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Uil'1.fRODUCT I 01! 

Most drying oil:3 u,;,:e(l in :protective coatings are natural estera of 

gl~tcerol and v,~,rious fS1,tty acide, some of which are unss,tu:rated. During 

recent years synthetic esters he,ve been prepa.red for use as (l.rying oils. 

Thc:,,e esters have been irrt~pts;,red from mixtu.xes of various fatt;r acids and 

p'ol;Y:b'irdrox;y alcohols, such etl'!. sorbitol, pe:nteerythritol, and dipentaerythr .... 

itol,, which conta.in more than three hydroxyl gro~s. 

In view o:f tl1e fact that the synthetic esters 1,re11ared .from alcohols 

'tihich contain more hydro3:Yl grcru-ps than does glyeer-ol havs better drying 

pro-parties than the natural drying Oils, it seemed prof'itable to extend 

the investigation of a;y"1lthetic dr-.ving oils to include the stu.dy of the 

prep&.ration and the I;roperties of synthetic drying oils ob\ai.ned by es­

terification 0£ some of the polyhydro:-i:y alcohols which he,ve not been in­

vestigated. Thh work deals Hith the J)re:para.tion of synthetic drying 

oils by the esteri:f'fogtion of polyvinyl a.lcohol and of inositol. 



RISTORI CAL 

review will include examples of vario-i;i.s methods and oon.dition.s which h~ve 

been used in J)reparing esters of fatty acids sllt'l alcohols containing more 

types of esterificati.on: 

a. Esterification of polyhydroxy alcohols with fatty acids without cat-

b. Esteri!ication of polyhydroxy alcohols with fatty acids by U$e of 

su.1:fonic .9.cid catalysts,. 

c. Esterifice.tion of :QOlyh,ydroxy alcohols with fatty acids in the 

a. msterii'ication of polyhydro::1cy alcohols with mi.hydrides of fatty 

f. Reaci;ion of polyhydroxy alcohols with alkyl esters of fatty aeid,s 

without ct1ta.lysts. 

g. Exchange est6Tification of triglycerides with polyhydroxy alcohols 

in the presence o:f' alkaline catalysts. 

h. ]htchange esterification of triglyeeri,1es by :polyhydro:xy aleohola, 

cohols .. 

j. ])$tor :formation between pol;thalitlee er holoalcohols and fatty acid 



alcol,.ol~". 

!n ao.<1ition 

by heating 

collecting the uo,ter 

uith er;rthritol in 

linoleic acid by he~ting equivalent 

e.lcohol ill,t lfsO, 200, 220, 230. and 240° for 6 

hou.rs. 

and various alcohols by di-

rect esterification of th.e 

c12:,talysts, as descri"bed. in the fol1011ing quotation: 

11From a cher.1ical standpoiri.t there e,re q_ui te ,3, number o:f di:f:i?erent 
we,yii5 of forming esters, but froB1 a practical cor:miercif:>,1 viet,, there 
are only t110 nethods which are economical enough for the U$El of the dry­
ing oil ind.u.str;r. These a.re: tHrect esterifice.tion, in other 1:11ords, 
the uniting of f,:'!.tty $>.Cicls directly 1;1:i.th ]'olyl1;vdric alcohol; and al­
co:hol:rsis, in which one a.lc:ohol replaces another to form a neu type of 
e$ter. The one most in use at :9resent is direct este:ri:f'ication i2md is 
carried out a~ follows: Theoretically equ:tvalcnt nmounts of the alco­
hol and the £att;s,- cc.cicls are }llaceci. in a. large closed vessel which is 
fitted. with a rofl·iLx: and a con.denr;or to t:thicll ~\ nource of vacu.l1m is 
attrwhec1. The aci6.s and alcohol are heated to ;9.,1:lout ).;r500 F ~ while be-
ing e.1gitated with a •ztraam o.;f i:nert gas ~~rith va.cuu.m a:ppliecl. B.e-
[cCtion t1:cJ<es 1)1aoe, water being liberated, and t2ken off through t1."'e 
cond.ensor. The reflux eervee to condense any alcohol 1:rhi.ch might v,a­
porize 11,,nd ret11r11.s it to the reaction. mizture wh:Ue o,1ing; the i,Jater 
V&J101.· to ,1ti,;c;s on into t!:ie cond.en~or to ·bo diG.carcted. The reaction 
,,:r~gres:?1e; very ra:pidl;r at f'irr,,t a1,d f,t \t500 F. the major :portion of 
the :reaction is over within e_n honr or two* as me:si:m.red 'by the ctrop :tn 
acid value. !he anO"J.nt of th:l.z dro-17i dc:1cnd.s upon the type of alcohol 
being use&. A.:f·te:r this ini ti;d l';;Joi?id. reaction, ho1.1ever, the clecroase 
in t"wict is very slow if a low fint1l acid value ~u.ch 
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as 4 or 5 is desired, heatin.g mv.st be continued :tor 6, 8i 10 or more 
hours .. n 

J oh:nson ( 24) obtained esters of sor'bi tol end vari ou..q highel!' :f1.:;.t t;;r 

acids by heating the reaction mixtures in open vessels for 3-10 hours:.- at 

te!:lpera.ture-s ranging :from 200 to 260°. 

:Berthelot (5) reported pei-or yields of the esters of glucose and su ... 

orose, obtained by heating the~e polyhydroxy compounds with fatty acids in 

sealed tubes .for 50-60 hours at ~ tem.:;,,eratu.re of 120°,,. 

Berthelot (6) abtn,ined esters of trehalase and fatty acids by heating 

the reaction mixtures in sealed tubes at a temperature of 1800. 

Rilditch and Rigg (31) obtained esters of glycol and various fatty 

acids by using phenol a.s a solvent ""nd. cami:ihor-beta-sulfonic a.cid .as a cat-

alyst. Several nms were made by heating the reaction mixture for 4 hours 

0 6Q O at temp~ratures varying from 120 to 180 . Fo.r the run~ made at 1,, -180 · t 

50-70 percent of the fatty acid had reacted after 4 hours .. 

Ciocca and Semproni (16) ssterified. higher fatty acids with glycol by 

using aromatic sulfonic a.eicl catalysts and refluxing in benzene for 4-5 

hours .. 

Xe.:f'lr..a and Walbandova (34) esterified glycol and glycerol with :fatty 

acids in the :presence of 2-na::9hthalenesulfonic acid.,. forming mono- and di-

esters. 

Ivanov e,nd Klokov (33) prepared g1ycerides of linolenic acid. oleic 

acid,. and mixtures of various tatty acdds, by heating the reugents in the 

:presence of the Ti:Jitehell :reagent for 5-7 hours at a tem:Pera..ture ef 100°. 

in a stream of carbon dioxide. 

'1',.ritehell (53) esterified glyce:rol with a mixture of :palmitic: and 

stearie acids by using na.::;ihthalenestearosuli'onie e,cid as a cataly,st and 

4.5 hours. 



Benn0tt {3) est.;;;ri:f'ied glycol, dit,thylex1e gl;;rcol and other dihyilroxy· 

alcohols vii'th fatty adds contain:i.ng mor2 than 5 C1Ei,rbo11 tlt0;;,8 by heEttin.g 

the ai cohol and aei•:.l ID'.lller p:t•cssure in the preoon,:Je of a cgtAlYi'lt such e,,.;i 

calci'rnn chloride, soclh11::, glyce:ro-9hcsph.."l;te~ borax. and sodiu!rl sulphite,· fo? 

2 hours at a tou?erature of 200°. 

Tlmr-,n.:?i:n and Cr£,n.t!all (52) Sf}teri:tiecl gl;;rcol &l'H1 (liet!:,ylene gl;veel with 

highe:r fa.tty acids by di"lselving 0.01 J;,1:irt of sodium, in 2 vol"Ull'les ef the 

a,nr.ydro,1s alcohol and one volume of' a glyeerid.e, anll boiling under reflux 

for a f ei;j minutes. 

Christensen (15) obtained the mono- and diglycerides of higher fatt7 

acids l)y heating the acid. in the presence- of an a,lkali-forming mete.1 gly­

cero:;tid.e a.t 100-220° for 1-5 hours. 

Lu.n.dsgaard {3S) esteri:fied. the fatty acids obtainecl b~r the sazionifi­

cation of sunflower-seed oil, by heating them trl.th a l!S1rge exee~::; o:f gly­

cerol a,nc1 a J?Otlf:l.sdun1 soap~ e,t a temperature of ie:o0 for 10 hours. 

Joh.t1so:n (25) obtainei1 the esters of gl~rce:rol anil mixtures of. various 

fatty acids by pan sing gl;\rce.rol vnpor, at a. tem:pe:rature et 2300 and und.e:r 

a pressure of 20 mm •• into the acids, which had been hea,ted. to ~ tempera• 

tu:re ?.bove the boiling point of th.a gl;rceroL The reaeti.on Wi'.'?.~ continued 

£or 30 min:u.tes :in the presence of meta,1 soe;ps. 

·:9u Pont de UeTJO-i:trs e.nd Com;pan,y (21) patented the 1:,re112.ration of esters 

of J)enteerythritol and f$,tt,y acids containing more tb.1!i.J1 16 carbon atoms by 

heating the alcohol and acicls for 1-4 houri; at temperatures ranging from 

150 to 275°, in the ~resence of a small proportion of a base. such as the 

oxi<les of lead. calcium, zinc, m,nd sodium. 

