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T A B L E  1I  

ReIa t ive  Sens i t i v i t y  F a c t o r s  for  F a t t y  A m i n e s  

A m i n e  

Oe ty l amine  .................................................... 
D e e y l a m i n e  ................................................... 
D o d eey l am ine  ................................................ 
T e t r a d e e y l a m i n e  ............................................ 
H e x a d o c y l a m i n e  ............................................ 
Oc tadeey lamine  ............................................. 

Response  p e r  g r a m  

Apiezon Si l icone 
L G r e a s e  

...... 1 .126 
1,093 

1.068 1.063 
1.033 1.036 
1.000 1.000 
0.946 0 .946 

l iquid substrate  deteriorates, but at 225°C. the column 
is stable for  relat ively long periods of time. 

No deterioration has been observed with the Sili- 
cone Grease column when operat ing at t empera tures  
in the range of 175-180°C. P re l imina ry  data indicate 
that  the life expectancy of a column prepared  with 
silicone grease on t rea ted  Chromosorb is shorter than  
one p repared  by  using a suppor t  phase which is not 
pre t rea ted  to reduce its adsorpt ivi ty.  

approxinlates  a l inear funct ion of molecular weight. 
This is in agreement  with other available data  on 
homologous series of f a t ty  components (3,8). 

Results. The results of the analyses of three known 
mixtures  are shown in Table I l l .  Two of the samples 
were run  by employing the Al)iezon IZ column, and one 
was run  by using tile Sili('tllle Grease column. In  all 
three mixtures  the caleulaled area perecutages are in 
good agreement  with known sample eomposition. 

q'ABLlq II [ 

Analys i s  of K n o w n  M i x t u r e s  of Amines  

Mix tu r e  1~  M i x t u r e  22' ~ M i x t u r e  3 ~  b 

A m i n e  Kn  wn Deter -  K n o w n  Deter -  K n o w n  Deter -  
o vz ] m i n e d  I - ez I m i n e d  I . ~ m i n e d  

wt. ,  Yc wt.,  % wt.,  /~ wt.,  % w~., Vo I wt. ,  % 
I 

()r~ 29.3 29.5 21.9 21.8 30.0 30.3 
C14 27.2 27.0 28.8 28.8 30.0 29.6 
Clo 22.7 23.0  24.5 24.8 40.0 40.1 
(Jla [ 20.8 [ 20.5 / 24.8 24.6 ! ...... ] ...... 

a Apiezon  L column.  
b Si l icone G r e a s e  column.  

Satura ted  f a t ty  alcohols may  also be run  on the 
Apiezml l ,  colunm under  the same conditions as the 
corresponding f a t t y  atnim% and the symmet ry  of the 
peaks is comparable.  No quant i ta t ive  data  is yet  avail- 
able eoneerning f a t ty  alcohol mixtures.  

The l imit ing tempera tures  of the Apiezon L column 
when used for  the separat ion of both amines and alco- 
hols appears  to be 230°C. Above this t empera tu re  the 

Summary 
The separat ion of f a t t y  amines has been carried out 

with nonpolar  substrates on solid supports  of Chro- 
mosorb and Chromosorb W, which were previously 
t reated with potassium hydroxide to overcome adsorp- 
tivity.  In  this manner  well-resolved symmetrical  peaks 
are obtained. Unt rea ted  supports  give peaks which 
trail  and prohibi t  precise quant i ta t ive measurements.  
Both Apiezon L on Chromosorb W and Silicone Grease 
on Chronmsorb have proved effective, the la t ter  at 
176°C. and the fo rmer  at 225°C. Relative detector 
sensi t ivi ty factors  have been deterlnined for the am- 
ines Cs to C18, thus permi t t ing  accurate  analyses. 
The relative response for  p r i m a r y  alkyl  f a t ty  amines 
is a l inear function of nmlecular weight. 
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Acidolysis of Vegetable and Marine Oils with Phthalic Acids 
E. F. CARLSTON, California Research Corporation, Richmond, California 

T 
HE CONVERSION of vegetable and nlarine oils to 
par t ia l  esters by alcoholysis with polyhydr ie  alco- 
hols is a process tha t  is used ex~censively in the 

manufac tu re  of oil-modified a lkyd resins. Acidolysis 
is a t e rm tha t  describes a similar  a lkyd manufac tu r -  
ing process in which oil is heated with a dibasic 
acid at high t empera tu re  to obtain an exchange reac- 
tion and l iberation of monobasic acids f rom the oil. 
Both processes have the same purpose, tha t  is, to 
change the neut ra l  t r iglyceride oils into compounds 
that  can be esterified with the other a lkyd compo- 
nents  to fo rm an homogeneous oil-modified a lkyd resin. 
I t  is the purpose of this pape r  to present  some data  
on the reaction of t r iglyeer ide oils with the isomeric 
phthal ic  acids and the conversion of acidolysis products  

to a lkyd resins. Orthophthal ic  acid dehydrates  to the 
anhydr ide  when heated, but  the other two isomers, 
isophthalie and terephtha]ie  acids, are heat-stable and 
readi ly  react with oils at elevated temperatures .  

