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Properties study of ultraviolet curing epoxy resins
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Abstract

In this study, the photoinitiator, oligomers, and monomers with
different proportions were mixed. The epoxy resins were cured by UV-A
ultraviolet under a circulating nitrogen atmosphere. The completeness of
curing was examined by using FTIR. Applying of TGA, TMA, and AFM
for the initial degradation temperature, the glass transition temperature,
the thermal expansion coefficient, and the average roughness helps to
obtain the best curing condition.

When the Irgacure 250 photoinitiator content was fixed at 2 wt. %
and the percentage between oligomers-and monomers changed, the initial
degradation temperature, the glass transition temperature, the thermal
expansion coefficient, ‘and the average roughness of the resins with
D-1217 monomer increased with —increasing monomer percentage.
Nevertheless, these variation trends were contrary to those of the samples
with D-669 monomer.

When the Chivacure 1176 photoinitiator content was fixed at 2 wit.
% and the percentage between oligomers and monomers changed, no
matter which monomer was used, the thermal expansion coefficient and
the average roughness of the samples increased with increasing monomer
percentage, but the initial degradation temperature of the samples
decreased with increasing monomer percentage. The glass transition
temperature of the resins with D-1217 monomer increased with
increasing monomer percentage, but this variation trend was contrary to

that of the samples with D-669 monomer.



When the Irgacure 250 photoinitiator content changed and the
amounts of oligomers and monomers were fixed, no matter which
monomer was used, the initial degradation temperature and the average
roughness of the samples increased with increasing photoinitiator
percentage. The glass transition temperature and the thermal expansion
coefficient of the resins with D-1217 monomer increased with increasing
photoinitiator percentage, but these variation trends were contrary to
those of the samples with D-669 monomer.

When the Chivacure 1176 photoinitiator content changed and the
amounts of oligomers and monomers were fixed, no matter which
monomer was used, the glass transition temperature and the average
roughness of the samples increased with increasing photoinitiator
percentage, but the thermal expansion coefficient of the samples
decreased with increasing photoinitiator percentage. The initial
degradation temperature of the resins with D-1217 monomer increased
with increasing photoinitiator percentage, but this variation trend was

contrary to that of the samples with D-669 monomer.

Keywords : Ultraviolet, Photoinitiator, Oligomer, Monomer



FER oo |
ADSTIACT.... ..o e 11
B A ettt Vv
Fe B B IX
B B ettt X
B o R BB it 1
(R i . 1
1-2 FFF B AFB B M et 3
i élf%‘?-}ég ...................................................................................... 4
2-1 % b SR T BT AR TR e 4
2-2 UV B REE A oot ost et 5
2-2-1 UV R2L ZE oo neestionsssessessessssesssssssssnsonsnnes 5
2-2-2UV RRADEEE B e 5
2-2-3UV LB A M2 A2 2 F 2R 6
2-3F-F BB A s 7
2-3-1TBE BP0 2 TB oo, 7

2-3-2 T F BFT chd B e 8
2-3-3T5F BRI BT oo 9



2-4 ¥R Y BT R 10

2-4-1 AR A 10
2-4-1-1 B & ZA)HAREER oo 12
2-4-1-2 FEEEF ) AREEM oo 13
PR - (o] [To o] 1111 o) ISR 13
2-4-3 F BAEABRE M oo 14
2-4-4 57"]& B e 15

R Ry T 16
R T R G 16
R o T 18

R K T R b N Y 19
2-6-1 B AZENR] L e 19
2-6-2 BB EFAIE (OSE)....ooc v ceieiitee et 19
R S E T 20
NS S L S 20
PR e S 21
2-6-0 JE R i 21
A Ny i R N 22
I R B A T ST 23

Vi



B-2 B BRI B oo 25
3-3 FER DR e 26
B-4 A FT BB s 28
I e = A T 28
B-4-2 TGA A HF oo 28
I B N 28
B-4-B AFM A 7 ittt et 29
g A B S S S TS 30
4-1 % = E e b REBFRETIR)A oo 30
4-1-1 42 RERFBEMI B2 FTIRAH e, 30
4-1-2 s Bk AR 5 B2 FTIR A4 i, 35
N YA LY 40
4-2-1 R ERFFTEMI B2 TCGAAH s 40
4-2-2 s B R AR 5 B2 TCGA A4 oo, 51

4-3 A 5 R (TMA)A I oo, 62
4314 BERFTTERIEZ TMASH s 62
4-3-2 3 B R A E B2 TMA D e, 74

4-4 3 # BEACEBL(AFM)A 35 oo, 85

Vil



4

4-4-1 e B ERFFEWE E2 AFM A4 85

A4-4-2 3 B AR T B2 AFM A 45 e, 92
B ettt ettt en e enans 99
e A 1;% .................................................................................. 101

VI



% P &
Zo01-1 ST 1 AR 2 (b S AR S Y B, 2
£ 2-1 BABMRLA MJCEF 8

22 F R AT R AR T A R 11

223 AR TN AKEZAT R MR W IRE ) 15
R R A L B 27



W P &

PR T T ERCRCE PRIy 5 S 18
W22 FFBEBC BIRILFE B 18
W23 §F2pd RAFBEAAZE/I I A i, 20
B 2-4 % 4h hag v X B P AR S, 22
B 3-1 skdzdaR(Irgacure 250) B HE .o 23
W 3-2 5 kdzdaB (Chivacure 1176) B oo, 23
B 3-3 & B AR (D-1207)E8 A ooovesissinessinse oot ernsnsnsnenesnene 24
W 3-4 : H 1(D-669) gl A W \ TN 24
W 3-5 3 % R (Araldite cy 179 CI) B H oo 24
R - - - - e S SR 26

W 4-1(A)~(D) = skAzdaR(Irgacure 250)+" &) 5 2wt.% @ = B &

B fr M A (D-1217)0% b2 % 4 AL i 7 » AR B 32 IR

W 4-2(E)~(H) Bz sk4=4a#(Irgacure 250)+ ] 5 2wt.% @ s &

B ol W (D-669)rt b2 % b kg i Hg 0 Fitw 82 IR



W 4-3(1)~(L) B = sk4=4>#(Chivacure 1176)y t] 3 2wt.% > @ %

W 4-4(M)~(P) %] = k4=4>®](Chivacure 1176) &1 5 2 wt.% » @ %

Bk R IoH W(D-669)1 b2 % ¢h XAT g > B S 182

W 4-5(a)~(d) =% ka=4>B(Irgacure250)z €@ HAxERFfcE H
(D-1217) % § 2 % b LAl 1 fi7g > B % ~ 182 IR L HW....36
W 4-6(e)~(h) x% LAcheRl(Irgacure250)z £ @ 7 HEERF f-i H
(D-669) % & 2_ % ¢h @ it Py » Fit#H ~ 242 IR L#HW....37
B 4-7(i)~(1) <% % 4=45R](Chivacure 1176) 3 £ » 7 B2 & B fr ¥
B (D-1217) % £.2 % #h kA g > BH - 22 IR L3 H.38
W 4-8(m)~(p) <% % A=4aH|(Chivacure 1176)3 £ » @ HZE R -

