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Synthesis and characterization of graft copolymers of poly(vinyl
chloride) with styrene and (meth)acrylates by atom transfer
radical polymerization
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SUMMARY: Graft copolymers of poly(vinyl chloride) with styrene and (meth)acrylates were prepared by
atom transfer radical polymerization. Poly(vinyl chloride) containing small amount of pendent chloroacetate
units was used as a macroinitiator. The formation of the graft copolymer was confirmed with size exclusion
chromatography (SECJH NMR and IR spectroscopy. The graft copolymers with increasing incorporation
of butyl acrylate result in an increase of molecular weight. One glass transition tempefigjunea$ obser-

ved for all copolymersT, of the copolymer with butyl acrylate decreases with increasing content of butyl
acrylate.

Introduction Schemel:

Poly(vinyl chloride) (PVC) is a major commercial poly-
mer. Over 20 million metric tons of PVC a year is cur-
rently produced worldwide. PVC is light, flame-retardant, Kieur
robust and durable; it has low permeability to gases anc QJ
good weatherability and its physical and mechanical char
acteristics make it ideal for many different uses. PVC is
well known for its compatibility with additives including controlled free radical graft copolymerization of the PVC
plasticizers, heat stabilizers, lubricants, fillers, and othawith xanthate and dithiocarbamate inifetel®.
polymers which enable it to have a variety of mechanical Atom transfer radical polymerization (ATRP) employs
properties. Chemical modification of PVC has also beean equilibrium between dormant alkyl halides and active
of interest. One way to achieve this goal is by graftingpropagating radicals to maintain a low concentration of
from PVC. Cationi®®, anioni® and radica® processes active species. The activated radical species can either
have been applied to prepare graft copolymers with PV@ropagate or be deactivated to reform the dormant spe-
as a backbone. cies. This process is catalyzed by a transition metal com-
The rapidly developing field of controlled radical poly-pound such as cuprous halide complexed by-@ifyri-
merization provides another approach to prepare graft cdine.
polymers, especially with well-defined structures. In con- ATRP can be used to prepare well-defined polymers
trolled radical polymerization, the concentration of growfrom many monomers, including substituted styréh&$
ing radicals is suppressed to avoid termindtiomhis is  (meth)acrylate’16-202) and acrylonitrilé®. Atom trans-
made possible by using various means such as inifésterser radical polymerization also has an advantage in utiliz-
2,2,6,6-tetramethylpiperidind-oxyl (TEMPOY®, orga- ing a wide range of initiators. Alkyl halides with radical
nometallic specieé®, degenerative transfér and atom stabilizing substituents such as carbonyl, cyano, or aryl
transfet?%, In particular, Roha et al. have reported thegroups adjacent to the C-X, can be used as initiators. In
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addition to compounds containing activated carbon-halavherex = molar ratio of 2¢ monomer units to vinyl chloride
gen bonds, those compounds with weak halogen bond#its in copolymer, measured B NMR. The M, evc

like RSQ-X® are good initiators. Any compounds,Vvalue is_ based on the apparent MW of PVC-1 estimated by
including macromolecular species, can potentially b&EC using polystyrene standards.

used to initiate ATRP as long as they contain activated

halogen atoms. Results and discussion

Here we present the prepar.ation of grqfted PVC W_itlﬂ'he graft polymerizations were performed with styrene
;tyrene and (meth)acryle}tes via ATRP using a macrom(St)' methyl acrylate (MA), methyl methacrylate (MMA)
tiator: pon[(v!nyI chloride)eo-(vinyl chloroacetate)] nd butyl acrylate (BA) and films of these copolymers
(PVC-1). The incorporated chloroacetate groups (1 moﬁ/ere prepared. These films were transparent, indicating

% compared to vinyl chloride) were utilized as initiators[ at there was no macroscopic phase separation and no
for ATRP. (Scheme 2). The PVC backbone remaineg, mation of large amounts of homopolymer. Size exclu-
intact during ATRP _because the secondary c_:h_lc_)rlne %on chromatography (SEC) showed that the molecular
the PVC. ba_ckbone IS tpo S‘TO”Q'V bonded to initiate thﬁ/eight of the copolymer increased after the polymeriza-
polymerization by reaction with Cu(l) complex. tion. The monomodal shape of the SEC trace of the
obtained polymer suggests the formation of graft copoly-
Experimental Part mer 'v'vithout homopollymerization (Fig. 1). The ponQis—
persities of the resulting graft copolymers were relatively
high owing to high polydispersities of the starting macro-

All monomers were vacuum distiled over Cabind stored initiator and due to the variable number of chloroacetate
were vacuum dist v 2 groups in one macroinitiator. The precise molecular

under argon. 4/4Bis(5-nonyl)-2,2-bipyridyl [dNbipy] was . .
prepared by the procedure described in the previous artic\ﬂée'glhts of the copolymers (?OUId npt be de:termmed
from this group?. CuBr was purified according to literature diréctly from the SEC data, owing to difference in hydro-

procedur&. Poly-[(vinyl chloride)co-(vinyl chloroaceta- dynamic volumes betwee_n graft copolymers and Iine_ar
te)](PVC-1) was provided by Geon Company. ThHeNMR  polystyrene standards. This was confirmed by comparing
study showed that 1 mol-% vinyl chloroacetate compared tihe M,s of the polymers that were determined by SEC

Materials

vinyl chloride is incorporated in PVC-1. and'H NMR (Tab. 1).
The H NMR spectrum indicates presence of both
Copolymerization procedure monomers in the final copolymers and allow for quantita-

