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o 98 QEATIL D8 U EFUS ALnAY

1. g}stdl2 80| H4X|(Heat balance)

she-g-57g2] g2 8/dH7Hassessment of thermal risk)& 1&g uf
o 4=Z|(heat balance)E ©laflol= 72> H=2lo|t}, o]A AFA A7 |U(lab
oratory scale)®] defA A& (calorimeter experiment) 2}F2] o]sfE sl A]
Wt ofuEl A /\ﬂlo‘(mdustrlal scale) ] WE3-7]of A8t oixlct,

U

sehitgagolsel @ A= 4 2-1)& EAWo] & 4= Qlekh

=

Qoe = Gy + Qex + qfd + 4 + Qloss (2_1)
7|4, g, = heat accumulation, g,, = heat of reaction, g,, = heat removal,

qrq = sensible heat due to feed, g, = stirrer, ¢,y = heat loss of reactor

o A (heat production) WHSof o]gt THlE<1(heat release rate)oll

Aresic) ejER, A AYAJS vkeLr ol Hke ofleh](reaction enthalpy)ol)

BRI,

o] Y
o 1o O i jus
ol ofgh AEEES Aofshs AL W] okl 5%‘013}3 o % 9l s

ngle nth—order ¥HgolA W&t A (2-3)3} o] ko] & 4= Qlch



2EE HEY Ha=Xxe €Y ¢

SN 9|H MBI}
o] AlogHE] HLoZ

oS d%(conversmn)A Sheso|mg Hjolda] Uk
]/\1 l:l}-O /\EL /\] L]—Oﬂ Eq—ﬂ— tﬂo]—];} Oﬂtﬂ- = /_kj] (2_4); E‘—i—% _/l_\_ (/)J]\E]f

r (2_4)
o] A9 = 7HA] EAE W3] bHe] EHAoA - Fasih AAl=, HE
59 =S Hheko| wef Ao m Adsiiths Aol E4=,
AYE5E= Fojof Hlgdoes FrlsiHaE Hheads 'Jal e W] 4
o](linear dimension)?] 3%(L3)9] $Hrwt WHskolc= Zlo|t},
A A A (heat removal) WZhA|(cooling medium)2} HH-S-=(reactant) 2}
o] Letufjo] ofsto] W3] WE &dto] AAR= E2 drith
oy = UA(T(’_ Tr) (2_5)
A(2-5)2HE ¥ AA= FTZEAY
nt ,

Hl4=(overall heat exchange coefficie

U), &xl(temperature difference)2} HnwsHAZ(A)o] vlgZo=
sigict, dughHZ o] Hlgldos HIlRith= Z2

nsion)?] 24(1.2)2] gk WHEBltl= Aot} o=
o] A7l vhE o A AA 85 ST=

11071 Zlo|(linear dime
scale—up= {8l HES7]

AYEHE0] F7hE =ejths A
ojufeit}, Zlejug Hkg7]7] 295 4 A|(heat balance)w= U5 919
S =
A =

st

-

=]

-

=%(heat accumulation)2 22}
Sho| it HlALA]

-

& A2 WEEe] oA ¥
1157]0)4]

) 240 4] (2-6)°2 e 4= 9lrk
4T T
Ao = Cp dt = ple, dt (2_6)




A H4> dWAGEel Yo Zlole] Auto|7] wfizol vkg-7] el HE
=0 2k HIE HIAFITE O9Bs gkef dugto] AgshA| Hhgol 9
oF dRESHEE BASle] 4] Sshhd HkgT] W] 2k A -7
o] Ha}gk Zlojct

AT, Gy~ Qe
= , 2-7)

dt M,c,
105 o] Wito) 23k &Y (sensible heat due to feed)& WRS7| &5}
ol HheEY] 2k Zjo|R2 UEl= ®mato|H o= HEglEA] vRE-a7gof
Il (E) el =

o Mg se] Etael ol weAL W8] el i
ao] LEAE 2 uf i Fagh ojakS sk A (2-8)% o]
= Jd‘(ﬂ— 2~ O]T/}

Qg = Mg Cp, (Ty,— T,) (2-8)

w7 |(stirrer)ol] 2Jsto] AWEl 7|AA o %] (mechanical energy)i= 7
Aupzl(viscous friction) oHA|= HMshE]o]r|1 2EA oz A o2 1}
Hojxley, stehdlgoll ofste] Wwt= A} HlulE o] w utkof] ofgh AL

et FAEe] A 4= ol ey S A At =2 28 /\F‘l
= WhgollA= ko] ofste] Adul= ds ApAloll dhbEo Ao gt} i
Hrofl ofgt A2 4] (2-9)¢F o] Yl 4= 9lom, Nei= power numbers
o]ty

g, = Ne-p-n’-d; (2-9)



4mg ATY HEaxlel AN AHNE)
o 2Al(heat loss)S WHS7]9} WRS7| 2ol Lwxlo|& ¢lalo] HhAjsict
A2 A719] W37 (industrial reactor)o A QPHANS] o]fe} HAAQ] o]
i HEs AAskal Qlal A &4o] A7) wfel FAIE 4 glon) Al
37]94 HkS-7](laboratory scale reactor)ollAl= & &4 &S Jlesoofst
of A 2-1082 o &4 2 28 5 o, ax dEAAR(heat los

s coefficient)S 2Jv|gh},

dT,

r

dt

Goe = e — e = PVE, —— = (=1 ) V(= AH) — UA(T,— T,) (2-11)

A (2-11)2 n—thukgol thsto] 4] (2-12)9F Zo] ARt 4= QL.

(T - T) (2—-12)

o714 T Ak AT.(adiabatic temperature rise)= H-&-(convers

ion)¥} Aetsto] 2] (2-13)3) o] Aej=fo] A,

(—AH)CX
AT, = A (2-13)
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2] (2-3)3 4] (2-13)0l 2Jste], T dejollx] WaRkS-e] xlg)e 2t st
o]& QIFE WFE2] 7k5S WAL et 2R AZlo|A] wkgEAe] Ad(de
pletion)} YHg50] TS ot} o5 & /M| FaF2 AR ARbEA A8
L Bl = LRSS EnAE X208 Z7Hexponential increase)A
7 WSS S] X4 FkR AAE T, vheES] A WSS 7

Al (2-13)of] w2, TAgEfolA 2EAksat H3kE(conversion)> WS-
Aol o=t 244 Ao|ER, Fojzl HhgoA] AdE TEEASS T
=71e) wet A (2-12)9] € 4Al(heat balance)ollA] 717 5-Q3t W47t 2
4ok (19 2-1]2 AR tE dE2ndsS 7R BRSollA] TaAtE Q]
25 ZeE vERH Teolok Tgoa] oF 4= 9l%o
Tad < 200 K)ollxl= ¥Hg+=2] 4 |
A AT (self—heating)> As] o AT d2] 2
sion)9] A4S YERR= o=tk dhHe) 28 TrA AR (ATw » 200
K)oA= §g==0] Avdo] Bhe&ieo] AR oR ofaks 4] Lahv, vk
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2. ZFHE-Z(Runaway reaction)

HroF Wzt (cooling power)7} ¥ voﬂ Q??_P AYSHEEL S, Hk

o1
7] WOl k= e Aot 2t H5s TS U HWeAes o
Hadiles 5718 Aot =9 371 HJFEP Ibgoll ofgt dESEs A
sHog Z7HANE vEg719] WZk8-gk(cooling capacity)2 AAAo= F7)

ol7] wiizoll WA FoAl Al ol Hhsr] Wo] e ASShAl H
c} uebA ZFHES(runaway reaction) Hi= A& 2ZHM(thermal explosion)
= YA ek

