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cont inuous  a r r a n g e m e n t  the  Vota to r  p u m p  can possibly be used 
to push  the  ma te r i a l  t h rough  the  whole sys tem.  

A n  a i r -opera ted  d i a p h r a g m - p u m p  was  used  for  our t e s t s ;  
air  pres sure  at  the  beg inn i ng  of f i l t rat ion was 10 p.s.i., which 
w a s  slowly increased  to abou t  15 p.s.i, wi th  the  fo rma t i on  of a 
l ayer  o f  c rys ta l s  in  the  filter. 

Separation. Separa t ion  of the l iquid por t ion  f rom the erys- 
tal l ized por t ion  was  achieved by cen t r i fuga l  means  or with 
filters. A r egu la r  p la te  and  f r a m e  filter, covered with duck 
filter-cloth and  No. 230 fi l ter-paper,  p e r f o r m s  sufficiently well, 
in  pa r t i cu la r  a f t e r  a c rys ta l  l ayer  has  been bui l t  up  on the 
filter paper .  The crysta l l ized ma te r i a l  ge t s  an  addi t iona l  hold- 
up t ime in the  fil ter-press,  and  an  increase  in cold tes t  was 
noted.  I n  addi t ion ,  the  h igh  concent ra t ion  of c rys ta ls  in the 
press  probab ly  not  only filters the oil mechanica l ly  bu t  also 
causes  a final c rys ta l l i za t ion  of  h igh -me l t ing  glyeerides.  

The  flow ra te  of  th is  sys tem was a d j u s t e d  in such a way 
t ha t  the  oil in-flow f rom  the  Vota to r  chi l l ing un i t  was equal  
to the  p u m p i n g  ra te  t h rough  the  filter, and  the  c rys ta l l iza t ion  
pai ls  had  a capac i ty  of  abou t  3 hrs.  of  oil flow. Tes t s  were run  
con t inuous ly  for  abou t  8 hrs.  each and  gave  good and  repro- 
ducible resul ts .  One example  of a series of  samples  is l is ted 
in  Table  IV.  

Yields of salad oil were in the order of 75-78% of 
the incoming oil. A baffle system was tried as a truly 
continuous hold-up arrangement, but by-passing oc- 
curred and the salad oil had a cold test in the order 
of only 15 hrs. Centrifugal separation of the liquid 
and solid phases was investigated because it would 
be a further step towards continuous operation. 

A laboratory Sharples Super-Centrifuge was tried 
with both the separating bowl (discharge of two 
streams) and the clarifying bowl (solid fraction re- 

nlaining behind). Only the clarifying bowl gave good 
results. The crystallized material after a 31fi2-4-hr. 
hold-up time was separated with a centrifugal force 
of about 6,500 x g. The liquid discharge was perfectly 
clear, and the salad oil had a cold test of 16-20 hrs., 
with an average yield of 80%. 

A basket type of laboratory centrifuge produced 
only an un~tisfactory separation with centrifugal 
forces of up to 1,800 x g, both with a solid bowl and 
with a perforated bowl lined with filter-cloth and 
filter-paper. A schematic outline of the whole process 
can be seen in Figure 2. 
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The Oxyethylation of Dinonylphenol 
R.C. MANSFIELD, J.E. LOCKE, and K.A. BOOMAN, Research Laboratories, 
The Rohm and Haas Company, Bristol, Pennsylvania 

C o u n t e r c u r r e n t  e x t r a c t i o n  d a t a  h a v e  s h o w n  t h a t  e t h y l e n e  ox- 
i de  a d d u c t s  o f  d i n o n y l p h e n o l  h a v e  a w i d e r  m o l e c u l a r - w e i g h t  
d i s t r i b u t i o n  t h a n  is  p r e d i c t e d  b y  t h e  F l o r y - P o i s s o n  c a l c u l a t i o n .  
T h e  d i f f e r e n c e  is  a t t r i b u t e d  to  t h e  f a c t  t h a t  t h e  d i n o n y l p h e n o l  
is  n o t  c o m p l e t e l y  c o n v e r t e d  to  d i n o n y l p h e n o x y e t h a n o l  b e f o r e  
subsequent monomer additions occur. 

