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POLYKETONES AND POLYSULFONES FOR~CONSERVATION ' 

IN THE ETHYLENE POLYMER INDUSTRY 
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summary \ 

.The objectives of this program is to substitute relatively large 

. quantities of' CO into ethylene copolymers forming polyketones and determine 

their- market value as a low cost and energy conservative polymer.  re- . 
. . 

liminary studies have also been performed with Et-SO . mixcllrps fn&i.n8 
. . 2 

~olysulfone copolymers. The work accomplished during. this period is 

summarized below. . . 

Pound quantities of Et-CO copolymers have been produced 'at pressures 
. . 

of 680-atm with G-values range.from 1000 to 3600. Oxygen acts as an 

inhibitor .to polymeri.ation. ' Tenneco ~heiica.ls, Inc. is in the process 

of evaluating the properties of the copolymer. 

Et-CO gas copolymerized at low pressures in the order of 5  atm 

indicated low yields and produced a low molecular weight. waxy material. 

- Et-SO copolymer can be.produced at low pressure ( u . 5  atm) i n  the gas , 2 .  

phase by means of Co-60 gamma radiation with chemical and physical propert- 

ies that appear to be comparable to that of the copolymer made at higher 

pressure (> 50 atm). Tlie yield in.terms of G-values are high ranging to 

10,000. Oxygen which initially acts as an inhibitor on subsequent radiation 

may act as a catalyst enhancing the rate of polymerization. 

Et-SO can be by therm~catal~tic means, however, the most 2 

stable lil Et-SO copolymer was not produced. The properties of the 
2 

copolymer have yet to be measured to determine the relative value of the 

thermal versus the radiation treatment. 
. . 
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I, .Introduction 

The principal objective of this investigation is to prepare ethylene 

polyketones and ethylene polysulfones for determination of their useful- 

ness in'industry ,as a means of substituting low-cost and energy conserva- 

tive materials. in the .ethylene polymer and copolymer market. (192) In 

the case of the.Et-CO polyketones, a joint program.was set up between BNL 

and Tenneco Chemicals, Inc. (TCI) in which BNL would prepare the copolymers 

.by radiation induced means and Tenneco would assist in characterization of 

the copolymers and also compare the results with thermochemical means of 

copolymerization. 

In the case of the Et-SO polysulfones, a similar joint program with 
2 

# 

another industrial firm (The International Nickel Company, Inc.) is being , 

proposed. . 

In the previous repo~ting period(3), Et-CO copolymers, as well as 

Et-SO copolymers and Et-SO -CO terpolymers, .were prepared by means of 2 2 

electron beam machine radiation and compared .with co-60 gamma radiation 

produced polymers. The yields and G-values for Et-CO copolymers appear 

to'be lower when polymerization is induced by electrons in comparison 

2 3 
with bremsstrahlung or gamma radiation (G=10 to 10 for electrons vs 

3 4 
G=10 to 10 for Co-60>. The yields and G-values for Et-SO2 copolymers 

appear to be about the same for electron.and gamma-induced radiation. 



During 'the present reporting period, larger quantities of Et-CO. 

copolymers were prepared for more advanced characterization studies. 

Repetitive falling-pressur.e runs were made in existing small-size, high 

pressure vessels us.ing Co-60' gamma radiation. 

11. Preparation .of ~t-co Copolymer for Characterization ' Studies 

A total of '877g of Et-CO copolymer was prepared during this period 

for further characterization studies by TCI. Existing ?-in. O.D. x 1-in. 

3 1.D Inconel and stainless.stee1 high pressure V P S S P . ~ ~  (110 cni volumo) 

were used in the BNL Co-60 gamma facility.' The pressure vessel assembly 

with a pressure gauge and rupture disc ,attachment used in previous runs 

was modified by removing the pressure gauge and shortening the inter7 

connecting 114-in. O.D. tubing to facilitate the handling. and filling of ' 

. the vessels. Figure 1 shows a modified vessel assembly with shut-off 
# 

valve and rupture disc assembly. After filling to 10,000 psi (680 atm) 
*. 

at room temperature with the. Et-CO gas mixture containing 49.0 to 49..9% 

CO (c.p. grade supplied premixed by Matheson Gas Products), the charged 

vessel assembly was either attached to a long pole and irradiated by 

being inserted into the gamma pool directly -into a Co-60 source holder 

cage or lowered by means of a chair! into an air tube containing water 

located in a CO-60 source holder cage. In either case, this vessel was 

in direct contact with water.maintained at 10 to 13O~, which served as a 

constant temperature bath. 

