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2 ¢F . Benzoyl peroxideE 7JA|A| 2 o] -g35}o] & FEHo 28] diglycidyl ether of bisphenol
A (DGEBA) 0| 2] X]2} o}z & k4] (methyl methacrylate, n-butyl acrylate, acrylic acid)
EE FE IgZE FFUAE AR AFA] 412 methylene E methine B4R FE
447} abstraction o] 28}ZElo] dojdg 13C NMR BAo 2 #elsige). o] 22 E 23
$AE Q712 FHAA FEARolA S8 B 244 ol %9t DGEBAS] e olad
Zviel 87k F7h) gel A5EQ S48 2ol7) Skl B RAGS feHelLEs) 5
At £y A2 2 92 B/l Basidch IFH Reole] 244 ANASES S
goll me} feltel eEs Basiglon sEage) UE U YAV)E Fosich

Abstract . Diglycidyl ether of bisphenol A (DGEBA) was grafted with acrylic monomers
such as methyl methacrylate, n-butyl aprylate, acrylic acid in solution using benzoyl peroxide
(BPO) as an initiator. }3C NMR spectral analyses confirmed that the acrylic side chains were
gragfted onto the epoxy backbone via hydrogen abstraction at either the methylene or
methine carbons. Grafted copolymers were neutralized by basic neutralizers to impart water
dispersibility by forming stable micelles. Properties of the copolymer including water disper-
sion were investigated. As the ratio of DGEBA to the acrylic monomers was increased, the
molecular weight and the glass transition temperature of the graft copolymer were increased
and the viscosity of the water dispersion and the particle size were decreased. The increase in
the BPO concentration at a constant monomer composition also resulted in the reduction in
both the viscosity of the water dispersion and the particle size.

Keywords : water-reducible resin, diglycidyl ether of bisphenol A, epoxy-acrylic grafted copoly-

mer.
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2 ZRPAYFAM e &4 7HE9 A5a 4 A6l
1 712 E TAISel utiAET] HEte] water-
borne coating, high-solid coating, radiation cur-
able coating, 2#]11 powder coating 2] A&
& 7l Y3t 7129 U1 8AE B5 oz o
gtz A7t @3] AP Uil o] Foll A
water-borne coating-& 3 A water soluble type,
aqueous dispersion type, Z#]1 emulsion type
o2 BRE = U ¥t o g water soluble
typed HE, HEZe=, BT E, &7}
=g o] A Fajol| EAfsts v g
71E A-E7) Wreog dE YHANEN &
Bl Wao2 0.005um HE °)5te YzE Z
3l ~gHo] dojAct. Emulsion typed
ALA nBAE 838817 95t water soluble
initiatore} G384 ZRY 5t A] TR ENA] B
Mg FFsted FLIFAFIe Ho= 0.1-0.5 um
J gAFE AdE FEUNE DL T U5 B
¥ aqueous dispersion typel emulsion typei}
Yol 2440 D8R Faol] 7227 o]
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e BEVE =Y H AT FHAE o1&
3ol 9g PAAHoEM 0.1~1/m JAHEE
A Ao it S A= o). ofuf of
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Rz e ZgA= & F4HA FL8le cati-
on HEE EAEA] 947] el Bl SHYGE
YEL A4 "}, o]#$ aqueous dispersion
coating2 water soluble coatingoll Bl Ex}gf,
crosslinking functionality, minimum film form-
ing temperature (MFT), Z8]1 4X=27]) 5ol
Qo] B & formulation fiexibilityE F7]| wf] &<
3 o] 857} FolA 1 QUrhS

g, ol FA] R F2Y, WHY, 7Y §
o] E3] 24322 o]Z water-borne systemo|
0] 83t7] AT ATV vl Lt A7)l =2
A F7HA wge] sliel, $4 AR (300-

Eolof #1978 A535 1995 9Y
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600 HE)| A odFA] F2& FIAAE 583}
AlZl & polyamino amide Z-& water-soluble cur-
ing agent2 AsiAl71E wpolsict. 22t o] A
2 Ao vlwA X435} solvent based resin
o B]3] pot-life’t &1, 1& & 28] 1 maximum
film thickness®e] Blw® o thdo] Qut’” %
Ha L o ZA] F o] BE7|2A 1284
718 EYST oA T FIAHE Fasta of
71, polycarboxylic acid, ZgJopyl 28] Eglo}
e 2 AR At il g
SIFES The = wholt.