Acidolysis Reaction 

Procedures. All experiments  were conducted in a 
5-liter, four-neck, round-bot tom flask equipped with 
st irrer ,  thermoeouple,  ni trogen gas inlet, and reflux 
condenser. The condenser contained a special baffle- 
type  of packing and was heated with boiling water  
in the jacket ;  this a r rangement  permi t ted  rapid  heat- 
ing without  loss of glycerol dur ing  esterification. The 
flask was heated with an electric mantle.  Alkyd-  
grade nonbreak and alkali-refined oils, and commer- 
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cial grades of phthalic anhydride,  isophthalic acid, 
and terephthal ic  acid were used. 

Rates  of acidolysis of t r iglyceride oil with the three 
phthalic acids were measured by heat ing soybean, lin- 
seed, or safflower oil with orthophthalie,  isophthalic, or 
terephthal ic  acid at various tempera tures  while sam- 
ples were wi thdrawn periodically. A rat io of about 
3.5 moles of phthalie acid to 1 mole of oil was used;  
this produced an a lkyd resin of about 55% oil con- 
tent  a f te r  the necessary amount  of glycerol was added 
and esterified. The samples that  were obtained at 
intervals  dur ing the acidolysis reaction were cooled 
and filtered to remove the insoluble, unreaeted acid 
or anhydr ide ;  and the clear oils were t i t ra ted with 
0.1 N K O H  in ethanol to determine their  acid num- 
bers. F i l t ra t ion  to remove unreacted dibasic acid was 
facil i tated by dilution of the samples with toluene. 

Since the aeidolysis reaction produces a mixture  of 
monobasie acids, experiments  were conducted to de- 
termine the effect of addit ional  f a t ty  acid on the rate  
of aeidolysis of t r iglyeeride oil. A ] :1 mole mixture  
of oil and f raet ionated tall oil f a t t y  acids (low rosin 
content)  was used. Acid numbers  of the filtered 
samples were corrected by  subtract ing the acid mnn- 
ber of the initial oi l-fat ty acid mixture.  

Applicat ion of the acidolysis reaction to alkyd resin 
prepara t ion  was studied first by determining the mini- 
mum amount  <)f conversion of oil that  is necessary to 
obtain an homogenous alkyd resin free f rom haze 
cloud, or other signs of gel structure.  The same 55% 
oil-alkyd formulas  used in the rat(; studies were used 
in these exp(,riments, as folTows: 

. . . .  Oil  for -  O -f t t t y  l ~ d 
I m u l a  A.  I f o r m u i a  1 , 

~l'lllllN ~ l'lilll,~ 

Off' .................................................................. 1,37,)' ~" 1,043' 
]~atty-,icid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . .  I 338 
Phthalic,  ncid isomer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 9 1 5  I 9 1 5 *  
Glycerol, .nd~ydrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 414 I 451 

* 8 3 0  ~'. o f  ph tha} i ("  a n h y d r i d e  w e r e  subs t i t ,  u t ( 'd  f o r  orth~q,ht, ha | i r  a r l d  
llX lllO*~t r u l l s .  

Aeidolysis of the oil was (.ondu(ded by heat ing all the 
ingre(licnts, except the glycerol, for different times al 
different temperatures .  Af te r  the a(,idolysis mixture  
was cooled to about 20()°C,, a saml)le was taken and 
analyzed for acid number  of the oiT, a f ter  whi(,h the 
glycerol was added;  heat ing was resumed to ('Oml)Tete 
the a lkyd by esterification. A sufficient amount  of oil 
conversion by aeidolysis was obtained if the (.,omplet'.,d 
resin was br ight  and clear without any sign of haz:,, 
cloud, or get structure.  An insufficient amount  of 
acidolysis resulted in alkyd resins that  eontaine(I wLri- 
ous forms of gel particles. Rapid esterifieation was 
accomplished in these alkyd resin prepara t ions  by 
using a 600-watt heat  input  to the ele(~tric h(,ati ,g 
mant le  and reflux condenser to Sel)arate the water  of 
esterification f rom entrained glycerol. Foam cause(1 
by  this rapid  esterifieation procedure was effe(,tively 
controlled by slowly adding a small amount  of min- 
eral spir i ts  to the kettle dur ing the period of rapid 
water  evolution. Af te r  the esterification slowed down, 
addit ional  mineral  spi r ts  were added, the alkyd resin 
was completed by a solvent reflux procedure  in which 
the vigorously refluxing solvent was condensed in the 
reflux condenser, and a water-solvent azeotrope was 
passed overhead. 

