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IVTRIDUCTION

Host drying oils used in protective coatings are natursl esters of
glycercl and varicus fabtty acid@,‘some of which are wsatursted. During
recent years synthetic esters have been prepared for use se drying oils.
These esters have been prepsred from mixtures of variocus fabty scide and
polynydroxy alcohols, such as sorbitel, pentserythritol, znd diventserythr-
itol, which contain more than three hydroxyl groups.

In view of the fact that the synthetic esters prevared from alcohols
which contain more hydroxyl groupe than does glycerol hsve betber drying
oroperties than the natural drying cils, it seemed profitable to extend
the investigation of syamthetic drying oils to include the study of the
preparation and the properties of synthetic drying oils obtzained by es-~
terification of some of the polyhydroxy alcohols which heve not been in~
vestigated. This work deals with the vrevaration of synthetiec drying

oils by the esterificstion of polyvinyl alcohol and of inositol.
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HISTORICAL

A gurvey of the literature shows that nmany diiferent metheds, with

numerous variations of eonditions and catalysts, have been employed in

the prevaration of esters of fatty acids and polyhydroxy aleohols. This

review will include exsmples of various methods and conditions which have

been used in vreparing esterg of fatty ascids and alcochole containing more

than one hydroxyl grow. These examples will illustrate the following '

tynes of ssterificstion:

Ehe

Co

ind
*

i.

Esterification of polyhydroxy alechols with fatty acids without cat-
alyets,
Heterification of p@lyh&&roxy aleohols with fatty acids by use of
sulfonic acid eatalysats.
Beterification of polyhydroxy alcohols with fatty acids in the
sresence of basic catalysts.
Bsterification of polyhydroxy aleohsls with snhydrides of fabby
aeids.
Beaction of polyhydroxy alcoholg with fatty acid halides.
Reaction of polyhydroxy alechols with alkyl esters of fatty acidg
without catalysts.
IZxchange estorification of triglycerides with polyhyiroxy slcohols
in the presence of zlkaline catalysts.
Bnchange esterificétion of trizlycerides by polyaydroxy aleohols,
by use of metal or metallic oxide catalysts,
Reaction of fatty acids with anhydro derivabives of polyhydroxy al-
cohols.
Hater formation betwe@nvpelyﬁaliﬂes or hploalcohols aﬁﬁ fatty aecid

salbs.
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., feaction of fotty acids with sulfurie aeid ssters of polvhydrowy

&

In addition eremuplos will De given in vhich polyfunctiensl ssters have
beon wrevered whlch are suitable for use as drying oils.

Chittendan (1&) obtained esters of glveerol and fetty neids by heating
the resgents for 11k hours at o btemperature of 10@oﬂ in an open rotertd,
and ctllecting the vater of reosoblon.

Schalit (49) obitained mizturss of esters, often vp te the tetra sster,
by heating éifferent equivalent smounts of fatty aclds with erythritol in
an 0il bath at 200-250°

Blagonravova and Lerarev (7) accommlished the ecterification of
nentaerythritel with coleic seid ond linoleic acid by heating eouivalent
amounts of the acids snd alcohol at 180, 200, 220, 230, and 2409 for 6

hours.

Eonen (35) prevared esters of fatty acids and variocus aleohols by di-
rect ssterification of the aleohols and fobty acids, without the use of

eabalysts, as deseribed in the followling guobablon:

“¥rom a chenical standpoint there are Qﬁ' & number of different

] .

weys of forming esters, bubt from a practical and commercisl view, bthers
only two methods which are economical enoagh for the uze of the dry-

0il industry. Thesae are: dirsct esiterification, in chher words,
& L*i i of fatty aeclds directly with polyhydric aleohol: snd ale

ceh@lyvis, in which one alcohol replaces another te form a new type of
ester. The one most in use at present is direct esterifiestion and is
carried oubt as follows: Theorstically equivalent amcunts of the alco-
hol and the fatty zcids are vlaced in 2 lavge cloged vessel which ig
fitted with a reflux and 2 condensor to Uhldﬁ s source of vacuvum is

abbached. The aciés and alechol are heated to about U500 P. vhils be-
ing azitabed with a strear of inerd gas and with vacuum ﬁﬁ:llu&. Re-
saetion takes place, water being liberanted and teken off through the

caﬂﬁaneur. The refluy serves to condense any alechol which m1gut Ya-
porize and reburng it to the reaction mixbture whils allowing the water
rornar 10 pass on indo the condensor to he disecarded. Ths reaction
wrogresseg very rapidly at firabt and ot M500 F. the major portion of
ction iz over within an hour or two, ag measuref by the drep in
&. The amount of this drov dengnds uwpon the tﬂwe of alcohol
z¢. After thie initial rga;u reachion, h
in acid velue is very slow and if o low final acld value such




as % or 5§ is desired, heating must be continued for 6, €, 10 or more
hours.®

Johnson (24) obtained esters of sorbitol and various higher fatty
acids by heating the resction misxtures in open vessels for 3-10 hours, atb
temperatures ranging from 200 to 260°.

Berthelot (5) reported poor yields of the esters of glucose and su-
cross, obtzined by heating these polyhydrexy compounds with fatty acids in
sealed tubss for 50-60 hours at 2 bemperature of 1200,

Berthelot (6) obtained esters of trehalose and fatty acids by heating
the reaction mixtures in sealed tubes at a temperature of 1809°.

Hilditch and Rige (31) obtained esters of glycol and various fatty
acids by using phenol as a zeolvent snd camphor-beta~sulfonic acid as a cat~
alyst. Several rung were made by heating the reaction mixture for L hours
2t temperaturss varying from 120 to 180°. For the runs msde at 160-180°,
50-70 percent of the fatty acid had reacted after % hours.

Ciocca and Semproni (16) esterified higher fatty acids with glycol by
unsing aromatic sulfonic acld catalysts and refluzing in benzene for 4.5
hours.

Kaflza 2nd Nalbandova (3U4) esterifisd glyesl and glycerol with fatty
acids in the vresence of 2-navhthalenesulfonic acid, forming wono- and 4i-
esters.

Ivanov and Elokov (33) prepared glvcerides of linolenic zecid, oleic
acid, a2nd mixtures of various fotty aclds, by heabting the reogents in the
presence of the Tuitehell reagent for H-7 hours ab a bemperature of 100°,
in a stream of carbon dioxide.

Twitchell (53) esterified glycerol with s mixture of palmitic and
gtearie acids by using nayhthaleneatearOSglfonic acid as a catalyst and
heating the reaction mixture in an open flask at a terversture of 100° for

4.5 hours.
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Bennett (3) estorified gzlyeol, diothylene glyveol and other dihydroxzy
aleohols with fatty aclds éantaimimq morz than 5 carbon antoms hy haating
the 2leohol and acid under orsssure in the prescnce of a cetalyst euch as
esleiun chloride,  sodiun glycerophosphate, boraxz, and sodium sulphite, for
2 hours at 2 ftemperaturs of 200°.

Tourasn and Crendall {52) esterified glyeol snd diethylens glyeol with
higher fatty aeide by dissolving 0.0 part of sodivnm in 2 volumes of the
anhydroas alcohol and one volume of a glyeceride, ané boilipg under reflux
for a fev minutss,

Caristensen (15) obtained the mono- and diglycerides of higher fatty
acids by heating the scid in the presence of an alkali-forming metel gly-
ceroxide at 100-220° for 1-5 hours.

Lundsgaerd (38) esterified the fatty scids obbained by the sazonifi-
eation of sunflower-seed o0il, by heating them with a large execess of gly-
cerol ond a potossiun sosp, at e temperature of 150° for 10 hours.

Johnson {2%) obtained the asters of glycercl and mixbures of various
fatty acids by pasaing glveerol vepor, at a temperature of 230° and under
a pressure of 20 mm., into the acids, whlch hed heen heate& to o tenpera-
ture sbove the boiling voint of thﬂlglyaeral. The reaction was conbinved
for BG?ﬁiﬂutes in the presence of metsl sosps.

Du Pont de Wenours and Company (21) patented the preopsration of esters

£ @entserythritol ané fatty acids containing more than 16 corbon atoms by
heating the alcohol and aeids for 1-4 hours at temperatures ranging from
150 o 2759, in the presence of a small proportion of a base, such zs the
oxifes of lead, calcium, zine, and sodium.

