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Poly(alkyl methacrylate)¢} wed#]al tetrabromobisphenol-A(TBBA) 2] &E3Eo gt ¥ AEE 50
ml/ming] AA7)F3lo) A 7S5 % 4-20C/min e 2 3} 7] H 4] thermogravimetric analysis(TGA), gel per-
meation chromatography(GPC), infra-red spectroscopy(IR) % gas chromatography(GC) &2 F &3}, o1&
E329 G¥ BN A]= Friedmany-& A4-5te] F3l9] 22, PMMA/TBBA=95/5, PEMA/TBBA=97/3
7} PBMA/TBBA=97/39] &¢ulellM dHo2 o <t =) o}F E3E2) GPC 4ol A= £ 2557}l
e} Ao FEalefo] euts) 7hAEleln, IR Aol A carbonyl indexzh-e WHS-2X e} A7k9] F7lol upe}
A Z7lskedeh ol E EE9 dFabse FHAFHE R o) FoiAicth

Abstract—The thermal degradation behavior of poly(alkyl methacrylate) and flame-retardant, tetrabromobis-
phenol-A(TBBA) mixture was analyzed using the Gel Permeation Chromatography(GPC), Infra-red Spectro-
scopy(IR), Gas Chromatography(GC) and Thermogravimetric Analysis(TGA) under nitrogen gas flow of
50 m//min at various heating rates ranging from 4 to 20C/min. The activation energy of thermal degradation
in the mixture was determined using the Friedman method. The optimum thermal stabilization was obtained
in PMMA/TBBA=95/5, PEMA/TBBA==97/3 and PBMA/TBBA=97/3 blend. At GPC analyses, the viscosity
average molecular weight in the mixture was decreased slowly with decomposition temperature. At IR analy-
ses, the value of carbonyl index in the mixture was increased slowly with reaction time and temperature.
The thermal degradation mechanism of poly(alkyl methacrylate) and TBBA mixture was observed to be
main chain scission under nitrogen environment.
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1. Nitrogen cylinder 2. Atmosphere control unit 3. Sample holder

4. TG, DTG unit 5. DTA, DSC unit 6. Temperature controller

7. Recorder 8. Electric furnace 9. Vacuum pump

10. Gas sampling valve 11. Gas chromatography 12. Electro magnet

13. Timer 14. Thermocouple 15. Helium cylinder

16. Data station 17. Infrared spectrometer 18. Gel permeation chromatography

Fig. 1. Schematic diagram of experiment apparatus.

/PBMAS] #3282 &3 0/100, 2/98, 3/97, 5/95, 0.30 10
7/93, 10/90, 15/85 % 20/80(wt./wt.) 2.2 ke, chloro-
formo g 7 EFFEo] HEE G wukgk F 0.2
mm] filmo 2 vhSglon, Ao A AEA7) F tha)
50C2 97k YAz A4S X8R Aok %‘%0'15. dos T
a2]x, #AgF &3 &ef= Burdick & Jackson Lab.
A4 GPC£- tetrahydrofuran(THF} 2 A}£-3l5ch
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Age] 24" A¥HEAE Fig 19 2L Rigoku T 200 305 200500
(model PTC-10A) 2] A ¥4 7)¢|c}. HEL 824 Temperature (T)
of A% 8+0.1mg¥g ¢, f% 50 m/mine] 7| Fig. 2. TG and DTG curves of 90/10 mixture of PMMA
Z3lo| A 7ML E 4200/ minl. 2 WHEA]F|HA] of and TBBA in the thermal decomposition at various
& A3AFS Parldd A EHeldEte] Fafukg heating rates.
EAAE Tt
dstg Alge] Heji BREAMF EAFEHE 9 3. 4dn g o
e Foial A8 3g& 50 mi/mine] A7) {8 el A
458 10C/mino 2 3te] 7o)zl L= 7hA] 7hd 3-1. dEMHY
F 587 AAAA Agstac. Fig. 2i= PMMA®} TBBA®] &3H2(PMMA/TBRA=
A 208 A BFE 05%(THF &), £% 35C, -4 90/10) o114 7td & e Wt wE dFH v|EAT
1.0 m//min®o} =, column-& permeabilities 500, 1000, 10* goTde g s wrt 271e8eE 3Tl 2
1 10° 9 ¢) 2] ultrastyragel column AH&-819] 3, cal- $o] 7astgn, w3t I]Fﬂul—rgké Zhe =t
ibration& polystyrene EZE(Waters Associates)-$ Z7}steic). )2)gk A4 Hirata[28]} Redfern[29]
Abasle] Rl T 3 HmFEAEkS 7ekeich o QA4 te} dxstdch
=g Z|AZ2olE 2R dstf vt Y7 A S o Zepol] 9§t AP-HaLR A v]EHF] Friedman
geolsly, HoAl B47)2 ukedFe] RS FA18h w1712 (A& AHgste] Rallubs 5425 738k
g3} w7hEE FHsach c}.
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Fig. 3. Friedman plots for the various fractional weight
losses in the thermal decomposition of 90/10 mix-
ture of PMMA and TBBA.
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Fig. 4. Variation of activation energy and glass transition
temperature for thermal degradation in PMMA,
PEMA and PBMA.
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Fig. 5. Variation of initial decomposition temperature for
mixtures of TBBA/PMMA, TBBA/PEMA and
TBBA/PBMA.
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FEAY ASoe 2Rl HE vt o
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PEMA<} PBMAY: TBBA®EF 3%H %4 dxoz
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Table 1. Activation energy of mixture of PMMA/TBBA,
PEMA/ TBBA and PBMA/TBBA by thermogra-

