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=5 d7 A 7IAAE AEelA st RS XYL Q1 wlEM] aramid segment$} A9 E/Jo] 95ataL
Uke2alldo] 9<%t sulfone segment® ©]Fo% FFRAE ol8dte] Au HAAE HhowX 9] 8IFsEE A
et olgh = 18R] solubility £ processability S #A717] Y8l oP17|E 2= sulfonated ether sulfone
A9} m—phenylene diamine 72)3L isophthaloyl chloride S BFE-A17 ofgl o 2 wilshe dHF=3A41E dHidat
1 ©)Z& acryloyl chloride2} WFg-AIA oF Dt 25 Zdlo] TE 1A A4lE /dsialnh Boixl Ak
TAE 4 7S B3 18AF A wow AzxEgon, AT TS uEs z wAle] uks-S 'H NMR,
FTIR, 9 Z74e) eJste] RIS dofzl Halldule o] 2w ghgdy) 38, FioledEs, 94 84 5ol &
=9l em, sulfonated ether sulfone T2 Shiado] T71E-5 o] w8, S8, Aol =7t S71sh
= Zlo] W 3I}. Sulfonic acid sulfone segmentE 30 E% % zh= 1¥A} Asd o] 79 o] 2wshgso)
1.57 meq/g, TE2 44 wt% ©l8ke] TFAIE HloH, 7P & FAol AR i AdtiEE 100%, 25 ol
4] 3.93x107% S/eme] ek

Abstract: Aromatic copolyamides were prepared and their applicability to proton exchange membrane was
studied. The copolymer contains thermally stable and mechanically strong poly (zz7—phenylene isophthalamide)
segments, and easily processable and good film forming polysulfone segments. For the copolymer, amine—
terminated sulfonated ether sulfone monomer, m—phenylene diamine, and isophthaloyl chloride were reacted,
and the obtained copolymer was transformed into crosslinkable prepolymer by the reaction with acryloyl
chloride. The prepolymer was thermally cured and converted into proton exchange membranes for fuel cell
application. Each reaction step and the molecular characteristics of precursor copolymers were monitored
and confirmed by 'H NMR, FTIR, and titration. The performance of the membranes was measured in terms
of water uptake, proton conductivity, and thermal stability. The water uptake, ion exchange capacity (IEC),
and proton conductivity of the membranes increased with the increase of sulfonated ether sulfone segment
content. Membrane containing 30 mol% sulfonic acid sulfone segment showed 1.57 meq/g IEC value. Water
uptake was limited less than 44 wt% and the highest proton conductivity up to 3.93% 1072 S/em (25 C, RH=
100%) was observed.

Keywords: sulfonated ether sulfone, m—aramid, crosslinkable polymer, proton exchange membrane, fuel cell.
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ofn], FEHOlRE(TY o S (71 0] =The dRkdl 548 714
3 3t} olE &9, sulfonated polysulfone (SPSF), sulfonated
polyimide (SPI), sulfonated poly (ether ether ketone) (SPEEK),
sulfonated polybenzimidazole (SPBI), sulfonated poly (phenyl—
ene oxide) (SPPO), polyphosphazene $-& 1 & 5 4= Qlt}?
o] & polysulfone (PSF) 0] 7d-$+= PSFQ] FAKE &2 17 =
e FE= go] A7} Har gl A vEES] S <F 20~40%
Qo] WhEEe7E SEshE o] Sl FHlE wol d7HaL glom,
40% =:E3P7F Ho] Q= A Akl 739 Nafion®3 frARE Ates:
HRlthr 4&EA qlrh

S, poly (p—phenylene terephthalamide) (Kevlar) 2} poly (71—
phenylene isophthalamide) Nomex) 2} 22 aramid+ polyben—
zoxazole (PBO), polybenzothiazole (PBT) 53} tl&o] ¥4
IRARE R, 958 99739 high—strength, high—mo—
dulus 2] Folt 71AIE E8& 7L Lot A eaddio s
QI o] 7] gullelli= 57 ol =8 887 wiiel] 1Ak
7F Al 3-8 WSlell Aleks: 7HA A Qv 958 B8 25 aramid
9] ARE o83l FIsle olF sk 7] BaEglal 53]
FEF0t membrane 2 #-8317] $1814] Meier—Haack 5~ p—
aramidel] 3402 23 sulfonations A7 AEX]E- membrane
© 22 sulfonated PPTAE 3PJa19cE 7 S|k Alol] ©J8t 714
= A= 9 =/do] Aaie @de] WAEgloH Viale o7k B
2ksl7] $18l sulfonation® WEgAl|$} sulfonation H14] 9 DA
AFgElo] PPTA 3532 Sdekar arapeto s algaiint !
o] Bl o] 2717} T m—aramid 3 TAE F2E w2t
07 o] gah= 5o dT5o] aH gk

