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Fig. 1 Scheme of PP-6b-PDEVBP copolymer synthesis
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Fig. 3 (A) GPC curves and (B) DSC melting (upper two) and cooling (lower two) curves of (a) PP--St and (b) PP-z-BzBr
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Table 1 ATRP of DEVBP using PP-;-BzBr macro-initiator and different catalyst/ligand pairs *
PP-t-BzBr [ Br] St DEVBP Sv/DEVBP Time Yield PDEVBP
Run CuX Ligand
(g) ('mmol) ('mmol) (‘mmol) (‘mol/mol) (h) (g) (wt% )

1 0.304" 0.018 CuBr bpy 0 15.3 0 24 0 0

2 0.308" 0.018 CuBr PMDETA 0 15.3 0 24 0 0

3 0.304" 0.018 CuBr PMDETA 11.5 3.8 3/1 12 0. 105 12.0
4 0.306" 0.018 CuBr PMDETA 11.5 3.8 3/1 24 0. 141 17.4
5 0.301" 0.018 CuBr PMDETA 7.7 7.7 1/1 12 0.063 16.5
6 0.304" 0.018 CuBr PMDETA 7.7 7.7 171 24 0.103 22.5
7 0.304" 0.018 CuCl HMTETA 0 15.3 0 6 0.105 24.7
8 0.308° 0.020 CuCl HMTETA 0 16.7 0 1 0.010 8.9
9 0.302° 0.020 CuCl HMTETA 0 16.7 0 2 0.066 14.9
10 0.304°¢ 0.020 CuCl HMTETA 0 16.7 0 6 0.109 25.6
11 0.306° 0.020 CuCl HMTETA 0 16.7 0 12 0.177 37.4

* General conditions: [ PP-t-BzBr]/[M]/[ CuX]/[ Ligand] =1/850/5/10,M = St + DEVBP; Solvent: toluene,20 mL; Temperature; 90 °C ;

"M, =1.66 x10* ,PDI=1.45;" M, =1.53 x10* ,PDI = 1. 76
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1M 23 X 126 AR g ATRP S B 5 B R 72 5 4

SR 2 B B 1 M, DT U s R AR Y
S, T i 38 T TC 37 B 0 SE 5 F) TRCAAS , 8 5 HL 5 4
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T, FATE I CuCl RN HEAL R, IR 245 1,1,
4,7,10,10-75 U AL =3 £ L DU i (HMTETA ) 5 24
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Fig. 4 "H-NMR spectra of (a) a PP-b-P ( DEVBP-co-St)
copolymer containing 4. 7 mol% of DEVBP (Run 6 in Table 1)
and two PP-b-PDEVBP copolymers containing (b) 1.5 and (c¢)
9.1 mol% of DEVBP, respectively

In C,D,Cl,,110 C

KA,k 1 525 Run 8 ] Run 11 fifR,
Al Ll % DEVBP FAiR A5G & M 1.5 mol% ~
9.1 mol% ) Z %1 PP-b-PDEVBP it B s B4y, 8] 3
Hi bl el 2 A4 DEVBP 4840518 1.5 mol% I
9.1 mol% (% Bt St Wy i)' H-NMR % 8,6 = 0.9
~2.0 b Sk R T s 6 Fil PDEVBP Bt 3 55 1
—CH, 5 —CH— DA K # % 6 2% M1 i) —CH, CH, &
A — & R, 5 = 3.2 kb g F—C, H,—CH,—
P—[HFFfE g, 8 = 4.0 4b 1§ —O0—CH,—CH, &k
FEAE . i H-NMR 4% 5 fiF 06 i 8L, m] 338 8 PP-
b-PDEVBP i Bt 3 R ¥y vh PDEVBP Bt 1 JBE R &%
H.oMR A LE NS RGN, REY
Hi PDEVBP B (%) & 522 i 386 i, BT LA T DL 3 2l
AR J N s 8] 5 A 1) ] 45 AS [6] PDEVBP & i 1 3t
Y.
2.3 PP-b-PDEVBP HEHRYHN REAME
#(DSC) 74

