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T H E  drying properties of f a t t y  acid esters of the 
cyclic polyols, inositol, quebrachitol, and pinitol, 
have been investigated only to a very  limited 

extent. Van Alphen (1) p repared  linseed esters of 
quebrachitol, and Bolley (2) investigated inositol 
esters. Gibbons and Gordon (3) prepared varnishes 
f rom inositol-linseed fa t ty  acid esters without study- 
ing the film properties of the intermediate oils. No 
l i terature references to drying oil esters of pinitol 
were found. 

As par t  of a program of investigation of the 
properties and uses of esters prepared  from various 
polyols, it  seemed timely to investigate oils which 
might be obtained when the cyclitols, pinitol, and 
quebrachitol were esterified with linseed fa t ty  acids. 
Fo r  comparative purposes, similar esters of mono-, 
di-, and tr i-pentaerythri tol ,  glycerol, erythritol,  and 
inositol were prepared  and evaluated. 

The quebrachitol used in this work was obtained 
from the rubber  latex serum. Methods for  recovery 
of this cyelitol are described by  Van Alphen (1) and 
by  H a r t  (5). 

Recently Anderson (4) reported his investigation 
of the recovery of pinitol f rom western sugar pine 
stumps. He prepared  only such derivatives of pini- 
tel as were necessary to identify its structure. 

Pinitol and quebrachitol are isomeric derivatives 
of inositol, pinitol being the mono-ethyl ether of a 
d-inositol and quebrachitol being the mono-methyl 
ether of 1-inositol. The s tructures  of these three cy- 
clitols as proposed by  Angyal and MacDonald (6) 
are shown in Figure  1. 

The pinitol 4 as received, yielded a linseed ester 
with a Gardner  color of 7. This was considered satis- 
factory.  The meso form of inositol ~ was used in this 
work. I t  was a purified product  considered satis- 
factory without fu r the r  treatment.  

B ECA U S E of the unsatisfactory color of the que- 
brachitol esters, methods were studied for puri- 

fication of this cyclitol. A modification of the method 
described by  Anderson (4) was employed. An aque- 
ous solution of quebrachitol was t reated with bar ium 
hydroxide to precipitate gums. Excess barium ions 
were removed by t reatment  with carbon dioxide fol- 
lowed by  filtration. The filtrate was evaporated to a 
thick syrup from which the quebrachitol was pre- 
cipitated by the addition of glacial acetic acid. The 
crystallized product  was filtered, washed with acetic 
acid, and dried. As shown in Table I, this process 

T A B L E  I 

Analy t ica l  Cbnstants  o~ Polyols 

Polyol P e r  cent hydroxyl ~Ie]ting 

Theoret- po in t  
Name Type F o u n d  ic,al °C. 

Quebrachi tol  a ...................... Crude 41.3 172-182 
Quebra.chitoI ........................ Pur i f i ed  42.7 4318 185-188 
P in i t o l  b ................................ As received 42.8 43.8 176-185 

• e Inos l to l  .............................. As received 56.6 56.6 225-227 
]i~ono-pentaerythritol .......... As received 49.8 50.0 ...... 
Di -peutaorythr i to l  ............... As received 39.7 . . . . . . . . . . . .  
Tr i -pent~erythr i to l  .............. As received 35.1 ...... 
E r y t h r i t o l  ............................ As received 54.9 g5:7 ...... 

a Obta ined f rom U.  S. R u b b e r  Co. P l a n t a t i o n  Divis ion.  
bObta ined  f rom Dr.  A. B. Anderson,  U n i v e r s i t y  of Oalifornia.  
e Obta ined  f rom A. E. Staley Co. 
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J. ~ ~ @, G. MacDonald, J, C l a a m .  Soe, 1952, 686-95 

Prel iminary  work with quebrachitol was carried 
out on material  obtained directly f rom Malaya. 2 This 
product  yielded linseed esters which were darker  
than a Gardner  color of 18. They dried to good hard  
films with unusual  depth of gloss. More recent lots 3 
of this polyol, when esterified, showed only a slight 
improvement in ester color. 

* P r e s e n t e d  St  the  27 th  fall  mee t ing  o~ the Amer ican  Oil Chemists '  
Society in  Ghicago, Nov. 2-5, 1953. 

