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Chart 2. Individual  plant  oil retentions, Clay 4 v s .  Clay 6. 

Chart  1 plots oil retent ion vs.  ABD for both labora- 
tory  results and the average of the seven p lant  tests 
involving Clays 4 and 6. Char t  2 plots the individual  
oil retention vs.  ABD for the seven p lant  tests. 

It will be observed f rom Chart  1 tha t  in the ease 
of the laboratory  results a reasonably consistent in- 
verse relat ionship occurred between ABD and oil re- 
tention. Also the plant  average figures for Clays 4 
and 6 paral leled the labora tory  curve. 

F r o m  Char t  2 it will be noted that  while the indi- 
vidual p lant  results  on the two clays paral leled the 
laboratory  curve, the oil retentions between plants  
varied considerably f rom each other on the same clay. 
On Clay 4, for  example,  the retentions var ied f rom 
27.8 to 38.4%, on Clay 6 f rom 35.4 to 46.6%. This is 
consistent with experience and is the result  of differ- 
ent filtration conditions, types  of filter-press, and 
methods of press-blowing between plants.  

I f  the refiner knows tha t  Clay A has a given aver-  
age oil-retention and ABD over a period of time, he 
can estimate the oil retent ion he should obtain with 
Clay B with a fa i r  degree of accuracy s imply by 
paral lel ing the labora tory  curve in Char t  1 with the 
ABD of Clay B. Thus, if  Clay A has an average oil- 
retention of 50% and an average ABD of 54 lb. per  
on. ft., Clay B with an A B D  of 60 lb. per  cu. ft. 
should give an oil retention of 42%. 

Summary 
Data  have been presented which demonstra te  tha t  

the inverse relat ionship is reasonably consistent be- 
tween the appa ren t  bulk densi ty of a bleaching clay 
and its oil retention. 
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Tung Oil Derivatives as Plasticizers for Buna-N Rubber 

LIDA L. PLACEK, H. P. PASTOR, J. P. HUGHES, and W. G. BICKFORD, 
Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

N 1 T R I L E  ICU'BBER, an oil-resistant aerylonitr i le-buta-  
diene copolymer, hast been( manufac tu red  in the 
United States since 1,)3.). In order to satisfy the 

demand by  indus t ry  today, nitrile rubber  is being 
l)roduced under  several different t rade names at the 
rate of hundreds  of tons per  (lay. The propert ies  of 
the vulcanized polymer  can be widely var ied by 
changing the ratio of butadiene to acrylonitr i le  as 
well as by using different compounding ingredients 
( l ) .  The type of softener or plasticizer employed 
often has the abil i ty to impar t  (to the nitrile rub- 
ber stocks) special propert ies  whieh might  be desired 
by various industries. In  general, softeners are used 
for controll ing the hardness and low-temperature  flex- 
ibility of the materials.  

In  order to extend the utilization of tung  oil and 
to make available a new source of raw materials,  re- 
search has been directed toward the development of 
new chemical derivat ives of tung oil suitable as plas- 
tieizers or Buna-N rubber  softeners. Tung  oil is a 

1 One of the laboratories of the Southern Utilization I?,eseareh and 
Development Division, Agricultural  Research Service, U. S. Depar tment  
of Agriculture.  

t r iglyeeride which (~ontains as glyt,erides approxi-  
nlately 75% of a l p h a - e l e o s t e a r i t '  (9,11,13-octadecatri- 
enoie) acid anti snlall l)er(.~entages of other mono- 
ethenoie, (lienoit~, and saturated f a t ty  acids (2). I t  has 
been reporte(t in 1)revious pul)lications from this labo- 
ra tory  that  ])i(qs-Ahler additioli prodllcts of certain 
dienol)hiles and wu'ious esters of the eleostearic acids 
were sat isfactory as pr inlary plasticizers for  v inyl  
chloride-vinyl acetate eol)olymer (3,4,5,6). Al though 
the a(hhlets of the tung oil itself were not general ly  
conlpatible as p r i m a r y  plasticizers for polyvinyl  chlo- 
ride, lheir  production is econoini(,al because of the 
limited nuniber of operations require(l. Since niany 
(if these materials  contain a nnniber of ester l inkages 
which tend to enhance the eonlpatibili ty of f a t t y  acids 
with polar rubbers,  such as the nitrile type,  it ap- 
peared of interest  to investigate their  sui tabi l i ty  as 
softeners for  Buna-N rubber.  This tiaper will describe 
the prepara t ion  and propert ies  of the methyl  vinyl  
ketone, dimethyl  maleate, methyl  acrylate, and acrylo- 
nitrile adduets  of tung oil as well as their  hydro~'en- 
ated counterpar ts  and will discuss their  plasticizing 
characteristics for Buna-N rubber.  
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T A B L E  I 
P h y s i c a l  ( ) h a r a c t c r i s t i c s  of B u n a - N  S t o c k s  P l a s t i c i z e d  w i t h  l ) e r i v a t i v e s  of  "I 'un~ Oil 