Shen and Kuo (50} mivle the ester of mar.nitol stnd. eleostearie acid by 

heating the alcohol and acid. with lead o::ilidtll, in a curren.t of carbon di­

o::dde, at a terJl)eratu1•e of H:0° for s.5 hours. 



Du :?Ont de 'bier;:ou.rs and Compe,ny ('.:!2) clair1 the preptiration of mi:r.ed. 

enters o:f fatty acids and cellulose by tre~iting the alcohol and an e::J:cesD 

of the a.citi_i's\ with lretene in the Drer:ii:mce of sulfuric or hyttrofluoric acid, 

at a tero,:perature not exceeding 100°. 

Lorand CH) pr,:r:la:red esters of starch, dextrins and va.rious sugars 'by 

heating them at a temJier8,ture o:f' 90° for several hours, with anhydrides of' 

higher fatty acitlr., in the presence of ce.t,<:i,lysts such as nul:f'wyl chlorid.e 

or magnesium perchlorate. 

Young and Black (55) obtained the di:,.:ialmitate. of ethylene glycol by 

pli!.Cing ethylene glycol, together with 1?~1..1.inoline, in an ice bath, e.£ter 

which pa.lnityl chloride we,s added and the mixture shaken 'irigoreusly until 
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it set to a 11.ard. na.ss. The mixture was then allowed to stand. at roon temper­

ature for 48-72 hours. 

Pfeiffer an.ct Goyert (43) me,de ethylene diJialrrlitate b~r heating Palr.1it::l'l 

chlori,le with ethylene glycol up to a temperature of 1S0° » without the U8e 

of :1 solvent. 

Malkin, Sh:u.rbagy t 8,nd tJ'e~ra (39) obtained the diliturin by first adciing 

leuryl chloride to a col<l solution of al}1ha-monole;urin. in d.ry benzene, f!.nd 

then slowly .eild.ing :pyridine while sh:~dng, e,fter which the mi:xtu.re Wt').S allo,1e,1 

to stand. overnight. 

Oa,ntor (12) r:m,cle ester~ of' glucose by heating the sugar \'Ji.th higher 

fatty acid_ halidee in I\'fridine for hours. ~t Bl. tenrperature of 60°. 

Hogla.11 and :Bartow (32) obttdnecl oolii.l hexa.-ester derivatives of in-

ositol and aceticf }.)?'O';,ionic, n-'butyric~ is,obutyric,, n-valeric, and 3,5-di­

nitrobenzoic acir1s. The ester@ were :pre:pared by refluxing an excess of the 

11ci1l chloride with inositol 011 ;;,n oil be.th at 110-120° for 45 Elinutes to 

one hou.r, in the 1,re,:;ence of ~. srrm.11 aeou.nt of' zinc chloride. The reaction 

would not occ-ur il'l the aliscnce of z:i.nc chlori(le. 



Adai"!ls (l) pre11a,refl the esters of pen:t;aerythritol ~:nd. fatty acids. by 

first till owing the acid. halide and :pentaecythri tol to react in the cold~ 

then at a temperature of 6o0 , for a totBl of 24- hours, using pyridine si,® 

a solvent. 

Oden (40) obtained fa.tty aei(l esters of 1-arabinose by reacting the 

sugar with th$ acid halides at a temperature .of 50° • a~ing either !luino­

line or chloroform a,s a solvent. 

7 

Goss .and Johnstone (28) lJrep&,red fatty acid esters of' compouncls con­

taining more than 3 hydroxyl groups by replacing the alcohol in glycerides 

with other polyhydroxy compounds. Aleoholysis wa.s effected 'bet1:1oen IS, gly­

ceride e,nd methyl, ethyl or riropyl alcohol. Alcoholysis was then effected. 

on the resulting estei- by causing it to reaot with va.rious polyhydror.r com­

pounds, such es ma.rmitol. sor"bitol, e:rythritol 1 a.rt1.bitol, and xylitol. 

Gru..11, \tittka, and Scholze (30) reported the ~lcoholyais of fatty acid 

eeiters of ethanol by reacting the Mte:r with glycerol. in an open vessel 

at a tenperature of 270-280° fo.r a, period of 15 hotu·i:i. The conversion wag 

94 perce'Ilt complete. 

Rewadikar and i.fatson (l+7) pre~9ared esters of fatty acids and glycorol 

by- heat.ing eete:rs of meth,,yl alcohol with glycerol at ~. temperature of 100° 

for 24 hours, using pyridine al'l a solvent e,n.d. in the presence of eodium 

methoxia.e. 

Bl~gonravova, A.ntipova,, Se,vvina. a,nd Svetliclinaya (9) -pre::pa.red mixed 

esters of pentae:rytbritol by ~leoholysis of various vegetable oils. Num.­

erous :t"l:lUs were made~ using calciu.m oxide as a catalyst and heati:o.g the 

mixture for 3 hours et tem.pere,t'u.res ranging :froi'l1 220 to 270°. The e:Ktent 

of exchange esteri:fication was f'ound to increase with increase in :f)I'<rport­

ion of pentaerythri,tol, the maximum tole:t"a.nce of pentaerythritol being 2 



eratu:re. 

heating the glyceridea with 5 to 50 :9ercent glycerol ~.t a t.em1:ierature of 

200° :for l-2 hours, W'hile stirring. The presence of ethanol. benzen~, and 

o:i.· :rate of the rae,ctio:n. The :reaction v,as elowect d.own by the presence of 

water. 

Yon.ng and :Black (55) obtained. r:1onolauri11 fror:: trilau.rin by refl,.:i.,~ing 

glycerol with trilaurin.. i'm.en 10 grams of glycerol and 10 gr~:::::m of tri-

mb:ture. 

of 225-2500 for l-5 hours, vi.th agitation of the mi:itt·ure during the react-

ion. 

IHl':'.gonravova and Anti!_:>ova (8) performed exchange osterification$ be-

tween various vegetable oils and glycerol or pentaerythritol, using various 

basic catalysts. They ::fou:o.ct ea.leim:a oxide and lead o:x:ide to be eff eetive 

cata.lysta, magnesiw:n oxide to be less effective. and the mddes of zinct 

iron and cobalt to be ineffective. Caxi..stic alkali, in the form of an al-

coholate of the i;),lcohol used. was found to be more effective than the metal 

oxide~.. Water-absor1}:i.ng salts were found to be ineffective .. 

:0l1rnhs.nge esterifications between triglycerides a...nd glycerol have been 

effected. (45) oy heating the two substances in. the pre~ence of an alkali 
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catalyst, such a.s an alkoxide or soal1, at a terrrperatu.re of 1750. Any water 

:formed during the reaction wa,:; removed by bubbling a etrec,,_m o:f' inert gas 

through tho reaction mixture, or by !k"'.rrying out the reaction ®(1er vacuum. 

nsters of polyglycerol end mbrtu:res of fatty ~eids have been obtaine<l 

(23) by first 1:iolymerizing glycerol with heat, then reacting the resulting 

polyglycerol with triglJrcerides, by hea,ting the mixture in the presence. of 

an e,lkaline catalyst. 

Gr-..m (29) obtained. esters of glycerol an.d various fatty acids by e:)t­

ch~.nge esterification of trit'.'.lycerid.es with glycerol. 11:'he ra~.etiene were 

:run at a tem.para.ture o:f 170-250° for 3-5 hours, in the presence of metal 

catalysts, such as tin. zinc, and alu:mim:tr.1l;. 

Orth11er and Heu.ck (41) prepared esters of glycerol and fatty acids by 

reacting glycidol with various fatty acid,s. The reaction we,s found. to take 

place either with or withou.t the use o.f heat or pressure, arid catalysts such 

::!iS alka.lies, a:.lk~tline salts, organic acids, and acicL-reaeting ss.lts. 

Uonochlorohydrin esters of fe,tty acids containing 4 or more carbon 

atoms ha.ve been obtained. (2.6). !he reaction. is carried out by slowly ad.d­

ing an equivalent amou.nt of epichlorohyclrin to the fatty acicl in the :19res­

en.ce of ]~ried.el-Cra:ft1"! catalysts, such as alu.r.dnum chloride, ferric chloride, 

end boron t.:rifluoride. 

!llsters of various fatty i;wid.s have been obtained (27) by reacting 

ethylene. and ;?ropylene oxitle~ with the fatty e,cids at a temperature of 130-

1400. using at le~ist 2 moles of the oxide J:ier mole of fatty acid. 

Renshaw (46) :9rt~pared 2,3-disteari:n by sealing 20 grflJne of sodium 

stearate and 6.5 grams of 2t3-d.ibromopro:,anol in a glasm tube l'l..lld heating 

at a temperature of 140-150° for 7 hours, i:n an air bath. The same writer 

also me,de thiG compound by heating 20 gra.ms of lead stearate !':.m<l 5.5 gral".ls 
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of 2,3-dibromoproptmol in a, pre:1rnu.re bottle at a tom2oera.ture o:f 1220, in 

an air bi2tth with constant shaking. 

Sc:ia.8.lit (l{.9) obta,ine&. esters o:f erythritol by reacting l,4-cl.ich1oro-2, 

3-butanediol with sod.ium salts of fatty acids. The resulting mixt\:tres con-

tainetl clecomposi tion 1,:rod:ucts in adJ'.!.i tion to the ester!'!. 

Thomson ( 51) reyo:rted. the formation of' esters by heating l, 3-d.ichloro-

ce:rol and stearic t:,i,cid in concentretecl sulfuric r;wid, and then heating the 

two resulting raixtu.ree together at a ten:parature of 70° for 3 hourfl. 

