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RESEARCH ON THE PREPARATION OF GMA ACRYLIC
RESIN FOR POWDER COATINGS IN BIOMASS SOLVENT

ABSTRACT

GMA acrylic resin for powder coatings has attracted much attention
due to its combination of the high reactivity of acrylate and the versatility
of epoxy groups. It is often used in the spraying of ceramic, metal and other
substrates. The GMA acrylic resin for transparent powder is the best choice
for the coating of the wheel hub. However, at present, the GMA acrylic
resin powder coatings are mainly obtained by free radical solution
polymerization. During the preparation and spraying process, the presence
of residual solvents will release a small amount of volatile organic
compounds ( VOC ), which will have a certain impact on the environment.
With the vigorous development of the powder coating industry, the trend
of developing environmentally friendly GMA acrylic resin powder
coatings has become increasingly prominent. This type of powder coatings
also has a very broad application prospect. In this paper, we first tried to
use biomass y-valerolactone ( GVL ) and 2-methyltetrahydrofuran ( 2-
MeTHF ) as solvents to synthesize GMA-type acrylic resin copolymers by
one-pot method and continuous feeding method respectively, in order to
meet the standard requirements of commercial powder coatings. The main
research work is as follows :

1. A simpler one-pot reaction was used to explore the feasibility of
free radical polymerization in biomass solvent GVL and 2-MeTHF.On this
basis, the effects of monomer, reaction temperature, initiator, chain transfer

agent and other factors on the molecular weight, molecular weight
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distribution of the synthesized acrylic resin were investigated. Finally,
glycidyl methacrylate ( GMA ), methyl methacrylate ( MMA ), butyl
acrylate ( BA ) and styrene ( St ) were selected as polymerization
monomers. The polymerization system was [St]o/[MMA]o/[BA]o/[GMA]o
=6.0/14.5/7.5/8.5 at 120 °C. Acrylic resin with transparent appearance and
no cross-linked polymer can be obtained by using 1.0 tert-butyl peroxide
( TBPO ) as initiator and 0.02 n-dodecanethiol ( DDM, molar ratio to each
monomer ) as chain transfer agent. The synthesis of GMA acrylic resin was
characterized by nuclear magnetic resonance spectroscopy ( 'H NMR ).
The feasibility of one-pot preparation of GMA acrylic resin was clarified,
and the ratio of monomers, the type of initiator and the polymerization
reaction conditions were determined.

2. On the basis of one-pot method, the GMA acrylic resin for powder
coatings was synthesized by changing the feeding method and using
continuous feeding method in biomass solvent GVL and 2-MeTHF. The
results show that the molecular weight of the GMA type acrylic resin
prepared by the atmospheric pressure drop method reaches 270,00 g/mol,
which is quite different from the target molecular weight and is not suitable
for use as a powder coating. Therefore, the preparation was carried out by
high temperature and high pressure drop method. It was determined that
the structure of acrylic resin could be controlled by controlling the
polymerization parameters such as dropping rate and retaining time when
the temperature was higher than 120 °C. The transparent gel-free acrylic
resin with molecular weight less than 10,000 g/mol, narrow molecular
weight distribution ( < 2.0 ) and glass transition temperature higher than
30 °Cwas obtained. The polymer was characterized by differential
scanning calorimetry ( DSC ), hydrochloric acid-acetone method and 'H
NMR. The influence mechanism of the above factors on the structure of
the polymer was discussed, and the reason why the glass transition

temperature of the prepared resin was lower than the theoretical value was

v
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discussed. The above results confirmed the feasibility of producing acrylic
resin by high temperature and high pressure dropwise polymerization in
the above biomass solvent.

3. The prepared GMA acrylic resin was made into powder coatings
and its performance was tested, which was compared with the
commercially available resin for powder coatings. The appearance, curing
temperature, adhesion, leveling performance and impact resistance were
mainly investigated. It is found that the powder coatings prepared with
biomass solvents 2-MeTHF and GVL have basically reached the
commercial standard except for the low melting viscosity and slightly poor
leveling. However, the organic solvent butyl acetate is involved in the
preparation of powder coatings, and the appearance of the coating film is
turbid, the leveling and impact resistance are poor. The curing temperature,
adhesion and impact resistance of different molecular weight resins are
basically the same as those of commercially available resins. The melt
viscosity is positively correlated with the molecular weight of the resin,
which is in line with the conventional phenomenon and affects the flow

parallelism of the coating.

Qiangian Zhu (Materials and Chemicals Industry)
Supervised by Xianrong Shen
KEY WORDS: powder coating, GMA acrylic resin, biomass solvent, one-

pot method, continuous dropping method



R E L RIS

H %

B LB ZE1R oooeeceeeeeeeeeeeeeeeeeeeeeeeeeeeeeenteneeneeeteneene, 1
10 == U TR 1
1.2 B ARIBBHEITTIR ..o 1

1.2.1 BRI R B IIIFE oot 1
1.2.2 B RBEHI I ZEG LI oo 2
1.3 PRI BN IR AR IBBFITTIR oo 3
1.3.1 PHIERAR IR RIBEHI 22 e 4
1.3.2 GMA BT IEFRI FEFITERE oo 6
1.3.3 GMA BRI B FERS AR FEIIR oo 7
1.3.4 BRI BB R ZE B L2 e 9
1.3.5 BRI BB R I B B 7025 oo 11
1.3.6 i F HEE A X RETIIHITEI oo 12
L4 W BEFIIITETIR oo e 14
141 y-TRATS (GVL) TR oo eseee s 15
1.4.2 2-FBEPUF BRI (2-MeTHF) FRITATIR oo 15
1.5 AW SCIIIE AR LI TENZR oo 16

52 5 AWRIERH GMA B PHAEER IR B — BB 28 e, 18
75 = =TT 18
2.2 SEBGTEBIT <ottt 19

2.2.1 SEIGTFRL RIS oo, 19
2.2.2 GMA BIPHIE TR I AR 10— 7288 v 20
2.2.3 GMA BIPHBETEBT AR IIZRAE oo 20
2.3 BERGTTIL oot 22
2.3 L SEBG LA IR TT oo, 22
2.3.2 GMA BIPHBETE AR IR ZRAE oo 32
2.4 TREEIINGE oot 33

53 & AWRIEAH GMA B IAER AR & SEMUEHERI o, 35
TS = =TT 35
3.2 SEIBEBIT cooeeoeeeeeeeeeee ettt 35



R E L RIS

3.2.1 SIS TERE RLARE oo 35
3.2.2 GMA BRI AR FIEE L MBHZERI S (v 35
3.3 BEE GTTIL oo 37
3.3.1 H I INEXT GMA TR R ARG BRI R .o 37
3.3.2 & i R AIVERT GMA B P I RN 2 BRI RE I oo 39
3.3.3 GMA R P IR I g Tg A B DRI I S LSS M RAE . 44
B ZREEIINGE oo 50
¥4 % GMA B IEIRAD AR IR BB ZYERETE T oo 52
=1 = OO 52
8.2 SZIEFEIY oottt 52
B.2.1 SEIGTEREBLALER oot 52
8.2.2 K ARIEBHEIHI B oo 53
4.2.3 BEIEVEBEMIIR .oovoeeeeee e 54
B3 FERGTTR oot 56
4.3.1 A[RVETF N £ 1) GMA BT IR BRI IR0 IR B RE R .o 57
4.3.2 AEGTFET GMA BRI AR AT IR B BE LI (oo 58
A4 ZRFEINGE (oo 59
FBTE FEIR G e 60
DL ZE U e 60
B2 JEEE oot 61
ZETE TR vttt 63

VI



R E L RIS

FL1E 4P

1.1 315

I 5 A TR ERBE AR L B B8, SHE R A HIR (VOC) HETshr v
BRI AW, X LSRR AR AR IR EHE AR Z IR R R B b s 2 Sk M o ANFT
RS E IR R S KRR, ME 8 —MAN S DLBEM AR IR A RN H T
w2 E RN, B ARIREHE RS A G R ERA MR, RN BT e
YU A G RAEBREAENE. 5Tk, BEA 7RI e Eys Yo il @, ff
BER—BEERITCFRRRIRERIRE . o, BRIRE— IR RIRE EESR
S, WRIEAE 50 & 500 pm 2 (8], AIRARAERS TR, &G EEAR . B
T AR AT LA RIYSCRI R, 55 25 S 1 32 R0 T LAIA B 90% LA Lo A b T3 71 7 i
Bl B AREORE R B FE R 5 A BURER S WO, IR B, A
WA SPGB LRSS R B,

2021 4, WHEBARFE 2O SIE2N RKIRELE &1 65%, &4
B ARIREMT AL EE —BY . B AR IR E AR AW G, B ARz B
THGGEM . B WS R BT HE VOC E, B2 H TI1%. BAKHE.
o T2 P IR . JE LR PR R AT IR R T R,

1.2 #REEE fEd
1.2.1 MRERNEZRRIE

£ 20 22 40 SFACHIH, DLEERR AN 3 B8 AR HH TG o gk
AREEREE R S )@, 1950 2 1953 &), Jofa K T KIABTRTE AR LR
RiRiE . Hrdr, AR IR R R IR 3 Th e AE SEPr AR v R 5 1 MY
{E1, 20 122 60 4E4R, Shell 2 ) FRINBFH] T AU AGEL, FRRIM TR T
EAE PR R RS B ET k. Rl —BF A, Sames AR KB TRy R HE HEBTIR 2E
o [EFEHEIIJIERT, B RN T EERE E R & B L, &
VER] RIS HE SR 2 I Ul o B A J e e to) . e R R iR oA 2 B ks Rt
T IRBE FETTHEZ — IR 0] T 2 RS Ry AR Tk A A 7 R0 87 FH B
FEN T AR . 20 THAD 70 4E4X, BEEH K IEREHO ] & M58 T 2R A5



R E L RIS

3, AU T IR RIS A AR RS A SR R Ry Aok, B H T A R
IR A A A T AR A = 8%, Ry AR IR B R HORBEN T B
NI, 20 T 80 FFAX, BEERKESEE XS VOC BREIFIA N, AR RE
AR SR EIMRE R A R R, SERFIGKRE 9% 0. ghit, FREH#K
RERRHIURE AT R R BE . 21 At DK, FRERY A SR04 i 7
SeRE, ARG R LR EM R BN G AT, 2021 AR HE M
Wy AR GRS 2000 226 JiNl, B & T LA R S EHT A2 74.1%
H163.8%, TLIZTHEINSE & RIAE 5K 04 FE T2 O AR IR A2 7 K
81

122 MRARNSLSHK

1.2.2.1 BRERE 52

R AR LRk [ AR 7] 3 A R R AR Pk AR TRk o T
VERER R, W E RSN PERE . WA E S . AR R AR Y, BIEMER R iR
BHOAGEH AN RAEAA . S5 A AR E VA R R k), RIS A7 Rk E RE AT I
R B G o AE A BRI AN E AR, W] SRR B R SR i = 4E AR Z5 4
ST ] A BT 5 # A AR SRR G, SAIB R AR AR S TR R
WAE L, B KPR, SRR IS T8 ZE. RENERRREHRFE 77
i (g BT e B B AU e Al e, — R M AR IREI BT 370
%,

VENIEIVE R ARIRBH — i, IR I R AT AR AR . A s PR Re AL 7 S50 3%
B T @A IR IR TT I . (H R LIRIR B AEM S 1 255 1
A, BT DL e SR A R, SUR R CE R R R Ly, DU R m R
Wk AR IR J3 00 B U SR M B BRI TN BRI AN B AR, W T8
JEHM BRI LI AR, A U T AR, R R IR B R T
R RE LI AR AR E M, Ak, AR RIS AR RS 18
FEREE . RBEE S R IREL

AR R PR AR VR [ AR R T 40 N FORER, Fi e 5 2 ooiRIE ML, FTRE
A VYA AN 5] B4 [ 44 Js2 2 BB SR Ik AR 2]y ISR A0 SRR AR T o R R 2
ARSI A FEE 4 A 4 - SRR AR AR AR, DUSR T S SUDR B =40 7K H Vi i



R E L RIS

(TGIC) Jylil A 2 1 S BR A AR ATk U] i ST AR i A 1) 7R S MR i
T R AL 2 ) SR R AR AR ) ARE B RERTIANIR], BAT 22 R4 i &
(KT PAR IR A AR TR O A RISRADI AR IR B VERE IR S B — s 2 57 . WA
WA RGBT R P prob b Reds, (R PR RZE o MU S-S AR R AN 2R i
P FEA AR B AR TR 1 T Ak P 2 (1 T L, L 750 R AR A 22 S Tk AN AR
G Rk AR B 7 T VE BB (B A A [ A P 2 B et P71, A7 ¢
RIGFER, iS5G AR At R IR AT I R AR P . PR s 4
Ve, &RMIE R AR mvE RIS . BARD RS I, (B & ok R ikl
3718 7 B AR AN, BATIR KA R B 71
1.2.2.2 HARFFHIERL

RO, A PR R AR . A BUERL R Bl A DG SR )
RS AR R A b R U R A TR RO T BE ) 32 ZEARAE, o o P KA
Ry, EEZIN 50%~90%, NILMARKIPEREZRJCNEZE, Qb His A Ak
BE AT LASEM JRoR AR B AR P G0 AR PR 70 7 DR A e AR 8 55 T LA i
oy RGBT A S5 0T, [ A7) A5 B2 A R R e 11 R A Pk R Rk R A
AR A SRR ) S B R R L B I 11 2 B R 3K o B R okl DA EL
IR RN, Tom BT o AN ARSI AR SRR T AR 0 [ AL 57 oA ANE],
RNk AR Ukl H LR R Rk e S B (HAAD B1, T I IR e A R
WEFE I Kk R (DDDA) P2, FRL = B B PR AR RAS . SEim A4 &
PRI EEIERE, WtERE . BIEAThRE . M RIDGTERE Ryt A B AR REISE .
HRBRRHT R RIRES 5. BBAh, O IR R R s FE
FAAEBRFE RIS DL, AT AN B BB, B an R R] SR R T b
AEALAEHR o EBOFI A AT s PR, WCARE IR A 07 ke EeE . &
TR R ST S A R IR R I DT 2 A RCR I AN AR T P57 6 i i B I
LA REFHORCR, (BRI 2000 A B KT AR AR AL BB S ,  HAR SO B
Ik, B INAN 2255 FE 5 RORL S5 HAR 2L 73 ROA A, 3 2255 R8I R
B R B SR R P4,
1.3 GBI S R IR BIAD ik

P IR R AR E Dy R 22 b 2 BB — 51, HAUBRIPERERT i



R E L RIS

RIS FH ATk — B4 52 R o IR AR AL HY €0 PR A S o S S8 AR g 128 1 25
PR, R RIEMROE T IS FrAMTRY
1.3.1 AGERI AR AR IR EIAY 7 £

IR ER R B 2, S HAF . o, DLRERIE IR e 2
JR R AR U P YR IR P G e P AL A A e MR IO S, JCEAE 7 4b
BT REG IR AR L SV RNUKZR TSI IR T, Ha% RAF (PR Tk ME REAT i
P, G TR, I FKEFUUR. HK, R IE R Rirr2 A
WA IR 5 F AR ARSI B, P P R R TR BE i B mT AR
FRANMEBARTH AL A PERESS , BAT S 2 ANV o DhRETE PO AR RN ik R T
FHUILE A I B i Ph S IR IR D BE PR LA, Inpu s oh ek FEA. DU RS, DA
AN AT M R 3R o UV AL UG IR Ak AR ol 5 SR A h e A 7], [
MEFERR, TG R 75 B R I BT AR B, DIREVEER R I R A
FEA A RoRLIE L 8 0 Zh BE PR R BRI T iR R R R D RE , INATT 1A L U A
BEARSE, AR dh SR 2 AR TR T 5 o X S DA L R e 3
PR32 R L FH IS5 1T 46 52 4 AR FH IR O R SE00F 7T

