Polymer(Korea) Vol 24, No. 5, pp 589-598 (2000)

g Byt o e Ex3 IR 2uE 219 AxX A
3. UPE 944 +x19 gAIEEZY 2 HFaA4

olAEt . kST * . o]0
ARHE(F) 71eAT e, *FAd D S4SFEY
(2000 2€ 29¢ H4)

A Study on the Preparation of UPE Resins with
Different Glycol Molar Ratios and Their Physical Properties :
3. Estimation of Viscoelastic and Critical Surface Tension of UPE Liquid Resins

Sang Hyo Lee', Seung Kook An*, and Jang Oo Lee*

Technical Research Center, Kunsul Chemical Co., Ltd., Pusan 614-010, Korea
*Division of Chemical Engineering, Pusan National University, Pusan 609-735, Korea
Yo-mail : hyohunl @kornet et
(Received February 29, 2000)

2 ok Ex3l Za|d|AHE (unsaturated polyester : UPE) A& t}71¢E (propylene gly-
ol : PG, neopentyl glycol : NPG)e] 2} E8|& ZA3te] ¥ 3} o|¥7]4t (isophthalic acid :
IPA)} £¥3} o874t (maleic anhydride : MA)S E£8E=2 53WNgo g Axsigch. 19
FHEANS 233 E JAFERE (Y& Zisman ploted sl m, ©3 Ao 7z &
Aol PAE HL2A] 2R oz ZAFYch 1A glassd] 28 Y& UPE 42| dx) 5o i)
A 30.5mN-m'E 933, PG/NPG Eu)% NPG 3ol Z718+E UPE 3] g9 A&7
I gHgEo] FAge ;g 5 “31‘4 1‘3] 222 24)7} 02 UPE £x9] 54 He4
& 2R3 AR A= AdEL &4, B3 @& 4 Fag oEYH o8 &8 PG
Hul= NPGe| @ao] F71d45 @2 Ek & Usdet

ABSTRACT: In this study, various unsaturated polyester (UPE) resins were prepared from
the condensation polymerization of mixtures of saturated (isophthalic acid : IPA) and unsatur-
ated (maleic anhydride : MA) dibasic acids with propylene glycol (PG), neopentyl glycol
(NPG). The critical surface tension (¥¢) for the surface characteristics of a solid were estimat-
ed by Zisman plot, and the structure-property relationship was investigated by measuring the
rheology of resins. The values of ¢ for glass of solid were 30.5 mN-m™' for UPE resin liquids.
As the content of NPG in a PG/NPG glycol mixture increased, both the contact angle and
the surface tension of the UPE resin liquids were found to decrease. The dynamic
viscoelasticities of UPE resins with different glycol molar ratios were also measured. Shear
rate dependence of viscosity and angular frequency dependence of storage, and loss modulus
tended to decrease with increasing NPG content.,

Keywords: contact angle, Zisman plot, critical surface tension, viscoelasticity.

E2(0f A247 A53 2000¢ 94 589



M

o

o T i

£
L

)

Lo
2

= bulk gl h
@0l 20), 2849 TS
t te FEH, 2E4 wH
Al BHTE ARk WASE 20 o
FRFM EHCE Uor e A,
of ola Avjgeh £ IR0z FAH
Ao 1A BEE DA AULe] B
owa} Adz 44" EAANEA )
A R AR, &
g ﬁw~ g 7]

x

e 22
o

o

Dy o

o = o (=
™

('

e =
i

<44 M

o]
o S

rﬂjg

)< 0431 °—‘!Xﬂ
e A2 + Aeh TP A
1A (wettability)ell th 3t A2 &
4 238 A wo Assn e a9
AHe) nAl nEA B H AIHEE 2
3 wHozA wAS Ay YEde e
A ExpEo] HA-7IA, TA-7|A, DA -HA A
B MuHoR FHo 09} Teghl L ¥
. mebd Zismane ¥l 24E nld] )¢ P&zt
Z4o g HE HAel TE ASFIHY,
Zisman plote g2 Aolx .= 1o ¥ Adw
AR AR o] Bab e GRS 2w He 2R
k.