The yields, integral polymerization rates and integral G-values for , 

the 48 runs made during this period are given in Table 1. The total 

dose ranged between 2.40 and 16.23 Mrad and dose rates were 0.6 and 2.0 

Mradlhr. Average polymer mass formed was approximately 18g per run; 



a maximum yield of 33.7g was attained in run 85 at the maximum dose of 

16.23 Mrad. A maximum integral rate of 80.8 g/l-hr and a maximum integral 

G-value of 3625 molecules/100 eV were achieved in run 99. Consistent 

differences in the overall rates and G-values were apparent for the four 

different batches of gas mixtures that cannot be 'attributed .merely to their 

slight difference in CO content. Analysis of the gas mixture used in runs 

138, 140, 142-144, which gave low Gvalues of 1048-1305 molecules/100 eV 

indicated 0.22% air impurity in the monomer gas. 'Oxygen is known to be 

an inhibitor'in free-radical polymerization and this effect was demonstrated 

.in a run made with the deliberate addition of oxygen. A 49.0% CO mixture , 

(cyl. No., 45295) containing 0.3% oxygen was given a dose'of 11.0 Mrad at 

2 Mrad/hr and produced only 0.51g of discolored polymer product. 

since the vessels. were not provided with a pressure gauge, estimates 

of the pressure at the gamma .pool temperature of 10-13OC were made on the 

assumption that the compressibility of the mixture is equal to the sum of 

the product of concentration and compressibility of each, gas. On this 

basis the initial was estimated to be 9400 psi (639 atm). .In 

previous runs initial pressures of 8750 (595 atm) or.less were observed 
' 

for these conditions,'thus indicating that an appreciable error exists 

0 
in the above assumption. Final pressurek at 10 to 13. C. for various' 

yields were estimated to be as follows. 

~inal Pressure 
Yield, g psi atm 



The product was removed a s  a  s o l i d  whi te  plug ( see  F igure  2) by pushing 

. i t  ou t  of the  opened v e s s e l  wi th  a  rod. No attempt was made t o  remove, 

t h e  smal l  amount of m a t e r i a l  remaining on t h e  w a l l s  between runs .  

111. Et-CO Copolynierization a t  Low Pres su re  

The Co-60 gamma-induced copolymerizat ion of Et-CO a t  low p res su re  

(approximately 

48.8% CO w a s  i r  

5  atm) w a s  b r i e f l y  i nves t iga t ed .  A mixture containing 

3 , r a d i a t e d ' a t  0.6 Mrad/hr i n  a 77 cm high  p re s su re  v e s s e l  

provided with a p re s su re  gauge (104 cm3 t o t a l  volume). The appara tus  was 

skmi lar  t o  t h a t  used previous ly  i n  runs  1-16. 

A drop I n  p re s su re  from 74.0 t o  71.7 p s i a  dur ing  t h e  i n i t i a l  25 h r  

per iod  w a s  followed by a  l e s s  r a p i d . b u t  l i n e a r  drop t o  67.1 p s i a  a f t e r  a 

t o t a l  of 139.2 h r  of i r r a d i a t i o n  (83.5 Mrad t o t a l ) .  On t h e . b a s i s  of t h e  

p r e s s u r e  v s  t ime r e l a t i o n s h i p  e s t a b l i s h e d  du r ing  t h e  ' l a t e r  per iod ,  a  G-value 

of 40 molecules/100 eV and a  polymerizat ion r a t e  of 4.12 mg/l-hr were 

determined. Comparison wi th  previous runs  7 ,  9 ,  10 ,  15,  16,  and 23 made 

, i n  t h e  148 t o  575 atm range(3) i n d i c a t e s  a 0.97 power dependence of t h e  

.G-value on the  pressure .  More d a t a ,  o f . c o u r s e ,  are needed i n  t h e  5 t o  

148 atm range t o  e s t a b l i s h  t h i s  r e l a t i o n s h i p .  The product w a s  ' c l ea r ,  

wax-like m a t e r i a l  t h a t ' c o a t e d  t h e  i n t e r i o r  of t h e  v e s s e l  and was probably 

: of low molecular  weight.  