A novel method of apply ing  the aeidolysis rear- 

tion to oil-modified a lkyd p repara t ion  was developed, 
in which the oil and isophthalic or terephthal ie  acid 
mixture  was heated to 260°C. or higher and the glyc- 
erol was added slowly while continuing to heat, ad- 
jus t ing the rate  of glycerol addit ion to p revent  cool- 
ing the kettle contents below the selected tempera ture .  
Esterification occurred s imultaneously with acidolysis. 
Foam was controlTed, as before, by adding mineral  
spirits at a slow rate  dur ing  the period of rapid  water  
evolution, and the alkyd resin was completed by  the 
same solvent reflux procedure.  

Results 
Rates of aeidolysis at 300°C. and 280°C. are shown 

in F igure  1 for  the phthalic acid isomers and soy- 
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I~'m. I. A¢,i(hdysis of  t r ig lycer ide  oil with i sophthMie  and 
tereld~thalic ncidn. 

bean oil. lsophthal ie  aei(t reacts rapidly  with oil at 
these tempera tures  while terel)hthalie acid reacts mor t  
slowly, as expected, because of h)wer soTubility. Or- 
thol)hthalie acid dehydrates  to ~he anhydr ide  before 
any appreeiabh', amount  of aeidolysis takes place. 

Figure 2 shows rates of acidolysis with isophthaTie 
aci(t at teml)eratnres of 280°(]. and Tower, and a cora- 
l)arisen between aei(Mysis of oil atone and in the 
pr(~sen(~e, of f a t t y  acid. The data  show tha t  the pres- 
(,n('e of f a t t y  acid does not significantly change the 
initial rate of aeidolysis; but, as exI)e('ted, equil ibrium 
o( ' (q l r s  a t  a Tower  c o n v e r s i o n  o f  oi l .  

160 [ oJ L 
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Fro. 2. Aeidolys is  of  t r ig lycer ide  oil-effect of  f a t t y  acid. 
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T A B L E  I 

I s o p h t h a l i u  A l k y d  ] {e s in s  l ) rodu ( : ed  b y  A e i d o l y s i s .  G l y c e r o l  A d d e d  a f t r  
(!()()ling A .i Ivs is  P r o d u ( ' t  

A c i d  n u m -  l%esin 
F o r m u l a  b e t  of a p p e a r -  

oil &lnce 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T(~nll)erl{- T i n l e  fo r  
~,tl r ( " of 

~ ( . i ( t ) lvsis ,  a ( . ido lys i s ,  
o(! . llliIl LI les  

2 7 0  60  
2 7 0 - - 2 8 0  1 2 0  

2 7 0  180  
2 8 0  6 0  
3 0 0  2 

27(1 2 
27O I 5 

5 8  
9 2  

1 0 8  
101 
1 2 2  

All r e s i n s  woro  esterifi( '(I  h) an  ac id  n / l l i l b e r  I)PI()~A r 1 0 .  

C' |o i ldy  
C l o u d y  
B r i g h t  
B r i ~ - h t  
B r i g h t  

C l o u d y  
B r i g h t  

Table I contains ( lata on isophthalic alkyd resin 
p r e p a r a l i o n s  whi(4/ show the e f f e c t  of d i f f e r e n t  
amollnts of oil conversion on the formation of incom- 
patible gly(,eryl isol)hthalate gel particles. The con- 
(litions for these exl)eriments w e r e  seh, cted so that  the 
acidolysis and est('rifi(mtion reactions were separate,  
that  is, tile a(d(lolysis pl 'odm'ts were coole(l to below 
cst(,r'ificatiol~ ton~l)(,ratur(, l)efor(, the addition of glye- 
(,rol. The data  show that  an oil with an aci(l number  
of about 100 must b(' ot)laim'd before glycerol is added 
ill order to l)rodu(~e a .  alkyd resin which is br ight  and 
free from any sign of gel strlmture. When a mixture  
()f oil and fa t ty  aci(l was use(I, considerably less con- 
version of oil was re(tuired, l)hthalic anhy(tride did 
not react with ml, and t('rel)hthalic acid reacted too 
sh)wly to be useful. 

Table I[  shows r(,sulls of the simultaneous acidoly- 
sis-esterification nletho(I or alky(I l)reparation. Br ight  
a lkyd resins, free fron~ any sign of gel particles, were 

TA BlAb; I ] 

A l k y d  R e s i n s  I ) r o ( h . . e d  })y Ad(l in~'  (; v( ' , "  S l o w l y  l )ur in~"  

Idorflltllll 

Weln I)(' r a -  
t lit(,  of 

a ( . idolys is ,  
°(L 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
g . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]:I . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 6 0  
2 6 0  
2 6 0  
2 6 0  

2 5 0  
2 4 0  
2 5 0  
2 6 0  
2 4 0  
2 5 0  

Tilno for 
~'ly('erol 

a d d i t i o n ,  
n l in .  