Stien and EKuo (50) made the ester of mannitol and elevstearic acld by
heating the alcohol and acid with lead oxide, in s current of ecarbon di-

oxide, at a temperature of 180° for g€.5 hours.



Bu nont de Femours sud Compeny (22) cleim the preparation of mixed
esters of fatty acids and celluloss by treating the alechol and an excess
of the acids with ketene in the presence of sulfuric or hydreflueric acld,
at n temperature not exceeding 100°.

Lorand (37) presared esters of starch, dextrins and various sugars by
hezting then at 2 temperature of 900 for several hours, with anhydrides of
higher fatty acids, in the presence of catalysis such as sulfuryl chloride
or magnesium perchlorate.

Young and Black (55) obtained the divelmitate of sthylene glycol by
plecing ethylene glycol, together with guincline, in sn ice bath, after
which palzityl chloride was afded and the mizture shaken vigorously until
it set to 2 hard mass. The mizture was then allowed te stand a2t reom temper-
ature for L48-72 hours.

Pfeiffer and Goyert (U3) msde ethylene divalmitate by hesting valmityl
chloride with ethylene glycol un to & temperature of 180°, without the use
of a2 solvent.

Melkin, Shurbazy, snd Feara (39) obtained the dilaurin by first adding
lauryl chloride to a ccld solution of alvhm-monolasurin in dry benzene, and
then slouly sodding oyridine while shaking, after which the miwture was allowed
to shand overnight.

Gantor (12) made esters of glucose by heating the sugar with higher

halides in pyridine for &-12 hours, at a tempersture of 5H0°.

fa

fatty acl
Hoglan ond Bartow (%2) obtsined solid hexXa-ester derivatives of in~

051101 and aceble, prosionie, n-bubyric, isohutyriec, n-valeric, and 3,5-d4i-

nitrobenzeic acids. The esters were prepared by refluxing an excess of the

acid chloride with inositol om an oil bath at 110-120° for L5 minutes to

one hour, in the presence of a swsll anount of szine chloride. The resction

would not occur in the absence of zinc chloride.



Adams (1) prevaret the esters of pentaerythritel and fatty acids by
first allowing the acid halide and pentaerythritol to react in the cold,
then at a temuerature of 609, for a total of 24 hours, using pyridine as
a selvent. |

Oden (LO) obtained fatty acid esters of l-arabinose by rescting the
sugar with the acid halides a2t o temperature of 50°, using either guino-
line or chlarofcrm as a sclvent;

Goss and Johnstone (28) prepsred fatty acid esters of compounds con-
tzining more than 3 hydrozyl groups by replscing the alethel in glycerides
with other polyhydroxy compounds. Alccholysis was effected betwsen » gly-
ceride and methyl, ethyl or nropyl aleohol. Alconolysis was then effected
on the resulting egter by cgusing it to react with variocus polyhydrozy com-
pounds, such ss mannitol, sorbitoel, erythritol, arabitel, and xylitel.

Grun, Wittka, and Scholze (30) reported the alcoholysis of fatty acid
esters of ethanol by reacting the ester with glycerocl, in an open vessel
at a tempersture of 270—2800 for o period of 15 hours. The conversion was
G4 percent complete.

Rewadilkar and Watson (U7) prepared esters of fatty scids and glycerol
by heating esters of methyl alechel with glycerol at a temperature of 100°
for 24 hours, using oyridine as a golvent snd in the presence of sodium
methoxide.

Blegonravova, Antipova, Sevvina, and Svetlichnays (9) premred mixed
esters of nentaerythritol by aleocholysis of various vegetable oilg. Hum~
ercus runs were made, using calcium oxide as gz catalyst and hesting the
nmixture for % hours at temperatures ranging from 220 to 270°. The extent
of exchange esterification was found to increase with increase in proport-

ien of pentaerythritol, the maximum tolerance of pentaerythritol being 2
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moles per mole of lingecd ¢il. VYhen sodium hydrozide wag uszé as a cot-
alyat, the resction was completed in o shorter time, and at s lover temp-
erabure.

Rikageku (48) effected exchange esterification of vegetable cile by
heating the glycerides with 5 %o 50 percent glycerol ot a temperature of
200° for 1-2 hours, while stirring. The presence of ethanol, benzene, and
hydrogen gas under a pressure of G0 atmospheres had no effect on the extent
or rate of the resction. The reaction was slowed down by the presence of
wvater.

Young and Black (55) obtained monplauriﬁ from trileurin by refluxing
glveerol with trilasurin. UWhen 10 grams of glycersl and 10 grams of tri-
laurin were refluxed for 30 minubes wnier sphydrous conditions in on at-
mogphers of nltrogen, 1.0 gram of monolaurin was isolated from the reaction

mizture.

have been

T8
5%

Mixtares of diglycerides and triglycevides of fatty scid
prepared (’“) by heating glycercl with triglyceride esters ot a temperature

of 225-2500 for 1-5 hours, with sgitstion o

(a3

blhie mixture during the react-
ion.

Blagonravova and Anbinova (8) performed exchange esterifications be-
tween various vegetable 0ils and glycerol or Qentaerythritol, using various
basic catalysts. They found caleium oxide ond lead oxide to be effectiVe
catalysts, magnesiunm oxlde $o be less effective, and the oxides of gzine,
iron and cobalt to be ineffective. Caustic alkali, in the form of an al-
coholate of the alceohol used, wns founé t5 be more e¢ffective than the metal
oxides. Waber-sbsorbing salts were found to he ineffective.

Bxchange esterifications between triglycerides and glyecerol have been

effected (45) by heating the two substances in the presence of an =



catalyst, such as an alkoxide or scap, 2zt a temperature of 17%°9. Any water
formed during the resction was removed by bubdling a stream of inert pgos
through the reaction aizmture, or by cairying out the resction under vacuun.

Hsters of polyglycerel zud minitures of fatiy zmclds have besn obdainesd
{(23) by first polymerizging glycerol with heatl, then reacting the resuliing
w0lyglycerol with triglycerides, by heating the mixture in the presence of
an a2llzaline catalyet.

Grun (2G) obtained esters of glycerel and various fatty acids by ex-
change esterification of triglycerides with glycercl. The roactions were
run ot a temperature of 170—8500 for 3-5 hours, in the presence of metal
catalysts, such as tin, zine, and aluminum.

Orthrer and Beuck (41) prepared esters of glycerel and fatty mcide by
reacting glycidol with various fabtty scids. The reaction was found to take
place either with or without the use of heat or ovressure, and catalysta such
a8 alkalies, alkeline salts, organic acids, 2nd acid-reacting sslis.

lionochlorchydrin esters of fatty acids containing U or more carbon
atoms have been obtained (26). The reaction is earried out by slowly zdd-
ing an eouivalent amount of epichlorohydrin to the fatty acld in the pres-
ence of Priedel-Crafts catelysts, such as aluninum chloride, ferric chloride,
ané boron trifluoride.

Deters of various fatty acidy have been obtainedb(Z?) by reacting
sthylene and nropylene oxides with the fatty acids at 2 temperature of 130-
1%00, asing at least 2 moles of the oxide per mole of fatty acid.

Renchaw (46) vrepared 2,3-distearin by sealing 20 grams of sodiww
stearate and ©.5 groms of 2,%-dibromoprovancl in a glass tube and heating
at o temperature of 140-150° for 7 hours, in an air bath. The seme writer

also made this compound by heating 20 zrams of lead stearste and 5.9 grams
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of 2,3-dibromopropsnel in o pressure bottle at & temperziure of 1220, in
an a2ir bath with consbtant shaicing.

Schalit (L9) obtained esters of erythritol by reacting 1,4-dichloro-2,
3-bubsnediol with sodium salts of fatty scids. The resulting miztures con-
tained decompesition »roducts in addition to the esters.

Thomson {51) renorted the formation of esters by heating 1,3-dichloro-
hydrio with potaszium g2lts of fatty acides a2t a temperature of 160-170° for
3.5 hours, ugipg ¥ylene ss & zolvent for the resction mixture.

Veikherts (54} nreoared the distesrate of glyeercl by dissolving gly-
cerol and stearic acid in concentrsted sulfuric ncid, and then heating the
two resulting mixtures together at o temperature of 70° for 3 hours.