= LRAFL] o FA] R ol zE

Al of. ol EA] 2= HE BARF 6500 9 DG-
EBA (YD-019, 5=318H) & AR ¢ 1o
2 Agsgn). ez Mg (MMA)LS Junsei
AL §FA4E 5% NaOH +&H o2 3 A1H
g o CaClLE A& (24417, 38 A4 2
BE= 85l AEEIETH Bp.=29T (50 mmHg).
n-Butyl acrylate (n-BA)& JunseiAl SFA|2%S
MMAS$} & o g A&shy, 3 2 7
AE=F3l] AFESIET. B.p.=45C (10 mmHg).
Acrylic acid (AA)x= JunseiAdl EFA|FOZXH
FULRE 98l Wrle] FE FAS &,
SEFole] AHESIATt. Bp.= 30 € (3 mmHg).
HAIA Q) A = (BPO) & FlukaAl 13 Al
oFg HATY glo] 1HiE Algeldith &vle &
2all, N-methyl-2-pyrrolidone (NMP), n-buta-
nol, methyl ethyl ketone (MEK)E JunseiA} &
FAGoE AT AEEATt. FEAEA di-
methyl ethanol amine (DMEA)& Union Car-
bideA} A& 1thz AMg3HST
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B4 9y, 24, dropping funnel, A4 £
W, 8§ W27, 28 awvh AEE 47 T
v EgtAago] DGEBASL n-butanolg& ¥ i
AR A 115C7A] 28t AA £9]7] 3§l
Al DGEBAE &3} Alzith. o]7]o)| Table 19] 2zt
Hjgtol) oJste] ofzd ®ir] EFE-E dropping
funnel & 53ty 3AI17tell 2X EetA=z00 feed-
ingdlgth. ojy BPO: o}3d Bio EFE9|
hate] oA 7R FABIE JFet] Eiow| ETHE
3 23 HrRElgoh. 29 feedingo]
120°ColA 3AIT RARESAIZ| AL 1B ES S48
o 99.5% oldeld ¥ st WHEe FEA
ok YL 2P NgE AR Y1
ol Al ZQtstol]l Bt FE UE % E TSI
T3}k, Table 104 o] fejAoler:
Aol wh oF 30C7F HESF Fho] Ricv]e]
& zAstgnt. & A7 AV, acid value) = o
Hog Factp

2L} D
2%

Ay 56000 % E,

g

oJ7)4 E,= 4k9) ©ek4(acid equivalent)o] 11
We 24 9#ZA% £32 FA It

SR §4E 222 E FFEA EFE n-
TFEo] 20%7F HEF ¥ A3
wykgitt. ojyf WEES 25 E 60CE /AL
AitEl 4e] DMEAE 7bsted 100% F3HA1A
108 =9F w9 A|715 deionized waterE A{4]3]

A7hsha 424 godo] Hw 500 rpmo 2 30%

butanol&

Table 1. Design Charateristics of Compounds

EGA1EGA2 EGA3EGA4 EGAS EGA6 EGAT

Theoretical
T (C)"
AV(KOH/mg> 8% 65 45 8 8 8 &

Epoxy/Acrylicst 70/30 70/30 70/30 60/40 50,50 40/60 30/70

Epoxy/Acrylics* 3.7/96.3 3.8/%.2 4.0/96.0 25/97.5 1.7/98.3 1.2/98.8 0.8/99.2

30 3 30 30 30 30 30

“ Theoretical glass trasition temperature of the final graft co-

polymer, calculated using Fox equation.
® Weight ratio. ¢ Mole ratio.
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714 New F3Eolt.

