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Thermal Properties of Sulfonated Polystyrene
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Abstract

Sulfonated polystyrenes (SPS) containing 1, 2, 4, 7 and 10 mole% of sulfonic acid groups were prepared by
sulfonation reaction of polystyrene and propionyl sulfate. Chemical structure and hydrogen bonding were examined
by Fourier Transform Infrared spectroscopy technique. The finding shows that SPS samples containing 4, 7 and 10
mole% clearly exhibit the sulfonated structure and hydrogen bond peaks. Thermal properties were characterized by
Differential Scanning Calorimetry and Thermogravimetric Analysis techniques. It was found that the glass transition
temperature increases with increasing sulfonation levels and the thermal stability was significantly enhanced for 4
to 7 mole% acid-modified polystyrenes, respective to neat polystyrene. Furthermore the finding also shows that the

acid-modified polystyrene is almost completely thermal degradable.
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woddlmn3u (Polystyrene: M, = 300,000 g/mol uaz
M, = 130,000 g/mol; 911 Dow Chemical) lamaslsiiisu
(CH,CL, 21 QReC™) maslsweosu (CHCL, a1n QR&C™)
wvuea (CH,OH 910 QReC™) lolawnsofia woanesed
(C,H,0 91 QReC™) Twiulansanlys (NaOH 91nQREC™)
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(DMF 910 QReC™)
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\A38a Fourier Transform Infrared (FT-IR) Spec-
trometer i:u PerkinElmer system 2000 laglgdnuauannu
128 ﬂ%ﬂ warANasLSEn 2 cm L34 Differential Scanning
Calorimeter (DSC) 5:14 PerkinElmer PYRIS Diamond DSC
Tnglrmugouann 40 audle 150 esmwadea fisasenudou
10 parnwaluaRewi wdes Thermogravimetric Analysis
(TGA) 3u Mettler Toledo TGA 285 laglvinrusauain
gaUNIYeY (~40 BIMwALTYE) UDA 700 oA waLTya
fisnsanudou 10 esrwadvaneund vinaunsrwIn 1000
fladans uavaUINEITe
Asdaas1ed dalviuiie weddalaSu (Sulfonated
Polystyrene, SPS)

avanowedalndu (PS) hwin 10 n3udhelnnaslsiiisu
Tuninanune figamail 40 ssmwaidea Eumselnloda
Fawla (lulamaslsisu) anuutu 3 luans lngldusuns
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avanearsmegslulawiianesunlua udlnnsaiuleises
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nnslumse vhlimsuinvsnasvinluavesnsadildaes
@19 SPS1, SPS2, SPS4, SPS7 wag SPS10 WINAY 1,2,4,7 hag
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#1579 1 Usinmswselnleda daulaildimsen SPS1, SPS2,
SPS4, SPS7 way SPS10

aRud a9 wyolnleda daa (mL)
1 SPS1 0.3
2 SPS2 0.6
3 SPS4 1.2
4 SPS7 2.1
5 SPS10 3.0
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SPS waz PS AuLena1591999 (Atorngitjawat et al., 2006;

CHCHZWHZCHT + CH3CH,COOH

SO;H

daliuin wadalasy (SPS)

Cristiane et al., 2003) wandl#diudn SPS Tlassasnaves
vyjdalriuslutiaauadu 800 fis 1600 cm” FeazUsingiia
fidfyuanaianind 2
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ATEUALUUILNUTEY O=5=0 (symmetric stretching)
fiavaduuszanm 1125 cm™ Wukuwmlanisdurenauudy
(in-plane skeletal) flunuiidredalniunlesou fiavaiu
Uszana 1009 e Wushumiainisdureaiauudu (in-plane
skeletal) Aunuiidhevynsadaliin warilavaduuszuo
907 e st umtisnsdun LI LYe -5-O (Atorngitjawat
et al., 2006; Cristiane et al., 2003; Zundel, 1969)
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0=S=0
Sym
~1180 cm’ (2-SOH
- -1
@-SOS » ~1009 cm
~1125 cm \
0=S=0
Asym -S-0
~1370 cm”

Absorbance (a.u.)

