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DETERMINATION OF UV ABSORBING POLYOLEFIN ADDITIVES 

BY GRADIENT AND I S O C K A T I C  NORMAL-PHASE H I G H  PERFORMANCE 

LIQUID CHROMATOGRAPHY 

J. F. Schabron*, V. J. Smith, and J. L. Ware 

P h i l l i p s  Petroleum Company 

P h i l l i p s  Research Center 

B a r t l e s v i l l e ,  Oklahoma 74004 

ABSTRACT 

A method p r e v i o u s l y  developed f o r  t h e  r a p i d  e x t r a c t i o n  o f  BHT, 
I rganox  1076, and I rganox  1010 f rom p o l y e t h y l e n e  p e l l e t s  was 
extended t o  i n c l u d e  o the r  u l t r a v i o l e t  absorb ing  a d d i t i v e s  i n  p o l y -  
e t h y l e n e  and po lyp ropy lene  mat r ices .  These were Santonox R, E t h y l  
330, Goodr i t e  3114, and Topanol CA. P o l y o l e f i n  p e l l e t s  were d i s -  
so l ved  i n  d e c a l i n  a t  110°C f o l l o w e d  by c o o l i n g  t o  p r e c i p i t a t e  t h e  
polymer. The concen t ra t i ons  o f  t h e  a d d i t i v e s  p resen t  were d e t e r -  
mined by normal-phase high-performance l i q u i d  chromatography o f  a 
p o r t i o n  o f  f i l t e r e d  e x t r a c t .  
P o r a s i l  and t h e  mob i l e  phase was a heptane t o  methylene c h l o r i d e  
g rad ien t .  
t h e  g r a d i e n t  system was s t u d i e d  a l s o  u s i n g  an i s o c r a t i c  methylene 
c h l o r i d e  mob i l e  phase. 

The HPLC s t a t i o n a r y  phase was p- 

The separa t i on  o f  some a d d i t i v e s  s t r o n g l y  r e t a i n e d  w i t h  

INTRODUCTION 

Recent ly  a r a p i d  e x t r a c t i o n  and a n a l y s i s  method f o r  t h e  t h r e e  

most common p o l y o l e f i n  a d d i t i v e s ,  BHT, I rganox  1076, and I rganox  
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614 SCHARRON, SMITH, AND WARE 

1010 was d e s c r i b e d  by Schabron and Fenska (1). 
e x t r a c t i o n  p r o c e d u r e  was f o l l o w e d  by h i g h - p e r f o r m a n c e  1 i q u i d  

chro inatography (HPLC) on p -Poras i  1 w i t h  a hep tane  t o  m e t h y l  ene 

c h l o r i d e  g r a d i e n t .  The g r a d i e n t  was used s i n c e  BHT, I r g a n o x  1076, 
and I r g a n o x  1010 have s i g n i f i c a n t l y  d i f f e r e n t  p o l a r i t i e s ,  and were 

n o t  w e l l  s e p a r a t e d  by i s o c r a t i c  HPLC systems. W i t h  t h i s  t y p e  o f  a 

g r a d i e n t  systeln compounds w i t h  a w i d e  r a n g e  o f  p o l a r i t y  can  be 

separa ted .  Such a system i s  p o t e n t i a l l y  u s e f u l  n o t  o n l y  f o r  t h e  

a n a l y s i s  o f  v a r i o u s  a d d i t i v e s ,  b u t  a l s o  f o r  t h e  r a p i d  s c r e e n i n g  o f  

unknown o r  c o m p e t i t o r s  p r o d u c t s  f o r  s e v e r a l  u l t r a v i o l e t  a b s o r b i n g  

a d d i t i v e s  w i t h  a s i n g l e  i n j e c t i o n .  R e c e n t l y ,  Huber and Feher  ( 2 )  

showed t h a t ,  i n  g e n e r a l ,  g r a d i e n t  e l u t i o n  i s  s u p e r i o r  coinpared t o  

o p t i m i z e d  i s o c r a t i c  e l u t i o n  o n l y  i n  t h e  s e p a r a t i o n  o f  n o t  t o o  

complex m i x t u r e s  o f  w i d e l y  d i f f e r e n t  components and f o r  p i l o t  work 

t o  f i n d  a s u i t a b l e  m o b i l e  phase. Thus, f o r  a s e p a r a t i o n  o f  one o r  

two Components o f  s i m i l a r  p o l a r i t y ,  an i s o c r a t i c  system s h o u l d  

o f f e r  b e t t e r  p r e c i s i o n  and simp1 i c i t y .  

