a.re hydrocc:.rbons known to occur in aircraft fuels. 

In General, the · e,·ums derived from cyclic l1ydr ocarbons, tetralin, 
lm.onene and pinene c>.ncl 2et:iyl tert-butyl ketone gum, e:::hibited the 
greatest solubiliti8s, er,pecially e.t hizh t emperatures. 'I'r:o l:etone gums, 
acetonyln.cetone 2.nc. c;7cloh.e::anone, were the least soluble. The cor:1parative 
efficiency of the solvents ,;m.s: :wlene, a blend of x:7lene in methylcyclo­
hexane and isooct2-ne, methyl cyclohexane, and isoocto.ne. The exporm.cntal 
values for the solubility of most of the gums in the blend did not agree 
with the ones calculated on the b8.sis of the solubilities of the pure 
compounds. Decrease in temperature did not necessarily mean decreased 
solubility for although some of the gums eJdlibited great differences in 
solubility at different temperatures, the solubility of others was affected 
only slightly. 

The findings of this study have been related to the problem of gum 
contarriina tion in stored & G..s olines and engine use of ,,;urruned fuels. 



INTRODUCTION 

(a) Authorization 

1. This problem was authorized by Bureau of Aeronautics Project 
Order No. 29/40 of 50 June 1959. 

(b) Statement of Problem 

2. This report will discuss the solubility of gums formed from 
pure compounds. The solubilities were determined in hydrocarbon solvents 
at temperatures r&18ing from -22°F to 110°F. 

(c) Known Facts Bearing on tl:).e Problem 

3. The detrimental effects of oxygen on certain types of compounds 
in a e:. asoli.vie has led in this Laboratory to an investigation of the 
stability of pure compou_~ds of diverse structures under various conditions, 
The structurc:.l characteristics of some pure compounds versus their stability 
are given by Naval Research Laboratory report No. P-1527, progress report 
11 The Stability of !~cetone, Hexane, and Cyclohe~anone on Storage" included 
in Naval Rese8.rch Laboratory letter of 24 April 1939 to the Bureau of · 
Aeronautics, 2nd also in a paper by BerG;er rnd :Sostl. In these reports, 
as well as in the uork re:_,orted in the literature on the stability of 
gasolines, the solubility of gll,.'118 ls considered chiefly fror.1 the standpoint 
of the solubility in the parent substances, that is, the substances from 
which the g1.uns a!'e derived. The solubility of c;Ui-ns in various connnon 
organic solvents is 3iven in some cases but qu2.11titative studies over 
any definite ra.nge of temperature, or even at any one temperature, have 
not been made. 

4. This report deals with a quantitative investig2_tion of the 
solubility of gums obtained during previous studies on the gumming 
tendencies of pDie hydrocarbons and ketones. Three hydrocarbons, pure 
and blended with eacl1 other, v.rere used as the solvents and the studies 
conducted over a 132°F range of temperature. 

(d) Theoretical Considerations 

s. The stability of a gasoline depends largely on the constituents 
of the fuel. Although the rate of deterioration of a gasoline on storage 

·may, through a lmowledge of the stability of certain types of compounds, 
be retarded by the use of in..11ibitors (antioxidants)*, and by storage 
under optimu.~ conditions, yet lonG tin1e storage sometimes practiced by 
the NaV"IJ, and long tL'!le storage contingent on the upbuilding of stocks 
of aviation g2.soline for emergency, encourage the deterioration of gasoline; 
furthermore, conditions exist in the intake system of the motor itself 
(adequate sup~1ly of oY.yGen in intinate c::intact vrith the fuel at elevated 
temperatures) v,hich favor oxidations that me.y be accompa.i:iied by some gum 

* 1:Jhen this '..Tork vras instituted, inhibitors were not permitted in Naval 
specificc:.tions aviation 6rade gasoline. Sj_nce that time, revised 
specific2.tions permit the use of cert,2in iriJ1ibi tors to the extent of 
1 pound per 5000 gallons of fuel (A&N Specific2.tion AN-VV-F~776 and 
AN-VV-F-781). 



formation in the fuel on its pass a c;e to the cylinders. Trouble from 
this source is pro bn.bly less 2.pt ·to occur t!1an , n.1.en g2.soline already 
containing quantities of preformed e;um is used. Even though the most 
scrupulous care be exercised in procuring gu.m free gasoline of low 
gumming tendency, it may be expected that some degree of deterioration 
will take place ;;rhen the stora~~e :')eriod is long. ·1';11.ether this s toratSe 
alteration is slicht or creat is covered mainly by four factors: 

(1) The intrinsic gum forming tendencies of the gasoline. 
(2) The type and degree of inhibition of the fuel. 
(3) Storage conditions. 
(4) Time of storage. 

