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co] 2= QloA el ogt wrdu|=rt 122 J/go] A7|R UERT, ESE
Zelesr A HERHA Ssde ARSI Al(chain extender) = ARE-E|O1#]
+ NPG&} BEPD+= (30 ~ 500) €O 2=rffofa] UAuj= glo] FHu|=nt
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1 SPBFFeTA 0] & 222 (Heal balance) - s 9
2. %_Zr_]zll—%(Runaway reaction) ............................................................ 14
3. WZFA T AIUFE] 9. (Cooling failure SCENATio) - s 17
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5 oA o340l 3l oA (Criticality) T e 99
1) 9% 55F 1 (Criticality class 1) s, 93
2) 91F = = 2 (Criticality class 2) e, o4
3) YFE S 3 (Criticality class 3) e, o4
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5) YFE S 5 (Criticality class 5) e, 95
6) eFA%H (safety barrier) Q. ZA] O8O 1T oo 26
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22| 22| EH(Polyurethane) SSF2 &8 2 dE7t
(E 1-1) E2|RYE £X| HEN SE3HU AE2EE=E HESE
FQAU=R olshH s =4st | B712E
_ CAS No. i i H|D
E3Y (c) (c) (%) | (371=1)
Polypropylene glycol
25322-69-4 239 AEQES | AIEQS | Y= | WA
(PPG-1000D ) |' HA |' HA OHOI:IA o
Neophenty! glycol
PRemyl gveol | 126-30-7 | 107 388 | 11~114| 36 | ma
(NPG)
2-butyl-2-ethyl-1,3-p
ropandiol 115-84-4 136 SEelS - - A
(BEPD)
4,4’—Mejthy|eneb|s(ph X xt7| et
enyl isocyanate) 101-68-8 | SIS o1 o ANE2QE | ARIRGS | 1A
(MDI) HA D
Methyl Ethyl
Ketone 78-93-3 -6 505 1.8~115 241
(MEK)
Stannous octoate | 301-10-0 113 ANERGS | AERQS | AIRQS | A
AL AR EeSelE 4 HAA EUB AL Rt 2o

o Y&l PPG-1000D(E2]L, oBAY) 627.8 kg, NPG(EZ2]=, 14D 130.
4 kg, BEPD(Z2]E, Ak 114D 100.5 kgt |A41Q1 MEK 749.3 kg2
Q] & oF 30& 550 T AR AgoR HE

O MDI(g=o|HA] REEIAIAIS] gk &, 114)) 313.9 kgd FUsH &
oF {55 ol 72 T ALER 5o

O 180B(FM) 0.84 kg FY ¥ W= 241K A
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At a2l 0k
2014. 4. 15(3}) 08:00 ASNAHAMY) A= HAF Z15}0] AAKE 2% =
gt 3 whkg7lolA AU A4 & ‘a*OP%—t— |A A oF 1

AR Qe AR

09:00 ZAHE AsRHA)7F w710 E2]&(PPG— lOOOD) 628 kg, =
-‘—(NPG BEPD) 231 kg, 84| MEK 749 kg Eolst Aow 4

E, oF 30 & 50 € ALTMA] AHORE 52 5 MDI 314 kg ol

(FH)e Bsta e vIsie,

ABRHA) 7} Fotel 2HF=] WHE 2R(FF)BH 10:

WEo] S AL BAL £ F o 1Ho] ALt MIgEFE 9l

A kgEo] MERNE EEste] AU £5717h Shakeo] Fury

1% AR

10:277 7717 HBRAGA)] Sfste] FL 5 sh} wAyshaL, 2ol

3502 FElo] Pilot ¥hS7] SHE 97184] ol o] $7 B9lo.

Zuiofo] oJs) AARE 71 wjel Q14 AEe] ww W g oF 100 m

A9 A% el skeol Igke,

At EEsl] BMhE Akl RS Lxstel Wlom F4ut

S, AARe] AALE SRS
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Z 2|2 EH(Polyurethane) SESE2| X fIAIHL
Oo| & i F
O. g5 g{edddrte o2 n#

Z=X|(Heat balance)
= 1Y

stelS-udol A4 ¥4 7Hassessment of thermal risk)
olalleh= AL Aot} o] AL AlAl AA|U(lab

A 4~Z|(heat balance)=
Al Al (calorimeter experiment) A1}2] olalE ¢JalA]

=

oratory scale)®] &=
Wk of et 444 /\ﬂlol(mdustrlal scale)Q] WRS7|o|| 8x|o] Ao}
S BHolNe] & AR 4 (2D Teee] A 4 9tk

Qoc = Qr + ey + qfd+ ds + Qioss (2_1>

{7|4 q, = heat accumulation, ¢,, = heat of reaction, ¢, = heat r
. = heat loss

7 _
emoval, ¢y = sensible heat due to feed, ¢, = stirrer, g

of reactors &Jv|gic}
= (heat release rate)°]

o YA (heat production)

rlo
=
o olo
2

-2 ok (reaction enthalpy)el]

gt el o e wHgS
vl 2},
Qry — (_ TA) V(_ AHT’) (2_2)

o TolM Vi Faslk) =, uhe

o AA(IYEEE) 2 W] oA
of ozt AYEELEE Alofol= A V7] QFe] sidloefar oF 4= It} i
ngle nth—order ¥FgojA Q- Al (2-3)3} o] FaEo] 2 4~ Q)

- X)" (2-3)



o] 20 gHE HheEe= HehE(conversion)?] ro|HE | H|ASA] TR
710l WEeHIs AT E}E‘r Helth, d=egee A 4= 29
T,

g, = kye 7O (1— X)) V(= AH) (2—4)

o] 49| £ 7} B ukgy) QAo EAo|A g Fasit A, b
o] AELEl Wgero| el AeHoRr gsviths Aol EAks,
dulse = Hulof Higldoz Frlslig WheE ‘% ol Q= W] 4

o](linear dimension)?] 3%(1.3)2] 2 HIsI= #lo]
A A A (heat removal)2 WZhliA|(cooling medium)<2} Jﬁ(reactant)'ﬂr

of o] ofste] NEg] Bie Falo] A7 o Wit

g

Gy = UA(T,.— T}) (2-5)