T 
HE USE of 4-alkyl and 2,4-dialkylphenols as sub- 
strates in the preparation of nonionic surface- 
active materials by the base-catalyzed reaction 

with ethylene oxide is well known (1,2). Flory (3) 
has described a method of calculation of the molec- 
ular-weight distribution of polymers obtained by oxy- 
ethylation reactions and has shown that a Poisson 
(4) distribution will be obtained in such reactions, 
provided that the number of propagating units re- 
mains constant and that the polymer chains are built 
up by a sequence of kinetically identical additions of 
monomer. Weibull and Nyeander (5) have demon- 
strated that the oxyethylation of ethylene glycol 
meets the requirements of the Flory calculation and 
results in polymers having a Poisson distribution. 
Miller, Bann, and Thrower (6) observed that in base- 
catalyzed oxyethylations of phenol, the phenol is 
first exclusively converted to phenoxyethanol before 
any subsequent monomer additions ("chain ing")  
occur and that a Poisson type of distribution results 
from the subsequent addition of ethylene oxide. Simi- 
lar results were obtained by Mayhew and Hyat t  (7) 
from oxyethylations of p-nonylphenol and by Kelly 

and Greenwald (8) from a study of the molecular- 
weight distribution of oxyethylated p-t-octylphenol. 
Therefore the molecular-weight distribution of oxy- 
ethylated phenol and p-alkylphenols apparently can 
be calculated by the method of Flow, considering 
the phenoxyethanols as the propagating units. 

Countercurrent extraction data obtained in these 
laboratories have indicated that oxyethylated dinol> 
ylphenol has a molecular-weight distribution not ill 
agreement with the Poisson distribution, calculated 
by the method of Flow. The disagreement may result 
because one of the basic conditions required for adap- 
tation of the Flory calculation to phenols (i.e., that 
all of the phenol is first converted to the phenoxy- 
ethanol before "cha in ing"  occurs) fails to apply to 
dinonylphenol oxyethylations. This fact was substan- 
tiated by chromatographic data which have demon- 
strated that appreciable "cha in ing"  does occur in 
dinonylphenol oxyethylations before all the dinonyl- 
phenol has been converted to dinonylphenoxyethanol. 
As a result of this premature "cha in ing"  dinonyl- 
phenol-ethylene oxide polymers have a wider molecu- 
lar-weight distribution than would be expected on 
the basis of calculation by the method of Flory. 

Experimental 
Preparation of Dinonylphenol. Dinonylphenol 

(DNP) was synthesized by the boron trifluoride- 
catalyzed reaction of propylene trimer (a complex 
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mixture of olefins averaging C,~ and obtained from 
Sun Oil Company) with U.S.P, phenol. The crude 
product  was distilled through a 10-plate Oldershaw 
column, and DNP, b.r. 207-225~ ram., was ob- 
tained. Hydroxy l  number:  found, 156; theory, 162. 

Oxyethylatio,n of Dinonylphenol .  Conventional 
base-catalyzed oxyethylation procedures (2) were 
used to add ethylene oxide to dinonylphenol. Ad- 
duets prepared by using 1.03 moles ethylene oxide./ 
mole DNP (DNPE~.oa) and 9.15 moles ethylene ox- 
ide/mole DNP (DNPE.~.~), respectively, were em- 
ployed in the chromatographic and countereurrent  
extraction studies. 

Chromatography of DNPELoa 

Mater ia l s  

Silieie add :  Mallinckrodt Analytical Reagent, 
100 mesh 

Benzene: Baker and Adamson A.C.S. Reagent 
Grade 

Aluminum oxide: Merck Reagent "sui table  for 
ehromatographie adsorp t ion"  
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FI~. ].  Silicie. acid e h r o m a t o g r a m  of DNPE,., ,: .  E h m n t  sched- 
ule:  benze~w ( f r ac t ions  1 - 2 7 ) ;  acetone ( f r ac t ions  28-38) .  

Acetone: Baker and Adamson A.C.S. Reagent 
Grade 

Procedure  

A 53 x 2-era. colunm was packed, using a s lurry  of 
45 g. of silieic acid in benzene which had been pre- 
purified by passing through a column of aluminum 
oxide. Glass wool and Ottawa sand were used at the 
top and bottom of the column for proteetiou of the 
surface from mechanical disturbances. The DNPE~.0a 
(1.0000 g.) was charged as a solution in 5-10 nil. of 
benzene. The separation was run under  a pressure 
of about 25 era. of dried, purified nitrogen applied 
at the top of the column via a ball-joint emmeetion. 
Measured volume fractions (13.5 rot.) were eolteeted 
and evaporated free of solvent in a stream of dry, 

Wt. 
Peak No. adsorbate 

g .  