65 
79  
82  

1 0 2  

73 
8 6  
70  
72  
89  
3 9  

Res in  
ap|io~lr- 

~Ln(.e 

C l o u d y  
B r i g } i t  
(Jlou(ly 
Ih:i~ 'ht  

B r i ~ ' h t  
Bright 
C l o u d y  
B r i i z h t  
B r i l z h t  
Br i lz 'h t  

A(' (l( l y s  s 

. l )h tha l i (  . 
i s o n l e r  

I P  
1 P 
T I  ) 
T P  

I P  
l P 
T P  
T P  
P A  
P A  

Al l  r e s i n s  w e r e  e s t e r i f i e d  to an  a( ' id  n u m b e r  be low 10 .  

readily produced when glycerol was added slowly and 
continuously to a mixture of oil and isophthalic acid 
while mainta in ing  the temperature at 260°C. A typi- 
cal cooking log is shown in Figure  3. Terephthalie  
acid also reacted well by this procedure although a 
sl ightly slower addition of glycerol  was required in 
order to avoid a cloudy resin. Phthalie anhydride 
formed glyceryl  phthalate  gel particles, and satis- 
factory alkyd resins were not obtained. However  all 
three phthalic isomers reacted well, and bright resins 
free from any  sign of gel particles were obtained 
when a mixture of fatty acid and oil (1:1 mole ratio) 
was used instead of oil alone. This also permitted 
lowering the temperature of the aeidolysis-esterifica- 
tion reaction to 240°C., compared to a minimum of 
260°C. when oil alone was used, except in the ease 
of  terephthalie acid, which still required the higher 
temperature.  

Fo l lowing  the experiment with the 1:1 oi l -fatty 
acid mixture in which a bright alkyd resin was ob- 

290- 

STARTED ~GLYCNEROL 
z 

~o- ,~ -,oo " -  

a~o- - . o  ~- 

1 9 0 - ~  ~ °~- -60 z 
_o 

170- ~o v u 

150- 20 ~: 

i 3 O  l l , O 
0 30 60 90 120 I~)0 180 

TIME, MINUTES 
SAFFLOWER OIL 1375 GRAMS 
ISOPHTHALIC ACID 915 GRAMS 
GLYCEROL, ANHYDROUS 414 GRAMS 

[ : l ( l .  :L Aeidolysis n l e t h o d  o f  a l k y d - r e s i n  p r e [ l a r ; i t i o l | ,  S i l l l l l l -  

tancous esterifieation-a eidolysis. 

tained from phthalie anhydr ide  by tile simultam.ous 
acidolysis-esterification procedure, another  run was 
nlade with reduced f a t t y  acid content (1:0.75 mole 
mixture  of oil and f a t t y  ac id) ;  and the result ing 
resin was cloudy. 

The procedure of alkyd prepara t ion  shown in Fig- 
ure 4 was next  developed. Oil and isophthalic acid 
were heated to 275°C. and held at  this t empera tm 'e  
for 30 rain. to produce an oil with an aci(l mmlber  of 
51; then the heat  was turned off, and glycerol was 
added slowly dur ing  a period of 10 rain. while the 
kettle cooled. Reheat ing and completing the resin 
prepara t ion  at 260°C. produced a br ight  resin, free 
f rom any sign of gel particles. A similar experinlent, 
in which the initial  heat ing was 30 rain. at 270°C. 
and the acid number  of the oil was 36, produced an 
alkyd resin with considerable gel particles. Raising 
tile t empera ture  to 280°C., holding only 15 rain., and 
adding the glycerol slowly again produced a br ight  
resin. These experiments  showed that  a considerable 
pa r t  of the acidolysis reaction occurred dur ing  the 
slow addition of glycerol at high t empera tu re  and tha t  
the time or t empera tu re  for  the reaction of oil and 
isophthalie acid shown in Table I can be reduced if 
this procedure of adding glycerol is followed. 

This work was all done with alkyd resins of  55% 
oil content. Resins of greater or less oil content were 

2.° I . . . . . .  1 HEAT OFF 270 ~ GLYCEROL 
i / /~ I 6TARTED / '~-- - - - -~- 'xHEAT ~4 

2,o ° .o  g 

::J 
' ' ' k ~  

o 3.O 8'o 9o =2o J ~  18o 
TIME, MINUTES 

LINSEED OIL 1375 GRAMS 
ISOPHTHALIC ACID gI5 GRAMS 
GLYCEROLs ANHYDROUS 414 GRAMS 

FIG. 4. Aeidolysis method of alkyd-resin preparation, acidoly- 
sis followed by esterification. 
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not studied in detail, but enough was done to conclude 
that conditions for obtaining bright resins at all oil 
contents do not differ greatly from the conditions 
found for the 55% oil-content resin. 

Aeidolysis  of oil in the presence of rosin instead of 
fat ty  acid was tried, according to the fol lowing for- 
mula: soybean o.il, 1,043 g.; gum rosin, 385 g; isoph- 
thalic, 915 g. ; and anhydrous  glycerol,  451 g. All  but 
the glycerol  was heated 30 rain. at 270°C., then the 
glycerol  was added s lowly over a period of 20 rain. 
dur ing ('ooli)~. The finished resin was bright and 
free from any sign of gel particles. 