Al(2-5)RHE 4 AA= FZIHdI A (overall heat exchange coefficie
nt . U), 2= l|(temperature difference)?t Gn2HHZ(A)o] H|gAo=
Hokelty, dushaA o] vjgA o= WHalsith= A2 ¥ha-7] Zol(linear dime
nsion)? 24(12)9 k2 WHIlslth= 7ot} o= scale—up< Yol HE]
o) A7)1E v Wl A AA 89 T AR ST 2o A
= ok, JeER vk 295 d G4 (heat balance)= H% #19%H
A7t 2 4 U

o] ZZ(heat accumulation)e L9} WS AJAHIO] JLE0] ofufx] H
slo]] Attt HAEA] vke7lolA d S22 A (2-6)o= dERd 4= ot

(2-6)



Z 2|22 EH(Polyurethane) E5Ho| XN AYEHI}

i o 2-17)
" Cp
HE-S-5-0] Ftof| 2Jst 3 (sensible heat due to feed)S WH-7| W85}

THEE BheES 2% o] yER= fato|n, o)= FIElEA] Thg-gAel
A BESES] SEEETt o MEAL vEgT] We] RgEa skl Ve
o] el & u) ule =q3dt okl skl 4] (2-8)2 ddo| et axf
2 333t 4= Qe

= L

ﬁi

Ga = Mgz, (T = T)) (2-8)

WHE|(stirrer)ol] 2sfo] A= 7]AA o A (mechanical energy)= 7
‘drpzk(viscous friction) oA HIJE|o||al 2FA o A4 o A= v}
Holzie, apehkgof ofsto] Wikl Ayt vjaEoj o wHkef ot AL

i ARl Al Ty S ATt =2 =8 AMES
= WEsolA= abte]] ofsto] AEE Ae ApAlel Pk ojAoF gt
Roll &gk de 4] (2-9)¢} o] yEhd 4= 9lem, Nei= power numberE
ofmjglt},

q, = Ne:p-n*-d° (2-9)
A (heat loss)S WES7|9F HEE7] FHO| 2Exfo|& Qlste] HAIRY

[e=]
A4 7719 HES-7](industrial reactor)ol 4= QFHANS] 0]8-9F ZHA|AQ] o]
]

A
o
RE BES AASL AT Q@ Edo] 2] uRe] RAE 4 glon), AgA




A719] ®¥&7|(laboratory scale reactor)ofA+= ¢

ok 4 (2-1000% o &

A=A 4= (heat los

Qe

2 oy

s coefficient)

(2—-10)

a'(Tamb_ ];")

Qoss

s

2
nE

of 2R} AL T

(O =
o =

ks

Elis

<
ol
B
I

[Ile)

(—r ) V(=AH)— UA(T.— T.) (2-11)

a7,
dt

Qe ~ Gex = PVE,

Qac

(2—12)9F o] 3

3ol tste] 4|

Gls

(2-11)2 n—th

Al
al

(2—-12)

A7, — 1)

ple,

n—1

A0

ATad(adiabatic temperature rise)~= A2&-(conver

Fof 2} (2-13)} #Fo] gojwfo] Xt

o714 GALEYS

sion)} A3k

S

(2-13)

pe,

(_ AHF) OAOXA

AT, =

Fd,

S

Al (9-3)3F 4] (2—13)9] 2]

ARG, e

2~ O
52 T

wRg-2] 7

s

o



Z 2|22 EH(Polyurethane) E5Ho| XN AYEHI}

d(depletion)2 HFg5E0] RS oIt o5 F 7HO] PR AR A
Al 28 it &, 2L SEATE A4F o8 S7Hexponential inc
rease)Al7] WRS4ee] X4 F7FR QAR HREES] AES WRSEEE
FaEaNEdl=

A (2-13)0) w=H, TrAASEjoA] 2rAlsaE HAkE(conversion)-2
ol ot A4 TAlo|ng, ozl HeREolA] AdE T4 E“é% hl
A7)0 w2t Al (2—12)2] 9 4=A|(heat balance)oll4] 714 =Q35F H47F 2
4= ook [19 2-1]2 AR tE g2 dsS 7R TRgollA Tt
2 R8s yERH TEfzolct, gl & 42 glo] W A EARS (A
Tad < 200 K)ollA= HHe=59] axHo] SAF Kok 51—*&% ojLaL, o] IAle
A 27 m"ﬂ(self heating)> “d9s| Lot F2gh )
sion)9] 544 YehA= o=t} whdof| 22 WS (ATad ) 200
K)olAl= L~§4 ao] HhgSwe)] ARAo R S 7] Yo, Bhe
O] b w2 HRREolA yERdTE o] A9 5 %] Hehe2 10 K OW

Hpo st

|o

FAREAYSS olFo] 2ol wE REEEe] VG2 vhe=e] &
of W FJFHT; f-Alsict,
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3007
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RtoF W2k (cooling power)7t WEgell o3t AifE& Rk Wrhd, RRS
7] WO k= A5 Aojrh, 257 =5as WS ] e ae o
Wadies 7F Zlolt), 2%o] F7i| EPE} ol ofgh AWESEs A
FHOoR FTISANE Wh3-719] WHE-H(cooling capacity)«= AAAC®m F7F
517] wimoll WSS SRk @Al Hol vkl We] e st €

o}, uea :'_,L—%L—ELP (runaway reaction) %4z A% FH(thermal explosion)
& WAsHA o,

W, 7hESse] e WA adEle]l 2 Tolry, o A A= [1F 2-2]
9} 7ro] Semenov Diagram© @ #3E ]2 2 4= ) dulEswol & A

A7V e wi(g., = ¢.) BIS olFt}l Semenov Diagramol|A] €4 Hy

FESe A A A Aol whi= = Y] afollA wrAdit W
2o A WH(S)ollA 27t =2 fLeR HAHdeviation)o] WAYSHE &
A7t ol SAIsE] whizell &= thAl (SR HaE Aloef, E3F B2
SR 2P AV AWESE o] pAlBH ] uhizell e thAl BP0