agln EX3t Zejd2HZE
polyester : UPE)& 18z E3dAQ3=2 713 gyl
AHEEE IR FRolnt o) B AEe
gEtd AL A, BAE 5o 244 g3 AF

Eéﬂ:loﬁ_l%rﬂﬁmlr{mi.oirlo(ﬁ

J
U)"

Ao

3%

o
mﬂ:

Z=4] (unsaturated

c& ©
7h A AT UPE 4452409 24 45
£ TR0 FHEY B ohs BYSA Sl Es)

8% 8902 4AHY. oL Ao By

G4 2 g7} 43AE, FAEAD] AF
o ofa) ATl 2N HEAZ) TR
PE 4o 9% Sl goel el Hof 54
) m oot itk webd $23 4% g4
- $a A Aolol 4B Ago] oFste

=

3

OC:'—‘
e

ol

o

i

= 0ol
A u

]i}q Oxlo];(]n} n]—olc _g_xllr_EE.
BEAZY] B3 Agolv &8 (F2)T
F= gl ek o] 23 SPEAZ

Lud

A)

=]
27

= U o e rlr off
H

']‘?
sk

4]

=
T
_g. 2z
&t

=

N
B

-

590

o] %
3 EE & 9 HR$E AR HElsie g4
EAL 7 A A2 Ass gont

2 AFdME 28l BHIE 2l BXs 9
JAHZE 4%, 28 deky 2 AerosilZ2 A
2 ARE AHst HE4 FHo2HE Zisman
plotg &3t A} T & =3 0}9511:} ES G
glass ¥ UPE =% "E9] g B4} 2|9} 22
A o] BHo ¥ HESAT T o] %A W

slEl=7te AREggt. g o
ohd B E Fejg|ojo} oz I Fx|9 Aoy
dadde] Hot 2 AAE ¥ Zavt o FeFE
8|2 W37l UPE #x|9] Aerosil i1 =
Al YA TR A fAEE T A
3t

—;—X] A= x% Al u]-o]

e

-

’é!ﬁ GIF. A4 FAo] B=

F27} AE2E A WA
Holz Z\ol ‘”&?S}E} A7loA x|} B EEe
Had& W, (work of adhesion)} 31, W,= F
Aol AR T, SRS TR Ty D 1F
Alole] AW Yo 2 the Eoh Zo] Jehd
21tk (Dupre] 4]).

=1 +Ts—Ts (1

&3 g3 gtz AA s 24 157 sJolA Z&

zt OF A5 HEAdH Y =2shd Younge] 4
(2)ol A vebd #BA7F FE @

Ys=1, cos®+ T (2)

(1) 4l (2)4¢ tigsha thest o] Ak

W,=7.(1+cos® (3)

nhok ez 7} dAFI ] 7iA] 1A HEE
o AMESe Aol 7o) dAstL FxEE 29
9)9] cos @7} W& sHA "t ol W= cos B2 2
719 ulel Watsle] cos O=1, vl Lapd O=0°

Polymer(Korea) Vol 24, No. 5, September 2000



g Eu7t g Ex3 Eag

>

duj= W,=27 2 91, T #=180° (cos O=
-DeME dxg #90] B4 e W,=002 @
=3

T Zismand {7k HAE ARg-sled A ®
Wel WEzE ZPste] Ti9t cos 09 AAE plot
3319, cosO=10] E W9 7 & YATHA
Ie2 Aot @0l plotd Hdoz = oy
3} zo] vepd 4 e

cos@=1+ b (T—71%) (4)

A7l b
o thsdskd

el 71&7ielt (M)A g (3)A

W,= (2 + bYOY, — bY\? (5)
7bErk o] A2 Tg WFR s 234 E YE
e, wetd W,g Fha dhe 2Xe Faddgs
Folste BUAY el @o) EARE nwc
(2) Hg 9] 2

J

rd

T'L cos @ = TS—TSL (= W.) (6)

7 fch o) 48 $We ¥&H (wetting ten

sion) WE REZz4 3 THE A2 Ao u}
& 29 2R viAe] 245 el o] gro] 2
S 7] 4k Wb Ayt A ED 9z Apgge
2 ¥4 o= cos O=10]7] g (6)4& oS
7} o] i}
Wi=Ys— T =1"% (7)
o wW oHHle] FHFH Y *o] 1 mA9 Hr)

*+ A9 H=rt HA o] A& Zismane] T 7to]&A
Ho2 #AE 71 )

S ke &3 79 1948 e Ass
vE AFde d23Ee e F4golth Wy
ZtA 54 (angular frequency) w=2m 2 ©]&3}d

the 4oz el

y (£) = 7, cos wt (8)

E2/of A24¥ A5E 2000 9¥

m
4

o] Az g &4 B¢ A7 3.

