
Polymer Bulletin 26, 39-46 (1991) i ] l ~ l r  B u l l e l k l  

�9 Springer-Verlag 1991 

Graft-copolymerization of PVC with polymerizable UV absorbers 
A. AI-Mobasher, S. Attad, H. Pasch*, K. F. Shuhaibar, and F. A. Rasoul 

Materials Application Department Petroleum, Petrochemicals and Materials Division, 
Kuwait Institute for Scientific Research, P.O. Box 24885, Safat 13109, Kuwait 

Sumnlar v 
Polyvlnyl chloride has been grafted wlth two different monofunctlonal polymerlzable ultra- 
violet ( U V )  absorbers, 4-methacryloyloxy-2-hydroxybenzophenone and 
2(2-hydroxy-4-methacryloyloxyphenyl) 2H-5-methoxy-benzotrlazole. PVC was activated by 
dehydrochlorlnatlng It In pyrldlne and subsequently grafted with the monomerlc UV absorbers 
In tetrahydrofuran by free radical polymerization. The molar masses of  the resulting g ra f t -  
ed polymers and the distribution of  the UV absorber moieties along di f ferent molar mass 
fractions were determined by GPC. It was shown that In addition to the graft ing reaction, 
recombination of  the DHPVC and homopolymerlzatlon of  the UV absorber molecules take 
place. 

J E L T ~  
Polyvlnyl chloride Is a widely applicable polymer. However, under the normal conditions of  
processing, storage, or utilization, PVC undergoes degradation, resulting In the deter iora- 
tion of  Its useful properties. 

In order to overcome the photodegradatlon of  PVC certain ultraviolet (UV) absorbers 
are added, which can absorb most of  the harmful radlatlon and reemlt It In a non harmful 
form. The UV absorber must be effect ive over a longer period of  time, therefore it must 
not be degradable, volatilize from the polymer, leached out by solvents. Also the additive 
must be evenly distributed which requires that It be compatible with the polymer. UV absor- 
bers can be Introduced to the polymer by either adding It In low percentage to the polymer 
mix during polymer processing or hooked to the polymer chain by copolymerlzatlon or graf t  
copolymerlzatlon, which requires a polymerlzable UV absorber, containing vinyl or allyl group 
In Its side chain. 

The lat ter approach, I.e., the graf t  copolymerlzatlon of  a monomerlc UV absorber onto 
a preformed polymer chain, was used to stabilize polyoleflns. Munteanu (1,2) stabilized 
LDPE, HDPE and PP by melt graft ing with polymerlzable benzophenones, whereas Vogl et al. 
(3) carried out the grafting reaction of  a vinyl benzotrlazole onto atactlc PP tn chloroben- 
zene solution. In all cases, organic peroxides were used as grafting Initiators. 

To our knowledge the  graf t  polymerization approach was not applied so far to the 
photostablllzatlon of  PVC. In order to photostabllize PVC the polymer chains must be act i -  
vated by creating conjugated or random double bonds. These active sides can be 
obtained by removing the active chlorine atoms using a weak base such as pyrldlne (4,5). 
The resulting dehydrochlorlnated PVC (DHPVC) can be graf t  copolymerized free radically with 
any suitable monomer, as was done with styrene to prepare poly(vlnylchlorlde-g-styrene) 
C6). 

*Permanent address: Central Institute of Organic Chemistry. Academy of Sciences, Rudower Chaussee 5.0-1199 Berlin, 
FRG 
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The present work Is aimed at graft ing two UV absorbers, 
4-methacry loy loxy-2-hydroxy-benzophenone I and 2(2-hydroxy-4-methacryloyloxyphenyl) 
2H-5-methoxy-benzotr lazole II to  DHPVC and characterizing the graf ted polymer by UV 
spectroscopy and Gel Permeation Chromatography (GPC). 
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PVC powder was obtained from Enlchem Pollmerl S.P.A. Company. The UV absorber monomers 
I and II were prepared In our laboratory using published procedures (7,8). 

HPLC grade tet rahydrofuran (THF) was kept over  sodium metal overnight, then It was 
distilled under nitrogen over  fresh sodium metal. AR grade pyrldlne was purified by keeping 
It over  sodium hydroxide pellets overnight, then dlstllllng It under nitrogen over  fresh sodl-  
urn hydroxide pellets. AR grade methanol and petroleum ether (40-60~ were used without 
fur ther  purif ication. AR grade 2,2'-azoblslsobutyronltr l le (AIBN) Init iator was obtained from 
KODAK Company and twice recrystall lzed from methanol. 

The absorot lon soectra were recorded In purified THF using a SHIMADZU spectropho- 
tometer UV-160. 