PR iR AR s B LR R B RER ISR 703, E 20 N BLR = Fif:
(1) GMA BRI IR ik AR et

GMA RLUPJGIRI HE A2 Hh PP R PG IR R IR T IR MG IR 5~ Tia A
B A I R A 7K H I e A RS IR A G 3 IR LR TR R K, (B L0
N 2B PE PR, o R, FEtE %, WA . GMA BN
WA R AT 5 R TR Y i Bl 0Bk — R S AT IR [ A Tl

5 - 0O o
f;r;/\ﬁb ' m/mﬂ)kmi-———>

OH

mMOiRLOJHV:I;

Kl 1-1 GMA B ER A g 1 1] Ah i 72

Fig.1-1 Curing process of GMA acrylic resin
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Fig.1-3 Curing process of hydroxyl acrylic resin
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HARE Z JTE T, 256 T NI BRI 1 i S S FE VRN BR SR I 2 ThRe i, uidokl



R E L RIS

Ikt 1 V2 B AT REMEDCL,

HLEER, FFFUN 5 — BB T3 GMA BTGB A Sk AT 22 J T B 4t
X LA T IR BB v e A TR RIS IR B B 5 o X e ek B AR v IR A
WA A FRARSE S i, RN ORBF RS, JRdRR N HVER . 1X
T 85 JI AR FR T VR4 LR A3, 3B e B IR [] A, o e 00 8 F At A3 1) 12
37, 41 Zhang CP¥15E NAEAE A FE AT T, SOk 13T M 06
(PVDF) WME &M ARRE. RESHEITE, ff PVDF 5 H 5P IR IR 46 /K H
e (GMA) #ETH:k:, & B PVDF-g-GMA 79, 5K [H & & 1 %R B 5 6 R
g (PMMA) B EBHR BN . K PVDF-g-GMA/PMMA ¥ K i
AT B 5 A S vk, G SE 24 PMMA & &8 30 wt%lf, PVDF-g-GMA
A PMMA HAT REFIIAHA I . BEARSEI0HI45 R AR IR B SRR AE XS BT (R B
73 T 6T TR K B AR I D R 25 PR 588 Il A, (L2 S 60 PR i B AT ot 1k R R AAE 1) S ide
HAEMARIREIITRE TR AT get: . £ — PS5 NEWIRIRFE OB (HEA) 5| A
FREE, IFEXT GMA BUPIREERA N AT o F LR i LB G 70 b MRS 1 R
HHCT RS 99.3% I B TR R . tbAh, FEERIRNOIE N R I £ — i —H
FEIRIREE (EM221) 1R BRI, AT DASR o AR U (s, DA i BB i) i
THAERME. 24 EM221 SRR BN 1.0%, HHl & 10 Rk 2 R A 5w
P i P Re A JE T B o

HULFER, FEERRE IR S, B AT 5 TR R0E GMA BN
Wy AR IR BHW AR RE . AT IBO) T TP RAEREA I (VOO & &EIIREL,
DA 0P IR BE (15 G o RIS, B FE 8 AR R AT 4 md B A 2%, ARG
REFEAIAE 77 LA o Pojnar KMHEE AR FH 7S B IR — 05 BE A 0651 &7, 5 GMA
IR A OB BIFFL T B TR CHES) TG ER I AR 1 58 4P 6 [l ALk K i
AR A 5 235 K R S 851 10 2 00 AR R BE R RE R o AT 58 A 2 o] ALk R
TROBHER R 00 7 AR A R SRk B0 2, R AR FH SE AR A iR R bR ] A i
P2, FEACEL IS FR B REFE . 20705 AT AR T ARM AN B FE A 4R b, 2 f R
R I — P A EA T e B R R E N GMA R P BRI R 14T Bt
A ZICRIRMEAG, RARES . WRETH BR . ST, it &
T 3R IR0 AT 120 CAGIR [ A PR8I UG ER KD A TR RE . ZIRELI PR
K, M55, ML, FLAERRK VOC HEBL $2 MR it . Watson JI43145
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LAY TRER AR LA AR S

N2 HE R T B R M 2 R AT AE T RE S (BOC-Gly-MA) 5B A I4H

AEl) GMA LR, TRRW B L IR EY, KM Lo AR, H TR
T LR AR e . RIS BOC-Gly-MA HISEBYIZERME AT, 7T LU R
VARG, A 2 B T Re .

GMA BRI TR AR R R S BUIR 200 2 R R A, JAEH & T2,
VBB AR R 7 TSI HUAS T R Ik . AR BEAE B AL IR N R AR I G158,
X B AE BT 2 AT 21 S AHE)

1.3.4 MARFRANENEELZ
(D [AEAEF= T (i)

[ EEA P T 2R84k (LU RSO 4%, Wi 1-1, 23 Rk}
[ B VA5 0 280 e L 25 28, e s kR 78 51 R, HEE AR R] 1 S L %A R JEAT SRR
H Rz an B 1-2 Fits o 1% 5 V5 R A RO TR S BORHE B, B8 R IREEA
HHAATER Z A R Z AL, =i FEFRAMIN G R BB 515 il /s 51 Rk
AR BUR: BEW S TFRES HTFEMME: REMNEEK G3h) kM
JE AR S A AR R RERG N, 2 BRI A 08 s R i S S A P PR e = AR AN
allib}-Z ke

K 1-4 BTk N AR B

Fig. 1-4 One-pot reactor device diagram
UK E N AN R F AR ] — 8B AT 1 T2 IR FE . fildn Li CHI5E Al
H— ki BT B0 5 COx 3L, 5 31WA RIRIRATEIE TS (PLC) HI¥ KRR



R E L RIS

BUHB G RIS TR FN AL, A BE-G L4 4 PLC BJERE

IR I Ak o DU IR Z R B R AT PR « ey B S8 A A o
SEARERRE S . R4l & BRI BIOGEE L E IR e R A A4 S . van
Velthoven J L J 58 NS 1 1k AR R HIZE V)2 B i, A P S UDR IR = 4
AKH MR (TGIC) [ I BLEF AL 5 R B e . AU TGIC [ Hb % B e
PRI R 10 22 1 B TS 7 » UE W 2 W) SR AR I A2 AT SE A R P o A G
ST i AL R o

(2) EEEAE T GEEIERE)

EERA T TE (DUNRGMOVIESINENE) SRIENEL M T M, 25
FET e s R OE I SE SR R 77 AT o 1207 R BA AR EBE (>90%) . FAk
WEFIUIRES, 278K, T ESMBAEEI A SUGETARBRER. &
R (>5h), REWE SR, A RAL 5 LA L R 5% . 5 IR,
SR AR NAE (CSTR, W 1-2 Fis) R BIfGED T IR A8 2 S R 1)
B, B SRR YRMS B (12~30 min) (LB FEROR L 1R BRI
Mo FERNITREN, FEE RN B MR A B 4, W 7R I . JF A
I FRRE LA TR TR RRE . EIEAFE R B
BOR sels s/ MARAESEA R Z AL

B I BK B A VRS
— IR

BIR=IRM
EKATO GASJET®

EKATO PHASEJET®
(Fa &)

1-5 CSTR 3% & &

Fig.1-5 CSTR reactor diagram
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R E L RIS

Ji =55 B S OTM R SR sk il b AR iort o R 28 35 R BR AR - 12057k
W H AR R TS N T B R L ZBUAT S B ik
PR LRI . F T RaE s, FRRPRL B SN AT s S R AT e . iR
FAH AR, WEBNR, SEOL 7B /NIt BN R ED, 7
AR, AR . Viahakis E 55 NHME ] CSTR WA E, 4 XIfE
Hai 8 [ VA AR AR 290 RSN 70 £ 7 R Ao ARG P AR Tt - E ) e i A 42 HH 6
B B LU 25 A 2 HC S ) S 25, R PR T ) o 3 P88 SR Tk P S o el B
JBE IR VR P2 A B PT SIS U7 1] AR e, FH DA 3R A S BEHERE o ORI i AE
R RO THAR M — 53, A AREREH A JrT, e 7 1) AR R P,
PR REAS 5ot oy AR ) ot B AT i ) K
1.3.5 MRARANENRESHE

By ARG IR AR R G A R U H HERGAE, BIERES.
FBR G RS MEFEREW . o, WCR & B s R se PR iz 1
oz 4B A 2 W O fcH I 3R & B HL R B AR UIRES N RHMT R & O,
DRI 75 AR 15 B i B B AV AR I e B N (R R B i TR BB T B
GfERIRET i, BRERWED, PaiEEm . ORISR AL 1B
A AZ AR R A IR T i) B IR s 3 i S SR AT FE 00 B ke P T
RGBS IR B N B IER R G ITIE L — o SRT, VRS MRS AR
18 VAT 2 BRoE LR T 3 B A 7 AR 3G 0 2 s Y. Pojnar K45 NP2
R ARG T & T AR I X PO AR R R o T2 by 22 10 P 445 B PR 11 T
R UL R MG R PR (M S5 S N, FE e 1 AR I (Rt P AN BB AL e AR TR
FEIE AT AE IR = BB K (i TR)= A DAAE S AME T, DRI R IR K 1
Go S B AR A SR G A 2 (52

FBIR S5 BT R A BB T VR Al 3R A rh I 77 0 25 B e AL, (BB A It
K, AEAGHR] & Rk AR TRORE R i 20 5 B LA AR 7 ORISR PR i, eI
JREVEIVERE . Yang GPRE AR BIFR G, T S HEXEMIERIRE RS
YIRURL. 2R SRR rT £ =R T SRR D, BRIRE. ARERE R
LI i bR is MR R, EERAS R =), (HHR G YR L, ASA T4
o JFHARE MR P ERERR, BHERIRE, AoiEHRE kNiE
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R E L RIS

FEo BEANEA HAth 7 Un] DLE 25 ok Rigkl, 4 Flosbach C %P TS A
FRRIAE (0 7K T P 58 A9 21 R TR TR T K S VA AR I PR — Pl 125 R T ERRI A
[y Bh SR A v LUE BT IS WA #5520 3% . Buinachev S %5 APSI7E pH
3~8 WIS, W AR RNUHRVTE &S YSZ Fafk. Horpr, 7 pH = 5 I3k
10 YSZ Ky oK B G B A S SRR A M, DA AR E o A AR B 1 4
WIS R o 8 X IR AR AT T A R BRS04 38 53 FL IR R A AR B2 (11355
w2
1.3.6 SR BHERENMEESZYIHE N
HEHERG O ZHTESMEGRESY. WK 1-3 fos, BEWER=A
FE (WD kP HETIR BERKREEZERY, FESIR R B, 51K FE &
E 60 °CLL L (5 E A8 [ 3078, R K R N b, [ 3RS AR
AR N BRI S MR s AR LR O, NI ) KB P A
RO ik E IR G EE. LMk, WOIREL. IGRREEA I IGIREE 212 5
H ARG EEPAARRA. BT RERM A, HEHEREE W RS
SRR o AB I SN AR IR 5 B MR BEEE /N o

Initiator cleavage l2 —————> 2 |* Primary radicals
Initiation .
Chain initiation I* o+ M 4|> I-M* Initiating radicals
. k
Propagation P* + M ——L— P
ktr
Transfer P* + T ———> P +T*
Chain
transfer k;
Reinitiation ™ + M ——s TM
PI’H’I’T‘I

kt/'
Termination Pr + P,*
T P~ * PyF

K 1-6 HhAEREEK

Fig. 1-6 Mechanism diagram of free radical polymerization
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<80°C 80-180°C =>180°C

Methacrylate:

Midchain radical formation (backbiting) and — o —
consumption
(propagation and termination)

Macromonomer formation (ff-scission of midchain - - -
radicals) and subsequent reaction

Self-initiation - -
Depropagation - X
Acrylate:

Midchain radical formation (backbiting) and X X X
consumption
(propagation and termination)

Macromonomer formation (ff-scission of midchain — X X
radicals) and subsequent reaction

Self-initiation - - X

Depropagation - - -
Styrene:

Midchain radical formation (backbiting) and - - X

consumption
(propagation and termination)

Macromonomer formation (ff-scission of midchain - - X
radicals) and subsequent reaction

Self-initiation - X

Depropagation - -

Bl 1-7 ASENREE SR N HIEGIRER . IIGIRIR . R OIR R G IR R IR Y Ji B
Figs.1-7 Secondary reactions of methacrylate, acrylate and styrene polymerization systems at
different temperatures

T BHEEREGT S, SR B H AR A 1 SRR R /L 140 °CLL b
RETMHA TR RS AAE P8R m &G R & 251
Ho R EHEREREAT, HERNEMH ARSI . nE 1-4 B, &
% 2 N 58 B — PR A SR A B/ TR FEE R T v T AR W, A IR R S R0 R i A
IR FE P R T IR A AR . AR IR AN R 2500,

FE i B ISR A S R, R T I IR T 288 B A SR s P R T AR T
RIS, RS> T R ADBERE R . B WAl s i B B R A I S N4 s R B
LRGBS A 51 R 3 = R U R IR e
] 5B W R AR G B S I LR 2 0 i B R B SRS IR S R L R A I T
AR, I B EERERE R A MM FrDhae e d Cnlgls) 538 -
(W E BB R AR, S RAEWRE RS, TERIRE MBS R S LS,
RFERARE BN . FIB, AV 1 2 A2 0 I ARE
125 R R R AR R P S T R, 2 B N SR A T BB R R RT RV . G B
WAL, X =R LB e T R S| NE BB A FE ) (CTA), RIS
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R E L RIS

YIOEE 5 B A ISR 3 UK B FRAIRER B P A & &1 B e,

Ak, ERAAE T GEH N 140-350 °C) I H M3 & 0] IAE T R I T A
SURFIRIESL T, HEARER BT H R 51 R FEG ORI, SIS AE il N
3%, Liang K 25 NIHF 5T 7 ST/HEMA 7£ DMF A1 FF 2, 110 A1 138 °C
R ELE B EE L IR SR, I e A B A 2 RS i i ANV R PR R AR
HRIRI AL SR 5 S SR AR 2 S IR e A B Ja 2t e — B, X2 0 HEMA 5
H 5 R [F) B 38 4 5 AR AR s A EH S 801 . ST/HEMA SL R 731 8 1) 1Y
KT BT K M) HEMA AR &G ZHEE N IRIRER AR, 2 RT7E R Ak
F R A SN SR B XA 1SRG SR 52 7 e 3 AR FE 1) 2%

=Y
ey 2E

1.4 EHMEIEFIREIR

SR 9 — A a] AR B S SRt Ak AR AR e BT B
S HAET S A AR E YU )2 N AN RENS i 2 H & 755K, 3847 Bl 108
XA BEVR AR ISR DI 575 G o BB A BOR B AN R AIRA R RR 1 1
5, AV IR AN S OV E R, 9 NSRBI SN S 4 (0 A2 3 A A
20

K

H AT, WAy e S2 56 s A Tl fE e R il 2 — o N A
TG < I SN IR B AR « VA A S N2 73 LA ) 73 AN ZEAL . 4
Tk FC A e 22 1 A LA, PR e G 25 R iRy PR RE P i (AT b AN ] 2D
HOEZ iR ERERIRESHIRZ S PN NI AV S A BN S 90 E [ AR THE PN 4
AL I 2 36 ™ B RIS AR IR ) R, DR LMl A 258 ALV 57 100 Y B BIUHT BE %
A A LV TR e AT 22 o L OO,

AR R K B TR A SRR AR T VAR, LA R 32 B VA SRR A
B KA B VIR BRI AR R 208 RO, e Rk BB BT, I H eV /A2
FEAT « FORFEAT AR SE o B e 5 R AR EEVE S PTHAR VR A A M A 1080,
BCH LA EE A - R 2- R DU SR 5 o T AR o s ) ) SR 2
IETG A, Pt LUK BB 7RI 00 73 gt 7 0 R BN AR AR A, R BLD XA B2
PRHIHRS, DAL SRR AN SR B RS (E F AT AR ) B TS A7 A A 7 RS v 55

