Ml 719 Feol A8 MNAA L] =7 2

Poly(ethylene terephthalate) (PET) A 8-= o]& o e 7
dEd et Hsigol Agso] Fefjols negy

Polymer(Korea) Vol. 22, No. 2, pp 183-187(1998)

olN
¥
4
bt
2
)
FIF
of

e’ - AER - WY - N - 250 . o) g9
dish g} dh-geta, AP 2 &
(19979 39 7¢ H+)

The Structural Effects of Cationic Dyeable
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ABSTRACT: Cationic dyeable modifiers (CDM) for polyethylene terephthalate (PET), bis(-2-
hydroxyethyl)-5-sodium sulfoisophthalate (HESP) or 5-sodium sulfodimethyl isophthalate
(MSP) was reacted with bis(-2-hydroxyethyl)-terephthalate (BHET). The reaction variables
were temperature, time and the concentration of the CDM. The reaction coefficient (k) were
determined from the slope of the plot of In (1-Y/100) vs. ¢, because it was investigated as 1st
order reaction. The reaction coefficient was used for the calculation of the activation energy.
The activation energy between BHET and HESP was lower than that between BHET and
MSP because the intramolecular hydrogen bonding was predominant in both BHET and
HESP. The hydrogen bonds might increase electron density of oxygen in -OH group and re-
duce the electron density of the ester carbonyl carbon, resulting easier access of the -OH
group to carbonyl carbon at the rate determining step.
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3! AE) e 7194 PETE oFol2d] didh gtz
o2 -SO;Naz|7t == meps] el FR5el
tHate] ol 2Z3s o] FMErt. Takemoto Oil &
Fat Co.7} A A1% Bl 71 Eelolxv|2e) A%
e terephthalic acid (TPA)$} ethylene gly-
col (EGY& %7} 5-100] & w71#] o xe}23}
BHEE A O dd Eo)e) A A E
FgORNA Avlstd FE A

TPA®l EGY o xH 23} &5 nxes Fxe
QL dzH2s A WA= FEEY =
g d7gez o= Fx yrEAG° TPAY} ol 2H)
23 Qe ZYEAE o] &3 dgdA EGY bis
(-2-hydroxyethyl) terephthalate (BHET)ujol} A 2]
gass 747b 230 CollA 1.338 (-COOH) eg/kg
7 0.386 (-COOH) eg/kg A=z FeHdz &
stat 241 7hdo] TPASH EG7} 1:12 o 2H =3
7t 7Fsd AL 31X TPARHAA EG7 whg-sof
TPAZ}Y &3=7] WEez d8A Urt. TPA/EG
o BH$E&EE v RV HOE vhgo] AgEo| 2
g As ez geiA Az, o33 A <t
A AdgAAM e daH 23] dad BHES
1/33% 7] el TPA/EG (1/1.284))e] =
A& ¥hezol F9dte o aH 23 vheAte &
&3t Uk o} JxH=23d 35Es TPAg)e]
Bhg oiFhd Fol tite] o8 A7 Bash Ao
2% 99l BHET= Wwte] -OH7|7} o2z
FtEd71e] O B F42 e 3l o =23}
Hhgo] &AM whgof EFZE o vhEAZE g
o zA 7ledste Aeg . oM

mta] B AR M= PETEg oA ey
?l BHETs} #ahH #24§E 311 @4+ 5-sodi-
um sulfo dimethylisophthalate (MSP)2} #2hy 4=
AZA e 7153 bis(-2-hydroxyethyl)-5-sodium
sulfoisophthalate (HESP)o] w3t AbjzQ wtes
28 #FdA vk A ES P s