6. Gum deposition in engines using b2dly contaminated gasoline 
is more or less r elated to the total quantity of preformed gum per unit 
volume of fuel supplied the motor. In other words, a gasoline low in 
preformed gum will generally tend to foul engine mechanisms less than 
will a high gum fuel. Current A&l-J specific2.tions limit the quantity of 
preformed gum to a mad.mum of 6 millicrams per 100 ·cc. Such a level of 
gum usually Tiill not cause crippling deposits on engine parts between 
overhauls. In old d eteriorated fuel this 6 milligram limit may be 
considerably exceeded and can rise beyond the limits for safe operation. 
The e::-~treme level to -nich the 2,um content of a c;iven sasoline can rise 
is limited only by t he solubility of that particulc1.r gum in the fuel. 
If the source of sum be decomposition and m::idation of unstable coraponents 
of gasoline, then the quantity of gum in the gasoline ·would increase as 
the deterioration J)rocess continues until the saturation point is rez.ched; 
whereafter, gum separates from the fuel ccS a distinct phase. If, on · 
the other hond., the ori3inal G .'.lSoline is sta:)lc TTi th lovr :,;um.Bing tendency, 

· but is placed in dirty s tora::;e contaminat ed Yri th deposited gums from 
earlier b.::.tch of fc1-el, these deposited gums Trill enter the gasoline 
either until the sup,ly of predeposited guin is exhausted or the limiting 
solubility of that zum in the fuel is reached. 

7. Gum, therefore, may be present in gasoline iµ VNo physical 
st2.tes: (1) dissolved in the fuel, or (2) existing as a separate phase 
which usually lies as an oily or sticky layer bene2.th the gasoline. 
Such gum as has separated from the gasoline is relatively harmless 
in so far as en~ine operation is concerned since it can have access to 
vital engine pe..rts only if carried there by the fuel. Unless it is 
entrained in the gasoline by agitation or mixing, the only way the fur:l 
can carry the Gum is in a state of direct solution. Gasoline overlying 
separated or deposited gwn is saturated with that particular gum G.nd so, 
though undissolved material remains in the storage tank, much d · that 
which is dissolved is ultimately deposited on encine parts. Undissolved 
gum left in the stor2.ge tanks remains as a potential hazard. to contaminate 
fresh fuel ·when the tank is refilled. 

8. 'When an engine having been run on gum laden t asoline is 
examined at overh2.ul, the carburetor mechenism and cooler parts of the 
intake system will 6enerally contain sof t, sticky, resinous de::iosits. 
On the hotter surfoces, the undersides of t~e valves Bnd valve stems, 
the deposits 2i·e f ound as hard concretions; those la.tter a.re practically 
insoluble in g2.sol:ine. The sof'ter cle:)osits., on the other hand, are 
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somewhat soluble so that if the engine is shifted from a gum contamina ted 
gasoline to a gum-free one, some removal of the soft deposits may be 
expected. Uith these f acts in mind, this study rras unc'tertaken with the 
view of estimating the solubility of f)lms of knovm constitution in pure 
hydrocarbons present in aviation gasoline for the ~~1rpose of indicating 
what can be expected of various types of r, asoline 1ihen contacted ·with 
old gum deposits either in e.n engine or in. a. store.::;e system, and to 
show the relationship of r;::,.soline types to the raa::imum 2..mount of dissolved 
gum that they :may contain. 