1Technical  P a p e r  No. 126. 
~ I ~ l a y a n  Amer ican  Plan£ation,  Ltd. ,  Pe~ang ,  ~Ialaya.  
3Obta ined  f rom U.  S. Rubber  Co. P I a n t a t i o n  Divis ion,  New York, 

N . Y .  

306 

raised the melting point f rom the 177-182°C. range 
to a range of 185-188°C. and increased the hydroxyl  
content f rom 41.3% to 42.7%. The theoretical value 
is 43.8%. This product  when esterified with linseed 
acids yielded an ester with a Gardner  color of 5. 

The physical and chemical propert ies of all of the 
polyols used in this work are shown in Table I. The 
water-white linseed acids had an acid value of 200 and 
iodine value of 184. 

All of the oils used in this work were prepared  
by the azeotropic reflux method, using xylene as the 
azeotrope at  a tempera ture  of 235-240°C. A three- 
necked, l- l i ter  flask, equipped with a Barre t t  trap,  
stirrer,  thermometer,  and inert  gas inlet tube, was 
used. Carbon dioxide was bubbled through the sys- 
tem dur ing the entire process at the rate of 2.8 liters 
per hour. 

In  the esterification of the cyelitols, the molar ratio 
of f a t ty  acids to polyols was varied. In  esterifications 
involving inositol, the ratios of fa t ty  acids to polyol 
were respectively 6, 5, and 4 to 1. F o r  pinitol and 
quebrachitol, ratios of 5, 4, and 3 to 1 were used. 
In  the control esterifications, equivalent quantities of 
f a t ty  acids and polyols were employed. 

Esterification catalysts were omitted in this work 
in order to eliminate the additional variable factor  
which would be introduced. 

4Dr.  A. B. Anderson,  U n i v e r s i t y  o~ Cal i fornia ,  Berkeley, Calif• 
SA. E. Staley Company, Decatur ,  I l l .  
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After  esterification was considered complete, as in- 
dicated by  the leveling off of the acid value ve r s u s  
time curves, the esters were " t o p p e d . "  Volatile prod- 
ucts and free fa t ty  acids were removed by heating to 
a maximum temperature  of 235°C. at 0.5 ram. of mer- 
cury  pressure for  30 minutes. Figures 2, 3, and 4 
are esterification curves for  the esters prepared in 
this study. Esterification of the cyclitols was con- 
sidered essentially complete at about 21 hours, as 
compared to approximately 8 hours for  the several 
pentaerythri tols  (c f .  Fig. 2). The time required for 
the erythri tol  ester was about 12 hours. Esters of 
the three cyclitols, glycerol, and erythri tol  had con- 
siderably higher final acid values than did the sev- 
eral pentaerythr i tol  esters, namely a range of 14-20 
as compared with a range of 8-12. 

F I~OM the curves of F igure  2 it is obvious that  the 
eyelitols, glycerol, and erythri tol  are more diffi- 

cult to esterify than the pentaerythri tols  when equiv- 
alent  quantit ies of f a t ty  acids and polyol are used. 
The curves indicate tha t  these variations in esterifica- 
tion rates are influenced by  type of hydroxyl  g r o u p s ~  
whether p r imary  or secondary. Erythr i tol ,  having 2 
secondary and 2 p r imary  hydroxyl  groups, esterifies 
at a rate intermediate to that  of the cyclitols, having 
only secondary hydroxyl  groups, and the pentaeryth-  
ritols, having only pr imary  hydroxyl  groups. Glyc- 
erol, having 2 p r imary  and 1 secondary hydroxyl,  
esterifies at  a rate intermediate to erythri tol  and the 
pentaerythritols.  The variations in esterification rates, 
as shown by the curves of Figure  2, indicate that  the 
rates for  pinitol and quebrachitol seem to be influ- 
enced chiefly by  the character  of the secondary hy- 
droxyl groups ra ther  than by  their  cyclic structure. 