A h o t  d e c a l i n  

I n  t h e  p r e s e n t  work, t h e  r a p i d  e x t r a c t i o n  and a n a l y s i s  method 

f o r  BHT, I r g a n o x  1010, and I r g a n o x  1076 ( 1 )  was s t u d i e d  w i t h  f o u r  

a d d i t i o n a l  UV a b s o r b i n g  h i n d r e d  phenol  t y p e  a d d i t i v e s  - Santonox R 
(bis-(2-methyl-4-hydroxy-5-tert-butylphenyl) t h i o e t h e r )  , Ethyl 330 

( 1  ,3,5-tr imethy1-2, 4 , 6 - t r i  s [ 3  , 5- ter t -buty l -4-hydroxybenzyl1 

benzene) ,  G o o d r i t e  3114 ( t r i s  (3 ,5-d i - ter t -buty l -4-hydroxybenzyl )  

i s o c y a n u r a t e )  , and  Topanol CA ( 3 : l  condensa te  o f  

3-methy l  - 6 - t e r t - b u t y l  phenol  w i t h  c r o t o n a l  dehyde) . 
d a t a  f rom b o t h  t h e  p r e v i o u s l y  d e s c r i b e d  HPLC sys tem ( 1 )  and an 

i s o c r a t i c  HPLC sys tem were  o b t a i n e d  and compared. 

Q u a n t i t a t i v e  

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  ch romatog raph  used i n  t h i s  s t u d y  was a Waters 

Model 204 l i q u i d  chro inatograph equ ipped  w i t h  two model 6000A pumps 
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UV ABSORBING POLYOLEFIN ADDITIVES 615 

and a Model 661) s o l v e n t  programmer. The I n j e c t o r  was a Valco 6000 

p s i  i n j e c t o r  w i t h  a 25 pL sample loop. 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 d e t e c t o r  s e t  a t  280 nm and 

a 10 mV s t r i p  c h a r t  recorder.  The column used was a 3.9 mm i.d. x 

3U cni p -Poras i l  column packed w i t h  10 mic ron  porous s i l i c a  

ob ta ined  from Waters Assoc ia tes ,  M i l f o r d ,  Mass. To p reven t  

c l o g g i n g  t h e  a n a l y t i c a l  column w i t h  low mo lecu la r  we igh t  po l ymer i c  

m a t e r i a l  when po lypropy lene e x t r a c t s  were i n j e c t e d ,  a 4mm i.d. x 3 

cm guard column packed w i t h  37-pm c18 C o r a s i l  was p laced  i n  ; ' q p  

j u s t  p r i o r  t o  t h e  a n a l y t i c a l  column ( 1 ) .  Thermolyne Type 1000 

s t i r  p l a t e s  o r  Lab-Line Pyro-Hagnest i r  No. 1268 s i x  beaker s t i r  

p l a t e  were ob ta ined  from VWR S c i e n t i f i c .  

A Waters 20-30 pm s t a i n l e s s  s t e e l  s o l v e n t  r e s e r v o i r  f i l t e r  was 

connected t o  about a 5 i n c h  l e n g t h  o f  3-mm i.d. 

The o t h e r  end o f  t h e  T e f l o n  t u b i n g  was connected t o  a 1 1/2 i n c h  

l o n g  b l u n t  16-gauge Luer-Lok needle w i t h  a 1/16 i n c h  s t a i n l e s s  

s t e e l  nu t  and f e r r u l e  a t  t he  end o f  t he  needle. The needle was 

connected t o  a Hami l ton  No. 1010 W g a s t i g h t  10-mL s y r i n g e  w i t h  

T e f l o n  plunger.  

The sample f i l t e r i n g  apparatus i s  i l l u s t r a t e d  i n  Reference 1. 