1 0.1485 
2 0.6141 
3 0.1808 

Total  0.9434 

Found Cult. I Found Calc. 

79.86 ] 79.94~ I 11.79 { 11.87 ~ 
76.66 77.36~ I 11.55 t 11"59~ 

I i 
Theory for DNP (024:H~eO). 
Theory for DN/~E~ C,a~HmOe}. 
Theory for DNPEe (GesH.-',oOa). Theory for DNPEa (Ca,*H.-,O0 is 

C, 75.26; YI, 11.37. 
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FIG. 2. Weight  d i m  ' ibut ion of DNPE,.,.~ f r o m  a 200-trans-  
fer  eoun te reur ren t  ex t rac t ion  with a chloroform,  methanol ,  
iso-oetane, water  ( 10 : 35 : 5(} : 5) sys tem.  

filtered nitrogen. The eluted adsorbate was weighed, 
and the weight was plotted vs. the volume of eluate 
(Figure  ] ) .  The solvent sehedu]e was: benzene (for 
peaks 1 and 2) ;  acetone, prepurified over aluminum 
oxide (for peak 3). 

Results  

Countercurrent Extraction of DNPE~ ~:> Counter- 
current  extractions were carried out on the sample 
of DNPE,~.~ in a Craig apparatus to effect 200 trans- 
fers, using a chloroform, methanol, iso-oetane, water 
(10:35:50:5) system. Aliquots of both top and bot- 
tom layers were taken from every fourth tube, and 
the solvent was evaporated to follow the weight and 
parti t ion coefficient distribution of the sample. The 
eouutereurrent  weight data showed a small peak in 
the begimfing tubes No. 0-]6, a large broad peak 
spreading from tube No. 17 to tube No. 172, and a 
third distinct peak ineluding the remaining tubes to 
No. 199 (Figure  2). The molecular-weight distribu- 
tion of the polymer (Figure  3) was followed spec- 
troscopically by using a Beckman DK-2 speetropho- 
tometer. The wavelength of maxinmm absorbanee was 
at 276 m/, except for the material (approx. 7 wt. %) 
in the beginning and end cuts, which occurred in the 
small peaks I and 3 in Figure  2. The value of 1.90 x 
10 a was used for E max. on the basis of results ob- 
tained from spectroscopic analysis of chromatographi- 
cally purified samples of DNPE~ and DNPE.,, with 
known molecular weight, by the same procedure. The 
pure DNPE2 was obtained by the chromatographic 
procedure described previously, using a 1:1 chloro- 
form-benzene solvent to separate the DNPE,, from 
DNPEa and higher members. For  DNPE~ % C: 
Fd., 77.29; Cale., 77.36. % H: Fd., ]1.93; Calc,, 

020 - -  

018 - -  

0 .16 - -  

O 14-- 

O l~ - -  

o r 0 -  
- 

o 08 -  

006 - -  

0 0a -  

005 -  

C 

2 0 0  4D0 G00 800  1000 1200 1400 16Q0 1800 2000  

&VER&GE MOLECULAR WEIGHT 

FIG. 3. Molecular-weight  d i s t r ibu t ion  of DNPE,. ,5.  
& - - E x p e r i m e n t a l  
O - - C a l c u l a t e d  by method  of F l o r y  (3) 



J U N E ,  1 9 6 1  MANSFIELD ET AL.: T H E  OXYETI1YLATION 291 

11.59. The solvents used in the determinations were 
spectrograde methanol, chloroform, and iso-oetane, 
and it was established that E max. did not vary with 
the solvents by determining the absorbanee of a sam- 
ple of DNPE1 in each. The calculated E max. vahles 
from these determinations were all 1.90 _+ 0.02 • 10 a, 

Discussion of Results 
The plot of mole fraction v s .  average molecular 

weight from eountereurrent extraction of DNPEg.~n 
(Figure 3) was made, using only the material which 
had a wavelength of maximum absorption of 276 m~. 
This portion is represented by the broad nfiddle peak 
in Figure 2 and amounts to 93.2% of the material 
charged to the Craig apparatus. Impurities, such 
as polyethylene glycol, polyolefins, alkylphenyl-alkyl 
ethers, etc., are apparently concentrated in the two 
small peaks 1 and 3. Mole fraction values in Figure 
3 therefore represent mole fraction of only 93.2% of 
the total material (100% of the middle peak, which 
consists of ethylene oxide adducts of DNP). The 
displacement of the experimental curve from the eaL 
culated molecular-weight values might be partially 
attributed to this factor, but the distortion of the 
experimental curve and its wider molecular-weight 
distribution could readily result from failure of 
dinonylphenol to be completely converted to dinollyl- 
phenoxyethanol before "cha in ing"  oecurs. 