When the theoretical molar ratios of fa t ty  acids 
and cyclitols were used, the rate of esterification of 
inositol was slower than that  of the pinitol and que- 
brachitol, as shown by curves A, B, and C of Fig- 
ure 2. This is contrary  to the expectation that  the 
esterification rates for  the three cyclitols would be 
the same. This difference in rate may be caused by  
variations in solubility of the cyclitols as indicated 
by  visual observations. The esterification mixtures 
of pinitol or quebrachitol with f a t ty  acids are homo- 
geneous at reaction temperatures  whereas the inositol 
reaction mixture  forms a two-phase system. I t  ap- 
pears that  the presence of a methoxy group i n  the 
former  cyclitols is sufficient to improve their  solu- 
bility in the fa t ty  acids and hence increase the es£er- 
ification rate. The esterification curves for  the pinito] 
and quebrachitol esters (curves B and C of F igure  2 
and curves A, B, and C of Figures  3 and 4) are 
practically identical, as might  be anticipated from 
the similarity of their  structures. The esterification 
curves for  pinitol aud quebraehitol  at different molar 
ratios of f a t ty  acids to. cyelitot are shown in Figures  
3 and 4, respectively. The expected results, namely, 
increased esterification rates, were obtained when the 
molar rat io of f a t ty  acid to cyclitol was reduced from 
5 to 1 to 3 to 1. Pinitol, for  example, at a rat io of 
5 to 1 was esterified to an acid value of 15.5 in 20 
hours and at a ratio of 4 to 1 esterified to a lower 
acid value, i.e., 6.5, in the shorter time of 16.5 hours. 

A similar series of inositol esters was prepared 
with mole ratios of f a t t y  acids to eyclitol varying 
from 6 to 1 down to 4 to 1. Er ra t i c  results were ob- 
tained when 5 to 1 and 4 to 1 ratios were used. A 
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T A B L E  I I  

C:haraeteristies of L inseed  FatW-Poly(~l Es te r s  

Es t e r  composit ion FinaI  a~alysis  

Po]yol 

Moles 
fa t ty  ac id  
pe~molo 

polyol 

[nositol ..................... 6 
[nositol ................... 5 
lno.sitol ................................................... 4 

P in i to t  5 
Pini to l  ........................... 4 
P in i t o l  ................................................... 3 

~uebrachi to l  ..... 5 
~t~ebrachitol .......................................... 4 
Qnebraehi tol  ........................................... 3 

Pure, pen taery thr i to l  ..... 
Di-pentaerythri to] 
r ri-pez~ta er:~t hr i tol  ................................ 
CAyeerol 
E rythrit ,  ol ............................................... 

Acid 
va lue  

9.1 
7.6 
3.1 

6.1 
5.6 
4.8 

8.5 
6.5 
5.6 

4.9 
7.3 
4.5 
9.5 
5.0 

Viscosi ty 
(Stokes)  

4.6 
5.1 
6.2 

2.5 
2.7 
5.4 

2.8 
4.2 

10.2 

1.2 
1.4 
2.2 
0.5 
1.4 

(Dolor 
(G) 

5-6 
4-5 
4-5 

4.-5 
7-8 
9-10 

3-4 
4-5 
5 

3-4 
5 

5-6 
3-4. 
5-6 

Sapo.ni- 
f ieation 
va lue  

P e r  cent  
hydroxyl  

Specific 
gra.vity 

1 9 L 8  0.85 0.9471 
189.7 0.74 0.9481 
185.0 1.21 0.9519 

186.9 0.4~ 0 .949~ 
182.9 1.25 0.9555 
174.5 3.08 0.9702 

185.0 0.81 0.9501 
180.7 1.89 0.9577 
172.7 3.80 0.9718 

0.73 
0.57 
0.44 
0.54 
0.27 

189.9 
185.4 
182.2 
192.2 
189.8 

0.9337 
0.9385 
0.9477 
0.9270 
0.9355 

Iod ine  value 

Deter- 
mined* Corrected 

164.0 171.1 
163.3 170.5 
163.6 177.0 

158.8 170.0 
159.1 174.2 
155.3 178.0 

160.0 173.0 
158.5 175.5 
153.6 178.0 

170.0 179.2 
165.2 178.2 
162.1 178.0 
171.5 178.5 
166.6 175.0 

For  estel~ificatio.n t ime and  acid values  see l~igatres 2, 3, a n d  4~ * Wijs .  

considerable quant i ty  of an oil-insoluble, crystalliz- 
able substance separated f rom the reaction mixture.  
This mater ia l  had a hydroxyl  content of 35% com- 
pared  with the theoretical value of 56.6% for  inositot. 
Fu r the r  identification of the compound was not un- 
dertaken, but  it  p robab ly  is mlreacted inositol, as 
previously indicated in esterification studies by  Gib- 
bons and Gordon (3). 