E AR, vREoll ofgh
a1 YZRA| 2ol ofgt A A
A Gy :f(T)E =teof wef Ao g Wittt o] 249 Ve7]= U A0
W, ZFREe] we WAAEe) 2= Tol o] o pAl= [C1E 2-2)
9} 7o) Semenov Diagram®@ F&EO]Z 2 4= Qlr} dulELwel A A|
A7 &2 (g, = ¢.) BFE oItk Semenov Diagramold A2 FH
Bipasr AT A AA GHo] WL T ] w4 Ay,
oMol WSO ETt =2 FhoR HAHdeviation)7} HAYS)
AA ol fAIe] whitell 2= thAl wR(S)= #aE Zlofof, E
e HapF A7 dESE o] fAlsh] dhtol k= thA
= WHE)7HA] e Aojrh, e v 2ok WH(S)E
B (stable equilibrium point) = obAst &% XA (stable operating p
oint)2fal {hef, HhHol| 322 2eofAo] wrj(Dolrl= EQHdeh AlAEE W
of=t DA W2 2L w20 Hak= d AA o] SAls] witoll %
= WRE)7A HAT oy, w2 2R HAls dWEsE o] At
7] wel RS- ATt %_]Oi‘é‘r Zo|tt,

o
i=
o wr " >1L
O rlo n2 rlo

r _9 o
o
&t

——
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[2& 2-2] Semenov Diagram with different 7.,

AA o] (g, &% Fake] wHd WZAARIS] 2 ( Tc)% L}
ERict, wheba] WAAIAR] 2wt 2 SE
&2 73 o] E?‘*E‘r(ﬁ“) F 7He] w2 shuke] L 4(C)ME =) UHWW AL
TR, o) wFle FAl(tangent)o] Ew =PI 4 xdo] Hr o
Z7lof| Ao WA s QAL ST, )
medium)®] %7 T, 20 28 45 d AA NS dYESE I3
S 7R gkoma g =] B Al sfi(solution)> Hlom] EFHES
2 E71sHA EAgsHA Hot
YzhfA ] Ao A o] dE wf WzhujA|e] oFfte] 2k FTR=
IS ol 4 AlA & A9 71e7Ie U AojBE FHEHAIAl:
e 7—%1 718719 HAE oulshy, [19 2-3JoA & AlA e
O] G OllA g 022 olsdte] AAVEHpoint O} olFct, olfgt d4
wgh AjAgle)] ke (fouling)o] WAYSHIA, RES7] W o] A
2 olslo] WRAESE 4= 9lrh ¥FF Scale—upC® QIS AmSHHA(A)o] HFF
Zal

A AA e 71e77h W] Fgxqio] dAE (point C) 2= Bl

=l

J
r>~
ne 1o

o 1o rlo XN =

il
x
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Zg& HEY H=+KR2 €8 g8t

[22! 2-3] Semenov Diagram with different UA

3. WzZtAMln AJL}2| 2(Cooling failure scenario)

HHLNHAY Bl Fote] Aue] o= vhgr]e] Wzte] Aufjo]ir vhg-Ed
o] T Ejo] wEA Hry, ARl Hak= vk ¥REES ARoA F
=712 7hdstal A AH(liquid lev
e)E FAISHHEA YA WESAIRE B9k HESAIA HESEHIR) S 48] 23}
EH Hhgo] ehaE & WS WAAZ|AL REeS wide),

[C17 2—4]e A} Zo] ¥kg7|7F Wheg-2t TpollA Wzhaulz dojdriar
7198 K Point 4). WIeF WZHAT) &tolA HEE7] Wof n] HRgEZlo] 2|
, 1 HRE0] whgol ofsto] wkgr] Wl 2= Aol E Aol

| e 2% As 1] vha-=0 el osto] A

)
_Ci
K
ne
ox
ofr
O
i
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K1
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o
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o

eI

njo

9/t
H, MSTR(Maximum Temperature of Synthesis Reaction) &} S¢]+= &=
TV sSA Ele o] ollA 22 Fafukgo] 7H/\]—E4°1 A|az, FsfiEt
5ol ol AHEH E& o =2 2k S 7 J52w(Tw)oll =25
Hrh Q5= w8 (desired reaction)$l 3HAJHES-Q] ;<1]01 A= Qlsto] 22
wofRks-o] AT A o 4 AT

0] A2 FNkso] Al s A=Y mwe & 7 Sl 6714
fol, et A4 B IE Slel 87t A= Hloly A4
= SIgh 7lol=E AlEdith o7|A= Wl wE fedBr AAE 7

=3I

Ter'ld

 Desired ‘
~ Reaction |
MTSR |
¥
Cooling %
Failure a t

" 4
Normal

Process

(32 2-4] Sz AL2|R

X
4o

1 3RLE(T)e dAN2He A3 Aol & + A=7F?
A2 (normal operation) B¢+ HRS7]0] LwE Aolslr] 5 =Hah

W7ol wako g vk ZdY(reaction course)S Alojsh= AL HL4=AHo|c)

oZi
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Hh20] A Aol BB SeiHE W87 el HEEE B A
Z

_r;
0%4
)
3

W7 AES] = (power of cooling system)©] S1Esfjof gt =]}
i 2 HEgEAS] Hrdsiel wkgr] WofA o] k& (fouling) 9 7§—Or J
b FEo] vhd 4= glon s Bl ROl5 V]gojof gty Qtkl= Hlo|H
= &H =

551(q,,) 2 W71 WIHEH(,,) oln, olzte nhg

7Fs gt offu A= m]
HS QA= AI7FO] Shpmad b)) HESEO] =A8(the degree of accumula
tion @ X, )ol thgt dlojg7} Hasitt, MSTR(Maximum Temperature of t
he Synthesis Reaction)& th2 Ao g L8k 4= Qlr),

MTSR=T,+ X, ATy, (2-14)

MSTRS AKkkelr] 918t 1] §HgE9] 48X, )9 GE2ES(A T,
1510 4] Aofz] WES-A(heat of reaction) 52| HlojE =

A Tad,’r:z' - — (2_15)



t
/ g, dt
0

X, () =1- X, () =1——— (2-16)

/ q,dt
0

A7, X, = @& H2HE&(thermal conversion), 1—X,, = 4 =4&

v W] SAE(X,)S A SRR - X)) 24 AR,

AR 30 2% BN FF ¥ R BN 29T 5 UYEA?
MSTRO| i olef] 3L W gonm 9af Whgo] Azhd 4 9l
o, AelElA] gk Hallof olgt 93} nhgom Qlsle] S ?j 222 ojz
ofe}, 27} HalNtg el A Hlolel: RalNgol o] HALEAS(AT, )
MSTRO] LR FEO| XHF2EE 7 & U,

401'

= MTSR+ ATy, (2-17)

HFLE(T, )0 BFUGOR Qlslo] AR & Gl AE ol5e 4

t} 27} HolHks-2] €4 gloje+= DSC, ARC, Calvet calorimeter
Al =

AR 4 YA} oW Hore] AAE WAL
Wzhsle) ARES: oF 4 glomE Fefe] gle] Aofutku byt %

ot v RO 380 oA vEg- SekEe] EF O}ﬁ/ﬂ(thermal S
tability)e] $A|(critical)el] ¢ w] ¥hyskctal 7Ps= Aot} u] [3= HE
=0 b RhSAEF] A QP Altel ukef TASHY} wheba] dF szl

RIS 1 O
(thermal potential)o] 7F& =& n] HES-EO] ofFo] X7} == 47k o=
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Ae Fasit o] Mg EABK: 7]
o] etz 4] (2-18)3} 2ol A4t B 4 glom Hdjgte] MSTRo] HIr,

Ty=1T,+X,(t) ATy ., (2-18)
MTSR = [T, . (2—-19)

AR 5 : 23 5E HkS(desired reaction)?] ZF= duoph} wWE7}?

K REe719) 27t 742w (T))ollA MSTR7HA] /d537] $laliA]
= A7kl AQE FHo|t}f, L) gubA o s AMIA WRS-7](industial reacto
r)+= Q%= HE2(desired reaction)o]| ] = 4~ Q= LroA &4

A<

7] uje], PALHEAY MELE oo L& ARGS WY JMae o
]

rl

il

T - -

©°7] Zlolck, o] A9 o] 7Ixk w9~ Arh(LH 2-4]9) 557D,
Q7%= WhS{(desired reaction)ofld FFREG0] Aojuh= 77 A (2-2
0)1} o] Wks-9] %7] dwl=<%(initial heat release rate)®} TMR,,(Time

to Maximum rate under adiabatic conditions) 7go2 43+ 4= Qi)

O
=y
3

TMR,, = ——2* (2—20)

AT 6 : MSTRAA AZE Barge] FF: duht WEA?

