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T h e  naval s to re s  industry of today produces three types of 
rosin-gum rosin,  wood rosin,  and ta l l  o i l  rosin. T h e  
production pattern of t he  las t  few years  p l aces  each rosin in 
an  important commercial position, a s  figures for 1955-56 
indicate:  T h e  wood naval s to re s  industry produced 
712,000,000 pounds of rosin,  t he  gum naval s to re s  produced 
236,000,000 pounds, and crude t a l l  oil  production, which 
amounted t o  600,000,000 pounds, contained resin ac ids  
equivalent t o  about 250,000,000 pounds of rosin. 

T h e  largest  s ingle  u s e  for rosin, paper s i ze ,  consumes 
approximately 230,000,000 pounds per year. Conversion of 
rosin into ester  gums, synthet ic  res ins ,  chemicals,  and 
pharmaceuticals accounts  for about 320,000,000 pounis  per 
year. Other u s e s  a r e  in adhesives ,  plast ics ,  floor cover- 
ings,  paint s, varnishes,  lacquers,  rubber, and soaps.  

T h e s e  varied u s e s  make i t  important t o  understand t h e  
composition of rosin and t h e  react ions of i t s  components. 
All three types  of rosin a r e  composed of about 90% acidic  
material, primarily monobasic ac ids  having t h e  empirical 
formula Cz,H,,Oz. Work on the  isolation and characteriza- 
t ion of individual a c i d s  in pine oleoresin and rosin da t e s  
back t o  1824. Since then, levopimaric acid h a s  been iso- 
la ted from oleoresins  and s ix  other pure resin ac ids  have  
been isolated from both oleoresins  and rosins  without 
subject ing the start ing material to  drast ic  hea t  or acid 
con dit ions. 

Dihydro- and tetrahydroresin ac ids  have  been isolated 
from rosin only after acid or hea t  treatment of t h e  rosin. 
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T h e  resin ac ids  may b e  classif ied in two  types-abietic 
and pimaric. T h e  abietic-type group includes ac ids  that 
form retene on dehydrogenation-levopimaric, 2-abietic, 

neoabietic,  palustric,  and dehydroabietic ac ids ,  and their  
hydrogenated derivatives. T h e  , pimaric-type a c i d s  a r e  
dextropimaric and isodextroprirnaric, which form pimanthrene 
on dehydrogenation. 

T h e  ac id i c  composition of a rosin is governed by the  
conditions t o  which i t  is subjected during processing and 
conversion into other chemical derivatives.  In general ,  high 
temperatures, prolonged heating, and treatment with acid 
decrease both t h e  heterogeneity and chemical reactivity of 
rosin. Heterogeneity in th i s  s e n s e  means a mixture of small  
amounts of a large number of acids .  Any rosin that contains 
more than about 30% of any one  ac id  is not desirable,  a s  
that  ac id  may begin t o  crystal l ize  and, with i t s  crystall iza- 
tion, bring down other resin acids.  T h e  rosin then i s  n o  
longer a resin but a semicrystall ine product containing a 
mixture of crystall ine a c i d s  suspended in  a resin. In most 
u s e s  of rosin, a res inous product containing small  amounts 
of several  ac ids  i s  desirable.  

T h e  acidic  composition in turn governs the  chemical 
reactivity of t h e  resin. In react ions involving t h e  conju- 
gated double bond system levopimaric acid is more reactive 
than palustric,  2-abietic, or neoabietic acids.  On t h e  other 
hand, 2-abietic acid is t h e  most s ens i t i ve  t o  autoxidation. 
T h e s e  differences make i t  desirable  for rosin producers and 
consumers to  know t h e  rat io  of resin ac ids  present in  rosin. 

Throughout t h e  yea r s  Blucidation of t h e  composition of 
rosin h a s  been hindered by two factors-inability t o  sepa- 
r a t e  t he  pure resin ac ids  by ordinary chemical means be- 
c a u s e  of similari ty in structure,  and e a s e  with which some 
of t h e  abietic-type a c i d s  in oleoresin and rosin isomerize on 
treatment with heat  or acids.  