Juc)

=]
=

[}

S 2

o},

i)

Foprz AFsH, A4l ouE

5=
o} %

3T

2z
X

o (1) = o, cos (wt + 8) =0 cos wt — 0, sin wt

0, = 0, cos 8, 0, = 0, sin § (9)

o| Rl ofsf v #e vt FojHh

G’ (@) = 6, (@)/7,

G"(w) = 0, () /7, (10)

tand= G"/G’ (11)

G & AZEYE, G 4L, tan de &
d AEDY Ran BE Fug dgor

A E

AEME. 2388 UPE +X9 A4 28T

88 WA Azt ZelE%F propylene

glycol (PG)€& SK ChemicalA}2} neopentyl gly-
col (NPG)& BASFAle] AlF& Ag-3idch 3}
Ak2- ShellAl9] isophthalic acid (IPA)$} Ex3}4k
< 5 #3419 maleic anhydride (MA)Z A3}
ok ¥ dekll= LG ChemicalAle] styrene
monomer (SM)&  o|&381, FEIAA=
EastmanA}l2] hydroquinone (HQ)& Ahg-s}sdt).
FA Azl A3 E2AAE AGAAAHF)Y
cobalt naphtenate (5% in toluene)& o] &3}3 1,
7AsHAl = M71&0) Ale] methyl ethyl ketone perox-
ide (MEKPO, 55% in dioctylphthalate) & A}&-8}
vt w2 FAm2 g8 300 m’/g, Y= 2.2g/
emd, FHE 145, 9AELE  0.022 keal/mhC9)
AerosilZ Sophia BussanAle] AE& AlR-slath
a2z 1A UPE 4% BE2 3y g Evg 2
glald Mzs Fxd A 05 wt%, AEA 2.0
wt% 2 E3sled 14 el 3 5L A 28l
AFE-8ld o}

x| M. PG/NPGs} IPAE Zeta39) £5

591



o] -

i, 195°C 239 4718 10mg KOH/gel €
Q7= 1 '474] H}%% APA AL, 2 HAZ MAES
5*47%]?4 210 3l a71rl 40 mg KOH/go|
2334 FEEAAR
D& Yol muksie]
UPE A& A zstATh A AR
Aerosil 1.8 wt% 2o 2000 rpmolA] 3087t E-AF
gt 19 & F54E 2
HHEY szt 53 393

Dynometer (BYK-Gardner Co.)& ¢l&3led UPE
22 2 xgld 9Edd] 89 h3led ring method
2 25 CollM dsidrt. WF ringd T ¢ILE
U3E WYz 89e HEE 3~43 ¥ES
ZAA AT A8 Fastelr] s A
Z}z} 59 ol 4 FAsta HFAE FHaAh A
Z4& FAshe P plateg ©]§% dynamic
contact angle®} Ao Q= dropletd &FH3)=
sessile drop method7} gt} 2 AYPoAE= F2&
F2 A Z3HeH, F43sle con-
tact angle meter (Kruss Co. Type G-1-1000)E2
ol &-3le] F3 A} &} A DA Fu|E
ZzA3sld Az ALY HPH (1-6mL)&
3t 7]3 (substrate) $ol Eojrze] droplets
ol &3l HFE4&

olg

KX
=

al =40
xx = L.

