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SECTION ".~ -'A 

used to adjus t  the amount  of current  passing through 
the heating element. 

()wing to the relatively slow t ransfer  of heat from 
the heating block to the test solutions, it is necessary 
to hold the block at a slightly higher tempera ture  
than that  desired in the tubes. The t ransfer  of heat 
was improved slightly by  coating the insides of the 
holes in the block with heat resisting ilat black enamel, 
but  there was still a t empera tu re  differential between 
the block f and the solutions. For  this appara tus  a 
block tempera ture  of 181 ~ • 0.2~ nmintained a 
teml)eraturc of 180 ~ • 0.2~ in the tubes  containing 
the isomerization solntions, with a tempera ture  (lifter- 
ence of less than 0.1~ among the three tubes. A 
constancy of • 0.5~C. has been found satisfactory 
for the isomerization reaction (1). The block came 
to 181~ in 30 rain. and the solntions came to 180~ 
in 25 rain. a f te r  the tubes were inserted in the heated 
block. The solutions could be brought  to 180~ in 
about  15 minutes if the thermorcgula tor  were by- 
passed for one to two minutes immediately af ter  the 
tubes were inserted. 

I r  

1. Blice, B. A., Swain, M. L., Schaeffer, B. B. and ~.ult, W. C., 
Oil and Soap, gg, 219 (1945).  

2. Mitchell, ,l. It., Kraybill, H. R., and Zscheile, F. P., :ind. :Eng. 
(;hem., Anal. Ed., 1 5 ,  I (1943).  
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t Although a brass block was used because bra~s is easy to drill, 
aluminum has a higher heat capacity and thermal conductivity; the 
differential be tween  the t~mperatures  of the hh)ck and sample might 
be reduced somewhat if aluminum wero used. 

Polymerization of Drying Oils. V. Further Observations on the 
Reaction of Unsaturated Dibasic Anhydrides 
With Methyl Linoleate 1 
H. M. TEETER, U. S. KINI/  R. A. MYREN, and J. C. COWAN, Northern Regional 
Research Laboratory) Peoria, I l l inois 

T I I I S  paper  reports  the results of experiments  on 

the, condensation of methyl  linoleatc with ita- 
conic and citraconie anhydrides  and the reaction 

of the condensation products  with ethylene diamine. 
Exper iments  on the condensation of methyl  linoleatc 
and maleie anhydr ide  in the presence of dimethyl- 
aniline are also described. 

In  a previons commmfication (5) it was shown that  
the reaction product  of one mole of methyl  linoleatc 
and two moles of maleic anhydr ide  could be separated 

1 Presented before the American Oil Chemists' Society Meeting, ~[ay 
10-12, 1949, New Orleans, Louisiana. 

2Trainee sponsored by the Government of India, 1947-1948. Present  
address :  Government Oil Factory, Calicut, India .  

One of the Laboratories of the Bureau of Agricultural  and Indus- 
trial  Chemistry, Agricultural  Research Administration, U. S. Depart- 
ment of Agriculture. 

into two comt)onents. One component, volatile in the 
molecular still, at)pcared to be a monoadduct  contain- 
ing one mole of methyl  linoleate and one of maleic 
anhydride.  The other component,  non-volatile in the 
molecular still, had proper t ies  indicating that  it was 
a polymeric adduct  of two moles of methyl  linoleate 
and three of maleic anhydride.  This polymeric ad- 
duct was found to give gelled products  when treated 
with ethylene diamine. 

The experiments  with itaconic and citraeonic an- 
hydrides  were under taken  with the expectation that  
these anhydrides,  considered as subst i tuted maleic 
anhydrides,  would show a reduced react ivi ty towards 
methyl  linoleate. I t  was thought  that  such lowered 
react ivi ty might  prevent  the formation of polymeric 
adducts and increase the yield of monoadduet.  
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Although reaction with inethyl linoleate occurred 
to the extent of 46.3% with itaconie anhydr ide  and 
only 27.6% with citraconic anhydride,  both monoad- 
ducts and polymeric adducts  were obtained f rom the 
condensation products. The polymeric adducts  were 
however not as reactive toward ethylene diamine as 
was the polymeric maleic a(hluct, an<l it was possible 
to achieve a nloderatc extent of reaction before gcla- 
lion occurred. 