The data on saponification and hydroxyl  values (8) 
shown in Table I I  also indicate that,  regardless of 
the excess inositol charged, these constants are quite 
comparable.  This tends to ver i fy  (3) a conclusion 
that  the final p roduc t  is largely the hexa-ester regard-  
less of the ratio of f a t t y  acids to inositol charged. The 
par t ia l  ester content  is apprec iably  lower than  in the 
cases of pinitol and  quebrachitol,  as indicated by  the 
range  of saponification and hydroxyl  values. 

The physical  and  chemical propert ies  of all un- 
bodied esters are shown in Table I I .  The method of 
prepara t ion  was comparable  for  all of these esters; 
however it is not  considered op t imum for  the inositot 
series because of the previously mentioned sludge 
separation. 

The colors of the several inositol esters were con- 
stant, that  is, about  4-6 Gardner .  The colors of the 
pinitol and  quebrachitol  ester show a darkening t rend 
as the molar  rat io  of f a t ty  acids to cyclitol decreases. 

I O D I N E  values (Wijs)  of the esters as measured 
were corrected for  differences in molecular weights 

of the polyols and for  differences in the degree of 
esterification. The corrected iodine value 6 (based on 
determined saponification and iodine values) there- 
fore indicates the t rue unsatura t ion in only the f a t t y  
acid residues of the esters. 

The corrected iodine values for  the cyclitols at  the 
higher molar  ratios of f a t t y  acids to polyol are a 
little lower than  for  the control esters. The fo rmer  
were 170-173 and the la t ter  178-179, excepting the 
erythr i to l  ester which had a corresponding value of 
~75. This is p robab ly  caused by  the difference in 
the amount  of polymerization result ing f rom the 
longer processing at high tempera ture  dur ing  the 
esterification of the former,  i.e., 21 hours  versus 8 

~C'orrected iodine va~ue~ ---- 56.1 X 1,000 Sap. va lue  X 280 X iodine value: ( a c t u a l ) ~  

Equivalent ,  weight  X 1.~r" (ac tua l ) .  
280 

hours. The time for  the erythri tol  ester was inter- 
mediate at  12 hours. The small amount  of polymeri-  
zation as measured by  a loss of 6-8 iodine value uni ts  
is insufficient to have any  appreciable  effect on the 
viscosity of the esters in the range below 7.5 stokes. 
This was verified f rom data obtained b y  s tudying the 
effect of heat-bodying of several esters. Table I I I  

T A B L E  I I I  

Var i a t ion  of Viscosity W i t h  l o d i n e  V~lue Whi le  Hea t  Body ing  

Po.lyol 

P in i to l  
P in i to l  
Qnebrachi tol  
Inosi tol  
Mono-pentae- 

ry th r i to l  

Molar  ra t io  
fa t ty  acids 

to polyol 

Viscosity* in Stokeu a t  
d i f ferent  iodin~ va lues  

C,orrected Corrected 
I .V. 170 I.V. 160 

2.5 2.7 
2.8 3.4 
3.0 3.4 
4.7 5.8 

1.8 2.3 

Viscosity in- 
c:'ea s~(Stokes) 

with 10 u n i t  
drop in co r- 

re:cted iodine 
*4alne 

0.2 
0.6 
0.4. 
1.1 

0.5 

* Based  o~n~ curve plotted f rom data obta ined f rom samples taken 
while hea.t bodying.  

shows the relationship between corrected iodine value 
and viscosity for  several esters dur ing the early stages 
of heat-bodying. The max imum change in viscosity 
is 1.1 stokes for  a 10-unit drop in iodine value in the 
range below 7.5 stokes. 

