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Abstract: The modified ploy(ethylene terephthalate) (PET) was synthesized by copolymerizing dimethyl terephthalate with cthylene glycol, pol-
vethyleneglycol, and dodecylbenzene sulfonate as a surfactant. After characterization of viscosity, color, and contant angle, hydrophilic characteristics
of the modified PET depending on additives was discussed.

Key words: Poly(ethylene terephthalate), Hydrophilicity, Dodecylbenzene Sulfonate, Polyethylene Glycol

benzene sulfonate® #71ste ARAEZgdAg= S 990
ol HAE, Adws aga A5 5 AP

X
ru

AAngAd vlstd Zejolruz S3 2o FHnERY
Aoy AW/AL B £ Yk ol FAVY B4L AE 2. dedd
of WAE @Wol A dtu FPHo U5} TuHIAL Fuks
of £2% A% Bl e EAYS THAA b o]HF BA 2.1, gddy
79 wAdele Aol e Bz Féoﬂ A7t 24 o o 44 PET #4A AH48 £2E4E Dimethyl terephthalate
WAZE Eob AESo] olZe A= 2 BgAsle) =82 (DMT, 447889} ethylene glycol (EG, ZdA&38h), 14-
s} A7)= YAZAESY A7 AT m}a]. AL E 7o) s butane diol (BD, Aldrich), 1,6-hexane diol (HD, Aldrich), ¥}
AeH1,2]. ¥ polyethylene glycol (PEG, Aldrich), A®E4A (dodecyl-
Hirotsu®b Ohnishil3]E tj2%e) $§4u¥a= Ade AFe benzene sulfonate$} ethylene glycold] 1:1&3HE)= AAol 2
A7) w2 zmgi A4S Tol 24 Harh o)A 42 ASSt £ Frlsr o 2HZagieEdRE znc
2531 20| Hojx FA7)7t WA YT B uf o acetate dihydrate, =5YHEEMZE antimony trioxide (SheOs,
=3 Ballou[4]= o]a«]s} WA nRAY $234587 Tr)o A Aldrich), @%AAZE  trimethyl phosphate (TMPa, Sanyo),
S5} 7k Asle) AUL TR welxA 9oy ¥ s triethyl phosphate (TEPa, Sigma), triphenyl phosphate (TPPa,
Aoz §710RAY AVNARIFE n¥ae vARAS, Aldrich)E 2 wt % EG $d402 zAslo ALgstdcl,
SR Zo) A 2 24 Sof ARL W o] LA} Z]— ol9lo = Atz WA 2+ hindered phenol7lQl pentaerythrityl-
FAHE 9 BAS o]5dE BAD AR 93e wi g tetrakis[3- (3 5-di-tert.-butyl-4-hydroxy-phenyl)-propionate]
& AFREL o 31 A 7] Azt WA, %_7101%5}% (Irganox 1010), N,N'-hexamethylene-bis-3(35-di-tert. butyl-4-
53 22 2838 Bd5-7), Jud hARAAR] 5& Arse= hydroxy phenyl) propionamide (Irganox 1098), Irganox B90O
sty wwe A]E—g}g\iu}.. EH AuA Ao RS 2Rz Aw (Irganox 1076% Irgafox 1689 1:4 E¥%), Cyanox 1790, o}l
AT £ F AT oS BAS G43E A% o)ne 4 A9 Ultranox 625 (GE) 5& AHg3fsich
§402 957 9% A4717} Ao} gd oS FrhEd) NEFEA] AZRE dimethyl terephthalate (DMT) 1.023
AHgAl WA o] BAZE glo} YA AHEEE wore Alma ethylene glycol (EG) 20&2 %43t FwZAM zinc acetate
o dihydrate (20%10” mol/mol DMT)E #7k& ¥ 230 Tl 24]
mraw - ATl HE polyethylene glycol® AHEAAS dodecyl- & oiB2udkesto] bis(2-hydroxyethyl  terephthalate)
(BHET) £eluvlg dAsigch
ol BHET €220 200 gofl £23 2000020 polyethylene-
t F A= (e-mail: bojung@duck.snpu.ackr) glycol (PEG) 05 g# Blo]2A AHEAHA  dodecylbenzene

930



MR Eefell b2 FHAS A4 A7 931

M
Syringe
— WO
=
W/ -
c\é
, g
=
4
&
=
80
Y
2
g
1
1
Vacuum N
pump O
Trap \_} .
ol Temperature (0 C)
Temperature
(I:gilt:g:ebfx Figure 1. Thermal stability of polyethyleneglycol (Mn 20,000)
i and surfactant (dodecylsulfonaterethylene glycol=1:1 (weigth ratio)).