aziz e IS e, A4E A T
E2RE HA o EA 2R HX] -2 “free”
olad FFTAE A7 AA AP 2 E sol-
vent extractiong ©|&3lGct. ol EA|-ol=d F
FZA EFEC 1Y Eol 40%7F HEE NMPE
H7rete] EFES S3AIF EFAT} deionized

waterE separation funnelol| H7}sta, =318 &

50l & % 207 HAS Asl RAE 24}
At} L3 solvent extraction ZHi}e] AEFHG
nonsolvent9l oE+2 2 AL HAF|L ©]& ThA|

90°ColA T HRE & Soxhlet extractiondle]
e oFA-0lad 2B ZE FEFPAE A
sttt olmf 3% LojZA] o ZA)ef| good solvent
9l MEKE AMgsle 31232t ${AI71F thimble
we &g Il EFFRAE 7t dxsdt.
FE3 92 9A=7) £4. Brookheavenil
o] Model BI-8000ATE o] &3 24ilehig A1L
&9}, Laser sourceZx I 633 nm 2] He-
Ne laser, AF#z+& 90°2 THAIF LW ASE=

0.02% H0% 343t} 25TCollA SHsHA.
23 2 33

A ZFAl-olad FFHA THES SuiFEe
2 AAE A3 toluene richB2Q] ArZolo]x ol
Hhe o E A} X9} o FA-ol3Y FFRAL &
FH2o] Aojx 2 NMP/deionized water rich ¢!
FAoy otad FFEAZE oS IR 2
EZL o] 83l EQ3NT}. Fig. 1A= EGAL
I e FR2A oA olaE GdHATE B
Z 4% F58A Y IREA djo]=olth Fig. 1
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Fig. 1. FT-IR spectra of (A) the lower solution of
the product mixture remained after solvent extrac-
tion, (B) acrylic copolymer, (C) epoxy-acrylic graft
copolymer, and (D) the solution remained after
soxhlet extraction.

o

B 852 F 31392 IRE 243% Ayjoln
o]A°] Fig. 1(A)9] o338 FFEA 8 54
Fol3E (1740 cm oA C=0 Ho|z, 1450
cmloA C-H 3o}z, 1290 em™! @ 1110 cm™!
o412 C-0-C Folas)d e ¥ 3t A
o Bo} o] FFHL olad FFAAYL
gttt Fig. 10e 44 §rFEdor de &
4 (F mRkE A ZAY o FA]-olmY Tl
E F5AHY THE)E soxhlet 53 F Z7
3o dAZ fAE IRE B4 AxEA] 7}
2xdio| 37t BAHA ¥ AR ol vyks
N EA £ALE IFAE + Ut Fig. D=
soxhletF& 8 doR o|Ex]-0}l3¥ IJElZE F
FEA Y IREA AHAZA] o FA] 2] 4 o]
3E o]9e] 1725 ecm™! B4 Ft2 v dajo)a
7 YebdE 5 A

FFEA Y 2THZE X & 87| H5He pro-
ton decouplingsl] &J%F 13C NMR &34 & o] &3}
Fon, 32 RujE A} deuterated DMSO (chemi-
cal shift : 40 ppm)E AI23}5 . BrukerAle)
AM-300 NMR Spectrometerg& o] &3}l 363K