MSTRe] 2= olledl 37g2e Wt o= 22F vhgo] A2 & 3l
o AlofEA] 982 Esfioll &gk 23 REgo= Qlsto] Sl 255 ol A

oltt, 2z HelHkg-2] Sekdynamics)> ARLe] 75/ (probability)E 274s}
= 8% 9 sty TMR,,(Time to Maximum rate under adiabatic c

onditions) ] 7\g2 o] A4S flsf AR




= Lo
4. ZFHZ O

oItz

o] 7

yalNe)

o2 23 (rigk)E
Howg Ao g AFA H7Hrisk assessment)S A= 7RS4

TMR ,=
ad A MTSR)* £

I| 8| 2 7| (Severity)Q} L7}

’ 2
¢y B Thyrop

(2—21)

L
o

4 (Probability)

Alara)se] =7 (severity)2} 7FsAd (probability)

3} w5719 Bt Basi, ST 21 PR R A

2 olgh Eukgolt ejuw

Al HRSE Ao i3t ZEEHESo] w=|E7](s

everity)2} 2 7154 (probability)o] gt o]si7F & Qs

ZRke-o] wsfia7](severity)= HAREALS(A L)

4RiA|o] HpE ol
WP 4] REg710) LA Sk weiich S,

1t o] 3uhA Fi=

£ 8ot <& 2-
T}l Q. Ak20| aq\j
200 K o9 ©d

Sl Wbl A BES9] REARSS w9 23] dofubul, 50 K
o]gte] T LEAS oA BRG] Ulo P2 ERH(thermal explosion) BF
ISR Grol Qrelgel] ofat 9130l EAISHA oR=the AlLe] w3|ar](seve
rity)= Yobar & 4= 9ok
(7 2-1) B39 Alnu|sHe] 7|0 chet ot 7|1=E
- Order of magnitude of
Simplified Extended ATad (K) .
Q'(kJ/kg)
) Catastrophic > 400 > 800
High —
Critical 200 ~ 400 400 ~ 800
Medium Medium 50 ~ 200 100 ~ 400
L < 50 and
Low Negligible < 100
no pressure
20 oymHIT MYSHEAAR



2z YHEY X2 €8 HgE
FERSL] 75/ (probability) = AlF AAIY(time—scale) 2 EHE| A=
TMR,,(Time to Maximum rate under adiabatic conditions)®| 7dS 28
sto] GE 2-2)¢f o] 39| T= 6t = Hriek o= Qo) qheF Hkg-
of WrPs) 5 27 HelISoR Qg ohe e B olou] Aol S
Agto] Qlof Bl RAE 1 4= ki F5RES-0] 7hsd(probability)= R
Zlolt}, dutbA o AFA H7|(industrial scale)?] sS4 TMR,,7
AN7F B} ZAw ZEE00] s (probablhty) ol gk 4= Qlow | SAE

Hep grow 350kg-0] 7Hsd(probability) wtal < 4= Sl

_ﬁ
N ﬂl

(® 2-2) ZEFU39| At 7ksdol| st "ot 71E

Simplified Extended TMRad (hr)
) Frequent <1
High

Probable 1~38
Medium Occasional 8 ~ 24

Seldom 24 ~ 50

Low Remote 24 ~ 50
Almost impossible > 100

5. & 2IEy

ME
=
=
?

& &= (Criticality) @7}

(15 2-5]04 & = QJ50] 3L, MTSR 59 2Ld|¥(temperatur
e levels)ol whel WHS-5-49] d& FAdo st $IF = (criticality)S H7Fet
I lom, o|=5E ofy FEo] AU eE Ve o QUth =39t fIdE 5
(criticality classes)-< %’4 HAE7E Bal oflel Aok ot RS Al
sb7] Qg watmt 28-Sk 4= Qlok [C1" 2-504 T 782 (process

glu)

temperature), MTSRMaximum Temperature of the Synthesis Reactio
n)> YZAE) Al ggRbSel Ssto] w7 Egd = Q= Hofi,

27| AbmAb 21

H
ne
1
o
oot
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ol
N
]
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MTT(Maximum Temperature for technical reasons):= 7|52 LAof <9
b Ff2 = (TA RESAIAEO A= o] Ear, UEA vRSA|AH A=
QhdmELy ko] AAQtH o wEGAIAEIS]l X|tfs]-8QtEoAlo] 1),

Tp= TMR,7} 244710] H= 255 ou)ich,

T
MTT MTT
MTSR MTSR
Tozs MW Al A
MTT
----------- MTT
MTSR MTSR MTSR
Mt
T, ’
Criticality
Class 1 2 3 4 5

[28 2-5] AlLi2|22| I8 E(criticality) S&

1) Y2l 55 1 (Criticality class 1)

HRe-3e] 2LAo] Muff & ghg7]e] k= 7|44 68X (technical lim
it, MTSR < MTT)ol| =Sksl2] 931, MTSRO| T, ol3le GAHom &
kg2 ke = girh, oA WhgEo] & =%(heat accumulation) AE]E
LetEt FAEH MTT| vos 4= ok 28 Sz (evaporative

cooling)o] F714o] P4 (safety barrier)?] 9@ 3hth 9Id%E 5o

et AAPE a4mER] oder ey @ 54 24d6)

oA ko] HAIZE SAEoE ok Hrh, Fuhdztolut ulA] ofeigkel
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2) /@ 55 2 (Criticality class 2)

ukgE el emAlel A T sl

Ui, MTSR < Ty 0l Halihs-2: #%% b gl T Ty
SO BTSSR S 13 AABICL wof wkgEol o 3 Ao
K AARE AR el ek MTTe| e gl o] 4§
MTTN Basmrt s oh gl wdaie e sigel 2 %

ok, Hbg=ol & A AHelA AARE FAIEA ertl fdE S 29

3) /¥ S5 3 (Criticality class 3)

Hgagel Aol A & VA S EA(MTSR > MTT)o| w=dEsH
Evp MTSR < TpyolB s Sefihg-2 SUER] b=t} o] A=A 549
M MTTolA RS2 Aaiteo] o5k

A WA 22 SIS ARSEAY e AMSShE Aol S5 Al
& HPEERA Y] BAow A Eojok slal fEe]E A Aol H] Jx219] 7]
s 7HAoF gtk W] YAl ARl (backup cooling system), Hhg==2] HE(d
umping) ¥+ F¥(quenching) = ARRSH 4= Qth 1 t4lo) %}E—ﬂ%ﬂ =y
AREEE 79 o2& 24 3E(two phase flow)C& A7} HojAof slal 4
H] oFtm ol vkas B= 1ol fIsto] Catch PotE AXA|slooF gt

a2

4) ¥z 53 4 (Criticality class 4)
S50 Aol Al 5 7A SBA(MTSR > MTT)o| =28t

Al BES 7| AbmANY 23

H
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40
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%31 MTSR > Tpy 0B o]

ol 9]

A~
=

y
N
HO
z

I

O

fRk-G-ofl 41 2]

5

S4reo}

2

A 8o e MTToA 9

2k 7 Aot

9

s,

Eas
N

= w39 W

7144 Z*|(technical measures)”}

Zlofot, webs A=Y Sl 7leA 2AF 8E olgle e

JNHow 93} By

st %

ez AAEA

efsfofof g,

™

5 (Criticality class 5)

=
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=

@
ok

S

s

;ﬁﬁ

[o}]e]
o2

o) =gslA ek o] A MTT

3

3 &

MTSR > Ty 0|22 2

o)
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s}

Ao} Aol

O 57
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| A== Heritical pressure

O
HH

g

=]
=

ol <
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increase)
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s

(desired reaction)¥} 22}
W(quenching)©|t}
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Hlxcy
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7gollA
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(dumpin
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=271 (se
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Al(alternative
AZ1= 1)
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O
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L
el 5%
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5

verity)th 7Fs4d (probability)S %°]7] 9

O
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design of the process)E il

A (continuou
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9] ZFas(reduce the concentration),

[e)
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6) OtF %t (safety barrie @ 2AM MTT 0|22 1

AE S 3% 4o thSEl= Alue] oA 7144 1-8-%|(technical limi
t= TR e T SR R ALFelA 7 EH(head loss)= 7t
A s BRSO W& (swelling)o|ut S TH(vapor tube)oll o] HTH(fl
ooding)®] 7Fs/do] Uk S8t =05 7]sofof g}, -§357]+=(condense
= AdiAoR 28 FHkEL (vapor velocity)ollA] S59F 85 A5l
of gttt tf Uoprt ghF AlAEl(reflux system)S ARFQ] M= AulE w]3
7] 1to] HH ARl WA S Ees A Eojof gt

A RESAIZF oA 74 ﬂ%ﬂt HE719] SreletshAl gl o] HAY)
2lof| etk 2w7h F Zolrt, o] A9 AU mdshr] Mol vk
Alol& Yol 7t Aol Olﬁoi Zﬂoﬁ 4 Sl 2EolA whe-e s}

]71 A~ th_

RE71e] Wzbdae] disl 7ed 670 S Ae slehkgage] 4F
3 el ElS welerh 11 3 WA s wrte) vxs EEEal o
A Ees Ydu) AvE|eE AYshs Aol [11% 2—6]ol A At

Ax= AbaLe] Tjs| A7 (severity) @b 7Fs/d (probability)& #-2lsto] ZJ#14
Al ZHE Esto] ARkt Aot F ¥R WA= 9193 ZJiAF’Vl Qe =

=a=1
ol e & o S Sl S5 Adole slofH.