B Al vigde] 98hax s f718ulel tigh galido] o
A% vt e m—aramidE o183l elHe =249 71
S ERIEle] Horom| AR Y TS AL oludsEs
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7] 913}9] sulfonated ether sulfone segment= 7HA= m—
aramid WHTFTAE 1 tPdo= si9inh 18], e
ENE W RS 2 S EAE eI Ad9s] ol |k
£ 4, imide 71553} vEPAZ amide 2ol o 1E 4= = 7
23l 7V, =8 S WHES 2 1A el 1o A A
A ARgo] Algkd = Qiths A 58 aEste] Hlw A e AR
m—aramid WHIFIH] dede] olF Ageo] =% Feje] A4AE
Fdstal o5 7huAlA weluke Alxshs FHE sigitk

ShA, 7hl HhS-S o] 83t o] wBhS & gy} WHES U
| A AR 2 RE Beuhs AT 749, B os U AE,
2 7 AA A, 9 ARPIEE T e 98 vk 3
Frol Bol o]&o] 11 glom, Exjeo] ke 7 AlE o8-8 75
Pdo] Hlwd 91 A2 Hlgoww ggo] 7lssittal YuA
I o]2j3h 7 AlAELS: 083t PEM A= ofe] 714 &)
F S 4 lem, 37 BFshd A-971E ©]4-3t jonical 71 Al
B3} f7Rkgo o5 AT 55 o83t covalent 7hi AIXEIO R
W 4 Stk Tonical 7= AW 2418} V71 B4 S
Helo] 7k, A 97143 aEAKEE PBI, aminated PSFout
PEEK %°] 2lom, AHg m1#x}2= SPEEKO|Y sulfonated poly
(arylene ether sulfone) 52 & S 4= k2™ Covalent 7}
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A|2ELS- o]g-3= HPH 0 2= polyatomic alcohol®} sulfonic acid
groups®] A7k W 2% Kerres7} 29F) W sulfinate groups
9] alkylation 7HL % 5] QlaL, o] ylell= FETA FAK:
5= el ethynyl 155 X138k o5 7HuAIA Ak W
T P kg allyl 150 end cappingAA 9 7aske
WY = gride group A 7171 WO B acryloyl 1
S E3) 7kA7 1= ¥ trifluoroviny] ether 715 353l &
815t & o r= UVE S8l 7hal7 e W 5ol ok 1 Aol
+ end—capping ¥+ 9l 7kt §13-9] fold wiite] ofylo] of wt
o Q= m—aramid WHFZZAN acryloyl chloride® HHEAIA
olmdr 7 ddel X3k A AE Il olF HkEER It
WAA FF R ARk dolxl FEL- 2] E ofe] T/
S5 Fato] ol o v X9 ThsAlS ERIste] Bkt

S

Al2F. 4—Dichlorodiphenyl sulfone (Aldrich, 98%), sulfuric
acid (fuming, 30%, Aldrich), 3—aminophenol(Aldrich, 98%),
potassium carbonate (Aldrich, 99%), 1,3—phenylenediamine
(Aldrich, 99%), isophthaloyl chloride (Aldrich, 99%), acryloyl
chloride (TCI, 95%)+= =2 gAI3lo] AR5 = AR
toluene (Samchun Pure Chemical Co., Ltd, 99%) ¥} dimethyl
acetamide (DMAc¢, 99%, Samchun Pure Chemical Co., Ltd.,
Korea), dimethyl sulfoxide (DMSO, 99%, Samchun Pure
Chemical Co., Ltd., Korea)+= calcium hydride® G2 #1438k &
719 SF3ked AA) 819137, benzoyl peroxide (BPO, Fluka che—
mical) & methanol®l] AA7A3st] AHE-38H3Ath Triethylamine
(Aldrich, 99.5%) ¥} 73-8-m|2 A% chloroform (99%, Samchun
Pure Chemical Co., Ltd., Korea), dichloromethane (99.5%,
Samchun Pure Chemical Co., Ltd., Korea), isopropyl alcohol
(IPA, 99.5%, Samchun Pure Chemical Co., Ltd., Korea) = H%
o] A lo] A3t