HH(D-669)% B 2 % ¢ b v g7y > BN H ~ 182 IR k¥ H

W 4-9(A)~(D) Bz kA=4n#(Irgacure 250)+ 4] 5 2wt @ s B ¥

F(D-1217)8 & B vt G2 % ¢h kA v oy » S EL 82 TGA

Xl



W 4-10(E)~(H) & = %k 4=4>8(Irgacure 250)% ] 3 2 wt.% » @ 2%

¥ R (D-669)2 & Bk 1L b2 % b AT LTy 0 W E 122 TGA

W 4-11 Bz k4=4aR(Irgacure 250)+ 6] 5 2 wt.%z2. ™ » 42455 1%
ERE B ARBTE ., 45
W 4-12(D~(L) %= =z k4=42&](Chivacure 1176) & 5 2 wt.% » @ %
R W (D-1217) 8 % RF v 12 K0 A g 0 WAL B2
LI CT AN 3 s SRS 47
W 4-13(M)~(P) %] =k 4=42%|(Chivacure 1176)'“ 4| 5 2wt.% » @ 3%
£ ¥ A1 (D-669) 21 § B 1t G2 % ¢ AL 1 By - WAL 22
LT AN - T S SRR 49
W 4-14 7 = kA=4a3 (Chivacure 1176)+ v 5 2 wt.%2. & » 42454
PR RTE Y G2 B ABE W s 50
W 4-15(a)~(d) == % % 4=4>#(Irgacure 250)% & » # < _H $(D-1217)
BERS T2 A 0 WEL A2 TGA AW .53
W) 4-16(e)~(h) =z %k 4=45#](Irgacure 250) 7z £ » FH = H #(D-669)#
BRI REZE DA WHILE2Z TCGALITH ... 55
W 4-17 Az EMfcE B R L 3099 689 A4 BfzE R
Az 4B (Irgacure 250)enE 2 P ABF Wi, 56

Xl



W) 4-18(i)~(l) <% sk 4=4>#(Chivacure 1176) z ¥ » H T _H #(D-1217)
BERFFREIE O RA R WAL B2 TGAL$7H .58
W 4-19(m)~(p) =< % sk 4=+4>#(Chivacure 1176) 7 & » 7 = _H %8 (D-669)
BERFFEIE O RA R WAL EL TGAL W .60
W 420 A EWicE BFcrB A u L 3004 6.80 B 4ehsdl iy
B SE sk A= 4R (Chivacure 1176) g 2 B iV ARBE W] ... 61
W 4-21(A)~(D) B z_k4=4:8](Irgacure 250) ] 5 2 wt.% » @ T %

¥ 8 (D-1217)F0 % Bofr crrt 5] 2 % 4 bl 1o gty > W E L 2

W 4-22(E)~(H) B =_kA=4a3(Irgacure 250) 6] 3 2 wt.% » @ & %

¥ 1 (D-669) o B B pr crb 2 & oh ST {u Ry o S 1 2

W 4-23 B a_skA=4aB (Irgacure 250) et 5] 5 2 Wt.%2. T - phig ik
CEREE G2 B OABF R s 68
W 4-24 Bz kA=4oR|(Irgacure 250)ert 6] 5 2 Wt.%2. T » IR
GRTE R G2 B ABF B e, 68
W 4-25(1)~(L) B % %4=45%](Chivacure 1176)W &% 2 wt.% » @

$H W(D-1217)Fc % B et b2 % oh b iy » ST 182

X



W 4-26(M)~(P) B Tk 42453 (Chivacure 1176) & 5 2 wt.% » @ 3%

% 5 1 (D-669)Fr & R I b b2 ¥ oh kA 1Ry > M S 2

W 4-27 H =z _kA=4R(Chivacure 1176)ent 6 5 2 wt.%z2 & » 3
B EARATE R G2 B AT R o) 73
W 4-28 F 7 skA=4%](Chivacure 1176) et & 5 2 wt.9%z2 & » #§
BT HE M G2 B IABTR] e, 73
W 4-29(a)~(d) =z %k A=4>3(Irgacure 250)7 £ » F < _H §8(D-1217)
ok B e 2 % b A T o N E S22 TMA Bl 76
W] 4-30(e)~(h) =z % & 4=4x#|(Irgacure 250) z & » 7 = ¥ §4(D-669)f-
ERPenE2 Kk v g 0 AWHIL G2 TMAR.............. 78
F 4-31 Bz E Mk BPen® A Y5 3094 689 B R
BT Sk A= 4o (Irgacure 250) g 2. i  ABE H.......coooovevee 79
W4-32 AZERIrERFhELYE 3009 6.8g FF #R hlk
sk AR (Irgacure 250)ehE 2. B L ABF Wi, 79
W) 4-33(i)~(I) =z % sk 4=4>3(Chivacure 1176) 7 £ » 7 =_H %2(D-1217)
ok B g 2 % ok kA gy o A HM S22 TMA Bl 81
W 4-34(m)~(p) < % k4= 45%] (Chivacure 1176) 3 € > F % ¥ 48 (D-669)
ok BB 2 % b kA gy o A EM 2 TMA Bl 83

XV



W 4-35 HEEHicE Ry rEA Ui 3009 6.8g R g R
BT Sk A= 43 (Chivacure 1176)eh8 2 B i ABF B ..o 84
W4-36 ATERFrERSFPELNE 3099 6.8g B #ikhik
%E kA2 423 (Chivacure 1176) e 2. B i ABE W ..o, 84
W 4-37(A)~(D) & = k4=4a#(Irgacure 250) ] 5 2 wt.9%0 » @ 3 %

¥ W (D-1217) 40 B Bopr et b2 % b sk af 1 ihrn - A 2

W 4-38(E)~(H) B = kA=4a#](Irgacure 250)t ] & 2 wt.% » @ & %

¥ 4 (D-669) 4 B R i et b2 % b AT (LR o 2

W 4-39 H 7_skd=4nB (Irgacure 250) 4] 5 2 Wt.%2. T » T iSje
BAMEM G2 B ABT W .o, 88
W 4-40()~(L) = =k 4=42&|(Chivacure 1176) &5 2 wt.% » @ 3%

P W(D-1217) 40 & B pr et G2 % ¢F AT g > ¥ E L {82

W 4-41(M)~(P) ¥ =_sk4=4%(Chivacure 1176)v & 5 2wt.% » @ %

5 1 (D-669)fr & R i et b2 & b kAT Ry > L2

XV



W 4-42 F =z k4=4R](Chivacure 1176) & 5 2 wt.%z2. 7 » T 33je
FERTHEH G2 RIAET W . 91
W 4-43(a)~(d) == % k4=4>#(Irgacure 250)7 & » H < H #(D-1217)
FeERP T2 Kb M WHIVIEZ AFM B ... 93
W] 4-44(e)~(f) =z % e 4=42B(Irgacure 250) 7 & » F = H #§(D-669)F-
B R g crR 2 % ok kA R 0 82 AFM Bl 94
W 4-45 Az EWicE Ry B AU E 3094 6.89 B> TR
seoe Az 4B (Irgacure 250)enE 2. BV B4 M., 95

W 4-46(i)~(l) =z % k4= 43 (Chivacure 1176) 7 € ° 7 = _° %8(D-1217)

W 4-47(i)~(1) =z % sk 4=4>3] (Chivacure 1176)z & » ¥ =_H 1 (D-669)
FeE R T2 Kb g M o N HEIVIEZ AFM B ... 97
W 4-48 Az EMfcE RPech® A u i 3007 689 Tiskuh

%Lk 42453 (Chivacure 1176) e 2 i AB$ W] ..., 98

XVI



TE KD WRELRANEE L AT T Y R b kA b
Btig B OFR 4 PIE AR F h SRR 1 B AR el b e kA 2 R
EF o M AERER AL o

B oend B A By R R ﬂ}fr"}flt SeBIR GRS JU SR
BRI A FCEA T  F G R R E DT F TR A K RA
kAT s B R EHWE KR gd WA kR T A
o g SNEAR T G A A o TN S S AR LR Y 0 & 11
SR A M 2 G g gt 1 .

o b PR SRR P AR ¢ kA ] € sfT i b
PR R m ERERS AR LA EMAE B R
R AZAHRHF B BF BRESFEF - - RSP8I B8
R R DA A e ic kRS R R H A AR ERE R A
LI N o Lo
5 h AT Ay gk R
(D)7 z & 7R HIRE DR -