_

Ao} Al °
E, AANE Telstel A RWE AHoln AAH P [0
2-7lol ARKSIGIT,,  NFgEA] A AL Blshok sk 5ol uF

Hs ol E oAl = Hg=2ofl tigt DSC Aldemig Ao
od

oI}, Ao A QS WIS o vhgEAY o] gas ek
o) grelermalsol 50 K Brb 4L 49 ofux] walde] FasK] orow
ero] olake gich. whl RS ofulx] HEAS ZRiche, Beto] 13 wkSol

|24 BES | AbTARE |

L
=

I 9% 9H4TI 18 U

tot



%‘ SiStALL o R elnEs flet

L o]zt Hkgol A HASH=A1E ztotof gk, whd T mElde] dsh= Hke(1
ZF kol ARIoh A e, Y48, 2%, 5 MTSRe| v W
+ o] AEEooF gty vkl 11 mEldo] 22 HESolA A4 WPUS. MTSRO
A TMRea & 27371 98l S22 =7} Qlojok gt nhd 2] 4%
o] FrHadE 8 4 glvhd, 1A RESo] AdEs wet vhe=e] AT
2 HEgg Aol olsiAl Alkkstel MTSRS A7ggict. BheAlol25E A7]=
wAlL = 2 dYESes 719 YA vlasioR et TMRa ©]
ARES-0) HleZofA 2eo) kA AT 4 Ark oZlo] TMRa ©] 24

AIZHTros) oA 2529] A7 ol st
Determine
energy
potential
Low Medium or High
Severity 7
Frocess presenis Assess Control Assess Probability
no thermal of Reaction: of Triggering
isks Accumulation Decomposition
n (MTSR) R.q)
|
Criticality 7
1-2 5
| Process is not critical | | Process i'S critical | | Process is critical I
| No measure required | Technical | Fledesigrl' process |
measures required
[O23 2-6] B (criticality) S22 A8t X LHIL Hx}
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Estimation

Determination

22 g HE

Main
reaction

No Potential
?

Yes

assuming 100%
accumulation

Determination
of MTSR [

o HEaxlol BF lEyY

Thermal
stability

Fotential
7

Yes

Estimate
Tpza & Tpa

b

Estimate TMR,q at MTSR |

Yes Consequences

acceptable?

v

Determination of
MTSR with true
accumulation

h J

Determination of
decomposition
kinetics: Tpoy & Tpg

Y

Calculate TMR, 4 at MTSR

I

:l[ Build scenario
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o AE ZHl o S

[

T I E e PN E

(E 3-1) Z} Cased HI258I2 ZAMH|

_ Paraform KOH
=2 si= Phenol KOH | Water H|Z
aldehyde solution
=
=H 0.286 0.649 0.004 | 0.061 | 0.0655
(mole ratio) KA}
Zl2fy e
Case 1 | 0.563 0.408 0.005 | 0.023 0.028 ™A
(wt. ratio) = H|
s 713 228 =+
HE IE 228 1 227 002 | 021 0.23
(mole ratio by phenol)
2H
=t . 0.362 0.555 0.006| 0.078 | 0.083
(mole ratio) Z=
xIEO':H =T
Case 2 = .l 0.650 0.318 0.006| 0.027 | 0.033 | HtEA]
(wt. ratio) xH|
I 7|1 228 s
HE IE 222 1 153 002 | 021 | 023
(mole ratio by phenol)
=H|
0.268 0.609 0.008 | 0.1 .
(mole ratio) 1 0.12 oj%fl
e oA
Case 3 (Wt ratio) 0.548 0.397 0.010 | 0.045 0.055 ZAH|
He 7|= E_l?_o S J
s ole 2= 1y 227 | 003 | 043 | 046 | ou

(mole ratio by phenol)

M AR 2
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2. NXFAEZEA(DSC) A ESE

AiAoleh B2 FelA
s B el & B
S

of AR ARl 594 104 =T J%EP:EE?:IQI 5l=L ket
o]

colH o] ojaElel w
OE@ byt Hws v

1087F ke AN el T wiAlske 2 sk
o

o] ARS SeAl7|RA o

H~(Physical parameter)E 259 $kpr& UE}
S| _ A9 25 UASHA HIkA ROl whet UEh= A
4 B4 M-S S48k Aol o] of 01‘14 =4 W] HekE & 7}

‘:“o‘ﬂég Gt 3- 2>9} g &
3

=y BEY S =5
DTA(Differential thermal analysis) Xt AT K
DSC(Differential scanning calorimeter) go= Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =gk g(%)
TMA(Thermo mechanical analysis) 20| AL(%) m

1) AXFFEATE2FA|(DSC ; Differential scanning calorimeter)

DSCAIARAARE A= Almet 584 7eads a9t 2k Zrldo

we HshA A Sl A7ke] ShpA

z}o](Difference in heat flow)ES =43},

)\

S4E AR} VeEde] dass
S<(Heat flow)2 2JE(W; W

J

FUR



att)L HEAEMW)He|2 dEe douAlE d3th di5s Alke

A2 g HEY Ha=Kxe €9 Addd

o

sty ouAlFe R b mWstt mJ2 YERHTE AofluA= Az

L

ol

fr o

Ieh5] (Enthalpy) ®3}] Agshs] Al27h o|AS g4=sli s Hsl=
d(Endothermic)o]™ o|z|& W=std WA (Exothermic)ole} gkt DSC

Qg Wote) ool sl WA= A 7Eel] gk vt JEE Al

sh v, d& 73F F2]5d0](Glass transition), NS, =8 As 5

7}

A2 =9 RelERE o 4 ok
(1) Al

7)) Y L A

— Ay - DSC1
— AIZA} - METTLER TOLEDO(A$]2)

[32! 3-1] DSC(Differential Scanning Calorimeter)

W) ] 4w Ao

— DSCi= [1%] 3—1]3 #o] Alm7} Xl pandt EEmde AREEE ¥l
pan®] 5¢]7= measuring cell, sample pane AF5OC& cello] ¢
3[}5= sample robot, (—90 ~ 30) € 9] ZHz WS ZF= cooler®

TAEe] 9lo, measuring cell 9] ARRS (E 3-3)3} At}

M A% 9 gy (33
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Rl
I_J
=2
ox
pi=!
o
re
=1
og
o

St

(¥ 3-3) DSC measuring cell Al

5t = Spec.
2c He (-50 ~ 700) °C
2 g4 + 02K
e s (0.02 ~ 300) K/min
Calorimetric resolution 0.04 W

(2) AR

7H AlE 44 ¢ ASTM E 537—12(Standard test method for the
thermal stability of chemicals by Differential Scanning
Calorimeter)

W) A8 i L a5 ) eRkbe, 1 A 5

th AR 2408 ¢ AlEER] oA $iE 4 e Bedo]l B
=S 5740 kb, kot =74 7t Alme] oF2 100 plofshz

ul- agFol7] migel wtd EehEel A SAHANe] Addel 9%

2h Ald Az} 0 DSCO] AlE-87]= Stainless steel A21Q] pans ARESH
(@)

=
o, pan°l] AlEE H2 &, sealing tools ol8sto] Wigalalrt,
=

(e}

st9om, (1 ~ 10) ¢/min®] $2&E& (30 ~ 300) €9 2%
flofAl ZAstoct.