A chromatographic technique (2) partially divides  a small  
sample of oleoresin or rosin into i t s  components without 
subjecting i t  t o  strong chemical treatment which could 
change the  ratio of t h e  ac ids  present. T h i s  technique 
separates  t h e  ac ids  into groups, so that  a combination of 
t h e  chromatographic data  and the  ultraviolet absorption 
character is t ics  of t h e  conjugated-diene ac ids  in each group 
produces, for the first  time, a fairly comprehensive picture 
of t h e  composition of pine oleoresin and rosin. 

T h e  chromatographic procedure used h a s  been described 

T a b l e  1. Acids Eluted in Chromatographic Groups 

Eluent Elution of Acids Identified 
Range, Known Acid in Oleoresin 

Group MI. Mixtures and Rosin Samplesa 

fatty acids 
1 10-260 C16, CII saturated 

Dihydro acids Noneb 
Tetrahydro acids 

2 270-310 Palustric Palustric 
Dextropimaric 
I so dextropimaric 

Dextropimaric 
Isodextropimaric 
Levopimaric 
Oleic 

3 320-420 1-Abietic 

4 430-600 Neoabietic 
5 6 10-800 Dehydroabietic 
6 Beyond 800 

Dextropimaric 
Isodextropimaric 
I -  Abietic 
Dextropimaric 
Isodextropimaric 
Levopimaricc 

Neoabietic 
Dehydroabietic 
Noned 

'Some acids of each group trail into succeeding group. 
bFmm ultraviolet data, caribeic ( I )  and other conjugated acids 

CFound only in oleoresin samples. 
dMost polar constituents should be in this group. 

may be in this group. 
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T a b l e  II. Chromatographic and U l t rav io le t  Absorption Data  on P i n e  Oleoresins and Gum Rosins 
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Figure 1. Chromatogram of slash oleoresin and rosin 

A .  Slash rosin 
B. Slash oleoresin 

in detai l  (2, 3). T h e  technique divides  t h e  resin a c i d s  in 
oleoresins  and rosins  into s ix  groups, which in some c a s e s  
cons i s t  of several  small  peaks especial ly  groups 1 and 6. 
T h e  data in Tab le  I were compiled from chromatograms of 
individual ac ids ,  mixtures of pure ac ids ,  and chromatograms 
of oleoresin and rosin samples.  

After a l l  t h e  f ract ions of the oleoresin and rosin chroma- 
tograms were t i trated,  t h e  fractions comprising each peak 
were combined, acidified with 0.2N a c e t i c  acid,  washed 
neutral ,  and dried over sodium sulfate.  An attempt w a s  
made t o  precipitate t h e  resin ac ids  in each group with 
cyclohexylamine. Groups 2 through 5 ,  and in some samples  
group 6, formed insoluble sa l t s .  T h e  ultraviolet  absorption 
spectrum and the  specif ic  rotation (in ethyl alcohol) of t h e s e  
s a l t s  were obtained. Both t h e  spec i f i c  extinction coef- 
f ic ients ,  s?., and the  spec i f i c  rotations were calculated for 
t h e  ac id  rather than t h e  sal t .  Where an  insoluble cyclo- 
hexylamine sa l t  did not form, because  of either t he  nature 
or t h e  sma l lnes s  of t h e  sample,  t he  ultraviolet  absorption 
spectrum w a s  not reported because  t r ace  amounts of furfuryl 
alcohol remaining in t h e  i s e o c t a n e  solution interfered with 
t h e  resin ac id  absorption between 220 and 320 mp. 

T h e  samples  included in th i s  study a r e  longleaf oleo- 
resin,  longleaf rosin,  s l a s h  oleoresin,  s l a s h  rosin,  pine 
oleoresin,  gum rosin,  the resin a c i d s  extracted from a fat  
pine stump, two pa le  wood rosins,  t h e  r e s in  a c i d s  extracted 
from a living s l a s h  pine tree,  t he  resin a c i d s  extracted from 
black liquor soap,  and a dis t i l led t a l l  oil  rosin. 

