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| ZAFA] A ZGAANA o ¥ E 2 23] =H[Epichlorohydrin(ECH) |2} 4,4-w

dlt]old 9l[44-Methylenedianiline (MDA)]2] Z=35tEo] Astdla Ui A
8] whestel Fk 8L ShAlE B A F4E oF 7000 e 2
(@]

o] ZA] =A]+= H|2H = A(Bisphenol A)¢} A E 2 23| =H(ECH)Y =3 5
gholl oJaiA | Zlo] ol FAShYEFE(NaOH) o] =Aatol A wk-3-A]
71 BEA A ZEA] 7)1 7F 28E 2= 300 ~ 4,0002] Al 13+ 42A] (Prepolymer)
7F AR o ZA7) = AskA e wkgsto] A dS sl w AL, AskAY] F
Tk ek wep 747y o] o A7 A E T ECHSF MDA vhg-
&9 NN N'N'-tetraglycidyl methylene dianiline(TGDDM)-2 &84k of] A
ArdstEetag om def AR Y o] FA] 1otk TGDDMS] &4 Aol
A1 amine?] glycidation 2¢HA|= 8= =0 o]= MDAY o}xl7]2] Wkg-Ado]
w5 =7] wjell ofu] A E epoxideét RFS-E 7HsAd o] 9o, amine¥} ECH
o] Wb mig- F WHANEG o8 o]ofA| 7] ufjiLo|t,

2 A7 Bauxoa s 719 ARl e sk AbaLe] =
ECH®} MDAOI tiste] 3=l gt =% 715, diE2(DSC, TGA), 7t
FAA7I(ARC) S Aldls AAlste] &g =49 dehgAdy ddd A
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AP REAY B8 o v F & & 8] = H[Epichlorohydrin(ECH)]3} 4 4-w g lcjo}
Jd[44-Methylenedianiline(MDA)]S WHS-A|A oAl FAE Axdtes &4
O & Apazp WA Auls AstRama kgl ank-g8fA7l ECHet
MDA?® &&=& Adsta o, o]&s EllA oF 3A%F 5, Shelo] whA]
= &g7F viaA Hsthary Fdkstal, ojoj A 2]l shA)7) A ekt

2 g el AHE B2 ECHSF MDA® Sigma-Aldricholl A 93}
Qdom 7h7te] FEE 209 %, =07 % olth ohdnATEe] MSDSS} 597
5 DBE #Aste] AlRe =93tetd SA4ls <GE 1> YeEhidt.

==8 | Z2=8 | AU XL HE  Roil2k | S Y
Al29H |[CAS No.
[C] [%]
ECH | 106-89-8 -57 116 31 385 217 38 ~ 21
MDA | 101-77-9 89 398 221 - 270 -
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A ZkAE - METTLER TOLEDO(Z=9] 2~)

a. DSC

b. Cooler
[ 2] DSC ZH| ARZI

b A A R ARG

- DSCE= Al 27F &7 pand EFEAZ AFE5H = 4l pano] £9
7} measuring cell, sample pans A5 02 celld] FHdHF+=
sample robot, (<90 ~ 30) C ¢ #& HYE Zt= coolerz +
g o] it
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(¥ 3) DSC measuring cell A

2= Spec.
25 He (50 ~ 700) C
2+ Ad= + 02K
71E &% (0.02 ~ 300) K/min
Calorimetric resolution 0.04 W

DO

(2) N8

7H A 4 0 ASTM E537-07
(Standard Test Method for the thermal stability of chemicals by
DSC)

Wb oAE oY, 5 S8, and 5

th A
100 w0l 82 1§ 2ol
Azke] A@R G

th A8 "zt DSCY Al287]1% steel A2 ¢ pan(container)S Ab

&otl o™ pandl ARE B ¥, gold® ALY E copper seals

©l 7 sealing tools ©]&sto WEstth Al5#FS (5 ~ 10) mg,
=

M (20 ~ 2000 T 2 sl M 2P WA

) @S5 HFEA7|(TGA ; Thermo Gravimetric Analyzer)

AZGLINTCAE DA SER LE2 WAL de Aze] Ao
=

5= Al7bolu} 59| gz SAs Al ARFRsl= S (vaporization)
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TEgk Mass spectrometer(MS) 9} A= o] TGAo A 7}2~7F HASHH MS=Z