AFRAT|(TGA) = AT HER 2R WsA AL tjo] AlRe] Jeku
sl2 Aol ere) ggen 23k Alme] dekusks 2 (vaporizati

&



2 YEY WX g My
Mg o]l 2Rt wkE AA Ak g7 5o BEf7IstolA Esl As
W gy BRo WS B
S ass spectrometer(MS)2} AZAxo] T
GAo||A| 7}A7) WAISHH MS= F={]%|o] o]23ld & Mass spectrum= &

off A wAstol WAlE ViAaE AR 4 sl

Ml
(87
[
o
>
o
I
<t
z o4

— AHy . TGA/DSC1

— A|ZAF ¢ METTLER TOLEDO(A~$]2)

L) e g 9 ARG

— TCGA: [1¥] 3-2]1} Zo] Furnace(7tER), A&, AR 28 =
Aslk 4~ Q= TGA sensor® A% EA| moduley} (—28~150) T2
2AEHRIE 2= circulator, 21U 7IAE FAJEASk= Mass spectr

ometer= MgEo] UL AP GE 3-4)ef om, = AlFA Tt

2RAe MAEH) s,

(a) TGA (b) Mass spectrometer(Pfeiffer vacuum)
[32! 3-2] TGA(Thermo gravimetric analysis)

I AR gy 35
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(E 3-4) TGA Al

g = A
2z 9 (22 ~ 1,100) °C
2 e + 025 K
e 58 99 <lg
Balance resolution 0.1 ug
Calorimetric resolution 0.5 mw
Sample volume 100 pl

(2) Al
7D Ag di L Al T WEEhs AEslieh 22 2gtel wket

FAMEP} dofibts £

WA ) ¢ A el e 4 sk %-E@Ol e
e EAo] Brkslnl, 24 7Ksd Aol A 100 ul v
: =

= =X

= =%

2efol7] wiFol Bt J‘&%PJ 85 578419 XHT*i*éOﬂ =
<

T

o
th AlE dx} o AEEEY O °F (5 ~ 10) mgS EF5H alumina
(Aluminum oxide) 22} open panol AlEE Ho} Ao 2ol
3 7] BOISHG 50 m¢/min)olA 5 C/min® $&&E=2 (30
~ 700) €9 2=HeiolA ZAstelrt.

3. 755 EEEA(ARQ)

1) A ZH|

A deFA 9l Ve E ek A(ARC)~= 9=+9] THT(Thermal Hazard Techn
ology)AtollA AlRksE ASgx|s [T 3— 4] o] YJehfoict 7w ek (AR
O Tz dofA] shaze] d4 Za0ks-S doy|= A7ianks-S oA-ts)




A2 g HEY Haxle €9 AGSdE7

Lo ARG IR test cellol 6O ot AL H28kx7]7] 919
FH ews AYs| 2Usin] 2uS A

7H/\]QE AlZke] w2 2 Rs) ARE B 2w uhE
rate, TMR(Time to Maximum Rate) 5
bomb®] 852 10 mlo|H AA-S Hastelloy, Titanium 5 TS

Trastol Ao AR dRFA e R Hhgo] AJAEZ|7HA] AEs] 21 Algte] A

Q¥l= A7 WA ARCo| A= [ 3-3]~[13 3—4]2} Zo] Heat—Wai
t—Seek Ao Osf AlRg7]9] SHtol HA|E|o] Ql= WARE SlE|of 9
off wlz] gsfdl 7] AHeer/MA dEdHom Jtaskal T1 thgol] AR of
AR ARl RS AR SIS ARA ol ©Add
Aol dojA= W= ZAZFELS bombe] A&Al(thermal inertia)S: WFYs)
7] #18o] phi factorg ARg-sto] HA oo gkt A (1t 4] (2)°l &Js)
o] phi factor?} #&FE2EE & 4= Utk

M-c’ +M, ¢ . M c .
& — , WEpeell oy 47C proel (1)
M-, Ml

Freamre
Srmor

[22! 3-3] 7IA&=HEFH|(ARC, Accelerating Rate Calorimeter)
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Temperature vs Time

108 —| Temperature |

106 3

Heat | Wait | Search |

I[“ S o J

102 /

100

230 240 250 260 270 280 290 300

Time (min)

104

Temperature (°C)

[22! 3-4] SHESIofA 7t 7|-ErM & (Heat—Wait—Seek)
M4 EAFAARO)] LTS, I SO AFS G 3-5)9} 2.

(% 3-5) 7I5&=H2A(ARC)S| AFY

o 5 Spec.
== e (0 ~ 600) °C
orgd o (0 ~ 200) bar
Sensitivity 0.002 °C/min exotherm onset detection
Adiabatic tracking 20 °C/min
Bomb &&f 10 ml
Control mode heat-wait-seek, ramping, isothermal

2) AT E 3 =A

A&7k FRIE bomb g 7MSEARAMR)) H2ke (20 ~ 350) ©2)

-

L =S| Heat—Wait—Seek?] +AX = 0,02 C/min®] ¥ Detection Sen
sitivity, 5 €9 Heat step temperature® 7= AoFA(ARC)S] AlE =7

& AR5t A Ald=S AAfel e Al 22 (& 3-6)3
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(E 3-6) 758 HaH|(ARC) AIRI=A

T A8 xA
Bomb material Titanium (10 ml)
Temperature range (40 ~ 250) °C
Operation mode heat - wait - seek, ramping
Heat step temperature 5°C
Thermal detection sensitivity 0.02 °C/min
Wait time 15 min
Experimental atmosphere air
sample weight B35~4g

4. HE| 2 FEZF A MMC)

D Al gHI

€l 27 SjollA] sfal kgl Sfslel WSk AV Lot YRS %

A5 (719 3-507 02 Az Sl TRl wah|uA AE §

Zlell ©71 Alsze] wrelsh Felol W Heat flux(mW)E Wske Z4sto] gt
o

= = 1
As Rt e 22 dE 2EE S0 ST 4 2 ERAE 300
C7HA] ARt 752 ARSBPEA S2A = k. Al S 87000 28714
FEH, ofel Mo BRE 2k Ase] s sl

ﬂ

o A WS L= A5S 1efskal ofo] ulel ME §710] AR 25
Al
=

(1) & 8] ¥ MMC 274

(2) A 2 AF 0 NETZSCH(:54Y
(3) =Z=We] ¢ (=2 ~ 500) T
(4) =de) - (0 ~ 10) MPa

moAEEE Qw39



(5) 2% (0 ~ 5) K/min
(6) AE87] 1 @ (0 ~ 2.5) md

(7) ¥& . Scanning Moudule

e transfer tub
top guard
heater
i il B
—
side guard
heater
locking o |i
nut n =
o external
sample o heater
vessel ol ™
sample —

vessel

I
LN EE I AR N E NN RN NN K]

1292999090998 90008800 %
bottom guard /'

heater

[38! 3-5] HE|ZEEZA(MMC 274)

-

2) Al gH

Stainless steel Z|Z2] 2.6 me] MZ87|o 2F (0.5 ~ 1) g9 Al&&s
Y37 Scanning Moudule®|A] 1 C/min ¥ 4525 HIIA|Z|HA (30
~ 250) CY 2Z=HHollA AlES AABIIL



UEg HBY HE4xo BH YL

o =21 Tlooo

Iv. Zap 9 &

Case 1, Case 2, Case 39| Alzo]| tfsto] DSC, TGA, ARC, MMC®9] A|
IS ARgRlo] (20 ~ 25) TO AL AAABlelH 2ol Zrjo] mE ¢
=9 HEmeAY G Ae, dobdAd 9o oEe] Wt Fof tiste] Aldshar
bz|

W71 AAsdct

=

d=M Z1HDSC, TGA)

7] V715l A 25l uE Ao s Selstr] fiste] Case 1, C
ase 2, Case 39| tfsto] (Gt 4-1)¢} 2 AR AAFAIEHA(DSC) &
o] 83 AFS Al/\]b—}oﬂgtq o] = Case 29| Waljr]= Frkey} Z=3hike-
o7 O3t W AES kinetic 4] ZR IS 0] 85lo] ko] wE HESA]
b s RA|(E), Aeks so= Aklslnh E3F vk A=A 23}