vimetry
Composition Global activation energy
PMMA/TBBA E (kcal/mol)
100/0 372
98/2 39.1
97/3 410
95/5 428
93/7 41.7
90/10 40.8
85/15 40.5
80/20 40.3
PEMA/TBBA
100/0 319
98/2 355
97/3 385
95/5 373
93/7 364
90/10 360
85/15 374
80/20 40.7
PBMA/TBBA
100/0 275
98/2 336
97/3 374
95/5 M1
93/7 338
90/10 331
85/15 318
80/20 36.8

Table 2. Composition of degradation products of poly(bu-
tyl methacrylate) by gas chromatography analy-
sis

Weight percentage of
original polymer (%)
400 500 600 700 800 900(T)
Carbon dioxide 07 40 75 233 255 256
Carbon monoxide 09 45 7.1 210 224 220

Composition

Methane 04 32 56 203 213 200
Ethane - 06 07 14 20 18
Butyl methacrylate 96.0 80.5 635 68 — -
Methanol - 05 12 30 32 35
Ethanol 07 33 53 68 80 85

Propanol 07 29 50 60 68 72

PHANA7} 96%] wreFA e} w|ke) adFgot E£F
71A2 e 2y, 52 Haleert FoHE S
2 chekd|e] zAe] 7rastrhr), 700C M Fo) A& whe

1 L I

15 20 25 30 35 40
Retention time (min)

Fig. 6. GPC curves of undergraded and degraded PMMA

/TBBA=95/5 blend at various temperatures.

—— PMMA/TBBA=95/5

15 20 25 30 35 40
Retention time (min)

Fig. 7. GPC curves of degraded PMMA/TBBA=95/5
blend and PMMA at temperature of 150C.

Azh A% pasn, FEeol} EFIAY ool
zolaloich webd) B SRS Z/AASE s
2ol FARANLAN N A} 20} ABoE
ukgo) o) 55 g ojnlgick.

3-3. Fx T EXEEHY(GPCH)

Fig. 62 50 m//min®] # 47|F3slell 4 PMMA/TBBA
=95/5¢] £3-Eo| Hal2rstel W FAFEES
dolr}. 28ellA] EFH2wrl F71E4E  retention
timeo] Holx|x, Fajeki-Er} wall 2% bl uhet
HEagRoz olpslgrt ol 32 A2 Gupta
[4] So] &l uhs} o] Fsjo] HUd) B
doldg 2lwlgich

Fig. 7-& 50 m//min¢] A27]F3lell 4 &4 PMMAS}
PMMA/TBBA=95/53] &3HE2] 150CelA] d3td &
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Table 3. The viscosity average molecular weight of PMMA,
PEMA, PBMA, PMMA/TB54, PEMA/TBBA
and PBMA/TBBA=95/5 blend at various decom-
position temperature by gel permeation chroma-

tograph

Viscosity average molecular
weight (M,) X10 *
original 70 100 150 200(C)
PMMA 731 563 456 374 231
PEMA 233 230 214 162 146
PEMA 340 339 338 322 292
PMMA/TBBA =95/5 785 6563 579 528 414
PEMA/TBBA=95/5 278 267 254 240 202
PBMA/TBBA=95/5 479 452 450 358 349

Composition

S : —-— orig.
3 G 100C 30 min
e - — 150C 30 minsA
s £\
=1
[+l
4000 3000 2000 1600 1200 600

Wavenumber (cm™1)
Fig. 8. Infrared spectra of thermally decomposed PEMA
film.