Overholt a,nd :ium (42) obtaine(l glycol esters of oleic, lin.c,leic, lin-

olenic, and eleostearic acids by effecting an interchange bett,een gl;rcol 

acetate and the methyl esters of these fatty acicls~ the resulting volatile 

ester being removed frou the reactio1J; mixture by distillation. 

The :following quota;Uon ta.ken from a pa:.,;er by Konen (35) describes the 

relationship between the d.17filli?; properties of a. compound and i ta molecular 

structure: 

ilfhe preceding oils descri:becl have bEo,en ::;i.o<'lif i.ed by altering the 
fatty acid portion of the oil molecule. There is another cl2ss of oil 
now in restricted use that has been n::;,de by modifying the alcohol port­
ion of the oil molecule. 1.l:hese are the so-called ester oils, such as 
pentaerythritol or sorbitol esters. 'fhe :::ru.r:pose of altering the alco­
hol ::;ortion is to eau~e an inr,.1rovement in the drying pro7:,erties of the 
oil by increasing the functionality of the molecule. Perha:9s we should 
eXJ.J\lai:n this term briefly. All n,?,tt1r®,l drying oils are fatty aci6. e!l­
ters of glycerine. Glycerine is a, trihydric alcohol, i.e. , it has 
three hydroxyl grouns a,t which :points fatty acids can be joined. to the 
glycerine :m1cleus; hence gl;vceride oils ~,re tri:f'unct.ional, and if there 
is sufficient uns9,tur.,2tion in the fatty acid :portions, thei>,e oils will 
(rry to a solid film. If 1 however, these fatty acid.S: were atte.checl to 
glycol which has only two hyd.roxyl grou,::,;;s, · th0.J.s giving a bifu..'lctional 
molecule, a a.rying oil would. not bE, formecL. UJ,on oxir,ation, t'l:d.s bi­
functional oil might become gtu11n;r an<l veTy viecc.n1s 1:m.t it 1r1ould not 
set to a hard film. 'To go further. if the sa1ne :fatty acids were at­
tached to ethyl or methyl alcohol;:; which 19J."'e monohydric, thus being 
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mo:nofunctional. they would show no d:ryi:ng properties wb1?,tr;,oever and 
would. remain liquid u;pon oxillation. Boweve:r, to go in the other di­
rection, if we were to att.r,.eh the ear,1e £atty acids to pentaerythri tol, 
which b tetrahyttric, we 1::rould find that the drying r,ro:perties of the 
oil resulting would show 1?.n. lmproveme:nt . over one r;1ade tii th glycerol. 
Sorbitol contains six byiiroxyl grou;Ds and therefore should give ~n ev(')il 
l1etter clrying oil than does :,,entaerythritol. However this i,{ not the 
case because two of the hydro1:yl groups in so:rbi tol do not readilJT es- · 
te:rify with fatty acids but~ rather, form. an interlinkage betweem them­
selves and thus are not readily a,v.ailable for the attacli-ment of a fatty 
acid chain. Therefore, sorhitol, in eff'ect, is tetra.function.-'11 as is 
1::ien.tae~rthritol. It is poe;s:i.ble to rea.ct 5. 5 .mols of fatty acid with 
sox·bitol but at 31resent the process is not commercially feasible. 11 

Konen (35) :pre:}ared the fatty acicl esterf:l of l:lOrbitol. glycerol, :Penta,• 

eryth:ritol, la.Zld di-pentaerythri tol, and studied their d.rying ,roperties with 

the results sho"m in the :following quctatio:n, taken from the same pa,}Jer a.s 

ilThe testing of these esters in varnishe~ is now going forward 
but @,s ;vet not enough d~.ta are available for a com1::i:rehensi ve rerport. 
In general, the L.1proved drying and hard:nes:::i shown by the oils is 
carried over into the varnishes m~,d.e from them. All of the synthetic 
esters show an irrqtrovecent in bod;ying speetl over the corresponding gly­
cerol ester. In the same fe.shio:n, improved water and. alkali-resistance 
i~ shown. The sorbitol esters do not show as m'Uch inrJrovement as the 
penta.er;vthritol e<'.lter~. however. are slightly inferior to ~pentaeI"Jthritol 
esters in soap ancl alkali resistance. :Di-:nentaerythritol sho·ws an a.1'.1-
vantage over :9ontaerythritol in ri.arclne:3s, mar resistance anu alkali re.,. 
sistance. All the synthetic er1ter varnishes have better abrasion re­
sistance thlfl,n corre~:r;;onding glycerol ester varniehes. Sorbitol ester 
vehicles do not :respond. well to be.king but show excellent !':1,dhesion pro­
perties. This might suffice their u0e in ·primer surfaces. 1.fa.ste. anel 
odor qualities of the sorbitol esters are good., therefore they :might 
well be usef\11 i:n can coatings and food \\!Tt,Jrper inks. a 

}3urrell /!/1,ml Va:ni.ier Val:;:. (11) produced. estors which can be used to pre-

]?are low-cost, rapid-t't:rying: Vtc;.rnif:lheG from volypent[!!.erythri to1. r1aleic an-

hydride, and. tall oil. A. Diels-Jtlder re1:,ction was first carriecl out between 

tall oil and 3~5-6.0 3;1ercent m~.leic an1'1.ydrit1e, basect ou the weight of the 

ta,ll oil. J3y the time the reaction mixture had rea.ched a tem::;;,erature of 

tall oil. 

with the ac:il:i groi131s of the tall oil ~.nd me,leic anbydrid.e 1,roduct. This re-
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gction wns best carried ou.t nt 275° in a closed. c-011.ta-iner ano_ with ~g:t-

tation o:f the reaction mixture. The U\"le of' a high-boiling petroleum naphtha 

aided in the remo,ral of water :formed. cluring the reaction. 

Five S?JITT>les of tall on of varicru.s coro:;oosi tioM were rea.cted with 4. 5 

percent :maleic an.liyclri<le and the resulting J)roo.ucts esteri:fied with dipenta-

erythritol. The resin acicls of the esters Vti!,riecl froo 40 percent to 55 per-

cent and the fatty acitls frori'l 3g :percent to 53 percent. Dr,,ta on the oil~ 

and the V,9,rnishetJ :prepared from the oils ,?,re recorded in Table I i11hich was 

taken directly from the above reference. 

Storing of the varnish in the :presence of driers improved the drying 

ability. The tacl:-free drying times of !'" sample of one of the varnishes 

after various intervals of stor~ge are given in Ta:t>le II. 

All the varnishes he-d excellent gloss which wei,s retained. with aging of 

the film. The durability of the v~,rieu!'l varnishes was tested, the results 

indicating th.eat the d.i:pentaerythritol v9,rnisli was su.iteJ:>le for inaicle work, 

and that the outsid.e clurabili ty w;t~ f~.ir ancl s~,erior to th~t of varnishes 

:prepared. from the glycerol &end mannitol esters. 

:Llsters of lii}?ente.erythritol and Varnishes Pre})arect :from theM 1'.le.ters 

Varnish ( d 50,-, ('.< 'I • " ) ,::i O_ l.0.$ 

Sam- Acid Ash Sterols l!'atty Resin Iodine Dust Tack ViscositJr Color 
ple I~o. (1i) (%) Acids .Acitis Value Free Free (poi$es) (G1;;rdner , 
No. (1t) (%) 

) 

1 lb2 O. c:O 7.4 3g 5rz j 152 1/4- 4.5 1. ':l;Q 
./ lb 

2 158 0.20 s.4 41 51 147 1/4 4.5 LOO 17 
3 157 0.10 s.o 41 51 152 1/4 4.5 1 44 16 .. ,,,,f'./ 

4 165 0.16 s.s 45.4 45.g 146 1/4 5 0.50 13 
5 165 0.19 6.5 53.1 4o.4 , },-,,, 1/4 5.5 0.22 16 ='+,) 



Table IL 

Varnish from PolY:9entaerythri tol, Maleic Anhydride, and Tall Oil 

'rime of storage 
(days) 

1 
4 
7 . 

(1 year) 

!ack free drying time 
(hours) 
11.5 
6.5 
4.5 
8.0 

Gowan and Falkenburg (17) prepared drying oils by first polymerizing 
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the drying fraction gf the fatty acids of certain oils to form dimeric and 

trimeric acids, after which these :polymerized acids were removed from the 

mixture and heated with polyh.ydroxy alcohols to form polymeric esters. !he 

remaining hydroxyl groups of these esters were then reacted with fatty acids 

to give a synthetic oil. 

One of the synthetic oils was prepared by reacting dimerized fatty 

acids with glycerol .in the presence of lead oxide. then further esteri:t'ying 

the resulting ester with linseed oil fatty acid~~ 1'1.annitol, pentaerythritol 

and soybean oil fatty acids were also used in the preparation of the various 

eils. 

Varnishes ware prepa.re.d from the synthetic oils; the :properties Gf 

these vo.rniahes are sho\"m in Ta.bles III, IV, and V prepared by these W·Orkers .• 

Also included in the tables are one or more linseed. oilg of cHff erent vis-

cosities. for compa,rtao:n purposes. ~e results indiee,te that these syn-

ihetic Oils give films w'hich are f;ister drying and are more resistant to 

water and alkali than are linseed oil films. It· h thought that this in-

crease in resistsnce to alkali and water may result from a greater num'be~ 

of carbon-carbon bonds present in the film. Ester gum varnishes pre-pared 

&y- the investigators gave little indication of being superior to similar 

varnishes prepared fro~ linseed oil. 