Et-SO ~ o p o l y m e r i z a t i o n  a t  Low Pres su re  by Co-60 Gamma Radiat ion 2 

The Co-60 gamma-induced copolymerizat ion of Et-SO a t  low p res su re  
2 

(< 5 atm) was i n v e s t i g a t e d  i n  t h e  same system descr ibed  i n  t h e  previous 

s e c t i o n .  Gas mixtures  of Et-SO con ta in ing  up t o  50 v o l  % SO and a l s o  
2 2 

' 

oxygensin some cases ,  up t o  .3.4 v o l  % were i r r a d i a t e d  a t  0.6 Mradlhr t o  



determine r e a c t i o n  k i n e t i c s  and t o  prepare  samples f o r  a n a l y s i s .  The 

polymerizat ion r a t e s  and G-values were determined from t h e  r a t e  of p re s su re  

drop i n  t h e  system dur ing  i r r a d i a t i o n .  The r e s u l t s  a r e  shown i n  Table 2. 

0 
It should be  pointed ou t  t h a t  a t  10  C any p a r t i a l  p re s su re  of SO above ' 

2 . . 

35 p s i a  w i l l  produce a l i q u i d  phase  of SO i n  t h e  v e s s e l .  These low 
2 

p re s su re  runs  have been made wi th  a l l  t h e  SO i n  t h e  gas phase. 
. 2  

I n  run  86 made wi th  a 27 mole % mixture,  a maximum polymerizat ion r a t e  

3 
of > 1.77 g / l -hr  'and a maximum G-value of > 9.80 x 10 molecules/100'  eV 

occurred j u s t  p r i o r  t o  t h e  dep le t ion  of t h e  SO c o n s t i t u e n t  i n  t h e  gas  
2 

mixture,  assuming. l:l molar r a t i o  of E ~ / s O  i n  t h e  polymer. ~ u n s  89 and z 
120 made wi th  a 50 mole % mixture gave e s s e n t i a l l y  a cons tan t 'po lymer iza-  

t i o n  r a t e  (0.38 and 0.32 g / l -hr ,  r e s p e c t i v e l y )  a f t e r  a 2 t o  4 h r  induct ion  
\ 

period.  Since t h e  a n a l y s i s  of t h e  from both of t h e s e  runs  a l s o  . 

i nd i ca t ed  approximately a 1:l E ~ / S O  r a t i o ,  t h e  gas mixture remained 2 
'2 

cons t an t  a t  50 mole % SO dur ing  t h e  run. The G-values were 3.04 x lo2  
2 

3 and 2.53 x 10 m o l ~ c u l e s / 1 0 0  eV f o r  runs  89 and 120, r e s p e c t i v e l y .  

I n  run  114, a mixture  con ta in ing  34% SO 60% Et ,  and 5 . 8 % ' a i r  (1.2% 
2 * 

. O  ) r e s u l t e d  i n  a .maximum polymerizat ion r a t e  of 1 .51 g/ l -hr  and a 
2 

4 
maximum G-value'of 1 .23  x 10 molecules/100 e V ,  which a r e  comparable t o  t h e  

va lues  obta ined  i n  run  86 f o r  a 27% SO mixture  without  a i r .  However, a 
2 

long induc.tion period (> 6 h r )  ' was observed i n  run  114, i n d i c a t i n g  a n  

i n i t i a l  i n h i b i t i n g  e f f e c t  due t o  t h e  presence of oxygen which w a s  sub- . 

sequent ly  overcome. The h ighes t  polymerizat ion rate (2.14 g / l -hr )  and , 

4 6-value (1.80 x 10  m o l e ~ u l e s / 1 0 0  eV) occurred i n  run  125 wi th  a 49% SO2 

mixture con ta in ing  1.7% 0 ( introduced as pure oxygen). These v a l u e s  a r e  
2 



approximately 6 to 7 times greater than obtained in runs 89 and 120 with 

a 50% SO mixture without oxygen. A more pronouriced induction period was 2 

also observed in run 114, which apparentl'y was also due to the presence 

of oxygen. However, the subsequent.effect of the oxygen was catalytic, 

possibly due to the formation of peroxides during irradiation which are 

known free ,radical catalysts. 