PINE OLEORESINS AND GUM ROSINS 

T h e  raw material of t h e  gum naval  s to re s  industry is t h e  
oleoresins  from Pinus palustn's (longleaf pine) and Pinus 
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Figure 2. Chromotogrom of longleaf oleoresin and rosin 

A Longleaf rosin 
E .  Longleaf oleoresin 
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Figure 3. Chromatogram of pins oleoresin and gum rosin 

A .  Gum rosin 
E. Pine oleoresin 

el l iot t i  ( s l a sh  pine). For  t h i s  work t h e  pure s l a s h  and long- 
leaf rosins  were obtained by laboratory disti l lat ion 04 the 
oleoresins.  T h e  pine oleoresin and gum rosin were obtained 
from a central  processing plant. 

Inspection of t h e  chromatographic curves  and m t a g e s  
of ac ids  in the  various groups indicated certain s imih r l t i e s  
and differences i n  the  oleoresins  and gum rosins  (Table  I1 
and F igures  1 t o  3). 

By comparing t h e  ultraviolet spectra  of groups 2 to 5 with 
t h e  spectra of t h e  pure resin a c i d s  it was  poss ib l e  to calcu- 
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l a te  t h e  maximum percentage of the  conjugated a c i d s  pres- 
ent in each group. T h i s  value, multiplied by the  chromato- 
graphic percentage of i t s  respect ive group, gave an ap- 
proximation (+2%) of the  maximum amount of the  ac ids  in 
the  oleoresins  and rosins  which have character is t ic  ultra- 
violet absorption (Table  111). 

Table  111. Composition of P i n e  Oleoresins and Gum Rosins 

Max. % of Resin Acids Having 
Characteristic Ultraviolet Absorption 

Palus- Levo- I-Abi- Neo- Dehydro- 
tric pimaric et ic  abietic abietic 

Longleaf oleoresin 11 31 10 14 7 
Slash oleoresin 9 24 10 15 5 
Pine oleoresin 9 25 10 15 5 
Longleaf rosin 18 0 26 14 8 
Slash rosin 13 0 23 16 5 
Gum rosin 14 0 20 18 6 

Oleoresins. The  s lash  and commercial oleoresins  con- 
tained 4% of an acid or group of ac ids  not present in long- 
leaf oleoresin (Table  11, group 1). T h e  percentage of ac ids  
in the  palustric acid group (group 2) of a l l  three o leores ins  
was approximately the same. Group 3, which in the  oleo- 
res ins  i s  composed of levopimaric, 2-abietic, isodextro- 
pimaric, and dextropimaric acids ,  contained 57% of the 
acids  in longleaf gum but only about 50% in s lash  and pine 
oleoresin. The  higher value for longleaf gum i s  due to  
higher amounts of levopimaric acid in the oleoresin of th i s  
species .  T h e  group containing predominantly neoabiet ic  
acid (group 4)  was approximately the  same  for a l l  three 
oleoresins. In a l l  c a s e s  the group containing dehydroabi- 
e t ic  acid was contaminated with 5 to 10% neoabietic acid. 
T h e  ultraviolet absorption spectrum of t h e  ac ids  in th i s  
group showed the  presence of another res in  acid which h a s  
maximum character is t ic  absorption at 284 to  286 mp. T h e  
shape of the  chromatographic curve of group 6 of the  oleo- 
res ins  is similar, but percentages vary between 6 and 11% 
for the different samples. Commercial samples  of oleoresin 
fall between the  pure s l a s h  and pure longleaf samples ,  
depending on t h e  s p e c i e s  predominating in the  location of 
collection. 

Gum Rosins. Previous work on the  thermal isomerization 
of levopimaric acid (3) h a s  shown that,  a t  the  processing time 
and temperature for pine gum, t h e  levopimaric acid isom- 
er izes  t o  a mixture which contains  approximately 34% pa- 
lustric acid,  52% I-abietic acid,  and 14% neoabietic acid. 
T h i s  isomerization accounts  for the  major changes  in com- 
position that occur when the  oleoresin is processed into 
rosin. A s  a result ,  rosin contains  essent ia l ly  no levo- 
pimaric acid and more palustric,  2-abietic, and neoabiet ic  
ac ids  than t h e  oleoresin. 