Overholt and %1z (U2) obtained glycol esters of oleic, linoleic, lin-
olenic, and eleostearic acids by effecting an interchange between glycol
acetate and the methyl esters of these fatty aeids, the resulting volatile

enter being removed from the reaction mizture by distillation,

sz}

§

The following ouotation taken from a npaper by Komen (35) desceribes the
relationshiyp between the dryinz properties of a compound and its molecular
structure:

Phe preceding oils described have been modified by altering the
fetty acid portion of the oil molecule. There is another class of oil
now in restricted use that has besn rmade by modifying the nleohol poris-
ion of the oil molecule. These are the so-called ester oils, such as
ventaerythritol or sorbitol esters. The purpose of sliering the slco-
hel portion is t0 cause an improvement in the drying nroverties of the
0il by increszsing the functionality of the wolecule. Perhaps we should
explain this term briefly. All notursl dryving oils are fatty acid eag-
ters of glycerine. Glycerine is » trihydric alechol, i.e., it has
three hydroxyl grouns st whiech vpoints fatty scids can be joined te the
glycerine nucleuns; hence glyceride 0ils are trifunctional, and if there
is sufficient unsaturation in the fatty acid portions, these oile will
dry to a golid film. If, however, these fatiy aclids were attached to
glycol which has only two hydroxyl groups, thues giving a bifunctionsl
molecule, a drying oll would not be formed. Upon oxidation, this bi-
functiovral 0il might become gwamy and very viscous but it woeuld not
set to 2 hard film. To go further, if the same fatty acids were at-
tached to ethyl or mebthyl aleohols which are menohydric, thus being
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monofunctional, bthey would show no drying nronerbties whabcoever and
would remain ligquid wpon oxidation. However, 0 go in the other di-
rechion, if we were to attzch the same fatiy acide to ventaerythritsl,
waleh is tetrahydriec, we would find that the drying vpronerties of the
0il resulting would show an imnrovement over one made with glyecerol.
Sorovitol containg six hydroxyl zrouss end therefore sghould give an even
better drying oil than does pentaerythritol. However this is not the
case because two of the hydroxyl groups in serbitol do noet readily es~
terify with fatiy acids but, rather, form an interlinksge bhetween them-
selves and thus are not readily available for the attachment of a fatty
acid chain. Therefore, sorhitol, in effect, is tetrafunctionasl as is
pentgerythritol. It is possible to resct 5.5 mols of fatty acid with
sorbitol but at opresent the process is not commercially feasidle."

Konen (35) »revared the fatiy acid esters of sorbitol, glycerol, venta-
erythritol, and di-pentaerythritol, and studied their drying oroperties with
the results shown in the following quotation, taken from the same naper as
sbove:

ithe testing of these saters in varnighes ig now going foruard
but as yet not enough dats are available for a comprehensive report.
In general, the improved drying and hardness showm by the oils is
carrieé over into the varnishes made from them. A1l of the synthetic
esters show an improvement in bodyving epeed over the corresponding gly-
cerol ester. In the same fsshion, improved water and alksali-resistance
ie shown., The scorbitol esters do not show as much imorovement ag the
pentaeryvihritol esters, however, are slightly inferior to pentaerythritel
esters in soay and alkali resistance. Di-pentaerythritol shows an ad-
vantage over pertaerythritol in hardness, mar resistance and alkslil re-
sigtonce. A1l the synthetic ester vernishes have hetter abrasion re-
sistance than corresponding glycerol egter varnishes. Sorbitoel eater
vehicles do not resvond well to baking but show exce11ent athesion pro=-
verties. This mizht suffice their use in primer surfaces. Taste and
cdor gqualities of the sorbitol esters are good, therefore they might
well be ugeful in can costings and food wrapper inks,?

Burrell snd Yander Vali. (11) produced esters which can be used to vre-
pare low-cost, rapid-drying varnishes from yolypentaerythritol. naleic an-
hydride, and 1all oil. A4 Diels-Alder resction was first carried oud betuben
‘tall oil and 3.5-6.0 percent maleic anhyéride, ﬁase& on the weight of the
tall oil. By the time the resction mizture hé& reached a temperature of
2500 &, more than 98 wvercent of the malelc anhydride had reacted with the
tall oil,

Enough nclrﬂentaaryt%rltol wos added t0 the resulting compound to react

with the acid grouns of the t2ll 01l snd maleic anhydride product. This re-

Lide
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action was best carried out ot 275° in o closed contoiner and with agi-
tetion of the reaction mixture. The use of 2 high-boiling vetroleur naphths
aided in the removal of water formed during the reaction.

Pive samoles of tall oil of various compositions were rescted with 4,5
2ercent maleic aphydride and the resulting profucts esterificd with dipenta~
erythritol, The resin aclde of the esters varied from YO percent to 55 per-
cent and the fatty acids from 38 percent to H2F percent. Data on the oils
end the varnishes prepared from the oils are recorded in Table I vhich was
Yaken directly from the above reference.

Storing of the varnish in the presence of driers improved the drying
ability. The tack-free drying times of 2 sample of one of the varnishes
after various intervals of storsge are given in Table II,

&1l the varnishes haé excellentk gioSS which wes retained ﬁith aging of
the film. The duradbility of the various vgrnishes was tested, the resulis
indicating that the di@entaerythriﬁol varnish was suitable for inside worlk,
and that the oubtzide durability wes f2ir and superior to that of varnishes
prepared from the glycerol and mannitol esters,

Tabdble I.
Asters of Dipentaervthritel and Varnishes Prevared from these lsters

Varnish (50% So0lics)

Sam~|Licid| Ash |Bterols [Fabty |Resin|lodine| Dust|Tack|Viscosity | Lolor
ple | Wo.|[(%) (%) lacids|acids|Value |Free|Treel|(voises) |(Gardner)
Ho. (#) | (A ,

1 |162 |C.2C| 7.B |38 G5 152 (1/5 (%5 1. %0 )

2 {158 |0.20| 8.4 41 51 7 {1/ |45 1.00 17

3 |157 |0.10| 8.0 |41 |51 152 |1/4 |b.5 1.3%3 16

b 165 |0.16] 8.2 |u5.h fus.g | 146 l1/u |5 0.50 13

5 [165 {0.18| 6.5 [53.1 [Ho.k | 143 |1/% 5.5 | 0.22 16
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Table II1.

Varnish from Polysentzervthritol, Maleic Anhydride, and Tall 0il

Time of storage Fack free drying time
(days) (hours)
1 11.5
L 6.5
T b5
(1 year) 8.0

Cowan and Falkenburg (17) prepared drying oils by first polymerizing
the drying fraction of the fatty 2cids of certain oils to form dimeric and
trimeric acids, after which these polymerized acids were removed from the
mixture snd heated with polyhydroxy aleohols to0 form polymeric esters. The
remaining hydroxyl groups of these esters were then reacted with fatty acids
to give a synthetic oil.

One of the synthetic eils was prepared by reacting dimerized fatty
aclds with glycercl in the presence of lesad oxide, then further esterifying
the rosulting ester with linseed 0il fatty acids. DMannitol, ventaerythritol
snd soybean oil fatty ncids were aleo used in the preparation of the various
oils.

Varnishes were pwrepared from the synthetic oils; the properties of
these varnishes are showr in Tables III, IV, and V prevared by these workers.
Also included in the tables are one or more linseed oils of different vie-
cosities, for comparigon purposes. The results indicste that these syn~
thetic oils give films which are faster drying and are more resistant to
water and alkali than are linseed oil films. It is thought that this in-
crezgse in resiastance to alkali and water may result from a greater nunber
of carbon-carbon bonds present in the film. Ister gum vernishes prevared
by the investigators gave little indication of heing suwperior to similar

varnishes prepered from linseed oil.
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Table IIL.