S-DCDPS2} S-DADPS ERRIS| §44.%5% 4 —Dichlorodiphenyl
sulfone WAl =E31E A1717] Q18 B vlel o] 28| g]
t}. 4—Dichlorodiphenyl sulfone¥} ¥#18MH60 mL, 30% SOs)=
500 mL round—bottom flask®l] ¥ ¥ 6413 52t 110 T3llA
WRKSISATE Sulfonic acid 1552 7895 WA W3 2|8 Wk
ofslo] Faw=t), MALE o83 Hhg= S8 sulfonation W
5o] gt HEES ARow A% & APk SRE ARl
I 7] NaClZE salting outAAFECEZN 0] HAES 98 F
Stk AHMdS = WES-E-S 10 N NaOH 89102 FA3IAA
11 ThA] 3 NaClE salting out A|AFTE FHE-E<1 NaCle ¢l
of7] I8l S5} IPAZF 30/70 (viv) 82 411 Sll= 23] oy Ak
AL dlerh AdgE vhES FES § Axste] o7t sul-
fonated dichlorodiphenyl sulfone (S—DCDPS) WA1E d0S
82 oF 60% PEo|UTt

Scheme 13} 70| S=DCDPS ©@&A| (sodium salt form) 4.91 g
(10.0 mmol)& 3—aminophenol ¥ 2.40 g(22.0 mmol) #
potassium carbonate 1.80 g(13.0 mmol), DMSO 40 mL, toluene
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20 mL8} 37| Dean stark trapS Zaf A4 AFejellx] 160 ColA
8AIZF HESAIZ] - 53 toluenes €H3] AASNGIL 170 CollA
12417 §Eg-& 21719 213g W3k X3Mkg-5 opA| dtt vk &
WS NaClZl KCLE ZEIE B3l 48 1 -85S IPA HA
AlA sulfonated diaminodipheny! sulfone &4 (S—DADPS)
(sodium & potassium salt form) & $J3I2At). Potassium saltE
$lollal sodium salt form 21| TS w571 23] acid form S
2 W7 tRe thA sodium form O =2 B vk 12)7) 9l
24 AZF 52k 30 Co] AZ 3 acid form & wH=7] sl HCI 15.7
mmol (37%, 1.49 g) 2} S-=DADPS @& 5 g(7.85 mmol) & wHt
5 Fejstal SRl 7S sidtk 183 0.1 M NaOH &
M3} S-DADPS ©AlE Wk S [PAC] FHAIA FE] & 21538t
o SfES BUeH FE2 oF 70%°]3Urk
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Crosslinkable Model Macromonomer2| gt4.32 7}w7} 7453t
macromonomer?] & M-S RHE7] 918 S—DADPS WA
(sodium salt form) 0.40 g(0.63 mmol) °ll acryloyl chloride 0.57
mL (6.30 mmol) & end capping agent® ARE-3lo] $Hdsl3ich
(Scheme 2). S—=DADPS @] (sodium salt form)E DMAc 10
mLel| 521§ 98- Foll A= 4ks S8R AT S8l triethylamine
< 0.35 mL (2.52 mmol) ¥olF3l 30+ 5% WRIA T3} 4
Hslk 7-go17] whze] ice bathE ©]83fo] A0% v 247k 52t
WS- & A2oflA] 4A7E HES-S t] AAE F 4 8121 chloroform
250 mLell FAAIZ F filtersted 7AZ3HATE

ofploz wtislEl HEIFFHC| &, S353E B3l Scheme
39 A WA W33} o] aromatic amide?] segment§! 1,3—
phenylene diamine®} ionic 752 7F S—DADPS ©ekA|2}e] 3t
S 7:3, 8:2, 9118 T o] 2wgRFS sl EAlEo]