The GPC measurements were conducted on a WATERS High Performance Gel Permeation 
Chromatograph LC 244, equipped with ref ract ive Index and ultra~dolet detectors.  50-200 1/I 
o f  2% polymer solutions In tet rahydrofuran were Injected via an automated sampling system 
WISP 710B (WATERS). The mobile phase was HPLC grade tetrahydrofuran. 

The determination of  the molar masses was carried out  using a column system con-  
sisting o f  WATERS ULTRASTYTRAGEL 500, 103 and 104 ~ 30 cm x 7.8 mm I.D. and a flow rate 
of  0.8 ml/mln. A calibration was used based on narrow distr ibuted polystyrene calibration 
samples (WATERS). 

For the determination of  the amount of  UV absorber units bonded to d i f ferent  molar 
mass fract ions, a column system was used, consisting of  WATERS ULTRASTYRAGEL 500 ~, and 
l inear/30 cm x 7.8 mm I.D., and a flow rate of  1.0 ml/mln. In this case the UV detector  sig- 
nal at a wavelength of  340 nm was recorded. 

The dr was carried out  In a 2 L, three necked, round bottomed 
flask eclulpped with a mechanical st i r rer,  thermometer and nitrogen gas Inlet In which 41.7 g 
of  vlrgln dry PVC was dissolved In 1 L of  dry freshly distilled pyrldlne under nitrogen. 
Af ter  all the PVC polymer was dissolved, the reaction mixture was heated In an oil bath at 
120~ for  3 hours under nitrogen atmosphere. The reaction mixture star ted to develop a 
reddish brown color gradually from colorless to yellow, orange and red as heating cont in-  
ued. Then the react ion mixture was cooled to  room temperature and precipitated In 2 L of  
methanol. The produced dehydrochlorlnated PVC (DHPVC) which Is pink In color was f i l tered, 
washed several times with water then methanol and dried in a vacuum oven at 50~ till con-  
stant  weight. The obtained DHPVC product was fur ther  purified by dissolving It In freshly 
distilled dried THF and precipitated In petroleum ether (40-60~ The purified DHPVC was 
vacuum dried at 50~ 
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The graf t  cooolvmerlzatlon of  DHPVC with I and II was carried out  as follows: 
In a 100 ml capacity beaker equipped with a magnetic st i rrer,  2 g o f  DHPVC was dis- 

solved In 50 ml freshly distilled dry THF; 0.1 g of  UV absorber and 0.001 g o f  AIBN Initiator 
were then added to  the reaction mixture and t ransferred to a 100 ml long necked, round 
bottomed flask equipped with a magnetic st irrer. The flask was then connected to a vac -  
uum line and the mixture was degassed tr ice In f reeze-thaw cycles before sealing. The 
sealed flask was cooled to  room temperature and then heated In a water bath at  60-65~ 
with stirring fo r  48 h. Af ter  approximately 40 h o f  heating, the color of  the reaction mix- 
ture changed from a reddish brown to a yellowish color. The graf ted copolymer was 
obtained by precipitating the reaction mixture Into 250 ml o f  petroleum ether (40-60~ 
The white precipitate was then f l l tered o f f  and vacuum dried. The graf ted copolymer was 
purif ied by dissolving It In 50 ml THF and repreclpltated In petroleum ether (40-60~ Then 
the graf ted copolymer was washed with methylene chloride to separate the monomer and 
homopolymer o f  the UV absorber and then vacuum dried at 50~ till constant weight. 

RESULTS AND DISCUSSION 
The dehydrochlorlnatlon of  PVC was carried out  In an Inert atmosphere to avoid the pres-  
ence of  oxygen, leading to  secondary reactions. It Is accompanied by the discoloration of  
the polymer due to  the formation of  polyene sequences. 

Several mechanisms o f  PVC dehydrochlorlnatlon In nonoxygen atmosphere have been 
proposed but never the less It has not been conclusively established. 

MukherJee and Gupta (4,5) suggest a mechanism, where the Interaction between pyr l -  
dlne and the polymer leads to  the formatlon o f  an Intermediate, this Intermediate faci l i tates 
the elimination of  HCI. The lat ter  Is eliminated as pyrldlne-hydrochlorlds rather than the 
f ree acid. 
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.o o LOj 
The ul t raviolet  spectrum o f  DHPVC (see Figure 1) consists o f  a broad absorption 

band, exhibiting a local absorption maximum at about 280 nm ancl ranging to  about 320 nm 
at the higher wavelength sldeo Experimental data for  the relationship between the wavel- 
ength o f  the absorption peak and the polyene sequence length (9) Indicate that the DHPVC 
contains mostly short  polyene sequences o f  3 to 5 double bonds. 