Teying of Yarnishes from Syathetic 0ils

Vernish| Dosig- Tine required for Tilm eoncition anfter
from nation Initial | Dust- Fight | Pwenty-four
011 Ho.| of »il set free hours hours
(min.) | (min.)
T 156G T50-180 | 270-300 | Tncky 81. Tecky
2 256 120-150 | 330-360 | Packy - Tacky
3 6 120-150 | 300-320 | 81, Tacky 81, Tacky
L LG 90-120 | 210-240 | 51, Tacky V. 31. Tacky
5 282% 090-120 | 210-240 | V. 81, Tacky | V. 81. Tacky
6 15k 30-£0 150-120 | Mot Tacky Wot Tacky
7 28M §0-120 | 150-180 | Wot Tacky Yot Tacky
g 28K 120-15C | 3%0-360 |V, Tacky V. Tacky
) 208MG 120-150 | 270-300 | 1. Tacky VY. 81. Tacky
10 25G¥s 150-18C | 330-360 | Tacky Tacky
11 25GHA 120~150 | 240-270 | 81. Tacky V. 81, Tacky
12 250GMA 210240 | 3%0-360 | V. 81, Tacky | V. S1. Tacky
13 SLGUA 60-50 240-270 | V. 81. Tacky | ¥ot Tacky
1k PSP, 60-50 210-240 | V. 81. Tacky | Wot Tacky
15 Lingeed X| 60-80 | 240-270C |V. 81. Tacky | ot Tecky

table to tzble:

1the oils have been designated by symbols
For example, 28FL designates

for ease in refering from
the 0il pade from 1 part re-

sidual Qiwerized fat acids, 2 narts soybean fat acids with pentaerybhritel.

Table IV.

Yater Repsistance of Varnish Filps

Varnish| Desig- Appearance of Filn after Recovery
o, nation Bzposure to Cold Vater for after U3
& Houras 1 24 Hours iUg Hours heours immer-
' sion (min.)
T 156 V. §1. Blusn | Blusn Tlush 2035
2 28 Blush B. Blush Blush 30-35
3 136 81. Blush Blush B. Blush 20-35
) 2LG Blash Blush B. Blush 30-40
5 25PE V. Bl. Blushk | §1. Tlush 81. Blush 15-20
6 18k V. 81. Blush | V. 1. Blush| V. S1. Blush 5-10
7 285 V. §1. Blush | S1. 3lush Rlush 30-35
g 284 V. 81. Blugh | 81. 3Blush Blush 16-20
9 2056 3. Blush B. Blush ¥. 3. Flush 60
10 2506FA B. Blush B. Blush V. B. Bluogh 60
11 2568, B. Plush B. Blush ¥. B, Blush 20~35
12 286MA ¥. S1. Bluck | ¥. 81. Blush| Blush 15-2
1% P At V. 51. Blush | 51. Hlush Blush 25-30
1k 25PIRA 7. V. 8. ¥. S1. Blush| ¥. $1. Blush 5-10
Blush
15 - Linseed % Blush B. Blush B. Blush 30=35
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Table V.

Alksll Resistonce and Hardness of Varnish Films

Varnish Desig~ Rocker Hardness of Pime Required for
Hugber nation Varnish Pilms Film Failure2 in
of oil 24 Hours 72 Hours | % % ¥aOE (min.)
1 1S6 a 10 ‘ 65
2 256G 10 14 K0
3 116 8 10 , 55
4 218 8 12 40
5 28FE 10 14 135
6 1sM 26 30 6o
7 28 16 23 120
8 28 23 28 50
g 208G 2 2 Lo
10 25GPA 6 ‘ 10 KO
11 28GHA 8 12 50
12 286MA g 10 55
13 2LGMA 12 15 65
14 28PIMA 10 16 : %0
15 Linseed X g , 14 g
Plate 100
Flass

2The time required for the film te dissolve or bresk while immersed
in the three percent alkali was recorded as failure.

Phe following data were taken from a paper presented by Barrell (2).
The date are concerned with resulis obtained when synthetic drying oils
were prepared by esterification of certain fatty acids with the technieal
grade of pentaerythritol, trademarked "Pentek®. This gabstance has an
average hydrexyl content of 47.2 percent instead of the value of 50 @ercenﬁ
for the pure compound. The decregse in hyéroxyl content is partly caused
by the presence of gome diventasrythritol.

Table VI gives the drying tines and outdoor durability of pentaerythr-
itol esters tec which had been added cobalt, manganese, snd calcium salts
as driers. Table VII shows a comparison betueen pentoerythritol esters of
linseed o0il scids and moybean o0il acids with other polyhydroxy ssters, all
the eaters being bodied to a gertain wvisceslty before exposurs. These

tables were taken from the above reference.

Where pentaerythritol is substituted for glycerol in the preparatiocsn



of drying oils, films are obtained vhich are faster drying, guiclker bedying,
harder,‘tougher, have higher gloss, bebtter sging gualities, and zre more
resistant to water.

Toble VI.

Dryine Time and Durability of Pentaerythritol Gsters

011 Acids Tock Free DIy~ | Durability
S : ing Time (hrs.)| (months)
GLtiCiCA , cre e v e et asnnaenmosneoss 5 ' 15
Debybrated castor. . cininnieesncnianan 5 7
Fractionally distilled fish oil......x 5 12
Practionally &istilled soy 6il,....... (7 days) 3

Table VII.

Polyhyéroxy Alcohol ZAster

/3]

Tnck Free 7% lellowness
: Brying Increase
: o " Time Light Bark
Linseed scids easter of: ' '
Pentaerythritol.......... 15 hours 4.7 L1
Grythritolescecenoanscves 32 hours _ . coe
Primethylolprovanet.....oe.e - 15 deys .io PR
Glycerol.,se.ncenansosnnss 1 days via ien
Sov ocids ester of: . ,
Pentaerythritol.iieiesce. 18 days 5.3 2.9
Arythritol..ceeneenreanas 24 days .is vos
Hatursl glycerides:
Linseed 01l.ceeviccnnnosn 7 days 334 16.8
807 01liiue v onnsaicncnans Hore than . ein
3G deys
Fung 01l .ceninevanasacss % hoars cie iee

Bolley (10) claims the nreparation of drying oils by the esterification
of erythritel, incsitol, and pentaerythritol, and states that these drying
oils have betier drying qualities then natural drying c¢ils. Detsiled in-
formation is given only on the esters of pentasrythritol which indicabes
that, compared to natural dryisg oils, these esters impart to varnishes
(1) shorter drying times, (2) lower resistance to alkali, (3) lower sole

ubilidy in organic solvents.
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Under this heading are ilnelunded those compounds used in this work
wihich wers not readily available but vhich were prepared from other sub-
stances. These include polyvinyl acetabs, pelyvinyl zlcohol, and the aeld
chiorides of various fatty aeids or mintures of fatty acids.

1. Polyviayl acetste.

The method uged for the nreparation of nolyvinyl scebate vas snzentially
that of D'alelio (19), but it wes found that the best ylelds were obdained
when the resction nixbture wes heateld for a much longer periocd of time then
that stzated in this roference.

First run: One hundred milliliters of distilled water, 5 g. of Aeronol
07, 24 ml. of Vinyl acetats, and about 0.1 2. of potassium persulphats were
placed in a 250-ml. round %attcm,'Buneck flask eguirped with 2 nercury-
senled mechanical stirrer. The mirture was heated st 60-68% and stirred
continuoasly for 1 hour. %he yield of pelyvinyl acetate obtained by f£il-
tration was 4.67 g.

decond runt Conditions ani anount of reasctants were the sane as for
the first ram, but the nizture was heated for 2 heurs snd 20 minubes.
Twenty and three-tenths g. of product was obdained, representing a 90.8
sereent wield.

“rivc rua: This rTun was the cane as the second rum, exes?h that the

nemensanan

resction mixture wos heated for 5.9 hours. The yisld was 15.2 g. wvhich re-
oresents 67.0 nercent of the theoretical.

Yeze of the nolyvinyl acehinbs ohiained during the sahove rupy was used
in the research. fBone polyvinyl mcataﬁa was found in the stoere reon which
had formed by the soentonecus polymerizabtion of o bobttle of vingyl acctate

2t roon tempersturs. Bilnee thiz polveer was more uniform than $he ones pre-
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pared by the above operation, it was used as one of the materials for this
work,

The specific viscosity of a 0.0101 molar benzene solution of the poly-
vinyl acetate used in this investigation was determined. The velue of 0.015
was found for the specific visceosity, defined asn:

i!ﬁ of efflux of gog %ln.ion at 20° 0.2 -
ux aolvent a 'S

B'Alelio (18) employed the specific viscosity as a means of determining
the molecular weight of polymers, but since the necessary constants were not
available, the melecular weight of this particular polymer could not be de-
termined by this methed.