9. This work also includes the s ohLlJility behavior of gums at 
different t emperatures for the reason t ~12.t znm s aturated fuels, vrhen 
cooled from t (rnpere.tures pr evailins c. t t he site of storage d.urinG hig,1. 
-2.ltitude fli J;ht, deposit part of tl1eir '._:;UTil content directly in the fuel 
tn...nk of the ~")l ane. These ~;urns ·,fr1ich 2.re ver y· vi s c m s liquids or solids 
at temperc1.tures below ()' F may cause trou:Jl e through blocldn.g of strainers, 
fuel lines 211d lJur::tps. Thus it is seen t !1at under t he vride ranze of 
operatinz conditions of z.ircraft, a bc.dly c;tUTu"iled c;,,.soline may foul not 
only the en ;,::: ine itself but the entire f uel system. 

10. Ls in t he previous stability st t"!.clj_es 112.de in this Laboratory, 
this investi:;ation is b ased, not on the ;Jeh2.vior of :;Tu-ns forr.1.ed from 
gasoline, but on ;urns from pure compounds of krwrm structure. Tlhereas 
the composition of the former type of resins r112.y v 2.J.7 due to the 
composition of the gs.saline e.nd 2l s o t o the conc:i t i ons u_nder which the 
gums ;'ere formed, the composition of t he lat ter "02.Y va:ry only with the 
conditions of gum f ormat ion. In this manner, by a study of gums of 
comparatively simple structures, a.n insight is gained on the general 
solubility of gums formed from difference t ypes of compounds under like 
conditions. 

11. Pure hydrocarbons representative of 6ener al types of hydro-
carbons present in liquid petroleum fuels :.md t l1emselv-es l:nmm to occur in 
aviation casoline, were used as the solvents in this study. In order 
to obtain infonn2.tion as to t he behavior of 3:ums in a rni ::ture of hydro­
carbons, t he solubility of tlle zums in a blend of defLrii te com:)osi tion 
was determined . The experimental v&l.ues f or t he solubility of the gums 
in the r:11 ,:t ure of hydroc2.rbons were COiilp2..red to values cclculated on 
the bc:.sis of )ercenta e composition, by volmne, of the blend. 

(e) Narrative of Ori ::,:inal Tlork 

12. The solubility of nine different ~-::u.ms, f our hyci.roc c1.rbons, 
four ketones , c11d £. l1yc1.roc2.rbon-ketone blend, i n thr ee pure hydroc2.rb:ms 
2..nd 2. bl end of these com.pounds, ,;;as determined at four different 
t emperatures. ~'.nm.rn volt1.mes of s .s.i;,ur2.tecl solut i ons of the gums at each 
of the four dif ferent t enperc:.tures ,rere ev2.1)ora t ed a t 110° - 120°C in 
tared ·Nei;;hin::r bott les ;:-;nd tl1e amount of 0-un per 100 cc of solvent 
c2.lculated. 

13. The da t a obt2.ined, a s given :L.'1 t 2.bub.r form '-'.nd sup~1lernented 
with c: r 2.phs., are l isted c.nd di s cu ssed i n 2. f. ol 10...-1ing section. Along vrith 
this discussion, an account of t he pr epar2:c:J,.on of the ,~ums mid also an 
explan2.tion of t he methods used in t '.1is study, are s:iven. Additional 
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information such 8.S 2. description of the purif icction and the physical 
constants of the so 1 vents, 2.re to be found in the 2.p:0endix. The results 
of the analyses of some of the gums as reported in the literature, are 
also given in this section. 

14. The determination of gum in the stat ility studies of pure 
compounds as ; iven in 112.val Research Laboratory progress r eport entitled 
11 The St2.bili ty of Acetone, He~rnne, and Cyclohez:2.none on Stora~~e 11 2nd 
in a paper by Berc,;er 8.nd Bost1 was accomplished by eva:Jorating 10 cc of 
materi2.l in a t2.rcd ~lass cUsh at 110° - 120°C. These gums were dissolved 
in acetone, t l10 solution poured in c, beaker, Emd the acetone ev2.por2.ted 
from a steam bath. Each ,rnckly analysis of t i.1e pr evious study ·,ras followed 
by a continu2.tion of this process so th?.t over e. )oriod of ti..rne large 
enough quantities of gums '.-rere collected for t '.1is study. 

