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Refined and bleached cottonseed oil was dissolved in a solvent 
( h e x a n e ,  isopropyl alcohol, or di-isoproIty] ether) and was then 
hydrogenated in a dead-end hydrogen'ltor. Hydrogenation runs 
were conducted at temperatures from 115 to 145°C., at hydrogen 
partial i)ressures from 44 to 74 p.s.i.a., with catalyst eonecntra 
tlons varying, from 0.05 to 0.40% nickel, and at high rates of 
agitation to eliminate mqss-transfer resistances. A series of 
hydrogenation runs was also made ill which no solvent was used. 

Tile rates of hydrogenation for the v~lrious series of runs 
were in. the same order of magnitude but deereased in the fol- 
lowing order: nonsolvent, hexane, isoprol)y[ ah;ohol, and di-iso- 
propyl other runs, Selectivity and isom(;rization were low in all 
cases and essentially identie'd for solvent and nonsolvent runs. 

The rate of hydrogenation increased in all eases with higher 
catalyst con('entrations. For the isoprollanol runs, the reaction 
rate was ni3xiniuui as a function of tellillerature <It about 135°C. 
In the cilse of the ()flier solvents, the rate of hydrogenati(ni in- 
creased with ilwreased tOllilioratlire in the raligc froni 115 to 
14,5°C., hut the r3N, illcreases of the solvellf rilns were less than 
lhose of the ll()li.~'.olveilt rulis. 

H 
YI)it(I/IENATION Of t r i g l y c c r i d e  oi ls ( l issolw,d i i i  

va r io l i s  solvents has been. i)raeti(;(~d fo r  n iany  
y(,ars in l | ie  labora tory ,  a l i ( l  recent ly  It eo l i l i n l l -  

(ills f low l)r()(q'ss~ l lSi l i  7 solvents, has been patenh,( l  by  
8a t i lers (7) .  l l ig l l ( , r  s ( , lec t iv i ty  an(I less isoni( , r izat ion 
ar(! (dainie(l w i l h  the solvent  t ype  (if hydro lzena l i (m 
as c.onlparo(l 1o nonsolvent  t ype  of hy(trog'enat ion. A t  
low ten i l i e ra tu res  lhe rate e l  ] ly ( t i 'oTel la t ion was also 
in ip roved s ig i i i f i ( 'an t ly .  So lvents  wh i ch  are i n e r t  and 
whiet i  are relal ive, l y  vo la t i le  in. i'l~a(.tion (~on(lil i(ms 
a r e  i le( 'essa.ry;  ll l( , thallol,  ethanol> i so l ) ropy l  aleoh(fl,  
(~yeloh(,xanol, a(,(,ton( b a n d  e t h y l  (,th(,r w e r e ,  in l iar  - 
t i ( ;u lar ,  i'o(,Olilliioud(qt, l F n p u r i f i e d  (;onmier( ' ial hexai ie,  
i )e t ro leuni  e ih( ' r ,  an(t d ioxan( ,  w e r e  r e p o r t e d  to (h'- 
c r e a s e  t he  r a t e  of  rea(~tion h o w e v e r .  

Disso lv ing  th(' t r i g l yee r i de  i n  a solvei i l  l i i ay  ehai lge 
several l ) ro l )er t ies of the sys ie l i l  l :hat could ae(;Olllit 
f o r  t h e  ( ,hara( ' ter is t i ( !s  of t h e / D ~ ( ] r o g e u a t i o n  as ( ' ]a inied 
lit t h e  l )a ten t  ( 7 ) .  ~q()me of t h e s e  fa( f lors  a r e  as fo l lows .  

a) l)ecrease the visc(~siiy of the liquid phase so that mass 
t r~l l lsfor  r(~sisflln(:os of  {lie r(!~l(-flllit.s illi([ p rodi t ( ' f s  to itll(l 
from the catalyst are substantially reduced. As a rcsull, 
concentrations (if reactants iluriilg the hydrog(maiion nlay 
be inereased on the catalyst surfaces. 

1)) Modify the solubility of hydrogen ill the liquid phase. 
The use of polar solvents, such as nleohols and acetone, 
may increase hydrogen eoneentrations l)ossil)le ill the 
liquid. 

c) Chnnge the adsorption characteristics and concentrations 
of reactants on the catalyst surfaces. The solvents, as well 
as the reactants, probably will be adsorl)ed to some extent 
on the catalyst;  as a result, the mmlber of "ac t ive  s i t es"  
available for hydrogenation reactions ma.y be reduced. 

d) The solvent may enter into reactions, e.g., under some 
conditions, alcohols are reduced to aldehydes with the 
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eoncmnitant release of hydrogen (4, 5, 6). The aldehydes 
could subsequently be hydrogenated baek to alcohols, 
c o n t i n u i n g  a r e a c t i o n  cycle .  

e)  Reduce the concentration of triglyeerlde oil (and of the 
double bonds). In ninny cases the rate of hydrogenation 
is directly proportional to the iodine value of the mixture. 

f )  Modify the physical ch'mietcristics of the system by in- 
tcrn'~l refluxing of the solvent during hydrogenation. I f  
the top of the reactor is colder than the main body of the 
oil, tile solvent will condense on the top surface and drop 
Imck into the liquid phase. The continuous boiling of the 
solwmt may affect both the llc;~t and mass-transfer effects 
within the system. 