The molar masses of  all resulting products were determined by GPC using the re f rac -  
t ive Index detector .  It was found, that the start ing PVC had a number average molar mass 
o f  about 39.000. Af ter  dehydrochlorlnatlon a product was obtained (DHPVC), having a molar 
mass of  about 7.300, which Is remarkably lower than Mn of  the start ing material. Obvious- 
ly, the dehydrochlorlnatlon results not  only double bonds along the polymer chain, but to a 
certain extent  chaln-sclsslon takes place. This Is In agreement with MukherJee and Gupta's 
observat ion that In thermal dehydrochlorlnatlon of  PVC In pyrldlne chain sclsslon as well as 
crossllnklng can take place (4,5). 

During gra f t  eopolymerlzatlon the color o f  the reaction mixture changed from reddish 
brown to  light yellow which Indicates the reaction o f  the double bonds either with the UV 
absorber or by recomblnlng of  the DHPVC to form PVC molecules. The absorption spectra 
o f  the result ing products, DHPVC-g-I and DHPVC-g-II, a f te r  repreclpltat lon are presented In 
Figure 1. 

They show absorption peaks at 330 and 345 nm, characteristically for  the UV absor-  
ber moieties I and II respectively. From the Intensity of  these absorption peaks It was 
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Figure 1. UV spectra o f  DHPVC ( ), 2.8 g/I; DHPVC-g-I ( . . . .  ), 2.4 g/I; and DHPVC-g- 
II (....), 1.5 g/I In THF. 

possible to  calculate the amount o f  Incorporated UV absorber and It was found that 
DHPVC-g-I contains 3.5 wt ~ of  UV absorber and DHPVC-g-II contains 1.7 wt % of  UV 
absorber, Instead of  the Initial 4.8 wt %. The rest  o f  the (obviously unreacted) UV absor-  
bers was separated from the products during the repreclpltat lon process. 

In addition to  the repreclpltat lon the products were washed with methylene chloride to 
remove residual monomers. The resulting products together  with the unwashed samples 
were subjected to  GPC and the results are presented In Table 1. 

Table 1. Molar Masses and Polydlspereltles o f  PVC, DHPVC and Grafted DHPVC (Calibration 
Based on Polystyrene) 

Sample Mn Mw Mw/Mn 

PVC 38.700 140.400 3 .6  
DHPVC 7 .300  19.100 2 .6  

DHPVC-g-I 
b e f o r e  wash ing  12.800 28.200 2 .2  
a f t e r  wash ing  14.700 37 .900 2 .6  

DHPVC-g-I I  
b e f o r e  wash ing  18.000 37 .500 2.1 
a f t e r  wash ing  29 .000 49 .000 1 .7  
F i l t r a t e  main peak �9 monomers 

The molar masses o f  the products a f te r  the graft ing reactlon are significantly higher 
than the molar mass of  the Initial DHPVC. From the low amount o f  Incorporated UV absorber 
this st rong Increase In the molar mass can not be expected. It Is therefore,  likely that to 
a certain extent  recombination of  DHPVC molecules takes place. 
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The distribution of  the U.V. absorber units along d i f ferent  polymer f ract ions can be 
visualized using the U.V. detec tor  at a wavelength o f  313 rim, where only the UV absorber 
but not  the PVC backbone gives a response. It can be seen from the GPC profi les that In 
all cases a part o f  the U.V. absorber units Is located In the polymer bulk. A second part 
Is located In the ollgomer and monomer region, obviously as unreacted U.V. absorber mol- 
ecules. When the reaction Product Is washed with a solvent, which only dissolves In the 
U.V. absorber monomer, this second part  disappears. It Is noteworthy that  the rat io 
between the amount o f  UN, absorber In the f i rs t  and the second part  d i f fer  significantly, 
depending on the U.V. abso rbe r .  Comparing Flgures 2 and 3 it can be seen, that the 
amount o f  unreacted UV absorber, locating In the low molar mass region o f  the chromato- 
gram, Is much lower In the case of  the benzophenone (I) compared to  the phenylbenzotr la- 
zole (11). 
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Figure 2. GPC chromatograms of  PVC ( ), DHPVC ( - - - ) ,  DHPVC-g-I before (,..) and 

a f te r  washing (_._. ) .  

Because In all cases the same DHPVC and the same amount o f  U.V, absorber were 
used, It can be concluded, that  the react iv i ty  towards graft ing changes In the order  ben-  
zophenone > pheny lbenzo t r l azo le .  