7] 7L o
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R E L RIS

141 v-IKABE (GVL) Bk

y-IRAEE (GVL) 2 —MIORERERWEY), MR, HA B RIS FIERR
SENE o AT LU Rl A0 % e R SR AR B, iR SR EF 4 R FT . FOKIS 4. GVL
RIH g, TEEERE 32 BT CES) [, GVL & —FifrEfe Tk 3
IRAR D, AT 78 24 & SN N7, 80 & & kAl K. Bh4h, GVL it A
BUEMPTEEER, EHH TR, WA, D= e,

Hermens J G H &5 N\7OMii H B 3L 51 & 57 ascaridole AR RFEE¥ 77 GVL 34T
HHERS, BASENENEYEREESY. UMHETE, B 14T ZFA8AE
PIHEAZ I S RSN E R F RS T I SR A RS BRI A,
FCRAE . FE B e EYIEIRE . MousaM FEUTHRIE T GVL IATAY) o- 1 FF &
- T B o R -y R BRI R R G . R R T S s A A A
MG RS GREW: RMIEEAEZER, AN SRR KGRI T
5V BCEER RRRE, X IEE PP AR RS BESL . B NIRRT (IR A
PR L B S T 1Y) Tg RISE s (1 #ase M. Laanesoo S 28 A2NE # 41 H
F 3 5| R AT IR A LASRAS A BN 5 4 T R OF SR RIS 7 | L AL 3L DY A R 1D
(PATIMA). £ GVL & HIHITFAT R A SN . ZEEYITE 80 & 168 °C M i
B P 2 I o B A AR B, O FLYE R 268 °C IR E R ARFR#vRa e tE. ik
A, BNASPAR 22 5000 3R B IR -G W0 T Rim Tk Ul 2 e e « 45t s on i ml
S5REMINE SRS, MR R T AR AR AR R AR 7.
1.4.2 2-FAE IS RRIERY (2-MeTHF) HIfEiA

2-FEPUEIR (2-MeTHF) & — MM AL &9), WH 2l 5-50 AR
(HMF) #il#&TMpe ITAFEREIHNAEYBT Cn Tkt H RS A= & 52
FEPL, 2-MeTHF & —MaE 4], KB FEE A, (85 10.6%M7KTE
FALEY), BRI RS e, JF HIEUKYE . S E A B E A
HAEHE 5 mIE 70% M7 IR AT, IR, 2-MeTHF A] B AL S8 7 77 2 U S5
FROR T 22 2 8 A ML, GnEa L4l i S A 78 249 5. o, 7R
A E T, 2-MeTHF 5 i AR AR 24 . B BE50RI 2R HORIEC 7 A i 7], F A
TR BEIE TR R BIVE RRANASE , AT ERASAT ROANAS E H A% HRUBR i 5 )

Englezou G 25 N7V — R4 &)@ AEHE ROP 5 2-MeTHF ) [ 3L Al
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R E L RIS

4% RAFT B4 (RS BGHEAT) MG, DMERI R RZ KAV A
git . Zi RS, PISEVER -G IREIC ] AR, IR =M R A0 i
AN A AR, DAPPAN AR g oK 25 (8 7 SRS U 71 6 R FH
Rana M M 25 N\UTVRBL T 7EAE 3L 5 7] 2-MeTHF HH £ i 58 (N-55: 74 225 P 97 i )
( PNIPAm ) T IHT 2k . 2-MeTHF 15 N5 & rh BE R A% 57 (14 A mr DA i
1 H IR A B S BN M 2-MeTHF ) C2 Ji 717 B - S KRt . %
L LU AL LI R E U R AIRAR 22, AT A5 R AR A B 27 28 e U I 1) 6 Rl i
BE T SE AR A B 2R N AR T -

gk BRTIR, AWV R D —Fn] AR BRRAE Tk A2 A )z
I, MBS 2 AT R K, 8RB Bl %A RRUR BOARE, I8/ PR 45%
g%, SR, AMIIETNIHFA — € BRESOER], TEFZETZHMSH, 0
I R e M T RSO AN RS G P o BE & B2 BOR AN T R F R FA (R R iR R 1Y 5
FRAE AL BT R S AE AR R A SN B BRI, i N 2R B BN S8 4 1) A= v A
TAEFREL.
1.5 R XHIEBE X KITRANS

ULEER, GMA B P IR A AT Ak PR JHE R A 5 v P SR U P AT fk 128 e
HRJEIRTE o B H AT DMk Bk AR IRR R R RO K2R R 2R T RRSS A
UG, WO R, ARG a2 S R R it 2 2 LA
IR, XEAEG AR RN o A S a] fA42 BHR H 2 il A BUIR A St =
Xt et A S RS A 5 WP, 545 Y ZE 8 B IR A T AT AR D 5 A mT A B
S5 AR IR R ARG I . AR H AT FORE = AR SR,
(EE H A AR S i 2 A I R R ZE B, BT LR AR R R 2 5
GMA B PIGEIEM AR A BRI RA TN R RE -

Xt ASCE AL RG R, AR AR e al b, 22l
X NIBIRERR R G, KBRS A RIFER IR 7T GVL &
2-MeTHF U8 WK, ZR TERSAIETNZS 5 RE, DIYIS R 2 i EheiE
ok ARkl JF B — WAt TSI 7 NS 5 ObE, IXFERE ]
CAEGE A Ge A ILE T A KRB A FWR . i 4A s, wRefifb T2,
BEARAE ™ A o 36 mT LA IR H AT Do SR S8 Rk GMA BRI R A AR I 2R &
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TE, BFMAEMBEFCE AL G IEE T Z 58 R R GMA L& R R
RGN RATYE, X P W g AT IR I el

AW LA R UR .

(D %%, AU 2- IR y- I A B AT 3R %
B2, S Bl o SR, WA TR WAL R SRR BRI
BN GMA B PIGER M IR AR 70 T8 L 7B AT RIRE, LA R &
By AR iR AR ZEK

(2) WAy Tk A P 1 3o A PRSI, LEAPD T 77 2- ik DU Uk
V-IRA B BEAT LR SN, e il & S NLAR A, PR S BRI L, IR TTI
INITAL. R VTSR GMA R PTG i AL 7018 Ko TR0
B FAR IR L AORE I, DU 2T Bk AR TR i BOAH SG 2K

(3) Xt EIRREREH) GMA B PG AE AT IR RNt WL i
PERE R S IE B B A AR IR AR HE, IFER TR
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R E L RIS

%2 E £YIRIAETIH GMA BRGEE R AR 1 — RIS &

2.1 5|8

Tl b SR iR S ok 7 AR PR R IR R o BRI T 5 5 T4
il S SO L kD B S S S, (AR E R A W Bk G, TERTHHRAK
EVAHT T B, AR R . 4k A R AR = i R, mak
SN JERHZ LG — RPN S R 2% H AT OB, 5 SOBEEE R, — IR Ak
BIWT, % 0 S A4 R 70 o] LAd i sl ok 28 08 0 07 S IEUAC o 2 iEA D 1R 3
AR, PRARA P2 B, & T & MR B, & FHTE R .

HAT, &KL il e SGANER 2R, W) 68 RiRE
NG, 1B SAWIETIR Z KI8T A AT AEY, BT A AR, HHEAAE
PR fE AL FR R R S G HE R R B A AR, R B IR A
y-IRAEE (GVL) Al 2-H3EPUSEIR (2-MeTHF) ] MEF4E 3 K&l %, 1E
NP FATAE PR SRR AT 2 . e, GVL B R I M 2
AP R R, AR BT T B A R R BAR A TS, Bl AT DARE NON-—
3B (DMF) 258K 2R 2 R AR S8, 79214 s 40 ik
%1, 2-MeTHF & —FhEZ DKL, TSR MER LI T, BATR
SR AN R RS, (EA—MAE TR EER, T LEA THFEY.
N, ¥ 2-MeTHF 1 AA WA IR 2% (=AM, B TR0 A s B e A S R 81
K, ATBMEH GVL 5 2-MeTHF ZAEMHEFIRB A HLIERIS S5 R ReH
WY R P 1) 2%

AT T FEAYFRER 2-MeTHF. GVL W, 223K A — #6415 51
A LA 30 T 8 BB R R M B RER B e R AR IR A s o 5 vt
(19 B bk A bt F B AR (O br o 2SR LU, IR TR R SR A ROBL A6, B FAN R 5
RN AR AN [FREE A 5] 5 R SRR 4 7% 70 FH R S0 SR P I A A 2R
SRR, DU E R SOV A R R JE AL BT
TG AR B IS 1) o D SRR SR SR B R L g, R R B B A A AR IR FE
AU Tk SR A 17 O ) SR B B L i 11 SR B S B 2%
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2.2 SCEGERGY
221 LIGERI RS

SR BT R LR 2-1
#2-1 SRR

Table 2-1 Experimental materials

s & AR R
KK (SO AR 99% AR IR A PR A
FEEPIEIR S (MMAD AR 99% e R IRHE A R A A
PIRIRIE T EE (BA) AR 99% R IR A BR A
HE P A R4 /K H s (GMAD AR 99% e IR A PR A
Y-l (GVL) AR 98% e IR A PR A
2-HIJLE USRI (2-MeTHF) AR 99% e IR A PR A
N BRI MRS (PGMEA) AR 99% R A R A R A
T (Xylene) AR 99% e HEILRH A TR A A
IR T T (Butyl acetate) AR 99% R IR A PR A
VUZkIE (THF) AR 99% R IR A BR A
R [ 245 £ A Ak 2l A BR A
P AR 99% [ 245 £ A Ak 2l A BR A
L1 GRUT B %38 3k
80 wt.% g B A A R A
(BTBPC)
AR AU T BE (TBPB) 98% R EIRH A PR A 7
2,5- W2 5. GRUT R
s U (DHBP) 93% P EIFHAH R A 7
RIS (DTBP) 98% e EIRH A R A 7
MR (2-2F ) BT
98% b R AR BB A A BR A 7
(TBPO)
I+ ZHilE (DDM) AR 7 ARSI R A ]
SIS T AN R L3 2-2
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R 2-2 LIRS

Table 2-2 Experimental instruments

PEEA S LSy G
EERBIE gAY Alliance iS HPLC System IRFF R (L) FIRAF
AR ZEFARIX DSC-25 FE TA {X#
IRRESEAR B S AX Ascend 500MHz 18 [¥ Bruker A A

2.2.2 GMA BIRGEEH BB —$miEAHI &

HEX A 2 5 ORI SR TR EAT TRAG BE o Sk I A v A R T LARR
FZBHIEA, SRS TE SR oI N Bl 56 1 43 0 DABR 233 R 7K

B —E LB MMA. GMA. St. BA FUAFI IR SN R, 2A
B0 20 b e, PREIINGIEF K IE+ ZHiEE (DDM #E#75)D Ir4r i &
W, TEONTE R R T OB 12 he

JRBESEH S, B GMA BT I A g VR 00 T ok e 2 VR I 25 VS 7R R AR S
(RIBfA . FRRUE ZRIR RIEFE R 180 °CIRHMER 0.5~2 h, ARG, B
BITETEER N, RIPT/3 2] GMA BUPIGIRIAR . F=WIpkeE, BT,
VR 2 VIR E RN ()42 BT, 49301 GMA LIRS 6 935 B I iR ),
il P T v AR R 2 TR 5
2.2.3 GMA B IHER I A B FRAE
2.2.3.1 HHMRIE

IR (TH NMR) & 0 BB b I 25 M R ) £ B2 — o TERZ RS,
PRI B, SRR T AL LIRS 5 RIS R B0, A7 B RN SR P SR T Ok
PRI RIE R .

f#H Bruker 500 MHz #Z#ILIROGHEAT "H NMR M. H 600 ul i A
(CDCl3) ¥ifi# 10~15 mg 1) GMA BYTAMEER N AE T A2 00, SRR,
2232 FFERESHRNE

BERGEE O (GPC) H H T thmn T ER SV 7L, B~
LR AW 5y FAEA LR BEB AL T BloE 2k i 2 R A7 & (Magee)
MorTE AT (My/M)

i1 FH Waters #7515 (35 LA IR Z A br e B NARHERE i, DIE GMA
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TR ER I AR (1 3 1 8 e 43 TR 40 A o B 1 omL (1) 5% 2% DU Sk , ¥ 3~5
mg MG T 1.5mL M LE Y. #HE8 R RES T WIBEEE, FHEH
3~5mL TCARIR B () — R M 5 3 B SR G, a8 i K A SR DY R L 0
S, VEN I mL WEERERH . bRl TBONFE it S AR
2233 WIBUHETRENE
ZRFARERM (DSCO) MM ER S 5SS WY REZER, Wi ERE
M L AR R 2, 15 2R G IR BT 240 aniE Rl 2 B AR IR R 55
i E TA (1) DSC-25 # M. B 5~10 mg THE5E 4 1) GMA BI G TR AR
B TARHIH R . THETEE N-50~150 °C, FHEEZE Y 10 °C/min, B/THE N
220 mL/min. FEFFEPR, BRI LAH BRI S, DU Ik as R .
2234 REHEWNE
WM E (EEW) 1S U= LB ER R e E L RN
HIE T GMA B PR R IS LE TR IR A0 I iy e 4R L P S R i e, 7%
e Rk AT [ AL R [l R P R A R o W B T, IR IR 1 3R 4 2 =k
e FLEA LRk, AR AR S, IO BB, MR B A L L i R A
M A PESEPERE . FREEIRRE 100 g AN R & A M A LA EE R &, Y
B EHEMEMITE LR N: EEW = 100/ 5 H. AS2i% M8 GB/T 1677-1981 #h
BRI E GMA B IR IR IR 103 8 2 &, RADIRIT
(D REFRRAIMEE
0.1% ) Y ZLIEW: ¥ 100 mg LA T 26 mL 0.1mol/L A EAL NI TR
H, ARG A 100 mL A EIEIFH A2
0.1% M H EAEMEA: ¥ 100 mg 7 EEHEHE T 22 mL 0.0lmol/L I
S, SREHE 100 mL A BT R BKE R
¥ OB B M 10 mL FEYZLIEBON 30 mL 7 B EFMEERR S B4, If
F 0.01 mol/L A A A ER SR BRVA W T 22 Fh k.
(2) ERER- TR (4 iic B
FARFALL R 1:40 & LR -TN RV, ILECILH .
(3) e IR
F ER R - A B 20 mL ¥ f# 0.5~1.0 ¢ GMA BRI E CRSHf 2 0.0002
g) T 250 mL #EJE R, RS IEAEIA AL B 30 min, fFAFETE RN . BE
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JEN S IRA TR T HEE M, A 0.15 mol/L NaOH Frifiiiif & 2% 45 i ¢4 A
Al [FRER 77 A R T T R

WEMERAN 2-1:

[V—(Vl—%xw)]Nxo.Om
X = w

s X—GMA B PR IR i I A {E (mol/100g);

V—25 FHARE A 0.15 mol/L S SEALAMIA AR (mL);

Vi—iRFE GMA B IGERM AR TEFE 0.15 mol/L S AMANER AT (mL);

Vo—GMA BT BRIAR I i B8 8 7 FE S A B (mL):

N—Pr A AR BIR . (mol/L);

W—GMA MR ER R E (g);

G—IERRAER GMA BIPV R AR L& (g) /NT 0.5 I, ZREAL,
200058 RI GMA BL P M TR i 1 R A vT 28 ANt MOR B TR A i v A
X (2-2):

x 100 2-1)

[V — V,IN x 0.016
X = w x 100 (2-2)

A X—GMA BIPIE IR B A A E (mol/100g);

V—2 R FETE#E 0.15 mol/L EE AN A RAATR (mL);
Vi—idFE GMA M B IE T #E 0.15 mol/L S8 MNIEWAAF (mL);

N—AT S SNV BOKR E (mol/L);
W—GMA B NIGEIRM IR &E (g),
23 BRGHE
2.3.1 SLIGEHHIIRR

23.1.1 BRI

TR B AR I SR B D 0 6 B i A5 T = RS (R D RESS B ) Bk . R | R
PRCA B D Re e SRR o — FECRE LA PR A i 0 T Sk, B SRR LU B, B AIR R
BRI A PR B vy, AR PP P A vy, T K MR, E I Bt S AR TR IR AR NG
ROk R TR R B F R i S5 R BE T B, S A AEJT R An o PR e ae 3 0 R 3R 2K
FAAR R SR B LM AR U REF DA A RN i PR 5 B R AT B A o BT H AT
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%o PR M AR Pk AR U Rk R TR, FRATTIE B MM R Dy 32 R B4, Y DA s Al
Ui gt OREME TGP (RIR LS St rERe . LA St OIRERE AR, H
PAHARH S MMA,  FEACRA . M AR IR R G BB W3Rk, Sk
PRt DL BA AR, HUREEFREINE, REERE. DL GMA AZCHREAE,
FINSER R, RACEERE . A7 24 it 1 BRI B PR R B 5 7

BEAL, AT SE T TR 1K) GMA 7 P A B AR i 7 ot 00 H 3 A e AR IR
TR, BTESAMMIEAYNES, WE2-1(a). (b) Fimk.