K 5 4 A [l PDEVBP B & & [ PP-b-
PDEVBP it Bt HL B 11 DSC 2%, K il 3 45 SR 5]
FR2Hh. X2 AUBEBHHERATD
PDEVBP Bt () & & 34 i, PP-b-PDEVBP § Bt 3t 5
Prfr PP & 43 (094 L de K45 b i B LA B0 il s
FGh S A BT AR, 3R W] PDEVBP 4 Bt 1) 17 76

I
A 1 1 1 1 1
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Fig. 5
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DSC thermograms of (A) heating scans and (B) cooling scans for PP-b-PDEVBP copolymers containing 0 wt% (a), 8.9 wi%

(b), 14.9 wi% (c¢), 25.6 wit% (d), 37.4 wi% (e) and 64.3 wi% (f) of PDEVBP

Table 2 DSC results of PP-6-PDEVBP copolymers

Fatry PDEVBP PDEVBP T, AH T, AN
content ( mol% ) content (wt% ) (°c) (J/g) (°c) (J/g)

1 0 0 123.5 25. 4 97.5 33.7
2 1.5 8.9 122.7 23.2 93.5 26.2
3 2.8 14.9 122.5 21.9 93.2 24.6
4 5.4 25.6 117.7 13.6 87.7 16. 1
5 9.1 37.4 116.2 11.6 87.0 14.3
6 23.1 64.3 115.5 10.4 85.2 13.2

* Normalized to PP portion
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ILRY AT T K E (TCA) LA B RA B it FA53 Hr
(MCC) X251 %) T3 3 . TGA it DA fE 5E T+
Tk R I PR bR R AE — s AR R A R
FE S B SR AT S R, AT A O A A5 B A R
PRI FRAF B SR G WD AE B , AT Bl 3R A b
PSR O FE FALER. B 6 SR 7 AR 4 Bl
PP-b-PDEVBP i Be 5 Wy i #4 2k o iy 4 i 4
g 4. I ok Bt 4 AT LLE ) PP-b-
PDEVBP i B 3 R W) 00 46 o0 i T B2 S SR N I A1
PR % AR IR B = T 200 °C B PDEVBP i1 BOF 4R 43
fift, 0 PP % B 2R W) e PR AR S figh 80 238 X6F o 11 9 2
HFE 4 PP & 15 C LA L. i PP-b-PDEVBP fix Bt
HRY B IR FE M 2w M, B & PP-b-PDEVBP
PDEVBP i B & &t 38 0, #F 5 (9 B e M 3 5, PP
AL LR 5% % F AR 0. 03% |, JLT- V% A7 ATAa] B A
], 124 PDEVBP B i) 5t & & 2 35 70 2] 64. 3% i
HFEH AR Ak 21.2% .

Table 3 The TGA data of PP-5-PDEVBP copolymers and the starting
PP-t-BzBr

PDEVBP Char yield (wt% )*

Sample T _sqin N,
contents (wt% ) in N, (650 C)
1 0 413.4 0.03
2 14.9 342.2 8.6
3 17.0 331.4 10.3
4 25.6 317.6 11.5
5 64.3 233.5 21.2

* Heating rate 20 K min ="
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Fig. 6 TGA curves of PP-b-PDEVBP copolymers containing

0% (a), 14.9 wt% (b), 17.0 wt% (c), 25.6 wt% (d)
and 64.3 wt% (e) of PDEVBP

DTA (%/min)

Temperature (°C)

200 300 400 500
Temperature (°C)

Fig. 7 DTGA curves of PP-6-PDEVBP copolymers containing
0% (a), 14.9 wt% (b), 17.0 wt% (c), 25.6 wi% (d)
and 64.3 wt% (e) of PDEVBP

2.5 PP-b-PDEVBP tx R H B MR B MK E
#iiK (MCC)

Tl TR IR Joes e PRS2 T 9 SR B W R e AT o 1Y
— PR B, S — B = s B Ty vk R R
TR 48 Y FE AR IR, FF b 78 4 b 9 DL — 2 1 TR
ORI 43 it 7= Wi o b v AR R 5
ARG W R B = b, o i 7 W e R B & v
BT 4 S Ak, AR i L RE A0 B A R B R
(HRR) , 31 Al 345 PR ik 6 i ( THR) DA S #RORE Tl
it J1 (HRC) %S 80 % 07 B AL G e P 1 N
FRE Sh D O P