A,

32
[+]
Be
==
5

sessile dropg-

rE oEl
to mn o

Il contact angle goniometer&
T3t

#dlg2x| &3. UPE %329 4483
rheometrics mechanical spectrometer (RFS-1)

olgst] 25 Col ZHLEAN ZASAT Fe)
g 28 2elg UPE %X & cone and plate fix-
ture (cone angle=0.1rad)& Alg3led 10%¢9 W
52 A=A (oscillatory shear)slel| A A @3l

CEES

=

=

ARSI L (G), E4HAE(G7), 28z 5§
E (") E A3tk
Zop 9l nEt

UPE X9 &Y. ARJN* AF
Table 1) PG/NPG 248 2sld £§% UPE
B Ao B 2IE Yepidich A w49
271 NPG(1.0)>NPG/PG (0.75/0.25) >NPG/
PG (0.5/0.5)>NPG/PG (0.25/0.75) >PG (1.0)

A3} o]

592

AEF -

o144

Table 1. Properties of Unsaturated Polyester
Resins Prepared from Different Glycol(PG/NPG)
Molar Ratios

. viscosity molecular  storage
PE .
r[is'ms ofr:o(i? rilt;(;ts S?izg @, weight stabity
PO o) (M) (120°C, min)
UPE-1 IPA(05)/MA
(05)/PG(LO) 2590 1100 3278 64
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NPG(0.25)
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(0.5)/PG(05)/ 2584 1085 5002 75
NPG(0.5)
UPE-4 [PA(0.5)/MA
(05)/PG(0.25)/ 2582 1070 5174 78
NPG(0.75)
UPE-5 [PA(05)/MA
(05)/NPG(LO) 2581 1060 5456 80
go]1, ¥heAIZke: NPG7l PGRUIE 1, 23 ¥hg
of wh=A AYPHG i vz} weE&Er)

g o] Rujd 2% FHgoftg 2 OH7|dA €]
H*Y el fol4ell o]&sP] dEo|tt. a8m
UPEd| A @A 2 gAMsle 1 Eo] 60 wt%
o2 Az &AY 29 A=e NPG &3] F
TWNALE wole Z o] AU ol A
FRI9) v TEA| e FglE o7 Rl 27
Bzate] FaE82 37| (hydrodynamic volume)7}
o]0} Hrrl Yol dAo=z SYP‘%EJ_E]-. GPC
olgslo] T Fx9 BARE 2HF A% +
T ORAS (M) 1462-1097, F4HT A%
(M )& 3278-5456 AE o] W EA EREo] H|m
A Am o A5l M,/M,9) RS 2.24-272
o Welz ehdth. ol £4@ NPG o] 27}
g8 BEajggo] AX7] g 29 dAHE A
# w7t AdFoz FolA WA, WEEdel F
& Aoz FHAEY EF F (120 C)dA AT
AZAP4E PGl FFedo] NPGEY F7HE A
Yt Rl A GG o] HolHr). oA FHE
o] 2§ ©49 Fid % 84 YT A4E=E
EF2A1717] g Zoletn A, watx UPE F%
o] TP RA o]ErH A& SEER

ok:‘. mlm N rlr

(‘lr X

Polymer{(Korea) Vol 24, No. 5, September 2000



s

48

@ !
o 461 —@— UPE-1liq.
i ~O- UPE-2lig.
x 44 1 Qo —w— UPE-3liq.
£ . ~7-- UPE-4 liq.
s pl % -8 UPESlig
B o~ A"
k=28 AN
S e %\

£ N
& E 3 '
L=
(o] 36
c
S
a 34
2
o) 32
&
&
5 30
w

28

30 4'0 50 6‘0 70 80 éO 100 110
SM (%)

Figure 1. Surface tension of unsaturated polyester
resins for styrene monomer solution at 25 C.
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Figure 2. Surface tension of unsaturated polyester
resins with Aerosil, and without Aerosil at 25 C.
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Table 2. Surface Tension and Contact Angle of
Various UPE Resin Liquids for Glass and Unsat-
urated Polyester Resin Film at 25 °C

UPE . contact angle

. . surface tension
resin  glycol molar ratios 7, (mN-m™) (degree)
liquids L glass UPE film
UPE-1 PG(1.0) 46.40 7194 5093
UPE-2 PG/NPG{0.75/0.25) 44.20 6261 5021
UPE-3 PG/NPG(0.5/0.5) 42.80 5867 4870
UPE-4 PG/NPG(0.25/0.75) 41.45 5384 4793
UPE-5 NPG(1.0) 40.70 4946 4716
I%e & 2o 49
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Figure 3. Zisman plot of unsaturated polyester resins
and styrene monomer liquids for glass.
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modulus for unsaturated polyester resin liquids at