A similar catalytic effect was observed in run 129A with a 48% $0 2 

mixture containing 3 . 4 %  0 Here, however, the'higher initial oxygen 
2 ' 

content resulted in a very prolonged induction period (> 20 hr). In 

run.l29B, the addition of a 50% SO 50% Et mixture to the residual 
2 ' 

mixture from run 129A produced an immediate rapid reaction with no 

noticeable induction period, thus indicating the presence . . of 'a catalytic 

. . agent. 

The product in all cases was a white powdery material that formed . . . 

spongy plugs in the vessel when produced.in sufficient quantity. Thermo- 

gravimetric' and differential scanning calbrimetric analysis indicated 

properties similar to Et-SO copolymers made previonsly at higher pressure. 
2 

V. Et-SO Copolymerization by Chemical Catalyst 
2 

Several Et-SO copolymerization runs were made by means of'a.chemica1 
2 

catalyst'(azobis-2-methylpropionitrile). In.each run, one gram of catalyst 

3  
was placed in a 110 cm high pressure vesses provided with a pressure 

gauge and rupture disc assembly. , .  The charged vessel was rapidly heated 

from room temperature to' 1 0 0 ~ ~ .  and maintained at that temperature by ' .  

means 05 a water bath. The results are given in Table 3 .  



Run 77 was made with no catalyst and produced only 8 mg of white 

powder. Runs 133 and 139 were made with a sufficient amount of SO . 
2 

(10.6 and 20.0 g, respectively) so that liquid phase SO as well as 
2 ' 

gas phase SO was, present for the, duration of each run. A higher 2 * 

product yield was obtained.in run 133 (19.07g vs 8.70g) despite the reduced 

SO. quantity but probably because of the higher initial quantity of 2 . . 

ethylene in run 133 (47.3g vs 7.4g). Run 141 was made entirely in the 

gas phase and yielded only 0.87g copolymer because of the reduced initial 

quantity of SO2 (0.81g). 

In the three runs, chemical analysis of the product indicated's 

SO molar content ranging from 27.4 to-41.9%. Apparently the Is1 2 

E ~ - S O ~  copolymer (50% SO ) was not produced alone by thermocatalytic 2 

means. Thermogravimetric and differential scanning calorimetric analysis 

indicated a phase transition (melting point). in the p.roduct from runs 

133 and 141 at. 105 and 73'~~ respectively. This may be due to the 

presence of low molecular weight polyethylene homopolymer. The.chara- 

cterization of the. Et-SO copolymer produced by thermocatalytic means must 
. 2 .  . , 

be made for comparison with.that produced by radiation means in order to 

determine the relative value of each method. 

VI. Conclusions 

1. Pound.quantities of' Et-CO copolymers have been produced at pressures 

of 680 atm. G-values range from 1000 to 3600. Oxygen acts as an inhibitor 

to polymerization. Tenneco Chemicals, Inc. is in the process of evaluat- 

ing the properties of the copolymer. 



2. Et-CO gas ,copolymerized a t  l ow 'p re s su res  i n  t h e  o rde r  of 5  atm ' 
. . 

i nd i ca t ed  low y i e l d s  and produced 'a low' molecular weight,  waxy m a t e r i a l .  

3 .  Et-SO copolymer can be  made a t  low p res su re  (< 5 atm) i n  t h e  
2 

. . 

gas phase by means of Co-60 gankna r a d i a t i o n  wi th  chemical and phys i ca l  

t h a t  appear  t o  be comparable t o  t h a t  of t h e  copolymer made a t  

h ighe r  p re s su re  (>  50 atrn),.  h he y i e l d  i n  terms of G-values a r e  h igh  

ranging t o  10,000. Oxygen which i n i t i a l l y  a c t s  a s  an  i n h i b i t o r  on sub- 

s equen t . . r ad i a t ion  may a c t  a s  a  c a t a l y s t  enhancing t h e ' r a t e ' . o f  polymeriza- 
# 

- -  
t ion .  . . 