2. Polyvinyl alcohol.

The polyvinyl alcohoel used was prepared dy alcoholysis of polyvinyl
acetate with methyl alcohol (20). Twenty five grams of polyvinyl acetate
was diesolved in 700 ml. of absolute methanol and this solution was added
to a 1,000-nl., 3-neck round-bottom flask equipped with = mercury-sealed
stirrer, a thermometer and a gas dispersion tube. Hydrogen chloride gas
was bubbled through the mixture while it was heated at reflux temperature
for 15 minutes. The polyvinyl alcohol which precipitated out at the end
of thie period of time was washed with ethanol and then allowed %o dry.

3. TFatty acid chlorides.

Three attempts were made to prepare acid chlorides. The third attempt
was considered the most successful and was the one adopted for use through-
out this research. The three runs made are described as follows:

First run: The acid chlorides were prepared by placing 40 g. of lin-
seed 01l fatty aclds in a 250-ml. round-bottom flask and adding thionyl
chloride slowly through a drepping funnel, after which the mixture was
heated on a water bdath at 75-85° for 1 hour. A beaker containing a so-



lution of wotassiom hydroxide was uwsed as o brap be eateh $he hyirogen
Cehlovids and sulfur &lo¢;ée Formed duriany the rescticn. The aciiy turnsd
dar: incedistely uson nddition of %he thionyl chioride. 4fter the cone

t wes pede 6 parify the zeid chlorides

platien of the reaecbion, an atia
by distilliing thes under reduced presszure, bub the product deconposed atb
the Boiling point, resulting ir & relatively larse smount of black, sar-
lik%e naterisl.

S@ccn& EE&;.A& attemot wae made o prepvare the scid enlerides by the
method of Krofft and Triteler (35). To a 250-ml. rownd-bvetton flsat was

g. of linseed 0il fatty sneids apd 8 g. of phesphorus pentaciloride.

sddad L0
SLAaG Sy f

& Tenker contazining an agquecus solution of potassium hydrozide was used an
o trap fer the hydregen ehloride formed. The fatty selde turned dark om
cosiing in contact with ths phosghorus pentaehloride. A gos clowly escaped
from the selution curing the Tirst § minﬂmes; At the end of this tlze the

mizture was heated at 45-50% for 15 mimutes.  The mixture was then heated

%9

n ap elechric heating mantle, undey & pressure ef 20 mn. of mereury, in
order tu aistll eff any phosphorus sxyealoride formod. By the btlme (istil-
late staried coming over » relatively large swount of tar-like substance
had forned in the distillation flask.

Third ryun: This ron was the szame ns the first run, sxcept tast no attemph
was made te purify the acld chleridss after they hed beon prepared from tho
fatty scids of linsead 21l and thionyl chloride. The crude mizture waos used
directly for caterification, ng described later.

B. IDeters of volyvinyl alechel and

1. By transesterificetioan of 5

Slruh van: Uine greaus of polyvingl seetote, 31.25 z. of
siagl 2
fatey wcifs, 100 mi. of tolusne, amd 2 z. of sine sbearsic vore added to

& 250-pl. round-bottom flaslk eaquiprzed with a water-cooled refluw: condenser.
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The toluene was used as a solvent for the resction mixzture. It also forms
an azeotropic mixture, which boils a2t 104.9%, with acetic acid. The resction
nizture was heated st reflux temperature for 2 hours, ofter which it uas
distilled through a fractionating columm. A% & fewoeraturs of gu®, 2.7 ml.
of distillate came over. The temverature of the vapors then repidly rose
to 106°. At the end of 4.5 hours 332.6 ml. of distillate had been collected
ot a tempersture of 106 to 109.7°. 4fter the first 15 ml. of distillate
haé been collscled, an gdditionnal 20 mi. of toluene wos added to the reaction
pizture. The distillate collected was titrated with s standard sodium hy-
éroxide solution, using nhenolphthalein zs an igdicaﬁar, to deternine the
amount of ncetic ncid nroduced. The distillate reguired 31.25 ml, of 0.203
¥ sodium hydiroxide solution for neutrelization of the zmeid present. ALccord-
inz to thess results only 6.1% percent of the polyvinyl acetate rescted to
liberate acetic acid. The residue in the flask was made basie with sodium
hydrexide gelublion, sodiun chloride wzs added, then the mixture was ex-
tracted with dicthyl ether. Tone of the desired product was found after the
eVaporation of the ether.

Second run: The process wes the same as Tor the first run, ezcest
that 1 2. of sodium benzenesuvlfonate was used as = catalyst instesd of zine
atearate. ALfter the pixture wegs refluxed for 2 hours, it was fractionally
distilled. The first distillate crme over at s temperature of 107°. Thirty

and five tenths milliliteres of distillate was collected over a veriod of

5 hours, at a temperature of 107 to 110.2°. Twenty nine and three tenths
milliliters of 0.203 F gedium hydrexide solution wes required %0 neutralize

the zcid in the distillate, indiceting that 5.76 nercent of the acetic acid

-

was liberatsd fron the nolyvinyl acetate ased. Fo attennt wes nm=de to ob-
tain any wure oroduct from the resction mizture.

2. By direct esterification of »olyvinyl alecohol and fatty acids.



Pirst run: Six grams of polyvinyl alcohol, 40.6 g. of linseed oil
fatty acids, 150 ml. of toluene, and 1 g. of zinc stearate were added %o a
500-ml. round-bottom flask equipped with a reflux condenser and a Bildwell-
Sterling tube, in which water formed during the reaction was collected and
separated from the mixture. This mixture was refluxed for 12 hours. One
and five-tenths milliliters of water was collected during the first 5 minutes
of this peried, but thereafter no water formed, and there was no apparent
decrease in the amount of selid polyvinyl alcohol comtalned in the reaction
mixture. At the end of the first 2 hours and 10 mimutes the liquid part of
the reaction mixture had become slightly yellow. After the termination of
the l2-hour periocd the ferric hydroxsmate test for esters was applied to
both the liquid and the solid portions of the reaction mixture. The test
was negative in both cases. The small amount of water collected during the
firet 5 minutes of the reflux perioed might have been present as an impurity
in the fatty aclds used.

Second run: Conditions were the same as for the first rum, except
that sulfuric acid was used as a catalyst instead of zinc stearate, and
the fatty acids used were dried overnight with Drierite. Ten drops of con-
centrated sulfuric acid was added to a flask containing fatty acide of lin-
seed 0il, toluene, and polyvinyl alecchol in the same proportions as in the
first run. The reaction mixture turned slightly dark immediately upon
addition of the sulfuric acid. Two and one tenth milliliters of water
formed during the first 10 minutes of the reflux period. After the mixture
had been refluxed for 4 hours the liquid portion had turned slightly yellow,
with no apparent decrease in the amount of solid particles present. Ten
mnore drops of concentrated sulfuric acid was then added, and the mixture
turned very dark. An additional 1.7 ml. of water was collected during the

first 10 minutes after the addition of the second portion of concentrated
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sulfuric acld. After this mixture had been refluxed for 10 hours, the
dark liquid and solid particles gave a negative test for an ester.

Third run: A 500-ml., 3-neck flaek equipved with a gas-dispersion tube
and a water bath were used for this run. 8Six grams of polyvinyl alecohol,
40.6 g. of linseed oil fatty acids, and 2 drops of dilute sulfuric acid
were heated in a round-bottom flask onm a water bath at a temperature of
100° for 5 heurs. Nitrogen gas was bubbled through the mixture during the
period of heating, to help remove any water formed. Apparently none of the
polyvinyl alcohol dissolved in the fatty acids, and there was mno change in
the sppearance of the mirxture during the period of heating. The mixture
gave a negative test for esters.

Fourth run: The equirment was the same as for the third run, except
that the mixture wes heated on an o0il bath a2t a temperature of 130-135°
(polyvinyl alcohol rapidly decomposed at 1409). The polyvinyl alcohol
started turning dark after the first nine minutes of heating. Apparently
it was gradually decomposed by the heat. The mixture was heated for a
total of 20 mimutes, after which the run wes discontinued. The test for
the presence of an ester was not applied.