T e f l o n  tub ing .  

Reagents 

Heptane was d i s t i l l e d  i n  g lass  ob ta ined  from Burd i ck  and 

Jackson, Muskegon, Mich. Chloroform was M a l l i n k r o d t  AR grade froin 

S c i e n t i f i c  Products. Methylene c h l o r i d e  was Burd ick  and Jackson 

d i s t i l l e d  i n  glass.  The above mob i l e  phase s o l v e n t s  were a l l  

f i l t e r e d  th rough M i l l i p o r e  Type F-H 0.5 vm f i l t e r s  p r i o r  t o  use. 

Eastrnan d e c a l i n  f rom Sargent-Welch was p u r i f i e d  p r i o r  t o  use by 

pass ing  500 g d e c a l i n  th rough 120 g a c i d i c  aluminum ox ide  a c t i v i t y  

I ( F i s h e r  S c i e n t i f i c )  i n  a 30 cm x 4 cm i.d. g l a s s  column w i t h  

ground g lass  f r i t .  Th is  was necessary s i n c e  s i g n i f i c a n t  amounts 

o f  p o l a r  a romat ic  i m p u r i t i e s  r e c e n t l y  have been p resen t  i n  
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d e c a l i n s  from va r ious  commercia 

d e c a l i n  has been made a v a i l a b l e  

Jackson. 

SCHABRON, SMITH, AND WARE 

sources. Recent y p u r i f i e d  

by s p e c i a l  o rder  f rom Burd ick  and 

Naugard BHT was ob ta ined  from U n i r o y a l  Chemical, Naugatuck, 

Conn. I rganox 1076 and I rganox  1010 were ob ta ined  froin 

Ciba-Geigy, Ards ley ,  N. Y. Santonox R was ob ta ined  from Monsanto, 

S t .  Louis,  Mo. Ethy l  330 was ob ta ined  from E thy l  Corpora t ion ,  

Baton Rouge, La. 

Cleveland, Ohio. Topanol C A  was ob ta ined  froin ICI, Wilmington, 

Uel. A1 1 a d d i t i v e s  were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Goodr i te  3114 was ob ta ined  from 8. F. Goodrich, 

Procedure 

A 50-mL p o r t i o n  o f  a s tandard  s o l u t i o n  c o n t a i n i n g  about 0.03 

rng/mL each o f  E t h y l  330, Sandnox R ,  Goodr i t e  3114 and Topanol C A  

was p i p e t t e d  i n t o  a 100-mL beaker. A s t i r r i n g  bar  was added and 

t h e  s o l u t i o n  was heated t o  110°C w i t h  g e n t l e  s t i r r i n g  f o r  30 min. 

The s o l u t i o n  was t r a n s f e r r e d  t o  a coo l  s t i r r e r  and coo led  t o  room 

temperature. 

o b t a i n  q u a n t i t a t  ve da ta  on t h e  sample e x t r a c t  s o l u t i o n s .  

i n t o  a 100-mL beaker. 

i n t o  t h e  beaker and t h e  m i x t u r e  was heated t o  l l O ° C  on a h o t  p l a t e  

w i t h  g e n t l e  s t i r r i n g  f o r  about 30 min. o r  u n t i l  d i s s o l u t i o n  was 

coinpl ete. Usual l y  po lyp ropy lene  r e q u i r e d  about 45 min. The 

beaker was then t r a n s f e r r e d  t o  a coo l  s t i r r e r  and coo led  t o  room 

tempera ture  w i t h  s t i r r i n g  t o  p r e c i p i t a t e  t h e  polymer. 

a s i d e  w i t h  a mic rospatu la .  

f i l t e r  apparatus was i n s e r t e d  i n t o  t h e  s o l u t i o n  and about 5-10 mL 

o f  s o l u t i o n  was drawn i n t o  t h e  syr inge. 

removed from t h e  f e r r u l e  on t h e  needle and t h e  f i l t e r e d  s o l u t i o n  
was dispensed i n t o  a sinal l  v i a l ,  The f i l t e r  apparatus was r i n s e d  

w i t h  acetone and d r i e d  between samples. A f t e r  ex tens i ve  use, t h e  