= W7 A Aol Tejug whe 2oAo] wH(S)E ¢t
& A (stable equilibrium point) El= o1A3}
oint)ebal et HhHe] =2 2woAe] wR(DolAls =SHget AIAERE W
oft wHDolA W2 220 Hak= d A|A o] SAIEH] wfitel &%
= HE7H] e Ao, w2 2RO = dESE o] $As)
7] ol FHES- AdEZE dofd Ao,

A AA ol AM(g, ) 2% Fao] R YAAARS] 2= (T)E U

oZ‘i
(4
-

-

274 A H(stable operating p
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Z 2|2 EH(Polyurethane) SESE2| X fIAIHL

Ehiich wheby WAl sBle] 2wt w0 o AA g AL eEEo

2 o olFeeh(FA), 7 e mAE shte] mY(C) o B wrtA 114
il

7RI, o] e HAl(tangent)o] EH =QRE 41 21do] o, o
2o WAL 9] 2ieg YAl (T, ). Y2 WAl (cooling
medium)®] =7t 7T, 50 52 4 E A Hes)S> SYEEE
Wi TPAA enr A A WAl sf(solution) ¢l

o Bl wash

|o
B
s
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rU.'.
olo
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7
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c cerit

[32& 2-2] Semenove Diagram with different 7,

A AA o A (g, &S] wAle YAaRe) 2 ( TL)% )
EPic), uleha] WZA|AEO] v =ossE of |7 ou AHe oEmo
= By olstth (A, 7 e mAS s w(C) o d A A
PRI o] w2 HA(tangent)o] Hw =bERt 24 2o] H o]
ZNA Y] YA AR O] 255 A ERAL FHK(T, ). W2t viA(cooling
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medium)®] 257} T, .50 =& 49 & AA He,s)> E
WS TR gromw o =2 WAl s (solution) §low
< =7hsHA| WAstHA Elt

WZHA 9] AR oA Fgo] x1E wff W2 ujA|e] ofrte] R U=
2= ol A AlA Fo AAe VeTle UAo|Bg FEAEAT
T AA 7187)9 Zhas oulshd, [ 2-3]od & Al &
Ol GO G @8] Ol &t UAVSEHpoint C)= olct, ofgh dA
o} Alaglo] &H](fouling)o] WAYSIIAY, ¥Hg7] Wi L] A
2 Qlsfo] WAlE 4= Qlt}, E3SF Scale—upl & 2%k FwIhHA(A4)o] WSt
24 A AA e 71&7)7F st 3R] dAZRA(point C) L& B
4 Qo) olEE U A, T.9F & FAW(operating parameter)2] HH3}o|
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3. WHzZtAMlnl| AJL}2| 2(Cooling failure scenario)

TPgell(Point 4), Al Wzhs] T wkeo] uje] LR el mAR
TdEo] e, whef Wzbdel Fhof A HEg7] wiofl u] HhgaAo] EARS
W, ] ¥RgEe] wgo] olelo] wkg] o] Lt el B Zolt, W
Auffo]] w2 w37 o] 2% A2 m| HREEQ] ool ofsto] A Ew,
MTSR(Maximum Temperature of Synthesis Reaction) @} £ %4
2] el ik o] exold 23k Hakgo] AAEo] A1, Hakg
of oJsf BAE H2 Tl =2 2k A5E THAe HS2E(T,,)0 A
=}, Q%= HkS-(desired reaction)l $HINRS-Q] Alo] AMufjE olste] 22}
Bajkgo] AZFEE 28 o 4 o,

Thro] A2 ZFHES0) AU 05 A7isk=d Bvg & 4 Sl 6714

S, sfehe-57dY 4 YAdHrE flEl 8= A= oy 24

Tena .
‘ Desired ‘
Reaction
S 5 —_—
MTSR |
AT |2
Tp 1 _________
-~ A Y
Cooling “
Failure \ t
1
Normal
Process

[aZ! 2-4] HZHAE] A[Lt2|2(Cooling Failure Scenario)
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d(normal operation) &¢t Wk719] =5 Alofshr] Q3 F2gh
HAog "S- Zdl(reaction course)S A|ojsl= AL Ao}
A4 AlolE HASE| Sl V7] HollA] W=Ete I AlASH|
~HO) S (power of cooling system)©] &5-afloF sk} =gt
= Ao HwEHsiel 3] WeAe] ahEH(fouling)d] 45 4
A qlorg B5Hgh o5 7&ofof gt B-?LQL tf|o]E]
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tllj-g, Hoﬂ/\ib /\]7P4 SkeRa] b] HE-=9] £%]8(the degree of accumula
tion @ X ol gt dlojel7} BRsltt, MTSR(Maximum Temperature of
the Synthesis Reaction)®] 7|g2 o]z2fst B4 o sdte| i},

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

MTSRE AAksl7] f1gt v] Bhg=2] S4&(X, ) G d5(A T, )
L upe e So] AdofA] Aojx Hke-A(heat of reaction) 52 H|o|E&

S chgvt o] e 4 9k

AT, =2 (2-15)



E2| 22 EH(Polyurethane) S-S 25 e dEt

X, () =1- X, () =1——— (2-16)

Al (2—16) 94 )(;hb AA M2 (thermal conversion), 1—X,+= & =

288 oulgieh, v WRSES] FHR(X,)E A FHE(1— X, 20 Aol
A % olrk

A 31 27 RS 23 F ¥ EYHE LR
O

MTSRO| it O] $HLE W} £OBR 93} Higo] A2k % 9
th Alosix] gk Halo] ofsk 24} -0 Qlste] F7bA0l BRE o] A

[e)
ot 97 Hake] 97| dloel BafukgolAe] Tl e (A T, )1t
MTSRO| £wgiele] (5ews Auslo] % 4 9