3. By esterification of pelyvinyl alcohol with acid echlorides.

The preparation of esters from the alcohol and acid chleride had not
previously been attemoted decause of the fear that hydrogen chloride formed
during the reaction would react with the unsaturated fatty acids contained
in the reaction mixture, but since nrevious attempts to form the ester had
been unsuccessful it was declided that this method would be tried mext.

a. Procedure.

First run: Using the same setup that wae used to prepare the acid
chloride, 4.4 g. of polyvinyl alcohol was added to the acid chloride pre-
pared as previously described, and the mixture was heated on a water bath
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at 1009, Immediately after the addition of the polyvinyl alcohol to the
acid chleoride a gas started bubbling out of the mixture. After 10 minutes
the acid chloride seemed to have disappeared completely and the volume of
the solid portion of the mixture had increased to several times the origi-
nal volume. The resulting substance was washed three times with methanol
then allowed to dry in an open dish, The product formed was a spongy,
slightly yellow selid.

The solubility of the product was tested in ethanol, petroleum ether,
and ethyl acetate, by filtering off the excess solute after it had reached
equilibrium with the solvent and then allowing the solvent to evaporate.
The amount of solid remaining after evaporation of the solvent in each case
was 20 small that no attempt was made to determine the weight, since it
probably would not have been significant.

The substance turned slightly brown after it had been heated to a
temperature of 130°, end with continued inerease in temperature it did not
melt but charred completely.

®. Saponification numbers of esters.

The saponification equivalent of the ester was determined by saponi-
fying a sample of it in an excess of alcoholic potassium hydrexide, then
Pack-titrating the basic mixture with hydrochleric acid solution. The first
run was made in order to determine the amount of time necessary for the re-
action to resch completion. The second run was made to determine the saponi-
fication equivalent of the ester.

First determination: Two hundred milliliters of a 0.691 ¥ golution of

potaseium hydroxide in ethanol and 13.1% g. of the ester were added to a
500-ml., round-bottom flask equipped with a reflux condenser. The two sub-
stances were well mixed, then 5 ml. of the liquid was withdrawn and titrated

with 0,102 N hydrechloric acid. The mixture was then refluxed, with 5-ml.
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sarples being wilthdrawn at varicus intervals and titrated with the standnrd-
ized hydrvocbloric acid solution, with the results shovn in Pable LTI,
Table VIIL.

Saponification of Beter of Polyvinyl Alcchicl amé fcids of Linssed 011

Henction time Voluze of acld reguired
{min.) for baek titration

) I35, 51 ’

6 27.10

12 20.80

21 20.39
36 20,10
56 19.55

70 19.53

According %o thene data, the remction wag Very near compledion sfter o period
of pne hour.

Second determination: Eleven znd ninety-oight bundredths grauns of the

ester were pived with 200 ml, of the slcoholic potassiun hydroxide as in the
Firet detormination, and 5§ ml. of the llguld was withérawm and tiltrated with
0.102 ¥ hydrochloric acid, vregquiring 322.90 ml. of the scid for neutralization
of the basic solution. The mizture was refluzed for 1 hour: theﬁ % wl. was
withdravn and back-titrated as before. Fvenby-threo ond three tenths »illi-
liters of G.102 ¥ hydrochlorie seid was reguired for meutralization. The
saponification ssuivalent was ealoulated from these dsta to be 313.7. Fhe
pxtent of esterification of the polyviayl aleohel an determined frem the
cquation 313.7 ezuals (M4.05/% plus 272.8 mimus 1£.0) (100), vhere 278.8

in the enlculated averasge molecular welght of linseed oil fatty seids, was
&3.3 percent.

The eshor vas tested for the pressnce of halogen Wy the Beilstein
method and also by fusing some of the produet with sodius and testing the
resulting filtrate for halide ioms (13). Hoth tests were negntlve, ia-
dieating that none of the hydrogen chloride formed during the reaction had

rescted with the unsatursted fatty ooids.



¢c. Preparation and properties of varnishes made from esters.

Two varnishes were prepared according to the method of Bemnett (4).
The first of these contained some of the uﬁr as one of the campoments.
The second varnish did not contain any ef this substance, but was used only
for comparison purposes during the testing of the drying properties of the
firat varnish. The ester at first appeared to be very soluble in turpen-
tine, vhich was used as a solvent for the varnish, but later proved to be
only slightly soluble when a varnish containing this substance as one of
the components was filtered and most of the ester remained behind on the
filter paper.

Several attempts were made t0 prspare a varnish which could be used as
a comparator for the varnish containing the synthetic ester. A varnish
could have been obtained already prepared for this purpose, dut it was
deemed necessary to obtain experience in the preparation of varnishes be-
fore attempting to prepare and study the drying properties of varnishes pre-
pared from the synthetic ester. Only the most successful attempt to prepare
one of these varnishes will be recorded here.

Five grams of nevillac {a resin obtained by the polymerization of
formaldehyde and phenol) was added to 21 ml. of boiled linseed oil, and the
mixture was heated at a temperature of 190-200° for 70 minutes. Then 5 g.
more of the resin was added and the mixture was heated at 190-200° for 1
hour and 10 minutes. The mixture was then dissolved in 33.5 ml. of turpen-
tine and 3 ml. of japan drier was added. A layer of this varnish was ap-
plied to a $est panel containing a coating of shellac. The varnish re-
mained quite tacky for 1% hours. It was only slightly tacky after a period
of 28 hours, and after being exposed for 37 hours it had set to & hard film.

Other varnishes were prepared by substituting some of the polyvinyl
ester for the resin. It was hoped that the synthetic ester would not only



serve a8 o recin, bub would nize contribule 36 the drving vroveriies of

the voraich.

Pirst Varnishi: Pue and five tenths grans of the esber vas odded $o 21
ml. of boiled linsesd o4l and this mivture uss heated &t 100-185° for 30

minutes: Theh 1 8. nore of the oster wns aodfed o the mimture and it uwas

henbed at 150-185° for 55 minuten. Throe milliliters of jspan érier and

(/]

hls vornich

3%.5H nl. of turpentine were addfed $o this pixbure. A layer of

a test vanel vhiich hnd heen previcusly coated with a layer

for the other tests. After § heours of enposure the costing
e only slightly tedky, bBut o rough svrfzce had formed, due to the prosence
of the polyvinyl ester vhich hed not disszolved during fthe preparntion of

the varnish. The roweh filpm hed comnletely dried after o neriod of 28 hours.

Second ?arnish' Tunis preparation was essentially the same as the first,
ezeent that ofter the varnish vns provored it ves filtered $0 rowove any
undissolved ester. 4 total of 3.4 g. of the ester was uszed in the preve~

ration of the varnish, and 3.1 z. was recovered on the filter uvaler, leaving

only 0.3 g. of the subsizunece ir the varnish. This vaeraish wps not applied
to n tent pansl, since it conbalned only a relatively small smount of the
synthetie eshar:

€. Tsters of Inositcl and fatty scids.

It was thought that sincse ipositel combains & hydrozyl grows an
ester might be prepared from this solyhydroxy sleohel which would be useful
a8 a drying oil. Various methods snd conditlons were employed in sttempis
to esterify this zleohol with linoleic acid and the acids conisined in
lincesd and tung oil. Froenm $he products obltained varmishes were vronaved
=nd ayplicd to test vansls. Several of the oubstonces obiained were also
seponified and their saponification egquivalent thershy detevmined.

1. Hsobers of iropitel and lincleic seid.



M run: For preparation of the acid chloride, 13 ml. of thiomyl
chloride was added to 42 g. of lincleic acld in a 250-ml. round-bottom
flask, as was previocusly done for the preparation of the polyvinyl ester.
This mixture was heated on a water bath for 1 hour at 100°, the gases
formed being caught in a trap containing potassium hydroxide solution. At
the end of a period of 1 hour, 2 g, of imositol (slightly less tham 0.5
equivalent per equivalent of acid chloride) and a small amount of zine
chloride as a catalyst were added to the dark ligquid. By use of the same
setup, thies mixture was then heated on an oil bath at 120-130° for 1 hour.
The mixture reacted quite vigorously during the first 20 minutes, with the
expulsion of a large amount of gas. The reaction was much slower during
the last 40 minutes of heating. After being heated 1 hour at this tempera-
ture, the mixture was a dark viscous oll. In order to remove the excess
linoleic acid, the dark mixture was added to a beaker containing a selution
of sodium bicarbonate and sodium chloride. The oil and basic solution were
mixed thoroughly until 211 the excess acide were neutralized. MNost of the
aqueous layer was then decanted from the mixture, after which the ester
wae extracted with diethyl ether. The solution was then filtered to re-
move undissolved solid particles present. After evaporation of the ether
2 yellow viscous 0il remained, mixed with a dark colored substance which
probably resulted from the decomposition of fatty aclds during the heating
of the reaction mixture.