Sanders '  patent (7) does not indieate whether the 
operat ing eomlitions for his solvent and nonsolvent 
hydrogenat ion runs were direct ly comparable.  For  
(~xample, the total pressure in a solvent run  has little 
lheoreti(~al importance since the gas phase is a mix- 
t u r e  of  vo la t i l e  s o l v e n t  p h l s  hy(lrogeli. Th(; to ta l  ab-  
s o l u t e  l i ressure is t i le  Slll i i of the par t ia l  pressttres 
(it' the solvent  an(I hy( l rog(m. The par t ia l  1)ressure 
of  the hy( I roTel l  w i l l  be a t'u ne l ion of  the telrll)(W~ltllre , 
lhe type  of  solv(,nt, an(I ( 'onll)Osit ion of  the liquid 
I)llase. The hy(h'ogen l ia l ' l ia l  lirOS~lll'e in so lve i l t  r nns  
shouhl  lie ( 'onipare(I to lhe total  ahsol l l te  lil'eSsllI'e l i t  
iiOliSOiV(,lil r l i l lS, but a l ) l i a r l , l l l l y  ~a i iders  d id  I Iot  do 
lhis.  A l l h o u g h  he iis(,(I t i iT l i  rah,s (if ag i t a t i on  i l l  his 
invosti~zali()i i , there is 11o sl)e~,ifh~ evi l lenee tha t  mas.~- 
l i 'a i ist 'er r(,sistaiiees Wel'(, e l i l u ina led .  As a resul t ,  
n io( l i f iea l ious of the seh,(.iivity and isonier izat ioz l  e}lar- 
a(, i( ,r isl ics (if the hy(Irogeiiale(1 oi ls lilO, y haYe been 
cause(1 i ) r i n i a r i l y  by  va r i a l i ons  (if lhe reac tan t  eon- 
( .o l i l ra l io l i s  eli the ( ,alalysl .  

Sol(ol'sl(iY eta./ .  (8)  | lave i'(,(~eii|ly re|)orte(t el i  the 
k inet ics of the soivenl  hy( I rogena. i ion ( i f  (~oftollsee(l 
off. T h e i r  inves t iga th ln  was l im i t ed  to to ta l  pressnres 
(if ()11(, atli lOs|)hero. Sili(,(, the par t ia l  pr(,SSllrO i)f the 
so]w,nt  wl r ies  w i t h  i eu i l i e ra tu re  , t he i r  studies at va r i -  
Oils le l i i l )e ra | i i r ( ' s  were e( i l iS( '( l l ie l i l ly at d i f l 'e re l i t  tiy 
(h'oTen par t ia l  l iressures, and the, resul ts are of  lhn-  
iied value.  The lit(is| raph l  ral/,s ()t' r l ,aet ioi i  oecurr i ,d 
a.t hy( t rogen pressures o|' ahou l  600 inirl. He" regar(1 
l('ss ()t e lhe  feli l ig(~ra[l lre. ~()]VOlifS s tud ied ineh lded  
3+l'()lll0+ti(tS~ ah' .ohols,  (]io×a.ne, mid  dh:hloroethane. 

So lven t  hy( l rog 'enat ion has,  possibly, industr ial  in l  
portall(((, ,  l~or e x a ml ) l e  , ( 'ot tollsee(l  o r  s o y b e a n  oil, 
as ob ta ine( ]  b y  s o l v e n t  (,xira.(,tioil, m i g h t  be r e f ined ,  
bleache(], an(I hydrogenate( I  in the o r i g i na l  so lvent  
s( i lu t ion.  The present inves t iga t ion  was niade t(i 
(~haraeterize l i lore ( ,onl l ) le le ly so lvent  hyd rogena t i on .  
i [ y d r o g e n a t i o n  CUllS w e r e  l / lade w i t h  e o t t o n s e e d  oil 
dissolved in isopropyl alcohol, hexane, or di-isopropyl 
e t h e r ;  t h e s e  r u n s  w e r e  c o m p a r e d  to  r u n s  w i t h  u n d i s -  
s o l v e d  c o t t o n s e e d  oil a t  s in f i l a r  t e m p e r a t u r e s ,  h y d r o -  
gen  p a r t i a l  p r e s s u r e s ,  a n d  nickel  c a t a l y s t  c o n c e n t r a -  
t ions ,  a n d  w i t h  su f f i c i en t  a g i t a t i o n  to  e l i m i n a t e  m o s t  
m a s s - t r a n s f e r  r e s i s t a n c e s .  
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Equipment  and Operating Procedure 

The dead-end hydrogenator  and auxiliary equip- 
ment use</ are shown schematically in Figure 1. Th:' 
hydrogenat</r was 6 in. i.d. and had a cal)acity (if 
about 6 liters. It was provided with a 4-in. turbine 
imll(,ller ma)mfaeture(l by the Mixing l~;quil)m'o))( 

1:1(I. 1. N('h(,qll(.' o f  a ss ( 'n I l )h ' ( ]  ; I p l ) a r a l l l s .  

(;Oral)any and with four baflh,s, '5/s in. wide. Agi(alor 
spee(ls c<)uhl be varied from several hun(lre<l Ul) to 
ahont 1,700 r.p.m. 

