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DETERMINATION OF POLYOLEFIN ADDITIVES 

FOLLOWING SOXHLET EXTRACTION 
BY NORMAL-PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

J.  F. Schabron 
P h i l l i p s  Petroleum Company 

Research Center 262 PL 
B a r t l e s v i l l e ,  Oklahoma 74004 

ABSTRACT 

Methods were developed f o r  t h e  d e t e r m i n a t i o n  o f  t h r e e  c lasses  
o f  p o l y o l e f i n  a d d i t i v e s .  These c lasses  are: mono and d i g l y -  
cer ides ,  t e r t i a r y  c12-c16 a lky ld ie thano lamines ,  and a l k y l d i t h i o -  
p rop ionates .  
samples w i t h  ch lo ro fo rm f o r  2 hours. 
t r a t e d  and t h e  a d d i t i v e s  were determined b y  high-performance 
1 i q u i d  chromatography on a u -Poras i l  s t a t i o n a r y  phase. The 
methods were s t u d i e d  w i t h  b o t h  po lye thy lene and polypropy lene.  

Soxhlet  e x t r a c t i o n s  were performed on 50 g ground 
The e x t r a c t s  were concen- 

INTRODUCTION 

Recent ly  a s e r i e s  o f  methods were pub l ished f rom t h i s  labora-  

t o r y  f o r  t h e  de terminat ion  o f  a d d i t i v e s  i n  po lypropy lene and p o l y -  

e t h y l e n e  by normal phase h i g h  performance l i q u i d  chromatography 

(HPLC) f o l l o w i n g  h o t  d e c a l i n  e x t r a c t i o n  ( 1 - 3 ) .  Deca l ih  e x t r a c t i o n  

can be performed i n  about an hour and can be used f o r  many types  

o f  a d d i t i v e s  as l o n g  as t h e  a d d i t i v e s  possess good chromophores 

( 3 ) .  
t i o n s  w i t h  ch lo ro fo rm which can be used f o r  de termin ing  severa l  

a d d i t i v e s  which are  no t  amenable t o  t h e  decal  i n  extract ion/HPLC 

method. 

The present  work descr ibes  methods based on Soxh le t  e x t r a c -  
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1270 SCHABRON 

MATERIALS AND METHODS 

I n s t r u m e n t a t i o n  The l i q u i d  chromatograph used i n  t h i s  s t u d y  was a 

Waters Model 204 l i q u i d  chromatograph equipped w i t h  a model 6000A 

pwnp. The i n j e c t o r s  were a Valco 6000 p s i  i n j e c t o r  o r  a Micromer- 

i t i c s  Model 725 A u t o i n j e c t c r ,  b o t h  equipped w i t h  50pL sample 

l o o p s .  E l u t i o n  was mon i to red  w i t h  a Waters Model 450 v a r i a b l e  

wavelength u l t r a v i o l e t  a b s o r p t i o n  d e t e c t o r  o r  a Waters Model 401 

D i f f e r e n t i a l  Refractometer d e t e c t o r ,  and a 10 mV s t r i p  c h a r t  

r e c o r d e r .  The co lunn  used was a 3.9  mm i . d .  x 30 cm p - P o r a s i l  

column packed wi th  10 m i c r o n  porous s i l i c a  ob ta ined  f rom Waters 

Associates,  M i l f o r d ,  Mass. 

The g r i n d e r  was a Wi ley m i l l  w i t h  10 mesh screen, cooled w i t h  

l i q u i d  n i t r o g e n .  The Soxh le t  e x t r a c t o r  used had a 500 mL c a p a c i t y  

s o l v e n t  f l a s k .  Ground sample was e x t r a c t e d  f rom 45 mm x 123 mm 
c e l l u l o s e  t h i m b l e s  ob ta ined  f rom F i s h e r  S c i e n t i f i c .  