In order to determine the extent of esterification of the inositol,
the saponification equivalent was determined as previously described for
the ester of polyvinyl aleohol. Two hundred milliliters of a 0.859 ¥ so-
lution of potassium hydroxide in ethanol was mixed with 11.23 g. of the
product in a 500-ml. flask. Five milliliters of the liquid was withdrawn

and $itrated with 0.1173 W hydrochloric acid, requiring 35.15 ml. of the
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acid for paﬁtrgliza)tion of the beso. _fx’he,‘:éi;@ﬁ:re.-wgﬁ refluxed for 1.5 -
hours and snother H-ml. semple wse remeved frem the mizture apd titrnted,
reouiring 28.26 w1, of ‘the -la;}énre_chlarie acid for neutralization., The mixture
wzs. then rafluxed for an additicnal _3@' ainutes, with no sppreciable change
in the elielinity of the mizture, = §w—m1 ‘sample reguiring 28.29 a1, of the
acid for neutralization. From these data the daponificstion equivelent of
the ester, ealemlated By (5) (11.22) (1,000)/€19%) (0.117%) (35.13 ~ 28.26)
is 357.2.  Tha perdentage estorificstion, caleulsated as srevionsly described,
was 31.7. Prowm these resulis it ‘eaﬁ bo seen that most ‘of the exter mole- .
eules ‘éssnta:ineﬁ f¢ more than two aéi& radicals. Ib is re:éﬂg;g&ize& that this
wethod of determining the saponification equivalent is net so accurate .ss
Gesired, gince the sample welghed out for saponification contained s wmell
amount of Gecoancsed substence wialceh could not be removed frou the wiszture.

Some of the sdove ester was used to s¥epere o varnish. Twenty 2iilie
litere of the rrofuct was mized with .3 2. of nevillzne resin in z 250-0d.
beekar. Tho mizture was hested om on oll bath st 200-210° for 30 minmtes.
Then %.3 g more of the resin wee atded, zud the heatirs win contimued at
200-210% for 35 pinules. During this dine considersbls pelymerisation
occurred on the sides of the beaker. The miviure wes dssolved in 29 zld.
of turpentine, and 3 wl. ¢f joopan drier was added.

Bome 0f this varnlieh was :g:a'mgzgeﬁ,. on o test panel of the tyoe used for
teating the varnishes prepared from the polyvinyl ester. After being ex-
posed for & houra the ¥arnish hed dried somewhst but remeined very tacky.
¥o farter drying of the filw was evident during the following £ éays.

Seeond rum 'ﬁﬁml seid ciloride was prepared fros L2 g. of linsleic scid
snd 1% ul. of thionyl ehloride in the same mauner as in the first run. The
cster was prevered from this scid chloride by the same method used during

the firet run, exeept that L g. of inositol was weed, which is slightly



29

less than one equivalent per equivalent of acid chloride, and the reaction
mixture was heated for 2 hours.

The product was purified as before, and a 12.10 g. sample was saponi-
fied with 200 ml. of 0.8485 W alcoholic potassium hydroxide as in the first
run. The initial S-ml. sample required 36.04 ml. of 0.1173 ¥ hydrechloeric
acid, end 2 S5-ml. sample removed after the mixture had been refluxed for
1.5 hours required 28.00 ml. of the acld for neutraliszation. The saponi-
fication equivalent was calculated to be 329.1, and the percentage esteri-
fication was 45.0.

A varnish was prepared from some of this ester by use of the same com-

ponents and in the same proportion =s for the varnish prepared during the
: first run. The ester polymerized extensively during the process of heating.
Therefore the mixture was heated at first at 185-195° for only 20 minutes,
then after the addition of the second half of the resin the temperature was
lowered to 165° and heated at 165-175° for 1€ minutes. The resulting prod-
uct was much more viscous than that prepared during the firet run. The
usual proportions of turpentine and japan drier were added to the mixture,
and a coating of the varnish was applied to a test plnol with the resulis
shown in Table IX.

Table IX.

Brying Properties of a Varnich Prepared with an Ester of
Inositol and Lineoleic Acid.

Time of exposure Condition of film
(Hours)

Somewhat dry but quite
tacky.

10 811ghtly tacky.

18 Same as above,

24 Very slightly tacky.

29 Same as above.

33 Dry.

The dried film had a slightly dark coler, due to decomposition products
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contained in the ester.

Third run: The acid chloride of linoleic acid was prepared by the same
method used in the first run, 42 g. of acid and 13 ml, of thionyl chloride
being used for the reaction. An ester of inositol and linoleic acid was
prepared and purified by the same method used in the first run, except that
the mixture was heated for a longer period of time. Two grams of inocsitol
was added to the acid chloride, and the mixture was heated at 120-130° for
2 hours snd 20 minutes. A gas was continuously given off at a slow rate
during the period of heating, and was still coming off when the heating was
discontinued to prevent further decomposition.

After the ester was purified as in the previous manner, the saponi-
fication equivalent was determined from s 11.7Y-gram ssmple of the product.
Everything except the weight of the sample was the same as for the second
run. The initial 5-ml. sample of the mixture and a 5-ml. sample removed
after the mixture had been refluxed for 1 hour and 10 minutes required
35.40 and 27.30 ml. of the acid respectively for the bdack titration. The
saponification equivalent was found to be 316.8, corresponding to 55.2
percent esterification.

A varnish was prepared from the above ester, using the same propertions
of components and the same conditions as during the first run, except that
the final period of heating was for 32 minutes. The usual test was made by
placing a coating of the varnish on a test panel, with the results shown in
Table X.

Fourth run: This run was quite different from the preceding three rums
in that linocleic acid was used directly, instead of the acid chloride. The
equipment used was a 500-ml. round-bottom flask equipped with a reflux con-

denser and a Bidwell-Sterling tube, as used in the attempt to esterify pely-
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Table X,

Prying Properties of a Varnish Prepared with an Hater of
Inositol snd Linelele Acid,

Pime of exposure Condition of film
(hours)
3 ' Quite tacky.
6 Same as above.
22 Somevhat drier.
32 Same ag above.
hb S1lightly tacky.

There was no further change in the condition of the film after it had been

of m~benzenedisulfonic acid were added to the flask. The mixture was
hested at 150-1600 for 3.5 hours. After 5 minutes of hesting at this temp~
erzture the wixture started bubbling, =and water tegan forming on the wall

of the reflux condenser. The reaction mivture zlso started turning dark.
Within 10 =minutes the mizture had turned very dork and a far-like substsnce
had begun to form in the flamsk, The mizture bubbled slowly during the first
hour and 20 minutes. Waber vapor slowly formed durimg the entire 2.5 heurs,
g total of 1.8 ml. being eollected.

The same method of purification of the product was used ag for the pre~
vious runs. The ester was a yellow, viscous o0il, and was not colored with
decomposition material as were the esters made by using the acid chlorideg
of the variocus acidas.