Ve,rnish TIGsig- Time required for 
from natien Initial Duet-
Oil ~!o. of oil set free 

(min.) (min.) 
l lSGJ. 150-1go 270-300 
2 2S0 120-150 330-36o 
3 l!iG 120-150 300-330 
4 2LG 90--120 210-24o 
5 .2S?Jt 90-120 210-24o 
6 lSI<: 30-60 150-130. 
7 2sr,1 90-120 150-180 
8 2SM 120..:150 330-36o 
9 2CSM:G 120-150 270-300 

10 2SGl?.A 150-180 330-360 
11 2SGMA 120-150 240-270 
12 2SGNA 210-240 330-360 
13 2LGUA. 60-90 240-270 
1J.i. 2S~1l\i'-1Jt 60-90 210-24o 
15 Linseed X 60 .... 90 24o--270 

Film condition 
~ight 
hours 

T8,Cky 
Tacky 
Sl. Tacky 
$1. Tacky 
V. 11!!1 :'1J ~ ... , Tacky 
Not Tacky 
Not Tacky 
v. 'facky 
Sl. Tacky 
Tacky 
Sl. T~cky 
v. Sl. Te,cky 
v. Sl. Tacky 
v. Sl. Te,cky 
v. 51. Tacky 

after 
Tt·:en ty-f our 

houra. 

Sl. Tt:wky 
T:ncky 
Sl. Te-.clry 
V. SL TacJ, 
V. S1. Tack 
Mot Ta.cky 
Not Tcic1ty 
V. Tacky 
v. S1. TacL, 
Tacky 
v. 
V. 
Mot 
Ifot 
Not 

$1. Tack:, y 
k:iJ SL Tac 

Tacky 
Tacky 
'£1'\,Ck;f 

lThe oils have been designated b-3 symbols for ease in rcfering fron 
table to table: Fo1• example. 2SJ?:C designates the oil me.iie froE 1 part re­
sidU'3..l d.imerized fat acids, 2 :parts soybea,11 fat acids with pent~e:rythritol. 

Table IV. 

\Tater Resistance of 'lh,r:nish lf'ilms 

Varnish Desig- Appe8,ran.ce of :Pilm e,fte:r Recovery 
!to. !k":1,tion Exposure to Cold Water for s.fter 43 

b Hot1.rg 21+ Rc11:1rs 48 liciuro hours imr.:1er-
sion {_min.) 

1 lSG v. $1. :Blush :Blush :Blush 30-35 
2 2SG Blush :a. J31ush :Blush 30-35 
3 lLG S1. J31ush Blush '1) .,..., . Blush 30-35 
4 2LG :Blush :Blush B. 331:ush 30-40 
5 2S'FE v. Sl. :Jlush Sl. l31ush S1. :Blush 15-20 
6 lSM v. Sl. :Blush v. Sl. :Blush v. Sl. :Blush 5-10 
1 v. SL Blush Sl. JBlush Blu~h 30-35 
s 2St.1r v. Sl. :Blush Sl. :Blush :Blush i 15-20 
9 2C'SG , ... Dlush 1:1. J31ush v. '.B. ~dl~h 60 ,.~ .. 

10 2SGPA :0. :Slush n. Blush v. :B. :Blush 60 
11 2SGHA B. 1n-..1sh ... ~ 

,:, .. 131ush v. :a. Blush 30-35 
12 2SGM1 v. Sl. Blush if. Sl. :Blush Blush V5-cD 
13 2LGM4 v. Sl. Blush Sl. :Blush :Blush 25-30 
14 2SP:J]fiA v. v. Sl. V. Sl. Blush V. Sl. Blush 5-10 

Blush 
15 Linseed X Blush :B. :Slush B. Bluah 30-35 



Alkali Redstance and Hardness ef Varnish Films 

Va:rnish Desig- Roeker &,rdness of time Required for 
!lumber n8,tion Varnish Film.a Film Failure2 in 

ef oil 24 Hours 72 Hours 3 5b ]iaOR (min .. ) 
l lSG s 10 b5 
2 2SG 10 14 50 
3 lLG g 10 55 
4 21G g 12 60 
5 2Sl?E 10 14 135 
6 lSN 26 30 60 
7 2SM 16 23 120 
g 2sn 23 2g 50 
9 2CSG 2 2 40 

10 2SGPA 6 10 50 
11 2SGMA g 12 50 
12 2SGMA g 10 55 
13 2LGNA 12 15 65 
14 2$'.Pl;tM.A 10 16 90 
15 Linseed X s 14 45 

Plate 100 
Glass 

2The time requiretl for the film to <lissolva or break while imr11ersed 
in the three percent alkali was recorded aa failure. 

!he data are concerned with results obtained. when synthetic drying oils 

were prepared by- esterification of certain fatty acids with the technical 
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average hydroxyl content of 47.2 percent instead of the value of 50 percent 

for the pure compound.. The decrease in hydroxyl content is partly c~:u.sed 

by the presence of some di:gentaerythri tol. 

~able VI gives the drying times and. outdoor durability of pentaerythr-

i tol esters to which ha,d been addect eobal t. manganese, anct calciw salts 

as driers. Tt:>.ble VII shows a compariMn bett1een pentaerythri tal e$ters of 

linseed oil acicls and soybean oil acids with other :polyhya.roxy esters. all 

the e9ters bei!'..g bmUed to a certain viscosity b.efore exposure. These 

tables were taken from the above reference .. 

Where pentaerythritol is substituted for glycerol in the preparation 



of dryi!l€; oils, films are obtained which are faster drying.. q_uiclter bod,,ying., 

re~d.stant to water. 

Table V.I. 

I>rying Time andlllurability of Pentaerythritol E1&ters 

Oil Ac ds 

Oi ticiCS. .... ..•• _ ..... '.1• ~ •• '• -. , ... • •. ..._ .... •• ·• .• .. • .. :. • ·.:. ~. 

Dehydra.ted castor ............ ~ .... ~ ••• ·~ 5 
5 Fract 1 onally distilled fish 011 ••• ~ •• "• 

Fracti011a,lly distilled soy oil. ••••••• (7 da;rs) 

!able VII. 

Polyh,_vdro.:zy Alcohol 31sters 

Linseed acids ester of: 
Penta.erythritol .......... . 
iftrythriii.Ol •.• •·• ...... *• .... . 
1.frimethylolpro:vane.,. ••••• 
Glycer-ol. , ..................... ... 

Soy acids ester of.: 
Pentaerythritel ••• ~ •••••• 
Erythr!tol ••••••.••••.••• 

Natural glycerides; 
Linseed oil ............... . 
So:, oil ..... ................... .. 

Tung oil ..................... .. 

1?ack Free 
iJr.ring 
i'ime 

15 hours 
32 hours 
15 days 
7 days 

18 days 
24 da,-a 

7 days 
More than 
30 days 
3 hours 

Purability 
(months) 

1 .. 
1 

12 
3 

Ji; ?ellown.ess 
Increa.-se 

Li~ht Jl3,rk 

4.1 · 
.. ... . .. ..... 

. ... 
33 .. 4 16.s 

.. •·. .. .;. .. 

. ;,. . .. .. 
Bolle;r (10) claims the 1,re:paration .of drying eila by the esterification 

of erythritol, ino-sitol. and pente,erythritol, and states that these d.ry'1ng 

oils have better drying qualities than natural drying oils. D-eta1le.d i:n-

formation is given onl;17 on the esters o:f' pentaerythritol which indicates 

that., compared to natural drying oils, these esters impart to va.rnishes 

(1) shorter drying times. (2) lower resistance to alkali, (3) lo~e:r sol-

ubility in organic sol-vents. 



11laeetl in a 250-ml. :routHl bottom, 3-n~ck fla,sk equipped 1r1ith 11'!', mercurjr­

sealell. mechanical stirrer. !he rfiix:tu.re W[;.S heateo. !it 6o ... 65Q and tc1tirred 

contizn:i.Q'usl;r 'l<:r:t l hQU.l'. ?he yield r;)f :polyvinyl acetate o'btt'1ined by fil­

tration was 4.67 g. 

17 
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18 

on ~f th materials for thi 

Th c1fic vi cosit1 ot 0 . 010 benzene solution oft pol7-

vin7l eet ed i n this 1nv ti tio V: determined. ~he v l of 0 . 015 

found tr the specific viscosity, defi d a: 

t 200 o. ) _ 1 

~· lelio (18) ploy d th specific viscosi\7 s a means of dete 1ning 

th molecular weight f polymers , ut since the necessary constants v r not 

av il ble, the aolecul. weight of this particular pol er could not be de­

t erinin d this method. 

2. Pol iflY'l alcohol. 

'lhe p lyv nyl alcohol us d w a prepared or alcoholy is of polyvinyl 

act te with methyl lcohol (20) . Twenty- f'1ve grams of p-elyvinyl acet te 

added 

t o a 1,000- ml., 3-neek: round- ottom fla equip. ed with ercu.r;r-

st1rr r. th o eter and a gas diap rsion t ube . Hydrogen chloride gs 

wa bub led throu.gh the mixtur whil it w a heated at r eflux t peratur 

for 15 ainutes. !he pol)'vin.yl alcohol which pr ecip1 te out at t end 

ot th1 hed wit h et hanol d then allowed t o a.r,,. 

3. 1 tty cid chlorides. 