As It was mentioned above, besides graft ing recombination o f  the polymer molecules 
takes place. It can be seen from the molar mass values (see Table 1), that the molar mass 
of  the react ion products changes In the order pheny lbenzo t r l azo le  �9 benzophenone. 

If we consider that  In all cases DHPVC has an equal number o f  react ive sides, then 
these react ive sides can react  either with a U.V. absorber monomer In a graft ing reaction 
or with a second polymer molecule In a recombination reaction. These reactions are com- 
pet i t ive and therefore the react iv i ty  o f  the monomerlc U,V. absorber Is responsible for  the 
degree o f  graft ing and the resulting molar mass. 



44 

U V  313 

g 
~ J 

I t 

16 18 20 22 24 26 28 30 
Ve 

(ml) 
Figure 3. GPC chromatograms o f  DHPVC-g-II before ( ~ )  and a f t e r  washing (- - - ) .  

The following react ion mechanism can be assumed: 
1. Dehydrochlorlnatlon 

�9 ~-~.*CH 2 - CH - CH 2 - C H " - ~ -  T~B- 
, , 

Cl C l 

"~"CH - CH - CH - CH'~"~.- 

~-"~'-'CH - CH 2 + 

2. Graft ing 

U.V.  
U~ g r a f t e d  PVC 

b ranched  PVC 

U.V.  
) g r a f t e d  PVC 

recomb lned  PVC 
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In order to  give a more detailed Information about the distribution of  the UV absor-  
ber units along d i f ferent  molar mass fract ions we repeated some of  the GPC measurements 
using the UV detector  and not  the RI de tec tor  In the calculation mode. To enhance the 
resolut ion a column comblnatlon o f  waters Ultrastyragel linear and Ultrastyragel 500 ~ was 
used. The sensit ivi ty o f  the detect ion was Improved by using a detector  wavelength of  
340 nm, whtch corresponds to  the absorption maximum of  the UV absorber units. The 
obtained chromatograms are presented In Figure 4. 
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Figure 4. GPC chromatograms of  DHPVC-g-I (A) and DHPVC-g-II (B) before ( -) and 

a f te r  washing ( . . . . . .  ). 

With respect  to  the previous experiments for  DHPVC a Mv~ value of  7.300 was 
determined. For comparison the same experiment was carried ou t  on the new column system 
and a Mn value of  7.200 was obtained, showing that both systems give the same molar 
mass values. Figure 4 shows that In the case of  benzophenone two separate regions of  
high UV response were obtained, corresponding to the polymer bulk and the unreacted 
monomer. In the case of  phenylbenzotrlazole, a third region appeared, corresponding to a 
certain ollgomer. The weight amounts of  the fract ions together  with the corresponding 
molar masses are presented In Table 2. 
As fo r  the benzophenone about 50~ of  the UV absorber, Incorporated Into the product, 
was bound to the polymer backbone in the graft ing reactlon. In the consecutive washing 
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Table 2. Composition o f  Grafted DHPVC, Determined by GPC Using a UV 340 nm Detector 

Sample Po lymer  O I Igomer  Monomer 
F r a c t i o n  F r a c t i o n  F r a c t i o n  

DHPC-g-I 
B e f o r e  w a s h i n g  M 1 - 16 .300 

P 

A 2 - 4 9 . 2 %  

A f t e r  wash ing  M - 14.000 
P 

A - 78.7% 

M - 340 
P 

A - 50.8% 

M - 310 
P 

A - 21.3% 

DHPVC-g- I I  
B e f o r e  wash ing  

A f t e r  wash ing  

M - 23 .600  M - 760 M - 310 
P P P 

A - 14.1% A - 16.0% A - 69.9% 

M - 13.600 M - 770 M - 300 
P P P 

A - 40.4% A - 32.4% A = 27.2% 

(1)  Mo la r  mass a t  t he  peak maximum 

(2 )  Amount o f  UV a b s o r b e r  u n i t s  In mo l .  % 

process a considerable amount o f  the unreacted monomer was removed, but extensive 
washing seems to  be necessary to obtain a product  f ree o f  unreacted monomer. 

In the case o f  the phenylbenzotrlazole the graf t ing ef f ic iency was much lower and 
the react ion product  contained about 70% of  unreacted monomer. The high UV response 
o f  the ollgomer f ract ion Indicates, that  this f ract ion mostly consists o f  homopolymerlzed UV 
absorber molecules. Therefore the ef f ic iency In the graf t ing process is low compared to 
the benzophenone. In conclusion, It was demonstrated that PVC can be graf ted with po ly-  
merlzable UV absorbers.  However, fur ther  e f f o r t s  are necessary to  optimize the procedure 
In order  to  Increase the graf t ing eff ic iency. 
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