SRS RIsH ] flsl ASEEA7I(TCGA)E ol88ke] =90 F7tof u=

ol
ssiel Herls 5495 s

(E 4-1) DSC X TGA M¥=A

A|&=H| 2217] 24 7tgHe| Pan
Air 2 °C/min (30 ~ 500) °C Stain |
t t
DSC Air . aln e:”S_S_Lee pan
_ 1, 2 5, 10 °C/min| (30 ~ 300) °C (2H =)
(ZFEHEA
. o . o open pan
TGA Air 5 °C/min (30 ~ 700) °C e

Iv. Zap 9 & |




1) AXFEALEEA(DSC) Al 2t

DSCE Almel B3 71284 5%t & 2 kel H3kA]Y]
A 2of AIZEe] kA SAE ARt V=AY dagiAtel(differenc
e in heat flow)S 2431 E=d| GoUR|= Al7o] olletu] Halo| Alds}
o, [19 4- ] I ol AE7F RS Sk EuHshs Sdolw o

'T: Endothermicd (E¥)
s A7t HX|Z S48 0, At wsts
s9o0|H, 88, Wt 22 W3t ofof et

Exothermic

(2®)

Heat flow

Exothermic (& °E“')
AZ7t HX|E WEg
2o, LAtz &§P—E—5H, 4

i oo e

Temerature / Time

[0 4-1] DSC 2= s{Ad iH

Case 1, Case 2, Case 3 AR F7] H97]f ups A5 WHals HlaL
al7] Qs 2HQIE2 A panell ARE Fal, WES - ARFAEEA
(DSC)E AFg3kel (30 ~ 300) €2 2=rflolA] Aleh 247k [19 4-2]
~ [Z1¥ 4-5]o] YERH ST

Kuo—Ming Luo 52 DSC &&Ale] Ao ofshd R gholl wek R = 1
(F/P, molar ratios of formaldehyde to phenol) 2l %o+ (30 ~ 100)
oA Z7] F RS ost A WA 3 =7F YERFIL (100 ~ 180) COlA]
hydroxymethyl “1i59] @& Xz Ak 57F SRS = WA 9=
7F yebdth R = 2 ¢l Afolls = 719 9as g 7RIAaL (140 ~ 1

50) €9 ®IflelA ) ZELs| = o3t Fal "ykRR T=rt depdt
R = 3 ¢l Aol + 719 9=+ v 7PFIAAL 189.9 TollA] 2o} dx



YES ASY HE+KI2 AN AHLET}
S99 7R S3A o)Al GrERS 927t YERdt)

THPESYHS 5= n = 8 ~ 1009 =5 7HXaL o #lsy)t vk
YA A sof ofsto] EFAYB|= FEjE Bifjo] WRgEIR deiE Y|
SIS 2EUYs|=2 7P Case 19 R 2,27 olH, [119 4-2]9}
o] (50 ~ 170) CollA F7Hkgat S3kgol ofsto] AH F+ 7He] wj=
7F AR AR FEjel (180 ~ 220) °C°ﬂ/\1 I AR - L BT el
AE sl S AQl vt yepdt &, 919 R = 3¢90 AeeF FARE
A diE 7RI

Case 29| R 1.53 o|H [1¥ 4-3]2} o] (50 ~ 200) ToA F7HR-
W Sokgol ofgt = He) w=rt vehdt) = 919 R = 18] Aef AL
A AaE 7RI
Case 3 Case 19| Ao ZuE 2w Yo Z9a [I9 4-4]9F o]
Case 13} FARRE G484 Aiks Yehl, Case 13 Case 33 vlashH =
mjo] ERlEE 2.8 wt.%ollA 5.6 wt. %2 S7H=vete Hsal ghelrEdd)

sl=0] RhSoll ARgE= o] Fel SEeliE [T1E 4-5]9f o] IaAE

o

LN S 1= o
RS A7E T390 e SoflA SARSE Adko] eR= Alog =Awr)
i
6
Integral 6594.50 mJ
normalized 681.25 Jg"~-1
Onset 75.89 °C
4] Peak 129.06 °C
] Left Limit 49.41°C Integral 511.47 md
: Right Limit  166.35 °C normalized 52.84 Jg~-1
3 I T Onset 188.83 *C
Peak 197.74°C

Left Limit 177.82°C
Right Limit 219,37 °C

40 60 a0 100 120 140 160 180 200 20 2490 260 280 “C

[23 4-2] Case 1 DSC curve

V. 27 9 nx 43



LeteALD oY U ARIFTS 93
e
67
] Integral 7644.33 m]
5] normalized 820.211g-1
1 Onset 98.36 °C
1 Peak 135.81°C .
+] Left Limit  43.15°C
Right Limit  177.80 °C
3
2
D: | -
] et | |
-1 B
-2
3 T v T T T T T o T T T T T o T T T T T T T v T v T u
40 =i} B0 100 120 140 160 180 200 xn 290 260 280 "
[22! 4-3] Case 2 DSC curve
m
6l
]
4] Integral 4874.37 m]
normalized 705.41Jg"-1
Onset 70.78 °C
3] Peak 124.41 °C

Integral 634.74 mJ
normalized 91.86 Jg~-1
Onset 186.43 °C
Peak 193.48 °C
Left Limit 173.61°C
Right Limit 214.01°C

Left Limit 44.48 °C
Right Limit  161.53 °C

40 60 a0 100 170 140 160 180 200 270 240 260 280 aT

[22! 4-4] Case 3 DSC curve
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Integral 6594.50 mJ

normalized 681.2513g"-1
Onset 75.89 "E Integral 511.47 mJ
Peak 129-‘35‘= C normalized 52.84 Jg~-1
Left Limit 49.41°C Onset 188.83 °C

Right Limit  166.35 °C

Peak 197.74 °C
Left Limit 177.82°C
Right Limit  219.37 °C

Integral 634,74 ml

Integral 487437 m]
normalized 705.41 Jg~-1 normalized 91.86 Jg*-1
Onset 70.78 °C Onset 186.43 °C
Peak 124.41 °C Peak 193.48 °C
LeftLimit  44.48 °C LeftLimit  173.61°C
Right Limit  161.53 *C Right Limit  214.01 °C
a0 o0 B0 100 120 1490 160 180 200 et 240 260 2E0 ™

[312! 4-5] Case 12} Case 32| H|& DSC curve

APILFA] A5} Case 1 HEGAYA=ol disll &7] &217]0l we d7s ®
sholl thsl] AR, E5F 52 AXRRE AIY Auks (19 4-6]3 (19 4-7]
of ehlodct, ARrA] Alme] e [19 4-6]2F o] (127 ~ 181) Tl
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AE wo) SR Qe AsFo] oF 10.5 % dAaE AL, 350 THEE ¥
Aol gk 22F weliRkgol Uofupal 700 T 7HA] AA] ARFe] ofF 23 %
AF vt k=gl
Case 19] REAEE AlRS] F7]w97]00A Alshisl AsS ket 4dx)
(719 4-7]3} o] 350 € oAHE 25t Al AA AREs] wo, 630 Col
A SAE AT
DSCet TGAS] AN AIE Fotsto] HH W
AHES-S (50 ~ 220) TollA] 7S %J‘z‘—%
Tof ofgt 7} ¥kgo] 3=, 350 CH
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H}-O- S = O o) A 0]o] A1l o [©) I | NeR =S4
b0l AiEl= As o 4 ddeh 1ejal YWrduie] A v HRE-EA
o5} ZZEHE2o] HRA =i O ZAE H b0 o]t EZ=2uEe o] o
oh k3o MY Ve Ak, 23F EefiRksol ofgt ERkee] 9
HA]O Ut AO =X} A~ O]
%J éI_. XE]‘L Z_]\e ‘l‘c_}e T ME]‘
g Step 23.0613 %
-6.9459 mog
i Left Limit 348,70 °C
= Right Limit 683.34 °C
Step - 104496 By i
TR :S.Iil?tl‘mg
«-{ TGA curve Ii\?({]:‘\lf_llnl:llgli T
P, S, DU, B e i ] o .
; » » o P P P ;l: P P 1w 1o 2 130 mn
e
2
] Integral F241.54m)
Dnset 13008 °C
=] SDTA curve LR i ara
. A 2 i |!|{]|\I|i|\‘_!‘!1| 181,15 % = = &
El e sanEiace i Tig a .I.I 31 e A P s W ..Il. [ ) .“. L V. % 1t % Lofia pew P 3
s 0 a - o B @  m B w0 1 1o 10 130 mn
15
w
MS spectrum
* » » o o @ P al: P P 1 1o 2 130 mn
[28 4-6] AlnEA| AlE2| TGA curve
_"exo 1161208 TGA phenol resin_cured 30/5/800 air 14.12.2016 15:22:46
% | Step -55.4135 %
-3.1990 mg
80 Step -10.6542 % Left Limit  528.89 °C
-0.6151 mg Right Limit 629.05 °C
60- Left Limit  43.87 °C Step -28.3725 %
Right Limit 217.63 °C . -1.6379mg
40 Left Limit 350.94 °C
- Right Limit 528.89 °C
20
o| so 100 150 200 250 300 350 400 450
o 10 20 30 40 50 a0 70 80 90 100 110 120 min
mW-
150-
100
0.
0
| s 10 1s0 a0 20 300 o 400 as0  soo  sso 600 es0  oc
Lab: METTLER STAR® SW12.10
o
[O3 4-7] Case 1 AR BISMHEE2| TGA curve
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2) Kinetic analysis