Reagents Reagent grade ch lo ro fo rm,  1,2-d ich loroethane,  and abso- 

l u t e  ethanol  f o r  use as HPLC s o l v e n t s  were f i l t e r e d  th rough  M i l l i -  

p o r e  t ype  FH 0.5 m i c r o n  f i l t e r s  p r i o r  t o  use. Anmoniun hyd rox ide  

(27% aq) was ob ta ined  f rom M a l l i n k r o d t  and used as r e c e i v e d .  The 

e x t r a c t i o n  s o l v e n t  was reagen t  grade c h l o r o f o r m  and was used w i t h -  

o u t  p re t rea tmen t .  Armostat 310 and Armostat 410 were o b t a i n e d  

f rom Armak, Chicago, IL . ;  Atmul 84 was f rom ICI America, Inc. ,  

Wilmington, Del.; DLTDP and DSTDP were ob ta ined  f rom h e r i c a n  

Cyanamid Co., Bound Brook, N.  J .  
Prodedure 

a t e l y  a f t e r  g r i n d i n g  t o  10 mesh, and p laced i n  Soxh le t  t h i m b l e s .  

To p reven t  t h e  samples f rom f l o a t i n g  i n  t h e  e x t r a c t i o n  so l ven t ,  

t h e  c u t o u t  t i p  o f  an e x t r a c t i o n  t h i m b l e  and a 1 cm l a y e r  o f  3 mm 

g l a s s  beads were p laced above each sample. A 250 mL p o r t i o n  of 
e x t r a c t i o n  s o l v e n t  was poured i n t o  each o f  t h e  b o i l i n g  f l a s k s .  

A f t e r  2 hours e x t r a c t i o n  t ime,  t h e  e x t r a c t  s o l u t i o n s  were t r a n s -  

f e r r e d  t o  400 mL beakers and evaporated t o  about 10 mL on a 

steam bath.  The s o l u t i o n s  were t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  25 
mL v o l u m e t r i c  f l a s k s  and d i l u t e d  t o  volwne w i t h  ch lo ro fo rm.  The 

P o r t i o n s  of 50 g samples of polymer were weighed accur- 
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DETERMINATION OF POLYOLEFIN ADDITIVES 1271 

TABLE I 
Chromatographic Cond i t i ons  U s w t h e  Separa t i on  o f  A d d i t i v e s  on 
u - P o r a s i l .  

RETENTION 
AUDIT1 VE MOBILE PHASE VOLUME, mL DETECTOR 

Hrmostat  310 Ch1oroform:Ethanol : 5.6 R e f r a c t i v e  Index 

Armostat  410 Ch1oroform:Ethanol: 5.6 R e f r a c t i v e  Index 

Atmul 84 Ch1oroform:Ethanol : 6.3 Ref r a c t  i v e Index 

DLTDP l Y 2 - D i c h l o r o e t h a n e  7.9 UV, 230 nm 
DSTDP 1,2-Dich l  oroethane 6.3 UV, 230 nm 

Ammonia (80:20:0.1) 

Pmmonia (80:20:0.1) 

Ammonia (95:5:0.05) 

s o l u t i o n s  were a l lowed t o  s i t  f o r  seve ra l  minutes u n t i l  any smal l  

polymer p a r t i c l e s  present  f l o a t e d  t o  t h e  top ,  l e a v i n g  a c l e a r  

s o l u t i o n  near t h e  bot tom o f  t h e  f l a s k .  Using a Pasteur  p i p e t ,  1- 
5 mL p o r t i o n s  o f  t h e  c l e a r  bot tom s o l u t i o n s  were t r a n s f e r r e d  t o  

20 mL s c i n t i l l a t i o n  v i a l s ,  f rom which t h e  HPLC i n j e c t i o n s  were 

made. 

The HPLC c o n d i t i o n s  used f o r  t h e  d e t e r m i n a t i o n  o f  t h e  addi -  

t i v e  a re  l i s t e d  i n  Table I .  D u p l i c a t e  i n j e c t i o n s  o f  each s tandard  

and sample s o l u t i o n s  were made. Peak h e i g h t s  were measured t o  t h e  

n e a r e s t  0.5 mm, and i n  cases where t h e  peak w id ths  f o r  sample 

e x t r a c t s  were n o t  uniform, a rea  measurements were made by measur- 

i n g  a l s o  t h e  peak w id ths  a t  h a l f  t h e  peak h e i g h t s  t o  t h e  neares t  
0.1 mm us ing  a peak m a g n i f i e r .  

determined f rom each sample i n j e c t i o n  by comparing peak h e i g h t s  o r  

areas f o r  sample and standard. 