Free  and combined itaconie and citraconic antly- 
drides were differentiated t)y methods p r e v i o u s l y  
enlph)yed for maleie anhydr ide  (5). Although not 
ideal, these methods 1)roved adequate to suppor t  the 
eonchlsion that  both monoadducts  and I)olymeric ad- 
ducts were formed. I t  was however not advisable to 
a t tempt  interpretat ion of the data for ttle i)olymerie 
adducts  in terms of the relative amounts  of linoleate 
and anhydride  combined therein. 

Analysis of the fractions obtained by molecular dis- 
tillation showed the apparen t  persistence of eomI)ara- 
t ively large amounts  of free itaconie and eitraeonic 
anhydrides,  lh)wever it was evident f rom the data 
in TabIe I lhat  tile largest  amounts  of free anhydr ide  
were found in those fractions containing the largest 
amounts of rcaetion t)roduet and that  redistillation 
of volatile fract ions concentrated free anhydr ide  in 
the less volatile fract ion ra ther  than in the more 
volatile fract ions as would be expected f rom the low 
boiling points of the anhydrides.  I t  was therefore 
concluded that  the analytical  evidence indicating free 
anhydr ide  in the fractions resulted mainly  f rom a re- 
sponse of combined anhydr ide  to the conditions used 
for  determinat ion of free anhydride.  

When the non-volatile adduets  were heated at 170 ~ 
with ethylcne diamine, gelation oc,.urred in one hour 
with the itaeonie adduct  and in 3.5 hours with the 
citraeonie adduct.  This behavior  contrasts sharply  

T A B L E  I 

]) is t i l Iat ion of Addue t s  of Methyl  Linoleal;o a n d  I t a con i c  and  
Ci t raconie  A n h y d r i d e s  

Condi t ions  of [ t Us -  
collection I reac ted  

F rac -  Sap.  t ion Teml)er-  Wt.,  anhy-  Neu t ra l  
tu re  [ Pres- [ g" dride,  Equ iv .  Equiv .  I.~r" 

~(?.' I su re  I % 

1 
2 
3 
312 
3 I) 2 

50 
100 
150 

50 
110 

Non- 
volat i le  

I t aeon ie  Adduc t  1 

4-10 8 ' 1.7 
3-5 11 2.0 
3-5 10 5.9 
3-5 0.7 0.5 
3-5 I 2.3 6.2 

Non - I 
volati le 14 14 . l  

( ' i t  r aconie  Addue t  

5232 
1660 

46~ 
6997 

357 

232 

238 
211 
159 
461 
169 

l l S  

169.2 
161.9 
110.8 
172.0 
114.11 

50.5 

3 
4 
5 
5a 4 
5b * 
6 

Theo- 
re t i ca l '  

1 90 
2 200 

50 
100 
150 

5O 
1 0 0  

Non - 
volat i le  

~ .  [ 
10 , 1.0 
I 0  11.0 

m i t ' r o ~  

10-29 3.2 
4-12 ! 16.5 
3-5 11.0 
3-5 ] .9 
3-5 4.4 

Non- 20.0 
velar  le 

...... i ...... 

64.2 
95.0 5882 

1.0 3049 
4.6 984 
8.7 349 
2.6 1396 
9.7 234 
S.6 230 

20.1 

59.4 2.2 

296 168.2 
244 155.5 
141 94.7 
268 159.5 
132 ~ 86.5 
135 ~ 39,9 

1.'16 125 ~ 
162,5)  

XAn addi t ional  10 g. was  recovered by w a s h i n g  sLill be tween  passes .  
2Frac t ions  ob ta ined  1)y red i s t i l lng  4.6 g. of F rac t i on  3. 
aAn addi t ional  7 g. was  recovered  by w a s h i n g  still between passes .  
4Frac t ions  obtaindd by redls t i l l ing  9.7 g. of F r a c t i o n  5. 
aMolecular  wt.  365 by S i g n e r ' s  method  ( 3 ) .  
~Molecular wt. 750-910 by S i g n e r ' s  me thod  ( 3 ) .  
~For e i ther  monoadduc t .  Compare  wi th  da ta  for  F r a e t i o n s  3b and  5b. 