The c(/ttonsee(I (ill or oil-solvent mixture and the 
catalyst were introduced ill the hy(Ir<)gemm)r thr(mgh 
lhe funnel (11). In the case of n(lnsolven( rams, 
1,500 or 2,000 (,c. of oil were a[hh,d for each run;  f(>r 
solvent runs, the mixlur(,s (,otllainc(I ],000 co. of oil 
and 3.84 g. moles ot' solven(. This amo,,m ,)t' s(>lvem 
is equivalent t<) al)])roximah,ly 500, 300, and 540 (.c. 
of hexane, isol)rol)yl ah'oh()l, and di-isol)rol>yl etht'r, 
respectively. Val)<)r I)ressur('s of the solvenls in th('se 
mixtures were nteasu re<l in I h(, hy(I rogenalor at several 
temperatnres, and the results are shown in Tahle 1. 
It should be enlphasize(1 thai th(, liquid COml)osilion 
varied slightly with telnperature sin(.e a relatively 
large vapor vohune was present above the liqui(I. The 
partial  pressure of hydrogen <hiring" a hydrogenation 
run was assume<l to be equal to the total pressure 
minus the vap<)r pressure of the solvent (Table l ) .  

After  the hydrogenator  was filled with the oil mix- 
lure, the system was evacuated for several minutes by 
means of the vacumn pump (15). The hydrogeuator  
was heated t</ the desired temperature, using the 
steam-heated coil (9) and/or  electrical resistance wir- 
ing wrapped around tile reactor shell. Temperature 
measurements were made with a thermocouple (10) 
and potentiometer. When the temperature of the hy- 
drogenator  was raised to within 10°C. of the <lesired 
operating temperature, hydrogen was introduced and 
maintained at the desired pressure, and the agitator 
ulotor was turned on to start the run. 

The temperature generally rose to the (h,sired level 
within the first few minutes of a run. The heaters 
were turned down or off; in seine c+ases l O W  s t e a n l  

pressure was provided in the coil to maintain thc 

T A B L E  1 

V a p o r  P r e s s u r e  of Mix tu r e s  of Cottonseed Oil and  Solvent  

I P r e s s u r e ,  p .s . i .a .  

Sol',-ent 115 ° C. I ~ C .  145  ° c .  

I-Iexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 46  56 67 
I sop ropy l  alcohol  . . . . . . . . . . . . . . . . .  39 50 63 77 
Di- i sopropyl  e the r  . . . . . . . . . . . . . . . .  I 37 / 4 5  I 5 4  I 65 

desired temperature. With experience the temperature 
was emltrolled mamlally t</ within at least += 3°(;. 
The agitator speed was measured at frc<luent inter- 
vals with a tachometer. 

Six or seven oil sanlples generally were taken dur- 
in~ a run through Valve B. Since most runs were 
ahout 1 hr. hmo', the time betweeu samples was all- 
pr</xintately 10 rain. The first 10 ml. of the samph' 
eolh'cted were discar(h'(I, and the next 10 el.. were 
fillere<l to remove the calalysl. When solw'nt was 
present, it was evallorate<[ from the oil; and the <ill 
was analyzed by l)rocter and Gamble Company, ac- 
t,or(ling to c(>nv(,nliomd llroce(hlres. 

115 

~oo 

9c  

8 o x o 

7c 

6c  

5c 

4c 

2o \ 

. . . . . . . . . . . . . .  1 . . . . . . . . . . .  t . . . .  1 .......... i ........ 
' °o  ~ l o  ; o  ~o 50 60  70 80 

TIME ~ M I NUTES 

I:I(L 2.  H y d r o g e m l t i o n  r a t e  o f  c o t t o n s e e d  o i l  w i t h o u t  s o l w : n t .  

During runs with solvents, small leaks occurred 
fre(luently at the packing" gland of the agitator, l ' re- 
smnably the hot solvent condensate was removing the 
lubricant from the packing gland. Such a leak is of 
special importance for solvent runs because s<)lvent 
vapors were being h)st ill addition to hydrogen. Since 
the total pressure remained constant during a run, 
the partial pressure of the hydrogen increased as sol- 
vent was lost. Efforts to repair the packing gland and 
reduce the solvent losses were, as a rule, only par t ly  
successful. The initial and final ratios of the solvent 
and oil were measured in several eases, and up to 
about 30% of the solvent was lost in a few runs. 

The refined and bleached cottonseed oil for the 
main series of rmls was furnished by the Procter  and 
Gamble Company. Rufert  flake catalyst containing 
25.3% nickel was obtained from the Harshaw Chend- 
ca] Company. The electrolytic type of hy<lrogen was 
procured from the Linde Air Products  Cmnpany. 
Commercial grade hexane (Phillips Petroleum Com- 
pany) ,  99% isopropyl alcohol (Union Carbide Chem- 
ical Company), and commercial-grade of di-isopropyl 
ether (Union Carbide Chemical Company) were em- 
ployed as solvents. 
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Results  

Nonsoivent  Hydrogena t ion  Runs. A series of non- 
solvent hydrogenat ion runs was made as a comparison 
for the solvent runs and, in addition, to establish 
operating conditions at which increased agitation did 
not change the rate of hydrogenation,  i.e., mass-trans- 
fer resistances were essentially eliminated. The rate 
of hydrogenat ion for several typical  runs is indicated 
in Figure  2, which is a plot of the logarithm of the 
iodine value versus time. The data for each run gen- 
erally arc represented by straight lines at iodine 
values less than 60, at which value the linoleie acid 
content of the oil was approximated zero (F igure  3).  