During the determination of the saponification equivelent sverything
was the same as for the third run, except that 10.26 g. of the semple and
0.5454% 1 base were used. ‘The initial and final 5-ml. samples of the mix-

ture reguired 20.30 2md 15.16 ml. of the acid respectively for neutrali-
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swing to the preseace of pyridine. TFhe reactlon mi%tmre was then allowed

to atand fae 2 hours. JSuring this relatively larse amound

of pyridine hydrcchloride crystalli srystals wers Filtercd
off and the remainiser 8f the pyridine wus resovaed by washilng the mixturs
with hydroenloric acid soluiion. The sxcess fatiy scids were thea removed

by the same wothod umeed in nrevicae russ. Ouing to an pecldent the product

was lest befors 1% wan wsed in the nregeraticn of a varsish. He further
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te o S0U-zl. flask equipped with o Fldwell-Sterling tabe snd a reflaz con-~

%

denser. The mizture was reflurzed, ithe benzene returning to the distilling

flask and the water being remeved thruugh‘tha side arn of the Bidwell-
Sbterliing tube. The distillation was continued as long as tuo phases formed

in the side a Sixteen ool four teuths mlllilxtgrs of water way Yomoved,

o iy N

laaving 9«.@ z. 6f nelds {4f 21l %he uster wes romoved). Sivteer nnd seven



3

tenths milliliters of thionyl chloride wan added to the flask, and the

nixture was refluzed for 30 ainuvtes. Oas was expellsd much mere ropidly
during the firast 15 minudex of this pericd than during the »revious runs.
The water nmight not have beon complebely removed from the acids. A amall

emount of zine chloride and 2.57 g. of inositol vere addsd and the mizmturs

was refluxed for 2 hours. [eh wnreackted inﬂsital wag ebtalned by fil-
tration of the mizture. The reaction might not hsve occurred owing to the
pregence of water in the acide, or the benvene nmight not have permitted the
nixture Yo roanch a high enouzh temperature.

Becond run: Tals was the sszse as the first rvun, erzeent that mest of
the benzone was romoved by distillation before the acld ehloride was nre-
pared, sod the acid chloride and inositel were hested for 2 hours at 120-
1309, A varnish prepared by the ususl 2ethod resuired s total of 59 minutes
of heating at 200-210%, A4 costing of this varnish had dried slightly after
remaining on a tead pomel for 9 hours, but repained very tacky. Ho further
ehonge 1in the condition of the film wos noted during the nert 11 dgys.

Third rup: later was removed from the acids ond the benszene wy~ dis-
tilled off, a3 in the second run. Then 48 p. of the acids were hested with
%.43 g. of imositol in the presence of m-benzemedisulfoniec seid for 2.5
hours at 150-160°. During this time 2.1 nl. of water was collected, Dbut
there waz no apparent decrease in the amount of unreacted inositol.

Beventy milliliters of zylene wes then added to ths nixture and it was
refluxed for 1 hour and 50 minutes. Only 0.4 ml. of water formed during
this this peried, but fron the appearence of tho mixturs the inositol éiﬁ
not resel with the acids.

The xylene was distilled off sad the mixture wos then heabed st 150-
1909 for 1 hour and 15 minutes. The substance vas Ffiltered, snd rmuch un-

reacted inesitol was recoevered on the filter paper.



Preparation and Properties of the Esters

Table XI.

Tumber Reactante Conditions Appearance | Saponification| Number of
Reaction Equivalent Hster groups
Per unit
"o Polyvinyl Tinseed oil 100°, 10 min. Spengy solid 3137 0.83%
alcohol fatty acid
chlorides
11 Inositol Linoleic 120-130°, 1 Viscous oil 357.2 1.901
acid hour, ZnClp
chloride catalyst
111 Inositol Lineoleic 120-130°, 2 Viscous oil 329.1 2.702
acid hours, ZnClp
chloride catalyst
Iv Inositol Linoleic 120-130°, 2.3 Viscous oil 316.8 3.313
acid hours, ZnClp
chloride catalyst
v Inositol Linoleic 150-160°, 3.5 | Viscous oil 436.2 1.036
acid hours,m-ben-
zenedisulfonic
acid catalyst
YI Inositol Lingeed 0il 120-130°, 1 Viscous oil |FNot determined
fatty acid hour, ZnClp
chlorides catalyst
Vi1 Inositol Linseed oil 120-130°, 1 Viscous oil |Not determined
fatty acid hour, ZnClp
chlorides catalyst
VIII Inositol Tulig oil 120-130°, 2 Viscous oil |(Not determined
fatty acid heurs, ZnClp
chlorides catalyst

99



Erying Guallties o

Table XiI.
£

the Varnishes

9%

Time of Tarnish Varnish Varnish Vernish Ternish .‘.“ﬁéinigﬁ v?étﬁigﬁ;“w'ﬁéfﬁish"
exposure | from from from from from from from from
{hours) | ester I aster TI ester IT11 estor IV oster ¥ ester VI | ester V11 oster ¥IIZ
) ' Somevhat - Somewhant ' o
dry, aguite | dry, quite
tacky. tacky.
6-8 Slightly Somevhat Same es
tacky, very | dry, very above,
rough. tacky.
9-10 Slishtly Someulat 51ightly
tacky. ary, guite dry, very
taciky. - taeky.
18 Some 28
ahovea.,
22 Blightly
drier, ouite
tacky.
24 Almost Yery Slightly
ary. 2lightly dry.
tacky. :
28-20 Bry. Seme a8
above.
32-33 2ey. SBames as
a.b V&,
T Slightly
tacky
(7 days) Same as Same as Same as Same as | very Same as
sbovs. above. above. above. tacky. above.
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PISCUSSION

The preparation of drying oils by esterification of polyvimyl slcehol
and inositol has not beenm achieved im this research.

It was found that the polyvinyl esters of the higher fatty scide con-
taining a2t least 16 carbon atoms could not be obtained by many of the common
methods of preparing esters. Only a slight reaction occurred when attempts
wvere made to prepare the desired ester from linseed oil fatty aclds and
polyvinyl motaﬁ. with either gzinc stearate or sodium benzenesulfonate as
a catalyst.

Various attempts at direct esterification of polyvinyl alecohol with
higher fatty aclds were not successful. In one run toluene was used as a
solvent and zine stearate as a catalyst. Then the same method was repeated
with sulfuric acid as a catalyst. Euns were also made at various tempera-
tures, using sulfuric acid as a catalyst and sweeping out the reaction
flask with nitrogen gas. None of these reactions were successful. Reasons
postulated for the failure of esterification to occur in these cases are:
(1) low solubility of polyvinyl alcohol in the reaction mixture, (2) ne-
cessity of keeping the reaction temperature below the decomposition temper-
ature of polyvinyl alcohol (about 1409), and (3) the large number of second-
ary hydroxyl groups in the polyvinyl sleohol.

It was learned that the ester coculd be very easily prepared from poly-
vinyl alcohol and acid chlorides. Although esters prepared by this method
gave a negative test for halogen there is a danger that hydrogen chloride
formed in the reaction mixture will react with the unsaturated fatty aclds.
About 80 percent of the hydroxyl groups in the polyvinyl alcohol were
esterified by this method, but the esters formed were found to be unsatis-
factory for use in the preparation of varnishes because of their slight
golubility in common varnish solvents.
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Several esters of inositol were prepared from the acid chloride of
linoleic acid by varying the proportions of reactants and time of reaction.
Pecomposition occurred to a great extent during these reactions and the
resulting esters could mot bde obtained inm 2 highly purified form. No more
than 50 percent of the hydroxyl groups of inositol were esterified. Only
one varnish prepared from these esters dried completely, and it was dark-
colored owing to the presemnce of decomposition products.

An ester prepared by direct esterification of imositel with linoleic
acid did not contain as much decomposition material as did the esters made
from the acid chloride, but the extent of esterification of the inositol
was much less than by the above method. The resulting product was mostly
the monocester.

Various attempts were also made to prepare esters of inositol, using
lingeed o0il fatty scids and tung oil fatty acids. Some of these were suc~
cessful, but none of these esters were good drying oils.

A1l the hydroxyl groups in inositol and most of the omes in polyvinyl
aleohol are secondary. It is known that esterification of secondary and
tertiary alcohols is more difficult than thst of primary alecohols. Penta-
erythritol has four primary hydrexyl groups; glycerocl and sorbditol have two
primary groups each. It may be that the greater proportion of primsry hy-
droxyl groups in the latter three compounds makes thelr esterification more
rapid and complete.

All of the above can be summed up as follows: The polyvinyl ester may
have drying properties, but it could not be used because of its slight solu-
bility in various solvents. Nome of the esters of inositol were good drying
eils, probably due to incomplete esterification of the alcohol. The hexa-
ester of inositol and appropriate faity acids should be an excellent drying

oil. The problem is to find a means of completely esterifying the aleohol.
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