20| A19¢ A5% 19953 9¢

2 52, B35} Table 2= YD-019 2 2+ 2
I E FZIH A HEH ©4 9] chemical shift
9} Fojz9) HEES YD-0199] 243 &
Hebd Relth. Aoz zhfEitd /HAA )
g% aEtZE e oFA FA FHo EAste
methylene carbon (Table 29 C-f) 2 meth-
ine carbon (Table 29] C-g)& radicale] 223}
&] hydrogen abstractiong %3 2lsi€tiy B3
So} QIck0 olE £ 9149 BaolA g A%
E Hwstr] flstds i 7IEEHe] L3,
S| ZA] %] utgkE3lke) 47) €4 (Table 29] C-a,
C-b, C-¢, C-d)= 2 integration ratio7} 1:2:2:
124 39 8739 I3 91 &1 & 1 o)
PSR 0]EZ 7|F2 R 4RIt & olF ¥a
9] Integration ol thdle] 2} E F=§x 9
methylene carbon®} methine carbon H|E& F#3&}
i, o] FEE UNES AlFEA] X (RAA e
=0)9] integration B]EH} BlwsiKtt (Fig. 2).
A7) AAAY sE7 RS

boni} methine carbon %7} H|<$=

= methylene car-
3 AT =2 gt

Table 2. 13C NMR Analyses of Epoxy Resin

CHg o
@?@O—’CHz—gH—CPIZ—O

CH3 b ¢

Com- Chemical Shift (ppm)
pound C-a C-b Cc Cd C-e CAf Cg
Epoxy 1477 1268 1138 1560 407 69.3 674
(5.64)° (11.44) (11.30) (5.61) (4.01) (5.59) (3.77)
EGA8 1423 126.7 1138 1560 407 69.2 674
[3%1" (7.17) (1343) (1358) (7.01) (4.88) (5.80) (3.66)
EGAl 1423 1267 1138 1560 407 69.2 673
[5%] (202) (411) (435) (2.25) (1.29) (2.15) (1.33)
EGA9 1423 1267 1138 1560 407 692 673
[7%] (311) (5.89) (5.87) (3.04) (2.21) (2.60) (157)
EGA10 1423 1267 1138 1560 407 692 673
[10%] (272) (4.99) (5.16) (2.52) (1.61) (2.23) (1.52)
EGAIl 1423 1267 1138 1560 407 692 673
[15%] (2.70) (5.87) (5.62) (2.90) (2.12) (2.53) (1.38)

¢ Integrated intensity of the peak.
¢ Initiator concentration,
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Fig. 2. Effect of the initiator concentration on the
integration ratio of the methylene and the methine
carbon to the aromatic carbons in the epoxy back-
bone. (Zero initiator concentration indicates unreac-
ted epoxy resin.)

gl A7E B Aok 23y A9 et
Z71gol wel WS g4 i3 methylene car-
bon®] integration H}= A YA3} Hiyd, BIEEFE
EbAoll ti3F methine carbon®] integration H]:=
2ot gol ZAagE & F Atk F A 2t
S e F A3 847 fA% HE aEiEy
Wgol FoiatAT AAA BRI Zobatel wet
methine carbon® 47} )< abstraction® e
methine carbon© & BB Bt} o Be Jg}xg]
o] o]Fojx &= Aoz vy =yt NMR o]
39 Ao WE 2a5E AW 1 ol
2] 32 ¥& Ao AdHET. Fig. 3A)s o ZA
F29] BC NMR ~#ERo|n, Fig. 3B} 28}
TE FF@ e 2L slAM TS otz
4 2ZxHE  (methyl
acrylate, acrylic acid)3ro 2 o] Fo|3 FZ§HA|
9] 2" EHolH, Fig. 30 MAA =7t 5%
duj Lozl o FA)-olzd 2T E FFHAY
2" EGo|t), o FA] #X|9 2 IE FFFA Y
2HEDE H| ¥ w 10~50 ppmollA o3 F
A Y golz7l YEltor o] ZRE AFHA] F
el otad EHRE 1 T U

methacrylate, n-butyl
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Fig. 3. 13C NMR spectra of (A) epoxy resin, (B) acry-
lic copolymer, and (C) epoxy-acylic graft copolymer
with 5% initiator concentration.