Th s heated and coo led  s tandard  s o l u t i o n  was used t o  

About 29 PO ye thy lene  o r  po l yp ropy lene  p e l l e t s  was weighed 

A 50-mL p o r t i o n  o f  d e c a l i n  was p i p e t t e d  

The p r e c i p i t a t e d  polymer f rom the  above e x t r a c t i o n  was pushed 

The porous me ta l  f i l t e r  p o r t i o n  o f  t h e  

The T e f l o n  tube was 
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W ABSORBING POLYOLEFIN ADDITIVES 617 

metal  f i l t e r  became p a r t i a l l y  c logged and was regenerated by 

p l a c i n g  i t  i n  h o t  d e c a l i n  and s t i r r i n g .  

Program 6 ( l i n e a r )  going froin 100% heptane t o  100% methylene 

c h l o r i d e  i n  5 min. The mob i l e  phase g r a d i e n t  was s t a r t e d  a t  t h e  

p o i n t  o f  i n j e c t i o n .  

methylene c h l o r i d e .  For bo th  g r a d i e n t  and i s o c r a t i c  systems t h e  

t o t a l  f l ow  r a t e  was 2mL/min. The UV d e t e c t o r  was s e t  a t  0.2 o r  

0.4 absorbance u n i t  s e n s i t i v i t y  and t h e  reco rde r  c h a r t  speed was 1 

cm/min. Dup l i ca te  i n j e c t i o n s  o f  each o f  t h e  standard and sample 

s o l u t i o n s  were made. The r e t e n t i o n  volumes i n  t h e  g r a d i e n t  system 

f o r  BHT, E thy l  330, I rganox 1076, Samtonox R, Goodr i te  3114, 

I rganox  1010 and Topanol CA were 8.3, 9.8, 13.2, 14.4, 17.0, 21.4 

and 24.9 mL, respec t i ve l y .  These a r e  n o t  t h e  same as those pre- 

v i o u s l y  repo r ted  ( 1 )  s ince  a l oop  i n j e c t o r  w i thou t  2 mL dead 

volume was used i n  t h i s  study. I n  t h e  i s o c r a t i c  system t h e  re ten -  

t i o n  volumes f o r  Santonox R, Goodr i te  3114 and Topanol CA were 

4.8, 5.7 and 10.8 mL, r e s p e c t i v e l y .  The amount o f  each a d d i t i v e  

was determined from each sample i n j e c t i o n  by comparing peak 

h e i g h t s  f o r  samples and standards. A b lank  d e c a l i n  i n j e c t i o n  was 

made t o  determine from what p o i n t s  on t h e  base l ine ,  peak h e i g h t s  

should be measured. For t h e  g r a d i e n t  runs, g r a d i e n t  r e s e t  was 

instantaneous, f rom 100% methylene c h l o r i d e  t o  100% heptane. 

Sample i n j e c t i o n  cou ld  be made anytime a f t e r  t h e  appearance o f  a 

r e f r a c t i v e  index peak from t h e  UV de tec to r ,  s i g n i f y i n g  t h e  emer- 

gence o f  heptane from t h e  column. 

For g rad ien t  runs t h e  Model 660 s o l v e n t  programmer was s e t  a t  

For i s o c r a t i c  runs t h e  mob i l e  phase was 

RESULTS AND DISCUSSION 

A g r a d i e n t  chromatogram o f  t h e  f o u r  a d d i t i v e s  s tud ied  i n  t h i s  

r e p o r t  and t h e  t h r e e  a d d i t i v e s  p r e v i o u s l y  s tud ied  ( 1 )  i s  presented 

i n  F i g u r e  1. A l l  seven a d d i t i v e s  a re  comple te ly  separated. Th is  

i l l u s t r a t e s  t h e  u t i l i t y  o f  t h i s  techn ique f o r  separa t i ng  a wide 

v a r i e t y  o f  UV absorb ing  polymer add i t i ves .  
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618 SCHABRON, SMITH, AND WARE 

VOLUME FROM INJECTION, mL 

F igu re  1. Separa t ion  o f  p o l y o l e f i n  a d d i t i v e s :  1, i n  b lank  
d e c a l i n ;  2, 0.59 ug EHT; 3, 0.75 p g  E t h y l  330; 4, 0.61 p g  I rganox  
1076; 5, 0.84 u g  Santonox R ;  6, 0.74 vg Goodr i te  3114; 7, 0.64 ug 
I ragnox  1010; 8, 0.65 p g  Topanol CA. 