Acidolysis Combined with Other Operations 

Linseed Oil Polymerization. The work described so 
far relates to the application of the aeidolysis reaction 
to oil-modified alkyd resins, in which the unsaturated 
oils are relatively unbodied. An experiment was also 
conducted to determine the effect of  acidolysis on oil 
polymerization.  Previous work on the heat-bodying 
of alkyd oils made by alcholysis is published (1) so 
an experiment was designed to compare an alkyd oil 
made by alcoholysis with an alkyd oil identical in all 
respects except that it was made by ae, idolysis. The 
following formula was use(t (.90% oil content) :  li)~- 
seed oil, 2,640 g.; isophlhalic acid, 249 g.; and anhy- 
(Irons gly(:erol, 161 g. In one experime))t the Ill)seed 
oil and glyce)'ol were heated with 0.05% litharge as 
alcoho]ysis <:atalyst for 30 mill. at 2<0 C.; the)) the 
isol)hthalic acid was ad(h,d aml the temlLerature was 
i)mrease(l to 295°C. told held at that  t(m)l)eralu)'(~ 
4 hrs. for oil-bodying. In another exl)erin)ent the 
linseed oil and isophthali(~ at:ill were hea((,d t() 2!)5°(L 
and hehl at that temperature 4 hrs. for ()il-bodying, 
folh)we(l by additio)) of gl.y(,erol and esterifi(.atio)) at 
230°C. Properties of the two alky(l oils are shown 
beh)w: 

I Ah'oholysis  .~,(.i(hdysis 
a lkyd ¢)i| a lkyd oil 

V i s ( ' o s i t  y, l )o i ses  ...................................... 40  100 
A c i d  mm~ht , r .  ........................................... (; 
A l)l)','a ra m'e .  ............................................ I (? lou( lv  1 P, r i gh t  

The mu('h greater viscosity of the alkyd oil made hy 
acidolysis is evidm~t; furthermore this alkyd oil is 
bright, and filtration is not required. 

Castor Oil Esteri/iea, lion a'nd Deh?ldratio,n. k (~(m)- 
parison of isophthali(, and tevephthalie, a(d(ls with 
phthalic a))hydride it) the esterifi(:atio)) and &,hydra- 
tim) of raw castor oil is shown in Figure 5. One mole 
of (:astor oil, 925 g., and ore, mole of phthalie anhy- 
dri(le, 148 g., were heate(l at 280°C., under xylene 
reflux to remove the water of )'eael, ion. ~aml)les were 
taken I)eriodically and titrated for total a(.idity, using 
t-buta))ol as a solve))t a))d ().1 N aqueous so(tium hy- 
droxide with phenoll)hthalein as an indicator. The 
samples were not filtered t)efore titration so that total 
acidity could be measured. TiLe exl)eriment was re- 
peated with 166 g. of isophthalic and terephthalie 
acids. Total acidity of the isophthalic samples was 
measured with 0.1 N potassium hydroxide in ethanol, 
using a toluene-isopropanol mixture as a solvent. The 
terephthalic aeid run presente(t a special problem be- 
cause the unreaeted terephthalic a('id was diffictdt to 
ti trate because of poor soluhility it) the solvent used. 
Therefore nnreacted terephthalic acid in the samples 
was measured by filtering and weighing; the filtrate 

I 0 0  
• E PA 

~o 

80 

"5 7 0  

6 0  rp  

i 5 0  FILTERED OILS, F INAL 
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i i ~ i i I i i 

3 ( 0  I 2 4 5 6 7 8 g 
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IP = ] MOLE ISOPHTHALIC ACID + I MOLE OIL 

T P -  I MOLE TEREPHTHALIC ACID 4- I MOLE OIL 

~'IG. 5. D e h y d r a t i o n  a n d  :~c i ( lo lys i s  o f  ( ' a s t o r  o i l  a.t 2 8 0 ° C .  

was titrated with 0.1 N potassium hydroxide in etha- 
nol. Total  a(:idity of the samples was then calculated. 

The data show that the orthophthalie ester of  castor 
oil was least stable at 280°C. and that the isophthalic 
and terephthalie esters were slower to decompose to 
form the d(,hydrate(I castor oil. Acidolysis of the 
i sophtha l ic -and  terel)hthali(.-lreated east())' oils also 
oe('urre(l, as shown I)y the high acid numb('rs of th(' 
filtered oils. With the ph lha l icanhydr ide  oil however 
the aei<lity of the filtered oil is equal to Ill(, solubility 
()f phthali(: anhydride in the oil, so no aeidolysis 
O('(*ll ) ' r e ( t .  

The isophthali(, dehydrated oil was esterified with 
gly(u, rol, anti tests show(,(I good ([rying properties. A 
I)roduet of good drying pr()l)erlies was also obtained 
wh('n (h(' tim(' and (eml)(,ratur(, ()f (,sterification and 
(h,hy(h'alio)l were eha)Ig(,(l to 1 hr. at 2.05°C. 