The copolymerization was performed in a sealed tube ortétVe determlr!atlon of the amount of incorporated second
Schlenk flask. Typical copolymerization was carried out as fol"onomer (Fig. 2 and Tab. 1). In the NMR spectrum of
lows: To a glass tube, 0.0500g (1.000° mol) PvC-1, the macroinitiator (Fig. 2(A)), the resonance at 4.1 ppm
0.0100 g (6.97x 10 mol) CuBr and 0.0570 g (1.3910* corresponds to C}I protons in the chloroacetate group.
mol) dNbipy were weighed under ambient atmosphere. 2.0 r@onsumption of these chlorine groups by initiation by
(1.74 x 10?mol) deaerated styrene were added using syring&TRP was confirmed in the graft copolymers of styrene,
under argon atmosphere. After three freeze-pump-thaw cyclegA and MMA (Fig. 2 (B), (C) and (D)). Clean disappear-
the glass tube was sealed under vacuum and the reaction Miice of the signal corresponding to theprotons from
ture was heated at 110 for 12 h. The reaction mixture was e chioroacetate group supports that it was consumed by
dliscilved[nTFFanfd thet%preculmf[ated n metha(rjlol. { S0 initiation. The disappearance of this signal could not be
olymerization of (meth)acrylates was carried ou confirmed for PVCg-BA, because of overlap of the sig-
o nal resulting from—CO,CH,— in butyl acrylate (Fig. 2
Characterization (E)).
Size exclusion chromatography (SEC) was performed using alncorporation of the second monomer in the product
Waters 712 WISP autosampler, 510 HPLC pump, 410 diffefprogressively increased with reaction time as shown in
ential detector and following Waters SEC co!umns: guardhe 'H NMR spectrum of PVQ3-PBA system in Fig. 3.
HR 0.5, HR 4E, HR SE. All samples were run in tetrahydro:ap, jncrease in molecular weight and amount of monomer
furan (THF) at 35C. Polystyrene standards were used fof, . ated in the grafts with time observed in SEC and

calibration!H NMR spectra were recorded using Bruker AMlH NMR also supports the formation of araft copolvmer
300. FT-IR was measured using ATl Mattson Infinite Serie?Tab 2) PP 9 poly

FT-IR Spectrometer. Differential scanning calorimetry (DSC

data were obtained using Rheometric Scientific DSCplus. ~ 1he formation of the graft copolymer was also sup-
M toaimry Was estimated using formula: ported by FT-IR analysis (Fig. 4). The spectra of the PVC

macroinitiator showed the carbonyl stretch {1759
MW 2nd monomer cnt?) in the chloroacetate groups (Fig. 4 (A)). After the
copolymerization with butyl acrylate, a new carbonyl

Mrsoaitwur) = Mnevey <l X MW inyi chioride
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Fig.2. *H NMR spectrumof (A) PVC-1, (B) PVC-g-PSt (80 mol-%), (C) PVCg-
PMA (50 mol-%), (D) PVC-g-PMMA (60 mol-%), (E) PVC-g-PBA (65 mol-%)

49



50 H.-j. Paik,S. G. Gaynor K. Matyjaszewski

Tab.1l. Resultsof graft copolymeization of PVC with styrene(St), methyl acrylae (MA), methyl methacrylatd MMA) andbutyl
acrylate(BA)

2nd M, (SEC) M, (NMR) My /My, Content of 2 T,/°C
monomer (SEC) monomer
in mol-%
- 47400 - 2.66 0 83
St 99500 363000 3.72 80 80
MA 57700 112700 2.40 50 21
MMA 83600 161500 4.94 60 111
BA 81400 227000 2.44 65 -19
J (D) PVC-g-PBA (65 mol %)
.
C) PVC-g-PBA (55 mol %
_L( ) g (55 mol %) u,
(B) PVC-g-PBA (41 mol %) M L,
(A)PVC-1
7 6 5 4 3 2 1
ppm
Fig.3. *H NMR spectrunof PVC-1andPVC-g-PBA
Tab.2. Resultsof graft copolymerizatiorof PVC with butyl acrylate(BA)?
Time M, (SEC) M, /M, M, (NMR) Contentof BA T/ °C
inh (SEC) in mol-%
0 47400 2.66 - 0 83
2.0 61500 2.28 114900 41 -4
4.3 79500 2.42 166100 55 -1
9.5 81400 2.44 227000 65 -19

3 [Butyl acrylae], = 6.98m, [CuBr], = [dNbipy]o/2 = 3.49 x 10?m, [PVC-1],=1.0 x 103w, temp=90°C.

peakwasobservedat v = 1730cnt? corespondingo the  ing conientof butyl acrylatein thecopolymer(Fig. 5). The
carbony stretchirg from butyl acrylate(Fig. 4 (B), (C)). resuts of PVC-g-PBA aresummaizedin Tab. 2.

Thermal analysis(DSC) revealedonly one Ty for all In condusion,the graft copolymersof poly(vinyl chlor-
copolymes. The T, of copolymes decraseswith increas- ide) with styrene and (methacrylateswere preparel by
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(B) PVC-g-PBA (41-mol-%)
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Fig.4. FT-IR spectrunof PVC-1andPVC-g-PBA
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Fig.5. DSCcurvesof (A) PVC-1, (B) PVCg-PBA (41 mol-%), (C) PVC-g-PBA

(55mol-%), (D) PVC-g-PBA (65 mol-%)

atom transfer radical polymerization using poly(vinyl
chloride) containing perdent chloroacetateunits as a
macroinifator. The formation of the graft copolymerwas
suppored by analysis of SEC,'H NMR and FT-IR. This
newapproachusing asa maaoinitiator, a copolymerwith
a smal numberof sitescapalbe of initiating ATRR can
allow for the preparatiornof newmaterials.
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