TYE ] o]23tE F mass spectrumS &3 AHFS LAt dAE A E
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(1) A7)
b ey g A
- ZH® 1 TGA/DSCIL
- A ZAF : METTLER TOLEDO(Z=9] 2+)

b. Mass spectrometer(Pfeiffer
vacuum)

(O3 3] TGA FH| ALl
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¥ 23] SH % 50 m¢/min)olA 10 C/min® <=
£52 (25 ~ 500) T LEH YA =435+

3) LEAAFALE A (HP DSC : High Pressure Differential

Scanning Calorimetry)

HP DSC(ALYA AFAF &) DSCsF fAakahdl Almsh 28 7128 2e
AgAold] oal Lrol me Age 94 B4 2 B@/sety Wl
Je 2Ase gulolt Al 2 Bay /A 943 qEs sgew
Wzl o3 ASHFA wedo] B WA A% F Axke] A
2715)e AR 4 glon, EE B97)d] b wesE @ Awe] ws
(b2 AAgko] oF Abshgo] EshE Z 4 At 5 DSCY AHsEe 4

7h ey 8 A
- |9 ¢ HP-DSC827
- A &AL METTLER TOLEDO(Z= 9] 22)
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) gnl g B AR

- HP-DSCE A&7} 97 pan¥ EFEHE AMEEH+= W panol
£0]7}= measuring cell, Celle]l ¢#HE& a7tgd = 9=

pressure vessel, TwUH E purge rateg FZst7] 93

pressure controller, (=40 ~ 50)C<] #& W9 = ZH= cooler=
T = o] 9l
(& 5) HP-DSC Af2t
o= Spec.

e e (0 ~ 10) MPa

25 ¥HY (20 ~ 700) C

2 e +02 T

ow AFA +01 7T

e &% (0.1 ~ 50) C/min

24 W9 700 mW

, TS =
W) Ald 2008 0 EddE EFEY 45 A%l FYH= @
= Ayl Aol dgS = F US

) Alg da o 7EH ez DSCO FASHA Alad7]= EFuHE
(Al) A A9 pang sealing tool ©]&3te] A3 5 piercing
kit o]€3te] pan? lidel #& F+HES o] pressrue vessel
e #9719 Hdo] HEE skt




3. 7155 Y2H|(ARC ; Accelerating Rate Calorimeter)
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Temperature vs Time

108 —Teny

|

108

V H Vt Wait V h / b
| ea [ ail | earcl |

Ll I |

102 -

100 e
230 240 250 260 270 280 290 300

Temperature (°C)

Time (min)

b. EtESI0|AM 7tE-CH7 |- B A op ™
(Heat—Wait—Seek)

[22! 5] ARC XH| AtEl 2 &X Tp

a. ARC 24 2 bomb

h AW F eBe] Ay eEx WAHYEA Felso s, W
Folw $55A e /120 4YR gPo] 92 & 97 0
ol 4AE Belets] o] WHE AN dof Folof wu.

2) AE ¥
() Ag 9 g L DAY AR

@ 27 2 TR A B Tw s
= = - =

(3) Al “A

7F) Titanium 2 ¢ bombol 624 g¢ AEE FY3te] ovenol| %
2kghko,



) 50 T 7 300 T =+%H9, Heat-Wait-Seeke] +72 == 0.02
CT/min®] ¥4 detection sensitivity, 5 1CT<¢ Heat step
temperature® 7tEEEGFA Y] AR AES Aot AL

A Age AAsd

=
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m. 23 9 1%

1. Azl e 2x 7|5

) A% 9 w3

ECH® MDA®] £3&ES YUAEEATE 2te wdkr]o A ¢bds] &3
W 7bA] uldksk
7} wkob Tzt gkl J

B 01 C/min® £E2 F7FeGith 62 € F-2oAHe F438HA 257t
Fsst7] AAsEA 2387 30 T(E 1.3 ° %
7h A= o] A Fof b 92 TollA FA AT

ko3
T
A

100

80 -
& 62°C
@ 60
% o""’
-
S af ,_.-v""'
E o
= o
20 | -’
““QW
D 1 L 1 L L
0 100 200 300 400 500
Time (min)