Fish Oil I'olymcri,.(~tion and Fall!! Acid Separa,- 
l.io~t. Since on(, of the l))'()(lu(,Is of int('r('hange of 
(vigly(:eri(h' oil and isol)h(hali(, or ((,r'ephlhalic at'ill 
is la i ty  avid, an exl)erim('nl was set u l) to remove 
sore(, of the saturaie([ falt.v aei(is from fish oil (hll<'illg 
aei(h)l.ysis and oi]-I)o(lying; 1,7(;0 g. of alkali-r(,fined 
me)lha(h')) oil wer(' heated with 166 g. of isophthalic 
a('.id at 300°(L, and the h)we)' ))oiling fa t ty  acids were 
)'(,moved by distillatio)). A high rate of nitroge)) 
sparge was used to assist in th(' removal of fa t ty  acid. 
Afler 4 hrs. of healit)g, sa)))l)les of fa t ty  acid totalling 
235 g. were e.olh'ete<l, whi(.h ha(I a('i(1 numbers in the 
ra))ge of 217-207. Af((,)' a))()lh(,r 3 hrs. of heating, 
l(10 g. more of fat ty a('id were (.otlected; the oil in 
the k('ttle had at) a(:id mmll)(,r 20 and a viscosity of 3 
l)oises and a (Jar(hler (~olor of 12 when dilute(t -with 
50% by weight of min(,ral sl)irils ; and the I)ro(h)('t 
hall good drying properties. This l)rO('.ess should b(' 
g(me)'ally useful for the Ul)gra(li)m' of s('mi(h'ying oils 
by removing saturated and h,ss unsa tu ra t ed  fa t ty  
acids. Lanson has published infomnation of a similar 
nature on the selective aeidolysis of oils (5). 

Another experi)nent with col'omit oil and the sam(, 
l)roportion of isophtha]ic acid gave a larger yiehl 
of fa t ty  acids at 300°C. Fa t ty  acids from linseed oil 
were more slowly removed under similar conditions. 
In all of these experiments a small amount of isoph- 
thalic acid was sublimed and eond(,used with tile fat ty 
acids. 

~l'~ng Oil 1)oly'merizat<i.on. Tung oil gels in about 
10 rain. when heated at 28()°C. ; however a mixture of 
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one mole of isophthalic acid and one mole of tung  oil 
was heated at 280°C. for  1 hr. without  gelation. This 
exper iment  shows that  even highly reactive tung  oil 
can be processed under  aeidolysis conditions. 

Corrosion of Stainless Steel. The corrosion rate of 
stainless steel was measured under  various acidolysis- 
reaction conditions by replacing the glass s t i r rer  blade 
in the labora tory  equipment  with a stainless steel stir- 
rer  blade weighing approx imate ly  58 g. The stainless 
steel was cleaned before and a f te r  each exper iment  
by mild rubbing  with a household type of abrasive 
cleanser, and weighings were made on an analyt ical  
balance. Weight  losses were calculated as corrosion 
penetra t ion per year, in thousandths  of an inch, assum- 
ing two batches per day. Two types of stainless steel, 
304 and 316, were compared and found to be similar. 
The reaction mixture  contained 1,375 g. of oil and 
915 g. of isophthalic acid. Results are shown in 
Table I l l .  

The data  show, and experience has proved, that  
considerable corrosion can occur a t  300°C. if  heating 
and cooling rates are slow. The procedures given in 
F igures  3 and 4 al)pear to be noncorrosive. 

Terephthal ic  acid was substi tuted for isophthalic 
in another  experiment,  and eveu af ter  7 hrs. of heat- 

T A I ~ L E  I l l .  

C o r r o s i o n  R a t e s  of S t a i n h ! s s  S t e e l  in  A c i d o l y s i s  E x p e r i m e , n t s  

• n ip  ; r  ~ tu re  -- ' t 1 " P e n e t r a t i o n  
C o o k i n g  p r o e e d  . . . . .  I,,f a e i d e l y s i s ,  { ~ii23mYiS:, s m i l s  p e r  

[ °C. " " y e a r  

N o t e  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  { 3 0 0  N o t e  I 1 0 . 1  
N o t e  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1{00 N o t e  2 0 .8  

28O 6O 0 .8  

d i g u r e  4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27,5 [ "~0 0 .1  
F i g u r e  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 2 6 0  . [ .... 0 .1  

I. T o t a l  t i m e  in  t h e  r a n g e  of 2 8 0 - 3 0 0 ° C .  ~ 38  ra in .  
2 .  F a s t e r  h e a t i n g  a n d  c o o l i n g  r a t e s .  T i m e  a t  2 8 0 - 3 0 0 ° C .  ---- B2 r a in .  

ing at 3000C. there was no significant corrosion of 
stainless steel. This difference between isophthalic 
and  terephthal ie  acid is believed to be related to the 
differences in their  solubilities. 