” o : SOsNa 20007} 500022 A 8}7] 13| o}913} isophthaloyl chloride?]
U | C.QE c slere zAsiolt), skl 7:3, BAEES 20000 245 9
- Na0gS - 3 1,3—phenylenenediamine 0.23 g(2.1 mmol) ¥} S—-DADPS &+
() DMSO40ml 2:4 0.60 g(0.90 mmol)-& DMAc 20 mLo] &<l & Hke5of A
K,CO; 13.0 mmol 71= HCEE 53 A 571 918l triethylamine 0.56 mL (4.0 mmol) &
wen
(2) HCI(37%) 20 mmol SO;Na
° 3
o SOH Hz"@°Q5 o«@»NHZ
HoN o g—@o NH, Na0;S °
g
HO;S \ Acryloyl chloride
(3) 0.1M NaOH
souNa SO,Na
o [o] o o
H2N<©>O—Q—S—®—O<©>NHZ \CHQOQS@OOHCJ
o o

Scheme 1. Synthesis of S—DADPS.

) HoN NH, HZNGO@
+ y
\©/ NaO,S
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Scheme 2. Synthesis of crosslinkable model macromonomer.
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Scheme 3. Synthetic route of crosslinkable random copolymer.
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YoEg 304 =2k wR Itk 0.22 g(2.0 mmol) 2] isophthaloyl
chloride® 15 mL dichloromethane®l] $513] %<1 3 A¥o|=&
&3l %3] droppingA1A T3t WHe-2 1027 J=]9lar 0.22
2(2.0 mmol) 2] 1,3—phenylenenediamines 47}l Fo=4 <k
sl ol o® wasialA F]eh ¥hgo] ¥k $ 200 mLe
dichloromethane®] FAA)7]1 filter ¥~ triethylamine®l ]3] A3
3% saltE AASHF7] 218l methanol® of2] ¥ AlHs] & 5 11
Z318l) 919%2] &5 YRS

Crosslinkable HHISSH[S| $+M. oF drio] o102 H oligo—
mere]| acylation ¥+ acryloyl chloride® A3l crosslinking
siteQ! o5 dge A3t 7} 7:3, FARO] 20000 2
g of wddo] oplo® ® FF9A] 0.87 g(0.44 mmoD < 40 mL
DMAce] 3521 § ol o= washy HdF3FdAE IS ws} vt
R RS Foll A7 1= AR SEAAT7] 9181 0.20 mL(1.80
mmol) 9] triethylamine-& ¥oI51L 304 F<F WA IZICL Acryloyl
chloride”} AH3] Wh&317] wiiol| ice bathE o|-&3fo] A0 vt
% 0.40 mL (4.4 mmol) 2] acryloyl chlorideZ g1 2417} F<F vk
& 5 A2oM 4ARF W& T AT $ 33 871 chloroform
150 mLef] FHAIZ % filterd}e] triethylamine®] 2J8f AdE salt
& AASNT7] 918l methanol® o8] ¥ A3l & ¢ =319tk
92%2] &S Bk

0|2 wmatato| m=. )7t 7:3, EARES 2000202
7F7t 7Fs s 35 EA 1 g3 thermal initiator 2 benzoyl
peroxide 0.03 g(3.0 wt%)= DMF 5.0 gol| 50]al o] Eg-ghS
0.45 pm membrane filter2 ©183}¢] filterslSial, 458 U #
ol Fof 1AIRF 52F 60 T, Np w971 3fellA] 1xs18ict. 1 %
80 T, Ny #2)710M 4A17Y, 90 CollA] 2413 AZA 710 A% vt
& ol 9 frEltel 2=lsisivh riRete R ol wEkEkS: A

Z3p7] $18to] 0.5 M HeSOy G-8-HellA] 2413 52t 391 5, &
=oll 1AIRE Rt Aejst 3 SRR Aol T3k Alxs Yol 1
hake Sl RAsigih

oluzteah st4g8. 2E2]Z sodium ion®] proton®Z W
ol 7lw¥ FZEA membrane?) o]LwIEH(IEC) S F3
2ol oJ8l] A3tk 2 M NaCl £ G 24413 5t
31210 0.025 M NaOH £ © 2 phenolphthalein end point 2
g& 3iit o] E g (mmol/g) > A (1) el <J&l ARk
Weore 2818 0.025 M NaOH =&-o1e] Fa}5 vehi, 1ae
blank titrations ¢1$t NaOH F&2] F3& Yepls, Wy
AzE A5e FAE veRdch

2 e

O.OZSX(VNHOU *I/B)