(A - Rpo TR TR T

B
=
-
>

OEREEE T P EY C

By
=3



Uik A 1 g ehak LA

() AP = A gk o

(2) % F & Frfla ik B o

(3)A it 14 % 5

g

F1-1 R AL i AR & @ SR A i Ot R

% F kAL 1 A @ w7 A
R iR E 2 | - s AT
g 5 3

A 5 A

KOS

TR

s

bege oE

= R AR et

2

R R EE

ke dod & THE

A S R IV AR

E Ry 2 HWT ap

dARRTAF

AR B R

Bk 4 PR b

LS e £ W i
%S BNt 40~80°C 80~250°C
T A 10~20% 60~80%




1-2 B3 P eha$ 48

ek SR 1Yy B E ek kR ARGR S # R g AL T S
Ff > B - B RrER N A m2 R H IR REH
FRE, P W EaY 2R FPRH TR F AL I ERE
Wy L ATRLE o TR AT VR S R F A R R

MTHF2 T3 LEPAL L4 -

\\

NSRRI S TN TR TN T
Pe s i¢ 2 Mo AT 1 1 FTIR k2% 7 % 241+ » % * TGA -

% fzp

—~\\

}}} H‘t’ ﬁ’»i F’J’JPL‘ f;] o



¥=- % ‘¢’§J€‘}”}é§
2.1 ,“ SEY R )Ej_p* 22 7:}\}5-'[3][5][6]

A AR F Ve T 1813 & o 2 B’ 4 J. N. Niepec % IR
7B kA Mehasphalt(g F) 0 s #-asphalt % F B 0 @ Y
EHER S L 0 VAR ACRIER SR T o

1946 & 1137 & — B b SRR 1Y R R Z BRI & e )
Mot i e PR G RS BT bk ke b &k AR A e 2

FCEPERY A B PR AR R o

1952 # £ W7 o> 22 E-Minsk & % 7 1% ¥ AR Lz kg
F ek & S RFAAFAEL G oo 5T 1960 £ & o F TR IR R
Fobh AR IR A AR E 2B R R R (R R AR kAR X P £
AR GG RSB VA E AR TR PR E R TR
REFFT 0 BRET R AMEGEY -

1969 & - 15 B Bayer = &% 3 £ 7 kA Y A 7 o R fg 4k n
fe= o A= P PF o d 301 KR A 0 kA T A f g e £ 0 U 2
BAAOR VK H S AIE 0 TR oL ROATER  RNEF L Bk A
e R PR g o 2 HR A REAR RAR S o R T A fe b b SRR T A

g b 4 ARKAR S 4R > AT A EL T E R R -



2-2 UV ki enfg 4 B
2-2-1 UV % 3R2 &

kH - fEred o S B lda- BN T ik kR LA HER
P HRACK S F S AT F oA A oq TR R e
i F R A M AL ari s BApHEES £ 977 ko 4

BRI S R TG £ R L& 400 1) 100 nm e ] 0 v

el

A
8\/
4
i
‘uv\i:
S
4
3
eﬂ

':B’) ‘E'%A,\?,F o

2-2-2UV kihens K2 Rt
1. UV-A (400 nm-315 nm) : 5% ¢ s £ - fhde & 3 0% s> 75
Foa b sl dhARGE Rl 0 - R BOK AR S A kenk
‘haL ROE B 3650m T M R EE G RN R R F o
SRR GG T S E UV W R R R A ok
fiE o AR R R ES o

2. UV-B (315 nm-280 nm) : # * “t R EE TG H ® > fp Rk o

i

FenR gt > ARG Ry chi BT A e BT EUR
Mk kAR o

3. UV-C (280 nm-100 nm) : i % *F 5 8 % b5 ¥ &0 8 Soss i £
B UV-C ankp 3 irfi s R+ > Hao & 2dslde i3 )= > i

LUV BRFEENF KA DR



2-2-3UV kRt A 2L 22T 2 % 2R 4E
ERUE SRy R N R S
A R A A K A RESE > LR TR F o rrildzane
TR A MR paR G T B

1. #oeg @ A e a» LT R N R REETRN A4 Skl

2. kI Honfl A B A R T K R ersl A

E“T%‘«t’ i g e Bk AR iEm B e ¢ ch DNA ~ RNA &

3. BRfi oyt F AT HHF LR EFHAL BRI PR QR

HREE e el p #2237 Rplam EF7 & g5

4, WP RGN RREE S gﬁlil\pi}*rrb} g2 LR o



2-3 % § #iq ehff 4
2-3-1 % § APg 2 T &

—Hm g od A BERT oo B RS TS DR B R
FA LTRSS T3 A B RY AN GPTIL R B
(epoxy resin) o — £k eIk & AR K 4 PR R S PRIk R T O EAAE A
A4ang & IR E P o WP 4T
1 &3 Refmente 3 AL FF B igd A A e Rl ey

ST A Y g BB e s e
2. A K foited F S BRRE  FH W BA e o AT

Jos

/J‘ o

=)

4 AN A G ERAPML S B S

=

5. g b AL S 0 TR A R & BB -

Kl



2-3-2 % § Afrq ihiE it
By ftrgd W H B ¥R o # 7 M/)ﬁ% e A

1 ZbF 5 D Bi g anipie? 57 554 s Ut 2 BiE L ik
FROBPVRERF Hs {oip e 24 Fa £ H %
FAX G A CRITE T AL REEEF LS e RS

XA F R E A ﬂkaﬁ - Fhph B4 o

2. JTEEF M L R AP N A R REd R AR R L AREF
o Tl aH LR T3 g AL ML TR AL 0 DTS F R
ST > @ EAF B g 4 B ’T‘ SIS W T Ee
S AT R R s B i Ao 2-1 91T o

£ 21 B FA LA i o

£25, 7 4 AL b %
— 8~10 %
e 4~8 %
R i #t7 o
% § A e




3. FEEMAF ATk B L A F RS v B F
Wmtfe s mhag 2 7 LA B R IR o R Fa iy o

4, AWORTFHME I H S RE Mok F M AR R REEA
B{edgange s > LG BB T B G

5. HERG B4 D H M SenTRE MR E T R B4 o REA TR

et Pl et R o Flot H ARG AR $ 0B A o R

)?E]o

2-3-3 . § #ra
d TR A 5 TR LA B L L B SRR L
FH BT 2 58 R0 T A REFAE S EAR st h e

E R NG I



-4 ¥ b LA LR chp & B
AP B Suhrg e 3 2 3N o Wb SRR T bRy B oG AT TC PR s

fe P AR G AH VAR A RFH.EAE -
Ry R R

1. sed=4n®] @ 9 ¢ e P 92 %~10% -

2. BEY I MEBE LM QLA e h50%~80 %% 4 o

3. FEMAFREM 9L AP d P 20%~50 %= ¢ -

4. oA FURALA F A G gl s g B 0 9 4 B

B 505%~1% -

2-4-1 3k e 44 L0

oo kA Y R E R nd d F ke B v 0 B oy
AT RS > FR RS F R a0 o RIS F GRS A2 F
Ppd AABRS A FABHRLS o

kAGLH AT R F o F T RSO IR EF
g7 " 25 S REFRBARERE > FFE M EH 47 2
Bl A BT M EgAL R FIP R FiRRR* Py KE
A EeRAs R 2 * § oottt RBEEF B2 T A G

BN TR RS R

10



g A Ao R A 2 P R e p ) A kA
A B TR AR B AT AR A 0 £ 22 5 B AR Al k4

e p o d Zij’_‘;"l B A 4] et i o

%02-2 B OF e & TR F B KA 1k set @B

% A2 4o |
3= 4l pod A3
P
At B AR P A i A
Bk 15 enE et 7 =
A RER e e
A g 3~5% 8~10 %
et i A 1 % ES
et il e 2 2 i
it A iz ES
T ARRE L 7 g 4
- P e F 7
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2-4-1-1 B d K3 Rdzdom
pd Ak FlA4 pd e XA kT LA LS AN
—HIJ :

1. kA j=1l(photo cleavage) : kA heFlex o i ki £ & 4 it i

%;’;JF%‘ }ﬂﬁ*é\'ﬂdﬁ!}’ I'_Trl, T\lﬁ’ﬁ‘!}ﬁgﬁéixxpﬁ}@ ‘&L"