«

T

HELE(T, )= Fteom Qlsto] S 5= Q= AE A5 5= 2l

ojt) 22} HEfjuks-o] A3 glo|gl= DSC, ARC, Calvet calorimeter
o

AL 4 1 ol &MY WAL Fote AnE WA=

x4 = o ¢ gloms Kot ttoll dofdtiar rHgsor gk
o}, &, 3 v vhEEY] SAE0] oA ke ek dF At
hermal stability)©] UA(critical)oll 9= wfj 2HAsc)al 71gsk= Aolc), n]
ekl HR20] o WRSEEY] A4 oAl Alttel whef Wkt whebA

A% xeld(thermal potential)e] 7FY w2 1] whgE9] o] |7} ==




e ok 2l S8sith v HkgEo] EAfshs e gtellA AT

of W wkerIe] 2w A 2-18)3 o] AXE & 4= qlew Hdiglo]
MTSRo| Ft}

T,=1T,+X,(t) AT, ., (2—-18)

MTSR = [T, (2—-19)

AE 5 97 5E vh-3(desired reaction)? ZF+& dul m214?
Wrha Al wEg719) vt 3R (T ol MTSR7MA “35317] f1el
A= Algtel 2a s o), ey dRbA o 44 Hkg-7|(industial react
or)x= 8% Rhg(desired reaction)o] el ZI&E o= Q= oA 24
7] wiwoll, Ao vk o] Rk A W] TS o
o7 Zolof, iR A o] 7Kk v A (CLE 2-49] 594D,
875z WhS(desired reaction)olA] FFRkgo] dojups 7Rk A (2-2
0)3} o] Hkg-e] 27| A=< (initial heat release rate)2t TMR,,(Time

to Maximum rate under adiabatic conditions) 7§02 43+ 4= Qi)
TMR,, = % (2-20)

AE 6 1 MISRAA AFd E3fiteo F5+

(o3
— = .
MTSRO| 2wt ojig] PALE Br} %o 93} vhgo] Azhe 4=
IL
=

S = A
oF, A=A 982 <Esfioll ofeh 23} Rkgo= Qlsto] S8l 255 ol A

= 8% gk sty TMR ,(Time to Maximum rate under adiabatic

conditions)®] e o] BAE s AMgE|o] Ak,



Z2| 2| EH(Polyurethane) E8t372| X (MYt
¢ -RT?
p T L yrsr
TMR,, = —"——+ (2—21)
Q(AHSR)'E
Qroll A et 6714 4] WS 3o AH kAol tigh 71EH A
2191 Q14jsfoF it}

4. Z4t2 0| 1|slj 37| (Severity)2}t 7}5/d(Probability)

utr o g o3 (rigk) S Alarm|dfje] =7 (severity)2t 7HsAd(probability)
ko] ZHo=m Aol wlug A H7Mrisk assessment)S EAs 7HEsA
v wsi=r|ef Hrpb dasiet, sehg-gollAl 4 f1de AR A
= QIgl FEgkgolnt, TER ajd wRg-gdel et HRkg-e] Hlel=7|(s
everity)2} 2 7154 (probabilitye] st o|si7} a5}t

Z2HE3-0] Hl| 7] (severity)v= HHLEAS(AT, )E &8st (GE 29—
DI ol Al 7 = Ul 7Y eillE Ao XIYy, TR A S5
Y2y Al Hhg7]9) 2ids See e, 539], 200 K o)/4de] T
oM WA Al Hke719] 2 Ass w9 aAs] dojub, 50 K
o]5lo] T wAlo = HES-7] o & EWH(thermal explosion)S
AYsEA] Qrot g sell ot fIdo] EAEHA| Yh=rhH ARLe] Tsi=7](seve

(& 2-1) EFUZo| Atnmlsi I7(of st Wit 7=

Order of magnitude

Simplified Extended ATad (K) o6 (el
High Catastrophic > 400 > 800
Critical 200 - 400 400 - 800
Medium Medium 50 - 200 100 - 400
Low Negligible < 50 and no pressure < 100
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Pl
k1
2
oz
=
o
re
=1
0
mjo
o
o

2Z1012-0] 754 (Probability) = AlXF 27| (time—scale) 2 E@E| o] A=
TMR, ,(Time to Maximum rate under adiabatic conditions)®] 7Nd< &
golo] Gt 2-2)9h ol Al 7} iz o4l s Wl WolEol He Sl
Qo kg 7]o] Wzkla) 23 BANESOR Qlgh uje: W ) Qojup)
Aol F-iet Agto] Qlo] mldRAE HE 4 ek F5HR3-2) 7543 (proba
bility)+= = 7ot} dubxog A% = 7|(industrial scale)®] sFHHRg-
oA TMR,7} 24A17F By A E:1013-9] 7FHsAd(probability) Wil
s 42 oqlom) SARE Wb Zhow F5ES-0] 7hs/d(probability)> =

T

(E 2-2) ZFULZo| Al 7Hsdofl gt Eot 71=

Simplified Extended TMRad (hr)
High Frequent (1
Probable 1-8
Medium Occasional 8—-24
Low Seldom 24 — 50
Remote 50 — 100
Almost impossible > 100

5. X fleddofl ciet YA d (Criticality) &7}

[F1%] 2504 & 4= Ql5ze] 3782k, MTSR 59 &=dl(temperatur

e levelg)ol wet vha-342] d4 QIAdel et 1w (criticality)& B71e

T o, o|RRE o] o AlUL|eE e 4 ok E=3t ¥E o

(criticality classes)& %ogxggﬂ mul oz} AATF o7k RS Al
5}

37] 98t wrmE 3t 4= Qlo}, [1® 2-5]0fl4 T 378%(process

temperature), MTSR(Maximum Temperature of the Synthesis Reactio



E 2|2 EHPolyurethane) SetaH™o

@ e LI}

Z| e,
=7l 2
&b F|He (A HEgAEo A= Fazdol Hal, HHEA| RESA| A HloflA=
QhemiEL} wpdyte] AAotEor RREALES] Hjs8HoA el 25k),
Tz TMR,, 7} 240M310] Bz 2eg SfufRitt,

n) Y] Al RSOl ofste] HESTI7F mEE 4 3l
A~

MTTMaximum Temperature for technical reasons)= 7|

2o

T
MTT
MTSR MTSR
TD?-‘i AW ')\M’W\'\J\
MTT
----------- MTT
MTSR MTSR MTSR
T
Criticality
Class 1 2 3 4 5