3 AZ A hE olz¥ Runpe RAH|E
WA 2T E FEF 9] ExFg v e o
& AR Ex8-2 WatersAte] GPC (Mo-
del 201)2 ZA3}%xtl, Table 364 BX0] o)

FAloka”d =614  BFEE Adstue ota¥

2rie) RAN AR me} BAFE Fhehe
Ae RAFD gt 5 Rieo] vEQ )2
NTA| F2 WRE Do) Bido] F7hHe] o
Z Al macroradicalo] R} H2F = A= &
Eol AXNEZ o}z Z49 Zo|rl Aoy Aoz
A AZItt. Table 4= 2Z}TE FFeA o] A1
I AAAA T Ale]d] ARBAE BeiF ot
JYTE FFPAY ZaFE BP0 FE7t of
38 2xy FAHY 10% (X 0.0483 g/
mole)Zul HHAE B o o] T oldddre
A WA gt 4t e g BPOFExT e F7t
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A5 BEr12 W4 BN T4 B B4

= N ZFA] 49 hydrogen abstraction®] 713 &
FHAIH. 22y 10% °©14<] FZelAes BPO
Z8E A% radical species (£ CH:C00- 2
CeHs- )7} ol ZA] macroradicalo|\} of| EA]-o}=

FEUA 2 a8la ol ARl BAYE F
std FAREEE do7)7] g o ol4ke] Ex}
F 7k BEHA e Aoz 44", agx
AAA FEol W2 Bxige] 71 BPO9 tj#
o] A FA] 2] 9JojlA] 2BpELE HRgof s}
i, of3d FFHel Fddt= BPO9 ¥ A
Hog &7 ujgor}.lt

olzE B9 Fxo 3 FE|Fe]LEe o
e BEYE Bxr &7 F71gel wet {8
Aol &x e F718HE Btk (Table 3). o] &
Al 219 FEIHC)2E (75C)0l4e LxddAe
AFA] $2]9] Hfo] AXL 2] UYRE D
9] gito] Lojsle nww| FE7} F7Hgdue}
x| AEtt Z49] Zolrt Ao ozH £ap
ZFo] FUIsla Y RS Fo= A& FHo
FAAd 221 ¥A)7) wZell F49 50l Zad
o fEHol2xe A% FHE Yehis Hoz
A2}, Table 404 AAAY F=7t 718
of Wt 22 E FEHA ] FElHoleEE 35
3| A4S BT detl ol HAAY Tt F
7}ghel wpe} o ZA} F4)2] hydrogen abstraction
718l9] 372 2YRE F 9] £ UKL, &
9] dol= AUA & #olx|7| jF o2 Az

TEAM A9} Fxete) A= nERLe] &3
T} A A FFE w2 2 A
A 84 282 E FFA e F4d v
o A+F (COOH)7} &xjsta Qo I#H=ZE F
] Zol9 o wet HEVF et ded
Hi9} go) olmd Rixw9) Fx7t F7heel uat
Z49] Zo|7}l R BE B T FEo] 37}
3ha a7 ZAaEY £ HE #FL
gho) BAH[G (Fig. 44)). =3 AGEE7} 5
7ol wet R4 HET Z4adte pseudo-
plasticity A5& UYeRAITE ¥4, 477 H =

F2|of A19¢ A5E 19953 9¥Y

Table 3. Effect of Monomer Compoéition on the Pro-
perties of Graft Copolymers

Com- Epoxy/ ++ 5+, Particle
pound Acrylics® M, MM, TK) size (pm)

EGA1 70/30 9,340 3.9 282.8 0.47

EGA4 60/40 12,710 3.4 285.3 0.42

EGA5 50/50 10,920 4.3 288.4 0.40

EGA6 40/60 11,910 45 299.3 0.33

EGA7 30/70 13,130 4.3 303.9 0.20
¢ Weight ratio.