4 ¥
Al &. BHET (Nisso, Japan)2} 7lg]& g8/ &

Al MSP 9 HESP (Takemoto & Fat Co.,
Japan) & A" A& FA SR Fxn AEsATh
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Table 1. Chemicals Used

lecul
chemical name structure me ?Cu u
weight
bis(-2- hydroxyethyl)
terephthalate (BHET) n0cn,cu,ooc©~coocn,cv LOH 254
5-sodium sulfe dimethy! ":°°°C© COOCH, 996
1sophthalate {I\ASP) SONa
bis(—2—hydmxylethyl)—5—50dium Hocn,cn,ooc©000:u,cu,ou 56
sulfeisophthalate (HESP) SOMs
ethylene glycol (EG) HOCH,CH,0H 62
Cationic  dyeable modifier (CDM)+¥= MSP¢}

HESP& &A%t} Zul2% Zn(OCOCH;).(2H,0)
€ EGel|l 83iAA 77} 2% 8902 2HEq o)Re
BHET 18| tjala} 242t 6.0 x10°% Ahg-sisint.
AHE A R9) FRA B Bxjeke Table 13} 2.

MSPs} HESPe] 5428 A& &olur) Y3}
o FT-IR #3&848 &t MSPE 4294 =
A deol7] W& KBra 4 2435k Qo
2 Alzxsld =FsP3n HESPE o Ado A
KBr plateo] =¥3}o &4 3.

=258l CDM9] sxE= dAz Az ol
& 58 7l BHETS| Béled CDM 3 2%
EE= 10 2% E Fue 34 47 Eutaad da
£&417 100rpmo.g wHksaA 2 °C/minz A%
B eEA $eA F AL BA /AR

t}. mjutg CDM % BHETE AlA3] Y5t A
B8 43 3 #eke] EGo ¥ 60-70 CollA 1
el A Yztsle EEARE S ousle A, B
£4E F 3o EGE 2758 F#3d Re F 2y
AzAZ ve3 298 CDMe] SR &2 948
Mg B3l Sof #dFe Ao AA s v
& (N 4 (el st A=A o] ghol 7}
AN £E95E Tahed AgE .
oy _ HreE CDMe] &
V(%) = 371 coMe = < 100 (1)
a4 &
Table 29 & ¥Hg-25 9} A 7tol] W& A2
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Table 2. Sulfur Content Introduced through the
Copolymerization

__modifier MSP 3mol% HESP 3mol% MSP 10moi% HESP 10mal’s
temp(‘C)/-\ sulphur vield sulphur yield sulphur yield sulphur yield
time(min) (wt% (%) (wt%) (%) (wt%) (%) (wi%) (%)

250/30 021 4299 030 618 050 3144 093 5878

25G/60 0.34 6955 033 6722 060 3773 1.08 6805

250/120 040 8029 041 8320 090 5659 133 8401

260/30 024 4959 034 7032 050 3144 105 66.09

260/60 038 7725 036 7320 080 5031 112 7480

260/120 041 8330 042 8624 090 6909 137 86.15

270/30 029 5839 035 7252 060 3773 111 7027

270/60 038 7766 041 8374 090 5659 129 8110

270/120 045 9032 044 8998 150 9432 150 9429

290/30 0.39 7908 038 7804 100 6288 127 8037

290/60 043 8678 044 9067 130 8L75 141 888l

Seo] wt% 9] FRETE vepd Rolth Wty A
& 7 2% 2 Aj7h4 MSPHtl= HESP7} o i
B Fgo] A MSPE 10 2% HlsiA 3 2%
7} g0l & Aoz yepytt CDMeo| 3 %39S
o w2 Bl =gsly] iR MSP}
HESP7} &% whgA| 7oA ¥hg-&m xlo)7} =%
ot Holxwt 10 % CDMojlg s MSPd
vla] HESP7} whg-o] wzA Agslo] 580] UAnt
oz Eci(Table 3 #%). 7} FZos MSP,
HESP =% 270 ¢, 12084 Hdle] +&& e
i ch

