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SUMMARY 

The synthesis of methylmethacrylat (P~IA) - su l fu r  copolymar has 
been completed by s ta r t i ng  from a mixture of Polymethylmetha~rylat (P I~)  
and elemental su l fu r  at high pressure (lOOO0 Kgf/cm-) and high 
temperature (550'C) by using a spec ia l ly  designed react ion vessel. The 
formation of copolymar is spontaneous and is due to the presence of 
act ive species (free b i radica l  of ~ and S) generated through the 
decomposition of PMIIA and po lysu l fur  under extreme condit ions. 

The resul ted copolymer has been characterized by using elemental 
analysis, TR, ~ and MS spectroscopy. 

INTRODUCTION 

Copolymarization occurs between almost any pa i r  of polymerizable 

v inyl  monomers, and also between one monomer which does ho~polymerize 

and other which does not, and can also occur when nei ther  monomer 

homopolymarizes readi ly .  Copolymars are of great importance since i t  is 

possible to make s ign i f i can t  changes in the physical propert ies of a 

f in ished polymeric material simply by changing t~e nature and the amount 

of the comonomers. This is the reason why new methods of obtaining 

copolymers and new copolymaric st ructures present a special in teres t  both 

fo r  academic and app l ica t ive  invest igat ions.  

Enikolopian and coworkers reported many years ago some synthesizes 

of obtaining polymeric materials at high pressures by s ta r t ing  from usual 

monomers [ I ] .  Polyacrylamide has been synthesized fo r  instance at 10-20 

Kbars. The formation of some copolymers has also been presented by using 

homopolymers (polyformaldehide and polydioxolane) and various ca ta l y t i c  

systems under common condit ions [2 ] .  
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In this paper a new way is suggested for synthesizing polymeric 

materials under extreme conditions, by starting from homopolymers and / 

or from mixtures of them, which undergo thermal depolymerization (with 

long k ine t i c  chain). 
The importance of depolymeri- ?able I. Heat induced monomer formatio~ (half- 

life of 30 mil~.) of polymers in absence of air 
zations during thermal degradations ii 

becomes evident from the monomer Polymer Monomer Fraction ?empera- 

release (in v o l a t i l e  products) of  moI t ture (C) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

various polymers in absence of a i r  [3-  Poly-a-methyl styreae 
4] (table I). Polyoxymethylene 

Polytetrafluorethylene 
Meeting the proper  thermo- Polymetbyl~ethacrylate 

dynamic conditions, fo r  the native Polymethacrylonitrile 
Polystyrene 

monomer molecules, resulted under  Polyisobutene 

100 
100 
96 510 
g5 330 
85 
41 160 
20 350 

thermal depolymerization mechanisms in 

the absence of air, new highways open 

up for recombination processes, which could lead eventually 

appearance of polymeric and copolymeric structures. 

The present paper reports specifically the synthesis of 

copolymer under the above mentioned circumstances. 

to the 

DDIA- S 

EXPERIMENTAL 

M a t e c L a l s  

Emulsion polymerization (I um diameter) PN~A beads and pure nat ive 

su l fu r  were used as s ta r t i ng  materials. 

The copolymerization react ion were carr ied out in a spec ia l ly  

designed, thermostated react ion vessel presented in f igure  I .  The main 

components of the reactor (hollow cy l inder  9, p iston 10 and pressing 

pe l l e t s  2, 4 and 6) are b u i l t  up of  hard s tee l ,  to support pressures as 

high as 10000 kgf/cm 7 and temperatures up to 450'C, The mixtures of 

s ta r t i ng  materials are Placed between the pressing pe l le ts  4 and 6 and 

the advanced seal ing fo r  high pressure condi t ion is assured by the 

aluminum O-rings 5 and 7, The mantle 8 al low a contro l led and uniform 
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heating up of the system, permit-  

t i ng  at the same time, through 

channel 1 the degassing of the 

s ta r t ing  products before" i n i t i a t i o n  

of the copolymerization reactions. 

C o p o l y m e r i z a t i o n  

The copolymerizations were 

carr ied out by using degassed 

mixtures of PMMA and su l fur ,  at 

I0000 kgf/cm ~ (by using a SPECAC 15 

tons hydraul ic press - LK) and at 

320'C. In a typical  experiment the 

mixture of ~ and S (~IIA / S : 

3 / I )  is introduced between the 

pressing pe l l e t s  4 and 6, then the 

selected pressure is established 

and the temperature is rsised, in a 

couple of minutes, to the copolymerization 

Figure i. The thermostated 
react ion yes s e i 
(unconventional conditions). 
1-channel ; 2,4,6-pressing 
pellets; 3,7-aluminum O-ring; 
5-mixture of starting 
materials; 8-mant I e ; 9-hol low 
cylinder; lO-piston, 

value. The isothermal 

condit ion is maintained fo r  the react ion period (30 minutes), fol lowed by 

the slow cool ing down of the system. The brown colored, so l id  phase f ina l  

react ion product is released from the react ion device eventual ly.  

A n a l y t i c a l  i n s t r u m e n t s  used f o r  t he  

c h a r a c t e r i z a t i o n  o f  t h e  copolymer_s 

The IR (KBr pe l le ts )  and UV (CHCl 3 solut ion;  reference CHCI3 

cuvettes with path length I0 mm) spectra were recorded on PERKIN ELMER 

577 spectrometer. The NFR (CDCI 3 solut ion) spectra were obtained by using 

a JEOL Cff) HL (60 ~IHz) instrument. Various temperature mass spectra were 

recorded (sol id sample holder device) on a MAT-Ill VARIAN instrument. 