[J12 6] ECH2t MDA E&t=9| AlZtoll ME 2L H3|



o 2&o] Eddt Ao FAY  don o= & profiled]d HAT 62
CBe s Ex2 olued W A 2k st

I
ol
[-‘US
olo
'
N
N
e
JB 9

o] FAS FrketuA

= Z A9k wed ECHY MDAE Zvje] #H7kt 74d
gloj= wkgo] AYPHW YA 2% olAoi= WHSEFTL dojd = QeSS

Chemical reaction hazards:a guide to safety(2nd edition, John Barton and
Richard Rogers)® AtaAbdl F AR Al ZolE 4 9le=dl ECHS}
N-substituted aniline#}2] &EFES A xdh= TAHAA F WHs
wdk gl Ag o 50 T2 7hdsielon, dadnkgo] Alzd uf g7
g2 A, Zdate] A= C’JﬁH 157} 60 CT= %%3}”5’\
W= wSEF7E doju} ECHY %+ ]

2 9EAM(MHP DSC, DSC, TGA)

ECH®} MDA &% ¢ w3l E 5437 ¢lste High pressure DSCE
- ECHSE MDAS] £3Had diste] s2458 dejste] <
AAse BEslen, dojxl A dol8HE Vyazovkin's Model free kinetics
e WESAIRE 2A3) oUA(E), deE S AltEsd
ol-§ste] wHsIA



(% 6) DSC ¥ TGA AEZH Q%

st= i Heating rate Pan 2271
1 C/min
. . High pressure .
QAT
DSC [ S] 2 C/Il’lln crucib]el) (‘?—g]_ﬁ]ag) Alr
5 C/min
4= o Vented pan?
HP DSC (30 bar) 5 C/min 1) N
o s Open pan
TGA 10 C/min () N

2) 23 9 nF
(1) HP DSC
o ogt FdS wiAEtaL ], Bk
3l 30 bare] hEslellAl HP DSCE =43tk Dow Chemical Company 2]
Product Stewardship Manualel @21 ECHx= 4Fvw, vwl2dls, 78 59

=
&2 BECHY A€ oi& M = ge Aoz g4 gt 45w

pang AHEE HP DSC 23} 170 € #2343 wad whgo] adojups
Ao wop Fite| o wdg FAEw Folof B3

=

- 4
of o3k WA(Lel2= 217 O)= FAH [17 TMDAS 73
C Al Fo] #ZFEANoH 203 T FLoAAFE Edo] A= o

ol = 18 peak= FAH AT [1H 8]

1) sealing toolS ©]438}e] cover? %3 stainless steel] 22| pano2 Wt 10 bary.

2) seahng toolS ©]&38}e] coverg € 7 plercmg kitg o]&3ste] (50 ~ 100) tm 272l T4 (pinhole)
< o] UiF 4= oF 4ES YA
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i
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0%
o
40
_O'ﬂ

mw _~Peak 185.22 C
40 @
§ 304
£
2
2
O 204
—
frae
[1v]
[}
T %7 onset 171.31 °C
Left Limit  148.46 °C
Right Limit 177.20 °C
0‘ 3
] T
ISbI o 160l o IEL:O o VZ(‘)OI o ‘2§0v v3(|10' ‘ ‘35,0 o I4(IJO[ o v4§0I o lOC
Temperature (°C)
[28! 7] ECHe| HP DSC curve
mw
60 -
§ 40+ Peak 252.91 C
€
S’
O o]
Y Onset 203.58 °C
"r'u' Left Limit 147.74 °C
') Right Limit 228.19 °C
I o 8

20

50 IOIU 1.%0 Z(I)O 250 360 3;0 460 45[0 °C
Temperature (°C)

[22 8] MDAQ] HP DSC curve
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(2) DSC

7} Kinetic analysis

gpshikg-o] WhS& = W3H&(conversion, a), ==(T), AlIZHYe| dg&e o

=t} A8 sh[function of conversion, f(a)]® FAH+= WHEEE 7L ¥
AEE 02 gs 7AW, A3 232 Ry ZA 5 oof st vl BES(single

reaction)®] 7%, nxk(nth order) ® A3& IS A4S ¢ o} uia &
1 B
5

=

s REs AdA gdstevAE
=, : > st A7 ke o
2 AR, 132 W= o ?ﬂ;% bl wheh st U 7F =
SHA HWele =9 4o vl f83tth. Vyazovkine U S5
(multiple heating rate)®] A¥E o]&sto] st H343 kg B5Fo
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