An inspection of the viscosity data on unbodied 
esters given in Table I I  indicates a higher initial 
viscosity for  all of the cyclitol esters as compared to 
the various non-cyclic control esters. As an exam- 
ple, a 6 to 1 molar  rat io inositol ester had a viscosity 
of 4.6 stokes and an 8 to 1 t r ipentaerythr i to l  ester 
had a viscosity of 2.2 stokes. Hence it  appears  that  
either the cyclic s t ructure  or the secondary hydroxyl  
groups are responsible for  the higher viscosities of 
tlle cyclitol esters. 

In  the inositol, pinitol, and quebraehito] series of 
esters, viscosity is related to the degree of esteri- 
fication. The completely esterified product  in any  
series has the lowest viscosity. Viscosity increases 
with the hydoxyl  content. The hydroxyl  coutent of 
the cyclitol esters increases with decreases in the mo- 
lar  rat ios of f a t ty  acids to polyol. This  is as antici- 
pated (cf.  Table I I ) .  

When  the viscosities of the completely esterified 
cyclitols are considered, the pinitol and quebrachitol 
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T A B L E  I V  

C h a r a c t e r i s t i c s  of H e a t  B o d i e d  L i n s e e d  F a t t y  Ac id  :Polyol E s t e r s  

E s t e r  compo,s i t ion 

Polyo]  

I n o s i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n o s i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
[nos l to l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i n i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i n i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i n i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Q u e b r a e h i t o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Q u e b r a c h i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Quebrachi t~) l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e n t a e r y t h r i t o l  . . . . . . . . . . . . . . . . . . . . . . . .  
D i - p e n t a e r y t h v i t o l  . . . . . . . . . . . . . . . . . . . .  
T r i - p e n t a e r y t h r i t o l  . . . . . . . . . . . . . . . . . . .  
E r y t h r i t o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Moles  
f a t t y  ac,id 
p e r  m o l e  

po lyo l  

6 
5 
4 
5 
4 
3 
5 
4 
3 
4 
6 
8 
4 

Overa l l  
t ime  to Zs 

visc.  ( h o u r s )  

2.0 
1 .75  
1 .75  
4 .0  
3,9 
3.1 
4 .0  
3.3 

4]; 
3.4  
2 .3  
5.9 

R a t e  in  
~ a n g e  U-Ze 
( S t o k e s  p e r  

h o u r )  

13 .8  
13 .8  
13 .8  
10.1 

9.2 
8 ,9  

10 .1  
9.2 

6.8 
15.1 
19 .8  
13 .6  

Ac id  
v a l u e  

5.2 
3.7 
2 .0  
4 ,6  
2 .8  
2 .8  
6,5 
3 .2  
3.2 
2 .9  
1.6 
3 .9  
5.9 

S a p o n i -  
f i ca t ion  

va lue  

190 .0  
188 .6  
187 .6  
186 .2  
1 8 5 . 2  
1 7 4 . 0  
183 .1  
181 .9  
178 .0  
187 .1  
182 .8  
180.B 
190 .3  

Pot cen t  
h y d r o x y l  

0 .7  
0 .6  

0 ,8  
~.h 
0 .5  
1.4 
2 .0  
0.2 
0.3 
0.3 
0.2 

V i s c o s i t y  
S~okes 

38 .0  
37 .7  
35 .0  
39 .4  
39 .4  
36 .2  
40 .8  
38 .7  
39 .4  
37 ,8  
38 .0  
49 .7  
35 .8  

I o d i n e  v a l u e  

Drop 
Dete r -  Cor- i n  cor- 

m i n e d *  r e e t e d  r e c t e d  

146 ,5  154 .2  16 .9  
144 .9  154 .0  16 .5  
] 4 8 . 1  1 5 8 . 1  18 .9  
133A) 142 .9  27 .1  
132 .7  143 .0  31 .2  
133 .0  ] 53 .0  25 .0  
134 .7  146 .8  26 .2  
136 .9  150 .2  20 .4  
136 .8  153 ,2  25 .7  
127 .8  131 ,2  43 .o  
133 ,6  146 .2  32 .0  
136 .5  1 5 1 . 3  26 .7  
126 .2  132 .8  42 .8  

* W i j s .  

products  are comparable bu t  distinctly lower than 
the corresponding inositol ester. I t  is thought that  
either the higher  molecular weight of the inositol 
esters or the solubilizing effect of the methoxy group 
in the former  esters, or both of these factors together 
produce such viscosity differences. 