T h e  effects  of t h i s  isomerization a re  e x h g i t e d  by the 
changes in the  chromatographic percentages and ultraviolet 
absorption spectra  of groups 2, 3 ,  and 4 in longleaf, s lash ,  
and gum rosin. A s  in the  oleoresins ,  4% of t h e  total  ac ids  
in s l a s h  rosin and gum rosin was in group 1. T h e  palustr ic  
group in a l l  t h e s e  rosins  was  17 to  23%, an increase of 7 to 
11% during processing. T h e  higher value for the  palustric 
ac id  group in longleaf rosin is the  result of t h e  higher 
levopimaric acid content of t h e  oleoresin. Group 3, which 
contains  2-abietic, dextropimaric, and isodextropimaric 
ac ids ,  when compared with the  oleoresins ,  h a s  decreased 
chromatographic percentages due to  t h e  isomerization of the  
levopimaric ac id  t o  palustric and neoabiet ic  acids .  T h e  
ultraviolet absorption data showed an increase in the  2- 
abiet ic  content of the  rosins ,  l ikewise caused  by isomeriza- 
tion of levopimaric ac id  t o  1-abietic acid. Group 4 a l s o  
showed a sl ight increase in neoabietic ac id  content, in 
accordance with the isomerization of levopimaric ac id  
during processing. The  chromatographic percentages and 

ultraviolet absorption spectra  of group 5 indicated no major 
change in the dehydroabietic ac id  content during conversion 
of the oleoresins  t o  rosins. In the  rosins  the  chromato- 
graphic curve for group 6 is similar in shape  t o  the  first  
portion of group 6 in the  oleoresin curve; however, the most 
highly polar ac ids  present in the  oleoresins  seemed t o  b e  
absent  in the  rosins. This  was a l s o  evidenced by a slight 
decrease  in the  chromatographic percentages for t h i s  group 
in the  rosins. 

T h e  percentages of dextropirnaric and isodextropimaric 
ac ids  present in the  oleoresins  and rosins  have not been 
estimated, because  the chromatographic technique does  not 
separa te  t h e s e  a c i d s  from the conjugated ac ids  in groups 2 
and 3. A chromatogram of pure dextropimaric and iso- 
dextropimaric a c i d s  indicated that they are  eluted in  groups 
2 and 3-predominantly in group 3. Infrared curves of 
groups 2 and 3 show the  presence of t h e s e  acids ,  a s  the  
vinyl group is readily discerned. As dextropimaric and 
isodextropimaric a c i d s  are  s tab le  to  heat  and acids ,  their 
percentage in the oleoresins  and rosins  should depend on 
the  character is t ics  of the s p e c i e s  and should not change 
when the  oleoresin is processed into rosin. 

Hence, when pine oleoresin is processed into gum rosin 
the  major changes in composition a re  a result of the  thermal 
instability of levopimaric acid. T h e  isomerization resu l t s  
in a more equal percentage distribution of the  conjugated- 
diene ac ids  in the rosin and a change in the physical 
character is t ics  of the  semicrystal l ine oleoresin into a 
clear,  noncrystalline rosin. 

WOOD ROSIN 

Pine  stumps that have  aged in  the  earth until the  bark and 
sapwood have disappeared a re  extracted with a hydrocarbon 
solvent to  recover the volat i le  o i l s  and resins. P a l e  wood 

T a b l e  IV. Chromatographic and Ultraviolet  Absorption 
Data on Wood Rosins 

Resin Acids 
from Fat 

Pine 
Group stumps 

1 %  0 
2 % 12 

[alD 
a at 266 mp 

[alD 
a at 242 mp 

[ d D  
a at 251 mp 

[RID 

3 %  60 

4 %  12 

5 %  9 

Wood Rosin 
A 

2e 
17 

24.6 
57 

528 
13 

+ 134' 
72.9 
9 

t73O 

- 54O 

t 20° 

Wood Rosin 
B 

le 
16 

+ 72' 
24.3 
60 - 52' 
48.1 
11 

t 138' 
74.0 
11 

t 36' 
a at 284-6 m p  21 0.9 
a at 276 mp 4.8 4.8 
a at 267 mp 5.3 5.2 
a at 251 mp 6.4 6.4 
a at 241 mp 6.4 6.4 

6 %  6 2 0 

eEluted in several small  peaks. 

rosin may be  obtained from t h e  resinous fraction by selec-  
t ive  solvent refining with furfural, or refining with fuller's 
earth or other activated adsorbents. 