!hree att ta were aade t o prepare acid chloride . 'rhe third tt pt 

oonai er d t h most eucce sful and t h one ado]jted for use through-

out t h1 r s rch. 'fhe t hre run are de cri ed follow : 

ir t run: ~he cid chlorides were pr ep red 1 placing 40 g. ot lin­

s e oil t att7 acid i n a 250-al. round- ottom flask and adding thioDTl 

chloride el wly t hrough a dropping :tunnel, after which t he ixture was 

h t d on a water D th at 75-g5° for 1 h r . A beaker eontaini so-
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The toluene was used as a solvent for the ree.ction mixture. It also forms 

an azeotropic mixtI1re, which boils at 101~.9'\ with acetic ecid.. The reaction 

mixture was heatell at refl.rut temperature :for 2 hcn1.r0, e_,f'ter which it uas 

distilled through ~ fractionating colllIDn. At f}, tem:9erature of S4°. 2.3 ml. 

.~6 wl .• of (tintillate· hatl l)een. collected. 

at a temperature of 106 to 109. 7°. After the first 15 ml. of distillate 

had l,ec.n collecte,l, an 61d.tl.iticrn~,l 20 ml. of' toluene was ad.cled. to the reaction 

drozid.e G01ution. using ·phenolr;.hthalein as an in.cUcator, to e.eten:,i:ne the 
' 

a.moun.t of acetic aci,l prrnluce,l. The clistillate required 31. 25 ml. of o. 203 

1'T sodiU111 hy(l.ro.'ritle solution for neutre.liz.9,tion .of the acid present. Accord-

ing to these results only 6.11.t- }:>erc,mt of the 11olyvinyl aceta.te reacted to 

libera.te acetic acicl. The residue in the flask WM DlJ:l,Ue basic with soiliu:il'l 

hyctroxid.e solution, £10dim·,1 chloride vies l-1\d:ded., then the mixture was ex ... 

trfl.cted with diethyl ethe,r.. Uone of the desired prod.uct was found after the 

evaporation of the ether. 

that 1 g. of sodium benzenesulfonate Wl:\,s used. as a. catalyst instea,d of zinc 

stearate. .u·ter the mixture wa,S reflu."'ted for 2 hourg, it was fractionally 

distillecl. The first distill.nte c~.me over iit a tem:?erature of 107°. Thirty 

and five tenths milliliters of c.istille,te WGJ.s collected, over a perio6. of 

5 hours. at a temperature of 107 to 110.20. Tt,re:nty nine a:nd three tenths 

milliliters of 0.203 1l scdhlm hyd.roxid.e solution WfH~ required. to neutralize 

the acid in the ilil'ltillate. indic&,ting thRt 5. 76 ;'}ercent of the acetic acid 

tain any ::::m:r,,3 J:irod:o.ct from the rfm.,ction mixture. 

2. "SJy <;l.irect esterification of JJOlyV'inyl a.lcohol and fatty acids. 
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11r t run: Six graae of polyvinyl alcohol, lW.6 g. of linseed oil ---
f tty acids, 150 ml. of toluene, and lg. of zinc atearate w re added to a 

500-al. round- tt fiask equipped with a reflux conden er nd a Bidwell-

Sterling tuae, in which water formed during the reaction• a collected and 

separated fr t he a1xture. Thia ainure wae refluxed for 12 hours. One 

and !iv -t nthe milliliters of water vas collected during the first 5 •1nutes 

ot thi period, but thereafter no water formed, and there w: s no apparent. 

decre ee 1n the amount of solid polyvinyl alcohol cont ined in the re ct1on 

llixture. At the nd ot the fir t 2 hours and 10 minutes the liquid part of 

the reaction mixture bad becoce slightl.7 yellow. After the tena1nation of 

lhe 12-h U%' period the ferric h7droxamate te1t for esters w a applied to 

oth the liquid nd the solid portions of the r action mixture. t'h.e test 

w, • negativ in oth casee. !he a 11 ount of water collected during the 

first 5 minutes of the reflux period aight have 'hen present as an impuri t7 

in the fatty acids used. 

Second run~ Conditions were the ---- e as for the first run. except 

t hat sulfuric acid vae Used aa a cat 17 t instead of zinc ste rate, and 

the fatty acida used w re dried overnight with llrierite. !en drops of con-

eentrated sulfuric acid was added to a flak containi ng f tt7 acid t lin-

seed oil, toluene, and. pol7Vinyl alcohol in the same proportions as 1n the 

firat run. ifhe reaction ixture turned slightly dark 1mmediately upon 

addition of th sulfuric acid. !wo and one tenth •111111ter of w ter 

formed during the first 10 minutes f the reflux period. After the aixture 

had been refluxed fo~ 4 hours the li d portion bad turned 11 htly yellow. 

Vith no apparent decrease in the ount of solid particle& present. T n 

more drops of concentrated sulfuric acid was then added, and the ixture 

turned v ry dark. An additional 1 . 7 al . of water wa collected during the 

first 10 minutee after the addition of the econd portion of cone ntrated 
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eulfuric cid. After this J1Utur ad een refluxed for 10 hours. the . . . 

dark 11 u1~ and eo~id particlea gave ~gative test for an ster. 

'lhird run:. A 500-ml., 3-neck fl equipued with .a ga.a-dispersion tu e ------
and a water th vei-e Used foi- this run.. Six grams ot polyvi11Tl alcohol, 

4o.6 g. of linseed o.11 f•tt;y cids, and 2 drops ot dilute sulfuric acid 

were heated. in a :round-bott flask on a water .'It th at a tem.pe tu.re of 

100° for 5 hours. !U.trogen s va.~ :bbl d through the ixture during the 

period o! ting, to help r ve any ter to ad. Apparentl7 none of t he 

p olyri~yl alcohol diasolved in the :tatt cide, and \here w e no change in 

the app a.nee of the aixture during the p r1od: ,of h t1 i?he i ure 

g ve an tive te t for esters. 

1ourth run: fhe equi ent was t he ---- for the third run, except 

that the aixture • e heated on an oil t h t t erature of 130-135 

(polJ'f'inyl alcohol rapidly deco osed at 14oo). !he polyrinyl alcohol 

staried turning dark after t he fir t nine minutes of h ting. Apparently 

it was gr du.ally decomp-o ed 'by t he he t. fbe ixture h t-ed tor a 

total of 20 zmtea. after which the ran was di continued. !fhe teat for 

the presence of an eater w • not applied.. 

3. B7 estertfication of polyvinyl alcohel with acid chlorides. 

!he pr pa tion of tere fro the eohol d oid chlo i ha not 

p rev-tou ly een atteapted e :u of t.h fe that by-dro n chlori formed 

dur1 the r ct1on wo~d r et with e uns tu ted fatty cids contained 

1n th re tion 1xture. but since yrevious at~ pta to fo the este had 

een u successful. it wa.e decided that this method w d t l"ie ut. 

Proc dur • 

u d to P:E"e th a cid 

chlorid , 4.4 •. of polY'i 1 alcohol was ado.ed to th-e acid chloride pre-

red as revious.17 descried., and t i xture wash ted on ter t h 
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at 100°. 1 diately after the dd1tion of the polfY1.D1'1 lcohol to the 

acid chloride a gas started 'bu bli .out ot the a1xture. After 10 mi :u.tes 

the acid chloride seemed to ve disa:_ e red c pletel7 and the vol of 

the solid :portion of the aixtur d increased to eeveral t1aee th origi-· 

l vol !he resulting sub tance • washed three ti e• with methanol 

the all wed to dey 1n an ope dish. !he product fo ed vae a spongy, 

ali htl7 yellow solid. 

!hes lub111t7 of the product was teated in ethallol. etrole ether, 

and et.hy'l. acetate, by filtering off the excess solute after it had r ched 

equili ri vi.'11. the solvent and then allowing th& solvent to eva rate. 

!he o tot solid rematning after evaporation of the aolvent in each case 

was eo small that no attempt was 11ade to deteraine the veight, since it 

pro ably would not have been significant. 

~he substance turned slightly brown after U had een heated to a 

temperature of 1300, d with continued increase 1 temper ture 1 did not 

melt but charred completely. 

b. Saponification n bere of sters. 

The •eponitication equi•alent of the ester was dete ined bys poni­

fylng a sample of it 1n an excess of alcoholic potassium hydroxide, then 

ck- titrating the be.aic inure with h7drochlorie acid solution. !Pile first 

run was ma.de in order to dete ine the amout of tiae necessary for the re­

ction to r ach completion. ffhe second run was d.e to detenlne the sapon1-

ficat1on equival nt of the ester. 

Yir•t deterainatton: o hundred •111111ter of a 0.691 solution of 

potaaeiua hydroxide 1n thanol and 13.14 g. of the eater wer dcle to a 

500-•l., rOW1.d- ottoa flask equipped with a r flux condens r. !he two au-.. 

stances were well ixed, then 5 ml. of the liquid wa withd wn and. titrated 

with 0.102 B hydrochloric acid. he mixture va.e then refluxed, with 5-•1. 



et one hour. 

Reaction time 
(sd.n.) 

G 
6 

12 
21 
36 
56 
70 

~.ble VIII. 

Volume ,ct acid r,eqU1red 
~or back t1 tration 
. ~0~11 · . 