In the three families of esters inositol, pinitol, and 
quebrachi tol- - the specific gravi ty  increases with the 
free hydroxyl  content. This is in agreement with 
similarly observed data  on part ial  esters of glycerol 
and the various pentaerythritols.  With the three 
pentaerythr i tol  esters the specific gravi ty  increases 
with the molecular size of the alcohol. An inspection 
of the data in Table I I  indicates tha t  in vir tual ly  all 
cases the specific gravities of the cyelitol esiers are 
greater than those of the controls. The value for  
t r ipentaerythr i to l  is 0.9477, which is about the same 
as the corresponding value for  the completely esteri- 
fled inositol ester. 

The relationship between viscosity and s t ructure  of 
the polyols was fur ther  studied by  heat-bodying sev- 
eral of the oils from each group. This was achieved 
by heating the esters to 288°C. at 5 ram. of Hg. 
pressure unti l  a viscosity of Z 2 was reached. The 
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equipment used for these experiments consisted of 
a three-necked flask fitted with stirrer,  thermometer,  
sampling tube, and vacuum take-off. Samples were 
periodically removed under  vacuum, cooled immcdi- 
ately to 25°C., and eheeked for  viscosity so that  the 
rate of polymerization could be followed. 

T H E  polymerization curves are plotted in Figures 
5, 6, 7, and 8 on a semi-logarithmic scale. In 

these figures zero time was taken when the oil reached 
288°C. For  comparative purposes the polymerization 
rates of all of the esters are shown in Table IV. 
These rates were obtained from Figures 5 through 8. 
With  the exception of curves C and D of Figure  8, 
representing the erythri tol  and monopentaerythr i tol  
esters, the rates are represented by essentially straight 
lines throughout  the bodying range. 

The bodying rates of the esters do not vary  with 
the configuration of the polyol but  do change with 
the number  of esterified hydroxyl  groups. The rates 
f rom fastest to slowest are as follows: t r ipentaeryth-  
ritol with 8; dipentaerythr i tol  and inosito], each with 
6; pinitol and quebraehitol, eaeh with 5; and finally 
monopentaerythr i tol  and erythritol,  each with 4. Pre- 
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vious work (7) has shown tha t  esters of glycerol with 
three hydroxyl  groups body slower than  esters of 
monopentaerythr i tol .  

The curves for  the heat-bodying of the inositol 
esters p repa red  using different f a t ty  acid to polyol 
ratios are shown in Figatre 5. They have the same 
slope, are pract ical ly coincident, and have almost the 
same initial s tar t ing  viscosity. The lat ter  point helps 
to ver i fy  the observation, previously made, that  a, 
hexa ester ra ther  than a penta  or te t ra  ester pre- 
dominates in the reaction mixture  regardless of the 
ratio of f a t ty  acids to inositol charged. 

The heat-bodying curves for  the several pinitol and 
quebraehitol  esters at different f a t ty  acid to polyol 

mole ratios are shown in F igures  6 and 7. The slopes 
of all these curves are identical for  the same f a t t y  
acid mole ratio, indicating that  bodying rates are 
equivalent. However  the time to reach Z2 viscosity is 
inversely related to the number  of f a t ty  acid chains 
on the cyclitols. This behavior  is apparen t ly  caused 
by  the differences in the initial viscosity of these 
esters. 

We have given in Table I I I  the corrected iodine 
values of the bodied otis and the drop in corrected 
iodine value dur ing  heat bodying. The losses in 
iodine value fo r  the esters of the ,same alcohol were 
comparable.  The table also shows the hydroxyl  con- 
tent  of the esters before and  a f t e r  bodying.  In  the 
cases of the par t ia l ly  esterified pinitol  and quebraeh- 
itol, polymerization rates  are related inversely with 
the initial hydroxyl  values. The ini t ia l  viscosity as 
related to the initial hydroxyl  content is shown in 
this table also. 

The drop in corrected iodine value (Tabl  e IV)  is a 
measure of the degree of polymerizat ion via the f a t ty  
acid structure.  In  all the groups  of esters the drop 
is inversely related to the funct ional i ty  of the polyol. 
The losses in the esters of the eyclitols are less than 
those in the pentaerythri tols ,  which point again re- 
fleets the higher  initial viscosities within the fo rmer  
group. 