Elemental analysis were carr ied out in order to compare the re la t i ve  

ra t io  of the elements of the s ta r t ing  materials and the f ina l  react ion 
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product. The thermal propert ies (TG and DTA curves) of the parent polymer 

and copolymer were monitored by using ~ - Derivatograph instrument. 

RESULTS AND DISCUSSION~ 

The elemental analysis data (table 2) 

points fo r  a IS 1 6f~IA ra t i o  composition 

copolymer when the S / ~ value in the s ta r t i ng  

"monomer" mixture is I /5 .  

The IR spectrum of P(~fIA-S) copolymer in 

comparison to that  of standard PrfIA are 

~resented in f igure  2. 

Table II. The Comparative 
elemental analysis data of 
standard PMMA and of P(MMA-S) 

111181 

PlO{i~ PfMMA-SI 

Elem, - .................. 
9toinh. ~ Stoich. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

C 60.0 5 56,96 4.98 
H 8.0 8 7,47 7.84 
0 32,0 2 30,48 2,00 
S - 5,0g 0.17 

{III I I 

, , I i I I I ~ I I I I 

4000 35'00 3000 2500 2000 1800 1600 1 0 1200 1()00 800 600 ~0 
Wavelenqfh, era-1 

Figure 2. The !R spectra of the PMMA and the P(MMA-S) 

2O0 

I t  can be noticed that the spectra of F ~  polymer and P(rI~A-S) 

copolymer are p rac t i ca l l y  the same, due to the fact  that  the C-S (700-600 

cm-' ),  S-S (500-aO0 c~') and s imi la r  l inkages are not read i ly  i den t i f i ed  

because e i t he r  the absorption is extremely weak or the posi t ion of the 

band is too var iable.  On the other hand the S-H absorption (2600-2550 cm- 

') is not inherent ly  strong and whi ls t  i t  is usual ly well defined, i t  is 

of ten d i f f i c u l t  to  detect in samples containing -CO0- groups which 

exh ib i t  general absorption in t h i s  region [5] .  

The H-N~IR spectrum ( f ig .  5) of  the chloroform soluble f rac t ion  (7 % 

of  the copolymer) of  the P(rI"IA-S) raw react ion product shows 
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characteristics signals due to the presence of the structural units: 

/ 

B c/ 
j 

E 

8 7 6 5 & 3 2 1 
ppm 

Figure 3. The H-NMR 
spectrum of the P(MMA-S) 
copolymer~ 

C,U CH, C C C,~ 
-r 

COOCU C'OOCH ,, S C --~ 

(A) (B) (C) (D) (E) 

The estimated A and B percent 

composition of the copolymer is 25% and 

75% respectively. 

The mass spectra of the copolymar 

were recorded at various temperatures 

(180'C, 250'C and 310'C) of vapori- 

zation. 

I t  is noteworthy that al l  of the 

spectra exhibi t  both molecular fragments 

of ~lAand i t s  sulfur derivatives and 

that the sulfur containing fragments 

proportion increases with the increase of the volatilization 

tern )eratures. 

30 &O SO 60 70 ~0 90 100 110 120 
[m 

Figure 4. The Mass spectra of the P(MMA-S) copolymer 
recorded at various temperatures of vaporization (a-80'C, 
b-250'C, c-330'C) 

Molecular monomers units appear at low intensities in the specfra, 
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b~ause of  the d e v e l c ~ t  of  i n t ~ s e  frag~entat ic~ processes during the 

a r~ lys is .  Table I I I  presents the n~le~ular  f r a g ~ t s  of MMA and of i t s  

su l f u r  der iva t i ves  i den t i f i ed  in the MS s ~ c t r a .  

The MS data al low to 

s u ~ s t  the presence in  the 

copolymer chains the 

fo l lowing s t ruc tu ra l  un i t s :  

r gt  
-s-s-c.,-r 

~ o ~  c~oo~ 
(101; 73; (155; 105; 

72; 71) 104; 105) 

Table III. Comparative molecular fragments 
of MMA its sulfur derivatives 

{H{{ 

MMA S-MMA S-S-NMA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Molecular Mw ~; Molecular Mw Molecular Mw 
fragment fragment fragment 

. . . . . . . . . . . .  . . . . . . . .  . . . . . .  

. . . .  c oocU~ . . . . . . . . . . .  . H _ L g o t ~  . . . . . . .  "_9__c_ooc"~ . . . . .  

H2C:C(CH3) 4t tOO HC':C(CH3) 73 H'C:C(CH3) t05 
~# ,s# 

B2C='C(CH3) H'C='C(CB3) He' ='C(CH3)133 
The TG and DTA curves ~0 69 66 Ha to 101 HS# ~0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

are presented in f i b r e  5. H2C:C=CH 39 40 H,C:C:CH 11 H'C:C=CH 103 
The decompo-s i t i~  nechanism H~ HS~ 

- -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H,C:C:CH 2 HC:C:CH 2 of P(MMA-S) copolyn~r in  H2C=C:CH2 40 tO 12 104 
c o ~ a r i s ~  to  that  of  the H~ HS~ 

PPIIA (depolymerization wi th i ,,,i 

l (~g k ine t i c  chain) shows 

t h r ~  pr(xcesses due probably to  the su l f u r  atc~ns presence wi th in  the 

macro~lecular  chains. 

These f ind ings  suggest that  in  e x t r ~ c o n d i t i c ~ s  s ta r t i ng  wi th a 

mixture of PPIIA end elemental su l f u r  P(MMA-S) cc~olyn~rs ar ise wi th 

s t ruc tu ra l  un i t s  of A end B. The inso lub le par t  of the c o ~ l y n e r  can be 

explained by c ross l i nk ing  processes probably. 
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Figure 5.The Thermal properties of the F ~  (a) and of the P(PIIA-S) 
copol ymer (b). 
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