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phorus per g. alumina, the yield of neutral, phos- 
phorus-free lipid was only 80 % of theory. This 
suggests that the mutual solubility of phospholipids 
and glyceride oils is stronger than the separating 
power of a Grade II ahlmina. 

If  the slope of the plot of ram. of band displace- 
ment as a function of volume of eluent describes 
adsorptive power, then apparent inconsistencies in 
results obtained with Grade I aluminas can possibly 
be explained on the basis of this niore refined assess- 
ment of Grade I properties. The experiments with 
lipid mixtures however suggest that subdivision of 
polar lipids is also necessary for a true assessment 
of column performance. Separation of uncontami- 
nated glyeerides proved to be increasingly less satis- 
factory as the free fat ty acid content of the polar 
material increased. The controlling factor however, 
in recovering neutral from polar lipids, would seem 
to be the load of lipid phosphorus on the column. 

Reference to the work of Linteris and Handschu- 
maker, whose general recommendations on column 
loading seem to have been followed by subsequent 
investigators, shows that although the total load of 
low quality oil applied to the column is just 11% 
of the load of good crude oil, the polar lipid load 

is 42% greater. Of this however the phospholipid 
load comprises only 2.1%. In the light of the re- 
sults of this investigation the conditions suggested 
by Linteris and Handschunlaker would seem both 
safe and conservative. 
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Polymerizable 
Copolymers of 
Acrylonitrile 

Derivatives of Long-Chain Fatty Alcohols. 
Some Alkyl Acrylates and 

III. 

EDMUND F. JORDAN JR., WILLIAM E. PALM, and WILLIAM S. PORT, Eastern Regional 
Research Laboratory, 2 Philadelphia, Pennsylvania 

Coplymers of acrylonitrile containing 5 to 28 mole % (11 
to 70 weight  % )  of  three alkyl acrylates (butyl,  octyl, and 
oetadecyl) were prepared  in t-butanol  solution. The copolymers 
were capable of being molded at about  300-400~ under a 
pressure of about  2,000 p.s.i. The magni tude  of both the 
tensile s t rength  and the characterist ic low temperature  of the 
copolymers varied inversely with the weight  percentage of 
the acrylate present  without  regard  to its alkyl type. The 
copolymers were oriented with an accompanying three-fold 
increase in the tensile s trength.  Good resistance to several 
selected reagents  was shown by all the copolymers. 

I 
T HAS BEEN shown previously that monomers whose 
homopolymers crystallize provide copolymers with 
long-chain vinyl monomers (5,10,11,13) which are 

flexible through a fairly wide temperature range. To 
some degree these products have approximately the 
properties of plasticized polymer compositions and 
have been referred to as " internal ly  plasticized." In 
general, the deficiencies of the internally plasticized 
eopolymers (particularly of the vinyl chloride co- 
polymers) have been a shorter useful thermal range, 
greater cold flow, and lower resilience than exter- 
nally-plasticized polymers. It  was reasoned (13) that 

1 This paper was presented, in part, at the fall meeting, American 
Oil Chemists' Society, New York, October 1960. 

~Eastern Utilization Research and Deveh~pment Division, Agricul- 
tural Research Service, U.S. Department of Agriculture. 

in the copolymers the distribution of the "plasticiz- 
ing"  comonoiner was necessarily random whereas, in 
the externally-plasticized composition, the plasticizer 
solvated p r inc ipa l ly  the amorphous  regions.  The 
greater retention of erystallinity in the compositions, 
it was believed, would account for their better prop- 
erties. A consequence of this reasoning was that 
modification (through eopolymerization) of highly 
crystalline polymers (such as polyvinylidene chlo- 
ride) should give products with sufficient retention 
of erystallinity to show improved properties. It  was 
found that eopolymers of vinylidene chloride and 
oetadeeyl acrylate (5) did indeed have high resili- 
ence. Furthermore it was shown that the long-chain 
alkyl acrylates were more efficient, both on a molar 
and on a weight basis, than the short-chain alkyl mon- 
omers in lowering the characteristic low temperatures 
of the eopolymers. It  was concluded therefore that 
both a monomer, the homopolymer of which exhibits 
backbone erystallinity, and a long-chain "plasticiz- 
ing"  monomer were desirable for internal plasticiza- 
tion. Crystallinity, it was believed, was important 
because the crystallites provided temporary cross- 
links which would dissolve under stress. 

It  became of interest to determine whether homo- 
polymers possessing temporary cross-links arising 
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for reasons other than crystal l ini ty could be modified 
similarly by long-chain monomers. The major  source 
of temporary  cross-links in polyaerylonitr i le derives 
f rom hydrogen bonding; a minor amount stems from 
crystallinity. A s tudy was undertaken therefore to 
determine the effect of alkyl chain-length and of the 
amount of several alkyl acrylates on the physical 
properties of their  copolymers with aerylolfitrile. 