0.00
a b
M. 5pe=4.9 X10°Da
n,GPC™ ™ o010
M,/M,=1.52 2 ]
5 0204
LL
20251 _ o
g Tg=50.17°C
-0.30 4
-0.354
-0.40 4
1'2 1I4 ]_Is 1Ig glo 20 4IO BIO BIO 100
t/min Temperature (<)

K 2-1 i GMA RJGEER I AR GPC 2P (a) K& DSC HiZkE (b
Fig. 2-1 GPC curve (a ) and DSC curve ( b) of commercially available acrylic resin GMA type )
HE 2-19 (a). (b) ®H, WERREEARIER Macrc= 4900 g/mol,
My/My =152, Tg= 50.17 °C. 2 EhIR- P45 &4 R g ) EEW =
570 gleqo ASCLABLTI B R AR URE B IR (AR S8 Do ik als, e A R %,
R 2-3 fiow, VENARSZIG K45 1) GMA BY 5 I B i 1 77 5 H A,
F 2-3 ASZEGH ) GMA B P4 I R S AH 5 Heis 1) H AR

Table 2-3 Objectives of data related to GMA acrylic resin prepared in this experiment

PERE FA%
Mn,cpc ( %102 g/mol) 4.00~8.00
Muw/Mn <1.70
Tg (°C) 45.00~55.00
EEW (gleq) 510~600

HT GMA RPIIGEN IR Tg LR AARRMR & StAk, 2% E
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& GMA BPIEIEM IR T Tg KW HIRZHE, Rl FOX 2R A (2-3) i+5HH
b Tg S Bk 43 47 L), nsk 2-4 R
Tg=W; XTgy+ Wy XTgy + v W, xTg, (2-13)
A Tg: JLRY BRI B
Wi BRI 5T 4 4
T BT . 1 35 B A AR U
% 2-4 B GMA BRI IGI A G A R FBEE (R B 7 4040

Table 2-4 The ratio of self-made GMA acrylic resin monomer ( mass percentage )

4y B ARIRRE (°C) Horte (%)
MMA 115.00 34.00
St 100.00 15.00
BA -56.00 22.50
GMA 41.00 28.50
HIRTHE Tg(°C) 53.19

2.3.1.2 AEI5I %53 GMA B IEER BE 2 & B9S2

T & BRI e 1) 51 R AR R %2, anid SR L (BPO) Z5id %4k
MG RA) RS KA R R R T RS ARG KM%, 5
RANIERE T DL E R A T, WREY S T8 &Ky TES M, &
ST ANE TR E & 1R A 0 IS R R 0 B SN 5k A SR OB TH
R ARSI EE 5 MRS S5 RS 5 RN, 5URAIVERE &
2-5 i, AR S AN TR 32 A A B s o3 i BE 1 L R AE 120 °CHY
TS AT IR RN, N3k 2-6 PR, RFTAEAIE 51U FIEAEY FUEHH, - St.
MMA. BA }% GMA H:EH R GMA BNEIRM IR =%, FEMSTES
ATHIREI o FF GG H 5 s L R SR 26 A 1) 51 R

# 2-5 AEGIKFIN 10h 220 B i o iR B

Table 2-5 10h half-life and self-accelerating decomposition temperature of different initiators

=Ry Gl ol 10 /N2 2 A I 7 el
(°C) (°C)
e (2-5 ) BUTHE (TBPO) 72 35
1,1-%0 GRUT Head 428 Mkt (BTBPC) 94 70
AR BT s (TBPB) 103 65
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43R 2-5
A 51 R 10 /N2 I 7 il
(°C) (°C)
2,5- T FEad A Ak-2,5- - E ke (DHBP) 115 80
ZARUT A (DTBP) 121 80

& 2-6 GMA RUPIIRER I AR CEAN ] 51 K57 T BO3E 3R S B 0

Table 2-6 The copolymerization of GMA acrylic resin under different initiators

Entry Initiator Conv. (%) M cre (%107 g/mol) My/M,
1 TBPO 46.68 8.70 1.50
2 BTBPC 53.78 12.60 1.63
3 TBPB 65.83 15.90 1.80
4 DHBP 86.69 20.00 2.30
5 DTBP 88.85 29.60 2.33

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[Initiator]o = 6.0/14.5/7.5/8.5/1.0, t =12 h, T =
120 °C, Solvent: 2-MeTHF

| ]
90 %. 120
1 —e— Conversion 1
] e 10. 4 110
?80 10-ht,;,
\ ;
S = &)
c 4100 &
© 704 | o
S g o =2
> - 90 ]
S 60+ | =
@)
) - 80
50 ]
470
40 T T T T T T T T T
TBPO BTBPC TBPB DHBP DTBP
Initiator

Bl 2-2 5182 3 5 615 1) GMA B YRR I IR 1 22 11 X R K
Fig.2-2 The relationship between the half-life of the initiator and the conversion rate of the

prepared GMA type acrylic resin
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2.4
30 - — o
—— Mn,GPC (><|.O-3) = 22
25 - —_——
_ " M,/M,
o 420
Y' 20 )

I\/In GPC (
[ )
\-\
Mw/Mn

|~

1 1 1 1 1 14
TBPO BTBPC TBPB DHBP DTBP

Initiator

Kl 2-3 ANFE SR, il &8 GMA B NIRIRM AR 70 &2 5 0 T2 A K R K
Fig.2-3 The relationship between the molecular weight and molecular weight distribution of the
prepared GMA type acrylic resin in different initiators.

#*2-6, & 2-2 KBl 2-3 BIR TAEREZ AR SR FIN R E BRFEE . 4y
TR TEROSMAE. HE2-2. 2-3 KILE 120 CHIR NI T, GMA #Y
TR AR (0072 3R L 00188 b 0 1B 43 A BTt 6 51 R 724 8 B0 P00 s 184 7 184 0
XAEH T 10-htin BEGURR, SRR, AR E HERERC, 4
1B R LEBA, R A] DA ] P RFEE 5] R S RS (Rl B T e 2 B A
R LR RAR, R ARREES TENREH. £F—RMIRET, BEET
RAERIARIEG R, P AWt &, AW RS T EE. TR MENERED.
H A 5] K5 TBPO ( Mygee = 8700 g/mol ) 25 R MNAFIMREAY > T=S Hix
5 F & (My=4000~8000 g/mol) e NH#EIT, BEIREAHK AR, H)5 0] LL4ka:
VAR AR R B 2 A, DAIS B (A 28 o DAL 5 SR 1 SE B4R ST i A2 i 2 TBPO
il & GMA B B i 1) 51 7)o
2.3.1.3 3| &FIHEN GMA A EER ISR &S

TERFFE MMA. BA. St X GMA fEAYIFUE T 2-MeTHF . GVL H 3L
i, fE 100 °CII M 2E T, BL 2-MeTHF 7). TBPO A5 K 7T S5
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BB FEIRTT 51 A FH B0 3R B SRR 51
R 2-7 GMA BTG RELEAN R 51 AR &R HI3E R OB 1% Dt

Table 2-7 Copolymerization of GMA type acrylic resin under different initiator dosage

Entry TBPO ( molar ratio ) Conv. (%) Magee (107 g/mol) My/M,
1 0.5 87.00 15.40 1.57
2 0.7 81.67 12.10 1.54
3 1.0 78.67 9.50 1.52
4 1.5 53.67 7.70 1.56
5 2.0 46.00 6.90 1.60

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[DDM]o = 6.0/14.5/7.5/8.5/0.02, t = 12 h, T =
100 °C, Solvent: 2-MeTHF

90 - 4 16
()
\ —e— Conversion
®
80 T~ 5 4 14
—_—— -
/\-O\ ° MH,GPC (><10 ) e
S o
S 704 n 11 X,
5 0
= 2
S 60 410 =
O
] . . i
50 - \ \ 48
[ ]
\. |
[ |
40 1 1 1T LI LI 6

— —
0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2
Initiater concentration (molar ratio)

Kl 2-4 ANFEGIKFIHET, &0 GMA B EERI G 177 2 5 7 1 & 70 A 1 % R K
Fig.2-4 The relationship between the yield and the molecular weight distribution of the prepared
GMA type acrylic resin under different initiator dosage.

#*2-7 5K 2-4 Bor T ANE TBPO FE/RELI, & RMNMHIHR. 7078 &I
TREOMER. HE2-4 FEH, TBPO HIEE/RELM 0.5 # K% 2.0, GMA A
WA e SR 7= 2 ] - B AR B R B E S 1K % B TR 51 R I BE I 3
I, s TR RSP E BHEIKE, K0 TREEEM S KARLIE RN, 1577 %
BEAIG o [FIIST T~ B IR I iy, R AR BRI J L3838 K, AR 3L R Y o 7 B k)
Sia s RS Bir oy T REMESR, KI TBPO BE/REEN 1.0 I (Magee = 9500
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g/mol), EEWN T EELIEBir T8 (Ma=4000~8000 g/mol), [tk AE
IREEN 1 051 KGR T 5 SR SE 50 5 PR IHR &R
2.3.1.4 §EEBFIAEXN GMA RGBT ISR &S

HEFEFL T IE T AL (DDMD £ R A R EEAE AR R A, 435
WK ERERERR, HRATREW S TE& S TESAM. 1£ 100 °CH N 5%
77, BL 2-MeTHF A¥% 7). DDM NEEH %5, #4850 DDM ) &7 MMA. BA.
St Sz GMA ()35 B 82 A iR 521

# 2-8 GMA MR BRI E AN [RIREF2 #2 77) T F & F L5 R Nk

Table 2-8 The copolymerization reaction of GMA acrylic resin under different chain transfer

agents
Entry DDM ( molar ratio ) Conv. (%) My gre (X107 g/mol) My/My
1 / 58.62 10.20 1.59
2 0.01 58.13 10.60 1.50
3 0.02 78.67 9.50 1.52
4 0.04 60.00 9.10 1.49
5 0.06 58.33 9.30 1.42
6 0.08 52.33 9.50 1.41
7 0.10 55.00 9.00 1.39

Reaction condition: [St]o/[MMA]o/[BAJo/[GMA]o/[TBPO]o= 6.0/14.5/7.5/8.5/1.0,t =12 h, T =
100 °C, Solvent: 2-MeTHF

% 2-8 {78 [ AN[F DDM BERLUI , RE B 5 T8 R TR
. BEE AR ZR T DDM HEIEEIE L, RGN 5 ST R
(F=ZH 58.62%3H & 78.67%, XP&ZE 55%). 4 DDM [FHE N 0.02 (554K
FEIREL) B, GMA B Ia R IR K 7~ 2 b idr, ATIk 78.67%. MIEREYIr TR S
SRR R T EES, BA IR EE 9000 g/mol A1 1.40 iy, iXR
HiT DDM S5 &G4 B AR, (EREHRAERZ L, M 7 REY
(K535 . JFH DDM RN AT LUE SRS 70 TR A B34S . 454 Seiags
REBHFSTE (Moo= 4000~8000 g/mol) MIZIR, EFEEFHEFINHER 0.02
(5 ARHIBE IR B, Magre= 9500 g/mol) T J& 42 SE 56 M4 AT AL o
2.3.1.5 FEIAFIXT GMA BEGERH SR &R0

ARG AR R AE T, R A R LG Rk B AR IR
W EAHCHREZE R 1K) GMA YRR i o A I Al AR5 V4557 (2-MeTHEF
GVL) J =M F T £ ¥ AU B IR 1) % Ge A WL 700 R I Y Ik 2 R TR
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(PGMEA). —HZ (Xylene). IR Tl (Butyl acetate) Z55L4. & 100 °C
(KRBT R, PRI RN TR A1 20 GMA BN IERRR AR 1756 7 7=
AorF B A G EAT XL, W3k 2-9 B,

3¢ 2-9 GMA BITTI BM IR CE A [ 9 (03 50 R i1 1

Table 2-9 The copolymerization of GMA acrylic resin in different solvents

Entry Solvent Conv. (%) Mycre (x107) Mw/M,
1 2-MeTHF 78.67 9.50 1.52
2 GVL 63.31 10.20 1.54
3 PGMEA 89.00 11.30 1.67
4 Butyl acetate 89.33 11.90 1.68
5 Xylene 86.64 8.60 1.68

Reaction condition: [StJo[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02, t
—12 h, T=100 °C

29 WoR T AR RE R38R R mm . £
ANTRIE 7 H A5 0 GMA 28 TR I AR i £ 5 P I, 5 8 701 B e o i 2 55
AIRKMIK R HFE 2-9 7T LUE H SEGANIEFIFEE, fEAEYRIET] 2-MeTHF
S GVL Hifil| 845 2 1) GMA BTG TER I RE 1 7= 3 oy T B AT B/ (LA 2-Me THF
NEEFNPIFE2R 78.67%, Mw/My = 1.56; LI GVL REFIFF=% 63.31%, Myw/M, =
1.54), IX AT Re 2 BT AP A R B AR 2 7 51 R A, A B E SRR
FEAR R, RAEFEZAER LRGN, #imSER G R KT RSN LA
FRRAENIER (A EHREBCREE. R TE. —F2X) 5% GMA BN
PRI R 007 28 0 T8 o T8 0 A KRR E AT 24 87% Mucee = 11000 g/mol,
Mow/My=1.68. X HRIL, BEIR GMA B I B S TE A= 9 0 %5 771 2-MeTHF 1)
PG> (PR3N 78.67%), BHTEASMEBAE (My/Ma=1.56), HFHH3T
& (Magre= 9500 g/mol) 5 Hr7r+8& (My=4000~8000 g/mol) B NAHIL, iF
U AT DA FH AR 0 5 3 700 8 AR G 1R WLV 75 2 5 0 R TRk R TR 1) 53R 6 s v 5
5, WU T A BE RIS S R RR IR R SR S T AT M
2.3.1.6 FEIRES GMA BEHERRKAEER AR

H LA E/NT3 H DL 2-MeTHF A7), TBPO. DDM 437l R e B 5 5511 AN
BERRE TR G A, IELU SR AR FUA R FEXT GMA HY P S R i 1) 77 22
BB AR .
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R 2-10 GMA BRI BRI AR A5 AN R] S R EE T I3RS S R A L

Table 2-10 The copolymerization of GMA type acrylic resin at different reaction temperatures

Entry T(°C) Conv. (%) Magee (107 g/mol) My/M,
1 80 87.26 17.40 1.55
2 100 78.67 9.50 1.52
3 120 71.33 7.30 1.45
4 140 67.33 7.10 1.41

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o= 6.0/14.5/7.5/8.5/1.0/0.02
t =12 h, Solvent: 2-MeTHF

18 - 4 156
' r
1 —_—— 3 4154
I\/ln,GPC (xlo )
16 1
n o 4152
] M, /M, _
S 14- 4150 _
X p=
@) 4148 T2
g 124
& =
S 4 1.46
= - ]
10
e 4 1.44
- \ - 1.42
° -,
] © 4140
6 1 v 1 v 1 v 1 v 1 v 1 v 1
80 90 100 110 120 130 140

Temperature (°C)

Kl 2-5 AFERREET, ##%H GMA BRI TG 170 T2 50 TE R R K
Fig.2-5 The relationship between molecular weight and molecular weight distribution of the

prepared GMA type acrylic resin at different temperatures.
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90

85

@
o
1

Conversion (%)
o
1

N T~

65 T T T T T T T T T T T T T
80 90 100 110 120 130 140

Temperature (°C)

2-6 il &1 GMA BY DI B2 W I 110 7= 265 AN [] B 2l FE 11 26 2R 1

Fig.2-6 The relationship between the yield of GMA acrylic resin and different reaction

temperatures.