Transmittance (%)

4000 3000 2000 1660 1200
Wavenumber (cm™!)

Fig. 9. Infrared spectra of thermally decomposed 97/3
mixture of the PEMA and TBBA film.

=pekR-sE3rslolch. el A TBBA7} 5% &£§% A&
g3} retention timeo] ] #-& 7o R Ho}
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#5}2- Table 3¢ viebi ik PMMA/TBBA=95/5 blend
9} &4 PMMA 5.5 o3t wiglel ojsfj 4] E-x}eko]
ghabs] 7basielx, 53 TBBAZF 5% dH7id 3$7}
Zre Baj oA 4 PMMARC £3j3e] 2238

siatas X297 H6S 199144 128
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Temperature (C)

Fig. 10. Effect of reaction temperature on carbonyl index.
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Time(min)
Fig. 11, Effect of reaction time on carbonyl index.
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Poly(Alkyl Methacrylate) ¢} Tetrabromobisphenol-A(TBRA) Blend®] d-#-afef #3 AT

AA] ZHBaure oz ZE) o

w3, Fig 103 11eMe 77 Ba Seexs} uh
S A7 #3}ol] W 5182 carbonyl”]el] th&F meth-
yl7]¢] &fiu]-8<l carbonyl index® wehd zZle|ct}
B3 ukggze}l whEAIZl Zolell el FFEAER
carbonyl indexzte] wh2A F7}gH whd, 3% TBBA~L
b AES 1 ghEe] s St 1 PR d
stth. o]+ 3% TBBA7}F H7hEl A&7} $-TAExT}
239 Fallgo] &S ovlsty, Aoz A
AFE Hepich

a2 =

PMMA, PEMA % PBMA<} & poly(alkyl meth-
acrylate) o} }d4 TBBA®] FaF Edhu] w3t
2HE AlE5 50 mi/min®] HA7]5rFel A AsAA o
249, Heojd 23y, 71AEAY 2 Hx H3F 22
P2 AW (GPCH) o2 ¥M8td o33 e H4ES
oic)dq,

(1) &433bel =] S poly(alkyl methacrylate) 2]
4239 A9 PMMA, PEMA, PBMA ¢} 342 =)o)
(27-37 kcal/mol) 7} 9lglon), FadAl 3H7iskel o}
PMMAL TBBA 3reF 5%l 4 Hoizks 7Fxcpzb A
]3] 7+23l37, PEMAS} PBMAE TBBA 3HaF 3%¢i] A
Holgkg 7HAch

(2) Poly(alkyl methacrylate) 2} d-&sjutg-2& 400°‘
Aol A 95%0) 42l whekA 2 F-sfslo) Faf eyt
o2 o]Foic} e}, o] ¥ 2ol %%}xﬂﬂ
oke ZolEm, CO, CO., CH, 59 7|autazko]
748}, @&+ methanol, ethanol 5o} d# vjigko
WA Ehe E ) Felukg-g ubeicl

(3) GPCHell 9 Hx i A=k F82rrt

b ghmbs] ey, dAHE Ba2Eell
TBBAZ 5% H71g 7#%9 Al87F #7484 o8 4
Bxch Expektasl AHich

(4) AJA B384 73} poly(alkyl methacrylate)
9] carbonyl indexz}-& -aiub-3-417te} wE-g-2 5ol o}

.

O

N

,.d o

g} 73] Zrtshd, wodAl Mool wel BT el
Z7heedch
NOMENCLATURE
A : pre-exponential factor [min ']
c : degree of conversion
E : apparent activation energy [kcal/mol]
f : weight fraction of TBBA in the mixture
n : apparent order of reaction

699

R : gas constant [1.987 cal/mol-K]

t : time [min]

T : absolute temperature [K]

T pama : initial decomposition temperature of PBMA
[tc]

T pema ' initial decomposition temperature of PEMA
]

T pasta : initial decomposition temperature of PMMA
{t]

T 184 : initial decomposition temperature of TBBA
[c]

T; ssaemya : initial decomposition temperature of TBBA

Tl. TBBA'PEMA

’1 i TRBAPMMA

10.

11
12.
13.

14.

/PBMA mixture [C]
: initial decomposition temperature of TBBA
/PEMA mixture [C]
: initia! decomposition temperature of TBBA
/PMMA mixture [C]
: heating rate [T/min]
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