6 0  

50 % 9 (O) 155°C, 74 PSIA, 0 . 0 5 % N i  
10({3) 155°C, 44  PSIA, 0 . 0 5 % N i  
15(X) 145 "C ,  4 4 P S I A ,  O . O 5 % N i  

4 0  ~ 4 4  PSIA ,O I 5 % N i  

(.9 
< 
_c, 

30  
J 
0 
Z 
"5 

× 
0 I l t I I t X ~ . .  (~ 
i 20  I10 IO0 90  80  70  6 0  5 0  4 0  

I O D I N E  V A L U E  

FIG. 3. S e l e ( . t i v i l y  d u r i n g  n o n s o l v e n t  h y d r o g e n ; L t i o i i  o f  co t -  
tonse(,d oil. 

The straight Ibm relationships indicate a pseudo-first- 
order over-all reaction, the. rate of which is repre- 
sented t)y the f(ilh)wing equation: 

(1) r = d ( I .V . ) /d t  = k (I.V.) 
where 

r = rate of hydrogenati()n 
t = time 

I.V. = iodine wdue 
k = l)sen(l(i-rea(qi(in-rate ('(instant, which is equal 

to the negative slolw of the straight line (/i- 
vide(l by 2.3 (sin(,c the logarithm plots were 
1o t he  t)ase 10). 

Table 11 rel)orls the k wdues of several runs. The 
reproducibility of these rallies is thought to be within 
about 5%, as was (temonstrated by repeating Runs 1 
and 3. In some cases agitat(ir st)(,eds of l i000 r.p.m. 
(lid not give k values as high as comparable runs at 
1,700 r.p.m. (see Runs l, 3, 8, and 9). The k values 
(if these runs were relatively high, being about 0.020 
rain. -~, and it was concluded that 1,000 r.p.m, did not 
~xive sufficient agitation to eliminate mass-transfer 
variables at these high rates of hydrogenation. At 
lower rates however, as indicated by Runs 10, 11, and 
12, an agitator speed of 1,000 r.p.m, appears sufficient 
to eliminate most mass-transfer resistances. Increased 
temperature (compare Runs 10, I I ,  and 12), higher 
catalyst concentrations (Runs 10, 11, and 14), and 
increased pressures (Runs 8, 9, 10, 11, and 12) all 
increased the rate of hydrogenation. The k values did 
not vary linearly with catalyst concentration; there- 
fore it is concluded that mass-transfer resistances 
were significant at the rates accompanying the higher 

5O - .............. 

25 

o 2( 
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i10 too  90  60  70  60  50  40  30  20  i0  0 
IOD INE  VALUE 

FIG. 4. trans-Isomcrization during nonsolvcnt hydrogcna~ioll 
of cottonseed oil. 

(.atalyst concentrations, which had k values as great 
as 0.0342 min. -1. 

The selectivity (as indicated by the linoleie acid 
content)  and isomerization eharacteristics of  Runs  
9, 10, 13, and 14 arc indicated by Figures 3 and 4, 
respectively. Relatively nonselective hydrogenation 
occurred in all runs. All runs at 135°C. had ap- 
proximately the same selectivity, arid the run at 
145°C. was only slightly more selective. Eldib and 
Albright (2) had also previously shown that sele('- 
t ivity is only slightly affe('ted by temperature or 
(,atalyst concentration when high rates of agitation 
are provided. Figure 4 indicates that higher tem- 
])eratures and lower pressures for hydrogenation 
resulted in slightly higher all|Ollll|S of t rans  isomers. 

The rates of hy(h'ogenation (if the runs shown in 
Figure 2 were conq)are(I t() similar runs of El(lib and 
All)right (2). The k vallleS for their rams are some- 
what h)wer than those of Figure 2. Alth,mgh the 
same (mlalyst was us(,(l, the (~oltonset,d Jill of this 
illvestigati(m was I)ossibly sufi i( . i (mtly different front 
that  of the t)revi(ius s tudy to a(,(,otm| for the dif- 
feren('es. Figure 5 indicates that the above reasoning 
may be correct. A refined and Ifleached cottonseed 
oil saml)le was obtained from ea(ql of three American 
(.ompanies that hydrogemtte (~olt(inseed oil industri- 
ally. These thre¢, oils were hy(Irogmmted at 135°C., 
with an hy(lrogen I)ressurc of 44 p.s.i.a, and 0.05% 
ni(d~(,l ('atalyst, emph)ying an agilat(ir speed of 1,100 
r.l).m. The agitator used for this series of runs was 
l)rot)at)ly less effi(.ient though lhan that of the runs 
of Table I1; as a result, the present hydrogemtti(>n 
rates are lowm'. ()ils B and (~ hy(lr(igenaled, within 
(,xperimental aceura(,y, at approximately same rate; 
however ()il A hy(lr(igcnated signifi(,antly slower. The 
selectivity and isomer formation for the three oils 
were essentially i<hmtiea[. The soap an(t peroxide an- 
alyses for the oils in(licated no significant (lifference, 
t)ul the free fa t ty  acid eonlent of ()il A is appreciably 

12( 

g ec 
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io 20 ~o 4 50 60  70 @o 
T IME,  M INUTES 

Fro. 5. Compari,~on of  hydrogenat ion rates of  three refined 
and bleached cottonseed oils. 
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T A B L E  iI 

I { ea ( , t i on - I¢a te  C o n s t a n t s  f o r  N o n s o l v e t l t  R u n s  

]~llIi 11 iJ 11/b(,l. 

[ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T e m p e r -  II~ 

• p . s . i . g .  

145  60  
1 4 5  60  
1 3 5  6 0  
135 6 0  
1 3 5  3 O 
1 3 5  3 0  
l 35  3 0  
145 30 
I 35  30 

Cahflyst Ag:i ta-  k,  
(,oi1 (,(,11 - t i o n ,  
t r a t i o n ,  r a i n .  i 

% Ni  r . p . m .  

1/.07 1 9 0 0  0 . 0 3 1 0  
0 . 0 7  1 7 0 0  0 . 0 3 5 2  
0 . 0 5  1 0 0 0  0 . 0 1 9 7  
0 . 0 5  1 7 0 9  0 . 0 2 0 5  
0 . 0 5  1 0 0 0  0 . 0 1 5 ~  
0 . 0 5  1 7 0 9  0 .0  150  
0 . 0 5  I I O0 0 . 0 1 4 9  
0 . 0 5  I lO0 0 . O 1 9 6  
I L l 5  I I 0 0  0 . 0 3 , 1 2  

h ighe r  a n d  m a y  a(~('olmt fo r  the. redue(,(I hyd rogemt -  
t ion r'a~('. 

]lyd'rogcnalio. of Oil I}issolvcd in llcxanc. F i g u r e  
6 shows lhe  re la l io , l sh ip  of the i()(li,m values  as a fum'.- 
l ion ot' tim(, fo r  hy( l rogemt t ion  runs,  us ing  h(,xanc as 
a solvent .  The ra tes  of h y d r o g e n a t i o n  for  these runs  
a re  s l i gh t ly  h)wer than  those of the  nonsolvent  runs.  
Table  I l l  iml ica les  k values  of the  runs.  

7O 

16 135°C,  O. IO%NI  

18 135 "C ,  0 . 5 0 % N i  
22  145"C ,  0 1 5 % N I  

w 
z k 
o 

T A B L E  I11  

l { e a ( ' t i o n - R a t e  C o n s t a n t s  f o r  N - l I e x a n e  R u n s  

R u n  l l t l l l lb t l r  

15  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
18  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T e n l p e r -  
a t u r e ,  

°C .  

1 3 5  
1 3 5  
1 3 5  
1 3 5  
1 3 5  
1 3 5  
1 3 5  
1 4 5  

T . .  I C a N f l y s t  
()Eat 'o lceI~tl 'a~ 

p l ' 0 s s u r e ,  
p s i " t m n ,  

8 6  0 , 0 5  
8 6  0 . 1 0  
8 6  0 .2O 
8 6  0 . 3 0  
8 6  0.,30 
8 6  0 . 3 0  
8 6  0 . 2 2 5  
98  0 . 1 5  

k,  
l l l i l l ,  t 

0.01311 
0 . 0 1 5 0  
0 . 0 1 9 8  
0 . 0 4 4 7  
0 . 0 4 4 1  
0 . 0 4 8 6  
0 . 0 3 8 2  
0 . 0 4 0 2  

( )pt ,r~t ing" C o n d i t i o n s :  oil ,  1 l i t e r ;  s o l v e n t ,  5 0 0  m l . ;  h y d r o f f e n  p a r t i a l  
p r ( , s su r ( ! .  4 5  p . s . i , a .  ; a g i t a t i o n ,  ] , 1 0 0  r . p . m ,  

runs  as p lo t s  of the  k value versus the c a t a l y s t  cotmen- 
t r a t i o n  indi(tate.  The poorer reproducibil ity of the  
so lvent  runs  is p r o b a b l y  caused in part at least by 
va r i ab le  so lvent  hisses d u r i n g  the runs .  The fo rma-  
t ion of trans isomers ( F i g u r e  7) and the se lec t iv i ty  
of t im hexanc  runs  were essentially identi( ,al  t11 com- 
p3,1'at)l(~ nonsolvent  p u n s .  

O20 

Z r5 

3 EO 

IODINE VALUE 

1"I(I. 7 .  l'ra'llx-lsonierization during hydrog(qmti(m o f  c o t h ) n  
s e e d  o i l  d i s s o l v e d  i n  h e x a n e .  

HYDROGEN PARTIAL 

PRESSURE, 4 4  P$1A 

I I 0 0  R.PM,  

lJ 

I ° o  ~ at) 50  6 0  Yo 
TIME,  MINU I ES 

F I O .  6 .  t l y d r o g ' e n a t i o n  r a t e  o f  c o t t o n s e e d  o i l  d i s s o l v e d  i n  
h (!x~l IIC. 