[O3 2-5] AlLt2|22] - =(Criticality) S&

1) & 55 1 (Criticality class 1)

W30 reAo] Avf| & Hkg7|o] = 7|4 &-8-A|(technical lim

1o O
it, MTSR < MTT)o| =214 kil MTSRO| Ty, ©)5}2 GAHow B

ol
Nr
T

fuk-s-2 ke = gl ©hx] Whg-=0] A 4 (heat accumulation) AE]=

1l 7] =23
QEAFR FAJE A MTTo| trts 4= Sk, A S ZHevaporative
cooling)o] F7F&0] QP& (safety barrier)e] 9ok st} ¥ 5+

==
o] M8 A4 f1e/dol Wt o] Suelie S8 A=A 845

rlo

o 24 g8t of

rhu

1
k
2t
O]
(O8]



A ekert el A %3 2AstlA uksEol AR Aol A o
o), Bupdzolil vl Qrigkerg o] MAE Aaa
_/I_\_

2) /¥ 55 2 (Criticality class 2)
H-357g0] Aol Au) & 7eA 5182 (MTSR < MTT)o| =Es}A]
Y3l MTSR < Ty, 0|0 H3Rk3-o —iﬁ*ﬂg% Qick. MTT7}v Ty Rt

ool BYSL $IRE 54t 19 SARITh ok vheEo] o %A Al
q AR Oxmuﬂ ollibgo] wAlsta MITY) mRtep] . o) A

5

ek, o] @ 4 Al A
e L R L

A A w3 4 Qrpy SUE PHaAE Bash ok A £A2 v
Ag 4 GIEhE FUhdZ s MRS QbdAb o R Shewo]Hof
et

3) /@ 55 3 (Criticality class 3)

HESg Ao eAo] A & 7)%d 82 (MTSR > MTT)o| =431
Evp MTSR < TpyolB= o3~ =X o=t} o] A¥oAl $49
P MTToA Hhg-9] drf=<eof 2EsHA Hr,

A WA 23 SEYAS ARSI SRS ARShe Aloldh S5 Al
2HE v 0] HAo g AAwojok slal fEe]E] Huff Aloft HWEXH
715 7Aook gk} W] Wzk | AEl(backup cooling system), HFS-E9]
I(dumping) F= FY(quenching) = ARE3 4= Qch 1 thilo) ol&deksiar
A5 AR83E A9 0|8 24k EE(two phase flow) & A7} Eoj ok 3}

3L 7] QRO Nk 1 TIsh| fIsto] Catch Pots Ax[slolof ek,




Z2| 22| EH(Polyurethane) St372| &

1A

4) Y= 53 4 (Criticality class 4)

uggAo] LmAe] As % 717 SEA(MTSR > MTT)o| =27
3L MTSR > Tpyolnw ol@rom Haulgo Zuke 4= e} ol4kgo]
T4 QP MTTOIAO] Ao} Hajukgolse] dudseo] o
zalA] Hrh, Uz v QrEelsigal ) obauow B8 3 4= 9l

o SRE S 4k SRR S

R 1}

-/ W
i1tag
i)

off

ol
o,
o
\}
Sl
M
:?L
=
olo
e
Ihe
ik
)
O
ulx

2 ZZ](technical measures)” 5}
Ao}, webA A=l Q= 714 2A7F 84tEH oS f¥lE 5 33t
o s AAEojA o, Frdos 231 EajlRkgol et diEse

& mefstolof gt

~N
i}

N
N
rlo
O]I

5 &k 55 5 (Criticality class 5)

HESEO) Ao} Alm  MTSR > Tp0lui 23 Rafike- Zukg
ZolT, 23} Bk Belol 71eH S1gH| wsp gk o] A9 MTT

ANA 22 Folte-o] AWESHET vl 2ok AAIES 7 Heritical pressure
=
=

increase)& 7H427] wiite]l SEYztolu SR} g o A8

S T Qict mEbA H¥E 5 59 REEeEe AHEAol vle- =
FE 5 59 HREFAolM = 8tE= Bhe(desired reaction)d} 22} -
Sfg- Afololl ehielo] glowvmg w2 Hf(quenching)olvt ¥ (dumpin
g)e AMgE 4= Qlo i) BaHhgo 28 ofuX]E WESH] el QF
HMxz|e] A A B FoE 71gojof gt ZFRkgo] thel w827 (se
/A (alternative

<
@
=,
—
D
=
N
=
o,
<)
=
o
o
V)
Q.
=
=
o
i
©
N
4o
ol
ok
2
fu)
3
2
=
ol

= @]
=9 TS =ol7] Yol HhelEA] Fge] 243t SR HigEA F
Ao g0l M7 =w O] ZHi(reduce the concentration), 1437 (continuou

s)ozo] M Fol Q.



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

AE S 3% 4o thSEl= Alue] oA 7144 1-8-%|(technical limi
e 288 AL ot S g ALEIOlA & Edd(head loss)E 57t
A g Qe iHe=e Hi(swelling)oluh S ¥H(vapor tube)oflA1&] HEH(f]
ooding)®] 7Fs/do] it ERHgE o5 7|=oof gk} §57 L(condense
)= Ao s =0 ZHkat (vapor velocity)olA EESE 8RS Aysto]
of sk}t Yo7} 3kt A|AH|(reflux system)> URHAQl M= /%—_]'”H
7] 1to] HH ARl WA S Ees A Eojof gt

AP SNSRI Z1G S wEslel s uel 48

mlm SE

1. O H = c})j]—
ol doh= 2kt d Zlofrh. o] A AUl mEshr] Kol vkg719]
Alol= geto] 7sd Zlofk, Olzﬂoi Zﬂoiﬁ T U= 2olA Rhe= ¢s)

A 4 ot

B0 WzkAlafol el 714l 67)9] WAl ARS SlshEZA o] o
P B7Re BelE wolert 1 A WA WAl B7Re] VxR 2EE
ola7} A s WA Alue] eE A= Aolch 13 2-6]ollA] A
kel A= *‘04%‘01]*1 dloe] A49] W aefeto] 7= (severity)e} 7}
574 (probability) < slo] AotE Zoltl = wWH Al 98-S 7k
7] 91k 511(measure8)4 AA|(design) E AEE F571 §l8to] AN 5H
& AHsl= Aot
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Determine
energy
potential