The copolymerization of acrylonitrile and alkyl 
acrylates or methacrylates have been investigated 
in the determination of monomer reactivity ratios 
(6,9) in studies of the electrical properties of the 
copolymers (12) and in research on the elastomerie 
properties of polyacrylates somewhat modified with 
acrylonitri le (3). In the present work the interest lies 
in the physical properties of polyaerylonitri le some- 
what modified with alkly acrylates. The effects an- 
ticipated, based on the results of previons work on 
copolymers of vinylidene chloride (5), were that the 
use of moderate amounts (about 15 mole %) of an 
alkyl aerylate would produee internal  plasticization 
and that the long-chain acrylate would be more effi- 
cient than the short-chain. The effect sought for  in 
the use of small amounts of the modifying acrylate 
(about 2.5-5 mole %) was a sufficient lowering of 
the fusion temperature  and of the bulk viscosity to 
permit  the use of the copolymer in hot-melt fiber 
formation with elimination of the need for solvents. 

Preparation of Copolymers. In order to determine 
the effect of both the alkyl chain-length and of the 
amount of alkyl acrylate used, a range of copolymers 
of acrylonitri le were prepared containing about 5 to 
30 mole % of, respectively, butyl, oetyl, and octa- 
deeyl acrylate. The preparat ion and purification of 
the acrylate esters were described previously (5).  
Acrylonitrile, b.p. 77-77.5~ n~ 1.3888, was obtained 
by distilling a commercial grade through a one-foot 
Widmer column. Copolymerization was carried out 
in t-butanol solution (3 moles per nmle of monomer) 
ra ther  than by emulsion or suspension techniques to 
avoid problems which might arise from the distribu- 
tion of acrytonitri te between the aqueous and the or- 
ganic phases. That  such distribution may produce 
serious effects on the compositional heterogeneity in 
the copolymers has been demonstrated (4) for  the 
eopolymerization of styrene and acrylonitrile, t-Bu- 
tanol was seleeted as the medium for copolymerization 
because acrylonitri le has a low transference constant 
therewith (Cs = 0.44 x 10 -4) (1). No at tempt  was made 
to control compositional heterogeneity arising from 
compositional dr i f t  with conversion. Previously the 
monomer reactivity ratios were found to be 

rl  = 1.64 • 0.04 and r_~ = 0.50 _+ 0.19 

where IV11 is acrylonitri le (6).  For  the range studied 
however the copolymer mixture f rom a given mono- 
mer mixture  was completely compatible. A small 
amount (0.025 mole % of the monomers used) of 
dodeeyl mercaptan was added as a regulator because 
some of the eopolymers were found to be insoluble 
when it was omitted. Benzoyl peroxide was used as 
the init iator in the amount  of 0.2 mole % of the mono- 
mers (0.3 mole % was used to polymerize the mono- 
mer mixture containing 15 mole % octadeeyl acrylate 
and 0.4 nmle % for those containing 20-35 mole % 
of octadeeyl acrylate) .  The eopolymers were isolated 
by pouring the mixture of eopolymers and t-butanol 
into five volumes of methanol. Unused monomers were 

removed by  three extractions with hot methanol, and 
the copolymers were dried to constant weight. Table 
I lists the compositions of the monomer mixes used, 
the percentage of conversion to copolymer, and the 
emnposition of the copolymers obtained. 

Physical Properties of the Copolymers. The prin- 
cipal criteria for the evaluation of the physical prop- 
erties of the copolymers were the yield tensile strength 
and the characteristic low temperature  as measured 
in the Clash and Berg (2) apparatus (the tempera- 
ture at which the torsional modulus is 135,000 p.s.i.). 
Samples for testing were molded in a press at 2,000 
p.s.i, or were films east f rom solution. The easting 
solutions contained 5-10% of the copolymer, and the 
solvent used was dimethylformamide or a 1:1 solution 
of dimethylformamide and benzene. The moldirlg tem- 
peratures are given in Table I. 

TABLE I 

Composi t ions  and Phys i ca l  P r ope r t i e s  of Copolymers,  
of Acry loni t r i l e  a n d  Alkyl Acry la tes  

Acryla te  in ] 
] I o n o m e r  Mix. 
- -  - -  r C o i l -  

Mole "~Veight }re);!  On % % ' 

Acryla te  in 
C o p o l y m e r  

Mole W e i g h t  

I 
Molded Spec imens  ] Cast  

Speci- 

I I ...... 
Mold- 5"ield Clash- Yield ing  

B e r g  tensile tensi le  
t e l n p . ~  Tf~ p.s.i ,  oF. p.s.i .  