Cale 'd  reel. wt.  406.6.  
�9 SCaleulated va lues  for  one and two double bonds.  

with the behavior  of the corresponding maleic ad- 
duct, which was found (5) to produce a gel in 6 to 
14 nlinutes at 170 ~ 

Monomerie distillate f rom the Norelae process (4) 
was condensed with citraconie anhydride.  The yield 
of condensation product  was about  16 grams from 
50 grams of mononlerie distillate. When heated with 
ethylene dianline, the polyamide formed was still fusi- 
ble and soluble in chloroform af te r  20 hours at 180 ~ . 
At room tenlperature  the resin was tough and tacky. 

I t  thus appears  that  about  one-fourth of the mono- 
mer i t  distillate, now produce(1 dur ing  mannfac tn re  
()f Norelac, eouhl be converted into polyamide resin 
througll its condensation product  with c i t r a c o n i c  
anhydri(le. The cost of such a process should not dif- 
fer  great ly  f rom the cost of p repar ing  Norelac f rom 
soybean oil except for  the cost of the citraconic anhy- 
dride involved. At present,  eitraconic anhydr ide  is 
r e l a t i v e l y  expensive and is manufac tu red  in small 
quanti t ies for research purposes. The propert ies  of 
tbe new resin suggest that  it may  be somewhat in- 
fer ior  to s tandard  Norelac and that  its commercial 
vahle would not jus t i fy  an increased cost of mann- 
facture.  I t  shouhl however be noted that  citraconie 
anhydr ide  is potential ly a cheap chemical should its 
uses jus t i fy  large-scale manufac ture .  

Experiments were also conducted to determilw the 
effect of dimethylanil inc on the condensation of ma- 
leic anhydr ide  and methyl linoleate. These experi- 
ments  were based npon an observation of Bruckner  
and Kovaes (2) who found that  small amounts  of 
dimethylanil ine suppressed the format ion of hetero 
polymers  in tile reaction of a n e t h o l e  and maleic 
anhydride.  

Methyl  limfleate and maleic anhydr ide  were used 
in a 1:1 molecular  ratio to suppress fu r the r  the for- 
marion of adduets  containing more than one maleie 
residue. The alnonnt of dimethylanil ine was var ied 
f rom 0 to 5%. The results of tllese experiments  are 
given in Table I I .  I t  may be noted that  increasing 
~t~e amount  of (limethylaniline caused a decrease in 
the total  yield of reaction proth~et and an increase in 
the yield of solid reaction product .  

TAIM,15 I I 

Con( lenss t ion  of 3Iethyl  L inolea te  and  Maleic A n h y d r i d e  in t h e  
P r e s e n c e  of D i m e t h  , ' laniline 

I 
Yield of solid 

I)  '~I AI I p r~  

i -  % % 
I 

0 . 0  [ 1 . 8  
0.05 ] 2.8 
0.5 2.7 
5.0 ', 9.1 

U n r e a c t e d  
Yield of l iquid  Methyl  linole- male ic  anhy-  

p roduc t  2 a te  recovered  2 dride2.a 

% % % 
53.2 18.6 
52.9 21.5 : 5.5 
40.6 28.9  i 5.5 
23.'1 30.9 2.4 

H) ime thy lan i l ine .  
2E• as per  cen t  of charge .  
Sin  l lquid por t ion  of c rude  a d d u e t  be fore  s e p a r a t i o n  of u n r e a c t e d  

mate r i a l s .  

As shown in Table III, the liquid reaction prod- 
ucts gave approximately the same values for neu- 
tralization equivalent, saponification equivalent, and 
methoxyl content. The average values agree well 
with those expected for an adduet containing three 
molecules of maleic anhydride and four of methyl 
linoleate. The discrepancy in methoxyl content is 
not considered serious since it was shown previously 
(5) tha t  methoxyl  groups are difficult to remove from 
compounds of this type by the cus tomary  analytical  
method. The liquid reaction products  were very vis- 
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T A B L E  I I I  

Properties of Liquid  Adduc t  

Viscos- Neutral Sap. Mol. 
DMA~ ity 2 equiv,  equiv.  OCHs wt2  

% % 
0.0 Z6 238.7 538.5 6.06 5000 
0.05 Z~ 247.7 147.4 6,04 1490 
0 5  z .  2 4 2 . 7  5 27 6 1 3  12 0 
5.0 Ze 243.8 158.2 7.31 1490 

Average .... 243.2 149.2 6.38 1298 
Calculated 4 .... 246 147 8.42 1472 

lDimethylan i l ine .  
2Gardner Scale. 
=Signer's Method (3 ) .  
4For an a d d u c t  conta in ing  three  molecules of maleic  anhydride and 

four of methyl  linoleate. 

cous (ca. Ze) and were therefore not submit ted to 
molecular  distillation. 