Low

Severity ?

q

=R

Medium or High

¥

h 4

Process presents Assess Control Assess Probability
no thermal of Reaction: of Triggering
risks Accumulation Decomposition
(MTSR) (TMR_)
1-2 3-4 5
Process is not critical Process i's critical Process is critical

No measure required

Technical
measures required

Hedesign' process

[32! 2-6] Criticality indexS A28t X S MTI} AKX}
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1. A X}FEALE ZFA|(DSC ; Differential Scanning Calorimeter)

o] WEkE B 91

& A DI olgelel Eelpde £ B3

MEEL Pl A e of Sga Akt

O{N

e
of:
o
2
>

(& 3-1) 22N SYwHol 38
=5 BEY e £
DTA(Differential thermal analysis) X} AT K
DSC(Differential scanning calorimeter) go=x= Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =af g(%) g
TMA(Thermo mechanical analysis) 20| AL(%) m

AARFEALAFA (DSC) = Almel 22 7Eeds Y98 2% T2
whef HIAZ|HA] L= eb AJ7FO] Sl A
z}o](Difference in heat flow)S =4t} d-8<(Heat flow)S FE(W; W
att)t} e FEMmW)HR= Agtl= douAlE Hilt), 453 AReR
vk ofuAgrer ghibEw mWstt mJ&® LeRdE: [T19] 3-1]o4 =
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Z 2|22 EH(Polyurethane) E5Ho| XN AYEHI}

% 9l5o] G|t ARe| e (Enthalpy) W] Agshu] AR7} o

A2 F4eshel k] WEH: S (Endothermic)ols] oUX|E WEsHY W

(Exothermic)olet B}, DSCE <t wistel dolol ofs) whamhz 14 7

Foll gt claket AuE AlEshe v, 98 A, §ede](Class transitio
Z

n), SRS, S AE Sa) e Held sl ek 4 .

Extrapolated onset temperature
Onset Temperature
eak temperature o Ts

heat of reaction

Woa Moy
>

Exothermic
(=1 3s] )
= -

Area Q

Heat flow

Endothermic

(28

Temerature / Time

[32 3-1] DSColl &=l 28t A2 ERZL oAl

2 SIRAETIA AR ARAIERAI(DSC)= 291229 METTLER
TOLEDOARNIAL AJkeE Aogn]s [Z17] 3—-2]of Uehdeh & A=A
FADSC)= A&7 FXl pantt #EFEdAR AREEE Hl pano] Eol7ke
measure cell, sample pane AF5o&2 cello] FU3}5== sample robot,
(=90 ~ 30) €9 Z=HLE Z2F= cooler® FAE|o] Q) Measure cell€]

AjoFe: (3 3-2)0] Uik



[a3 3-2] AXEAIE2FAHI(DSC, Differential Scanning Calorimeter)

(E 3-2) DSC measuring cell A}

st = Spec.
2r HQ (-50 ~ 700) °C
e Mag + 02K
e £ (0.02 ~ 300) K/min
Calorimetric resolution 0.04 uW
2) gy 3 =

Zeledigt 1] HERHA S dEEEY] A e A 9l Al
7o) 49, DSCo] ARA71= 0l(A) AEe] pand AHESIAOH, pan
o] A5 H& 3 piercing kitE ©83] 1 mm 72 pinholed & lid
= sealing tool& o-&sto] LEslqlek Alad (1 ~ 5) mg, 57| 917
SHS2F 50 m¢/min)ollA] =43k on. 5 ©/ming] 5eEE=2 (30 ~ 500)
8] xevle] Slolla A s,

=
e veashael 4 A 2AE I Aol A DSCE A
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E 2|2 EHPolyurethane) SetaH™o

H-87]%= Stainless steel A2 Y] pand ARESIA O, pandl AlRE HS &
sealing tool= ©|-&sto] W-gslr), AR °F 2 mg, 5 T/min®| &5
SEe2 (30 ~ 300) €O =mWeiolA SAsET Adlol AR WRE-E9t

= A SHEAA A8EE dREde FHHIE ARESte] & R
0] 30 g H& o3dvt & AFFS AMELT Aol

2. 7t5=5 = H2ZFA|(ARC ; Accelerating Rate Calorimeter)

A Hheadme] Nk Ass AR et Adel ARgE
7ML E AeFA|(ARC)E T gy A2 9J<2] THT(Thermal Hazard Technol
ogy)AtellAl ARk AddA 2 (219 3-3]of LEh]lE,

THEEEAFA(ARC)= xR =20 dde SAsks AnlE
e, A uhe gt A i—@ﬂ TS SERSE sell he

[e]

FUE= bombe] 852 10 mlojH 2fAS- Hastelloy, Titanium 5 THYF
sl Ao XM == Heat—Wait—Seeko|™, W Q] detection sensitivit
y+= 0.01 C/min ¥+ 0.02 T/mings ARSI 7S E=A5FA(ARC)S] AL
= GE 3-Dol e,

A G A oA Ao+ HE ZAZELS bombe] ¥4 (thermal inertia)
& Wgs7] Ikl phi factorg ARESEo] EAEofAoF dheh A (3-1)3
A (3=2)el 2J5}o] phi factore} F2eE -2 4= Sk

M-c  +M,c M,y c
b= r=opr ,cell pycell — 14+ cell ’p,oell (3_1>
M.-c, M.c,,
T, = T, + #A T, (3-2)




Presnm
o

[a2 3-3] 71&

b

«
T H2FA|(ARC, Accelerating Rate Calorimeter)

(& 3-3) 7I5&5=FEA(ARC)S| ALY

= Spec.
== #He (0 ~ 600) °C
otad H Q| (0 ~ 200) bar
Sensitivity 0.002 °C/min exotherm onset detection
Adiabatic tracking 20 °C/min
Bomb 2&f 10 ml