Bu ty l  Acry la te  

5 l l . 3  84 4.9 11.0 75 400 11,700 
15 2 . . 9  74 11.4 23.7 65 16:g'do 400 ...... 
30 50.8 21.8 40.3 290 
a5 56.6 69 26.1 46.1 28 290 / i j g o o  

Octyl Acry la te  

5 16.0 69 4.0 12.5 83 ...... 410 11,700 
10 27.8 71 7.2 21.2 69 410 9,200 
15 38.0 60 9.5 26.6 59 7,850 400 8,900 
20 46.5 58 12.5 . 33.3 52 , 7,300 400  8.200 
25 53.6 37 14.5 I 37.1 46 " 6,800 360 7,050 
30 59.8 68 22,7 . 50.5 26 i 3.700 , 360 4,000 

Octadecyl  Acryla te  

5 24.3 84 4.3 2 / . 5  64 400 10,200 
15 51.8 81 12.5 46.6 26 31700 380 4 ,500 
20 60.7 83 16.6 54.9 52 2 ,700 340 2,800 
30 72.4 66 22.8 64.3 - -  5 2 ,000 310 2 ,700 
35 76.7 77 28.0 70.4 - -15  2,100 310 ...... 

The table also lists the characteristic low tempera- 
tures and the tensile strength at the yield-point of the 
copolymers prepared. The magnitude of both prop- 
erties decreases as the alkyl acrylate content increases. 
As F igure  1 shows, there is a marked dependency of 
the characteristic low temperature  and of the tensile 
strength on the weight percentage of the alkyl acrylate 
irrespective of the length of the alkyl chain. (The 
data for tensile strength used in the fg u re  are for the 
cast fihn or, when not available, for the molded speci- 
men.) This dependency is in striking contrast with 
the effect of the alkyl ehain- len~h in copolymers of 
vinylidene chloride and alkyl acrylates (4) where the 
alkyl chain-length had an important  effect. Mandel- 
kern and F lory  and others (8) have shown that, in 
compositions of polymers and diluents, there is a 
simple dependence of the second-order transition 
temperature  and the volume fract ion of the diluent. 
Therefore, since the weight and volume fractions are 
closely related, the alkyl acrylate ill the present co- 
polymers are probably behaving simply as diluents. 
All the copolymers had low elongations at yield 
(10% or lower). 

Attempts were made to orient both the east and 
molded specimens, using the Instron tensile tester. 
The samples were heated to 60~ and stretched 300 
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FIG. i .  V a r i a t i o n  of  y i e l d  t e n s i l e  s t r e n g t h  of  C l a s h - B e r g  t em-  
p e r a t u r e  of  c o p o l y m e r s  of  a c r y l o n i t r i l e  w i t h  a l k y l  a c r y l a t e  
c o n t e n t s .  

to 1,000% at the rate of 0.2 in. per minute. The 
tensile strength was thereby increased approximately 
three-fold. An x-ray diffraction study of the un- 
stretched and stretched films revealed that orienta- 
tion of the polymer backbone was only slight. Rep- 
resentative eopolymers containing octadecyl acrylate 
showed scattering maxima at 5.3 and 4.3 A, which 
are characteristic of polyacrylonitrile and poly(octa- 
deeyl acrylate), respectively. Therefore it is probable 
that the octadecyl acrylate segments and the acrylo- 
nitrile backbone segments crystallized separately. This 
behavior is similar to the separate crystallization 
found in copolymers of vinyl alcohol and vinyl ste- 
arate (7). 

Resistance to Chemical Reagents. Because a possi- 
ble use for eopolymcrs of acrylonitrile and alkyl 
acrylates lies in the field of laminations, tests were 

made to determine their resistance to selected chemi- 
cal reagents. Samples were immersed at room tem- 
perature in soybean oil, 50% alcohol, 1% sodium 
hydroxide, and 3% and 30% sulfuric acid. The per- 
centage increases in weight were determined after 
160 hrs. of immersion. The increase in weight was 
less than 1% for all samples for all the reagents ex- 
cept 50% alcohol. In the latter the weight percentage 
increase varied fronl 1 to 3%, increasing with acry- 
late content and decreasing with the alkyl chain 
length of the acrylate. The use of a long-chain acry- 
late thus imparts slightly greater chemical rosistanee 
to the acrylonitrile copolymer. 

Acknowledgment 
The authors thank Lee P. Witnauer for valuable 

discussions on the physical properties reported. 