slehibg-o] RSk ek (conversion, o), =%(T), AlRHb)e] FF&
b=t} Heks ¢ [functlon of conversion, f(o)]® H3AE|= WL
7 3= vE gk 7, AR AdtmEe AAEolof gty whd HR3(s
ingle reaction)®] 7%~ nZknth order)2 eHe s 2T 4= oy
EAR Eel Sk A ERRE WSO Hehke S by dWbdow 2
ATAA] 23T,

2 BT Agke s REs AEjolA] ZAStelURE Alklst
A} model—free WM& o8It o] W2 FAJeoA7) Hekee] gk
A, @A SsiEe) o] Hghs ol weh 2dstol|v X7 w4 sH|
Hok= =2o] EAof v 83tk Vyazovking U 524 (multiple h
eating rate)®] AIE o]85to] hesiAL HRleh WS- %:—Oﬂ Agd 2
= ZEH(integral kinetic method)S 7I¥sl o = @344 E 7oA+ DS
Co] A|xARl METTLER TOLEDOAOIA] Vyazovkin ®WH-S 21-85}0] #)2ksh
model—free kinetic software® ©]&sto] kol wh= VR3AIRE, 243} ofy
A(E), des 55 Akbeldt 3719 a5 @) = S4selen, 2179 co
nversion curves= DSCo| oJalf S4H Aups o]g-sto] AlilshA =,

Aehe SpR UERd WRSHE A o] Ale 54k F=dT/dtE

ok A1) 2

— RS (s-1)
X —kfl2) — da _ k (a) (1) PRSP
TR A dT S k DA (5—-1)
D ees (K s—1)

|

9] AN (1))A] kol Arrhenius expression k= ke 77T = theldte] Aels)
H 2(2)e} Ho] mHw)




1 _ﬁ —E/RT
) do = 5 e aT (2)

oI TolA Hehe a2 Atshd 4 (3)o yepd 4= Qlek

ff dor = g(a 5f e PR T (3)

E/2T )10|E2 2] (4)9} o] AL,

T
/ e—E/RTdT ~ E T26—E/RT (4)
T FE

LR AEsto] 2astshd 4 (5)7F dofxith,

g

In— = In

- -Z= ®

2} Agheof| A o] st |Al= In(B/Ta2)2t 1/Tal] BAS =ASH] 7]
7|=HE 2o URE ek 4=

[C18] 4-8]2 Case 25 stainless steel |29 11¢F HH| panoll4] 10 ©/
min®| $&&Es 23t DSC AlF Autojr] Mol Jt7tef gl 1, 2, 5, 1
0 C/min®| &&wo] ukah Algste] v rdhe et [T7 4-9]9
Uehigleh, $4msk Sobael ueh el W3k meRew ojsalgion
o Aol Qo] sl Aol HolAA Elo] ARl YA ARF
o] s] ASE o] ujie] Hojdeietsl A 1eow Holuhs Ao
2 ofalst 4 9tk S0 weh Aol Lot (60 ~ 220) T TN
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. y Integral 3618.83 m]
= normalized 788.421g~-1
Peak 164.16 °C

Left Limit 60.37 °C
Right Limit 229.04 °C

40 60 80 100 120 140 160 180 200 220 240 260 280 °C

[33! 4-8] Case 2 Z7] 2217I0M DSC curve

10
—&— 1 “Cimin
—y— 2 "Cimin
& o | —=— 5°Cimin
—z— 10 =Cimin
£
S
=
4
5
I
3
0 4

&0 B0 100 120 140 160 180 200 220

Temperature [*C)

[33 4-9] Case 2 WAHI2O| S2&5H DSC curve
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Comversion (%)
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(33

(1% 4-9)9]
e ANE 2 4
ateluAE 4] (5)0
AR 4 glow] (17

e} gHstol| 7t 4
3 thA) ghassheie

160

140 -4

-
P
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Ea {kJ/mol)
2
=

80 4

[:11]

[22] 4-11] Case 2 H&tE0| M2 X

&0 80 100 120 140 160 180 200 0
Temperature (°C)

4-10] Case 2 &2&x0f UWE T }

ton

dets

curves ©-83sl] To vs o (o A= S5

o [T 4-10]°] YERodH 7 Hdekao]A <]

|4 In(B/Ta2)t 1/Ta2] HAE
4=11]e] Hepliiey, /sty A=

Conversion (%)

dstolA x| tHst

LA 71872y
Agks ol
g (73 ~ 150) kJ/mole] 9] Wol| Bxsla glon] Hkgo] Z7}gto]
sl (20 ~ 50) % el ok Z71sl)
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2
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2t 4

AR—

2= g YEE =

2719 @

T[160°C]

T[140°C] .

T[120°C]

TIs0°C]
2 4 6 8 10 12 14 16 18 20 22 min

[28 4-12] Case 2 S22EZXZI0IM AlZtol| W2 Hehs Hs}

12]

Advanced MFK(Model Free Kinetic) software option<-
o AnzA 7710 S0 Lxagel M) TE HEE v
ou] G 4-2pol 2 ehisick, of i 77te] B2 2wl

A Felso] ARiETA zp 2reellA Agkae] 10, 20, 30, 50, 75, 90

% 7HA EEsh=r deli= AR Qulsh, 3% Ql 80 TO] s2xxlolA
Aekgo] 10 7HA] Edsh= 9l ofF 859] AlZto] A ER= Aoz AklEQc)
(E 4-2) Case 22| Z} 2=0A HMek20| =EH5t= AlZt

CarmaiEten Temperature (°C)
(%) 70 80 100 120 140 160
10 21.92 8.48 148 031 0.075 0.021
20 - 21.11 3.91 0.86 0.22 0.064
30 - - 9.47 1.97 0.48 0.13
50 - - - 9.66 2.56 0.77
75 - - - - 8.66 2.94
90 - - - - 15.88 5.73
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o] HEE HEY el ARl 55 ¢ ARl ks wAls)

57
A H2 vl Sl A ElR aEal lenR S50THE STH s

RN EAulo] w2 LA Case 19] ASol [ 4
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Temperature and Pressure as a Function of Time

200 12

1:{%@” 115

LB & Lios

170 1 e ——— _‘—,—_f 10

160 /" _af CH]

1504 ! ! 1 / L ! .:5

140 ¥

130 / l7s
P g L7
?j 120 s // les g
2 o _ re @
2 100 / tss c
s = o
5 aol i 1 1la 3,
= 70 L3s

' ¥ Ls

o / r2s

50 t2
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30 ;5
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Time(min)
[28 4-13] Case 101 CHEt 2IES mlEFX| SEAl AlZh]| D2 2= ¥ 243 Hs}

Temperature Rate and Pressure Rate as a Function of Ter
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[32 4-14] Case 10] CiEt 2IESE HiEsX| BHA 2k HSEE('C/min)




Pressure as a Function of Temperature
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[32! 4-15] Case 10fl CHEt HIESH misXl SEA 2= S710f ME = HE}