27.10 
20.!IJ 
20.39 
20.10 
19 .. 55 
19.53 

Second d~termina.tion: Eleven and ninety-eight huntb"edth.e. gJl'Gillls of the 

e11tei- were t::11xed with 200 ml. of the alcoholic potasa1:um h.vd.roxide a.r.i 1n the 

:r1rst determination. .an,i 5 ml. ot the liquid tt//Ati withdrawn and ti trat.ed 111th 

0.102 ID' qdroehlo:ric aeid, requiring 32 •. 90 ml. 1t the- ~cid fer neutrali~tion 

of the ~sic solution. the mu.tve we.a refluxed for l hov; then 5 ml. Ya.9 

sa.;ponification equivalent 1.•s calculated £:rom these tl.a.ta io bee 313. 7. !he 

extent of eaterifi.cati.on of the polyvinyl alcoh•l as: determin~ from the 

eq'i1$tt•n 313. 7 equ.al.s (114.,05/X plus 27g.g a;l.m1a l! .. O) (100) t where 27!. I! 

s3.3 percent. 

!he ester wa,s tested tor 1;he preeence of halogen 'hy- ~e l&ei1st~in 

method and also by fust:ng e®J~ ot tl1e ·product With sodium &ad testing tbs 

resulting filtrat.e f&r halide iont!il (13). :Soth teete were negative. 1a­

diceting th~.t none of the hydi-ogen chlor.ld.e form:ed du:ri~ the resct1on bad 
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c* Prep t1 p.rop rtie1 f varnishes 

! Yanl1 :aver pr ed ceol'di to the hod of 

f r t .f these con f st r a on of the c • on t • 

!h sec d v: rnish. did t. on in ~ this st ce. t s used only' 

for co artaon purposes during the te ting o~ the dr71ng properties oft.he 

firat varnish. !he ester at first appeared to be Ter:, soluble 1n turp n­

tine, which waa uaed as a olvent for the varnish, but later pr ov to be 

onl.1' slightl7 solubl e when a V: mi h con ining this sub&t ee as one of 

the component s filter ed and oat of the ester r 1ned ehind the 

tilter p per . 

s~ve 1 atte :pt were d to pr are a varni sh v ch could be ed 88 

a COSJ?ar&tor for the varni h con~ining the qn\hetie e ter. A varnish. 

could h :Te een o ined already prep e for thi purpos, but i t wae 

too 1 in rienc in the preparation of varnishes e­

fore att ting to pre - e and stucy the dr.,ing prop rt1es of' varnishes pr 

pared fr he synthetic ester. 17 the ost suce sstu.l attempt to pr are 

one of the~ v i hes will be recorded here. 

J'ive a of nevillac ( a re 1n o 1ned b)" the pol rization of 

f and phenol} added to 21 1. of boiled 11n.e ed 011. and the 

mixture w s he ted at temper tu.re of 190-200° for 30 inut • 1th. n 5 g . 

more of' the re in s dded and the mixture w he ted at 19 -200° for l 

ho'llt' 10 1nute • '!-he aixture then dissolved in 33. 5 ml. ef turpen-

Une and 3 ml. of japan drier was added.. J. la.7er of thi varnish sap­

plied to a test panel containing co t1 of eb.ell c . the varnish r -. 

in.ed quite taclcy' for l S hour • lt s onl)" 11ghtl1' tacky t er · period 

of 28 hours. and after 1ng expo ed for 37 hour 1.t had set to hard film. 

Other Tarn1she were prepared b7 substituting of the pOlY"'iey'l 

eater for t r sin. I t as hoped t t the ynt tic este:r would not onl7 
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Firs~. Vamishi ~o P..ntl five tehti:..3 gran,~ o-f the estor "i:-,ae sddsd to 2i 

ti!. c£' boiled iinaeed oil and t!tls mixture u1:t.s hooted at lf:0-185° for 30 

Second Varnish; !hb rJrepa:ration w.n.s essentially the same as the first, 
' ... . 

ration of the Val"llish. ··Im(\. 3.1 g. was recovered ~n the filter ~?er, lenvi:ng 

only 0.3 g. of the subst.ance in the varnish .. This varnish tJ$'l,S not a.p:plied 

to a teot pa.nial. since it contained only-a relatively sciall &,mOtllit of the 

e,. -Xllatere of 1nos1 tel and fatty eeids. 

It tJ/0.a thmtght that sin.c,Q inositol eontai.us 6 Jzyuroxyt gr~s an 

ester might be :pre1)al"$d. from thiltl J01yhydro:,,.7. alcohol tiih.1.ch 'i:!OU:ld be useful 

.as a drying oil. Various methods atid eolld:i. tions ,i,ere employed. in a.tctempts 

to ester1fy this aicab.ol v:1 th linoleiic acid and ·tue acids contained. in 

linilalood a.n.d. tUZJg oil. li'rGm the :oroduets obt!!!lini!id va..,tshe~ were :pre::;:iared 

and a;gplie.ti to tesi panel~. Severl?.l of the aubste,nces o'btai:ned uere also 

saponified and their apontfica.tion equivalent thereby determined. 



J'irst run: Jtor preparation of the cid chloride, 13 Ill.. ef '\hio~l ---
chloride added to 42 g. of linoleic acid in a 250~m1. round- ott 

fl sk, aa was eTiou 11' done for the prepar t1on of the polyviql ester. 

!-his auture w: s heated on a ter th for l hour t 100°, t he gases 
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fo ed ielng caught in a trap containing pot aeiua hydroxide eolution~ At 

the end of period of l hour, 2 g. of inositol (sl1ghtl.7 le t 0,5 

q ival nt er quivalent of acid chloride) and a 8 1 amount of zinc 

chloride a a cat&l.71t were added to th dark liquid. :By use ot the s 

set , this llixture was then heated on an oil t h t 120-1300 for 1 hOUJ'. 

!he a1:xtur reacted quite vigorou ly during the f1Nt 20 a inut , with the 

expulsion of a large aaount o! gas. !he reaction 1111ch sl over during 

the last lK> minutes of heating~ After being heated 1 hour t thh temper -

tur • the mixture was a dark viscous oil. In order to remove the exceH 

11nole1c acid, the dark aixture was added to a beaker containing a solution 

of aocli \icarbonate and aodi chloride. ~he oil and as1e solution were 

mixed. thorwcb.11' until all the exceas acid.a were neutralized. Mo t of the 

aqueous l ayer waa then dee · ted frOlll t he mixture. after which the ster 

was extract d with dietby'l ether. The solution. v. then filtered to re-

aove undisaolved solid part1cle8 pre ent. After eYaporation of the ether 

a yellow viscous 011 remained. m.xed with a dark colored substance which 

probably re :ulted from the decompoa1t1o of fatt7 acids during the heating 

of the- r ction aixture. 

In order to dete ine the extent of esterification of the inositol, 

the e ponif1.cation eqw.valent was detel'llined s previously descri ed. for 

the eater ot polyri117l alcohol. Two hundred milliliter• of a o.s59 ll so­

lution C1t potaasillll hy'droxide 1n ethanol w: s mixed with 11.23 • of the 

pr :u.ct 1 . a 500- l. fiask. 11v aill111tere of the liquid was withdrawn 

and titrated with 0.1173 B hydrochloric acid, requiring 35.15 al. of the 



acid ~or ~tr~lZsa,111~ of th~ bese.· _the. :mn.tuc-NJ-$8; ren.~. for 1-:!l · 

ht.i~s ·$1,d. .ano~her .5-,ml.. semple: w.~s r,~ed., f~!,l.\- tha mixt~· aad tt:t~ted. 

:r~r;UJg ~ .. 26 211" ·< ·the l'(f~tu:ibl~ri.c -~u.-.f•r neut~b:a.ti<).~.,; -~~ Jl\~illr'e ' . . . . . 

••· th• ·reflu.u.i t~r P ·-41tlo~ 30 miblliitfo~. · !d,lh )').O ~~re~iable .-. a~e 

b the el.kal.iJlttr, r>t ·)he••~•• -~ -5.,..1.. ~ls r•rt.13,g_ 2S.291!3l~ --~ the 

acid f-":i.- -neutral.t-tlon.:- f,:,• the~e data \he S·a!!tm111cati•• "'~val~t ot 
•. . ' ,, . , .. - . 

the ·&rrter, eal-.lat'.ed by (5') {1:l .. 23) :{1.006,)/(15'5) ·(0 • .:1173). (35.,-13 ·• 28 .. 26} 

it 357,.2., · ~e ·yt,1:'t:&ntage sst&r1fleatto•, ,ealeulat•d._,a9 ~nvi•d.1:· descrUted, 

we.a Jl. 7. '.fl"dm :~eae · renlts 1 t ·em be · '-!eeh th.al mol¥t ''JJf ·t)..a e:sttW ·1101:e- , 

cul.es ·i:n.h.iced AO more ~, t-vo acid ·ratieals. II· ts ~.eeo~tz:ed; tiie-.t this 

method 'of detE1Jri.dning th,e sapon1t1~\ii)t;l $<1.uj:tfil:ent ts not se ~eeu,atf;;l a.a· 

d.,e.eired, e:.l.nee :the a~le --we~ ou.t ·tor ·~<m.1fieati~- eon\a!.nefit a, ~1 

amount of dec011r;osed eubs\$lOe -.tAicb eo:.ut fl»t be r.toYed. fj,om the rdxt'in'e. 

··$:om.· of 1'he · above e!'!rtier was ttset\ tt Ji:r~J."e a Vai"niiih. · --~ -m-1111-

1.itere of th~ :r,rod~ct ~ m:bl:ed Vi.th 4.; ~:.. o-t aevillac re~ln_ 1n e 250....ua .. 

beekar. -~ne mo1Jtt:a.re we.s 'heated on en 9tl 'b$th &\ roo-210° f'1.1;r :;o ~&ti. 