IEC= 1)

FAE WAL, Wy e A28 9o FAE b

& (%) e =Wary 100 2

dry

FA0[RMEE. fol2 W] FAol2 - EEE two—point
probe A. Cell 2Jsl 573k3ltk 9] impedence 4192A LF
Impedence Analyzer (Yokogawa, Hewlett Packard) 2 AR&313
3, 16048C test leads probe] 23l Z43512lt}. Impedence?]
4L 25 C, ol2F(ulFE 100%) oM S4315.0H, 4] (3)
& TAROIRHAEE (o) 2 ARFAS ERdITE

LR

[¢]

o |y

L
S 3
MRS
o2 FAol2AEE(S/em), RS =44 impedence©]ll, S=
oFo)& wahle] cross—sectional area(cm?), L& A= Alole] A

2] (cm) & YERATE

2ot Y EE

I

S-DADPS &4 U £M. ojn] gzl nlef® o] wigpiko
7R Wk %3k Wkgof 2131 sulfonation ¥Hg0] & S—
DCDPSE AHg8lo] S—-DADPSE $HJ8IAtE™ & ol olai=
Scheme 1948} o] WHES AAElslo] Ald7ska, thA] o131
NaOHZ #g]slo] Ao 2H free amine FENS] 5523 S—
DADPSE $E o glem w3=7) nlmste] 732t 2de) <
NMR spectrums 95 5= 3181tk Figure 1(a) & proton®] ©)% &
22l jonic 1S 7K S—DADPS ©@A]| (sodium salt form) 2]
'H NMR spectrum< YR L= DMSOE ARE3lain) 2
g &= 23k wkeE weEAle sulfonic acid ©#19] proton®]
8.17 ppmellA] singlet, 7.6 ppm@l¥] doublet, 6.8 ppmlA doublet
©Z YERJa aminophenol”]oll 1% proton®] 7.02 ppmeilA triplet,
6.36 ppme®l¥] doublet, 6.23 ppm®A singlet, 6.19 ppm doublet ©.
2 FA3 AEH2 YER}AL diamine 37} 5.25 ppmelA] singlet
©F T proton?] 2vf BIEL] ZEH|E YeRde] wel S-DADPS
7t & IEE HolErh

Crosslinkable Model Macromonomer2| & 2 24 Model
compoundZ *HE7] $18 S—DADPS w4 (sodium salt form)
of| acryloyl chloride® WH3-AIA crosslinkable macromonomer
£ aick & el 9l okl I550] acryloyl IE-0% A|g
=] o= Aol 7)1 7HE B 5 sl olFdadel A7
Ak 287) W] 5440 % 'H NMR ¥ (Figure 1(b)) A
S—DADPS whgAllell 9 ofl 31521 5.259] singlet 97} A}
2}X| 11 6.37, 6.22, 5.73°1 acryloyl®] o|=43F 137} AAR)
w3k 10.2 ppmel o= I]37} singlet 0.2 UERG o F Fol
3t A3} acryloyl chloride”} end capping agent® 2+ %] $HE] 3]tk

= s HolEth
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Figure 1. (a) 'H NMR spectra of diamine terminated macro—
monomer in DMSO—ds; (b) acryloyl terminated model macro—
monomer in CDCls.

opRicz wctslel HEHSTEHM 2 &Y Y 24, Figure 29
Al B 10.5 ppm 10.1 ppmellA] ofto]= Agtel] ot 139} ¢
wrto] oyl 0 2 HofQlth= A8 5.24 ppm¥} 5.09 ppm] ofql |
ol FRlIgk &= ik

ofnfo|& w79} oS AL HIEE B3l FAFEE ERIE
A3 FFFAIA AR ] ALFE ofnjo|& Ato] sofu} oalo
E 1321 10. 5 ppm?] Ha®] 212 vlgo] A= 2 gR1g
Siet dete] ofjo|& w35 vEh= 10.1 ppme] Hbe 9d3ks
o] 27 E&e) whef o FAle] 200091 2 500091 e
ARt xRS Wit 1] a oyl o 2 wWakslE dlgE S| ks
Al triethylamine®] 218} AJE salt= $PIA] AMgER= 7] Sllel] of
3 g3} Wo)7] wlitel methanolZ i) ¥l Al1H-& diF=lck

Crosslinkable HESSEHIC| & X &4, Figure 3olA= o4
3 model 38591 crosslikable macromonomero A% .o

&
9 38

Ol
[ 3

E2|H, A34¢ #A3%F, 20109

10 8 6
Figure 2. '"H NMR spectrum of diamine terminated random
copolymer in DMSO—d.
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Figure 3. 'H NMR spectrum of acryloyl terminated random
copolymer in DMSO—d.