4. ~ t - S O  can b e  produced by thermocata1yti .c means, however, t h e  
2 

most s t a b l e  1:l Et-'SO co'polymer was no t  produced. 'The p r o p e r t i e s  of t h e  
2 

copolymer'have y e t . t o  be measured t o  determine the  r - e l a t i ve  va lue  of t he  

. . ' t he rma l  ve r sus  t h e  r a d i a t i o n . t r e a t m e n t .  

5. Low p res su re  polymerizat ion r a t e s  f o r  Et-SO copolymer of 
, , 2 . . 

4 
approximately 1 g/l-hr  and h igher  and G-values of approximately 1 0  

i n d i c a t e  p o t e n t i a l  commercial a p p l i c a t i o n  wt th  regard t o  r e a c t i o n  k i n e t i c s .  
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\ '  

, Tab'le 1 

C O - ~ O  GMlMA RADIATION COPOLYMERIZATION OF ETHYLENE AND CO FOR 
CHARACTERIZATION STUDIES . 

F i l l i n g  P r e s s u r e :  1 0 , 0 0 0 . p s i  c680 atm) a t  approx.  20°C 
Irradiation' Temp. : 10-13OC 

I n i t i a l  T o t a l   as Weight and D e n s i t y :  57.5 g ,  0.500 g/cm3 
' . System Volume: 110. cm3 i n  r a d i a t i o n .  f i e l d '  . 

'115 cm3 t o t a l  

P roduc t  O v e r a l l  O v e r a l l  
Run I n t e n s i t y ,  Time, Dose, we igh t ,  r a t e ,  G v a l u e ,  - 
No. % CO Mrad/hr h r  Mrad !3 ell .-hr molecules/100eV 



Table  1 (Cont . )  

Product  O v e r a l l  Over a 1  1 
Run I n t e n s i t y ,  Time, Dose, w e i g h t ,  r a t e  ,' -.G v a l u e ,  
No. % CO Mrad/hr h r Mrad g , g / l - h r  molecules/100eV 



Table  1  (Cont.)  

Product  O v e r a l l  O v e r a l l  , 

Run , I n t e n s i t y ,  ' Time, Dose, w e i g h t ,  r a t e ,  G v a l u e ,  
' NO.:%CO -Mrad /h r .  h r  Mrad . g  g / l - h r  molecules/100eV 

. . 

( a )  Cyl. No. 82601. 

( b )  Cy l .  No. 45295. 

( C )  Cyl. No. FF 20298. 0.22% a i r  i m p u r i t y .  

. . 
( d )  Cyl .  No. 48251. . . 



Table 2 

LOW PRESSURE CO-60 GAMMA COPOLYMERIZATION OF ETHYLENE AND SO7 I N  GAS PHASE 

I r r a d i a t i o n  Temp: 10-13OC Tota l  System Volume: 104 cm3 
Radiat ion In t ens i ty :  0 . 6 ~ 1 0 ~  r a d s / h r  Radiat ion Volume: 77 cm3 

To ta l  Max. Max. SO2 i n  
Run I n i t i a l V o l %  Pressure,  p s i a  t i m e ,  Yield, Rate, G Value Product,  
No. SO7 02 I n i t i a l  F i n a l  h r  t3 g/l-hr  molecules/100eV Vo1% 

(a) 5.8% a i r .  

( b )  Approximate 1:l Et-SO2 feed mixture added to  r e s i d u a l  mixture £ran run  129A. 

(C)  To ta l  combined weight from runs 129A and 129B. 

Table 3 

COPOLYMERIZATION OF ETHYLENE AND SO7 BY CHEMICAL CATALYST 

Temp. : 20-10Q°C 
Cata lys t :  l g  of azobis-2-methylpropionitrile i n  each run 

except No. 77 

Product SO2 i n  
Run I n i t i a l  Weight, g Press  Range, Time, Weight, Product ,  
No. E t  SO2 ps ig  hr g 

141 26.4 0.81 850-1230 1.62 0.87 
* 

Under these  condi t ions  SO2 is  a l so  present  i n  t he  l i q u i d  s t a t e .  



Figure 1. High pressure vessel assembly with 
shutoff valve and rupture disc. 

Figure 2. Typical Et-CO copolymer product after 
removal from vessel. 
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