Scheme 1. Schematic diagram of polycondensation reactor. TlM 247 B o AHZZ8WSEH  monohy droxyalkyl

benzoate (HAB)E A8ttt

4

10
—e— Out-put EG (2/200g BHET) 2.2 MUY
wE 0 L Pressure (mmHg) Z+ A7MA9 EFFEA7) (TGA- 2100, Du Pont)& o] &3lo &
T 50 T2 £25tdA d2oA 900 T7HXY SEEHL¢ 4
Eo Botch MR HLAEDL ARE KBr pellet §Oo2 Z]5}o]
. WF FT-IR (Nicolet-DX) spectrometer2 itk £8 A& o-
3 i ipee . chiorophenol  (OCP)l % 25 T #&ZolA Ubbelohde
{:‘) m'- - viscometer (capillary id. 0.78 mm; Schott Gerate)E ©]&3}e]
3 : : intrinsic viscosity (IV)E 23tk Al Magwshe= MMQ-2000

[ i g software (ICS-TEXIOON Co. Ltd)7} #2® visible spectro-
10' F photometer (Model; CE-300, Macbeth Co. Ltd)Z lightness (AL)

F % yellowness (AD)E FA3Ach @7 A8 Beguz o
P : E F ATLEAM 24N AZAAT AL P27 2R =

10 g contact angle meter (G-1, Erina)E Al&3le] ZETWAY &
: Heol HAYES olgetel WE4S 2R ¥ 4uY W94
107 PN PP B BRI B BT S #A7}slE et
-30 0 30 60 9 120 150 180
Polycondensation Time (min.) 3. Zo} 9 &

Scheme 2. Relationship between pressure and by-product (EG)

for polycondensation 3.1, EorEy Y U8y odp
Figure 12 di7] 2 A22Y7|slely G 22470 93 o
sulfonate 05 g& ¥U% 3 A3RIEIE (15%10* mol/g BHET), A 200009 polyethylene glycol PEG)FJr ARLRAE d2
trimethylphosphate (1.0X10°~50%10° mol/g BHET)S #7}s A 700 TR £ 50 T2 A5A718A e dRgzye
S 2T 85 CAA 1508 S SFuLe A ARZo vehd ol dir]z 7d°ﬂ*1“ 200 T F2oA 271&3)7F dol
262 FEAE 2Uh olw) AWMBAAE Scheme 13 o] F U d2EA718NE 30 T 2HeA 2787 dojue
A7 B2E 38 whg7)E o83ty gr)dke HEL HAds) 3ttt ofel3 AF{RE PEGE A2EY] T ATz A
A e AT E£8 e 283 Azl FZAUYE Scheme Me FEHUEol 44 dojux AW grEY s 27
2% ol sgom W Fo] AAEHE RAEQ ethylene glycol Tl EATH: 2] BadlE Ashgol 4A LU FgA
o] FH3A A7 v 0% olFe] TARE SR UL 24 2 AEs S 2 9% F2 e g
A2 2E (5 PEGQ)H oMl AH2S e weAe & AAB A 2% dodecylbenzene sulfonate (DBS)SF ©&ol
A8t7] 918t methyl benzoate (MB) 2023 o]& Zala® 10 THEE FFE ethylene glycold] BlTHo) 104 T HZojA
€% znc acetate dihydrate (20x10 mol/mol MB) &5} 230 HERE O, DBSE o 400 T AERH RaHE A% Ry,

J. of Korean Ind. & Eng. Chemistry, Vol. 9, No. 6, 1998



oX

932

1.0

—0—0—0-—0—0—0

ol Pro==<-

-/ ) ;/

4
¥

04 |- 9

Vi

02} ¢

—e— EG
—o— BD
—n— HD
—=— PEG 1000
—a&— PEG 4000
—4&— PEG 20000
_p NN

Extent of Reaction

ab—D—B—BA—A—A
b

A A —A
0.0 /Q/‘A)——A‘Q"Q—JA Al P
[ 20 40 60 80 100 120 140 160

Transesterification time (min.)

180

Figure 2. The extent of reaction of alkylene glycol and poly-
ethylene glycol with methyl benzoate as a model compound.
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Figure 3. IR spectra of various esters from methyl benzoate
and different glycols.
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Figure 4. Relative intensity ratio, [I-on/I>c-0l, obtained from the
IR data of Figure 3 (1. MB-EG, 2. MB-BD, 3. MB-HD, 4.
MB-PEG 1000, 5. MB-PEG 4000, 6. MB-PEG 20000).
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Table 1. Inherent Viscosity, Color, and Contact Angle of the Modified PET