[) t i m ~ t  e lon~a-  3 0 0 %  M o l u l u s  T e n s  e s t r e n ~ t !  r �9 �9 * - 
P l a s t i ( . i z e r s  ~lOn ( / v J  t p . s . L )  tp .S .L)  S h o r e  A I l o s sa  I c h a n t ; e b  I p o i n t  / h i l i ty  

( 1 0  see . )  (%) / (%) (oo.) (days)" Una,.~ed A g e d  a Una~'~ d A g e t a  U n t g ' l  A~e(  ~j I 

I I I I I I / 
M e t h y l v i n y l k e t o n e .  . . . . . . . . . . . . . . . . . . . . . . . .  810  J 680  740  / 1200  2 1 6 0  J 2 3 9 0  44  j 0 .53  J 210.3 ] -- :16 / 904  
Dimet l ' , y l  nu~.leate . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1 0  6 5 0  g 2 0  1 4 6 0  2 3 3 0  2 5 0 0  43  1.39 24 .6  [ - - 4 4  .()0q 
M e t h y l  a c r y l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  780  [ 640  780  [ 1 3 8 0  2 2 7 0  [ 2 5 5 0  43 I 1,79 / 24 .1  ~ --411 I 911-} 
A ( ' r y l o n i t r i l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  810  600  820  1200  2 2 9 0  / 2 1 1 0  42 0 .41 29 .3  .... 40  .q0q 

U v d r o g e n a t , d t u n g (  1 , d d u e t  I / I r, I / I / , 
"Methy l  vi~lyI ke t (  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7411 I 650  1 0 1 0  ! 1 5 7 0  2 3 9 0  1 2 4 8 0  4a  I 0 .47  ] :14.6 ] 4 0  J 14 '  
] ) i m e t h y l  n l a l ea t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  660  I 5 2 0  t 130 I 1920  2 4 1 0  { 26111 45  / 1.72 / 23 .2  I -- .14 / 9 0 4  
M e . t h y l a c r y l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6911 ] 5 6 0  1 0 9 0  ] 1700  2 4 8 0  I 26"10 45  I 2 .00  ] 21 .7  I - - 4 8  ~ 9 0 +  
A e r , , l o n i ( r i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  680  5 5 0  1080 1 15Do 2:/20 I 2m}o 4 5 / 0 . 4 3 1 3 1 . 0  - -36 [ 2 1 "  

D i b u t y l  s t .ba( 'a te  ( c o n t r o l )  . . . . . . . . . . . . . . . .  680  [ 5 3 0  I 100 I 1970  2 4 2 0  / 2 6 6 0  45  / 5 .34  [ 19.9 / 5 2  [ !}0q  

a A g c d  in f o r c e d  d r a f t  o v e n  a t  2 1 2 ~  for  48  h r s .  " Inlnl! , rse: l  72 h r s .  m m i x e d  s o l v e n t  a t  7 8 ~  I n d i c a t e d  no  e x u d a l i o n  ( h i r i n g  t i m e  Slm('ified. 
d Sl l le l t red l)lX eolltP.c,~. 

Experimental 
MATERIALS 

l'u~g Oil. l)onlestic tung oil .Ol~iailling 75.2% of 
iricnoi('~ acids was use(l: I.V. (hy(Ir,,gemdi(nl), 228.0; 
n""/', 1.51 !15. 

l)ic'~mphiles. Melhyl vinyl kclom', illaleie anhydride,  
bcta-propiolavtone, and acryhmitrih~ were, all of com- 
mercial origin, used without fu r the r  lmrifieation. 