Table IV  shows the analytical  results obtained for 
the solid reaction product .  The high melt ing points, 
the low neutral izat ion and saponification equivalents, 
and the significant methoxyl  content indicate that  
these solid p r o d u c t s  are heteropolymers  of maleic 
anhydr ide  and methyl  linoleate. 

T A B L E  I V  

Properties of Solid Product 

DMAI Neut ra l  Sap.  ~ .  , ,  M.p . s  
. . . . . .  e q u i v )  equiv.  I u t ) r l a  :~ 

0.0 80.1 83.0 4.93 I 0.00 / > 250a 
0.0.5 66.6 54.7 2.73 I 0.00 / C h a r s 2 3 0 ~  

vaporizes 2600-270 ~ 
0.5 76.1 91.6 ] 2.01 ] 0.24 | Does not melt 
5.0 | ...... | 67.6 ~ ~.22 ~ 0.94 | Doe~ not  mel t  

lDimethy:ani l ine .  
ICalculated va lue  for maleic  anhydr ide ,  49 ;  for maleic or  f u m a r i c  

acid, 58. 
Sin capi l lary,  uncorrected. 
4M.P. on micro  hot stage 220~ 

Experimental 
Starting Materials: Methyl linoleate was p repared  

by  the cus tomary debrominat ion procedure:  I. V., 
169.2; calc 'd  172.3. 

I taeonic  anhydr idg  was p repa red  by  a modification 
of the method of Anchutz  and Pet r i  (1). I taconic 
acid and  acetyl chloride (3 reels, of acetyl chloride 
per mol. of itaconic acid) were refluxed until  the acid 
had completely dissolved (about  2.5 hours) .  The re- 
action mixture  was cooled in "Dry-Ice" and filtered. 
An addit ional  crop of crystals could be obtained by  
fu r t he r  chilling of the filtrate. The colorless crystals 
were washed with ether and dr ied;  M. P. 67~176 
yield, 88%. Anchutz and Petr i  gave M. P. 68 ~ 

The citraconic anhydr ide  was a commercial prep-  
arat ion,  b.p. 110.0~ ~ at 20-25 mm. I t  was used 
without  fu r the r  purification. The maleic anhydr ide  
was E a s t m a n ' s  " W h i t e  L a b e l "  grade. 

Condensation of Itaconic Anhydride and Methyl 
Linoleate: Methyl linoleate (42 g.; 1 reel.) and ita- 
conic anhydr ide  (32 g.; 2 mols.) were heated for  8 
hours at  200~ in an atmosphere of carbon dioxide. 
About  25 g. of benzene was used to rinse the appara-  
tus, giving a total of 90 g. of the benzene solution of 
the reaction mixture  which was separa ted  f rom about  
6 g. of a resinous mater ia l  insoluble in benzene. The 
benzene solution was analyzed by  the previously de- 
scribed method (5),  modified to provide mechanical 
shaking for  2 hours. The solution was found to con- 
tain 17.2 g. of unreacted itaconic acid, indicating tha t  
about  46% of the anhydr ide  had  reacted. The ben- 

zene solution was then distilled, first at atmospheric 
pressure to remove benzene and then at 5 mm. to a 
pot t empera ture  of 240 ~ to remove unreacted itaconic 
anhydride  and methyl  linoleate. All distillate at 5 
mm. was collected in one fract ion weighing 6 g. and 
containing 93.4% of free itaconic anhydride.  Neu- 
tralization equivalent of this fract ion was 62.1. The 
residue was distilled in a fall ing film molecular still 
with the results given in Table I. 

Unreactcd itaconic anhydr ide  and neutralization 
equivalents were determined by  previously described 
methods (5).  Saponification e q u i v a l e n t s  were ob- 
tained by rcfluxing 3 hours with alcoholic potassium 
hydroxide,  and iodine numbers  were determined by  
the half-hour Wijs  method. Fract ions  1 and 2 are 
apparen t ly  recovered methyl  linoleate. Fract ion 3 is 
the monoadduct ,  and the residue, the polymeric ad- 
duct. In  this experiment  65 g. out of 74 g. of initial 
material  are accounted for. 