Z]5%0] crosslinkable WH-SFANNAE oF W] ofvll 5.24
ppme S—DADPS?] o}l 1329} 5.09 ppm?] 1,3—phenylene—
diamine?] oP1 =7} AREEA)aL 6.37, 6.22, 5.73 ppmellA acryloyl
159 olFAEe] HAt AEA AAGE BRI 5 AT =3,
oF wdo] oo 2 Fo] Ql= ¥ A|olA acryloyl chlorideE HE
SAIA ol Tl A opnE Adto® 10.5 ppmelrie] Hell
integration®] 571313l acryloyl chloride® 13l AYA oF dete]
ofn|=9] 45 VERYY] wiel Hy integration HlEo] s
Bt o]FAge] @9l acryloyl T150] A EH 77t 713t
WA FSTA 2 o] & o]Fole It

2R Y02 watato] M,

olematgdl g4g: o AT F4E AdTsEAst
crosslinked WHEFHAN] ool weake] sk87) o] 2w 3=
9] A¥P= Table 13} At} o4 IEC #k:2 sulfonated ether sulfone
0] AFBEE mol% st WHFFEA A EANS nido = ARt
et Table 104 Hojx]E= o] 2w Ehg=F ghe o|F4 0= ALk
W AE o83l 74 IEC ks VERATE F 353 B [EC 4k
< sulfonic ether sulfone 755¢] o] 10%14 30%= =okdell
w2} SIS

71 o] Z9ol= prepolymer?] ®2]7} ol Hitk AEIEEHA)
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9} crosslinked WHFFTAS] 7 o] 2wdtel|A] 275l ol 73t
[EC= o]24] [EC 4k fARE gk& YERiglck olestatelx
4 4] sulfonated ether sulfone 3] S71el ulet S718H1 0
oli= YR 2 = sulfonic acid 1352 7ol w2} X12do] S718H]
izl ol 2wk} ol2wdEte] T8 A STt Als
t}.
1 Folld BAEES 20002 ZEE 3 crosslinked WH353A|
9] g} ol 2SR Fho] EARES 50000 HHEE 3 cross—
linked WHEFTA] $k-& FHTE A7 U5 RIS o]
7t A7t wobd = 7k Wt ok hydrophobicdHAl 3
S8 &) AFUF e wiiEe® welth 1], o] e 7lart
e AFTZTAL] Aol Hlwse B 5215 Bt E ot
T 7huE AFOeR oFolr] ol olxwghe] rhu Uert ok
T Frgou ol2uEg o] vo= Zls kIl o I
9] mol%7} 2 74-9oll= m—aramid segment®] hydrophobicgt
E/40F Q3] o]l IEC #holl nlal W& 3k 2HA| #oh
FA0|2MEE. WHIFHAL} crosslinked T TA|] &
ol 3hae] 40 AT Table 12 2t} o] wdlute] 24
O] &AT = proton?] ©)%F E29 ionic 152 7FA sulfonated
ether sulfone “7552] & S71oll W sulfonic acid 1552] S71ell
w2} ols o, WHFSTA = 1.36 mea/g2] IEC Fhold 2.94
X107 S/em, FAFE0] 200091 crosslinked WHFEEA A=
1.22 meq/g®] IEC gkl 3.23x107% S/em gk2, #A40] 5000
2! crosslinked HFFEAIR= 1.57 meq/g2] IEC FrelM 3.93
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Table 1. Characterization of Membranes

Membrane IEC (mmol/g) Proton conductivity Water uptake
Theory Experimental (S/em)© (%)
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Nafion 117 091 9.12x107? 17

“Ratio of meta phenylene isophthalamide/sulfonated ether sulfone. “Theoretical
molecular weight of prepolymer. ‘Measurement condition: 25 C, RH=100%.
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Figure 4. FTIR spectra of crosslinked random copolymer.
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Figure 5. TGA thermograms of crosslinked random copoly—
mers.
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