2-1 #7517 ©
hv
Pl——P-+I- (2-1)
;97 Pl & k4=4o4](photoinitiator) » P.e 2 1« 5 55d % b ik

Zlizm 2 ehp d £ o

2. % 23 7|(hydrogen abstraction) : sk~ ex jc ¥k oF Sk iw £ A& 4 %
FREM A IR SRR B o fEF e A2
d A o dost 22 97 o

hv
P+ RH —— PI~ - ++RH* — +HPI- +-R (2-2)

2% RH 2 7@ 85 ehley o HPLe N4 4 35 22 kdednd@il 7
7= enpd 2k RS & HFIBFEIF Risenpd Ao

ek Asdn ] 0 BT e

(1) sc 7 2o fc UV g dtay » 2 BRI 2V RE-o

Q HEL x> BERORGTERT > 3 €318 F o

B BEFY 2 HHra a2 o
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(4) 3 PR HipFE2 24 8% o

(5) % ¢ e AL F -

2-4-1-2 153+ 3| A2 dn A

P Az oAl nk g4 4% e kRS & S

P4

SRR A SRS A RF R A2 IR a 3 ERT

z Jfﬁﬂl}lﬁi‘ %ﬁﬁj’;—g?’\g °

2-4-2 % %% (oligomer)™

ISV LD N T S FOAA FIH &R K S
RS A K TE 5 % & A(binder)) - SR G MR S A & B RS

=2

b FEPRA CAEY AT AR E R AL

|l

=

ERFALGH S L FBAGE G B A G 00T
AT 3B 2 B A R R AT A bk
PIEF o dedt Bl s mi B g EFELLE

ERE R A R o ¥ A 5 p 3 A3 (free radical)e 15 3+ )
(cationic)= #gAt*s - o F 7 # 4 & fia (Unsaturated polyester resin) £
R 54 Hg(acrylic resin) o @ {8 § Tk ¥ 475 (epoxy resin) o

By FakBas kB2 R pd AR BRELE
KA ok edii B4 QA L35 4+ 0 Rk g AL p
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dAREFERE S BULREPFAD LGB L2 F TR A
F Ak AR A AREFEAIBRT REFRE > LB
PR BRI ET RES X A GEPEFF RiEFER > 7 A
*EEIE R AR R DA T o
Py % chE R AF PU S % (polyurethane acrylic) ~ & fs

#t7q i (polyester acrylic)£2 & ¥ #t%q % (epoxy acrylic) o

2.4-3 K }%,ﬁ.ﬁ_ﬁ ¥ ,'g[l][14][15][16]

- ARE F 0 RA R SR nE R AR FR R 0 AR B
IR FEERF AL NTg L5 A AL iz Emgn Exe
FR A S R4 RS Flptaze gt &R S H AR KRR IF
A FIEMA L LG MG R E MR TR AZRE MM S b
100 B gAY BB ELY ¢ SR gE o 7 ot R
A FIHILE B AT R GRS A R I
WAL TR Gk BB

BBy Al AL BT ARRE Sy AN 5 §

)
=

A H AT Y £ R TE S KA TR i AL FIE A S 2

—\

o ¥ ERAEFHE DL R EF AR QI TR G SIRA D
polyester & ¢ 4% ¢ * > B2 RioiFH R H V@ R > R E R i

ﬁ‘i f;h °
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P g g o E S F oAl FEACER T ER

-

AR Hiteq R A PR g RIFROE S drd 23955 o

%2372 FF i AP EAS a2 M

7% P A R BEE | Akl | KHAR | HIER

piass] | | | 1 1
(et IR 200 N N S I I 2

2-4-4 /,9]? 4o B

R R T AR R ATEE e A S Y (AT kT

1. 4p % - (compatibility) -
2. Apdokk D WAL hE AR LR Hokk f 15 B AH

Wi * ER ki o
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2-5 ¥ ¢ kA v )gz;w[21][23]
BALREF R AN REF o SERE € A3 R R
FAZATWAAN  RBE RS NP R T AP AREEH 4

%‘\é\ﬂ};ﬁ;°

2-5-1 pe RREF &

pd AR EF AR RAddeAlqe i b ke 2 2 FEdhp 4 A
R EMrE R AL BREF R F BBAIT AT e B
B
1. 4=4 & J(initiation reaction)

A 4w I B R B f A A TARL T B R o 505

(1) & B @ kAzdo R T & kR 2 s Bpd Ao

&>z EPxHuirFzagmapdpd o

3) 7 PR I BEa AL d A
| I (2-3)
(kA2 g (a2 kA da])
LB (Ialp) la-+ Ig- (2-4)
N BN
£33 I'+RH —— > I-H+R- (2-5)

16



TIAHBE I+ M -+ M- (2-6)

et ri@ehpd AV R B AhefrFE L AT A2 B .
-t M ————— Ia-M- (2-7)
2. = % F J&(propagation reaction) :

FEFRBTd A RorA4 2 pd A HME -G =-2 F R

“ﬁﬁf@%ﬁ&i“gétﬁ%{@&iﬁéc °

MM —— > =M= (2-8)

LMy M ——— Mg - (2-9)

3. 4&aE % & J&(chain reaction) -

fd AR TR AL F e

IaMy o+ T ——> 1M+ T (2-10)
T +M —— 5 T-M- (2-11)

4. ¥ 1t & Jg(termination reaction) :

B R4 REFRBET

I-M,,- + I-M, - I-M,, + I-M,, (2-12)
& 1-Mp-1-M,
I-Mp-+T- ——— > I-M,-T (2-13)

17



2-5-2 BRIREF &
B R A EART BF R R IEL AR R

BEE O F A BI2-19757 o

A~ ~N=N"BFy  uy A~ —F
Rfiéxﬂ R Q%fw - Ny - BF;

Y

A~ N=N"PFgq uv >~ _—F
Rﬁ!| ° g iij-+~E‘Pﬁ

OFSW =R ERTETE R Vo

HoY BFAPFsk 3188 F o & @acfrki e it 85 F o
4R BRI BRI NSRBI LIRSS E A L0 D E R

WA R eBl2-295 5 o

BF +
~a-CH—CH, 3 wer:H— CH,
D/ OBF;
~~CH—CH, o~ CH—CH,
0 + No”” |
o CH— CH> = Propagation

O——CHy;—CH~~

OBF;

W22 FrpmarBRRLF R
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i N 11][25][26
2-6 R g AL v 2 T LI
AREHEGRACE A ERIHARERTIN AR

rT g AT E

2-6-1 sk A= 4R

Th S P A A A P & s e kAR A e e
HohkEFe 2 AR F R ERFE A BEF L Ak
Acde Bt £ VP EERELF Bt Y EL I REF R
AGH P F R D R A L& A B ke e A £ 0 F AP
FEE Do

Bk s A e Sk At A ¥ 5B A e £ R 0 4obenzophenone (BP) ¥ #
-k 41%% 0 2,4,6-trimethylbenzoyldiphenyl phosphine oxide(TPO)+ * %

% kiE FlE 2ok ko

2-6-2 PR 5474 £ (dose)

P b & H % 0h SRR TR ¢ BR Dl o B R R HR
s A R S R A S
B ERMH AR HE S ST i S

it o

3
X

4 X
2%
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2-6-3 R&TR R
- RA T o R R R R RGE ER T OERA R
FEABREBER D F VA EFIE%E > ol KRKFNE > ke

WAl g AR < R 0 A2 apd Ao Aede s e AR

1

SR BEEFT TP T EF A I E

{

N s R Rl & S RV P
d 2 (peroxyl radicals) > 4oB]2-3%r77 > Hi6% A d g remB e F I
BT B EE KL o

R R enfE g f fr ka2 g

R EURN SRR B Pk S G

[EEY
™
).