Ac cu racy  

Sp ik ing  exper iments were performed by d i s s o l v i n g  p o l y o l e f i n  

The r e s u l t s  o f  s p i k i n g  2 g 

The r e s u l t s  show good 

samples c o n t a i n i n g  none o f  t h e  a d d i t i v e s  under s tudy  i n  d e c a l i n  

c o n t a i n i n g  known amounts o f  a d d i t i v e s ,  

p o r t i o n s  o f  po l ye thy lene  and po lypropy lene a re  l i s t e d  i n  Table I .  
The g r a d i e n t  HPLC separa t i on  was used. 

recovery  o f  t h e  a d d i t i v e s  E t h y l  330, Santonox R, Goodr i t e  3114, 

and Topanol CA a t  l e v e l s  cor respond ing  t o  0.05% and 0.1% o f  each 

a d d i t i v e  i n  the  polymer. These good recove r ies  i n d i c a t e  t h a t  t h e  

a d d i t i v e s  were even ly  d i s t r i b u t e d  i n  t h e  d e c a l i n  b o t h  i n s i d e  and 

o u t s i d e  t h e  polymer "sponges" r e s u l t i n g  f rom t h e  e x t r a c t i o n .  

S i m i l a r  r e s u l t s  were observed f o r  BHT, I rganox  1076 and I rganox  

1010 ( 1 ) .  

Sample S ize  

t h e  f o u r  a d d i t i v e s ,  were each analyzed i n  d u p l i c a t e  a t  sample 

A po l ye thy lene  and a po lyp ropy lene  sample, each c o n t a i n i n g  
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620 SCHABRON, SMITH, AND WARE 

amounts o f  about 1, 2 and 4 g, r e s p e c t i v e l y .  The r e s u l t s  a r e  

l i s t e d  i n  Table 11. These da ta  show t h e  absence o f  s i g n i f i c a n t  

cons tan t  e r r o r .  

Prec i si on 

A po l ye thy lene  sample c o n t a i n i n g  a l l  f o u r  a d d i t i v e s  was 

analyzed i n  s i x  r e p l i c a t e  runs. 

111. These r e s u l t s  show good p r e c i s i o n  f o r  t h e  method. A 
po lyp ropy lene  sample c o n t a i n i n g  t h e  f o u r  a d d i t i v e s ,  a l s o  was 

analyzed i n  s i x  r e p l i c a t e  runs. 

I V .  

The r e s u l t s  a r e  l i s t e d  i n  Tab le  

These r e s u l t s  a r e  l i s t e d  i n  Tab le  

They a l s o  show a good p r e c i s i o n  f o r  t h e  method. 

The p r e c i s i o n  was s l i g h t l y  improved when t h e  s i x  po l ye thy lene  

e x t r a c t s  (Tab le  111) were i n j e c t e d  u s i n g  t h e  i s o c r a t i c  HPLC sys- 

tem. These r e s u l t s  a r e  l i s t e d  i n  Tab le  V. E thy l  330 cou ld  n o t  be 

determined w i t h  a methylene c h l o r i d e  mob i l e  phase because i t  

e l u t e s  w i t h  t h e  so l ven t  f r o n t .  

Dur ing  t h e  course of these p r e c i s i o n  s tud ies ,  da ta  comparing 

t h e  p r e c i s i o n  f o r  d u p l i c a t e  sample i n j e c t i o n s  w i t h  t h e  p r e c i s i o n  