#2-10. & 2-5 5K 2-6 Bon TAEREX RE R, FE&TT
B FTLLE A GMA BINIGEER IR 1= /T8 KXo T Ro0Ah
A A P (R T = R R . IS BOX PRI G ) R R AT R A DL R AN T T

(1) FEERFIT, S RATURFNR I MR LK R & YEE 5 T 4 1B A
%, FEOCEREIK REaWor T TR,

(2) HHT 2-MeTHF 76 s 5% (80°C), fEmi T Ak, (MR
P FEH R T o R PE S N — Bk R A, B HRIECR AR T iR m R
H R RS ki miR s HERE MRS TEIK. 2 TESMES
Ri R, DRG] 25 1) GMA Y TR I RN i 401 A o3 1 B 4 A 35 B Tt P 1 T v T
TR

HA#E T =120 °Ci, BEARHIH GMA BRI AR 10 7= AR THIRAE (5
N T1.33%), HEDTEISAEE (Mu/Ma=1.45) 3 HHED T8 (Macec=7300
g/mol) AFH AR T & (My=4000~8000 g/mol) HIER. ik, ftik 120 °CIE
HNIRFCAEYBUE TS 58 AR IR R IR 5 G S50 m] 47 M A S RIS

5
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2.3.2 GMA B EER R AE B 45 3R 1E

AWM AL LR BAEAK, X H AT BT s 50 1 7 58 A oy TR AT SR AR R
BRI L, Tk B BN R A &S00 H IR SR & 4641 T = 120 °C, t = 12h,
[St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02, Solvent:
2-MeTHF, FXF1% %A 21 FTfa i GMA BT WG BREE P IR 0 45433047 7 3RAE.
T 2-7 FioR.

g, h
[o) (o)
i ./ m
cDCl, 0
k—° p
q
_ b, c, ea
J
o.p | q
| \
VS i oA\ k § \_k
7 6 5 4 3 2 !

Kl 2-7 #4511 GMA B P A A i 1A 1
Fig.2-7 The NMR of the prepared GMA type acrylic resin.

HE 2-7 Pz, i1 GMA BP9 I BRI B A% 4 ] 0.70~1.10 ppm ( peak q )
AR FEERZUE T IE AR H MMA ERFIE (—CHy) BT IERIE; 1.67~1.46 ppm
(peak o, p) AEHIE TR KH MMA LRI FE (—CH—CH—) il 7 3E4R
I 17 & = 2.64 ppm ( peak d ) ALHIE FUEX MR 7+ F 5 MMA MHIER H
AT 3EHRIE; & = 2.84 ppm ( peak ) KRS S UEXS N i 701 £ 555 St A&
() H B T 3E4R I, 3.20~3.13 ppm (peak k) &K F GMA FREIEH P - (-
C-CH-O-) K H Wi FIL:4RI%, 3.84~3.72 ppm (peakj) KH GMA & IR F
Bk (—-O-CH-C-) L Frxf B H {5 7 3E4iR0E; 3.60~3.45 ppm ( peak 1) Ab5EZY
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4k 2N RS U St . MM AR FR 48 35 (—O—CH) 0 i 735 4R 1 5 4.10~3.95 ppm ( peak
m ) ARETERZRKE BA FTHEIE (~O-CH-) i TILIRIE; 7.32~6.82 ppm
(peakr) ALHME SRR H St EI5 &R H T HLRIE. B8 2-7 A, 6=
5.40 ppm 18 = 5.70 ppm A3 A H LA B AT H 095 T LRI,
W St. MMA. BA J GMA XVUFM S B2 53R N . HEL R
BERT T, AEAPIE A, A8 — 8k ] DU i & M BON A& B bR o T8 R 5
TEDAG (Ma=4000~8000 g/mol, Mw/M,<1.70) ] GMA BIPIREIEM IE (720N
71.33%, Mw/My = 1.45, Macec =7300 g/mol).

Kl 2-8 T ) GMA B PN I B A% I () A% i &
Fig.2-8 NMR spectra of commercially available GMA type acrylic resin

[ 2-8 2 it GMA B IR IR = 5 ¥ THNMR 35 18, % 5 18 2-7 A L
e E BRI R LA R [, {2 St FI GMA Ji 7 I FOg i A — e 25 3,
PO T SRR AR St Al GMA BURHHE N RIS, 7E )5 SR SEI AR TR A 72
N BRI IR
2.4 REING

KREIZF T —#E, EAEYIFRER GVL K 2-MeTHF 1, it FOX A0
BB MMA. BA. St & GMA HBARIATILE, Hlm KRk H GMA 2
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NGB G . #8707 MMA. BA. St 2 GMA HI3EER &M, ot 751 k7. 51k
FIF . BERRBAIHE. BH. RSN GMA BNERM R =%, 2 TER
TR AR B AL A B GMA BIPIR IR 3t 47 R4, e T
B BARLE L IR I B A 4 A TR 1R 1O o

(1) RAERARRRE S FOX AT, EFERA @ Il (BAEE T 1
GMA ( 28.5% )« MMA (34.0% )~ St ( 15.0% ). BA(22.5% ) NEWHEAK, #it
ROV IR (53.19°C), FHERH 8k, EAMFETIF TR
Ao

(2) EH T AEAEYIRIER) (2-MeTHF. GVL) Hv i 0 A iRk F W g T
ATE, IRIT T SRR R L& B RS T RS R GMA B A BRI AR )7
B TREKSTESAAREW. W€ 7EEYBRER] 2-MeTHF 1, N5
N 120 °C; 51 &7 e JHESr 58 TBPO A 1 (5 & Bk () BE R H) s 85447 75 DDM
HEHR 0.02 (5% AR BEIREL N6 AT o 19 2177 2808 71.33%, My/Ma=1.45,
Mugcec =7300 g/mol ] GMA Y I EE I A o

(3) FIHHN G GMA BUIEIRI IR #EAT RAE, 5 HE GMA B
WA PR HEAT XL . B2 T #1451 GMA BYTN MG ER M G & 1 MMA. BA. St
GMA I TR o 18 AL B SRR B T CE A o s 7 A FH — %
REVERTATIE . (AH%H GMA R MGERA IR A (St A1 GMAD HlA
REL, SR EHOZERROR, BN 4k SR % S5
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£ 3EFE EYIRIBEFIF GMA BIRGES R BE BE LR A
&=

3.1 531§

Tl b ) 8 R AR SRk AR i i AT i S ek 1 7 =, & AT DU R S
WIS, B SRR R . B RN SR . Ho, B L
BRIKREE . BB R IES NN ) N B, DMRIE SR & SRR LT
b BT SR R R TR T ) %% GMA T B BRI, AR T A5 51 )
GMA MR IR AAAE T ERK, PPREAEER . Rtk B Tk A=
WA GRS R 07 3, 8 A SRR AP B 77 AR AR 72 GMA B 79 94 R b
g o AR SEU AR T PR 2K, B P IR A s U v LR R IR 4 S T
il g 1

A R AR 2-MeTHF . GVL 1, SRSk dl & B
WA H RERIR S AT IA BT A AR o AR IR B G . I 580t 89 B A RKiR
B IG FIARHEE R A LU AR, RSB R A I N2, PRI NI 1A] . G RE . ¥
FIZEXT GMA RIGEIRW IE % T E A0 FREoAM B AR )
s, DU 2T R AR TR B IR B AR OS 2K . g B R B 1l 1Y GMA 1Y
PRI TR A AT R I e B A &, oA B R M BE Y H il GMA BN
I R0 G K A T R 1 A B SR I L 2R o
3.2 KIGERS
3.2.1 KRR RZILEE

[ 56 5 2.2.1
3.2.2 GMA BIR&GERHIBE A EL Rl A%

BN LR BT AL R S0 I AR F) 2 5 2.2.2,
(1) BRI

HC 500mL [T CIRR N o0 IRV, 2R Uf Wl St e . BROBA
B RARE RN, SR B 341, LI ASRERE N R AR T E iR
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%120 °ClERE )G, B—ELFIf MMA. GMA. St. BA FII A AFIIIR S E
FAEIE 20 min JEHBONTEEFRIE A, ARSI, SN 2h 5, 4ksE
1 h, #MID10%01 51 &G, B4k 2 h BiAT,

irees

B 3-1 W R INVE SR & i e 4 L ]
Fig.3-1 Experimental device diagram of atmospheric pressure dropwise polymerization
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Fig. 3-2 The experimental device diagram of high temperature and high pressure drop
addition polymerization
e —E LBl MMA. GMA. St. BA FI3B 53 I TR & PN R B AH it
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BT RAARA VR ERT LA, PRI SR GE O P o [FIR, KT R 1 75 S
TN A, B0 20 min J5, PO SRR K D EE, FRET
120 °CHIMIR BN B RE, S0 Bl 3-2 FioR. BEGITHFRAIEIE, JFE R
AR KIS, RS AR AR T 2 h i 5E /5, BT h, M 10%() 5
KA, DREEN 2 h BIA].

JE AL TR S T 2.2.2 A .

A% S5 A FH 0 B8 52 A6 50 3 2 A AR BR TR R AT IR 7] AR 7 R A £
VA SO T, FH T 1) SR s R PR i It B e K T

45 FR AR R GMA 1Y P J R AR s 1) 465 ) BB AL AR Tk R AR 2
SF RIS 5 — & 2.2.3 MIF.

33 ER5TIL
3.3.1 BEBNES GMA BRGNS & B M

H I L IR — Bl W TR G T2, SO il A TV AR AR R
WBAb, H R ANE RT DL A 2 b 6 B B BRI, B R v B I S A R R A
AR/ K AR TN 51 00 LA N (4 77 2 0 B s RO, A5 A USRS IR R A%
R AT R A R .
3.3.1.1 EREEFEMZETAEEMEEX GMA BRGEER IS & AR

HEBEA YT 7 2-MeTHF (13 s i (80 °C) 1AM i I sEgn M58 &
PR, NERERMNTEA, BRI Y 3he G1F3 3-1, {FH% KN
J73, BA2-MeTHF N, R FTH NN A% MMA. BA. St & GMA 3R &
JSLIR ] o

F 3-1 LB KRN GMA 1Y P Jis B AR I 5 A [R1R AN s 8] 7 #2581 19
Table 3-1 The copolymerization of GMA type acrylic resin under different dropping time in

atmospheric pressure dropping method

Entry Time ( h) Conv. (%) Mycee (X107 g/mol)  My/M,
1 1 87.50 26.60 1.62
2 2 88.17 26.30 1.61
3 3 86.67 21.90 1.59
4 4 88.83 24.80 1.61
5 5 89.33 27.10 1.63

Reaction condition: [StJo/[MMA]o/[BA]o/[GMA]o/[TBPOJo/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Retaining time: 3 h, T = 80 °C, Solvent: 2-MeTHF
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e I %7 N N [ M R TR e VA Tz SN - W& = 1110 8
I 52 N7 A 2 H B AT O ] PTG, 8 L B T N 0 5% S 2 2R 4 ) 7=
R T EAMENAKR, REWITE L TR BAELE 88%F 1.60
Fok . SRMAEZFA T, REWKrrE4Ed 17 20000 g/mol, 5 HIR D TH
(M, = 4000~8000 g/mol) ZEHFit K. X R IAZEBAR IR L~ W F L8 hn
RG], RO S G AR R P 0 B IR UG, A DL H I 2 B A 3 5%
LRIRBL, BEMEETUREEK, BAKNEEY S TEE .
3.3.1.1 BEBEMETAEIAFIN GMA BIEHERR IS4 AR

£ 80 °C T IS [A] 2 hy ARIR IS [H] 3 h (264 N, 82 = MR R HI(GVL,
2-MeTHF J ZHZ) MR R, 45583k 3-2 fror.

32 FEHTRRMNIEH GMA B I B M 70 A [R5 790 o 1 3 8 s 175 1

Table 3-2 The copolymerization of GMA type acrylic resin in different solvents in atmospheric

pressure dropping method

Entry Solvent Conv. (%) M, cpe (%107 g/mol) My/M,
1 GVL 83.50 32.60 1.63
2 Xylene 92.17 22.10 1.63
3 2-MeTHF 88.17 26.30 1.61

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 3 h, T =80 °C

% 3-2 R TANFREFIN RGBT R TR, K
IAEA RN X AR B E P 3 T R AR AN K, 4180 A B AR e 18
1.62 /it o For DA HI R NV 7 1 SR B0 FR AT 1A 5] 90% LA E .

ANEEFIZ 5 1) HE R s, s 1&S B T EIA IR K%
PR, Ul AR RN SEI T, ROSEFIANE RBOR SN BRI TR R ER
PRI, T 2 S T 0 S 6 A B S R AR R S R S B8 o 5 RIS AR R R
PR AR S SR EGIEREGTIT, HnT DA ot ] ) SR, b @l R
KA, T REAR T SR GV 7 5 B-WrBE IS HL it B o H SE58 R A% 77 - 5
B FEBRMEEGY) . HILTT R, F R IE BT 52 207 5 S 2
IR, FEARHI &8 T 7 GMA BUNIEIRR AR IiRAE7 =X, RIS Sl
FIZ 7 i 46 0] 5 T Bk AR R F W i - ST BE AR UL B ) GMA BT I R Il
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3.3.2 EmEEFENES GMA BIRGERR S & AR

T A Ot v s A S IR 1) ST B 4 2 Ao FH AR R Rl 9 5 A, B iR
G I AR BT A BR 2 ) AR 7 5 e 2 1 A3 80 e T DA | B v e s
REENIRIEE, 25285 E 5 ERINRA LR,
3321 EREEBIETARERENE. FEMEEX GMA BREERFEE

AR S Z AR RB B LI KT 5 . FHEF] 2-MeTHF W A1
(80 °C) A, DRILAL S A B b AU APt GVL (W R 207 °C) Ak
N FIFE AT SIS R T o BEANET 8 W I (8]0 2 h, 76 120 °CHIR BT
PRITLRIURIST TR GMA 28 P I B AR i 5 17 100 () R

2 3-3 TE R E R GMA B BRI T 78 AN [F] (35 I 18] A 3R R R

Table 3-3 The copolymerization of GMA type acrylic resin at different holding time in high

temperature and high pressure dropwise addition method

Entry Time (h) Conv. (%) M, cpe (%107 g/mol) My/M,
1 1 90.00 9.10 1.56
2 2 93.78 10.00 1.53
3 3 90.42 8.60 1.49
5 4 93.50 9.80 1.50

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Dripping time: 2 h, T = 120 °C, Solvent: GVL

IRIEZR 3-3 /AN, AS[A MR A6 GMA B ISERA g 7= 3R . 4> T8 Mo
FEAMEGIAKR, H=E, T8I TEAMERREFE 90%. 9000 g/mol
J1.50 Zifie X2 ERE R T, B HEE AR, g T, B
BOAPIHFE, ULORIR S [0 G OB A K R &R ) (0 A, ik
B 1 /NI ARy e i o T 02 P DRI T3]

[FREAE AT GVL N RBEF, FEPRIRITE] 1 hy 120 °CHY RN ZRAT T,
PRI M [H5 GMA B P A B A i 58 15 L R 5 )

# 3-4 FE i i R I GMA B P8 S PR A i 5 A (BRI 8] 7 F)H 58 S R A% 13

Table 3-4 The copolymerization of GMA type acrylic resin at different dropping time in high

temperature and high pressure dropping method
Entry Time (h) Conv. (%) M,re (X107 g/mol) My/Mn
1 1 93.40 9.70 1.63
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B3k 3-4
Entry Time (h) Conv. (%) Mugec ( X107 g/mol) Mw/My
2 2 90.42 8.90 1.49
3 3 90.74 8.60 1.54
5 4 92.67 6.70 1.62

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Retaining time: 1 h, T = 120 °C, Solvent: GVL

HT AR PRAE, Hp AR EEER A R3EE 3-4 K3, A
VNS TR0 56 (0077 38 ] O - By AR B ARTO e, RSEAE 90% /% 1.50 Zitqo
G5y 2 R 0T 8] B A KT8 /0, EH T2 (R A AR 14 e S A A 5 71
(VRGO [R) R S F s 22 o Rt b ml AU SR G 1) 4 - =B
5 T 1T 2 ) PR T TR /S o 3 3 SR DR Ay AR 75T A ) i o Y T[] )
SEA T 2T HE N R AR R AT OB o 243 I FE OB I, e AR 2 R B A4 R
FERUK, R REGFIMKIEERE, RAESEBERILEEN, SBOLRMES
Yoy EBAK.