The amount o f  each a d d i t i v e  was 

RESULTS AND D I S C U S S I O N  

A requ i remen t  f o r  t h e  d e t e r m i n a t i o n  o f  a d d i t i v e s  by t h e  

d e c a l i n  ext ract ion/HPLC method (1 -3 )  i s  t h a t  t h e  a d d i t i v e s  possess 

a s t r o n g  chromophore above 230 nm, i n  t h e  r e g i o n  where a m o b i l e  

phase s o l v e n t  such as d ich loromethane does n o t  absorb u l t r a v i o l e t  
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1272 SCHABRON 

rad ia t ion  s t rongly .  
following ex t rac t ion  range from about 0.02-0.2 m g / m L .  
a b o u t  two orders of magnitude t o o  d i l u t e  f o r  HPLC determination 
following decalin ex t rac t ion  of the  f i v e  common addi t ives  which 
a r e  the  subject of t h i s  work. These a re  Atmul 84 (mono-and 
d ig lyce r ides ) ,  DLTDP (dilaurylthiodipropionate) , DSTDP (d i s t ea ry l -  
th iodipropionate) ,  Arniostat 310 (ethoxylated tallow amine), and 
Armostat 410 (ethoxylated coconut o i l  amine). Concentrations of 
these  additives should be 1-10 m g / m L  or g rea t e r .  
e x t r a c t s  with these  concentration l eve l s ,  an ex t rac t ion  procedure 
with a v o l a t i l e  solvent i s  required.  Several such procedures have 
been described (4 -6 ) .  Reported ex t rac t ion  times were as long as 
48 hours ( 4 ) .  

In  the present work, t o  determine the minimum amount o f  time 
required t o  ex t r ac t  the addi t ives  of i n t e r e s t  from ground polyole- 
f i n  matrices,  Soxhlet ex t rac t ions  were performed with chloroform 
f o r  time in t e rva l s  ranging from 1-8 hours. The l eve l s  of addi- 
tives were determined by HPLC following a 1 : l O  concentration o f  

t h e  ex t rac t  so lu t ion .  The amounts of addi t ives  extracted are 
l i s t e d  in Table 11. I t  i s  apparent from Table I 1  t h a t  t he  extrac- 
t i o n s  a re  almost complete following 1 h o u r  and no s ign i f i can t  
additional amount of addi t ives  are extracted a f t e r  2 hours extrac- 
t i o n  time. All subsequent analyses were performed using 2 hour  
ex t r ac t  i on times . 
Response 
f o r  injected amounts fo r  up t o  465 v g  Armostat 310, 510 p g  

Hrmostat 410, 500 v g  Atmul 84, 241 v g  DLTDP, and 465 krg DSTDP. 
Some nonlinear response with peak height and area was observed 
between 241 u g  and 482 u g  DLTDP in jec ted .  
t r a t e  t ha t  the  region of l i nea r  of response should be established 
f o r  the  pa r t i cu la r  l iqu id  chromatograph and de tec tor  used for  t h i s  
type of ana lys i s .  
Accuracy 
quan t i t a t ive  manner s tud ies  were performed with polymers prepared 

Typically l eve l s  of such addi t ives  in decalin 
This i s  

To obtain 

Linear i ty  of response with peak height was es tab l i shed  

This serves t o  i l l u s -  

To ensure tha t  the addi t ives  were being extracted in a 
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DETERMINATION OF POLYOLEFIN ADDITIVES 1273 

TABLE I 1  
h e i g h t  Percent  A d d i t i v e s  Determined i n  50 g Polymer Samples 
a t  Various E x t r a c t i o n  Times 