Y

2. wF R EFe g e Akdm AR o

3. @A LR ST kAR R ko TR A PR A R

ER R=2la
R (—» R:0210-
20:
103
Bl2-3 5§70 pd AF emA2iEF pd A
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2-6-5 FW2 B R

FARL R E AR Ry §RF RN 24 RS
BB AvpF o BT R AR B b BT DIE bk @ 7 kA ML EE A
Sldeehp d AN AEF AR > F 3 ERAKA LT R 27 1

;f’gsi Sen 5 kAR R N Faf R RGEPER K@ E g A L o
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T o o . el 2
2-7 % ob LAl v g e

SRR AT PR R 0 B B 10708 B4 K b SR
“ﬁ%%fﬁ%i‘ﬁﬁéﬁdmﬁéﬁ s I & ﬁ%ﬁ&’ﬁ?}ﬁéﬁﬂﬁj\ﬂﬁg ’E’i_ﬁ?;}?’ﬁam

Seh AL TR M e AR RAR S R X L i RER 2 RIRR A

-‘34‘\.

BRRE > 9Frd o iR b K R eri b o

AHp S IR BE R E o (S KRB LY AT E S X

Put adhesive on a portable
phone speaker

Fill CSP & BGA packages

Dotting/dripping resin

Bump

Carrier Underfilling

substrate

oo
= \ Lead frame
Portatie phone speaker Eliboard eRenalneriioy

Adhesive Underfill Dot
Attach using a conductive
adhesive agent

Dispensing — |
silver paste

e
Sy Quartz

. Ic
=8 oscillator (Wire bonded)

Leed frame

Put grease on miniature
earings

Dispensing sealant
on giass substrates

Dispensing silver
paste &t cancuctive points

Molding Sealant

Bl 2-4 S oh RAT R m kR b ATR Y AN

22



Y% RHREE -KHE N E
3-1 F%E &
1. BAzded
(1) Irgacure 250 » # B 4f4c@] 3-1 “i7 o

(2) Chivacure 1176 » # S4g4cBl 3-2 #1777 o

jou
F\ITO:'\
F—P—F
¢ F

\ O
> D

Bl 3-2 % k4=4~3](Chivacure 1176) m;&-#&
23



2. H4p:
(1) D-1217 : R = ff = &5k b o 2 S HAo® 3-3 457 -
(2) D-669 : F o - FE = S5k A H AR 3-4 41T o
i
CtO-C-C40 C-C
C_C/ AN
\_/ C

3-3 & M #g(D-1217):m

A4

,cfo—c—c}o c-C
c-C 2|

N/

O

Bl 3-4 5 H 4 (D-669) e 4

3. EXR+P ' Aralditecy 179 ci - H B i4c®l 3-5 #1or -

2
o@ [j °
¥3-5 5 % R4 (Araldite cy 179 ci) e

24



32REHEKHA

1.

R T

3] 5L Lightex-A-400 » B = 464 % 1> 5 2

= W b Sk R (FTIR)
4] %5 IR-PRESTIGE-21 -
# € A5 & (TGA) :

315% Q50 -

EAPAT s (H 3F)

M8 B s AREF AT o
EpPek(H &)

M8 RF A AREFRILF o
F B4 17 R (TMA)

7] 55 TMA2940 -

I A

3] 5L PM490 > Fy 7 = SWIENCO -

R 5 4 K HCEL(AFM)

J_lll %‘fb NT‘MDT ©°

25
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3-3 &
el E S S SRR ¥ =
Ak s BRY HHW= F 3 R bR E o A
—;"ﬁ :]; _ ):rr— , > ~ e
v 3-197om o FF i o~ § o IR o P Kk Sk BR SHIR A
2 ARG T 7R

A R4 REAREL P B 36 5 B AL
& R e A °

H Ry

o sk >

FTIR TGA TMA AFM

B 3-6 7 ki~ A47 5
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%31 52 R m Al

&S5 | Irgacure 250  Chivacure 1176 D-1217 D-669  Araldite cy 179 ci
(A) % 2.0 X 25 X 73
(B) 2.0 X 30 X 68
(C) 2.0 X 35 X 63
(D) 2.0 X 40 X 58
(E) 2.0 X X 25 73
(F) 2.0 X X 30 68
(G) 2.0 X X 35 63
(H) 2.0 X X 40 58
(1) X 2.0 25 X 73
) X 2.0 30 X 68
(K) X 2.0 35 X 63
(L) X 2.0 40 X 58
(M) X 2.0 X 25 73
(N) X 2.0 X 30 68
(0) X 2.0 X 35 63
(P) X 2.0 X 40 58

@g 0.20 X 3.0 X 6.8
(b) 0.25 X 3.0 X 6.8
() 0.30 X 3.0 X 6.8
(d) 0.35 X 3.0 X 6.8
(e) 0.20 X X 3.0 6.8
(f) 0.25 X X 3.0 6.8
9) 0.30 X X 3.0 6.8
(h) 0.35 X X 3.0 6.8
(i) X 0.20 3.0 X 6.8
() X 0.25 3.0 X 6.8
(K) X 0.30 3.0 X 6.8
0 X 0.35 3.0 X 6.8
(m) X 0.20 X 3.0 6.8
(n) X 0.25 X 3.0 6.8
(0) X 0.30 X 3.0 6.8
(p) X 0.35 X 3.0 6.8

Dt I X%\»T‘r#\;‘,"]t4t€>§$fjv\°
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3-4 A¥773 %
3-4-1 FTIR & #7

BT R RHVETHR R EE R DA o A PRk e B R
SERFARPEOKBrF 2 EEFLAT > A RE 10 4481 DT R
SRR KBrgs &2 10100 st bl R &R S BRFRE AT

o BLERE I (4 enpftg 2 C-O ~ C=0 @ C-C(ring) e it 4 12 SLeng i

S 2|47 HF w MA T o

3-4-2 TGA & 3%
AL T2 &0 fEE~ 10 mg~20mg Rl e £ A o~ §

# > o~ 5 100 cc/min 2R @ & 5 10°C/min > £ % B = 3 600°C >

AT e T KR Y E AR A FRE R B A < AR TR R 0 H Y A2 A

BB R RE S HSERIA 5% R R

3-4-3 TMA &+

BR LS B EE WE Y O &Y £ 4P

ko ZFRF TMA £45 8 ~§ Fon 8 5 100 co/min > =g @ &
10°C/min» j£ 8 < % 90°C > &~ 4718 ¥ j& B ¢ D i (V8 B & 4
SR Tl o
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3-4-4 AFM & ¥7
BB Bt R B R &EF 2 18 mm*18 mm*0.2 mm s E g * koo Al
® E g (5 4% v g 3000 rpm ~ pERY 30sec 0 #-H k303 A4 B

U Y : U IR T\ SV A FIPAR TR K O S Tk - 3

29



Fr REEHHB

4-1 & > FRE -t RELFRFTIR)A 45
4-1-1 % BERPRERNT B2 FTIRA ¥

Bl 4-1(A)~(D) = 7 Z_% 4= 4~ (Irgacure 250)t &) » 2 % H 48
(D-1217)fe % Bgr et b2 % ¢ AT b2 ARE T B - (32
FTIR B - B 4-2(E)~(H) 5 ] 7_sk 4= 44| (Irgacure 250) ¢ ] » 2 % ¥ 48
(D-669)Fr & F 4= crnt 2 & b Sl v prg > A PRk B 1 5~ 18 2 FTIR
B o B 4-3()~(L) & ¥ % %4244 (Chivacure 1176) &) » :x % H 48
(D-1217) o % Bfp et G2 % oh AT i M5 > A XA H - (52
FTIR B - B 4-4(M)~(P) 5 & =_%4=4>#](Chivacure 1176)+ &) » #x %
H #8(D-669)1r & B pr et G2 % kA Y Py o AR R FE W 1S
2 FTIR B o (A)~(P) = A 1v e 4 3-1 #17

d B 4-1~4-4 ¥ >+ 5 $] 1050 cm™~ 1300 cm™ % C-O z_ s Jc i ;