15. Procedli.re. The solubility of these c ums in the hydrocarbons 
cmd blends was determined by i,repa.ring sat nrated solutions of t:1e gums 
at different selected temperatures 2.r1d analyzing these solutions for 
gum content. A more dete.iled description of this procedur e is g iven in 
Appendix A. 

DATA OBTAINED 

16. Data obt2.ined, in tabular form, and a cl.iscuss ion of results 
are given below. 
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(a) Discussion of Results 

17. The nine gums whose solubilities -v1ere studied in this 
investigation were derivates of four hydrocarbons, four ketones, mid 
one ketone-isooct,me blend. The structures of the parent hydrocarbons 
of these resins and of the solvents used in this study are given along 
v.1.th the complete results of t.1.e solubility determi..-riations :in Table I.· 
The discussion of the comparc::.tive solubilities end the relationships 
between solute 2nd solvent is based, therefore, on the data as listed 
:in this table. 

18. The gums ,;ere Dost soluble :in the 8T'OB?.tic hydroc2rbon, 
xylene. The solu:)ili t::r i.i"'l this compound ,:as so TIR".Ch greater th8.n in 
the oth8rs tl1r.t in the blend, i;rl1ich contained 25;~ ::ylene by volume, 
most of the ;:;uxn.s dissolved more readily thEm in either methyl cycle­
hexane or isooctnne. The solids, with the exception of the one 
derived from acetonylacetone, e:;:hibited 2. esreater solu.:ri.lity in the 
hydroaromatic (methyl cyclohexane) than in the aliphatic hydrocarbon 
(isooctane) at ll0°F. At the lowest temperature, -22°F, pinene as well 
as acetonylacetone gu.7TI. ~·ms more soluble :in the latter than in the former 
liquid. 

19. Since a closer relationship exi,)ts between the structures 
of tetralin md xylene than beti.,een eny of the at.her compounds and this 
solvent, the gum formed fron this hydroarome:cic hydroc2.rbon rras r.mch 
more soluble, especially at the higher temper2.tures, than the other gums, 
Limonene and pinene gums, the ;:,a.rent substances of TT~u.ch are cyclic hut 
more saturated thon the aromatic solvent, dissolved nore readily than 
those gums formed from compounds unrelated in structure to x-Jlene. The 
comparative s olu bili ties of the gums in Jo..-ylene a.re: tetralin) limonene) 
pinene) methyl tert-butyl ketone> r1ethyl isopropyl ketone blend> 
diallyl> cyclohexcmone> acetonylacetone. 

20. In the hydroaron1?.tic solvent, methyl cyclohexane, the gums 
derived from cyclic l-1ydroc:::irbons, li.J:1.onene 2.nd ~)inene, were most soluble. 
Although methyl fort-butyl ketone differs in structure from the solvent, 
the gum formed i'rom it dissolved more reac:ily than some of the gums ,rith 
structures more related to methyl cyclohex2ne. The comparative solubilities 
of the SU...'111.S in methyl cyclohex211e are: limonene> pii7.ene.> methyl tert­
butyl ketone> tetr2.lin> diallyl> methyl iso)ro;,:iyl ketone> methyl iso­
propyl ketone blend> acetonylacetone> cyclohex2.none. 

21. The h~•c'\roc.s.rbon cums, the l:etone-isooct2.ne blend included, 
were more soluble in isooct.:::.ne than tl1e ketone ~- The rosins derived 
from the cyclic hydrocarbons c!iss olved more readily than di2..llyl gum, 
although dia.llyl itself is more similar in structure to the 2.liphatic 
solvent.. The conpar2.tive- solubilities of tc1.e gums in isooctmie a.re: 
pinene....>- limonene> diallyl> methyl isopropyl ketone blend> tetralin> 
methyl tert-butyl ketone.> acetonylacetone.> methyl isopropyl ketone. 
Cyclohexanone sum was completely :insoluble in this solvent. 