When the data  from the chromatographic and ultraviolet 
adsorption examination of two samples  of pale  wood rosin 
(Table  IV, Figure 4) were compared t o  the  da ta  on gum 
rosin, several  dist inct  differences were noted: the  presence 
of small  amounts of the ac ids  comprising group 1 in s l a s h  
rosin and gum rosin, an increase in the  concentration of 2- 
abiet ic  ac id  to  approximately twice the  amount present in 
gum rosin, a 4 t o  5% decrease  in neoabietic acid content, a 
3 t o  4% increase in the group containing dehydroabietic 
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ac id  (group 5 ) ,  and a dec rease  in  the amount of polar a c i d s  

To determine whether t h e s e  differences were due t o  t h e  
processing conditions for wood rosins  or changes  during 
aging of t h e  stumps, t he  composition of resin a c i d s  from fat  
pine stumps w a s  investigated.  T h e  wood w a s  extracted 
with iso-octane,  and t h e  resin ac ids  were precipitated a s  t h e  
cyclohexylamine sa l t s ,  converted t o  t h e  ac ids ,  and chro- 
matographed. Group 2 contained about 5% less ac ids  than 

(group 6) .  
/i 4.5 
I ,  
I ,  

0 200 400 600 000 1000 1100 
L 2 5 %  B E N Z E N E  ISOOCTANE -75'2 - 

ELUENT, ml. 

T a b l e  V. Composition of Wood Rosins 

Max. % of Resin Acids Having Cheracteristic 
Ultraviolet Absorption 

Palus- Levo- 1-Abi- Neo- Dehydro- 
tric pimaric et ic  abietic abietic 

Wood rosin A 13 0 42  11  8 
Wood rosin B 12 0 41 9 10 

Figure 5. Chromatogram of intermediates and products of 
sulfate process 

Figure 4. Chromatogram of wood rosins 

A: Wood rosin A 
B. Wood rosin E 

t h e  wood rosin samples.  T h e  percentage of t h e  ac ids  in 
groups 3 through 5 w a s  similar t o  those  in both samples  of 
wood rosin. Group 6 contained 7!% polar ac ids  which had a 
chromatographic curve similar t o  t h e  curve of group 6 in 
gum rosin. T h e s e  r e su l t s  indicated that changes during t h e  
aging of t h e  s tumps rather than processing condi t ions a r e  
largely responsible  for t h e  percentages of t h e  various resin 
ac ids  observed in wood rosin. T h e  difference in t h e  amount 
of polar a c i d s  in  wood rosin and t h e  resin a c i d s  extracted 
from pine s tumps indicated that t h e  polar ac ids  a r e  removed 
during refining. 

T h e  same  procedure was  followed t o  obtain t h e  maximum 
percentages of t h e  ac ids  i n  the wood rosins  which have  
character is t ic  ultraviolet absorption (Table  V). 

TALL OIL ROSIN 

T a l l  oil rosin is a product of t h e  su l f a t e  or kraft  paper 
process.  During digestion of t h e  wood ch ips  with alkal i ,  
t he  fatty and resin ac ids  form a soap. T h i s  black liquor 
soap,  on acidification, yields  crude t a l l  oil, which can b e  
refined, and separated into fatty a c i d s  and rosin. 