Discussion 
Reference to old patents  on various methods of 

making  phthal ic  anhydr ide  oil-modified a lkyd resins 
wi thout  first p repa r ing  a monoglyceride may  be found 
in Ellis (4).  With  the recent appearance  on the mar-  
ket of the other two phthal ic  isomers, isophthalic and 
terephthal ic  acids, investigations of methods of pre- 
par ing  oil-modified a lkyd resins f rom these mater ia ls  
were made. Da ta  on the alcoholysis or monoglyceride 
method were published by Lure  and Carlston (6).  
More recent ly the acidolysis method of p repa r ing  oil- 
modified a lkyd resins f rom isophthalic acid was the 
subject  of a paper  and a pa ten t  by Carmody (2,3). 

The data  presented in the present  pape r  show that  
the meta and para isomers of phthalie acid are much 
more adaptable  to acidolysis methods of a lkyd resin 
manufac tu re  than  is the ortho isomer. The aeidolysis 
of t r ig lycer ide  oils by isophthalic and terephthal ic  
acids is time- and tempera ture-dependent ,  and no cat- 
a lyst  is required. This is an advantage  since uncer- 
tainties of catalyst  behavior  tha t  sometimes occur in 
alcoholysis in commercial  pract ice are eliminated. 
Also, because of the absence of catalyst,  resins made 
by acidolysis are br ight  and do not need the careful  

fil ter-pressing tha t  is required to remove the cloud 
caused by catalyst  residues. These characterist ics of 
noncatalyt ic  acidolysis procedures result  in a desirable 
simplification of alkyd-resin manufacture .  Another  
improvement  occurs because glycerol can be pumped  
into hot aeidolysis-reaetion mixtures  without opening 
the kettle. This eliminates the disagreeable and toxic 
fumes that  escape f rom hot kettles when they are 
opened a f te r  alcoholysis for the addition of solid 
phthal ie  anhydr ide  or isophthalic acid. 

The interchange reaction of a t r iglyceride oil and 
isophthalie acid is very  rapid at  300°C., reaching an 
equil ibrium state in about 1 hr. However  it is not 
necessary to ca r ry  the reaction to equilibrium for 
pract ical  a lkyd manufac tu re ;  sufficiently rapid  rates 
of oil conversion are obtained at lower tempera tures  
of 275-280°C. so that  br ight  a lkyd resins, free f rom 
haze, cloud, or gel particles, can be produced in a 
reasonable time. Acidolysis of oil also proce.eds at a 
sat isfactory rate  in the presence of f a t t y  acid or rosin. 

The acidolysis method of a lkyd manufac tu re  is a 
simple heating of oil and isophthalic acid for  a suffi- 
cient t ime at high tempera ture  to obtain the required 
oil-acid interchange. A test that  can be used to deter- 
mine the amount  of oil conversion is to dilute a sample 
with an aromat ic  s<)lvent and filter a t  room tempera-  
ture to remove unreacted isophthalic acid. The clear 
oil solution is t i t ra ted for acid number.  When the 
acid number  of the oil in the filtrate is ab(,ut 100 or 
higher, a sufficient amount  of acidolysis has occurred 
to permit  cooling and addition of glycerol;  if the 
glycerol is added slowly at 270-280°C., whih; cooling, 
the t ime or t empera tu re  for acidolysis can be signifi- 
cant ly  reduced. Wi th  mixtures  of oil and f a t ty  acid 
or rosin, even less conversion of the oil is required. 

The cooling and reheating cycle can be eliminated, 
when glycerol is the polyol, by conducting the esteri- 
fication and acidolysis reactions simultaneously. In 
this method of operation, oil and isophthalic acid are 
heated to a t empera tu re  in the range  of 260 270°C. ; 
glycerol is dropped into the kett le at  a slow and 
s teady rate  while a constant t empera tu re  is main- 
tained. Acidolysis of the oil occurs s imultaneously 
with esterification ; a f te r  the glycerol addition is com- 
pleted, the esterification is continued in the normal  
manner.  Terephthal ie  acid is also esterified rap id ly  
b y  th i s  p r o c e d u r e ,  and  the  r e s u l t a n t  a l k y d s  a re  
bright.  This is noteworthy,  in view of the slow esteri- 
fieation and cloudy resins obtained by alcoholysis (6).  
Phthal ic  anhydr ide  does not react with oil; however, 
when phthalic anhydr ide  was heated at 240°C. with a 
1:1 mole mixture  of oil and f a t t y  acid, glycerol was 
slowly added to form a bright, homogeneous alkyd 
resin. 