25 ¢: UPE-1 (PG/NPG=1.0/0.0); UPE-2 (PG/NPG=

0.75/0.25); UPE-3 (PG/NPG=0.5/0.5); UPE-4 (PG/

NPG=0.25/0.75); UPE-5 (PG/NPG=0.0/1.0).
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Figure 7. Angular frequency dependence of loss
modulus for unsaturated polyester resins liquids at
25 C: UPE-1 (PG/NPG=1.0/0.0); UPE-2 (PG/NPG=
0.75/0.25); UPE-3 (PG/NPG=05/05); UPE-4 (PG/
NPG=0.25/0.75); UPE-5 (PG/NPG=0.0/1.0).

ZE7} Z7s7] Wielg AhgE o

Figure 7 UPE xJd|X PG/NPG Z4]7} 1.0/
0.0, 0.75/0.25, 0.5/0.5, 0.25/0.75, Z&lx 0.0/1.0
)l X8 G"& Fopge wep vepd el o)
HA| ehMe] Ao} vl R e Fulg oo
A £43 PGe] G”& NPGe G"RHt}t 2 ke 7}
At 2 Apelyt G # wuE FHEE Y & AATh
aga PG g#e I7HA S8 £R19 G749
@& NPG #3g F7MA 88 52T G79
o] tha wA Jebton, g 2} Fudro] Zrld
ofslA G"% Frisia stk ol & Foigel F7)
o W& WrFze gyl EXdEcin

3] PG} NPG& %34 UPE 29
g b /e AEe vehy
st $HTRAN® oY FETzE
i, gz
2pds] et 9
Figure 89M= =3
7] Y#iA PG/NPG Sl e U
@deH (G /G")E e 4 J}¢°ﬂ u}
G, G"&H39 G /G"& ol 2
gt

A

T

el

<

ot rir

Polymer(Korea) Vol. 24, No. 5, September 2000



2elg En7t bE Exst ZFdada sxe] Ax 2 244 #F AF 3

®
1000{ ©
v
v
®
IS
§ 1001
S~
[15]
c
>
2
G
10 24
®
1L : :
10 100 1000 10000

G” (dyne/cm?)
Figure 8. Storage modulus vs. loss modulus for unsat-
urated polyester resin liquids at 25 ‘C: UPE-1 (PG/
NPG=1.0/0.0); UPE-2 (PG/NPG=0.75/0.25); UPE-3
(PG/NPG=05/05); UPE-4 (PG/NPG=0.25/0.75);
UPE-5 (PG/NPG=0.0/1.0).