3322 EiREEFENZETAELIREX GMA BIRGEEHI IS & AR

2% 3.3.2.1 il s HRINE T AN R SR TA) R DR [EA GMA- B Py AR TR
WA LIS A IS O, JEFER AN T 2 hy FRIGE R 1 h AE A ey i e R
TSI (B LR AN AN R SIS (] o A FH AR5V 75 2-MeTHF 1R R BIE T, R
ANFIR BERT GMA BRI ERAN I & i sem, 455k 3-5 fs.

# 3-5 1E i e I I GMA 2 Y BRI 75 A [R5 RE T PR 5 s B A 1O

Table 3-5 The copolymerization of GMA type acrylic resin at different temperatures in high

temperature and high pressure dropwise addition method

Entry T(°C) Conv. (%) Mype (X107 g/mol) My/M,
1 100 87.78 8.90 1.47
2 120 89.11 5.60 1.41
3 140 92.44 4.00 1.40
4 160 94.44 3.70 1.38

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, Solvent: 2-MeTHF

3% 3-5 AT AL, R IR FE I SRR R A =0 o F B AR, T2
MFEARLREFAE 1.40 o7 BEE KRG RGN EF, GMA BRI ER I G 1 7= 22
BHETHEINZE 94.44%, (HH Ay FEZFHFFIKZE 3700 g/mol. X2 ATE &R &M
T, HREHERAMNESIRIEMERE, S5 GMA BIREEN IR0~ 25 e,
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[FII,  SRER B R IG ik 2 I FE R A, S8 T E K.

HHSER 45 SR 3, 120 °CH2 i i i R i a2 v 1 £ GMA 20 DR I R AR T 1) e £
RELREE, iR NRAEVITEREZ 7F N 89.11%), HAFEINK GMA BN
B AR 02> T8 M T A (Magpe =5600 g/mol, My/My=1.41) i AT A S
B0 &k R IR BB AR H b5 2> TR T E S (M, = 4000~8000 g/mol,
Myw/Mn<1.70)

3.3.23 EimeEENETAEIAFIX GMA B R GEEH IS & AR F2 0

MR FRSLIRZE IR, FRATILE 120 °CHE IR FA R IR & i GMA B
T P RS20 (1) s R P, IR 3-6 FITm o

2 3-6 FE R F R INIE A GMA TR AT b I 22 S [R50 P B3 5 R A
Table 3-6 Copolymerization of GMA type acrylic resin in different solvents in high temperature

and high pressure dropwise addition method

Entry Solvent Conv. (%)  Mngec ( X102 g/mol)  My/M,  Pressure ( kg/cm?)
1 GVL 90.42 8.90 1.49 2
2 PGMEA 92.00 7.50 1.49 4
3 Butyl acetate 90.89 8.20 1.51 4
4 Xylene 92.89 6.40 1.50 4
5 2-MeTHF 89.11 5.60 1.41 6

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, T= 120 °C

HH# 3-6 FIAL, AN[EA TR S B JJ A 2 7% . 41 GVL B3 s s A
207 °C, 7£ 120 °CIRMSFAF FACH DR A (MMA #5508 101 °C) fefit Bl
WIRESR, FrBABL GVL NS AI R G 9eiodr, Fom Bl A B M 2 kg 1
2-MeTHF i s5 5K N 80 °C, {E 120 °CRISKIGAAAE N, i i P i 53l ik 2
6 kg [FIRE A I PR SRR — 2R 2 R T BR ik BN ARI, 4332 125 °C
140 °CH 146 °C, HJ NN R 5233y 4 kgo 1% AN R mL A FRIAE [A) — iR
FETF I 2 5.

Ut A, BT AR HHAE il e PR3 0 S, o R R, RAEYI &
Y R > HRREIA ) 90% LA b o FH FLYE iy il s PR N 4% 2R T 1) 4% 119 GMA BY I R
AR )7 T E AL 10000 g/mol LAR, 7r 7R ATEEPAE 1.50 4, HH R
IR RLFAE TR 2T E 7B A (Magee =26600 g/mol, Myw/My=1.63)
TN, A, H, DUAEYIRER 2-MeTHF 4644 R #1451 GMA B P45 B ) i
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K15y T & /N (Magec =5600 g/mol, My/M, = 1.41, Pressure = 6 kg/em® ). iX 2 A] RE
vaara Waplii BUR Va1 e el NN R i 7k S TR o7 e oy s A E 2 o (= R R S
BRPE A LRI, 2-MeTHF BA SR 1B F5 68 7). LAY 2-MeTHF J2 GVL
D& A AR IR IR & 40 T 8 Ko T B A 568 AR IR
JEHITT A EKR, E— RN AP BUA ) 2-MeTHF & GVL H Tl & GMA AL
IR IR AT AT . Hod DUAEYI R 2-MeTHF A5 & I SIVE 7 Al IS 3] 5 1 8
UL B IR A M 0 S5 AR () GMA B P A R A T

3.3.2.4 EEEEBMETAEATIX GMA RREEHASAY Te F1 EEW B9800
=P

H ) GMA BRI AR Tg A1 EEW 5 H A& AR R A bty
MEEBEAT KRR SRR SR HEGIRE Tg RN, GMA fERH
PR EL, PRiE BEW IR/ HRYE H AT A SLIe i i SR . oy (=
R 2-4) MUASEIG T FE AT Vet IRy AR Uk AR i A AH DS AL 2 1 B ) T H A (=
R 2-3), USRS BRERIER Tg N 53.19 °C, LB EEM B Tg A
45~55°C, H#r EEW N 510~600 g/eq.

XF 3.3.2.4 iyl R I T ANFEE AT GMA BT I B A i B 520 1)
FHOGSEES (RPATE 120 °C, A0 (B AN PRI A1 73 7508 2 h A 1 h IR T,
FEANFE I ] 215 2 GMA BUAGERM R, ME FL Tg M1 EEW, £
3-7 Fizse
& 3-7 AE i e R AN GMA T DY I R A i 75 A R v 75 o FE 58 OB Tg A EEW 1510
Table 3-7 The Tg and EEW of copolymerization of GMA type acrylic resin in different solvents in

high temperature and high pressure dropwise addition method were studied.

Entry Solvent Tg(°C) EEW ( g/eq)
1 GVL 38.91 515
2 PGMEA 36.83 555
3 Butyl acetate 38.18 586
4 Xylene 31.53 530
5 2-MeTHF 38.78 531

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/14.5/7.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, T= 120 °C

H# 3-7 /] LARE], REEFH % GMA BIEERM IR EEW A4S 514
FFE T HAS EEW (510~600 gleq ) HIEEKR, (HETA IS 2IH GMA BN R
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WIRIK Tg BIARX BT Hix Tg(45~55°C) MER. Alhe 55 & K St %%
FALESR N R BURARL, (755608 Tg SERTH A iz

WRAE L B3 A, SR G R i pit

xR A ARRIAL S T Ol SRR EL D BEATRE . Tl EEW
145 RATE Hbr EEW [ZOR S AR N R ARSEIUIR,  ORSr AR GMA
5 St BIAAE, (GE > A BAL B INAE SR MMA B EC] 807 iR =
AR Tg MBUE, b SERRE G R R IR o
3325 BRERKEFMFREEEETERF T GMA IR GER RS HIS2 00

*® 3-8 Hffil GMA B JGIR M IR A 2 5 BCEE. Ot i 280

Table 3-8 The ratio of self-made GMA acrylic resin monomer after regulation ( mass percentage )

oy PRI (°C) Hort (%) HArte* (%)
MMA 115.00 37.00 34.00
St 100.00 15.00 15.00
BA -56.00 19.50 22.50
GMA 41.00 28.50 28.50
HIRTFHE Tg(°C) 58.32 53.19

*RZ PRI R & AN E

* 3-8 il A A 1 B BORT R R A R AL A T LU IS D AR R FOX A3,
KA R AR R PR A, BRARECER R 1 b9 PSR i 3L SR & 1) GMA BTN
IHRMARN Tg, HAHT EEW MR R &9 HARER, BRIt
GMA BB SRS GMA 7 P I BB A 1) S LA i 7 3 i 1
FREATMAE A EREE ML, FICER MMA 5 St #t& TR sk, #8aT i1
SRAMARS i PR R S RO i 12k o (H AR B O &, kNS B S BRI AR M,
B ARSI LR A . I MMA H & 34%38 12 37%, K BA FI&H 22.5%
AR 19.5%, 1115 GMA B IR B A B Tg v 58.32 °C.

i R % 5 1O B A BARC EL, 78 120 °C, 3% sk 1AL AR R 18] 4050 2 h A1
1 h PRMZAET, TEAFE R H 2 GMA 24 P IR RE i il an 1 3-9 fr

o
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® 39 ZEPARRCTT PG, GMA BT IR TR AR 7E AN R V8 77 b )36 58 s ML F) 17
Table 3-9 The copolymerization of GMA type acrylic resin in different solvents after monomer

formulation control

Entry Solvent Conv. (%)  Mucec ( x107 g/mol)  My/M, Tg(°C) Tg*(°C)

1 GVL 85.56 9.70 1.65 43.90 38.91
2 2-MeTHF 79.78 6.10 1.45 40.62 38.78
3 Butyl acetate 91.35 8.70 1.69 40.65 38.18
4 Xylene 92.86 7.70 1.63 39.05 31.53
5 PGMEA 82.80 7.80 1.45 31.68 36.83

Reaction condition: [St]Jo/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/15.8/6.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, T= 120 °C
*[St]lo/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o= 6.0/14.5/7.5/8.5/1.0/0.02

M 3-9 ATH1, &S (MMA HEH 34%38EN% 37%, % BA HEH
22.5%PFIR A 19.5%, 1115 GMA BN IGER M IR I ERR Tg N 58.32°C.) KM, fE
AENEF 4 00 GMA BUAIGIRM IR Tg AT RIMIEATH Tg 6 —E M
THE (40 GVL 7 N R B SE Tg v 38.91 °C, %5 Tg N 43.90 °C; 2-MeTHF
R H R AG Tg v 38.78 °C, 4% )5 Tg A 40.62 °CZ5). B AL R Hbx
Tg FZR. JF BB FEIR Tg 55hrlli] Tg AHZED K (iR Tg=58.32°C, 5L
BRIfS iR Tg = 43.9 °C), HIH BT &R AT AR i HAh R 32 5 80 4 19
GMA B Py Iam A s Tg k.

RIS T RS MBIRAEZ . Hd, B GVL AR
AR TR R 90.42%[% % 85.56%), 17T &8 [ o1& 43 A ¥4 34

(Mucrc A1 My/M, 434 1 8900 g/mol A1 1.49 42 9700 g/mol A1 1.65). DL 2-
MeTHF NEAIER G FHE T G723 H 89.11%M % 79.78%), (HH/r T &
Koy TR ATFAFEELE 6000 g/mol M1 1.4 KA. X S5HENFRET 2-MeTHF A
SR 0%, I 2-MeTHF A BURINEE-R R 71, SR EW ™ B IEIK.
Horf, DAY 2-MeTHF a7l 4 1) GMA BB 8 (10 9> T Rk, X
FEE N 2-MeTHF FAA7ERR IR 2L, fERAGDR T, Witk E mEsR S
) 2-MeTHF LB AR, SEEREMIN TR,

3.3.3 GMA BURGERI AR Tg KAV R BRI R H MR

R H AT A SRR AR WSS, S EAE I A HIH GMA RUNIGIR I Tg
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R SR R X 3 DA R A0 EAT SR B8 A 7«

(D AREGEREF, REMEERmMNEARN RS LB, IF 55870
TRAEMBAFH, EREGYEERE TR ERER

(2) EREGEEF, ARSI TERESY, WREVHERPSABEKE
IR EMEE. ARKENREGWEEANERRI Etha g =R, Hlin 2.
IERESE . MBGERREWEE, Ho FRIIMLIERBEEs, el LSBCREG

) Te MBI
(3)St 5 MMA ST A7 5267 2 5 36RO, 2 5H A IIAEIE,
SHEETMIN Te (.

333.1 FEIREGREX GMA BIFGEBERY Tg FFZ 15 R

it FH AP 5T 77 2-MeTHF £EANFJIELEE T il % GMA RUPTJA IR AR, Il
HiR, T E. B TEMABEEBEEARRE, 553K 3-10 fix.

% 3-10 7£ 2-MeTHF V7111,  GMA R PIIGER I G CEAN R UL RE T IR 3L 2R S B ot
Table 3-10 The copolymerization of GMA type acrylic resin at different temperatures in 2-MeTHF

solvent was studied

Entry T(°C) Conv. (%) Mycpe (107 g/mol)  Muw/M, Tg(°C)
1 120 79.78 6.10 1.45 40.62
2 140 83.60 4.90 1.42 32.97
3 160 85.43 4.40 1.40 25.81

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/15.8/6.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, Solvent: 2-MeTHF

3% 3-10 P51, GMA B P4 BRI 1) 7= 26 B o6 S e B ) s T 1 oK (=
R 79.78%3M & 85.43%), Hoor v EFEE ONVIR AT AR B N (Magee H
6100 g/mol [ % 4400 g/mol), TM7r T EI/TAMEAALL (FAELE 1.4 4D, XL
IR AT A i B ARG RHIE . o Tg BEAE SO LT m i PR, B8
FEM R AEYRIER 2-MeTHF &SI 8, Tredks i fAEY AR GVL A
GG N SR T B AEAS 5] S il B (1 S5 1E AT 30 00E
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*® 3-11 £ GVL #57I, GMA R IR Fig £E ARG SRS S R ot
Table 3-11 The copolymerization of GMA type acrylic resin in GVL solvent at different

temperatures was studied.