Frac t ion  3 was redistillcd by  passages through the 
molecular still at 50 ~ and 100 ~ The data  are given 
in Table I. Fract ion 3a represents an additional re- 
covery of methyl  linoleate. Fract ion 3b is purified 
monoadduct.  I t  is noteworthy that  Fract ion 3b ap- 
parent ly  contains more unreacted itaconic anhydride 
than (lid original Fract ion 3. 

Condensation of Citraconic Anhydride and Methyl 
Linoleate: This condensation was conducted with the 
same weights of reactants  and by essentially the same 
procedure as the itaconic condensation. One modifica- 
tion was made in that  benzene used for  rinsing the 
appara tus  was removed before determinat ion of un- 
reacted anhydride.  The reaction mixture  was found 
to contain 9.8 g. of unreacted citraconic anhydride. 
I t  was distilled at 10-mm. pressure to a pot tempera- 
ture of 250 ~ . The residue was then passed through 
the molecular still. Data  for  the fract ions obtained 
are given in Table I. Fract ions  1 and 2 are princi- 
pally unreacted citraconic anhydride.  Fract ions 3 
and 4 are mainly  recovered methyl  linoleate. Frac-  
tion 5 is the monoadduet,  and the residue, the poly- 
meric adduct.  In  this exper iment  69.7 g. out of 74 g. 
of initial mater ial  is accounted for. 

Frac t ion  5 was redistilled in the molecular still. 
The results, given in Table I, are similar to those 
obtained in the itaconic condensation. 

Preparation of Polyamides: The polymeric adduct  
(2.3 g.) was mixed with 2.1 ml. of 70.1% aqueous 
ethylene diamine and heated to ]70 ~ with constant 
s t i r r ing in an atmosphere of nitrogen. The polyam- 
ide f rom the itaconic adduct  gelled at  the end of 
one hour whereas that  f rom the citraconic adduct  
gelled at the end of 3.5 hours. 

P r e p a r a t i o n  of a Polyamide Front Monomeric 
Distillate: The sample of monomeric distillate used 
had an iodine vahse of 90.4 and contained 11.7% 
of sa tura ted  ester, 67.2% of oleate, and 11.3% of 
linoleate determined spectrophotometrically.  I t  con- 
tained 4.8% of diene conjugation. The amount  of 
citraconic anhydr ide  used was c a l c u l a t e d  on the 
mole-per-mole basis, assuming an average molecular 
weight of 296.5 for  monomcric distillate. Inasmuch 
as the sa turates  present  should not react,  this pro- 
cedure gave a p p r o x i m a t e l y  17% excess over the 
amount  equivalent to the reactive components. 

A 50-g. sample of the monomeric distillation and 
18.9 g. of citraconic anhydr ide  were heated for 8 
hours at  200 ~ in an atmosphere of nitrogen. Unre- 
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acted material (50.3 g.) was removed by distillation 
at 0.3-0.4 mm. pressure. The residue of condensation 
product (15.6 g.) had an iodine value of 63, a neu- 
tralization equivalent of 326, and contained 6.2% 
unreacted citraconie anhydride. 

A mixture of 2.5 g. of this condensation product 
and 1.7 g. of a 69% aqueous solution of ethylene 
diamine was heated at 170~ ~ for 20 hours. Dur- 
ing this time the mixture was stirred by bubbling 
nitrogen through it. The product was a tough, tacky 
resin soluble in acetone and chloroform. 

Condensation of Methyl Linoleate and Maleic An- 
hydride in the Presence of Dimethylaniline: Conden- 
sation was effected between 25 g. (1 mol.) of methyl 
linoleate and 8.3 g. (1 tool.) of maleic anhydride in 
the presence of 0.0%, 0.05%, 0.5%, and 5.0% of di- 
methylaniline. Percentages of dimethylaniline were 
based on the total weight of the reaction mixture. 