22. The experimental values obk:ined for the solubilities of 
the gums in the blend werEl, in many cases, much c.liff erent from the ones 
calculated on the b2ssis of the solubilities of the solids in the pure 
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hydrocarbons. Due to the decreased solubility of tetralin gum in xylene 
in the presence of the other solvents, this c;um -rras precipitated from a 
solution in ~~rlene by the addition of methyl cyclohexane end isooct2ne. 
on the other hand, ,mereas limonene 2nd methyl tert-butyl ketone gums 
enjoyed a 1:;reater solubility in the mixture than would be expected from 
their behavior in the pure compounds, the c2.lcul2.ted vclues for 2.cetonyl­
acetone End cyclohex211one were greater thnn the e:~p8ri.r-ienttl ones. In 
some cases, the solubilities of pinene, diallyl, m0thyl isopropyl ketone, 
and methyl isopropyl ketone blend gums a;~reed rd.th their behavior in the 
pure compounds; i.e., their solubilities were additive on the basis of 
the values obtained in the hydrocarbons themselves. The conpara:i:,ive 
solubilities of the gums in the blend are: limonene> pinene > methyl 
tert-butyl 1-::ctone.) tetralin.) dir.llyl) meth;rl isopropyl !·:etone blend) 
methyl isopropyl ketone> acetonylacetone) cyclohe:::-:anone. 

23. The cha.n:::;es of the solubility of the gums ~-,,.ith temperature 
are shown by Plates 1 to s. In X'Jlene, tetralin, methyl isoprop;;,,-1 ketone 
blend, and nethyl tert-butyl ketone 0,ums e;~l1ibitecl the createst decreases 
in solubilities ·v,ith lo,rered tenper2.tures. From Plate 1 it can be seen 
that a ma.:::i.m:um solubility of tetre.lin gum in ~:ylene -v:o.s reached, for all 
pr2.ctical purposes, 2.t 70°F, for at tlrn tenpere:ture i1.i ,3her thM this only 
a com.9ar.:?,tively sli=ht increase :L, solu1Jility occurred. The amounts of 
die,llyl, 2.cstonyl2.cetone, 2.nd eethyl i sopropyl k8tone gums -i:.hich 
dissolved -,-rith on incre2.se of temperature nere very small. The behaviors 
of the other resins in tM.s solvent ,rere intermediate bet'.-1een the two 
t:7pes already nentionec.. 

24. The gums derived from the cyclic :.wdrocarbons, limonene, 
pinene, ,md tetralin .s11ov:ed the greatest decrec.ses in solubilities in 
methyl cyclohex.:me with lorrered temperatures, respectively. Although 
the amounts of the other gums in this hydrocarbon varied with temperature, 
the changes Yiere slight as ccm be seen from Plate 2. 

25~ In isooct2ne most of the gums derived from the hydrocarbons, 
the blend included, shoned the greatest decreases in solubilities with 
decreased terapere.tures. Plate 3 s ho1;rs the ci12.n2;es of the solubility of 
the solutes in the aliph2.tic solvent with temperature. 

26. The greatest differences in the solubilities in the blend 
at different temperatures ,:ere sho,m by tetra1in, linonene, and methyl 
isopro!.)Yl l:ctone Md its blend. The soluJili ty of the otl1er resins 
varied too, ::mt the chan6es -;,ere graclu2.l c·nd less ~,ronou.."'1.ced tllan the 
ones nentioned a1Jove. Plates 4 and 5 show the ch2n; es of the solubility 
of the gums in the blenc1. -;;ri t..11. ten:,x~rc.ture on th e be.sis of the experi.rrlenfa.l 
2nd c2.lcul2.tec''. v2lues. 

CONCLU.SIOlTS 

27. The solu':Jility of nine gums derived from pure compounds of 
lmown structures, h2.ve ()een deterninod :or V'.:'.rious tern.1Jer2.tures in three 
pure hydrocc.:.rbons and in a blend of faese conpolL11ds. 

28. The co1;1p2.r2.tive order for t he 0:::·Eici ency . of the solvents Fas: 
r.rlene, the 1)le.nd, r:i.ethyl cyclohe::f,n e, 2.nd isooctarie. 
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29. In gener2.l, the gums derived from the cyclic hydrocarbons, 
tetralin, limonene, and pinene, and also methyl tert-butyl ketone gum, 
eY.hibi ted the greatest solubilities, especially at the hir-;her tempera­
tures. Trro ketone gums, acetonylacetone 2nd cyclohe::rnone, , rere the 
least soluble. 