T IME OF EXTRACTION, 
ADD I T  I VE POLYMER HOURS 

Armostat  310 PE 

Armost a t  410 PP 

Atn1ul 84 PP 

DLTDP PE 

DSTDP PP 

1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 

WT % 

0.12 
0.14 
0.15 
0.16 
0.19 
0.18 
0.19 
0.18 
0.28 
0.30 
0.28 
0.31 
0.025 
0.029 
0.020 
0.030 
0.26 
0.26 
0.24 
0.24 

wi th  known m o u n t s  o f  a d d i t i v e s .  The r e s u l t s  o f  t h i s  s tudy  a r e  

l i s t e d  i n  Table 111. The d a t a  i n  Table I11 i n d i c a t e  good 

r e c o v e r i e s  f o r  t h e  a d d i t i v e s .  

P r e c i s i o n  

m i n a t i o n  were c a l c u l a t e d  and are l i s t e d  i n  Table I V .  These d a t a  

i n d i c a t e  good p r e c i s i o n  f o r  t h e  Soxh le t  ext ract ion/HPLC method. 

L i m i t s  o f  D e t e c t i o n  L i m i t s  o f  d e t e c t i o n  f o r  t h e  method as w r i t t e n  

were c a l c u l a t e d  assuning 2 mm peak h e i g h t s  f o r  b o t h  t h e  R I  detec-  

t o r  s e t  a t  16X s e n s i t i v i t y  and t h e  UV d e t e c t o r  s e t  a t  0.2 Absor- 

bance. Th is  r e p r e s e n t s  a S/N l e v e l  o f  about t w o .  The l i m i t s  o f  

d e t e c t i o n ,  expressed as w t .  % i n  o r i g i n a l  samples were 0.002% 

Armostat  310, 0.004% Armostat  410, 0.02% Atmul 84, 0.003% DLTDP, 

and 0.007% DSTDP. 

The pooled s tandard d e v i a t i o n s  f o r  t h e  a d d i t i v e  d e t e r -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1274 SCHABRON 

TABLE 111 

Results o f  Studies on Po . jmer  Samples w i t h  Known Arnoun-; o f  
Additives. 

SAMP L E A D D I T I V E  SPECIF IED WT. % DETERMINED WT. % 

P P  ARMOSTAT 410 

P P  ATMUL 84 

P E  DLTDP 

P P  DSTDP 

PE ARMOSTAT 310 0.10 
0.10 
0.20 
0.20 
0.40 
0.40 
0.60 
0.60 
0.05 
0.05 
0.10 
0.10 
0.20 
0.20 
0.40 
0.40 
0.10 
0.10 
0.20 
0.20 
0.40 
0.40 
0.80 
0.80 
0.01 
0.01 
0.03 
0.03 
0.10 
0.10 
0.20 
0.20 
0.05 
0.05 
0,lO 
0.10 
0.20 
0.20 
0.40 
0.40 

0.068 
0.072 
0.14 
0.15 
0.31 
0.32 
0.48 
0.47 
0.034 
0.034 
0.083 
0.085 
0.18 
0.18 
0.39 
0.38 
0.068 
0.068 
0.18 
0.17 
0.43 
0.42 
0.76 
0.75 
0.018 
0.014 
0.029 
0.026 
0.052 
0.046 
0.12 
0.11 
0.070 
0.052 
0.092 
0.088 
0.26 
0.24 
0.42 
0.45 
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DETERMINATION OF POLYOLEFIN ADDITIVES 1 2 7 5  

TABLE I V  

P r e c i s i o n  Data f o r  t h e  A d d i t i v e s  

POOLED STANDARD RANGE OF VALUES, 
WT. % _----- ADD I T I  VE DEV IATIONa 

ARMOSTAT 310 
ARMOSTAT 410 
ATMUL 84 
DLTDP 
DSTDP 

0.0089 0.068-0.48 
0.0050 0.034-0.39 
0.0055 0.068-0.76 
0.0063 0.014-0.12 
0.020 0.052-0.45 

a. Ca lcu la ted  f rom t h e  d a t a  i n  Tab le  111. 