!heu '4-.; -g._ · •re fJt the :resh was :added. mid · the ,heeU~ -was 4cntbmed -at 

200-2100 to.r 35 fiialues. ~~,tilts time cusic .... ble ~1Jm~1~\1oa­

oe:eurr&d on the aid•• et ·ii~ bea'ke1,., t?he mt~ve W&S di~ol-ved 1-n 29 lilll. · 

ot · turpatue:. ~ '3 •l· ot 3~a o.rter ·.W&t"J aMed. -

S~• of this nrn.t.eh •~ plaeed. -~- a· tegt, ~1 0:t th• ·t,.vpe used fR ,, 

test'lng the ~tihe$ p:r-epared fro• -u.. pol:,vb.71 es\e~-- After \eing •­

posed £0:r 6 h~a \he ~lsb bad 6J!1t)A sOm$VM\ but ·reme1n:e-e. ive,:.v tacltJ' .. 

Jio f't:lrthe.r aey~ at the· ft.>.m •as evident uurug the '£-o1l-w1t¥r i &ifs.· · 

See9rul ™: tho ae1d chlortie was :pr~ea · from ·42 g.. of l1twleic act.a. 

ad 1; Bil. of tl11oq1 cl:dond& i;n th• -same ill$nrui!I" p ln the f1%'st nm. the 

ester •• pl'apded from tills aeil chl.oriu lJ)" the · S&m& method. w,ed during 

the t'irst run, except ~ba~ l~ g .. ' of iUOsltal mt!! use<l,, l.l!'h!oo 1s sllptly -



ne equivalent per equiv ent of acid chlol1.de, an4 the r ct1o 

mixture was he ted for 2 hour • 

!he product we purified a& efOl'e, and a 12~10 g~ s le s •ap 

f1ed with 200 aL of O~S485 1l alcoholic potassiua h7droxt e a i the first 

run. !he 11tial Ill. le r quired 36.04 al. of oa173 

ac1. a 5-111. le r OT d after th mixture d een refluxed for 

1~ 5 our required 2S. 00 ml.. f the acid. for neutralization. !he a.a on1-

fication quiv lent was cale'Ulated to e 329.1, and the percent e esteri­

fic tion was 45~0. 

A • rnieh. s pre ed from so e of thts ester use oft saa co 

ponents and in es e pr ort1on as for the Tarnish prepared during the 

flra\ run. fh ester polfaeriz xtensively during t proceH 0£· heating. 

Therefor the mixture wash ted t tir tat 1s5-195° for nly a:> in.utea, 

then aft r e addition of the eecond half of th resin \he temperature as 

lover d t 1650 and heat e.t 165- 175 for 18 •in tes. ~he result pr d-

uet was ch or Yisco than that prepared during the irat run. e 

usual pr orttone f turpe ine d japan drier were added to the 1xture, 

- d e. e ting of the Varnish was pplied t.o a test el vith the results 

shown 1 !abl IX. 

fa le IX. 

1'7ing Pro erties of V rni h Prepared vith an eter of 
lnoff1tol d Linoleic Acid. 

~ dri d fi had 

t e • osure 
( Hours) 

; 
10 
lS 
24 
29 
33 

Co dition of film 

11 htl.T dark color, :ae to deco 1 tion ro nets 
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con\ained in the ester. 

. Third run: The c1d chloride of linoleie acid was prepared lt7 the aaae ----
aethod uaed in \h first run, 42 g. of acid and 13 Ill. of: thion)"l chloride 

beil)C used for the reaction. An e ter of inositol and 11noleic acid ¥ 

prepared and pur1:t·ted. lrt the same method used in the first run, except that 

·the aixture wae heated for a longer period of tiae. 'l'vo grams of inositol 

was dded to the cid chloride. and the mixture was haated at 120- 130° for 

2 hours and 20 minutes . A gas was continuously giYen off at a slow rate 

dnring the period of he ti.ng, and was still coming off when the heating was 

d.isconttnued to prevent further deeompoei tion. 

After the est r was puri!ied as in the previous JlallJ1e~. the saponi­

f1cat1oa equivalent was determined fro a 11.74-gra.m s~le of the produet. 

er"7thing except the weight of the sample was the eaae as tor the second 

J"Wl. ~he initial 5-ml. e-aaple of the ah:ture. and a 5-lll. sample reaoved 

after the ldxture had een renuxed for l hour and 10 ainutes required 

35.1.Jo and 27.30 1. of ~e acid respectively for the iack titration. The 

aa.p~nif1cat1on equivalent was found to be 316.s. corresponding to 55.2 

percent esterification. 

A Y mbh was prepared froa the above ester, using the s . e p roportions 

of components and the aame conditions as during the first run. except that 

the final period of heating was for 32 minutes. The usual teet was made •7 

placing a coating of the varnish on a test panel. with the results shown in 

Ta)le X. 

lourth :run: fhis run was ~uite different from the preceding three runs 

in that 11:aoleie acid was used directly. instead of the acid chloride. !he 

equi.p•ent used was a 500-ml. round-io~tom flaak equipped with a refiux eon-

denser and ,a ) idvell-St.erling tube. as used in the attempt to estertfy poly ... 



Table X. 

1'rying Properties of a ifarnish .Prepared with an :ii:lster ot' 
Inositol ~;nd Linoleic Acid. 

T'ime of exo osu.re 
.(hours) 

~ 
22 
32 
46 

Condition of film 

Quite tacky. 
Same as abov-e. 
So:mewhat clrier. 
Same a.s above. 
Slightly tacky. 
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!here was no further change in the concli tion of tha f 11m :after 1 t hild. been 
ex:.o osed to the air f Ol" 46 hOU!'s. • --------------------------------------
vinyl alcohol. :I'v10 grams of inositol, 20 g. of linoleie acid, and (). 5 g. 

he~ted at 150-16oo for 3. 5 hours. lu'te:r 5 min:u.tas of he!W.ti:ng at this temp-

had begun to form in the flask. The mixture bubbled slowly during the first 

hour and 20 minutes. Hater vapor slowly forme<l during th.a en.tire 3. 5 hours, 

a total of 1. 3 ml. being eollected. 

'fhe same method o:f purification of the. product W,M used as for the :,;,re-

decomposition mi,tterial as were the esters raade by using the acid. chlorides 

of the v~rious aciae. 

was the same a.s :for the third run, except that 10.26 g. of the sample and 

0.5454 W base were used. !he initial and final 5-ml. samples of the mix­

ture required 20. 30 a.nd 15.16 ml. of the acid respectively for neutral:i.-



m::.M!;;n. 1!'.he !':la:oo:11if ict:.tion e,t1'td:1r~J.e:nt ff},~ coloul['tt(l:iJ frort1 t:Y1@.~e tlt\'I?& w;!,',® 

li-36.2, which ie sligh.tl7 lesC:1 th~n tl1e v~lue for ·thl'al mone~l?ltor. ~he J'ler-
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/1 v~rn:i.~h w.~s J.)reparelt ~!!! for the prevton.s e~rt"1rs. th@ tem:;pe~tm·e 

b~ing ke1::,t bet,'fetm 200 and 2100 for :;a minutes ~nd then bohree!l 200 a,nd. 2100 

for 37 mhmte~ a£ter the second h~lf of the resin hg,d beel'>. ~rUled.. i~ por'"!' 

tion of tha v~.rni0--ll. when ep11lied. to ~ test ya.nel, b&.d o.ri~d sornewh,.,.t aft~r 

10 h.01:tr~, 1'>U't re~.ined qu:ite t{;;seky. l::\.ro we .. ,ks lt1,ter the fib! w~s still in 

the $ame condition. 

2 • .lilste:rs of inositol alld linseed oil fatty aeicls .. 

fron 11:nseed oil and tu.ng oil. Jio s~41,on1fica,tion equiv~1ent$ i11ere determined 

since all the auceeas!ul l"'W."l.e ~ere made under the se.me conditions ~~ waro 

previous runs in which lbloleic aeii':l W,Il':S used .. 

First run:: ifhe 11a.cid chloride u.t!?As ];)re11~red in the usual m~.nn.er, from 20 

g. of linseed oil fatty ae:l.ds ~nd 6.5 r,11 .. of thion;rl ehl~rid.e. !his mi1rture 

was hee;tea with 1 g •. rJf inoGitol at 120-1300 for 1 l1eur 1 i;;.s in previou~ 

rmJ.s. 9:he 1.mreactecl inositol was recover~d. b~ atlding diethyl 0th.er to the 

mixtv~ anti filtering it with ~ suction :ftt..'l.'l!i\el. 'lhe failure of the sub­

$ta.ncer:; to re1<1ct was proba.bly due t.0, the sbMnoe of :d.li!.e chlorid&:">. 

~~cond. l"'.»l: !hie wias a ;r-e,peti tion of the i"irt'lt :rt1jjl,:c e2r.c~~,t tl~tt zii1c 

chloride "\,,;!~.a uged as a. eataly~rt. After purification of the Joroc1uct, a 

varnish was prep8,:r.ed. as in the fourth r~ above, the final :p;z;irtod of he,9,ting 

being 41 minutes. When this va:rnish 'W'a.s ~PJ?lied to a tast p,t:1nel it dried 

only slightly within a period of 24 hour~. and after g t'kvs it vl'@,.:S still 

quite t~ek;v. 

':fhird ~= !his was the sa.,m~ as the f.leeo1:1d run, e.%cept that 2 g. of 



33 

:rrcr11:.1:th ~x:u: ~~e ~eitt ehl0:i."1de w.i18 
.... ,.,, It....__ 

ino:\iitol 

3. 