TABLE I1  

SAMPLE SIZE VARIATION RESULTS WITH POLYETHYLENE AN0 POLYPROPYLENE 

Amount Found, w t  % 
Amount, L t h Y l  Sa n t onox Goodri t e  T o p a n g  

Sample g 330 R 3114 CA 

Amount Found, w t  % 
Amount, L t h Y l  Sa n t onox Goodri t e  T o p a n g  

Sample g 330 R 3114 CA 

PE 1.01 0.074 0.063 0.090 0.086 
PE 1. u4 0.079 0.072 0.092 0.096 
PE 2.16 0.080 0.078 0.100 0.095 
PE 2.01 0.072 0.067 0.084 0.099 
PE 4.01 0.072 0.070 0.091 0.082 
PE 4.01 0.075 0.073 0.091 0.084 

PP 1.00 0.070 0.051 0.091 0.094 
PP 1.07 0.074 0,051 0.094 0.099 
PP 2.02 0.076 0.058 0.097 0.096 
PP 2.02 0.077 0.051 0.100 0.094 
PP 4.01 0.072 0.059 0.093 0.090 
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W ABSORBING POLYOLEFIN ADDITIVES 621 

TABLE I 1 1  

RESULTS OF S I X  REPLICATE DETERMINATIONS FOR A 

POLYETHYLENE SAMPLE, USING THE GRADIENT HPLC SYSTEM 

Amount Found, w t  I 
Sampl e tt hY1 Santonox Goodri t e  Topanol' 
Amount ,g 330 R 31 14 CA 

1.97 
2.09 
2.01 
2.00 
2.01 
2.06 

a x =  
S =  

95% Confidence 

0.082 
0.079 
0.078 
0.074 
0.072 
0.080 

0.078 
0.0038 

+O. 0040 

0.073 
0.074 
0.072 
0.071 
0.068 
0.076 

0.072 
0.0029 

*O. 0030 

0.100 
0.094 
0.092 
0.088 
0.084 
0.096 

0.093 
0.0059 

20.0062 

0.093 
0.086 
0.088 
0.086 
0.091 
0.090 

0.089 
0.0030 

20.0031 

b 
x =  0.078 0.074 0.092 0.087 

0.0040 0.0035 0.0063 0.0035 
s =  to. 0042 20.0037 20.0066 to. 0037 

95% Confidence 

a. Dupl i c a t e  injection resu l t s .  
b. S ing le i n j e c t i o n  resu l t s .  

f o r  s i n g l e  sample i n j e c t i o n s  were obtained. These data are l i s t e d  

i n  Tables 111, I V  and V f o r  po lyethy lene e x t r a c t s  separated by 
g rad ien t  HPLC , polypropylene e x t r a c t s  separated by g rad ien t  HPLC, 

and polyethylene e x t r a c t s  separated by i s o c r a t i c  HPLC, respec- 
t i v e l y .  Generally, t h e  p r e c i s i o n  drops somewhat when only  s i n g l e  

i n j e c t i o n s  a re  made. 
s l i g h t  and thus i t  should be poss ib le  t o  make s i n g l e  sample 
e x t r a c t  i n j e c t i o n  i n  cases when a r e l a t i v e l y  l a r g e  number samples 
must be analyzed i n  a shor t  per iod o f  time. 

The data show t h i s  p r e c i s i o n  drop t o  be 
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622 SCHABRON, SMITH, AND WARE 

TABLE I V  

RESULTS OF S I X  REPLICATE DETERMINATIONS FOR A 

POLYPROPYLENE SAMPLE, USING THE GRADIENT HPLC SYSTEM 

Amount Found, w t  % 
Sample I t  hy l  Santonox Good r i t e  T o p a m  
Amount ,g 330 R 3114 C A  

2.02 
2.02 
2.10 
2.02 

0.076 0.062 0.097 0.094 
0.079 0.058 0.101 0,094 
0.076 0.064 0.098 0.097 
0.076 0.057 0.099 0.090 

2.01 0.075 0.066 0.104 0.099 
2.01 0.076 0.064 0.099 0.097 

x =  0.076 0.062 0.099 0.095 
s =  0.001 4 0.0035 0.0025 0.0032 

95% Confidence kO.0015 20.0037 k0.0026 k0, 0034 

a 

b 
x =  
s =  
95% Conf 

a. Dupl 
b. Sing 

0.077 0.063 0.099 0.092 
0,001 9 0.0031 0.0032 0.0033 

dence iO.0020 +O. 0033 +O. 0034 *O. 0035 

ca te  i n j e c t i o n  r e s u l t s .  
e i n j e c t i o n  r e s u l t s .  