Catalyst (Sh:Oy) Stabilizer Antioxidant | Addition of DBS| IV Color Contact angle
Sample No (HO)
x10'mol/g BHET | X10°mol/g BHET | 1000 ppm min. dL/g AL Ab degree
1 15 - - 30 052 72 70 60.9
2 15 - - 60 0.56 57 6.5 7.4
3 15 - - N 062 57 55 452
4 15 - - 120 058 58 5.2 50.8
5 15 - - 140 053 54 6.4 59.2
6 15 - - 140 042 50 106 61.2
7 1.0 - - 90 058 58 6.0 62.8
8 2.0 - - 4] 061 35 82 68.1
9 15 TMPa (1.0) - 90 062 58 5.4 50.3
10 15 TMPa (3.0) - 90 0.64 60 38 46.8
11 15 TMPa (5.0) - 90 061 57 41 422
12 15 TEPa (5.0) - 0 058 k) 6.7 52.8
13 15 TPPa (5.0) - 90 058 56 5.7 51.7
14 15 - Irganox 1010 0 057 55 59 51.0
15 15 TMPa (5.0) Irganox 1010 90 061 61 41 434
16 15 TMPa (5.0) Irganox 1098 90 061 60 70 471
17 15 TMPa (5.0) Irganox BY0O 0 058 60 53 496
18 15 TMPa (5.0) Cyanox 1790 90 04 34 55 59.2
19 15 TMPa (5.0) Ultranox 625 0 052 54 58 572
A ARERA 05088 ANNAL 30EEE g2A 9o A Table 2. Inherent Viscosity, Color, and Contact Angle of
7htAE W AAE, Aahis 9 Zo] o8t PEzke U Ao Modified Polyesters
NER ¥ b AT < 2 oo
SRS GMERRRti T s S o] M | ] | G
FUTAE o]5 HAHA o] $4sta Mo APHoZ o No | PET | PEG | DBS viscosity (H:0)
817 guizts F8A ol FIsA 2AHE dol= wjo 7 g g g dl/g | AL | Ab | degree
4d Holgtn AZ= wabd PEG ‘;‘ ARBAAE o 24 20 | 200 - - 063 58 | 43 899
EANA ] SR —r‘ob}?." A7} PEGE 7% uhgo AofM & 21 200 05 _ 0.60 59 45 64.4
ARE HAT = AdAA T AW %WHH ﬁ-% of glojA= Aol = -
wistel G40l b aA Bl e P LU el T B A N
N AFULL FERE N¥o AR AFAY o S e N O A B
= Scheme 294 & & 9I%o] A 92 $3HE P4 EG7} M4 | 20| - |10 0% |54 )62 87
0T Folle S48 dasted AFEES dodr 2ee 47 5 20 | 05 ] 051 060 60 | 41 434
¢ ANk Z2HE AMpY ANSAAL AT B o 2% 200 | 10 1.0 053 57 | 68 45
¥ A FUD Aol PAEA ¥ FEadel von 43z
el stop Aol °ok§3}9‘%°?- AES 09 44 adn A590) Fesch AREs 911
3 Table 19 AEWE 62 A2¥W3 37 $Y9zhog AW & UM 15%10 ' mol/g BHETS SUsHA A7kstn dob
2442 DBSE Z%% 718k 908 H7HE Tk oA 3R A trimethyl phosphate (TMPa)9] ¥5% #WA|7|HA o
Tt REEAIZ A2 FAEI va dagugol Yoy A2 H TMPa ati}ato] zZHA842 o 35 G 2 e wx ]
FuEgol dojus] W& gr o9 Ak olgs A= PEG LAY WM} WA M= E4oz Yeyd Aaws
U ARSGAG Hrgo] Aa wE 2T DLHE s} 11-132 kA A 9 slaokg 50%10° mol/g BHETi 2987 51
A d71s nel et FAsA dojdrhs Figure 19) 2 @& AA2H TMPas} triethylphosphate (TEPa)Y  triphenyl
sk & dAslc, phosphate (TPPa)R.0h A%, A4k 9@ 4Addol $4she
Table 18] A 23T 7-19% Zuf bAA| Az ae] 28 o Ebyich
Ei%z‘zz}ﬁﬂ‘ﬂﬁ ﬁ]tﬂ%“é‘j].%;‘?_%@ﬂ 90&l Hbstn 150 EF ABUT 14-19% B o3 AaMs W gm0
ot FHENSAA LojR FEA YR MY 2 H02=Ao) 71 $13 hindered phenol# 9] 4tshitAAl 58 H7be AR Y
@jfw‘; j—?j? ool A TEg sl kz\‘lt A7hE A AF Irganox 1011 2 Irganox BYOL Tha
isy] , 6, 7 el AMSIoE| 9] =08 Y3 ol o A = Apa % 5 5 2 E
232K, BEHVEE 15510° molg BHETE 1748 o s 4 ;m,!’l‘ s Elfﬁiz i{m;} ;”jlﬁ;i?fi‘?j;ﬁ
w R [ - . AN — AA .
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