Since commercial  hexane was used, such catalyst  
poisons as sulfur compomlds  could possibly have been 
present. An  effort was therefore made to remove any 
poisons from the hexane. Some hexane was pretreated 
with fresh nickel catalyst at 135°C. for an hour, then 
the catalyst  was filtered from the oil. This technique 
did not alter the hydrogenat ion  rate, selectivity, or 
format ion of trans isomers, i f  catalyst  poisons were 
present moreover, part of the catalyst  would become 
ineffective because of the poison. Doubl ing the cata- 
lyst  concentration,  for example, should presumably 
t h e n  more  t h a n  d o u b l e  the  ra te  of  h y d r o g e n a t i o n .  
None  of the results of this invest igat ion however 
indicate that catalyst  poisons were significant in the 
solvents.  

The reproducibi l i ty  of the runs, using hexane (or 
other solvents) ,  was poorer than similar nonsolvent  

8O 

g 50 i 

~ool 

15 i'o ~'o 3~- 4]0 5Jo ~ -  zo oo 90 ,oo 
TIME, MINUTES 

F r o .  8 .  H y d r o g e n a t i o n  r a t e  o f  c o t t o n s e e d  o i l  d i s s o l v e d  i n  i s o -  
p r o p y I  M e o h o l .  

One run, using hexane, was made at 115°C. but 
with a less efficient agitator. The rate of hydrogena- 
tion was quite low, and the selectivity and isomeriza- 
t ion that occurred during this run were appreciably 
higher than other hexane runs. 

Hydrogenation of Oil Dissolved in Isopropyl Alco- 
hol. The results for the isopropyl  alcohol runs are 
shown in Table III  and in Figures  8 and 9. The rates 
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T A B L E  I V  

P~eaetion-I~ate Constants  for £sopropyl Alcohol Runs  

~un n u m b e r  

23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 ........................................ 
25 ........................................ 
26 ........................................ 
27 ........................................ 
28 ........................................ 
29 ........................................ 
30 ........................................ 
31 ........................................ 
32 ........................................ 

Temper~- / TotM 
f~ul'-e, pressilrP, 

°C. ] p.s.i.g. 

135 I 93 
135 [ 93 
135 93 
125 80 
135 I 93 
135 I .0:~ 
145 I 106 
145 I 106 
135 [ 93 

Cata lys t  
eoneen- 
t ra t ion ,  

% N i  

0.05 
0.10 
0.20 
0.30 
0.30 
0.30 
0.20 
0.15 
0.15 
0.40 

k. 
rain. j 

0.0089 
0.0112 
0.0260 
0.0281 
0.0140 
0.0260 
0.0230 
0.0169 
0.0146 
0.0302 

Opera t ing  Condi t ions :  oil,. 1 l i t e r ;  solvent,  300 mL (237 t4".) ; hydro- 
gen pa r t i a l  pressure,  45 p.s. l .a. ;  ag'itation, 1,100 r.p.m. 

of hydrogenat ion were somewhat  less than those of 
the hexane and nonsolvent  series of runs. As ex- 
pected, rate of hydrogenat ion increased with higher 
catalyst concentrations.  Since the relation was not 
linear, mass-transfer resistances were presumably sig- 
nificant at the higher catalyst  concentrations.  The 
formation of trans isomers, as shown in Figure 9, 

3C . . . . . . . . . . . . . . . . . .  

~5 

O20 

ii0 i00 90 ~0 "t o 6 0  5 o  4 0  ~ 0  2 0  i 0  0 
IODINE VALUE 

I~'IG. 9. /ra'ms'-lsomeriz:lti(m during hydrogcm~tion (,f' cotton- 
seed oil dissolved in isopropyl alcohol. 

and seh:(tivity did not wu'y significantly wi l h  ('aia- 
lyst conccuiraliolh and they increased to only a small 
extent with higher temperatures. Both the selectivity 
and isomerizatiol~ of the isopropyl alcohol i'uns were 
slightly higher than those of the nonsolvel~t an(I h(,x- 
~ t l l e  r U l l S .  

The averag~ k value for two runs (Runs S0 and 31) 
at 145°C. is 0.0158 rain. -~. A comparable k value for 
135°C. is 0.0191 nlin. -1, a value determiln~d by inter- 
polating the results of Runs 23-2!) and 32 to 0.15% 
of nickel catalyst concentration. The, differelm(, ill k 
values between 135 and 145°C. may not t)e rl,al; at 
best the k wdue at 145°C. is slightly higher than the 
one at 135°C. however. A significant decrease of k 
values occurs as the temperature decreas(,s from ]35 
to 124°C. (Runs 26, 27, and 28). Apl)are.ntly the 
maximum rate (if hydrogenation occurs ill the range 
of about 135 to 145°C. 