Control mode

heat-wait-seek, ramping, isothermal




E 2|2 EHPolyurethane) SetaH™o

ne
Bl

Aol AREE WREEEES T 7}?(]91 o R Alzsto] ARgsIA A
| SN AREE TEHIE ARESto] A& bomboll & BE
T Wi AA S
oA HEE= FEHIE AMESE] T HREER=e] 30 g HEE (40 ~ 50)
5 g= A@%ﬂos}oq AME bombell Feste] ARE-SFIT,
7l bombE 7HEEEEFAARC)O| F2ReE &, Gk 3-4Het &
o] (50 ~ 200) €< QEWH Heat—Wait—Seek?2] &-#X = 0.02 C/mm
O] W Detection Sensitivity, 5 T Heat step temperature= 7}

AA(ARC)S] AL At AL AAshart,

>

(o]

|

_l_‘ o

(E 3—-4) 7548 E2H|(ARC) A=A

S 4 =
Bomb material Hastelloy (10 ml)
Temperature range (50 ~ 200) °C
Operation mode heat - wait - seek
Heat step temperature 5°C
Thermal detection sensitivity 0.02 °C/min
Wait time 15 min
sample mass 59




%’6,;}%’—@9] YUaE J Polypropylene glycol(PPG—1000D)2 5ul& A
%9 H‘jooé panol] FUsHL F71E 50 ml/min®] &R HX|SHHAA AR}
FADSC)E AHEsto] (30 ~ 500) €9 2XHflol4 PPGE & HEA
of tisto] Adet diE [T18 4-1]o YEp AT [C18 4-1]oflA & &
520] 105 CollAfE Tduj=rE whgste] 267 TolA FAEU, T
olypropylene glycol(PPG—1000D)¢] H-3}=]o] Propylene oxide”’} A4AE]
A el Zlo® ghehEch RRAeh ek 2977 J/gold, i)
= 200 © HZoA YERth Polypropylene glycol(PPG—1000D)e] 105
T oA EaliEo] Propylene oxideo] A/dE|A Aok AR A
5| mrhal o o Slth ol ST AelA 2eAle] HujiE W27k 105
T oo w AsSE Al u] HES-E Polypropylene glycol(PPG—1000D)o]
SfE]o] WEg719] 2ol A A ¢ At As ofulaitt,
Zo| 9 Al A2 SEEolA ARe P Al(chain extender) = ARE-
Flojx)= A7E2Ql Neophentyl glycol(NPG)S &Fulw A2 7k pa
50 ml/min®| &g HASPAA ARFAFAFA(DSC)E
ARESEO] (30 ~ 500) €9 =Ww=H9lollA NPGE] & ¢Hg ol thste] Adlsh
AN [T17 4-2]of yERele), [T18 4-2]04 & 4 SA5zol 3719
=7h WAshE A oF 4 QY (36 ~ 54) CollA] sk A viA
A+ Neophentyl glycol(NPG)7} 11A|—114] A3} &2 (Phase change mat

rlo
W g g 3:9 o

1

ol rrloit
e pf u
H

H



Z 2|22 EH(Polyurethane) E5Ho| XN AYEHI}

loi‘

erals, PCMg)2 ¢ ¢Qloma 71x-114 AhHsE ¢lsr gvkgoa u)
=, 130 T Fola WAsks + HA S¥9=+= Neophentyl glycol(N
PG)7} §-85lo] Wh¥sh= Zlos ekt E35h (133 ~ 181) CoflAl st
A WA Helmas Feltele] ofa) ulsls Aes Al Neophent
¥l glycol(NPG)9] I AISolA o 4 glizo] FoIRANE Uehtne

FAF A A

L

om&

mw |
201
- 7 Integral 12.12¢+03 mJ
151 normalized 2977.82 Jg~-1
Onset 166.06 °C
Peak 220.08 °C

101 Left Limit  105.24 °C
: Right Limit  267.64 °C

B B e B L A
50 100 150 200 250 300 350 400 450 °C

[22 4-1] PPG-1000D2] & OFHA Alsizin}

V. A7 9 & 35



th
10+

1 Peak 44,53 °C
{ Left Limit  35.96 °C
| Right Limit 54.32 °C

01 Integral -859.90 mJ
] normalized -403.71 Jg”-1
] Onset 153.52°C

N Peak 177.28°C

Peak 130.02°C Left Limit 132,77 °C
« Right Limit 181.41°C

T e s s e e e LA s e e e LA s e S m e |
50 100 150 200 250 300 350 400 450 °C

(A3 4-2] NPG2| & ¢HHY diznt

Hojx= YR &Rl 2—butyl-2— ethyl 1,3— propanedlol(BEPD)g OE}—?«U]H
Aol A8 panell EUstL 3718 50 m/min®] &HEE HR|SHAA AR}
ZAFlE A (DSC) S ARRale] (30~500) €2 &=Welo|x] BEPDS] < oFA
ol EHOM dodet AvE [C1F 48]0l YEriIHE [C19 4-3l0M = 5

olizo] 5 Afe] Fel|ay] whalsks A% oF 4= Gtk 42 T Rtolq walsH
LA u BEslE g8l o3t Zlolm, (130~205) TolA MARH:
1A gl Sl ost SER ARl Fuel ofit Fewe

-364.69 J/go® e 2-butyl-2—ethyl—1, 3—propanediol(BEPD)—4
A A AdollA o 4= Qo] SEFEAT YERERE F5hgAolA JEE

=g =2 J2HA S Oﬂf\i Az EZIe] 4, 4'—methylenebis(phe—

=
nyl isocyanate) [MDI]& 20l A 7B4E panoll Fstal &7]& 50
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22| 22| EH(Polyurethane) SSF2 &8 2 dE7t
m¢/min®] &ERE HASHHA ARFAFAEFA(DSC)E ARESEe] (30 ~ 500)