“El“\

1400 cm™~ 1500 cm™ 4 C-C(ring)z = <* ; 1700 cm™~ 1780 cm™ %
C=0 z v g » LFIC S e ¥ e 2 P A » FIMN 7 FE €41 ¢ H

it =

mi°

30



73 wt.%oligomer 25 wt.%monomer (D-1217) 68 wt.%oligomer 30 wt.%monomer (D-1217)

2.5 A 25
AT
2.0 1 ]-g] it l"; C—O\ 2.0 1
[¢0] ]
8 1.5 c-0  C-C(ring) § 151
8 ]
= 101 £ 1.0
2 o
gl 2
< 051 S 0.5 1
0.0 1 0.0 |
05 : : ‘ : : :
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm™)
(A) (B)
63 wt.%oligomer 35 wt.%monomer (D-1217) 58 wt.%oligomer 40 wt.%monomer (D-1217)
2.5 25
— FivE C=0
2.0 2.0 | 2R
C-0 C-C (ring)
8 154 § 15
8 8
2 1.0 £ 101
o o
(%] (%]
‘2 051 2 05
0.0 1 00 +— —m—
05 ‘ ‘ ‘ 05 ‘ ‘ ‘
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm™)

(©) (D)

®l 4-1(A)~(D) H T kAdeA(Irgacure 250)0 &) 5 2 wt.% > @ =% %
B 4 o B 1 (D-1217)v b2 ¥ oh AT fi7g > B9~ d2 IR k3

)
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73 wt.%oligomer 25 wt.%monomer (D-669)

25
— Fit@ C=0 N

2.0 i
o C-0 C-C (ring)
(8]
c
©
2
o
(%]
o
©

w
0.0 A
1000 1200 1400 1600 1800
wavenumber(cm™)
(E)
63 wt.%oligomer 30 wt.%monomer (D-669)
25
= Cc=0 N
) (L 24

20 Al C-C (ring)
8 15
C
]
2 10
o
(%]
€ o5

0.0

-0.5 : . :

1000 1200 1400 1600 1800

wavenumber(cm™)

(G)

absorbance

absorbance

68 wt.%oligomer 30 wt.%monomer (D-669)

25
—_— Fi
2.0 | i i €=0 \
C-C (ring)
1.5 - co

/

1.0 A

0.5
0.0 ’w
-0.5 : . :

1000 1200 1400 1600 1800

wavenumber(cm™)

(F)

58 wt.%oligomer 40 wt.%monomer(D-669)

2.5
2 RERT C=0
2.0 . N\
Cc-0 C-C (ring)
1.5 4

/

1.0 4

0.5~
0.0 ,w
-0.5 T . .
1000 1200 1400 1600 1800

wavenumber(cm™)

(H)

B 4-2(E)~(H) 7 = k4=4~#(Irgacure 250)+ & 5 2 wt.% » @ (2% &

B A o H 8 (D-669) 1t bz % ob A fPn 0 B w - {82 IR k)
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73 wt.%oligomer 25 wt.%monomer (D-1217) 68 wt.%oligomer 30 wt.%monomer (D-1217)

3.0 3.0
— F it c=0

2.5 1 C=0

2.5 1 \ \

2.0 1 C-O0 (i o 20 )
8 C-C (ring) 8 C-C (ring)
S 151 @ 1.5 1
o 2
g 1.0 @ 101
g G
© 05 0.5 |

0.0 0.0 1

-0.5 ‘ : : ‘ : :

1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm™)
(1 )
63 wt.%oligomer 30 wt.%monomer (D-1217) 58 wt.%oligomer 40 wt.%monomer (D-1217)
25 25
— Fitw Cc=0 T Cc=0
2.0 i 1 \ 2.0 1 [
c-0
8 15 C-C (ring) 8 151 C-C (ring)
c c
g a
£ 10 ¢ £ 104
o o
(%] %]
€ 05 € 05
— e M TN
0.0 | e s AN 0.0 |
-05 ‘ ‘ . -0.5 ‘ ‘ :
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm™)

(K) (L)

Bl 4-3(D~(L) ¥ z_sk4=42%](Chivacure 1176) &) 5 2 wt.% » @ x5
E RS Ao H 48(D-1217)v bz % ek A 1 Ry 0 Bt o~ f8 2 IR R

#
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73 wt.%oligomer 25 wt.%monomer (D-669) 68 wt.%oligomer 30 wt.%monomer (D-669)

25 —
— 7 C=0
2.0 - f
Q 15 - _ o
2 c-o C-C (ring) g
© ©
2 1.0 ‘l/ 2
[
o o
2 2
< o054 <
0.0 -
-0.5 ; ; ‘ -0.5 ; ; ‘
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm™)
(M) (N)
63 wt.%oligomer 35 wt.%monomer (D-669) 58 wt.%oligomer 40 wt.%monomer (D-669)
15 2.0
o\ c=0 — F\H c=0
L% \ rﬂ fL
co 1.5 -
L 10 i C-C (ring) 3 :
e 8 C-C (ring)
5 <
£ J/ -g 1.0 J
2 2
< 051 5
0.5 1
0.0 : : ; 0.0 ‘ ‘ :
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber(cm'l)

(O) (P)

Bl 4-4(M)~(P) % =_k4=4~#|(Chivacure 1176)t*t ] 5 2wt.% > @ %
E R4 Aol 1 (D-669) v b2 % ok kA (g 0 BT s 820 IR k¥

)
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4-1-2 s kA do B 5 £ 2 FTIR A 4%

Bl 4-5()~(d) 5 % % % 4= 454 (Irgacure 250) 7 € » B % ¥ #
(D-1217)4r & B g 2 % ¢ kg Y B> R o ~ 82 FTIR
Bl - B] 4-6(e)~(h) % # % % 4=+ (Irgacure 250) 7 € » 7 7_¥ 48 (D-669)

frB Ry hE 2 Wb kA IV H > AREF T - ($2 FTIR Bl - B

=

4-7(i)~(1) % < % % 4= 454 (Chivacure 1176) 3 £ » 7 % ¥ #8(D-1217)4r
ERAF B2 KA AP AREFET T~ 82 FTIR B B
4-8(m)~(p) = #= % £ 4=4~&(Chivacure 1176) z & » 7 =_H %4 (D-669)f-
BB e E 2 K SRR 1R Bk F L~ (42 FTIR Bl - (2)~(p)
S A Glded 3-1 955 o

d B 4-5~4-8 ¥ > ¥ 4 F| 1050 cm™~1300cm™’ 4 C-O z_ w3 g ;

‘.".*1\\

1400 cm™~ 1500 cm* % C-C(ring) 2 *% {<* ; 1700 cm™~ 1780 cm™ %

C=0 z_ v g » LBV S feiE d e 2 P A > F| N ¥ FE T, ¢ A
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2.0 wt.%-irgacure 250 (D-1217) 2.5 wt.%-irgacure 250 (D-1217)

25 18 —
— grw 1o {— ALY
20— HIK | =
c=0 1.4 C o\
1.2 Cc-0 .
® ] . 8 C-C (ring)
15 - Q
g c.C (ring) \ g 1o
o ] 2 081
= 1.0 J 5
§ 2 06
© 0.5 1 T 04 A
0.2
‘ ‘ ‘ 0.2 ‘ ‘ ‘
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber (cm™)
(@) (b)
. 04-1 -
3.0 wt.%-irgacure 250 (D-1217) 3.5 wt.%-irgacure 250 (D-1217)
2.0 20 -
18 | B i 1.8 | i
16— HAE co 16 | A c:o\
1.4 . o 4 C-C (ring)
§ 12 ] C-C (ring) N\ S 12/
810 § 1.0 | Z
§’ 0.8 2 081
_% 0.6 1 % 0.6 §
0.4 1 0.4
0.2 1 0.2 7%
0.0 1 0.0 |
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber (cm™) wavenumber (cm™)