Hydrogenation of Oil l)issolvcd i'n l)i-isopropgl 
Ether:  The results of hydrogenat ion runs in which 
cottonseed oil was dissolved in di-isopropyl ether are 
shown in Figures 9 and 10. Runs were made for 1 hr'. 
and the iodine value dropped only to about 50 to 64. 
Plots of the logarithm of the iodine value versus time 
(Figure 9) do not approach straight lines ade(luat(dy 
to determine the k values. The average rates of reac- 
tion were obviously less for these runs than those of 
the other runs. The rates did increase with both ill- 
creased catalyst concentration and temperature in the 
range investigated. The increase of the rate with 

I 1 0 ~  
,cop \ " ~ . ~  HYDROGEN PART,AL 

I \ ~ ~ P R E S S U R E ,  4 4  PSIA 

'\\ 

_~ ~o 

5O 

I 56 145°C, O. 15%Ni 

40 t~__._ I __ I I l I 
0 I0 20 50 4 0  50 60  

TIME, MINUTES 

JJ~l~. ID. H y d r o g e m d i o n  r a t e  o f  c o t t o n s o e d  o i l  d i s s o l v e d  i n  
d i - i s o p r o p j d  e t h e r .  

temperature was however less than comparable non- 
solvent runs. The tra~Is-isomer formation, as shown 
by Figure 11, and selectivity were approximately the 
same as those obtained in the isopropyl alcohol runs. 

Discussion of Results 

The present inw~stigation has demonstrated that 
small leaks of the hy(lrogemttor are more critical in 
the case of the solve.nt type of hydrog(,nation as conl- 
])ared to the eonventiollal nonsolveld type. Mechani- 
cal difficulties, parti(.uhu'ly in regard to the packing 
glands, will tend to be more common, and the ghu, ls  

5C . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

3 ~ 5 4 .  55 ~ ~. 

/// 33 (()l ~35°C, 0 ~0"I° Ni k~. 

/// ,, 3~o) ,35-c,' o30-/°.~ \x 
//~" 36(x) b45°C, 0 15°ION1 \\ 

// (' HYDROGEN PAR[IAL PRESSI~I4E, 44 PSIA k~ 
. . . . . . . .  . co  ] s ~  . . . .  \\%\\ 

.o ,~b- 90 8o 7o 60 5o 4o 3o --~o ,o 
IODINE VALUE 

IG(L 11. t r a . s - l s o m e r i z a t i o n  d u r i n  K h y d r o g c m t t h m  o f  co t ton -  
seed o i l  d i sso lved  in  d i - i sopro lLy l  e ther .  

must be designed to operate in solvel l t  wq)ors. AI-  
tllough the resulis ()t' ihis investigatiou were not as 
reproducAblc as (lesired bt,eallSC of leakage at tile 
I)acking gland, several ('haracteristics of the solveul 
type of hydrogenation were deternlined. The solvenl 
had less (,fleet on t i le rate of hydrogenation, selectivity, 
aud isomerization than had been antieil)ate(I. I lexane 
w~ts reported by Nal~(lers (7) to decrease the r~tte of 
hydrogenation significantly, but  the. rates of hydro- 
genation with bexane were slightly higher than those 
with the two polar solvents, which we, re reported to 
improve the rates. 

Sanders (7) had also indicated significant changes 
in selectivity and isomerization because of the solvent. 
On the contrary, no such differences were found in 
this investigation. Probably he had operated under 
conditions relatively different from those used here. 
First, he may not have had sufficient agitation to 
elinlinate mass-transfer resistances. Fur the r  the cata- 
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lyst that  tie used was |here active thalt the one eiii- 
ployed ill this s tudy as tests ill our laborat()ry had 
shown. M a n y o f  his runs were a t a t c m p e r a t u r e  lower 
than LI15°C., the lowest t empera ture  of the study. 
The catalyst  used here was not appreciably  active al 
such low teniperatures,  l llvestigations in which vig- 
orous agitat iou is used and in which an effective low- 
t(,mperatltre catalyst  is employed are therefore  still 
n('('essary to d(~termine the variables of impor/arl(t( ' 
ill the solvent type of hy(lrogenatio,ls at  relatively 
IOW l ( ' l l l l ) e r a l  u r ( ' s .  

The IISO o f  a solvent ill the roactioi~ v o s s e |  was found 
l o  h a v e  a S i g l l i f i C a l l t  e l} 'e(q.  Oil the relationship betw(,(,ii 
l he  h y d r o g ( ' l l a | i o i i  ra|( '  a i ld  te l i lpera tur (~ .  Wi thou t  a 
so lv ( ' l l t  i l l ( '  n l a X i l i l i l l i i  | 'ale O('CllrS w( ' l l  a l l ow '  7( ) ( ) ° ( [  
(1), l)ut it al)p('ars l;o be al)l)recial)ly less with sol- 
V('iits, C-H., about 1;15--145°('.. when isol)r<)l)yl al(;ohol 
was tlS(,(I. Th+.' o p l i l i i l l i l i  te inperatur t '  is u i ldoul) tcdiy 
(+olitroll('d fly lhe ('oirll)lex relat, ionshi I) of the t, ru(~ 
r ea (q i o i l - r ah '  ( ' O l l S t a l l l N ,  i l l ( '  nl;-tss-tral lSf(,r l'('sistall(~es, 
and th(, solu l ) i l i l y  of  ] l y ( l r oge i l  in  i l l (  > Ii(tui(t l)has(,. 
E l t u i i i b r i l l l l l  s o l u b i l i l i ( ' s  of  h y d r o g l ' l l  ill  o)'gall i l~ 1i( I- 
uids ar(, intereslillg alld rehttively uni(lue sin(~c ill 
s( 'v( 'ral  (,ascs al ](,asl l he  s o l u l ) i l i t y  inl:rt, l is(,s w i l h  i i l -  
(q'eas(,(t lC i l l p ( ' ra l l l r ( ' ,  c..q., s o l u b i l i l i ( ' s  i l l  t r i g l y t ' ( ' r i i l ( ' s  
(1, !)) al l ( I  i l l  h) l l l ( ' l i ( '  ( ' , l ) .  A t ) ( ' t t l ' r  I I l l ( l ( ' rS la l l ( l i l l  7 Of 
lho solut) i l i ly  ph(' l lOI l l ( ' l lOII  Wollld I)rotial i ly h('lp (,x- 
l ) l a i l l  l h c  ( '~- '( ' ( ' l  e l '  | ( , l i l p e r a t l l r ( ,  a l i ( [  l ) l ' ( 'SSl l l ' ( '  ()ll 11i(' 