To t r ace  t h e  changes during production of t a l l  oil rosin,  
t h e  composition of the resin ac ids  in three s t ages  of t he  
process  were investigated by chromatography and ultra- 

A .  Tall oil rosin 
B. Resin acids from black liquor soap 
C. Resin acids from slash pine wood 

T a b l e  VI. Chromatographic and Ul t rav io let  Absorption Data  
on Intermediates of Sulfate Process 

Group 

1 7 0  

2 7* 
&ID 

a at 266 m p  

[&ID 
a at 242 mp 
a at 272 m p  

[%ID .I 
c( at 251 m u  

3 7 0  

4 7 0  

Resin Acids 
from Slash 
Pine Wood 

18 10 
6 2 '  +74O 

20.4 24.7 
41 57 

- 91 - 68' 
22.5 15.2 

5 .2  7.7 
14 19 

,126' t 9 3 '  
77.4 67.6 

la l b  

Resin Acids 
from Black 
Liquor Soap 

0 
9 

28.8 
t 73" 

4 9  
-66' 

27.5 
. . .  
12 

+116O 
69.2 

Tall Oil 
Rosin 

10 

21.6 

6' 

+ 51° 

52 
-68' 

55.9 
... 

7 

21.8 
... 

5 70 3 2 6 20 
[=ID t47O ... t47O + 56' 
a at 284-6 mp 1.6 ... 1.4 0 .8  
a at 276 m p  4.2 4.5 4.5 2.7 
a at 268 m p  . . .  ... 4.9 2.8 
a at 252 m p  7.5 7.6 5.3 2.2 
a at 242 m u  7.2 6.6 5 . 0  2 .1  

6 5'0 21 11 25 4 

c( at 242 mp 27.9 ... 31.5 . . .  [a lD - 8 O  ... - 12' . . .  
... mat 250 m p  26.9 ... 26.5 

aWood shaved before extraction. 
b2 X 3 inch chunks of wood extracted under N, blanket. 
CEluted in four peaks between 0 and 250 rnl. 

violet  absorption ana lys i s  of each group of ac ids  from t h e  
chromatograms (Table  VI, Figure 5 ) .  Shavings of wood from 
a l iving s l a s h  pine were extracted with iso-octane,  followed 
by precipitation of t h e  resin a c i d s  with cyclohexylamine. 
T h e  amine s a l t  w a s  suspended in ether and acidified with 
3N a c e t i c  acid. In comparing t h e  composition of t h e s e  
a c i d s  with t h e  ac ids  from s l a sh  oleoresin,  two striking 
differences were noted: a smaller amount of levopimaric 
ac id  in t h e  wood extract ,  and a larger amount of highly 
polar acidic  material  (21%) in group 6 (not t h e  same  a s  the  
polar material in t he  oleoresin). It formed a crystal l ine,  
insoluble cyclohexylamine s a l t  in  iso-octane,  and had a 
negat ive specif ic  rotat ion, character is t ic  ultraviolet  absorp- 
tion at  241 and 250 r y ,  and infrared absorption at  2.93 
microns, indicating the presence of an OH group. It could 
b e  separated from t h e  other res in  ac ids  extracted from the  
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s l a s h  pine t r ee  by virtue of i t s  solubili ty in 2% aqueous 
sodium bicarbonate solution. T o  determine whether t h e  
acidic  material in  group 6 could have been formed by oxida- 
tion during the  shaving of t h e  wood, another sample of 
resin a c i d s  was obtained by extracting 2 x 3 inch chunks of 
wood under a blanket of nitrogen. Group 6 from t h i s  sample 
contained only 11% of t h e  acids  in the  sample, and did not 
form an  insoluble cyclohexylamine sal t .  T h e  remaining 
groups of ac ids  in th i s  sample were similar in composition 
to s l a sh  oleoresin. T h e s e  data  indicate  that  oxidation 
occurs  during t h e  chipping of wood. 

T h e  composition of t he  resin ac ids  obtained from black 
liquor soap  was  then investigated.  T h e  soap  was  acidified 
with 3 N  ace t i c  acid and the  resin acid-fatty ac id  mixture 
extracted with ether. Dilution of t h e  ether solution with 
acetone and addition of ,cyclohexylamine precipitated t h e  
resin acids ,  while t he  fatty acids  remained in  solution. 
T h e  cyclohexylamine s a l t s  were converted into t h e  ac ids  
with 3 N  ace t i c  acid.  T h e s e  ac ids  contained no  levopimaric 
acid and amounts of I-abietic acid greater than those  ob- 