Table 4. Effect of the Initiator Concentration on
the Properties of Graft Copolymers®

Co Initiator o Particle
Ou‘;‘ Y cone. My MJ/M, T(K)  size
P (g/mole) (¢m)

EGA 8 0.0145 8,730 3.8 293.7  0.64
EGA 1 0.0241 9,340 4.0 2828 047
EGA 9 0.0338 9,140 6.5 280.1 0.30
EGA10 0.0483 9,650 7.9 2764 0.27
EGAI1 0.0724 9,180 8.0 2782  0.22

¢ Epoxy/Acrylics=70/30 by weight.

o oA ¥ Fig. 4B)o Yeht dEd, 47t

™ L=
o Wt 2245 2o e 1HZE FFUA
F7ksp7] @zt Fig. 4C1E 714
Ao} Fwol Me FEU4T PE FHE vEhd
ROZ AAAL BT F7Kgel wet aetEe
24457} Soldozn A5} F7kse] 2ol o
@

FaSE TS wYth EW, RE FR4

7) =2
T Eo] 20%0|1 FEHEIt 100% L) ATHEE
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Y
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B
_0|{_|'
fr
kel
w
(0]
j=)
o
O
k=3
[
23

O
(o

g7], o7 F) E 7L lem REReR =
T AAHog |7]d odste] L&A o (salt) &
FAHst] FEUNES vHeA goh agzE

g Fftle B¢
TE&A FollA vdE FAJsHA "ok Micelliza-

tion AFE IYHZE Z9) Hatx Yol 2
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Fig. 4. Effect of the shear rate on the shear viscosi-
ty for different (A) epoxy/acrylic ratios, (B) acid val-
ues, and (C) initiator concentrations.

I =A

7], FEHA Exlgky 27, coupling sol-
vent, 2%, 221 7RAAHY E=To] 2 =4S

Holo olmje] Yztar]e B PHY HF9rg
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= 97 an B ApA @¢4E aszE 32
A O] ol R} S0 A5R7) A=
AN FAHoRE AR} TF ZAS oL self
—dispersibility7} ZtA4sle] ofzmd oj@o} 4
&4 FAED 377t =2A JeRg Aot
Table 364 o}ad myvo) Lo W}a Qztm
719 QS HAHEA olad Hiknl g7 =
7vgoll Mt Z4oll JAeR7 2rlstn g Qalay)
T #asidnh. A9AA A7) qEA Yz}
BHr} of7h & 0.20~047 S BE¥XE BT} 7
AAY] FEol @ FEA YRtV e B
d AR FE7} FA4g] we) aglzE
SHT9 372 8ol HE BEo) Sojgozy
Y2Z7)1= 0.22~0.64 im0 WYl Zas=
BAEE B} (Table 4).

7 &

BPOE 7HAIAlZ AHg8le] DGEBAo| methyl
methacrylate, n-butyl acrylate, acrylic acidZ
IHEE FFHATIL 01F F71E FINF %
TEY §4E AR, FT-IRE o] 8319
DGEBA4=|d| olzd miymEo] IajZEXRL
st 13C NMR AR ER 0 2 HE] of 4]
4] F4 2] methylene ¥ methine carbonol|A] 4
27} AAPeEZN aupEye] dojde 8118q
. DGEBAS] W3} olmd »ww 87} 2713 o)
et FFEAS 2xFe FARIAT. ok
DGEBAd th&t o}a¥ 2wz} S| whe}
247} dojx EaFgo] Fvletn v HAERS
THLE AlE 8|Ho] o9 feHol e} &
7HHE Byt 3 AAAAL w27 2715 u}
2 249} 571 F7kshe Wl 349} Pol: Fo}
A felHel 2= wolsrh. DGEBAY] 0@t of
28 2xo) vk FARAY AAAY FES 2
Zhgell wet 12T E B9 A4Rr} FrksEe
SRR HE U YADE Faact
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