Entry T(°C) Conv. (%) Mucre (107 g/mol)  My/M, Tg(°C)
1 120 85.56 9.70 1.65 43.90
2 140 91.33 7.30 1.63 38.46
3 160 93.56 5.40 1.60 27.79

Reaction condition: [St]o/[MMA]o/[BAJo/[GMA]o/[TBPO]o/[DDM]o = 6.0/15.8/6.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, Solvent: GVL

R 3-12 FELIR THET, GMA RIPUEER M IR 7E A FIIREE T BO3E IR R B L

Table 3-12 The copolymerization of GMA type acrylic resin in butyl acetate at different

temperatures
Entry T(°C) Conv. (%)  Mygrec (x10° g/mol)  My/M, Tg(°C)
1 120 90.89 8.70 1.69 40.65
2 140 93.33 7.00 1.53 36.26
3 160 94.78 4.70 1.52 23.98

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/15.8/6.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, Solvent: Butyl acetate

[FIFE, B3R 3-10. % 3-11 538 3-12 [0, TGk 2Mi—FiE7, #l41H GMA
TR AN IR (7= 28 L 79 8 X 1 8 0 A (R AR A A 0 1B A iR ode 42 B Hh ik
REMRHE: 77 3R SOV i ) THENTTE K (BL GVL 77 % 85.56%
1% 93.56%, LAZIR T FENIEFIHI 2 90.89%18 £ 94.78%), Hp T REEHE
SN FE T = AR 43 5/ CBL GVL ¥ A Magee B 9700 g/mol [£Z 5400
g/mol, PAZR T BE AT Macee FH 8700 g/mol F& 2 4700 g/mol), T & 7
AN (UL GVL FLER T B G FIE Mo/ My 358 ELE 1.6 L4 [FFE, Tg
W BEAE SRR L THE T AR AR, GMA BIPIREIR M ) Tg BETRER
Tt i AR SV AR 2R TE 06, AT 2 b A R R AR B A B A 2 3 B
GMA ISR B Tg (RAFE BRI FEH H A VAR S GVL (EANE A
AT, BT LAAS 3 H AT I Tg N 43.90 °C. b4k, i R IR FE 2> T & ) GMA
UMM AR Tg A BT AR, AH G LR B Tg 2B 7 T = BRI
P] 0] B4R F 70 T 0 Tg A5 B6l,

3332 KD FERESYX GMA BIREEEHIEH T IS IIER
W R AT R IE R GMA BRI IR Te (R EZRE. T
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RfEEE LRI R R ORI, H145 1K GMA BPGERI R 1) GPC 4k
ElG ARG . fRILE a2 F RS S PAER S TEREY,
B RASUFER R S A RENREADEE . B TRAWRENKENMURE L) T &,
Y AL B AL R R IS . PRI, MR I R A EERT , 2 (1A
FARE S HIERIR . TRBFNZSRRHTREEIEF AR TFERE
V)73 GMA R IRIRM IR Tg 8. UEAEMBTER GVL H, T 120°C, %
SIS (RN CRAR AT (] 4373028 2 h FA 1 h (9 OB 2% 1F T 1l 45 1) GMA 28 T4 95 B R I
KRR, AR K 3-3 Bk,

T T T T T
12 14 16 18 20
t/min

Kl 3-3 % 1) GMA BUPTIE IR iR 44k i )= 19 GPC &
Fig.3-3.GPC diagram of GMA acrylic resin before and after purification
# 3-13 GMA RGBRMARAULET S 7%, &, o TR0 RIS AR BT L
Table 3 Comparison of yield, molecular weight, molecular weight distribution and glass transition

temperature of GMA acrylic resin before and after purification

Entry Conv. (%) My cpe (X107 g/mol) My/M, Tg(°C)
1 91.33 7.30 1.63 38.46
2% / 10.70 1.42 49.23

Reaction condition: [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]o = 6.0/15.8/6.5/8.5/1.0/0.02,
Dripping time: 2 h, Retaining time: 1 h, T = 140 °C, Solvent: GVL
* 223 BOHT R UIUE S5 B AR R

Hi & 3-3 W] RAE R AU FE R ) GPC T2 AR o7 W S I G, 1d i ol
# 1) GMA RGN IE AR TREEY . S2LEFEMI GPC fhZixt
tb, RIgitba ) GPC ML AR AR 1, WX 1 GMA RN
AN A BT DLV AT ABR BRI BRI R S 8E, B TREEREEY. WK
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3-13 A H1, 44K S5 1) GMA BN IE TR IR 1 7312 F1 Tg M 7300 g/mol F 38.46 °C
A3 BB E] 10700 g/mol A1 49.23 °C, 7 TR AAEA . %I G500 T4
WA BRERZE T GMA RREERK IR ISy FRERE S . WMt PE 1 fl#%
GMA MG IR IR SL R S e, FAER G SIMIR . Rt i1
GMA BIIEFEWIE Tg RAIER S R ELBE P~ EMKs FERAGWE L. W
]38 G SR A AR P AR T B RS T R R
3.3.3.3 ®EkE5 GMA BIAKERMIERANER

A% B I PR LR, o B AT BT S8 16 4 5 o T R A AT AR AR O
P LL L, 0 H B AT B B 2 S50 H B 58 A 2% 44 ( Dripping time: 2 h, Retaining
time: 1 h, [St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM] = 6.0/15.8/6.5/8.5/1.0/0.02,
T=120°C, Solvent: GVL), FFR%5 G 5 Frfs i GMA 7Y [ I 1R e Y Ji 1 45 44
BT T RAE. W 3-4 Fiows

o,p

j\({) 565 560 555 550 545 5.40 mJ
=
T T T T

P 3-4 el e e IV il 46 (K] GMA 7R PRI R AR I PO i P

Fig.3-4 NMR spectra of GMA type acrylic resin prepared by high temperature and high
pressure dropwise addition method

3-4 {7R 0.70~1.10 ppm ( peak q ) ALMIEERZUE S IEEK H MMA L) F 3

(—CH3) W 73HPRIE; 1.44~1.28 ppm ( peak g, h ) ALFIE 5 WX NA A 70+

T FRHFIE (—CHs) BT 3E4RIE; 1.67~1.46 ppm ( peak o, p ) AbHIE T4

K EH MMA _EREFIE (—CH,—CHy—) HIJR F3L3RIE; 2.20~1.70 ppm ( peak
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a,b,c,e) AMIE FUEXT N iR 7> T 2 8E B2 (—CH—) IR T-3LR I

Il & = 2.64 ppm ( peak d ) ACHIE T WX R IR E 85 MMA AHZER) H 1)1
THLARIE; § = 2.84 ppm ( peak ) ALMIE ST NG > T F 85 St AHIER H
[P ¥ He4R g5 3.20~3.13 ppm ( peak k ) 2K H GMA FEIEF g - (—C-
CH>-0-) () H i TIL3RIE, 3.84~3.72 ppm (peakj) &K H GMA R H
WK (-O-CH-C—) bR A1 IL4RIE; 3.60~3.45 ppm (peak 1) AbigZIHI1L
AL FEUENT . MMA HF AL (~O-CH3) B F3E4RIE; 4.10~3.95 ppm ( peak
m ) ARETERERKRE BA FTHEIE (~O-CH-) FiFILIRIE; 7.32~6.82 ppm
( peak r ) ALHUE TUERRE St b IJ7 F ISP R o 1 R . Horb, 8§ =
5.40 ppm 1 § = 5.70 ppm Ab JLF-3A H 3B (1 AR 0 I SR TS0 R
i, F£H St. MMA. BA & GMA X IUFh G 542 5215 /Bt . H LA
AZREET RN, TEAD TR, A S IRNE T DL Th ) % W BON RS B ARy
TR RS IR R LI AR (Ma=4000~8000 g/mol, Myw/M,
<1.70, EEW = 510~600 gleq, Tg=45~55°C) ] GMA B FIGERMAE (T=120°C, ¥
JRiE GVL il ) GMA BINIGTRM IR~ % 85.56%, Mw/Mn = 1.65, Macpc

=9700 g/mol, EEW = 515 g/eq, Tg = 43.90 °C)

K 3-5 TitE GMA Y YA IR I P A% 1k 1

Fig.3-5 NMR spectra of commercially available GMA type acrylic resin
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£l 3-5 ST H GMA B HE B IR N "HNMR ), % 51 3-4 AL, %
B TR RS AR R, T R TR B W THTAR 2 B/ . 35 i
FESH AT AT LAEACHE GMA U B G 1 St 5 GMA 45 S0k (40 A\ 36 E— 25
U1 T ARV, MRS IR % GMA R ISR IR AR S AT £
P
3.4 REING

AEizH TIESINENE, FEAEYBUER GVL X 2-MeTHF 11, i MMA.
BA. St & GMA ARG R IREH GMA BNGIRWAE. #R57 T MMA.
BA. St & GMA (3R AN (8] 55 S REE ) BFF 5 1 F 3 2 00 v d oy 1 ¥ v
X GMA BIPPIREERIR G 1) 77 3 70 T8 K&y TR AT . I8 H £ 1) GMA
RREER P IR Te WL R AR LSO, B & R GMA B )%
B REEAT RAE, € TR & BRAEIL IR R N 4l N R 1B L

C1)H H IR I 45 1) GMA B PR ER RR ) 73 T 850K, 78 ] 27000 g/mol,
H5HRTREEECR, AR ME AR ARIREMER, DA RO T 24k 2248 5T
(2) & m R INER & GMA BIPIGERR AR, #RFT TN AE] SN2
6] AFEIEE . AREFIZER RS GMA RRGERK R, > TR T&
SIARIRCIR, e T BRI AR CRAEES (] 205300 2 h A 1 hs SRR R
RO GVL;s [ NI FEA 120 °CR B 564 TRIE T AN FE I i) % 1) GMA
UG ARV Tg A1 EEW W20, K I IR G M) Tg B, i 38.91 °C
(UL GVL AR BLEFD « T2 W5 R A AR L L Y GMA (28.5% ) MMA (37% )~
St(15%)~ BA(19.5%), 3EIE AL Tg N 58.32°C. &% )5 141 GMA
R EE I 1K) Tg fe il 43.90 °C (WL GVL ARPEFD, mT %R, RAR
T (AR e
(3) FFlEAF SR A RV R S R 24l 3R S ) 55 S5 1B D R 7T
GMA BIIGERA BE Tg AR IR A . RIVAFIAZ SER ST Te ik £ 2
JRR, HEREGERPTERRS TEEEY, 4 2FEEETY) Te WA £ 2
JRR 22— FIF LG ) GMA RN IEBR M R EAT RAE, S5 GMA B
WP IRAREL, 25 50 GMA Y Py B A i i) S A SL SR AG DU A MR [R] . & I e i
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i ISR T BA e GMA B TR IR G (1 St 5 GMA S5 LR IR K o 1l WA
BRI NSRRI GMA R TIE IR I Tg BARKIIR N 2 — . 1ZSERAER] 1 1E
AT A e R SRR SR A RTAT I, R K GMA R PR R i
(¥ Tg SHUHRISEE H A ZECN, ERA AT .
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45 GMA BIFAEMA SRS & R A5

4.1 5|85

IR RS TRR I0R Tl PR AT BB —FF, T B R B3 R I I A
1 1 75 iy D S B 287 S O T 3 40 7 o S X AR R 1 45 TR, 7T BAVR N T
SRR RHI) 5 TRME BEAE AR, VR o 7 S FBR A 1 AR S s . IR
PEREMI RS T 2 AT, GBI J1. whidibhge. VOTHERE. BERE. MBSHE.
i 5 2 o IO AL IR A 1 7 SR 7, 8 S AR 7E R [R5
AT 4 0 R o I RPN 7 i A B, T LY A S 34 1 12
g, SR B B A LR AL T S e . 7 IR EE BRI R e, L
BB T A7 T ML R IS £ M . AR
TR B 2o 34 B4 7 A S 0 500 BB 5 AR L A B 1 40
BRI 7 A . I, 3 R B R TR A LR b A R DUk 5 1 v A
AT Sk o S I P B A AT U, 7T LA b A P AR AR L5 ) F
S, — 7T, AR BAE S RARARIRORHEL 7 AR T, SR A R AT
iy T, LA PR A E AR A R BRI RS
il J 8 P R A KA T

PRI, AR BB P B2 R Tl 6 BB — 3R, R AR MR R A
(R B i TR AR B AT ks B BT S AE AR R R, Wb
e GRS RAE AR, vkl T AT R 6 R AR L5 050 8
4.2 SKIGERD

42.1 SLEIGTRMRANZS

S8 T BRORE LA 4-1
41 IR R

Table 4-1 Experimental materials

kL PSS ER I 3
GMA 7 D5 45 B2 4§ i — =kl
g R G L7 Tk g AR E AL 2 BR A ]
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Bk 4-1
P} AR SR
K7566 %7 PN TG IH MR IR A ]
ZRE %7 ARSI RTE R A
P w7 [ 244 AL S A7 BR A =
SEAG P FHAX AR W3 2-2
42 LB
Table 4-2 Experimental instruments
REEA A Uthe) TR

IR 5 13 A Alliance iS HPLC System REFHRN: (R HRAH

INZESARIAX DSC-25 FKH TA XA%

WL LYF-07 M & v Tk BR A
i LR B A OptiFlex Pro C SR (R HIRAF]
PRI IRAR Binder FD115 FEAERAS (MHD ARAA
BUEAT 55 AL SLJ-32 M & v T Uk A BR 24
B A S BGD 302 %! PRFEIRREEAES (D HRRA A

4.2.2 MERFREVHIF

Rl 2 (1 GMA B YA R AR FHWEBE LT BE ROk IR . M8 GMA BT I IR Y i
AR SBUERE, BAGGT S T S AL B EC LR S 1 )5, fE 100 °CTR 4
BEAT B AUE RS, AR, R eI SR R A, RAR W 4-1 B

5399 FH A R AR 28060 A A BRI BR B e, BT ST AR TP RS 2 min, ff
W BB I S B R B R 2 BRI GMA B IR I R iR RHBHR 22 D4 4L
B R, JFETEXTRAE B, BUHIFRCE T =R 24 h R
PERE .
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LAY TRER AR LA AR S

[ERZED

=l

M---------S

L e

& 4-1 GMA BYRIGEBR MBS & o ROR BB fm B & AUE
Fig. 4-1 Synthetic route of powder coating finished product prepared by GMA acrylic resin

4.2.3 FEEMgEM

4.2.3.1 4N

SR BB A UL R AT o — T 225G B L (1) SRR AT o R CR VT PRI AE R 12 AR} 2
Y, RESRA T HIWNEAE R EERPN 7L s iR, K AR R 2
TAF AN B B AL A BRI o X LB A A 2 B B R 1) SE WL EE , 38 m] RE R I FL A
FE RE AT ANE o 32— 20 WL SRR IBE 2 [T P P B 55 o P28 R Ay VAR I i e 1) B
TebRz —, "B R B IR IOGEE AN SO o dl i WL R 2 T 1) /N i
RFNMT Yy, AT LAATTE A FL P 8 2 (1R 55
4232 MIEDH

TRIE BB 77 Je TR IR I 5 Bl IR 3 T (1) 747 o] 4 s VAR TR
HIRRR 2 — o B DU BRI R 22 [ M B 5 7R b, A S B BRI R, A
T ERUETR 2 IR ATEA ORGSR . IR IR B 0 N AT RR: (R
Jiiki PR KRN ENESE . ARSLIG UL GB/T 9286-2021 H ALt E 11, HIfE
VRIS T T BRI 28 R — e (B A1, SR F RS MG E T LR -
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SRR B IR, WG T IO L, AR B va 15 DRV Al TR S B 1 46
GARRE . IXBNIVEE F T R B B S M T 3R T R L 258 US 1 B 7
4233 BEWERE

VA B P 1 4, T P32 2 i R T Fie Pt R o T 75 (0 P82 2% 2 A I
VAR P ] 4, T3 JE R[5 10 2805 B e A S DAL B [ A 91 Bl DA e e
AL FH 3557 B AN [RI T A BT 228 57 o AR MR D] A B P88 R VR A 22 s A il B s
ENAS I BT RIS o KR i BT TR IRL B (AR, LS i R T
(RIS SR 2 [ AR BE o R S8 AR T 5 [ AR R, 1 B BV IR TR B A
WE GEIEJEHE 140~200 °C, H&E N 2~3 m*/h), B THEK. CLBsRETH
BRI A PR REAR B T SR T4, ESRARESCR I IR 2, Hd sk IF A
H IR E I B BUR AR AR IR RE , R [ AR FE o 2% 7 125 AT ARG R A A4 i R
AR RS B R A AR SO 2 A, AR CR I 5 (AR 12
4234 mEtae