L i m i t s  o f  D e t e c t i o n  

The l i m i t s  o f  d e t e c t i o n  f o r  t h e  a d d i t i v e s  were c a l c u l a t e d  

based on 2-mm peak he igh ts  a t  0.2 Abs. Th is  corresponds t o  a S/N 
r a t i o  of about 2. The l i m i t s  o f  d e t e c t i o n  f o r  a 25 pL e x t r a c t  

f rom a 2 9 polymer sample separated w i t h  t h e  g r a d i e n t  HPLC system 

a r e  0.038 mg o r  0.0012 E t h y l  330, 0.058 mg o r  0.002% Santonox R, 
0.13 mg o r  0.006% Goodr i te  3114, and 0.32 mg o r  0.016% Topanol CA, 

These l i m i t s  a re  q u i t e  s u f f i c i e n t  f o r  t h e  a n a l y s i s  o f  t y p i c a l  

a d d i t i v e  l e v e l s  o f  about 0.05% or greater .  
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TABLE V 

RESULTS OF S I X  REPLICATE DETERMINATIONS FOR A 
POLYETHYLENE SAMPLE, USING THE ISOCRATIC HPLC SYSTEM 

Sample 
Amount ,g 

1 .Y7 
2.01 
2.10 
2.00 
2.16 

Amount Found, w t  X 
Sa n t o nox Goodri t e  To pa no1 

R 3114 CA 
0.084 0.10 0. oga 
0.079 0.094 0. oaa 
0.079 0.095 0.087 
0.078 0.091 0.087 
0.081 0.095 0.090 

2.01 0.077 0. oaa 0.084 

x =  0. oao 0.094 0. oa9 

95% Conf idence 50.0026 +O. 0041 to. 0048 

a 

s =  0.002 5 0.0041 0.0049 

b 
x =  0.080 0.093 0. oa9 
s =  0.002 7 0.0045 0.0052 

95% Conf idence to. 0028 50. 0047 k0.0055 

a. Dup l i ca te  i n j e c t i o n  r e s u l t s .  
b. Sing le  i n j e c t i o n  r e s u l t s .  

CONCLUSION 

The method descr ibed i n  t h i s  r e p o r t ,  when combined w i t h  t h e  

method p r e v i o u s l y  repo r ted  (1 )  f o r  de termin ing  UV absorb ing  

polymer a d d i t i v e s  by normal -phase HPLC on  p-Porasi 1 f o l l  owing 

decal  i n  e x t r a c t i o n ,  p rov ides  a use fu l  t o o l  f o r  qua1 i t y  assurance 

o r  l o t  c e r t i f i c a t i o n  analyses. The seven a d d i t i v e s :  BHT, E thy l  

330, I rganox 1076, Santonox R ,  Goodr i te  3114, I rganox  1010 and 

Topanol C A  can be determined i n d i v i d u a l l y  o r  i n  any combinat ion 

w i t h  a s i n g l e  HPLC system. 

a l s o  a l l ow  f o r  t h e  a n a l y s i s  o f  T i n u v i n  144 (3 )  i n  po lypropy lene 

f o l l o w i n g  d e c a l i n  e x t r a c t i o n .  Other a d d i t i v e s  ammenable t o  t h e  

decal  i n  e x t r a c t i o n  fo l l owed  by separa t i on  on o the r  normal-phase 

S l i g h t  v a r i a t i o n s  i n  t h e  HPLC system 
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624 SCHABRON, SMITH, AND WARE 

HPLC systems a re  I rganox  1024 and UV 531. 

two a d d i t i v e s  i s  c u r r e n t l y  underway. 

descr ibed i n  t h i s  r e p o r t  should p rov ide  a useful  s t a r t i n g  p o i n t  

f o r  f u t u r e  a n a l y t i c a l  methods development work f o r  o t h e r  new UV 

absorbing a d d i t i v e s ,  which may be used i n  polymer fo rmula t ions .  

Work on these l a t t e r  

The decal i n  e x t r a c t i o n  f o l l  owed by g r a d i e n t  normal -phase HPLC 
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