The drying times of the l impid and bodied esters 
were determined on a Sanderson drier at 25 ~ ± 1°C. 
and 50 ± 5% relative humidity.  Naphthenate driers 
were used at the following metal  content based on the 
amount  of ester:  0.5% of Pb,  0.05% of Co, 0.025% 
of Mn, and 0.01% of Ca. The final dry  was the point 
at  which the film surface did not show an imprin t  of 
the sand particles. These data are shown ill Table V. 

T A B L E  V 

D r y i n g  P r ope r t i e s  of Polyol-L,inseed Fat.ly Acid Esters  

Unbodied  

Set-up D r y i n g  
t ime t ime 

( hou r s )  ( h o u r s )  

3.0 5.25 
2.75 8.[, 
3.75 8.0 

3.3',1 5.8 
5.75 8.25 

11.5 17.0 

3.O 7,5 
3.3 9.(, 

1 o .o  ] 8 . 5  

3.3 6.~) 

4.25 5.5 

2.5 3.0 

...... 24.0+ 

3.25 

Polyol 

Ino,sitol 
[nositol  
I n o,si tel 

Pini tol  
P in i to l  
P in i to l  

Molar  
rat io  
fa t t¥  

ac ids  to 
polyol 

6 
5 
4 

5 
4 

Que:h ~ehitol 5 
Queb: 'aehitol  4 
Quebraehi toI  :~ 

Mono-venta  e ry th  rltol 4 

l) -p e:nta.erythritoI 6 

T r i -pen tae ry th r i t o l  8 

Glycerol 3 

ELwthritol 1 4 

Bodied to. Ze 
(Garrdner)  

S ~.t-up D~ y i n g  
time, t ime  

(ho.u,s) ( h o u r s )  

3.3 8.25 
4.5 8.0 
8.5 13.0 

3.5 6.25 
15.(, 15.5 
12.0 14.0 

4.O 6.5 
6.6 9.0 
5.6 9.0 

2.6 I 2.6 

1.5  I 2 . 0  
I 

1.5  I 3 . 0  
r 

.... t .... 

I 1.75 2.25 

TIlE set and dry  times of the several families of 
I cyclitol esters were in direct  relationship to the 
number  of f a t t y  acids esterified per  molecule. The 
eyelitol ester films showed somewhat bet ter  gloss and 
toughness than those of the pentaerythr i to l  series 
although the differences between the t r ipentaery th-  
ritol esters and the cyclitol esters were marginal.  

The dry ing  and  set times of the bodied oils are also 
shown in Table V. The Sanderson dry  and set times 
of the bodied esters of Z 2 viscosity indicate quite 
conclusively tha t  the pentaerythr i to l  esters dry  faster  
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and obtain a ha rde r  set a t  an earlier t ime than  do 
any of the bodied esters f rom the various cyclitots. 
The set and d ry  times of the bodied pentaerythr i to l  
esters are fa r  superior  to those of any of the other 
esters studied in this series. 

I t  was pointed out previously concerning the heat 
polymerization of these oils tha t  the hydroxyl  content 
of the cyclitol esters decreases dur ing heat  processing. 
Dehydrat ion of the cyelitol esters may  occur in such 
a manner  that  an aromatic  or cyclic olefin s t ructure  
results. I f  the former  is a diphenol type, it may  act 
as dry ing  inhibitor,  and this may  be a par t ia l  expla- 
nation for  the delayed dry ing  and set times shown 
by  the heat-bodied cyelitol esters eompared with the 
heat-bodied pentaerythr i to l  esters. 