(©) (d)

Bl 4-5(a)~(d) =% k4=4-®|(Irgacure 250) 7 € > @ H 2B Ry frE 1

(D-1217) 5 £ 2. % b kAT 1 oy » B 5 ~ 152 IR %23 B
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2.0 wt.%-irgacure 250 (D-669) 2.5 wt.%-irgacure 250 (D-669)

25 2.0
— " 1.8 | B it
20— I-j‘\"'—] it %i‘; C=0 1.6 1 fL {4
i N\ c=0
c-0 C-C (ring) 1.4 1
Q 15 J S 12l C-C (ring) \
& 8
8 10! g 104
S S 0.8 1
0 (%]
S 05| S 06
0.4 1
0.0 7% 0.2 |
0.0 1
0.5 ‘ ; ; ‘ : :
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
wavenumber(cm™) wavenumber (cm™)
(e) (f)
3.0 wt.%-irgacure 250 (D-669) 3.5 wt.%-irgacure 250 (D-669)
2.0 16 -
1.8 A 2RERT 1.4 1 ¥ w
|— =i - ' G €=
16 AlE c=0 1.2 \
1.4 (i C-C (ring)
9 12 ] c-0 C-C (ring) 9 1.0
g8 1 T 081
_féS 1.0 A 8"
S 081 S 061
= g-i ] 2 041
] 0.2 1
0.2 1
A e 7’,\——\—’\\0“«\%,“,/’\“
0.0 | 0.0
-0.2 ‘ ‘ ‘ 0.2 ‘ : :
1000 1200 1400 1600 1800 1000 1200 1400 1600 1800
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2.0 wt.%-chivacure 1176 (D-1217)

2.5 wt.%-chivacure 1176 (D-1217)
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2.0 wt.%-chivacure 1176 (D-669) 2.5 wt.%-chivacure 1176 (D-669)
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Sample: 1108

24-¥3y2-110-10min File: C:V10311024110824-73y2-110-10min.001

Size: 120540 mg TGA Operator: 103
Run Date: 2011-08-24 23:.02
Instrument: TGA Q50 V6.3 Build 189
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Temperatul‘e (OC) Universal w410 TA Instruments
Sample: 110824-68y2-110-10min File: CV023V10234110824-68y2-110-10min. 001
Size: 113870 mg TGA Operator: 103
Run Date: 2011-08-25 01:01
Instrument: TGA Q50 V6.3 Build 189
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Sample: 110824-63y2-110-10min File: CV023410234110824-63y2-110-10min. 001
Size: 14 3360 mg TGA Operator: 103

Run Date: 2011-08-25 02.46

Instrument: TGA Q50 V6.3 Build 189
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Sample: 110824-58y2-110-10min File: CV103V1024110824-58y2-110-10min 001
Size: 156710 mg TGA Operator: 103
Run Date: 2011-08-25 04:31
Instrument: TGA Q50 V6 3 Build 183
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Sample: 110830-73w2-110-10min File: CV103410234110830-7 3w2-110-10min.001
Size: 159460 mg TGA Operator: 103

Run Date: 2011-08-30 2246

Instrument: TGA Q50 V6.3 Build 189
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Sample: 110830-68w2-110-10min File: CY103V1024110830-68w2-110-10min 001
Size: 12 9350 mg TGA Operator: 103
Run Date: 2011-08-31 00:46
Instrument: TGA Q50 V6 3 Build 183
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Sample: 110830-63w2-110-10min File: CV10341024110830-63w2-110-10min.001
Size: 154000 mg TGA Operator: 103

Run Date: 2011-08-31 02:53

Instrument: TGA Q50 V6.3 Build 189
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Sample: 110830-58w2-110-10min File: CY103V1024110830-58w2-110-10min 001
Size: 17 3530 mg TGA Operator: 103
Run Date: 2011-08-31 04:55
Instrument: TGA Q50 V6 3 Build 183
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Sample: 20111230-73y2-40min-small

File: C:V103V10220111230-73y2-40min-small. 001

Size: 119070 mg TGA Operatar: yiying
Run Date: 2011-12-30 1305
Instrument: TGA Q50 V6.3 Build 189
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Temperatul‘e (OC) Universal ¥4 10 TA Instruments
Sample: 20111230-68y2-40min-small File: CY103V102320111230-68y2-40min-small 001
Size: 118520 mg TGA Operatar: yiying
Run Date: 2011-12-30 14.45
Instrument: TGA Q50 V6.3 Build 189
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Sample: 20111230-63y2-40min-small File: CY03V102320111230-62y2-40min-small 001
Size: 11 0630 mg TGA Operatar: yiying

Run Date: 2011-12-30 16:24

Instrument: TGA Q50 V6.3 Build 189
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Sample: 20111230-58y2-40min-small File: CY03V102320111230-58y2-40min-small 001
Size: 12 7660 mg TGA Operatar: yiying

Run Date: 2011-12-30 18:.09

Instrument: TGA Q50 V6.3 Build 189
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Sample: 111227-73w2-110-10min-1min50s

Size: 13 2680 mg

File: C:.\111227-73w2-110-10min-Tmin50s.001

TGA Operatar: yiying

Run Date: 2011-12-27 10:26
Instrument: TGA Q50 V6.3 Build 189
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Sample: 111227-68w2-110-10min-1min50s File: C:.\111227-68w2-110-10min-Tmin50s 001
Size: 99710 mg TGA Operatar: yiying
Run Date: 2011-12-27 12:21
Instrument: TGA Q50 V6.3 Build 189
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Sample: 111227-63w2-110-10min-1min50s File: C:.\111227-63w2-110-10min-Tmin50s 001
Size: 95200 mg TGA Operatar: yiying

Run Date: 2011-12-27 14.04

Instrument: TGA Q50 V6.3 Build 189
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Sample: 111227-58w2-110-10min-1min50s File: C:.\111227-58w2-110-10min-Tmin50s 001
Size: 117210 mg TGA Operatar: yiying
Run Date: 2011-12-27 16:04
Instrument: TGA Q50 V6.3 Build 189
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Sample: 110824-68y2-110-10min File: CV023V10234110824-68y2-110-10min. 001
Size: 113870 mg TGA Operator: 103

Run Date: 2011-08-25 01:01

Instrument: TGA Q50 V6.3 Build 189
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Sample: 110905-68y0-25-110-10min File: CA103V1024110905-68y0-25-110-10min 001
Size: 14 3330 mg TGA Operator: 103
Run Date: 2011-09-05 23:42
Instrument: TGA Q50 V6 3 Build 183
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Sample: 110905-68y0-3-110-10min File: CV10241024110905-68y0-3-110-10min.001
Size: 156470 mg TGA Operator: bbo

Run Date: 2011-09-05 22:00

Instrument: TGA Q50 V6.3 Build 189
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Sample: 120430-68y0.35-110-10min File: CV03V103V120430-68y0 .35-110-10min
Size: 193260 mg TGA Operator: Rong
Method: Ramp Run Date: 2012-05-01 03:37
Instrument: TGA Q50 V6.3 Build 189
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Sample: 110830-68w2-110-10min File: CV10341024110830-68w2-110-10min.001
Size: 12 9350 mg TGA Operator: 103

Run Date: 2011-08-31 00:46

Instrument: TGA Q50 V6.3 Build 189
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Sample: 110823-68w0.25-110-10min File: CY103V1024110823-68w0.25-110-10min
Size: 14 8730 mg TGA Operator: 103
Run Date: 2011-08-24 03:01
Instrument: TGA Q50 V6 3 Build 183
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Sample: 110814-68w0 3-true-110-10min File: CY103V1024110814-68w0 2-true-110-10min
Size: 178150 mg TGA Operator: 103