In each case the reaction mixture was heated for 8 
hours at 200 ~ in an inert atmosphere. After cooling, 
the reaction mixture was filtered to remove a solid 
reaction product. The filtrate was distilled at re- 
duced pressure to remove unreacted materials. Data 
on yields are given in Table II. A n a l y t i c a l  data 
for the distillation residue are given in Table III.  
Tile solid reaction product was purified for analysis 
by washing with benzene. Table IV shows the ana- 
lytical results. The solid product from the reaction 
containing 5.0% of dimethylaniline was insoluble in 
pyridine and the neutralization equivalent is not re- 
ported for this material. Saponification equivalents 
were obtained by heating the sample for 6 hours at 
170~ ~ with a 0.1 N solution of potassium hydrox- 
ide in diethylene glycol. Potentiometric titration was 
required because of the dark color developed. 

Acknowledgment 
The authors express their appreciation to J. tI. 

Jensen, Danish trainee in the Oil and Protein Divi- 
sion, for preparing the polyamide from monomerie 
distillate; to L. C. Woods for assistance in parts of 
the experimental work; to C. H. VanEtten for per- 
forming the microanalyses, and to E. II. Melvin for 
supplying spectrophotometric analyses. They also are 
grateful to A. C. Hovey, General Mills inc., for sup- 
plying the specimen of monomeric distillate. 

Summary 
Adducts of methyl linoleate with itaconic and cit- 

raconic anhydrides have been prepared. Each adduct 
was separated into monomeric and polymeric compo- 
nents. With ethylene diamine, the itaconie and eitra- 
conic polymeric adducts gave gelled products at 170 ~ 
in one hour and 3.5 hours, respectively. The adduct 
of citraconic anhydride and monomeric distillate gave 
a tough, tacky resin which did not gel during a reac- 
tion time of 20 hours at 170%180 ~ . 

The effect of dimethylaniline on the condensation 
of methyl linoleate and maleic anhydride was studied. 
Increasing amounts of dimethylaniline were found to 
promote the formation of a heteropolymer and to de- 
crease the yield of liquid adduct. 
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Fatty Acid Distillation Comparison of Two Column Types 
F. C. WILLIAMS* and J. O. OSBURN** 

T HE fractionation of fatty acids is an example of 
the increasing application of vacuum distillation. 
Although many papers have been published on 

the theoretical and practical aspects of petroleum 
fractionation, few have been directed to the theory, 
practice, and design of equipment for the fraction- 
ation of fat ty acids. Equipment for fractional dis- 
tillation of fat ty acids has been described by Potts 
and McKee (12) and by Po t t s  (11). Norris and 
Terry (8) treat the laboratory fractionation of fat ty 
acids, and the literature on this subject has been 
reviewed by Bailey (1) and by Ralston (13). Vapor 
pressure data for saturated n-alkyl acids are given 
by Pool and Ralston (10), and Monick, Allen, and 
Marlies (6) give equilibrium data for laurie acid- 
myristic acid, methyl laurate-lauric acid, and methyl 
palmitate-methyl stearate. 

In the study of distillation equipment design it is 
first necessary to have vapor-liquid equilibrium data 
for the materials being separated. It is the object 
of this paper to present the vapor-liquid equilibrium 
curves for lauric aeid-myristic acid, myristic acid- 

*Pre~ent address: University of California, Berkeley, California. 
**State University of Iowa, Iowa City, Iowa. 

palmitic acid, and palmitic acid-stearic acid, and to 
compare the performance of a bubble-cap column 
with that of a packed column with fibrous glass pack- 
ing in separating these materials. 

Equipment 
Still. The still used for measuring the vapor-liquid 

equilibrium compositions was similar to that used by 
Gillespie (4). It is shown in Fig. 1. IIeat is sup- 
plied to the material in the boiler by the heater, 
causing vaporization. The vapors entrain liquid, and 
the liquid and vapor remain in contact and come to 
equilibrium as they pass up the Cottrell tube to the 
disengagement chamber. IIere the liquid and vapor 
are separated, the liquid returning to the boiler, the 
vapors passing to the condenser. The vapors are con- 
densed and the condensed liquid is collected in the 
condensate trap, from which it overflows to the boiler. 
The stream of hot liquid separated from the vapor in 
the disengagement chamber is combined with the con- 
densed vapor before its return to the boiler. Overflow 
from the condensate trap is returned to rejoin the 
liquid through a drop-counter and capillary; this 
gives a small hold-up and a constant rate of flow. 