REFERENCES 

1. Chatorjee, D., a n d  P a l i t ,  S.N., Proc. Roy, Soc. (London),  A927, 
252 (1955).  

2. Clash, R.F. Jr.,  and Berg, R.ZI., 5[odern Plastics, 21, No. 11, 119 
(1944).  

3. Dietz, T.J., a n d  : H a n s e n ,  J.E., Rubber Age, 68 699 (1951) ;  
F i l a c h i o n e ,  E.M., Fitzpatrick, T.J., Rehberg, C.E., ~Zoodward, C.F., 
Palm, ~,V.E., a n d  H a n s e n ,  J.E., ibid., 72, 631 (1953) ;  Hansen, J,E., 
a n d  Palm, W.E., ibid.., 75, 677 (1954).  

4. Fordyce, I~.G., and Chapin, E.C., J. Am. Chem. Soc., 69, 581 
(1947) ;  Fordyce, R.G., ibid., 69, 1903 (1947) ;  Smith W.V., ibid.. 
70, 2177 (1948) ; Mino, G., J. Polymer Sci., 22, 369 (1956).  

5. Jordan,  E.P. Jr.,  Palm, \V.E., Witnaner ,  L.P., and Port, W.S., 
Ind. Eng. Chem., 49, 1695 (1957).  

6. Jordan,  E.F. Jr., Doughty, K.M., and Port, W.S., J. Applied 
Polymer Sci., 4, 203 (1960) .  

7. Jordan, E.~. Jr.,  Palm, W.E., Swern, Daniel, Witnauer,  L.P., 
and Port, W.S., J. Polymer Sci., 32, 33 (1958).  

8. Mandelkern, L., and Flory, P.J., J. Am, Chem. Soc., 73, 3210 
(1951) ; Fox, T.G. Phys. Rev., 86, 652 (1952) ; Boyer, R.F., J. Appl. 
Phys. 22, 723 (19'51); 25, 825 (1954).  

9. ~Iarvel, C.S., and Schwen, R., J. Am. Chem. Soc., 79, 6003 
(1957) ;  Okamura, S., and Yamashita, J., J. Soc. Textile and Cellu- 
lose Ind., Japan, 9, 444 (1953) ;  [C.A. 48, 1010b ( 1 9 5 4 ) ] ;  Tamikado, 
T., and Iwakura ,  u J. Polymer Sci., 36, 173 (1959).  

10. Port, 3,V.S., Jordan,  E.F. Jr., Palm, W.E., Witnauer,  L.P., t tan-  
sen, J.E., and Swern, Daniel, U.S.D.A., Agricultural  Research Serv- 
ice, A.I.C., 366 (1953).  

11. Port  W.S, Jordan E.F. Jr.,  Palm, ~,V.E., Witnauer,  L.P., Han- 
sen, J.E., ~nd S~'~"ern, Daniel, Ind. Eng, Chem., 47, 472 (1955).  

12. Rosenberg, J., and Greenberg, tt ,L., Modern Plastics, 35, No. 4, 
173 (1957).  

13, Silbert, L.S., Jaeobs, Z.B., Palm, W.E ,  Witnauer,  L.P., Port. 
W.S., and Swern, Daniel, J. Polymer Sci., 91, 161 (1956).  

[ R e c e i v e d  A u g u s t  8, 1960]  

On Free Hydroxy Acids of Peat Wax 
VEIKKO T. RAUHALA, Peat and Oil Research Laboratory, The State Institute for 
Technical Research, Helsinki, Finland 

Further  examination of peat wax has not resulted in the 
iso]atlon of chemically pure compounds, but  data presented 
below make it seem probable that  peat wax contains aliphatic 
monoearboxylic acids with a molecular size of about C~-C2.~ 
and aliphatic monohydroxy acids with a molecular size of the 
order of C~o-C~I. 

W 
HEN INVESTIGATING the chemical composition 
of the wax component of peat, the author has 
found that, in addition to aliphatic monocar- 

boxylic acids, it also contains unknown free hydroxy 
acids (1). These hydroxy acids are seldom mentioned 
in the literature (2) ; nor have they been closely in- 
vestigated. Certain circumstances indicate that, when 
extracting peat bitumen with hot solvents, reactions 
of a polycondensation type take place in the wax frac- 
tion and that the hydroxy acids possibly take part  in 
these reactions (3). These reactions cause a decrease 

of the amount of wax yielded by extraction, and 
therefore their investigation and control carry the- 
oretical as well as practical importance. 

In the present investigation the analysis of the acid 
part  of peat wax has been carried out, and the pur- 
pose has been to isolate the free hydroxy acids in as 
pure a state as possible and thus obtain information 
about the reactions. The word bitumen is used to 
designate that part of peat which is obtained by ex- 
traction with a hot neutral solvent under normal 
pressure; crude peat wax refers to that part of the 
bitumen which is soluble in boiling technical ethanol 
but is precipitated at a temperature of -7~ The 
crude resin then remains in solution. 

Materials 
Acetic acid, glacial, reagent grade ; aluminum oxide, 

for chromatographic analysis, standardized according 