VR FRIIET- PE A VT ik U R it I G i 5 T~ P88 AR Y i 1) A
BV KB EHER U Re R ER T 3 SR 5, TR B — /P2 e
BISIMIR I . RAF AP R B TV BRI sk ba, LRI . R B B RO
X LE R 200 IR R R AMIURIPE RE = A SRS R o TR P KA, IR 28 5 A
TR IR SE BRI o TR AP PR AR 7 V2 ARG RITRE L IR BHRTE .
AUARET T I 2 B R SOV 5 o A S0 DABURE-T- T2 RN . Kk AR IR L
SIRBELE RN, BB TR AE GEF 5~10°) MHRZEE LR EREE
AR ERR NG DL BHEAEOL T, RE SRS R T BAT RS IR T B 1
R o AR I VIS —Fh a1 5 AR 7772, BT DL DAtk AR o R 9 14
Rto MRAEAEE PCL MR F B PR AR AT T 4L
4.2.3.5 M tEgE

W PR RE, ROV e, R TR IR IETE 4 52 il
(R I R R AR SR AR T I AN H BT BN 4 8 IR B V& (e 77 1IX—MER
I T WERIR R A DIV RINS JEAE (B 70 o U TR AR b ot P B i 1 A U M
I E DI, WE A AR IR AT o ASEI0 R AR IR B b i 2% BGD
302 A, LA GB/T 1732-1993 J5E . MEEMRIE M BIRIR . R RITEEI
R, HATVFE

[aYay
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4.2.3.6 BZICAT(E]

R AU () IR AR 8] 32 B s Bl o () [ A4 e A B, A AN TR, ik
o[ A R R, X T2 AR TR A 7 R I SR R o A S, A TR
Ko, BRURME AT A 27 1  DUBE e S, (E K R JB A P ]t 2 I R R s A
ARSI Z M GB/T 16995-1997, @i hnfh— @ AR 1k K ikl 22 180 °CIEARE 10
min, TCSRAE RIS BEhr 22 1 T BRI AT
4.2.3.7 YERAREFE

Fs oK P2 RIVRRHCE S RIDTR ZS IF PG FEAB 0L, SO 1 U BHAE M IR I8 PRI 3 M A
IREVERE. —BORUL, AL TSRS OB R IRENH A SR R A o DRI 8
MR FERAR, S B MR 08 1A R R AR DAL IR AR Rl % PR 58 42~

BEAL, Ry AR IR RIRG BE 5 FIEORR IR PR G B DI R, MR 4
FEBK, S TFESMRGE, HISRIRES FiRshtkikz . BRSO Bas i e
A AR T [T R R — e R IR RGP o ARSI 2 ASTM D3835, {1 A e
S AR AN s R
43 ER5111L

ASEISAEAFNR LS, ARG BARELEL J9[St]o/ [MMA]o/[BA]o/[GMA]
o/[TBPO1o/[DDM]0=6.0/15.8/6.5/8.5/1.0/0.02, %357t GVL. 2-MeTHF & .12 T Iig
S = PSRN R O R 4, TR ST TR AT AR IR (] 435 2 A1 The 25 RGN A 4-4
B

F 4-3 AFEEF P GMA B BRI I 14k 21 T

Table 4-3 Chemical properties of GMA type acrylic resin prepared in different solvents

Solvent Saled Butyl acetate! 2-MeTHF? GVL?
Magre ( X10° g/mol) 4.90 8.70 4.90 7.30
Myw/My 1.52 1.69 1.42 1.63
Tg (°C) 50 40 32 38
EEW 570 570 530 515

'T: 120 °C °T: 140 °C
73 A5 A ) #4152 ) GMA B Y B g » LA e — o RN R i A1
L K7566 T3] & 1) GMA RIS Aot AR R IR B BT . AR
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Fr AR RAREC T 3R 4-4 o, D8 1 G5msScge ot LU HERG I, A ckasi Bl
REGEHCTT R, IS WS ARG I AR EEAT XS B
% 4-4 GMA RUPIRRR M IR R IRH R B AERC 5

Table 4-4 GMA Acrylic Resin Powder Coating Formulation

J kL e (p
il % (1) GMA R I I A Mg 400
Tk R 98
K7566 it~ 5
i 2

K ARV SEBRAT o 75 ZEH A — 8 BTG It o T A 7t A
Ao DR, B AR TR IR B R 0 I W iz ikl ik B T e itE, BeA
F TSRS B B R R o AN S50 0T 1] 45 1 GMA B DA I B RS I 2R 47 1 2
FEGE I . AT . SRR RE . FPIERE . Db e e RIS ) &
IMILAE 25 7 AN T7 T AT A
4.3.1 AEIAFITHEH GMA BRI BE % & IE 14 At 220

HI3& 4-3 TIRN, A AN R S RE A7), A2 [RTRE R S R 2% 1 il 25 1) GMA PE A
IR A AV E A IR ORI 2 72, EEARILAE 7> 78 KX T80 . 28
{EH Y22 7 B M AR TRRHIER IR RE o DAL, A X IR AN 7] s LI 77 i 46 (14
GMA RIS HERy ARG ITRIR TG B, H BT R IR T R R M SR 1) e 28 5
MR L, 25 LIR30 R B P FE ) M £ T AR 25

% 4-5 IFIVIH] 10 GMA LA B b R RH TR B B e

Table 4-5 Film properties of GMA acrylic resin powder coatings prepared by different solvents

T3R5 H T i Butyl acetate GVL 2-MeTHF

Il 4, 33 177 °C/17 min 177 °C/17 min 177 °C/17 min 177 °C/17 min
AL TA] (180°C) 75 F 52 f 68 61 Fb
JARIETEE (180°C) 3740 5503 3226 1576
R 6-7 % 5-6 2% 5-6 2% 6-7 2%

bt aE (300m) ErE, & IEMEFOTR,  EEl, kB ErEE, Kk
BN RS it UBGRNS
ME S CERD SibuS LIRS LIS SIS
FEEATERE (BRI PR LT VM, WURZE FHIPELT 7 YL
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K 4-5 AT, ASFEAFIS] 4 GMA B IGEIR M IR R RIE R E J1. bR
i Jepimh i PERE S5 7 1 B IR 45 2R 5 17 Bk KU B R i e A — 2. Hor, DUAE
VIR 2-MeTHF 25 W il 2 BB ok A TRk A S Re N D2 21 1 it
B RIFRAE, I H LG Rloks B2 AH b T T B TR B /0N, AT RS B2 1 i el BE 45 ) it
T, AR, FOFESEF . TRVAEYIR GVL NSRS BB ek R IR
BEARFFETEMIRRZR, HHR I Z. A, DMESE VAR CIR T RS
HREHI% T GMA B IRETRMIE KR EREA S I, B 17 IR BN P
Ab, HprreRe Lt ge th 2R ZE FIE L. & RGX — IS 1R R 2 A P
& B IR 71 BOK, ESERME T, o F BRI, R
%, WRIER MG, FH AR B
432 AR FEH GMA BEHERR X R IR M sE RN

—BOR UL, WIREURL 2> TR SR AR A VERE L SR EEAAE S L b
Ve IRIRIEW R R Lo i MRS, 52, IR 70 1B/ AT DUEL R o e Hot R
TREH D RERFE -

K 4-6 ANF T HE GMA R JEEAN IR TR IE RE TR L

Table 4-6 Film properties of GMA acrylic resin with different molecular weight

srFE (<10 4.90* 4.90 7.30 8.70

Ii] 44 et 52 177 °C/17 min 177 °C/17 min 177 °C/17 min 177 °C/17 min
AL T (180°C) 75 % 61 7 68 £ 521
FERIREEE (180°C) 3740 1576 3226 5503

i e 6-7 2% 6-7 % 5-6 % 5-6 2%
” ErpdEst, &k EpudEs, ko EpudE, ke IEM AR OT
Pt (s0cm) bt i i #, ol
M7 CHEED pliibu Jiipu jiibus Jiibus
FEIVERE (BETED VLT I IVELT 7 WL M, WRE

TR A KR GMA LD I B g

MRYEL 4-6 AIAL, AR TEMAEEBIREE . BE 7 Lyim bt S
T HE A VE BE IR EE A — 2. Hodr 77 &0y 8700 £ 7300 g/mol A AT 1
RAESF R, FEERTEEKSBH . thh, a7 DU S S0 E Rk 55 4015 1 2>
TEEIMCR, M 7Ellim, Rk EBOR . X EZRN N7 T 'R
WG, Hor 7 2 MR A S 5, R RIS N sh TRz, IR 2
SR A REME AT #4& R AE 21808 8700 MUk AREREL,  RURVEM, JF
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HEpiahdr g A BIAR, RN, IRRBORE.

BT Tg AHZEEU, B BL A SR S BE It B 28, Tg 3
SO IR R L SREE L Ak 2 R AR AE . BEXT I (1 GMA R IR IR
PS5 TR R IR R AE Tg 22 R BRI G, AR 0 % 3 I 18 it A7 PERE 7 T
POZHFABIAR 2 T BRI Tg BURHIJRH .
4.4 KRENG

A E FERETE TS UM R IREE GMA BRI AR e 5 1k 2 1T
K ARG RE M BE IR, M T EARIERE . A TA) ., JARREEE . PR
Prbili B . MG ) SR A B FE AR R . B AU T RBIE R REIE TR K
BRI U P DL AR R L R R 5

(1) IEFEE IR AR IREHIC T AT R4, RILAEVIFE TS5 1K) GMA A
IR IE I HER RIS B VERE 5 T B R IREHEA — 8, DUEYIFER] 2-MeTHF
215 I S| £ BB AR AR ORI AR DG PE BRI RR 1 A8 RIORS BE RIS, 3 2B 3 T
HEMARAE . T LRI GVL Va7l il 2% I B AR IR 1 IR0 Vw22 41,
WEEAFFETER AR ZER, MLMESANER 2R T B2 5K &1 %1 GMA
TR J B AR I DAY I 707 B R B T T 3 IR IR A ML it s VAP R 22 A e
YRR E IR . ARG L SRR 4y 7B B IEA R R, FEEmIRENT
TPAT A

(2) WEE) Tg X B AT IR A UR IR L e AH SC I B (52 m 8N, AH H T % 1
GMA BIEIEMIET) Tg 58k RiE R Z RO . AR 2] #5445 72
T {15 12 B 77 THI i E AN ERAE,, 30 5 B0 Tg BARMIIL R . A>T A IR TE
WAIRE B E 73 Bt 1 56 7 T 5 ol 5 R B PR ek e B AR — B R T
4 8700 J 7300 g/mol ] GMA B P B A IS BRIt BE 7 T R FE . AT LU H
ISR SR IR0 TR 2 IFMHER, FEH ML,
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BT FiLtESRE

5.1 Z5if
ARSCBVHE AT, 53 A8 — S AR L IRHE & B R R

GMA BPPGIEM R, JFLATT Bk AR IR BB IR AE S X R, R HLREG%
o BIEMHA Tg Magee B Mo/Ma SEAGZEMETT, IR FUHIA5 1 GMA 2 I8 i BR A
HEVE T S BT AR5 GMA B Y IR A i 5 FLAth B R1VR & Sl ok ATk,
HRATIREPERE M, FHARDT AW A7) 2-MeTHF & GVL H Tl % GMA B
TR IR ARG AT AT, UGS 215 1765 0 AR o R i AH [ f0) 450 I 1 e

(1) isH 8k, #ig TEAYBUER GVL A& 2-MeTHF H1, PAsfk. 5]
R S B A 70 BTC B A [St]o/[MMATo/[BA]o/[GMATo/[TBPO]o/[DDM]0=6.0/14.5/
7.5/8.5/1.0/0.02 (JE/RLL), fE 120 °CF M HIRG %M. I8 &I St
5 GMA SFHRARIHENRIR D o AR R SZIIE Y] 7 AEA Y BT A H ] £ GMA 1Y
PG R 77 R vTAT I (EHI4 1 GMA BT J7sR b g R H AL 3R Btk St K
GMA i AFAR, AReik 2178 AR R 2K

(2) IBHBESIRNE, YN GVL M 2-MeTHF H, A4 %
A GMA R PIR IR AR (1) 73 T8 B0K, AIikF] 27000 g/mol, 5 HbR7 1
BEEER, AEUENARIREMER, DA P DA 77 gk 2288 7T 556 i H
e e R T IR £ GMA BRI i, DASAA L SRR MBS # R IR TC EE Ay
[St]o/[MMA]o/[BA]o/[GMA]o/[TBPO]o/[DDM]=6.0/15.8/6.5/8.5/1.0/0.02 ( /K Eb)
(SR E 56, B T NI TA) 5 S AN TB] 43500 /9 2 h AL by SO RS B e S 55
120 "CHAER B GVL SF iR B 24T . T RE T Tg BUK (38.91 °C),
PRI AR LB S, Tg R 2R IFE T =i (43.90°C), HA—EREE .
H125 1 GMA BARIGIRM IR =% 85.56%, Mw/My = 1.65, Macec =9700 g/mol,
EEW =515 g/eq, Tg =43.90 °C. &LISTRAMZMESE KK, & s Rk ]
LB GMA BTG ER I R St 5 GMA Sk N R . W T R A2 e
AR T B R G W) R AR R N R AR S ECR G ) T WK £ 25
Ko AAh RUEB T AEAYI BRI, 8 i s R IE R S AT M. w4
GMA BN g b Tg 4b, 15T 125 HARMHIT, &0 GMA BT ER i
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g H) Tg Py R AL 6] o

(3) Kt %% 1K) GMA R Py s R Ji il o AR SRR AL IR e g . 22
HEANU . IR L BB J0. WP ERE St i PR RESE T . A I LAEY) B
7l 2-MeTHF . GVL 25 e W ffill 25 B8 AR TRRHF A S PR RN ZE A 2k 3] 1 iy
B briE. Hor LEYIIR 2-MeTHF D S BV TR R ERBHE R /N, ST
Bl o RN RBIAE > T8 8 GMA B PGB I AL AL IR BE . BB 77 Ryt
PEAE DT 5 T IR AR BRI A — 2, (HM R T 2B (78N 8700
7300 g/mol) WM ARIREHRIF-FIE R . BLAh, JERIRE Y SRR 7> 732 5
IEAHSRI R MR Te Xt B AT A IR REA X I A Iz, HiiF2
SERETERENHAN GMA RIIRIRI AR Tg 5 & R IE M HEEA — €1
ZEE, DS A2 ) % S I ) i A7 PR BE T T B i AN ER AR, 6 S T B8 T i
BT
52 REE

HIRAR SLIRAE — R L EAER] T AR AR W5 A 7R b ) DA 25 S T R TR
AR REA LK) GMA PTG i, JFRLH - SEBRmi iR, EAE S8 5 i 7598
AR ZAL:

(D FEAEVBUE A, #1451 GMA BRI R, A BB [m i A A
AHEAG, 2T Lzl CSTR R & GESLHH UMD, 78 R [F
[BISOR S BL AR, FFRAREEIRN R iR 2R R 4R e B

(2) fE—FmiZitil %% GMA R PUARIR I g A S 36 v, APkt fi S M2 A
BT IEHEARTIN AT 25 1T . T R B K GMA R I R i 1) 0 1
B DL HIFESEI0 H ARG N, BRI R B ) LIRS & B 07 20, 4L
WA ARG T RIS 5AT o IXFE IR e /D25 18 3 51 R IR S AR 18 i
P, D& IR IR 2%, Bz SHE 2 51K FIZ 5588, LIRS
BAESIRGIN AT S5 &

(3) 1E il = RIS % 1 GMA BRI I i skie b, 7RG
PR EC LU, 25 RE B & A AR IREHE R S, ISR . 2 1Sk
)@ PrCAETRFEIS, (N 7D B MMA, X R] A8 i £ 1) GMA
PRI i Tg ANEAE R SRR 22— JR8scds nl oSl oAt Tg B i #g Can
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IR UK AT eSS ) AU — 87010 BA Fl TR & RNAA R T, JFEFZE T T
e R AR B R IEPERETE DL, A AT RECCAE H AT T MR Al Lo

(4) B AR DL T EEESDN GMA R PIGIRIM IR Tg. o7&
SIS R MR, B H TS B — IR N SRS WL BRSO W
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