tab le  VII. Composition of Intermediates and 
Products of Sulfato Process 

Max. % of Known Resin Acids Having 
Characteristic Ultraviolet Absomtion 

Levo- Dehydro- 
Palustric pimaric 1-Abietic Neoabietic abietic 

Slash pine 

Black liquor 
wood 12 14 14 12 3 

soap 7 0 27 9 6 
Tall oil 

rosin 7 0 39 4 17 

served in t h e  s l a s h  pine wood extract-indicating that  some 
isomerization occurred during digestion of t h e  wood. Group 
6 of t h e  chromatogram contained approximately 25% of a 
strongly polar acidic  material similar t o  the  material found 
in the  shaved s l a s h  pine wood extract. 

Investigation of a disti l led t a l l  o i l  rosin demonstrated 
some of t h e  changes that occur during acidification of t h e  
black liquor soap and separation of t h e  ta l l  oil into fatty 
acids  and rosin. Approximately 6% of the  ac ids  in t h e  ta l l  
oil rosin w a s  eluted in  group 1. T h e  palustric acid group 
was  similar to  that of black liquor soap, while t h e  I-abietic 
acid content increased approximately 12%. T h e  percentage 
of ac ids  eluted in  the  group containing neoabietic ac id  
(group 4)  was  similar t o  that in t h e  black liquor soap; how- 
ever,  t he  ultraviolet absorption spectrum indicated that 
neoabietic acid represented only 14% of t h e  group. Group 5 
showed an increase in  dehydroabietic ac id  content from 6% 
in the black liquor soap  t o  17% in ta l l  o i l  rosin. Group 6 
contained only 4% polar acids ,  which did not correspond to  
t h e  polar material isolated from the  ac ids  extracted from 
shaved s l a sh  pine wood and black liquor soap. 

Calculations similar t o  those for t he  pine oleoresins  and 
gum rosins and the  wood rosins resulted in estimation of 
the  maximum percentages of t h e  known conjugated-diene 
resin ac ids  present in t h e  intermediates and products of t he  
sulfate  process  (Table  VII). 
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Long-chain Phosphorus Compounds as Low Temperature 

Plasticizers for Vinyl Chloride Polymers 
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Eastern Regional Research Laboratory, Philadelphia 18, Po., and The Fatty Acid Producers' Council of the 
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R e s e a r c h  on plast ic izers  derivable from f a t s  being con- 
ducted in  th i s  laboratory h a s  been directed mainly toward 
the  correlation of structure with compatibility and certain 
other important character is t ics  desired in  a plast ic izer  (low 
temperature properties,  lack of volati l i ty,  etc.). T h e  authors 
have described the  effect  of introducing the oxirane (6 )  or 
acetoxy (or higher acyloxy) (4 )  group into fatty acid e s t e r s .  
T h e s e  groups, singly or together,  a r e  effective in  compati- 
bilizing long-chain compounds with vinyl chloride polymers, 
and compositions with outstanding low temperature proper- 
t i e s  a r e  obtained. 

Groups containing t h e  phosphorus atom a r e  a l s o  known t o  
impart useful properties t o  plast ic izers ,  and a number of 
phosphorus-containing plast ic izers  a re  commercially avail- 
able.  None of these,  however, contains  long chain or other 
structures derived from fats .  

For the  pas t  4 yea r s  t h e  authors  have been systemati-  
cal ly  preparing long-chain phosphorus compounds of various 
types  (1-3): tr ialkyl phosphates (I), dialkyl acyloxyalkyl 
phosphates  (11), dialkyl acyloxyalkylphosphonates (111), 

'Present address, Advance Solvents and Chemical Co. ,  New 
Brunswick, N. J. 

alkyl (a-dialky1phosphono)alkanoates (IV), and some m i s -  
cel laneous compounds. 

R 
0 
I 

R'O -P-+ 0 
I 
I 
0 
R " 

(1) 
R = R' = R" = Dodecyl,  octadecyl or oleyl  
R = Dodecyl or oleyl,  and R' = R "=ethyl 

R 
0 0 

0 
R 

(11) 
n = 10, rn =2-4, and R=e thy l  or n-butyl 

346 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 3, NO. 2 