30. The e::perii-nental values for the solubility of :,:ost of the c;ums 
in the blend of the three solvents did not a3,Tee with the ones c2-1culated 
on the b2.sis of t he solubilities in the ;::>l'.I'e cor:r'._Jounds. 

31. Decreases in temperature did not neces::;a.rily n Gan decreased 
solubility, for 2lthoush sane of the [:,llJil.S e;:l1ibitcd ::;reat c~ifferences 
in solubility at different temi)er.s.tures, the solubility of rnmy of the 
ec:ums was affected only slightly. 

52. E:;rtendin::; the findings of this work on guns of lc:10,m structures 
and pure component hydrocarbons of 2..vic:;.tion ga.soline to the behavior of 
aviation gasoline i t self, the follo-.-ring conclusions seem aclmissible: 

(a) In geners.l, the solubility of gum in 32.s01ine increases 
as the te;nper 2-ture is r2.ised c..nd decreases 2-s the tee per2.ture 
falls though, 2.s has been indicated. 2.bove, this is not always 
the c2se. Nonetheless, -rrarm gasoline c2n carry more gum into 
the motor th;m cold gasoline and warm, ~:;tu-n-beari..rJ.g gasoline, 
when cooled during hi~h altitude fli$ht, tends to deposit 
a portion of the gum load directly in the fuel tank and 
supply lines. 

(b) The s olubility of f; asoline ;um v2.ries r ith the ty-pe of 
g2.soJ.ine, 2.Tomc:. t ic fuels exh ibiti."Y:tg 2. consi derably greater 
solvent porrer for gums than fuels pr -2domin2ntly 2.liphatic 
• ' t . m• f c• n 1 1 • t t m cn a:rac ·eT. 1nere ore, arom.TL, lC 1u ::: s are suoJe c o 
greater contamination when placed in cti-rty stora~:e tcnks 
or cont2.cted with predeposited gum. ·Jhen the source of guJn 
is in the f uel itself, tha t is, 6um formed from uithin the 
fuel dnrinc; s t ora~;e, aroma.tic gasolines 2-.re c2.pable of 
r e tai ning r:iore of this gum solution t:,an c:iJ_iphatic or 
napht henic ;2.solines ilnd hence c2rry a he2.Yier ,__urn load to the 
engiri.e. 

P:2COI,lIBlTDA'I'IOITS 

33. On the b 2.sis of this investi::;£,tion, it is recommended: 

(a) That this study be extended to include e;ums fanned from 
other pure compounds such as are given in Naval Research 
Le..bor2;tory Report No. P-1527. 

(b) That this ,rnrk be e:xpimded to include studies of natural 
and artificial gums from a,riation g2.soline &nd that the 
solubility of such gums in the several current grades 
of A&N specification fuels be investigated. 
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(c) That a study be made of the solul)i1ity behavior of gums 
derived from hydrogen 1)oiling above avi2.tion GZ.Soline in 
the r rmge of the 11 safetyn fuels. 

-16,.,. 
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APPENDIX A 

PROCEDURE FOR DETER!.ITNING SOLUBILITY OF G1P..JS STUDIED 

1. llany of the gums collected, as described in the body of the 
report, were semi-solids end as such could not be used for solubility 
determinations. These semi-solids , rere converted to solids by dissolving 
the gums in acetone, evaporating the acetone on a steam bath in a current 
of air, ond if necessa..ry, placing the gums in an oven at 110° - 120°C 
for 2 to 5 hours. The gums ·were then scraped from the beakers and ground 
to fine }.')OYrders. In this condition they ...--.rere used in this study. 

Description of Procedure2 

2. The solubility of a gum in a hydrocc.rbon was based on the 
fonnation of a s z.turated solution and t h en the analysis of the liquid 
phase for solid material. The production of a s c.turated solution was 
carried out i..r1 an eisht inch test tube equip;_:ied ,:ith a :;;lass screw 
stirrer o~er~ted 0y 2n electric motor. L small quantity of the eum 
vms added to the solvent iI1 e. tube im.inersed :in a constc>nt temperature 
bath until some of the solid r enained undissolved. After the solution 
.-;as stirred f or 3 t o 4 hours, the stirrer ,ms re~oved from the tube 
ru1d the latter closed 17ith a cork, the solubility tube ffiesnwhile 
kept in the t hermostat. 