In  br ief  summary  then, pinitol and quebrachitol  
esterify with linseed f a t ty  acids, at a rate somewhat 
slower than  glycerol and faster  than inositol. The 
esterification rates, physical, chemical, and film dry- 
ing propert ies  of the esters of these two cyclitols 
appear  to be almost identical. The viscosities, of the 
cyclitol esters are in all eases greater  than  those of 
the pentaerythr i to l  esters when measured at  the same 

degree o~ polymerization. The eyclitol esters have 
drying t imes similar to those of the corresponding 
monopentaerythr i to l  esters and a little slower than  
those of the dipentaerythr i to l  ester. F i lm toughness 
is similar to that  of t r ipen taery thr i to l  esters. Heat-  
bodying of pinitol and quebrachitol  esters reduces 
their  d ry ing  speed. This la t ter  effect is in contrast  
to that  observed with pentaerythr i to l  esters, which 
d ry  more rapidly  af ter  heat polymerization. 
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Letter to the Editor 
DEAR SIR : 

Our at tent ion has been drawn to the article by  R. 
C. Sti l lman enti t led " T h e  Color Commit tee ,"  which 
appeared  in your  March issue. 

Mr. Sti l lman has inadver tent ly  criticized the Levi- 
bond system of color measurement  when in fac t  his 
criticisms were real ly directed against  the Wesson 
method, which has been used by  the A.O.C.S. for  
many  years.  

Color is a subjective sensation which exists only in 
the mind of the observer, and when a customer agrees 
to pay  a certain price for  a certain colored oil, his 
only interest  is " w h a t  does this color look l ike."  He is 
not in the ]east interested in a series of figures which 
give the transmission a t  certain selected wavelengths 
because, firstly, these figures cannot possibly convey 
to the ord inary  person what  the color looks like and, 
secondly, two different colored liquids with entirely 
different transmission figures may  look exactly the 
same to the average observer. Conversely, two sets 
of figures which appear  very closely similar  one to 
the other may  represent  very different visual colors. 
Hence the first point  which we would make is that  in 
this par t icu lar  ease of the valuat ion of an oil on its 
color, it is a s ta tement  of w h a t  i t  leo.ks l ike tha t  is 

r e q u i r e d .  
Color is, of course, three-dimensional, and the Levi- 

bond system measures color in all three dimensions 
whereas the Wesson method for  simplici ty 's sake ig- 
nores the brightness factor  and seeks only to measure 
the degree of redness. The difficulties to which Mr. 
Sti l lman refers  are caused by  this over-simplification. 

Mr. St i l lman very t ru ly  remarks  tha t  the one thing 
that  has not changed in 40 years is the Lovibond 
scale, and the oil indus t ry  in resisting a change has 
shown its wisdom in anchoring its s tandardizat ion 
method to a scale of such rock-like stability. 

As your  previous Color Committee chai rman re- 
por ted last year,  the difficulty of obtaining agreement  
between instruments  employing s p e c t r o p h o t o m e t r i c  
methods appears  insuperable,  and we submit  that  the 
use e t a  simple visual color s tandard  for  the pract ical  
men in indus t ry  has no rival. 

Yours truly,  

T H E  TINTOMETER LTD. 

G. J .  C ~ I A ~ B ~ : N  
Managing  D~reetor 
Salisbury,  England  

April  8, 1954 

D y e r  SiR : 

In  reply  to Mr. G. J.  Chamber l in ' s  let ter  of Apri l  
8, the Color Committee chai rman has wri t ten Mr. 
Chamberl in  to the effect that  the Color Committee 
chai rman has no criticism of the Lovibond system of 
color measurement  p e r  se: 

The Oolor Committee of the A.O.C.S.  has been seeking for  
a long time to develop a color method which eliminates the 
personal  equation. I n  order to do this, an ins t rumenta l  method 
is required. I n  all ins t rumenta l  methods, difficulties wi th  in- 
s t rument  response are encountered. Serious consideration needs 
also to be given to these factors.  They should be measured 
a n d  taken into account in the resul tant  color equation. The 
work still goes on in the search f o r  an ideal system of color 
measurement .  

One of the biggest  criticisms of the use of Lovibond type 
in a Wesson eolorimeter for  measur ing oil colors is the fact  
tha t  apparen t  red values are reduced when chlorophyll is 
present  in the oil. The second crit icism is based on the fact  
tha t  visual comparisons must  be made. The Crolor Committee 
finds no faul t  with the Lovibond system of color measurement .  
The (Jolor Committee only seeks to show why the use of the 
W~esson system with Lovibond glasses is inadequate for  evalu- 
a t ing an ell and seeks to find a more satis2actory method for  
the evaluation. 

~:~. C. STILLMAN, c h a i r m a n  
Color Committee 

June  4, 1954 