Run Date: 2011-08-15 01:35

Instrument: TGA Q50 V6.3 Build 189
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Sample: 120430-68w0.35-110-10min-1 File: CVI03V10234120430-68w0.25-110-10min-1
Size: 16 5780 mg TGA Operator: Rong
Method: Ramp Run Date: 2012-05-01 05:29
Instrument: TGA Q50 V6 3 Build 183
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Sample: 20111230-68y2-40min-small

File: C:V103V102420111230-68y2-40min-small. 001

Size: 118520 mg TGA Operatar: yiying
Run Date: 2011-12-30 14.45
Instrument: TGA Q50 V6.3 Build 189
120 1.5
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160 313.62°C 95.00%/\
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Temperatul‘e (OC) Universal w410 TA Instruments
(i)
Sample: 111213-68y0 25-110-10min-small File: C:_A103V111213-88y0.25-110-10min-small
Size: 112730 mg TGA Operatar: yiying
Run Date: 2011-12-13 14:11
Instrument: TGA Q50 V6.3 Build 189
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Temperatul‘e (OC) Universal w410 TA Instruments
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Sample: 120102-68Y0.3-small- 1Tmin50s File: CY03V1024120102-68Y0 3-small- Tmin50s
Size: 116930 mg TGA Operatar: yiying

Run Date: 2012-01-02 15:51

Instrument: TGA Q50 V6.3 Build 189
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Temperatul‘e (OC) Universal ¥4 10 TA Instruments
Sample: 120102-68Y0 35-small-Tmin50s File: CV03V1024120102-68Y0 35-small- 1Tmin50s
Size: 121150 mg TGA Operatar: yiying
Run Date: 2012-01-02 14:04
Instrument: TGA Q50 V6.3 Build 189
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rl.o
] P
80 )
o s
=
S =
£ 601 F0.5
z 93.05% =
= .
1 2
40+ £
] A
0.0
204
0 T T T T T T T T T T T T T T T T T T T T v v v -0.5
0 100 200 300 400 500 600
Temperatul‘e (OC) Universal ¥4 10 TA Instruments
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Sample: 111227-68w2-110-10min-1min50s

Size: 99710 mg

File: . \111227-68w2-110-10min-Tmin50s.001

TGA Operatar: yiying

Run Date: 2011-12-27 12:21
Instrument: TGA Q50 V6.3 Build 189
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Temperatul‘e (OC) Universal w410 TA Instruments
(m)
Sample: 111220680 25-110-10min File: CY103V1024111220-68W0 25-110-10min
Size: 105030 mg TGA Operatar: yiying
Run Date: 2011-12-20 14:23
Instrument: TGA Q50 V6 3 Build 183
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Temperature (°C)
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Sample: 111220-68W0.3-110-10min File: CV10234103V111220-68W0.3-110-10min
Size: 96860 mg TGA Operatar: yiying

Run Date: 2011-12-20 12:33

Instrument: TGA Q50 V6.3 Build 189

1207 399.21°C 1.2
1004 325.01°C 95.00% Lo
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Temperatul‘e (OC) Universal W4 10 TA Instruments

(0)

Sample: 111220-68W0.35-110-10min-110S File: CV102341034111220-68W0.35-110-10min-110S
Size: 104150 mg TGA Operatar: yiying

Run Date: 2011-12-20 10:54

Instrument: TGA Q50 V6.3 Build 189
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Sample; 120502-73v2
Size: 30301 mm

File: C\TA\Data TMAL O3S0 11 20502.7342.001

Run Date: 02-May-2012 1437
Instrument: 2940 TMA V2 4E
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Temperalurc (OC) Universal V4 10 TA Instruments

Sample; 1205 4%y 2oime
Size: 3.052% mm
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File: €, CTREAL DG WS 1) 205 1 d=iifiy Tetmae (0]

Run Date: [4:May-2012 20:12
Instrument: 2940 THMA V2 4E
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Sample; 120502632 File: T\ T A Daa TREAL 03 WS 1] 25020632 4
Sime- 30518 mm TMA
Fun Date: 02-bay-2012 1516
Instrument: 2940 ThIA V2 4E
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84.27°C e
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Instrument: 2940 ThIA V2 4E
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Sample; 120520173l
Sime 30050 mm

File: C\TA\Daat TREAL | OEWSH1 2052 1 T3a 2, 00

Run Date: 2 1My 2002 17:1%
Instrument: 2940 THMA V2 4E
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Sample; 12050 68w
Siee: 30932 mm

Uritinrsal ¥4 10 TA Instruments.

File: C\TADaeat TREAL L OEWS0 1] 205682, D0

Run Date: (ad-Miy=2012 | 552
Instrument: 2940 THMA V2 4E
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Sample; 1205(M-6302
Size: 30544 mm

File: C/\TA'Data TMAL 03030 11 2056302, 001
TMA

Run Date. (4-May-2012 15.00

Instrument: 2940 TMA V2 4E
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Sample; 120510582
Size: 29174 mm

Unitversal V4 10 TA Instruments

Tc-mpcralurc (°C)
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File: €T A\Datat TREAL L OGWISH1] 205105802, 00
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Roun Date: 10-May=-2002 21043

Imstrument: 2540 ThA V2 4E
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Sample; 120508-73v2-small File: C, " TMAVOZWS0 11 2050873y 2esmall 001

Size: 30604 mm T™MA
Run Date: 08-May-2012 0945
Instrument: 2940 TMA V2 4E
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Sz

Dimension Change (um)

Sample; 120508-63v2-small File: C:, "TMAV OSSO 10 2050863y 2-small 001
31035 mm TMA
Run Date. 08-May-2012 [1:10
Instrument: 2940 TMA V2 4E
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Unitversal V4 10 TA Instruments
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Instrument: 2940 THA V2 4E

80

&

401

201

014

/

L 38.45°C

§5.86°C
Alpha=3505 Tum/{m-=C)A

182°C Alpha=184 6pm/(m-°C)

2.0

T
L

T
=

Deriv. Dimension Change (um/C)

=
H

=20
20

30 40

¥ 48(D-1217)fr & Bt st

f#

50 60 70
Temperature (°C)

(L)

80

b2 % 7k kAT 1 R 0 A

70

0.0
0

Uritinrsal ¥4 10 TA Instruments.

5%

fo 2

2wWt.% > @ T

TMA



Sample; 120508 73w Z=gmall
Siee: 305050 mm

File: ©;, \TREAL G W50 1) 205408 T3w Zgmall, (41

Run Date: (8- May-2012 | 252
Instrument: 2940 THMA V2 4E
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Sample; 120508 6Fw=gmall
Siee: 28748 mm

Uritinrsal ¥4 10 TA Instruments.

File: ©;, CTREAL TG W0 1) 2050808 Temall, (411

Roun Date: 8-y -2002 1548
Instrument: 2940 THMA V2 4E
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Sample: 120522463y 2-small

File: C:, " TMAVDZWS0 11120522463y 2-small 001

Size: 307640 mm TMA
Run Date: 23-May-2012 18:52
Instrument: 2940 TMA V2 4E
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Sample: 120522580 2-small File: €, TRV WS 1] 2052258 Zesmall 4]

Siee: 30107 mm
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Instrument: 2940 THA V2 4E
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Sample; 1205 4%y 2oime
Size: 3.052% mm

File: €, CTREAL DG WS 1) 205 1 d=iifiy Tetmae (0]

Run Date: [4:May-2012 20:12
Instrument: 2940 THMA V2 4E

40 1.0
84.89°C
Alpha=225 2pm/{m-°C)
30 o
o
— r08g
E 3
= =
& 20 {%n
& b
£ Z
k= e
& 10 51.24°C 5
5 =
E a
= 32.00°C 40.48°C 04
ol Alpha=143.0pm/(m-=°C) 2
=110 T T T T T T 0.2
20 30 40 50 60 70 80 90

Sample; 12052168025
Siwe: 29784 mm

Tcmper‘a[urﬂ (QC] Uriversal VA 10 TA Instruments
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Sample; 12050168003 File: C:\TA\Data TMALIOZAS0 D 2050 16800 3
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