Methyl Vi'nyl getonc-1'ung Oil Adduct.  Two batches 
of this material ,  each emph)yiug 100 g. of t ,mg oil, 
50 g. of methyl vinyl kctom,, 0.2 g. of hydroquilmlm, 
and 100 ml. of t)c,zenc were prel)ar('(l t)y the nlethod 
described for the adduction of the Im'thyl esters of 
tung oil f a t ty  acids (6). Af te r  the solvent an(t ex('.css 
methyl  vinyl ketone, were stril)l)e(I olr, the rea(~ti(m 
l)roduct was filtered while still hot through a thick 
I)orous filter l)al)cr. The resulting methyl vinyl ketone- 
tung oil ad(hmt (235 g.) had: varlmnyl (), 4 .1%;  
I.V. (hydrogenat ion) ,  126.(i; sap. e ( l u i v .  , 343.(i; W -'"/D, 
1.4949. 

l)i'nlelh.gl Malcate-Tung Oil Addact.  A mixture  (ff 
200 g. of tmlg  oil, 70 g. of pow(Icre(l mah,ie anhy(Irid(,, 
and 0.2 g. of hydroquinone was stirred by a magneti(. 
s t i r rer  and slowly heated under  an atnlospherc of ear- 
bon dioxide. When the t empera ture  rcaeiwd 54~ an 
cxothermic reaction set in, raising the t empera ture  to 
144~ Hea t ing  was immediately discontinued, and 
the product  was allowed to cool gradual ly  while the 
s t i r r ing  and carb(m dioxide a tmosphere  were contin- 
ued. The product  was then dissolved in 1,000 ml. of 
benzene, washed with six 300-ml. port ions of water  to 
remove excess maleic anhydride,  and finally dried 
over anhydrous  sodimn sulfate. The benzene was re- 
moved by distillation, first at a tmospheric  pressure 
and finally under  high vacumn, yielding 246 g. of 
product .  A 160-g. port ion of this adduct  was esteri- 
fled in the usual manner  employing 1,500 ml. of 
methanol,  which contained 15 ml. of concentrated 
sulfur ic  acid. The recovered ester, a f te r  being filtered 
through a bed of Hyflo Super Cel, had the following 
constants: I.V. (hydrogenat ion) ,  112.6 ; sap. equiv., 
272.0; n z~ 1.4815. 

Methyl Acrylate-Tumg Oil Adduct.  The acrylic 
acid- tung oil adduct  was p repared  in a manner  simi- 
lar  to tha t  described for  the butyl  esters of tung  oil 
f a t t y  acids (3).  In  this case 180 g. of tung  oil, 40 g. 
of beta-propiolactone, 0.4 g. of potassium carbonate, 
and 0.2 g. of hydroquinone were heated at 200~ for 
3 hrs. under  an atmosphere of carbon dioxide. The 
product  was dissolved in 1,000 ml. of ether, washed 
with three 300-ml. port ions of water  to remove the 
excess propiolaetone, and dried over anhydrous  so- 

dimn sulfate  (yield 208.5 g.). The ad(hwl (2111.5 g.) 
was esterificd with methanolic sulfuri(, a('id as de- 
scribed above for the dimethyl  malcat(, a(ldu(q of 
tung oil. The recovered ester, a f te r  being filtered 
through a bed of Ilyflo Super  Cel, had the following 
constants: I.V. (hydrogenat ion) ,  119.9; salt. equiv., 
237.2; n 2''/', 1.4778. 

AcryhIMtrile-Tu~tg Oil Adduct.  This material was 
prepared  as I ) rcviouslydescr ibcd (5) ex('ept that 200 
g. of tung  oil, 64 g. of acrylonitrile,  and 0.3 g. of hy- 
droquitmne were used. The product  was not distilled, 
but a f ter  tho ex('css al:rylonitrile had I)(,(,11 removed by 
vacuunt-stril)pitJg on a steam cone with nitrogen as a 
sweep gas, the recovered adduet  was filtered through 
a bed or IIyflo Super  Ce]. This material  (224.;I g.) had: 
N, 2.8%; I.V. ( hy (h ' ogena t i on ) ,  119.7; sap. equiv., 
;{15.3; n ""/D, ].5013. 

Hydrogenatio,  of the Adducts. Similar  i)roeedures 
were applied dur ing the hydrogemtiion of lho finn" 
tung oil addm.ts described above. Two 40-g. sanlph~s 
of each adduct  were hydrogenated at r()Onl tcml)(,t'- 
a ture  in a P a r r  hydrogenat ion appara tus  with 3.0 g. 
of 10% l)alladium-carbon as a catalyst  and 150 1hi. 
of ethyl acetate as a solvent. The hydrogenalion was 
initiated at about 40 lbs. pressure and continued until 
the rapid absorption of hydrogen ceased, imlicating 
that  the ethylenie bonds present  in the addition l)rod- 
ucts were saturated.  In  most cases this required 1 hr. 
The hydrogenated  materials  were filtere(l repeatedly 
through Hyflo Super  Cel unti l  free of the catalyst,  
vacuum-st r ipped on a steam cone with carbon dioxide 
as a sweep gas to remove the solvent, then filtered 
again through Hyflo Super  Cel unti l  clear. Analyses 
of the products  showed tha t  hydrogenat ion produced 
no significant changes in their  saponification equiva- 
lents or in the carbonyl or ni trogen contents of the 
methyl vinyl  ketone and acrylonitr i le  adduets.  The 
hydrogenated adduets  had these refract ive indices, 
n2~ methyl  vinyl  ketone-tung oil, 1.4822; dimethyl  
maleate- tung oil, 1.4695; methyl  acryla te- tung oil, 
1.4665; acryloni t r i le- tmlg oil, 1.4840. 