hy(h'ogcnation real,lion. \Vh(,n a s()Iv('n( is ('nil)il)y('(l, 
the hydrog('n solul) i l i ty,  no (Ioul)i, diaiig(,s ra(t i( 'al ly 
alld Inay be resl)()nsib](, for  tilt, low(,r OI) | i l l lU l l l  |(' i l l- 
peratures  fonn(I in li l iS invesl igal ion.  

The. preseil l i'(,Slllls in(li(.al(~ l i i l l l  ii ('onliner('ia] 
pro(less might  b(' l)ra(.li('a] ill wlii('h the (~ollollse('(l ()il 

ix hydrogenated while st i l l  ill the solut ion obtaine(l 
lly the solvent exlra(,tion of the, oil. The rates oi' 
hydro~'etlation are in the same order of ,lag)iilu(h, 
even though the solvent (lihlted the oil and hence de- 
(.reased the concentrat ion of lu isaturated ben(is. 
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Conclusions 

Mixtures of (~()ttous('e(l oil and hexan(', isol)rol)yl 
al(',ohol, or di-isol)rol)yl ethel' were hydrog(,nal(,(l hi 
a dead-end hy(h'og(iuato)'. Tit(, rates of hydrog(,ilatio)l 
of ih(, eott()iis(,(,(l oii for solv(,)it hydrogellalio)l w(,r(, 
solllewh&t ]ess than conv(,iiliona] nonsolv(,iit }lydro- 
g(,)lations. The se](,ctivily a)l(l Irans-isoni(,rization 
(.hltra(,teristies were ess(,iilially unchang('(l l)y lh(, 
l)r('sence of till' solvent. 
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Differentiation 

Acids in Seed 

of Hydrogen 

Oils 

Bromide-Reactive 

C. R. SMITH JR., M. C. B U R N E T T ,  I T. L. WILSON,  R. L. LOHMAR,  and I. A. WOLFF,  
Northern Regional Research Laboratory,-" Peoria, Illinois 

METtIOD is presented for differentiat ing between 
epoxy acids and those without  epoxy groups 
that  react  s imilar ly in the Durbe tak i  t i t ra t ion 

of seed oils. Applicat ion of the technique to selected 
oils is discussed. The basis of the procedure  is titra- 
tion with hydrogen bromide before and a f te r  redue- 
tion of the acid with l i thium a h m i n u m  hydride.  A 
procedure is also presented for  ver i fy ing  one of the 
in ter fer ing  nonepoxide-eontaining oils, dimorpheeolie 
acid. The la t ter  procedure  is based on isolation of the 
acid by  solvent par t i t ion ing  and reduction to a erys- 
talline derivative. 

The discovery tha t  an epoxy acid, vernolie acid, is 
the pr incipal  f a t t y  acid in Ver~onia anthdmintica 
seed oil led to a search, both at  this labora tory  (] ,  2) 

P r e s e n t  address :  0 h i r e  Sta te  College, Chico, Calif. 
2 This  is a l abo ra to ry  of the Northern  Uti l ization Research  and Devel-  

opmen t  Division,  Agr i cu l tu ra l  Resea rch  Service,  U.  S. D e p a r t m e n t  of 
Agr icu l tu re .  

a i d  elsewhere (3, 4, 5), for  other na tura l  sources of 
epoxy adds  by examining numerous  seed oils. Ver- 
nolle acid, shown by Gunstone (6) to be cis-12,13- 
epoxy-cis 9-oetadeeenoie acid, has also been found ill 
seed oils of several other species, i nchd ing  Vernonia 
colorata (3), Hibiscus esculentus (3), Hibiscus can- 
nabinus (4),  and Clarkia elegans (7). In  addition, 
three other natura l ly-occurr ing  epoxy acids have been 
discovered in seed oils: 9,10-epoxystearie acid, found 
iu Tragopogon porrifoli~Ls oil (5),  coronarie acid, 
present  in Chrysanthem,tm coro~zarivr~ oil (7, 8) and 
15,16-epoxylinoleie acid, present  in Camclina sativa 
oil (9) .  

The Durbetaki  method for  determinat ion of oxirane 
oxygen (10, 11) is used rout inely  at  this labora tory  
as a screening method for  detecting epoxy acids in 
seed oils. I t  is based on the opening of the oxirane 
r ing to form a bromohydr in :  