To] 2=HelolA MDIS] A SHgAdol diste] A AvE [C17 4-4]l
eSS, [T18 4404 & 4= MEO] 42 ¢ FtollA MDI Ego= <l
St —99.42 J/g9] ST} dAlstg o, (262 ~312) ToA 121.57 J/g
o) Wdul=17} Fefjo]l ofsto] Mgk Ao ® AlmErh MDIC| sz ¢Igh 2
=7} 260 Col ol WA R SRt o] RES=%(80T olshE i1
3w o] A oo ol om mhrjEr)
ot Al AHRA SEEgollA #“Hi AME-El= Stannous octoate
= 5 A IS panell £l 3715 50 ml/min®] = X
SPHA] AXFEARAFA(DSC) S ARESHo] (30 ~ 500) o] 2= 9ol Sta
nnous octoate®] A /el tiste] A9t AvE [C1¥ 4-5]of HERHSL
o}, [2L%] 4-5]0l4] & 4= Qo] (217 ~ 435) €9 HelolA Hefj2 Hol=
AT 3 7)F 2797.82 J/gl A7]E UERGTE Stannous octoater =294
g A g2 Sk FulRA of ARRO0.1 ~ 0.5 wt%) H7FEaL
=7}t 210 ColdolA WAl R SRt REE=%(80T olshE i1
ok o 7iEAQl A4 R Sl AleR e,

FHolees A H2HA Sl dEads St vheeeh=e] 4 <t
e AMAFAIEFADSC)E ol8sto] Avlet dvs (19 4-6]3) [19 4

=7lo] yeEpele, 19 4-6]2 7S panes ARESHO] ARlRE Aitold,
(18 4-7]2 EHE pans ARESlo] A9e Aufolnt, 71 pans
of Adeh Aul [C19] 4-6]oflA & 4= Slizo] ARollA] 107 T7HA] AR
ARE-E]= Methyl ethyl ketone(MEK) 59 #H]H =42 o 5ol ok &
Au=7} oFslA WEEon, (253 ~ 397) €O 2w QoA WSS
of Az Al Hkgo] ool Are] Fele-dlgt 44|9F el Stannous oct
oate?] HaE FA L= o 05437} 1678.12 J/g®] A7|& Jepgth w3t i
A pang ARESHO] AESH Al [C1' 4-T]olA & 4= Sl=o] 208 T F

o AHE Y pane *}% A Al A He-EehEe] Al Al

o M

F_E‘.m

=



?_]:;g]/\(_)] = [e) =

wajo] Zebgol olofbx ok Alow Holth webx Zejeae 54 A

2] SREAe] Faukeddel ofFt 9 SIUAWAIE Sl o] o)
3

©]A= Multimax Reactor 59| RFSAHAE ARl TaRtsds SAS

omm P53 Ao AlmEL,

mw
07 Integral 146,25 m3
- normalized -131,76 Jg~-1
| Onset 41,85 °C
5. Peak 43.88 °C
- Left Limit 35.50 °C
| Right Limit ~ 55.69 °C ‘ -
0- Integral -404.80 m]
] normalized -364.69 Jg~-1
- Onset 164.00 °C
5. Peak 193.73°C
- Left Limit  138.72°C
Right Limit  205.70 °C
-10 T T T T T T 1

I s L L B O B L B S S L B B S S B B L B
20 100 150 200 250 300 320 400 450 °C

[323 4-3] BEPDS| & 2FdY HZnt
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28| EHPolyurethane) &350

[e: ]
=

V. Aot o

mW |
10-
5
] Onset 159.63 °C ,
] . Integral 341.62ml
0- normalized 121.57 Jg~-1
I Integral -279.38 m] Onset 285.67 °C
1 normalized -99.42 Jg*-1 Peak 296.08 °C
5] Onset 41.95°C Left Limit 262.00 °C
™ Peak 44.68 °C Right Limit 312.07 °C
Left Limit 33.21°C
i Right Limit 52.97 °C
-7 T———7 T T T T T T [ T T T T ]
50 100 150 200 250 300 350 400 450 oC
[328 4-4] MDIS| & oty AA}
mw
201
157 Integral  11.50e+03 mJ
normalized 2797.39 Jg~-1  ifm
] Onset 317.57 °C
10- Peak 341.30 °C
] Left Limit 217.08 °C
1 Right Limit  435.81°C
5_
‘so w0 10 20 2% 30 3% 40 4%
[38! 4-5] Stannous octoate2| E FHAM Alsizin}
e 39



m |
o
30
] Integral 12.60e+03 ml
] normalized 1678.12 Jg”-1
20 Onset 316.29 °C
] Peak 339.00 °C
Left Limit ~ 253.90 °C
10 Peak £2.60 °C Right Limit 396.88 °C
JLeftLimit  29.99°C
{Right Limit 106.77 °C
0 ="
50 100 150 200 250 300 350 40 4% =

(12 4-6] WeSsEC| B HHN N (Z7] YIS LY pan X2)

4o

mw |

20
15+

10+

ok at 20859 °C

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

[38 4-7] HISEEE0l g dy azzn (LU pan X7)
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1) AREEAEEA(DSO)E o83t & oA AdAy Z99dEt =4 F
A Z3FEA o F AREAel PPG-1000D= (105 ~ 267) €9 w=H9]
Au| =77} 2977 J/go] A7|E YERdt)

2) AAFAIIFADSC)E o83t & A Aldn Eeed 4 A
2| S8 F YmEAS MDI= (262 ~ 312) €9 2= 9lolA] 2af
of o5t wtAm|F7} 192 J/go] A7|2 LEpyitt,

3) AAEAIEFHA(DSC)E o83t & ok AsAn Z|e-gEt 4]
ZH =skaA o]l AsAAA(chain extender) 2 AFR-E]o] 2= NPG2} BEPD
+= (80 ~ 500) €9 L= RoA WdTa glo] ST avt LERTE

4) AAFAILEFA(DSC)E o83t & A Addyt Eeleder =4 H
M =3FEgA 0] Zue ARE-E]o] X = Stannous octoater= (217 ~ 435) €
o] S oA Wrdu| =7} 2797 J/go] AV]= LrERdTE,
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