1A &4 M A& nrs CDMEEZ 713t
i o]Re] AAgk (2] (2), In(1-Y/100)&
st 2 Az wkgAIzE Alele] AMIAIE BHIT
(Fig. 1). 0|25 mgke] BHETHA CDM& 13}
g s Aoz wasdam (4] (2)) o A
AzHE £E35 k(sec)E FEHTL

ln(l—%) = -kt )

o7l AAE vreEw A k2 HE  Arrhenius
2lg ol &3sle #BA3 duiA (EDE Tatath (Fig.
2). k9} E,k& Table 3o ZfsiA Uebds Hel
A g g AdFel 3 BE% 2 10 % EFAA
HESP7} MSPHU} &% o)&Ao] vrol 243 oy
27t AL ez yeigen 10 & %A HESP¢}

£2j A223 A23 1998 34

Table 3. Kinetic Data for First-Order Reactions
of MSP and HESP

___sample T/Cc  k/sec'>10* E,/k] mol™
250 224

MSP 3 mol% 260 2.47 40.2

- 270 3.15
250 2.27

HESP 3 mol% 260 2.46 30.8
270 296
250 1.08

MSP 10 mol% 260 1.60 126.7
270 3.15
250 2.37

HESP 10 mol% 260 253 425
270 3.38

MSPel 2443} =] 2ol vl A

Yang & TPA9} EGAjele] ubg&zwu}
TPA9} EGe] &3&9 BHETE Hvigtozm <la)
FYE SxoARc ©EE AlztdA TPAZ o]

wesol sdsE Fow BAHUL 1 SEb
EG 9502 g dac 3 A% w3yt axe
BHET®] 7)o 4hxe} W -OH7|9 424}

ool Eahl FaAFe R -OH7|d Us Ao A
A s 7k v 7l dehAE dxbder) g
gt dek -OH79] 4bavh TPAFREE7]] R
of Hto] Lollr| fFEo s FAHsAT £xhy &
2Z2%S deskd A ddsh] fa mdEd
2 JlEdr|E ztx e ethylene  glveol
monobenzoate (EGMB) ¢} 72 47| &€ 2ta 1A 9
+ 2-phenoxy ethanol (2-PhE)-& A¥]3le] v]%5-3
7} benzoic acid (BA)<}e] Wvre&x& FA 3 ch
ARE-El EGMBe] Ex}3F (166)0] 2-PhEe] #xl=t
(138)9) ulstd Fol= EF3stal EGMBe] H %3
& 150 ‘CE 2-PhE9] v15H 245 Col| H|&lod
vt

o] Abde& EGMBE EA a2 o] §AIg gt
W 2-PhEE £2RF F22%0 $437] deez
AgE. BAete] vie&EEE 210 'ColA EGMB
7} 2-PhEd] vlaiA 10%) o & Hez dagon
o]2{3 #4& EGMBrE wet -OH7| 9] 47t ol &
gzt dristel 423z <18 -OH7e 09
AAY=rt #H2 BA9] sirdr]od o] Lola A
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Figure 1. Plot of ln(l—Té%) vs. time. (a) @ : MSP10%

at 250 C ; M : MSP10% at 260 C ; A : MSP10% at 270
T and (b) ©:HESP10% at 250 C ; [(J: HESP10% at
260 °C ; & : HESP10% at 270 C.
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Fig. 3& HESP2} MSPe| FT-IR 237 sjo|t}.
HESP9] 7tBHd71E 1720 em ol &7 ey
9 Hls} MSPE 1734 cm oA F4& Jehy
o] HESP7} B2hll a2 go g Qs ¢ o3|
PR Fvt HolHe Roez BT mEtM
MSP= Z%34 3ol HESP:  oxojo 4
EGMBS¢} 2-PhE# zlo] |53 & vug &= ¢lA
2t BHETS9} MSPu HESPe} 9128 ool §-A}3)
FEol 7t Ao FEH.
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Figure 2. Arrhenius plot of MSP and HESP. [J : MSP
3% ; @ : MSP 10% ; O : HESP 3% ; @ : HESP 10%.
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Figure 3. FT-IR spectra of HESP and MSP. (a)
HESP and (b) MSP.
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Figure 4. Suggested reaction mechanism between
HESP and BHET.
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