Ti''.lrst rFil.'!l! Seventy ,gr~rt'.':i cf th{> .,.,_eids aml 200 ml. of ~'31;m~e'11.e, w12ire ----~ ' . 



tenths millil1 tars of thion,Vl chlorHle tm~ added to the .flasl~., ~ the 

during the first 15 ainute~ of this period than d'IU"in,g the previous~$ 

!he W&ter might not have \eoo. co»!.!pletel7 remov~d from the acids. A 1:ua£ll 

amount of t:inc chloride and 2.57 g. et iltGsit,ol were added and the muture 

we.s refluxed for 2 hour11h lil;ich ureQ.cted. inositol va.a ollta1aed 01 f11 ... 

tre.tion of the mixture.. ~be :reaction might net ll&ve occurred owing to tho 

mu:ture to reoch a. high enough ternr,an.ture. 

Second run: i'h1a was \he flH!!ZMi ~e the first run, exeeyJt t~t most of ----
pared. ~nd the aeid chloride and inositol were heated for 2 houri!! ~t 120-

1300.. A varnish prepared by tha usUal method l"e~red a totsl of 59 minutes 

of heating at 200-2100. A cos.ting of this varnish bia.d dried slightly dter 

third !:!!,t Water was raoved from the acids ~a the ben!f;e:ne Wi": dis­

tilled off• a.s in the. second run. !hen 4! g. of the acids W'ere heated with 

3.43 g. of inositol in the preeen~e of m-oenzenedieulfonic aeid for 2.5 

hw.rs at 150-t6o0 .. llurtng this time 2.1 ml. ot water was collected, but 

Seventy milU.U. ters of qlene was then added to the rdxture and it was 

refluxed for 1 hour a.t1d 50 minutes. Only oJt, ml. ot water tormed t'!'.uring 

this this :i;,eriod, but from the appearenee of the :aixtur,e the inositol did 

not react with the ~cide. 

l"et\cted inesi tol ~s recovered on the filter- pe,per .. 



Taile XI. 

Preparation and Prooerties of the Baters 
-.....- . -----

'Wllter I · · Reactant s Conditions of Appearance Sapon1!1cation Nuber of 
Reaction Equivalent lister groups 

Per unit 
I I Pol:Y'f'1Jcy"l L1neeed oil 100 , 10 min. Spongy solid 13.7 o. 3 

alcohol tatty acid 
chlorides 

II I Inositol I Linoleie 120-130°, l I Vieeous oil I 357.2 I 1.901 
acid hour, ZnCl2 
chloride catalyst 

III I Inositol I Linoleic 120-1300, 2 I Viscous oil I 329.1 I 2.702 
eid hours, ZnCl2 

chloride catalyst 

IV I Inositol I Linoleic 120-130°. 2. 3 I Vlseous oil I 316.8 I 3. 313 
acid hours, ZnCl2 
chloride catalyst 

V I Inositol I Linoleic I 150-16o0 , 3.5 l Viscous oil I 436.2 I 1.036 
acid. hours.•-'ben-

zenediaulfonic 
acid catalyst 

VI I Inositol I Lb11eed oil 120-1300, l I Viscous oil !Bot deterained 
!atty acid hour, ZnCl2 
chlorides catal7st 

VII I Inositol I Linseed oil 120-130°, l ' I Viscous oil llot detel,"Jiined 
fatty acid hour, Znc12 
chlorides catal7st 

VIII I tnosltol I !'ufrg oil 120-130°, 2 I Vhcous oil !Hot detenained 
fa.tty acid hours, ZnCl2 
chlorides oatalyat 

I I I 
\>I 
\.11 



Time "of 
exPosure 
{_!i~s) 

3..:5· 

(i ... g 

9-10 

18 

22 

24 

2s-29 

32 ... 33 

li,6 

(7 da1s) 

varnish 
frem 
ester I 

Slightly 
tacky, V®'C'l/ 
rough. 

Almost 
dry. 

}Jry. 

!fable xn. 
DryiPf; sua,lities of th~. Varnishes 

Varnish 
from 
ester 

S0me111hat 
dry. ve'!:y 
tacky. 

Sams as 
e.bove. 

varnish 
from 
este:r HI 
Somewhat 
dry, quite 
taclcy. 

Slitrhtly 
ta,ok;v. 

S~me ~-s 
a.bove .• 

Very 
slightl;r 
t&'"Cl~t .. 

Same t'i.S 
above. 

Dry. 

va:rnts:n · 
from 
ester IV 
Sornev~t 
dry, quite 
tacky. 

Same ~.e 
above .. 

I 
Slightly i 
d.ri~r, cp.1itei 
tac;.;.y. I 

Sai11e as 
above. 

$lightly 
t~cky 

I 
I. 

I 
I 

Vccrnigh 
fr.om 
ester V 

f'lo:tc:•ewh,it 
fl:ry, quite 
t,~C!.l:"',f. 

Same as 
~:1;ove. 

1Same as 
1,1.bove. 

~:::r~}1·1, --::::1sh···-c··1·· ··;:::ish 
tr,tel' VI c~~ef:J;er)T:U:1. es,.~.r- Vl'.(l 

Slightlf 
f},ey. 

Same as 
above. 

Ver-Jr 
tacky. 

Slightly 
dry, ver;r 

· tseley~ 

Sa.me as 
~bove. 

'\.,,l 

°" 

'~~ 
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ISCUS 100 

!he prepa tion of drying oil ·- ester1f1c t1on of pol:,TiDTl alcohol 

ino itol ha not \ee achiev in this research. 

lt was found that the polrvinyl ester of the higher t tty cide con­

~aining t l st 16 c_arbon toae could not be obtained by many of the coJ11J1on 

methods of' p reparing esters. Only a slight reaction occurred when a\t · pts 

were aade to prepare the desired ester t r om lin eed oil tatty acids d 

polyv1.nyl acetate. with either zinc stearate or sodium benzenesul.fo te ae 

catalT t. 

far1oua ttempts at direct esterification of pol7Vinyl alcohol with 

higher fatty acids were not successful. In one run toluene was u ed as 

olTent and zinc stear t eas a catalyst. '?hen the same method wa repe ted 

with sulfuric acid as catal7et. Buns were also made at various tempera­

tures. using sulfuric acid as a catal1 t and sweeping out the reaction 

fiask with nitrogen gas . lone of these reactions were successful. R sons 

postulated for the failure of sterifieation to occur i n t hese ses re : 

(1) low solub111t7 of polyTinyl alcohol in the reaction miXture, (2) ne­

ces ity of keeping the reaction teaperature elow the dee position temper-

ture of polJV1nyl alcohol (a out 14oo), and (3) the large numaer of second ... 

arr h7dro1cyl groupa i n t he polrinyl alcohol. 

It s learned that the ester could e ve'r7 easily prep red from pol7-

vinyl alcohol and acid chloride . Although sters prep red ~y th1 ethod 

gav ne tive test tor halogen there 1e a aanger that hydrogen chloride 

formed in the reaction m1x\ur will react with the uneatur ted fatty acid . 

About 80 percent of the hydroxyl groups 1n the polyvinyl 1 cohol were 

e terifi d 7 this aetllod, ut the esters fo ed. were found t unsati -

factory for use i n the prepar tion of Tami he because of their light 

aolu ili ty in on varnish solvEmts. 



eT ral sters of in sitol w re pre red fro the acid chlorid of 

linol 1c acid . the pr ort i or. ~ ct ts · d · t e- ot re c:tion • 

ec os1ti on oceurr d t-o gr t extent · duri thes re ctions a:nd the 

reaulti e ters ·could not\ o tained in highly pu.rifi d t Jo nore 

\ 50 percen of tile droql groups of ino 1to1 er e terifi • Only 

one Y ish pr t see t rs dried. co pl&tely-, n4 it e dark-

colo ed owing to \he presence' ot dee poai tion pro :ucts. 

An te:r prepared •Y' re-ct e terlfication ·_f inositol with 11nole1c 

cicl d1d not contain s au.ch decoapo 1.t1on material as did t he eatera 11&de 

fros the acid chloride, lN.t the ext nt of eater1f1cation of the inositol 

was auch less t:bau1 1' the abov • thod. The re&111 Ung product wa aostl7 

th mo o st r. 

T ious tte ts were leo mad t prepare tere of inositol. uatng 

linseed oil fatt y cids and tung oil f tty cids . S e of these vere sue~ 
' . 

cessf-ul• ~t none of theae e ter were ood dr71iig oil. 

All the hy-droxyl group in ino ital oet of the onee in p lyvinyl 

alcohol re eecondar7. It is kno that et rific t1on of s eor.dary and 

t rti cohola is »ore difficult than t~t of pr ry alcohols. P nta-

ery\hritol has four pr by'd.roxyl groupa; glfcerol and a r itol bave two 

pr 7 group e ch. It may tha\ the greater proportion t pr ry :ey ... 

dr0Jt1l grou;pa in t h latter- three compounds makes their e terif'ic tion more 

r pid d c plete, 

All of the ove can be s ed up as follows: The polyvinyl ester • 

ve dryi pr ert1 • but it <:ould not be used ecause of it light solu-

1lit1' i ioue solvents . ester of ino itol were €00 dr7ing 

11s, pro ly d'\18 to , 1 COl!plet e tar1tieat1on of the ale hol. 'fhe hexa-

ester of inositol appr riate fatty acid should be an exeellent dr11ng 

oil. ~h pro l is to find a ans of e pletely st rifyi th alcohol . 
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