AR FAlo] ks Adule] whE Z5HESAI] Case 29] 4§l [C1F
—16] ~[19 4-18]3} o] HkEAZt FAo o] AlRE|Qlow o
170 CollAl 3.26 bar, 172.9 CollA 3.3 bar, Hhw ASEEE 163,
cofl 62.7C/mim, TE2EAS AT = 1204 CE UERTE WY Al
ARl 81 CollA WA o jlel oJsto] o] AjofE]x] St
H 227 oF 170 CT7H] wAsHA Afsdle Ae o 4= Sl

o> WRexI|ole AAE] SISk E 2t A4 kA oR Ak
AFElAL SHkslo] ARSIl oL Case 1 7F wlaLste] ¢ Al5o] Eo] uF
O

o] A ALEJAL 11 5t o A HelE Aie
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Temperature(2H)
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Temperature and Pressure as a Function of Time
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[32! 4-16] Case 20fl CHEt HIEH mis+Xl YAl AlZiol M2 2= H &= Hsl

Temperature Rate(24/min)

Temperature Rate and Pressure Rate as a Function of Ter
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Pressure as a Function of Temperature

Pressure(bar)

dLFARNA dofAl=

160 190 230

Teamnoratura {20

[32! 4-18] Case 20fl CHEt HIEH mis+Xl SHA 2= S710f ME = HE}

AFew W ATUL 5O FHYSS ARS

8760 o @ Szl W ol ofs] AR ol A oplel
719) SR ZTHIS

|
Sto] A EoxjoF dA| Ak

Phi factor

‘?}03’3}7] 28l Phi factor(thermal inertia)E& A}

el sA4ol 8ol 7hsslRin.

¢

thermal mass of sample and container
thermal mass of sample

(MGC,).

(MGC,),

1+ (ME 2= Cp:= v|Y)

[718 4—19]& Case 19] o] o3t % W oFd WSS Phi factor®
BASIo] UePdH Zlow Wi er= By A} sdsiqlon, Zeen W
FEoree 7kt 240 €, 10.5 bar® &%= oF 70 €, ¥ 1.4 bar 27}



4Eg HTY Hisarlol 95 AU}
stk o= AAl ARdRAIA &S Al Al s 5 27 W A
A 240 €, 10.5 bar7HA] =50l 7Fssith= Za ofuigidt,

[C1d 4-20]2 Case 29| Wdof &gt &% 9 9 3= Phi factor®
HAste] yepd AoR WA= B d3) Fdsidleon, Ee W
FrHe Z17F 240 €, 3.9 bar® k= 9F 70 €, ¥ES
FEEE, o= AA| ARl dlEd dlisrAl Al v 5 27 W A

Al 240 C, 3.9 barZ7[A] Aol 7hsdithe Svlditt,

B

ol

Phi Corrected(Model Based) Temperature and Pressure

240 n 11
230 - - - 105
Model Based Temperatute 2
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[38! 4-19] Phi factorg X&%t Case 12| 2= U i3 H3|
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Model Based Temperature and Pressure
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[38! 4-20] Phi factorg X&%t Case 22| 2 U i3 H3|

[(19 4-21]2 Case 19| &% #lEmpA19 2% ©& TMR(Time to M
aximum Rate)& UFERW Z1efarsl WA Mo Al o) v, estous] &
= o]gsto] ol@ifer ALK Frojw w42 Phi factors 483 glo]
o}, 420l 80TolA TMRS 54, 100ColA TMRS 150 = uepyict

[T13 4-22] Case 29| d&E% a4 2ol w2 TMR(Time to Ma
ximum Rate)S UERH 123zt w7kl Ao A|7o] v|d, sy A] 52
ol-gsto] oo Ak Frolw uEA AL Phi factors A83F Flold,
A2l 80TollA TMR 548, 1004 TMRE 1,180 % uiepgc,

TRESEAFAE o] 85 TR oA Case 13t Case 2 AlRO] ASHIA

F7E A3 8ok (E 4-33F GE 4-4)%) Ao




Temperature (24)

Temperature (2H)
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Raw Data of Time to Max Rate

TMR 4% el
120-Prhi = -

110 o=

a | %
100 = 2

o "a
90

ol %
80

sl %o
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o o
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[322! 4-21] Case 12] 80 €2 100 CHIA TMR(Time to Max. Rate)

Raw Data of Time to Max Rate
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o | Fa
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[32! 4-22] Case 22| 80 ‘C2} 100 COIA| TMR(Time to Max. Rate)
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(® 4-3) 7S48 M@ ZoHCase 1)

= = Al&Znt
HIE AR
== — o,
(Onset Temperature) C 527
E2E o
(Final Temperature) C 172.7
HCHe = bar 7.6(at 170°C, 1818), 9.1(at 172.68°C, 290&)
(Max Pressure) a o\ ' =) .18 o =
Phi factor - 1.543
e[ By .
(Max. Rate Temperature ) C 1301
Jx-l EH%EAOI-%_/—H\_E oc/mln 1316
(Max. Temperature rate) 500 O|4t (Phi factor £7)
CHER2EAMS 0
(Adiabatic Temp. Rise) C 120
aSE J 387
(Heat of Reaction) /9
TMRD min 1 5
(Time to Max. Rate) (at 80°C, Phi factor &%) | (at 100°C Phi factor E7)

1) % TMR(Time to Maximum Rate) : TrAZR 7oA A|HQ] aFLEoAHE FHPeEASEE

b ushe SR At B et Ak olulgh WA SRR e SrefA)
TMRE A Q] WoR S4u 3, WA emrt e Lmolie] TMRE: sk
58 ol gsto] ol2Aom AukEol.




A2 g HEY Haxle €9 AGSdE7

(E 4-4) 71552 A& ZIKCase 2)

e £He| NEER
Eige:pl DN EC =
== — o,
(Onset Temperature) C 525
x=2
152 = °C 1729

(Final Temperature)

EEE

3.26(at 170°C, 111.4&), 3.3(at 172.9°C, 111. 54

(Max Pressure) bar =)
Phi factor - 1618
X e
& =25 °C 1634

(Max. Rate Temperature )

A EMESE 627

(Max. Temperature rate) “C/min 500 O|4t (Phi factor £7)
CHE2EHS o
(Adiabaﬁc Terﬁp. Rise) C 1204
RS J/g 407
(Heat of Reaction)
. TMR min 11 4
(Time to Max. Rate) (at 80°C, Phi factor &%) | (at 100°C Phi factor E7)

% Cp = 0.5 Kcal/kg - C = 2.0934 J/g - C 2 7I™(YUE ASAHIAIL| 7|EMH| XIE2 &IX)

sbmee] ARAATiE FYstel Bul Y dlsrd SRyl
AL (80~83) oM Wbl Sol ofse] WAk LmAolrl A
se 79 EFukgo] WAEe] AMESEsL A% FEAOR ASEWA &
=7 BV Z7K S1EAlel e om, gee wgRslels AN
Pt St SAS Al utek SHle] At YA 24

o L
v B ZRbeA] 2/gn] 9] ARt vl Uds| =rt st S-Eol
A

5

Al RSl B Sol ukgAbAEe] tol MAHel ull ¢ Aol wap) 2
28 o = 9lek EEE TMR,S 1A nNEOE EZuEgo] sRsAo] s
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Case 13} Case 2 Al2E AMZ 87]0] 1 g2 9il 50rpme & wHkslal Al
5B 250 C7HA] IK/min¥ %5 A5AA A8AE S 2 STl
= Qo] HakE wskolnh [T 4-23]3F Zo] Case 19] 7%~ DSCet
AR (50 ~ 150) T7HA] 7R E3hkgol oJsto] e + 7He
T 37F AR AR e} (175 ~ 200) ColA 1) Thefrgedds|=of <
off AdEl shel miQl WAzt vehd, (150 ~ 175)C¢] 1=+ PID
Alofoll 28k Power noise® =AECH ESF oFee 130 TollA4] 3.1 bar, 200
ColA= 12,6 bar= WRER $ o] A YsEe B & 4 Sk

Case 29] 79 [19 4-24]9} o] Case 2 DSCe} FARHA (50 ~ 185)
T B SEESel ofsto] AAE = 7RO w2t A= A o
B 7} LFERRT

[38 4-23] Case 10 Cist 2EY HissXl SEA 2= H &3 Hst
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