Evidence for such an explanation is provided by 
the chromatography of DNPEI.o3 (Figure 1). Sep- 
aration and identification of the chromatographed 
fractions established that this material contains ap- 
proximately 15% of unreaeted dinonytphenol, 61% 
of dinonylphenoxyethanol, and 18% of oxyethylated 
dinmlylphenol with more than one oxyethylene unit, 
which analyses indicated is principally DNPE,, with 
smaller amounts of higher analogs. It was ascertained 
that the unreaeted dinonylphenol fraction (Peak No. 
1) consists principally of unreacted 2,4-dinonylphenol 
by infrared examination and by other oxyethylation 
experiments wherein more than one mole of ethylene 
oxide was added to I mole of dinonylphenol. The 

product from the addition of 2 moles of ethylene oxide 
to 1 mole of dinonylphenol was chromatographed by 
a similar procedure and found to contain only about 
3% of material not oxyethylated. The infrared spec- 
trum of the material in Peak No. 1 from the chroma- 
tography of DNPEI.,~a showed absorption (830 era. < 
and 885 enl. q) characteristic of 1,2,4-trisubstitution 
and the absence of absorption (770 era. 1 and 790 
eln. -a) characteristic of 1,2,3-trisubstitution, thus in- 
dicating a 2,6-dialkylphenol eoneeutration of less than 
5% in Peak No. 1. 

Sterie factors offer a likely explanation for the 
difference between dinonylphenol oxyethylations and 
oxyethylations of phenol and p-alkylphenols, which 
proceed by nearly quantitative conversion of the 
phelml to the phenoxyethanol before appreciable 
"cha in ing"  occurs. Molecular models indicate that 
the presenee of a bulky alkyl group ortho to the 
phenolic hydroxy group could hinder formation of 
the phenoxyethanol while not interfering with the 
normal "cha in ing"  process after the chain length is 
sufficient to remove the site of reaction beyond the 
influence of the ortho alkyl group. 
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Fatty Acid Morpholides as Plasticizers for Vinyl Chloride 
Resins. II. The Morpholides of Selectively Hydrogenated 
and of Epoxidized Cottonseed Fatty Acids 
FRANK C. MAGNE, ROBERT R. MOD, and EVALD L. SKAU, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

The morphol ides  of select ively hyd roge na t e d  cot tonseed acids  
and  of epoxidlzed cot tonseed acids  have  been p r e p a r e d  and 
shown to be good p r i m a r y  p las t ic ize rs  for  v inyl  chloride 
homopolymer  and  copolymer  resins.  They are  also acceptable  
p las t ic ize rs  for  cellulose t r i a c e t a t e  and  poss ib ly  also as Buna  A 
softeners .  The degree of hyd rogena t i on  or p a r t i a l  epoxida-  
tim~ was  a p p r o x i m a t e l y  tha t  equ iva len t  to the conversion of 
a l l  the  p o l y u n s a t u r a t e d  acyls  to monounsa tu ra t ed  acyls.  

i Presented at the 52nd Annual Meeting, American Oil Chemists' 
Society, St. Louis, Me., May 1-3, 1961, 

2 One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural gesearch Service, U.S. Department 
of Agriculture. 

A PREVIOUSLY REPORTED from this laboratory, the 
mixed morpholides prepared from composite 
cottonseed oil fatty acids exhibit good plasti- 

cizing properties in vinyl resins except for poor com- 
patibility (1). This incompatibility was attributed 
to the presence of saturated and polyunsaturated 
morpholides in the mixture since the morpholides of 
stearic, palmitic, and linoleie acids are all incompat- 
ible. A process for preparing a compatible morpholide 
mixture from cottonseed acids was developed whieh 
involved removal of the major portion of the satu- 