5. After the solid hr..d subsided, five cc of t h e solution were 
transferred to a tcred weighing bottle by means of a pipette, the end 
of Tmich was securely wrapped with filter paper to guard against the 
entrance of solid particles. The amount of solid in solution was 
determined by evaporation in an oven at 110° - 120°C and bringing the 
residue to constnnt weight. 

4. To the solution a further quantity of the gum vras added and 
stirr:ing continued f or e.nother period of 1 to 2 hours. The conposition 
of the solution was determined again. -,Then two consecutive determ.in2.tions 
showed that the concentration of the solution was const ant, these 
results were avera:::;ed and expressed in milligrams of ::;um per 100 cc of 
solvent. The volu_rn.e occupied by the gum ·was ner:;ligible in comparison 
·to that of t.'1.e hyclroce.rbon. 

Ap) endix A, page 1. 



APPENDIX B 

METHOD OF PURIFICATION OF SOLVENTS AND 
ANALYSES OF GUUS USED IN THE STUDY 

1.. Presented in this section is a description of the method of 
purification of tl1e hydrocarbon solvents, the physical const.:mts of these 
compounds as determined e..~perimentally and compared to the values as 
reported in the literature, and the results of the analyses of some 
of the gums used in this study as also given in the literature. 

Purification of 11aterie.ls 

2. Xylene, methyl cyclohexane, and isood,::me were purified 
by the followLrig trer,t:rnent. Two gallon sar:ples of the hydrocarbons 
v,ere stirred vigorously over e. period of 6 to 8 hours vd.th fuming 
sulfuric acid. T'ne hydrocarbon layers were w2.shed successively with 
a 40% sodium hyclro::dde solution end then t ~,n.ce nith water. The resulting 
materials, ,rhich in the cases of isooct.~ne e.nd methyl cyclohe:~ . .:.ne gave 
neg.:i.tive tests for unsz.t-uration, v1ere dried first over ce.lcium chloride and 
then over sodium. The hydrocarbons were fractionally distilled in a 
three and one-half foot silvered ve.cuum-jac;:eted column. The boiling 
points and the refractive indices are listed in Table A. 

3. Table B contains the results of the gum analyses as given 
in the literature. 

Appendix B, page 1. 



Table A 

Physical Constants of Hydrocarbons 

Boiling Point; 76 Omrn/corr. Refractive Index 2 d line 
Value from Determined Value from 

Name Determined Literature at 20°c Literature 

Isooctane 99.5-100.2 99.3 (3) * . 1.3911 l.39l.6 (3) -i:-

at 20°c 

Methyl 100.5-100.4 100.8 (4) 1.4250 1.4235 (4) 
eye lohex3Il e at 20°c 

101.0 (5) 1,.4254 (5) 
at .20°C 

Xylene ➔P.:- 138.7-1'11.0 1.4951 

ortho 145.66 (6) 1.50777 (6) 
at 15.5°C 

meta 139.00 (6) 1.49962 (6) 
at 14.8°C 

para 138.50 (6) 1.49734 (6) 
at 16.2°c 

* Liter2.ture reference; see Bibliography. 

~ Xylene consisted of 1nL~ture of ortho, neta, and para isomers. 

Appendix B, page 2. 



Table B 

Gum Anal;fses1 

Hydro,.,. 

rl i : d · 
Holecular carbon 0:fyMh 

~ faPit "O ,% C; ;, ~ ~ rieip:ht Units Atoms 

Pinene 85-90 71492 9,51 18.77 504 3 6 

t:i.mcnene 73;;.gg 1i.i2 8,,67 20 •. 21 695 4 8 

Cyclohexerie 64.,23 9,.17 26a60 504 5 6 

Tetralin 74 . 70 6.70 18.60 415 ,). 
0 6 

Dialiyl 135--142 302 

(1) Literature reference; see Biblios;raphy,, 