Summary 
The interchange reaction of the three phthalie acid 

isomers with t r iglyceride oils at high tempera tures  
was studied. Orthophthal ic  acid dehydrates  to the 
anhydr ide  before any  interchange occurs, but  isoph- 
thalie and terephthal ic  acids are heat-stable and react  
easily with oils in the t empera tu re  range  of 260- 
300°C. Isophthal ic  acid reacts more rap id ly  than  
terephthal ie  acid and is ideal for  use in aeidolysis 
processes of alkyd-resin manufac ture .  Various meth- 
ods of applicat ion of the acidolysis reaction to isoph- 
thalie a lkyd resin prepara t ion  were studied, and  the 
min imum of oil conversion to monobasic acids tha t  is 
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required for successful alkyd preparat ion was found. 
Under  certain conditions the acidolysis reaction oc- 
curs simultaneously with esterification; use is made 
of this fact to improve the process. Commercial use 
of the acidolysis reaction in alkyd-resin manufacture  
is economically at tractive because it is noncatalyt ic;  
therefore no catalyst residues need to be removed by 
pressure filtration. Another  advantage is that  glyc- 
erol is readily pumped into hot acidolysis-reaction 
mixtures without opening the kettle, and this elimi- 
nates the disagreeable and toxic funles that  escape 
from hot kettles when they are opened af ter  aleo- 
holysis for addition of solid phthalic anhydride or 
isophthalic acid. 

Applications of acidolysis in conjunction with oil 
polymerization, fish oil upgrading,  and castor oil dehy- 

drat ion were studied briefly, and the results suggest 
that  fu r the r  work in these fields is desirable. 
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Conversion of 

Neutral Lipid 

LEO F. KRZEMINSKI," HAROLD B. WHITE JR., 
of Biochemistry, Purdue University, Lafayette, Indiana 

Some C 14 -Labelled Compounds into the 

of Neurosfora Crassa 
and F. W. QUACKENBUSH, Department 

A 
rlmuG11 there have been many biochemical in- 
vestigati<ms of the red bread mold, Neurospora 
crassa, few have been concerned with lipid me- 

tabolism. Previous studies have shown that  the coh)r- 
ing nlatter consists of a var ie ty  of carotelmids (2,11). 
()ttkc reported the presence of ergosterol in the my('c- 
lium (7) and studied its synthesis froiu acetate (8). 
Some of the eet)halins have been fractionated (1).  
Lein e~t al. (6) isolated various mutants which re- 
quired certain 1S-carbon unsatura ted fa t ty  acids in 
the medium for normal growth. Informat ion abont 
the fa t ty  aeid composition of the fungus lipids also 
has been published recently (10). 

This paper deals with the neutral  lipid from co- 
nidia-free myeclia ( that  fract ion of the total lipid 
which is not extracted from hexane by cold aqueous 
K O H  so lu t ion) ,  i ts i n c o r p o r a t i o n  of some C14-1a - 
belled metabolites, and the nature  of its f a t ty  acid 
components. 

l~,xperimental 

Neurospora crassa (cross of wild types E 5297a 
and E 5256A) was grown by the submerged culture 
technique previously described for the s tudy of caro- 
tene biosynthesis (4). Eight  C~4-1abelled compounds 
were compared as possible precursors of lipids in the 
2-day-old fungus under  two sets of conditions: a) the 
culture was given the radio-active substrate and har- 
vested 31~ days later, or b) the myeelial pad was 
washed gently, t ransferred to asuerose-deficient  me- 
dium complete in all other respects, given the radio- 
active material, and collected as in the first procedure. 
Pre l iminary  experiments had shown that about two- 
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thirds of the maximum dry  weight of the mat was 
at tained prior to addition of the labelled substrate. 

The hexane-sohJhh; fractiml prepared as described 
elsewhere (5) was freed of acidic substances by ex- 
traction with the base (methanol-water-potassium hy- 
droxide 90:10:20 v / v / w ) .  F a t t y  acids esterified to 
the neutral  lipid were then liberated by hot saponifi- 
cation in ethanol and recovered af ter  acidification. 
Samples of the neutral  lipid and its f a t ty  acids were 
counted at infinite thimless on aluminum planchets 
in a windowless gas flow counter. Respired carbon 
dioxide, which was t rapped in 40% potassium hydrox- 
ide and precipitated as barium carbonate, was also 
counted. 

The fa t ty  acids were determined qualitatively by 
chromatogral)hy on silicone-impregnated paper (9) 
and qualitatively and quanti tat ively by gas chroma- 
tography. The paper  chromatograms were developed 
with 85% acetic acid-water (v /v )  at 25 ° for  24 hrs. 
Autoradiograms were t)reparcd by placing the strips 
on x-ray film for 60 days. Gas chromatography of the 
methyl esters, prepared by refluxing the unlabelled 
f a t ty  acids in methanol with sulfuric acid, was per- 
formed at 200 ° with a 5-ft. polyester column (l/z in. 
in diam.) of ethylene glycol an<l suceinie acid (LAC- 
446) 3 as s tat ionary phase and a helium flow rate of 
75 ml./min. 

Results and Discussion 

Total fat, as crude hexane extract,  produced by the 
mold Neurospora crassa in these experiments consti- 
tuted about 25% of the weight of the d ry  mycelium. 
This crude extract  was mostly neutral  lipid. 

Substantial  differences were observed in the elfi- 
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