G /G" =1/tan ¢

~~
—
[\
~

O.LU
s
&

X (o

s

3 o
~

o F35e) g
G” 7} PG/NPG 33
Fe Qeldir £4d

NPqu G /G"7} %ﬂl 54 o}.
%

o
no. I

X O o of
2L

o

i‘é‘lﬂx

2
i)
I
o
iy
s
z
2
o
:%
jge}
o«
2 L
)
omgs
S
4 2 32 ool ©
frore B

%
T
)..
W

ox

—
2L

N
—_

U
lom
T
UMY
v
H
I
j‘i
‘QJ
>
(U
oX
o3

-
o%
Mo
o
off
2%,
=2
N
4
of
rir
A
)
of
A o
B

il
% 1o

22 ofy 30
off fo sy -y ol

o o r{. 1o rr
> o
o
£}
2
i
b
w2
4
> 32
rulo
=
o
mhl au)
o,
O_u, mlﬂ
i

=
)
o2t

A= ﬁ‘?ﬂ@&i —cx} X <
2 3jq PG/NPG EH|9A NPG 3
°ﬂ utet Eah

&S A

n&lE
|

o

— oj >>'_
N
-

>~

O_L,
zr.
rr
4y
N
N
o
flo
r-m
_>;L
-4
B

ox, of
o %
i

o%

ft
ok
e
=

mE e
%
3 4
=3 %
ofy
%
28
lo

=
2

o oo o
Il
k)
uh

2
o 2 gy

Fo/  A24A A53 20009 9Y

HH A e DAL S A 2 e
FEAREZ] $ANE 3349 BRTRE VEY]
o

3 STEE
#9m,” Fegto] AHE Aoz F39

A(IPA) 2 Ex3 o7 (MA)ez F3Le
o 93] UPE $31& Azl ZHRPET &2
e z2A8AT. #4238 NPG den A o
A 9] FZ7t Frig] wet Tighe] Tastda,
13 glass, UPE %] #EZd] djs NPGZ st
FR)e] HEzbe Zhzh 4946, 47.16 CE 74% #A
vyeleith, T3 Zisman plot @ 2 8E] 114 glass, I
59 T UPE Fxj9f 2ejdll g3k goof ojs)
zvzt 305, 294 mN-m 'e] ZE dgrt. 12w
RMSE o] g3l PG/NPG Zu]9] fHista BAlS
Z24% 2%, 3z dudss 5% PG(1.0)9
F27} NPG(1.0)8] A2t 24 yeputoh £¢
PGel G’ & NPGHU} & g /Mg 45 AU},
e Fuig JAdA &4 PGA G % NPGH
ot & kg 71 wie F3 e dgdAMe PG
Bri= NPGe S gH)7) @l EI o} whebA
UPE A deir PG/NPG EH]7} 313 ol
g FAA e dardd s GETE7 SR
40 9g nE Aoz Alg"h

2 a2

rat

1. J. J. Bikerman, “The Science of Adhesive Joint”, Aca-
demic Press, 1968.

2. W. Poppe, J. Adhesive, 2, 114 (1970).

3. F. E. Bartell and ]. W. Shepard, J. Phys. Chem., 57, 455
(1953).

4. ]. J. Bikerman, J. Phys. Colloid. Chem., 54, 653 (1950).

5. A. A. Griffith, phil. Trans. Roy. Sco., A221, 163 (1920).

6. W. A. Zisman, /. Paint Technol., 44(564), 41 (1972).

7. J. A. Finch and G. W. Smith, “Contact Anglee and
Wetting”, p. 317, Dekker, New York, 1981.

8. W. A. Zisman, Adv. Chem., 43, 1 (1964).

9. W. A. Zisman, /EC, 55(10), 19 (1963).

10. W. A. Zisman, End. Eng. Chem., 55(10), 18 (1963).

597



11. W. A. Zisman, “Constitutional Effect on Adhesive and
Adhesive”, p. 176, Elsevier, 1962.

12. S. Wu, “Polymer Interface and Adhesion”, p. 152,
Dekker, New York, 1982.

13. F. B. Alvey, J. Polym. Sci., 9, 2233 (1971).

14. J. G. Mohr, S. S. Oleesky, G. D. Shook, and L. S.
Meyer, “SPI Handbook of Technology and Engineer-
ing of Reinforced Plastics/Composites”, 2nd Ed., Van
Nostrand Rheinhold, New York, 1973.

15. R F. Volgstadt, Polym. Eng. Sci., 14, 143 (1974).

16. H. Kramer, I. K. Konze, and 1 N. Trager, Mari
Kunststoffe, 58, 913 (1968).

17. W. Worthy, Chem. Eng. News, p. 6, March 16 (1987).

18. W. B. Russel, J. Rhrol., 24, 287 (1980).

598

Lol

20.
21

22.

23.

24.
25.

26.

. W. B. Russel, D. A. Savile, and W. R. Showalter, “Col-
loidal Dispersion”, Cambridge, London, 1989.

T. Amari and K. Watanabe, /. Rheol., 34, 207 (1990).

T. Hayashi, K. Morita, M. Tateiri, and T. Amari,
SHIKIZAI 67, 80 (1994).

S. H. Lee, T. W. Park, and J. O. Lee, Polymer, 23, 493
(1999).

D. J. Shaw, “Introduction to Colloid and Surface Chem-
istry”, Butterworth-Heinemann Ltd., London, 1992.

T. Okubo, Prog. Polym. Sci., 18, 481 (1993).

B. J. Ackerson, ]. B. Hayter, N. A. Clark, and L. Cottez,
J. Chem. Phys., 84, 2344 (1986).

L. B. Chen and C. F. Zukoski, Phys. Rev. Lett., 65, 44
(1990).

Polymer(Korea) Vol 24, No. 5, September 2000