Evaluation Procedures. The eight derivat ives of 
tung oil were screened as Buna-N rubber  softeners, 
using the following formulat ion:  

Nitrile rubber (Hycar 1042-- 
33% aerylonitrile) ........................................... 100.0 

SRF Black ............................................................ 60.0 
Zinc oxide ............................................................. 5.0 
Sfearie ac:d .......................................................... 1.5 
Sulfur .................................................................... 1.5 
Benzothiazyl disulfide ......................................... 1.5 
Softener ................................................................. 20.0 
Cure: 30 rain. at 310~ 



J U N E ,  1 9 6 0  ABSTRACTS: F A T S  AND OILS 3 0 9  

Milling, curing, and testing procedures were the 
same as those reported elsewhere (7). The plasticiz- 
ers were rated as compatible if formulations showed 
no signs of exudation or contact smearing within the 
observed 90 days of shelf aging. 

Discussion 

The results of the plasticizer screening tests for the 
hydrogenated and unhydrogenated tung oil adducts 
compounded with Buna-N rubber are preseuted in 
Table I. Milling of all of the eight experimental sof- 
teners appeared satisfactory. However the hydrogen- 
ated tung oil adducts of methyl vinyl ketone and of 
acrylonitrile became incompatible after shelf aging 
for periods of 14 and 21 days, respectively. The tung 
oil adducts of dimethyl maleate, methyl acrylate, and 
aerylonitrile, and the hydrogenated dimethyl maleatc 
and methyl acrylate adducts yielded rubbers which 
met the low- tempera ture  f lexib i l i ty  requirements 
( -40~ of the automotive industry. The tung oil 
adducts before hydrogenation were superior to their 
hydrogenated counterparts and to the control, dibutyl 
sebacate, in plasticizing efficiency, i.e., lower modulus, 
reduced hardness, and greater elongation. In all eases 
hydrogenation of the tung oil adducts resulted in a 
slight impairment of their plasticizirtg effi(;ieNey. 
Moreover the hydrogcnaled tung oil adducts of methyl 
vinyl ketone and of acrylonitrile eauscd severe impair- 
ment as seen by their early exudation from their 
mohted stocks. Only the hydrog(umted and unhydro- 
genated derivatives of dimothyl utah,ate and methyl 
acrylate yielded sto(d~s thai wcr(, comparabh, t() lhe 
control in wflume chang(,. It  was observed that all the 
('Oml)ositions containing the ad(hl(.l, when sublet.let1 to 

accelerated aging tests, exhibited better modulus, elon- 
gation, and weight-loss properties than did the compo- 
sition containing the control softener. 

Summary 
Eight derivatives of tung oil, namely, the methyl 

vinyl ketone, dinIethyl maleate, methyl acrylate, and 
acrylonitrile adduets, and their hydrogenated prod- 
ucts, were prepared and screened as softeners for 
Buna-N rubber with dibutyl sebacate as the control. 
Five of the eight produets evaluated yielded stocks 
that met the low-temperature flexibility refluirements 
( -40~ of the automotive industry. In all cases 
the stocks prepared from the unhydrogenated deriva- 
tives were superior in plasticizing e~eiency to the 
stocks prepared from their hydrogenated counterparts 
or to those preI)ared from the control. 
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�9 F a t s  a n d  O i l s  
I)IMOICPIlI,I(TOI,I() A C I I ) ~ A  UNIQUE llYDROXYDII~INOID ~Aq'TY ACID. 

(~. Smith ,  J r . ,  T. Wilson,  E. Molvi)), :)nd I. Wt)lff (Nor the rn  
Regiona l  Res. Lab . ,  Peor ia ,  I l l inois) .  J. Am. Chem. Soc. 82, 
1417-142l  (1960) .  Dimeri)heeolic acid, the  chief  cons t i tuen t  
f a t t y  acid of l)imorl~hotheea a,ltralt~ia(:a seed  oil, is chnracter -  
ized as an  opt ical ly  act ive 9-hydroxy-trans,trans-lO,12-oetadecn- 
dienoic acid. 