I n t e r f e r e n c e s  Usua l l y  more than  one a d d i t i v e  i s  used i n  a p o l y -  

o l e f i n  f o r m u l a t i o n .  Thus, i n  de te rm in ing  an a d d i t i v e ,  i t  i s  

i m p o r t a n t  t o  check p o s s i b l e  i n t e r f e r e n c e s  w i t h  o t h e r  a d d i t i v e s  

which c o u l d  be p resen t  i n  t h e  polymer. S tud ies  i n d i c a t e d  t h a t  BHT 

and I rganox  1010 do n o t  i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n  o f  Armo- 

s t a t s  310 and 410. However, a peak due t o  a m ino r  component i n  

t h e  a d d i t i v e  Weston 618 m i g h t  be an i n t e r f e r e n c e  i f  t h i s  a d d i t i v e  

i s  p resen t .  A sma l l  component i n  Weston 618 a l s o  m i g h t  i n t e r f e r e  

i n  t h e  d e t e r m i n a t i o n  o f  Atmul 84. However, t h e  a d d i t i v e s  DSTDP, 
DLTUP, BHT, and E t h y l  330 do n o t  i n t e r f e r e  i n  t h e  d e t e r m i n a t i o n  o f  

Htmul 84. I n  t h e  d e t e r m i n a t i o n  o f  DLTDP and DSTDP, some p o t e n t i a l  

i n t e r f e r e n c e  was encountered w i t h  Topanol CA and I rganox  1010, 

however, t h e  i n t e r f e r e n c e  f rom t h e  l a t t e r  a d d i t i v e  was s l i g h t .  

The a d d i t i v e s  CGL-144, Kemamide E, I rganox  1076, TNPP, and BHT do 

n o t  i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n  o f  DLTDP o r  DSTDP. 

e r a l ,  i n t e r f e r e n c e  s t u d i e s  should be done w i t h  any o t h e r  known 

a d d i t i v e s  p resen t .  

I n  gen- 

CONCLUSION 

The procedure descr ibed i n  t h i s  work should be amenable t o  

s e v e r a l  t ypes  o f  a d d i t i v e s  which do n o t  possess good chromophores 

f o r  s e n s i t i v e  d e t e c t i o n  i n  d i l u t e  s o l u t i o n .  The 2 hour Soxh le t  
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1276 SCHABRON 

e x t r a c t i o n  conce ivab ly  c o u l d  be coupled w i t h  o t h e r  s p e c i f i c a l l y  

des igned normal-phase HPLC systems, o r  nonaqueous reversed-phase 

systems as w e l l .  

ACKNOWLEDGEMENT 

The author  wishes t o  acknowledge t h e  ass i s tance  o f  M. R .  
Meese f o r  t h e  p r e l i m i n a r y  HPLC work, K .  R. M i l l s  f o r  p r e p a r i n g  t h e  
sp i ked  polymer samples, and J .  E. P u c k e t t  and M.  W. Scoggins f o r  
pe r fo rm ing  t h e  Soxh le t  e x t r a c t i o n s .  

1. 

2.  

3. 

4. 

5 .  

6.  

REFERENCES 

Schabron, J .  F.; Fenska, L. E .  Anal .  Chem. 1980 52, 1411. 

Schabron, J. F.; B r a d f i e l d ,  D. Z.  J .  Appl .  Polym. S c i .  1981 
26, 2479. 

“Determinat ion o f  UV Absorb ing P o l y o l e f i n  A d d i t i v e s  by  
Grad ien t  and I s o c r a t i c  Normal-Phase High Performance L i q u i d  
Chromatography,” Schabron, J. F.; Smith, V .  J., Ware, J .  L., 
submi t ted  f o r  p u b l i c a t i o n .  

Haney, M. A.; Dark, W. A. J .  Chromatogr. S c i .  1980 18, 655. 

Lehotay, J.; Danecek, 3.; L i ska ,  0.; Lesko,J.; Brandsteterova,  
E .  J. Appl .  Polym. S c i .  1980 25, 1943. 

Walter, R .  B. ;  Johnson, J. F. 3. Polymer Sc i . :  Macromolecular 
Reviews 1980 15, 29. 

-- - 
---- - 

- - - 
---- - 

--- - D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