K 8 4 A [7] PDEVBP % & 1y PP-b-PDEVBP
B LR Y MCC il 28, I & 45 51 5 F 3% 4 .
PP-b-PDEVBP i Bf 4t 5 ¥ %5 PP fy PHRR, THR,
HRC ¥4 B i TR, R B PDEVBP % Bt ¥ 52 B
R Y WA HLIE IR 2 % 2 YRR (B APk g il

1000+

800+

600+

400+
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Fig. 8 MCC curves of PP-b-PDEVBP copolymers containing
0% (a), 14.9 wt% (b), 17.0 wt% (c), 25.6 wt% (d)
and 64.3 wt% (e) of PDEVBP
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Table 4 The MCC and TGA data of PP-b-PDEVBP copolymers and the starting PP-t-BzBr
PDEVBP , PHRR" THR® HRC!
Sample T (°C)
contents (wt% ) (W/g) (kl7g) (Jog7'-k™ )

1 0 4717. 4 1026. 1 37.1 1040
2 14.9 479.6 721.5 33.7 730
3 17.0 482.7 698. 6 33.1 703
4 25.6 484.0 567.9 23.5 572
5 64.3 486. 1 449. 1 18.6 456

* Temperature of PHRR; " Peak heat release rate; © Total heat release; “Capacity of heat release

S %4 Y THR Fl HRC %% ; PP-b-PDEVBP 4% B
IR Wy 14 5 R AR T R 4 W IR B AT T
(9 5, Xt B 1 % ¢ 2= B AR L T LA
PDEVBP BEf) 5| A B 45 PP A9 TERE.

3 it

Uit 1) S5 WL SR TN 0, LA SR TN Sl R 151 e 77 ol
ik ATRP S R i & 1 — B 28 744 - 3R 1l T2 155 e BL
HRY). SRR R R R R, RN
s - 3R W TR i i B I SR A S AS (R 7 R VM AR B
(1 45 i I T3 16 ) IR, A7 280 I 1 A R I R A B

BT R A AR A I RO A AR B
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DESIGN AND SYNTHESIS OF POLYPROPYLENE-5-POLYPHOSPHATE
BLOCK COPOLYMERS

Hong-zhen Wang'®, Ya-wei Qin', Jin-yong Dong'
(' CAS Key Laboratory of Engineering Plastics, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* University of Chinese Academy of Sciences, Beijing 100049)

Abstract Novel phosphorus-containing polypropylene diblock copolymers were synthesized and their thermal
decomposing behaviors and flammability were characterized by thermo-gravimetric analysis (TGA) and micro-
scale combustion calorimetry ( MCC). First, a reactive polypropylene precursor with a terminal styryl group
(PP-t-St) at polymer chain end was synthesized via controlled chain transfer reaction to 1,4-divinylbenzene
and hydrogen in metallocene-mediated propylene polymerization. Then PP-i-St was reacted with hydrogen
bromide through Markovnikov addition in a quasi-quantitative manner, affording 1-bromoethylbenzene group-
terminated polypropylene ( PP-i-BzBr). ATRP of phosphorous-containing vinyl monomer such as diethyl-(4-
vinylbenzyl) phosphonate ( DEVBP) was carried out in toluene at elevated temperatures with PP-;-BzBr
suspending in the reactant solution,with CuCl/1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA ) as
catalyst. Diblock copolymers containing different amounts of DEVBP units (up to 64.3 wt% ) were obtained by
adjusting polymerization durations. Differential scanning calorimetry ( DSC) experiments indicated that both the
crystallinity and crystallization rate of PP were largely retained in PP-6-PDEVBP diblock copolymers. TGA and
MCC results showed that char residues increased while heat release rates reduced upon forming the diblock
copolymers as compared to the precursory PP-;-BzBr as well as PP-¢-St. Overall, this research may lead to a
new solution to inherently flame-retardant polypropylene.

Keywords Polypropylene, Polyphosphate, ATRP, Block copolymer, Flame retardancy