T I l E  EPOXY ACIDS OF CHRY SANTHES[ UM CORONARIUM AN]) 

CI,ARKIA ELEGANS SF~ED OILS. C. R .  Smith ,  J r . ,  3/[. O. Bngby ,  
R. L. Lohmar ,  C. A. Glass,  and  I. A. Wolff .  J. Organic Chem. 
25, 218-22 (1960) .  Coronaric  acid, the  cons t i tuen t  epoxy acid 
of  Chrysanthemum coronarium seed oil, is charac ter ized  ns 
eis-9,10-epoxy-cis-12-octadecenoie acid. The epoxy acid of 
Clarkia clegans seed oil is identif ied as vernolie nci(1. 

TIIEOIs PLATES IN GAS CII]LOMATOGItAI'HY. EFFECTS ()F 

DISTRIBUTION P~ATIO, VISC()SITY~ AND AMOUNT ()~' I,[QUII) PHASIC 

J .  J .  Dufficld and  L. B. Rogers  ( l )ept .  of  (?hemistry,  Massa-  
chuse t t s  I n s t i t u t e  of  Technology,  Cmnbr idge  39, Mass . ) .  A~t.al. 
Chem. 32, 340 3 (1960) .  Til t  value of the nmss - t r : tns fe r  t e rm 
in the  van  Deemter ,  Zn ide rueg ,  nnd  Kl inke] lberg  equnt ion in- 
creases  with tile viscosi ty  and  vohnne of the liquid phase.  For  
d i s t r ibu t ion  ra t ios  g rea t e r  t han  uni ty ,  the  term is la rger  for  
the  smal ler  ra t ios .  Wi t h  an  increase  in lhe m a s s - t r n n s f e r  term,  

]OWeF el~i( ' ie)ll . ies ~ll'e ()])3(~l'ved ;ill(] : l d j t lb : f l | l e l l f  e l  e f i le  f low r a t e  

fro" cq)lbmnn condi t ions  is crilh':fl. The  op l immn flow rnte for  
ineflicimd co]lit)Ins is genera l ly  low; hcm.e lorlg t imes  a re  neces- 
sa ry  for  analysis .  Very  small  s:lmples of  vnpor  ra ther  than  
liquid w('rc used successfu l ly  and required no ex t rapo la t ion  to 
ze ro  s ize .  

]~ESP()NSE ()I,' THEP~I~IAL-CON1)UCTIVrI'Y CI~,I.[,S IN v GAS CIIROMA- 

TO{mAPHV. T,. J .  Schm'll lch ~)tld IR. A. l)inersLoin (Resenrcb  
and Deve lopment  Dept . ,  S t a n d a r d  Oil Co., W h i t i n g ,  I n d . ) .  
Anal. Chem. 32, 343-52 (1960) .  To u n d e r s t a n d  be t t e r  the  per- 
r e f inance  of the rma l -conduc t iv i ty  cells as de tec tors  in gas  
ehromatogr;l l>hy, theoret ica l  and  exper imentn l  s tud ies  were 
made  of  the response  of cells to changes  in gas  composi t ion 
nnd ope ra t i ng  t empera tu re s .  An equqt ion for  response was 
derived fro' veils in which most  of  the  hea t  is conduc ted  th rough  
the gas.  I~esponse was cmlsidered ns the  product  of  two fac- 
tors :  one , : )  eel] fac tor ,  depends  on ope ra t i ng  condi t ions  includ- 
ing electric:ll Imramete r s  of  the  cell nnd b r i d g e ;  and  the  other,  
a therm:f l -conduct iv i ty  fac tor ,  depends  on the d i f ference  in con- 
duc t iv i ty  of the carr ier  g a s  and  the gas  mix lu re  p a s s i n g  t h ro u g h  
the cell when :~ COmlmnent is eluted. 

COCONUT-IAI(E VI,AVOR I)EFECT ()l~' MIIA,: b'Arp. I V ,  DE,SIONSTtCA- 

TION ol  4~ ~-I)ODI']CA[,A(JTONE IN TIlE STEAM I)IS'PILLATE FI~07M NIILK 

FAT. ]~;. W. Tha r  I) qnd S. Pn,t ton (1)ept. ] )a i ry  Science, Penn-  
sy lvan in  Agr icu l tu ra l  E x p e r i m e n t  S ta t ion ,  U n i v e r s i t y  P q r k ) .  