1200

1000

Wavenumber (cm'1)

27 2 Burlsusealnaduaes PS, SPS1, SPS2, SPSA, SPST way SPS10 fignaiavadu 800-1400 cm’™
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SPS1 wag SPS2 fUsunamynsnegioeunuaznsyemoY
daiiane Jwvilvdyg uirvesiusslelasiaulivsing
Tdiuognedmau widomjnsadfiusntuasGuusngdnties
lushegns SPSA uazamdiufiedmauanniudedynsnuia
wnnulu SPS7 uaw SPS10 dauandlunndi 3
nsAnwsuansiiniuselalasiauvas SPS4, SPST uay
SPS10
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Nunlansmues normalized spectrum 1ALWALA
FT-IR fiiavadu 3300-3700 cm’ freaunisvendidou
(Gaussian equation) (Dym & McKean, 1976) Inglgluswnsy
Jandel’s Peak fit wald linear baseline WUy 2 9t aauady

3300-3700 cm™ (A 4 Jusegswearaainmsiiang
993 SPS10) axlgauildnsmsanansdunised 2

15799 2 Wuildnsvlueans —OH wes SPSA, SPST uag

SPS10
a13698 ] .
- ~3477 cm ~3644 cm-
SRR
SPS4 1.24 0.56
SPS7 5.45 0.83
SPS10 16.10 1.58

Pk=Gauss Area 2 Peaks Bg=Linear

r2=0.999547 SE=0.000529303 F=62661.2

0.357sps10 0.35
031 031
027 027
0.06 0.06
0.04- - 10.04
0.02 0.02
0 0
3700 3600 3500 3400 3300

Wavenumber (cm-')

2wt 4 wainlganmsitanslaeldlusunsy Jandel’s Peak fit 984 SPS10
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elnsiau wazlamdulszann 3644 cm  ufinuansium
maamﬂamaﬂ%ﬁaﬁs (Donald, et al., 2001) G?fqmsmﬁuﬁ
I mituyilimauinnsiiesiusy lelasiaues SPSA, SPS7
uay SPS10 HusnmimlensendBasy uandleUiuamy
nsatusnTunnsAniusylslnsluAifivunntude oniu
SPS1 way SPS2 Ailsimunsiieiuselelnsaudsaenadesiunis
fignilasaanssnemada FT-R Alsinunylansondluluiana
msAneanUAnIANSaulaemaiia DSC

#1599 3 qmmﬁmﬁsuamusmﬁmuﬁa (T,) v PS, SPST,
SPS2, SPS4, SPST wag SPS10

a13510879 T, (O
PS 105
SPS1 106
SPS2 106
SPS4 108
SPS7 114
SPS10 118

a v & = Y A A X ' a
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WASUANIULABNELAIDY SPS 1HsUAU PS §99zLdiuin
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LAZLMILUURNA PS Lganaenuy Y19t Ha9910 SPST way
SPS2 dUSunauminsniitieunn du SPSA, SPST wag SPS10
a a a v Y o X ' A A
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wenINUIamnInfassnuauInlunisdeulves
aelgnedueseas (Weiss & Lefelar, 1986) n1siinnuse
lalasauenadidINananIsNUAINUSBUYB SPS NaAD SPST
waz SPS2 wuduarsiliifewusslalasau Wesinusuiu
nylansondaiosuinnszatvegieainawe Agungl
WaguanurAagundlliiUasuaIn PS 1nntin wa SPS4,
SPS7 uar SPS10 tu erguunaililasuanIugAdIgnn’
woNANIELNLTUMNUTI Uy Falnlnuar g uniy

Unaunisiinitusylelasiaudnde deunthilfinnsmu
Falrudia nedalssuiidsuanvynsnfulufelesey
sgliAngampiiuAsuaniugadenifiginiidalniuie
woddlaiuiifudngnsnegrufeaiesnainiussszning
ylooaundasaniniusylalasiau (Weiss, et al., 1991;
Atorngitjawat & Runt, 2007) ﬁqﬁuqmmﬁmé“auamuz
AEBLATI LT U191 NYBS SPSA, SPST WAz SPS10
desuiunedalsdu Fuhanunsoagulfindesandtad
Uhinamydalniinuar Uiinuituslelnanuiiiuiy

= v b4 a
N1IANYINTITNUANUIDUAWINAUA TGA

100

- =PS
SPST
1=~ sps2 \
20 |- = = SPS4 \
[[reee- SPS7
——SPS10

50 150

Weight (%)

450

350
T (°C)

250

23 5 gauninsaanefves PS, SPS1, SPS2, SPS4, SPST
hay SPS10

Al 5 wudh gaumgiimsaaneiies PS Uszanas 250
smiwaLioa d9 Andnvea SPS ogedinlau dmu SPS1 way
SPS2 gaumginisaanefegiiussana 350 ssrmwaldea
uazdmiu SPSA, SPST wag SPS10 gaumgiinnsaaneiiog
Usanm 400 esmiwadsauananivanisaaieives PS
Afllesriafeausnisaanesives SPS & 2 9asfe Yawwsn
unsaanedvesaslendnues SPS iilelandnaaisdh
nuAudd 1svgnuiininiidinuvioagussuia 20-40
Wos@uddndu SPS4, SPS7 war SPS10 wazaziAinnis
annesadnadseuiimindugud Fudunisaarefes
vyjnsaiidenegfuaelinediuns (Weiss et al, 1991) uansi
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