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A, 97 iR e A~AYR Qste] A 4 vk HE Scale-upoE 19 4
A (4)0] wEomd G AA G 714717 Wate] FAxA] dAEA(point C)2.
Z b ok ol¥% U A, 7,9 22 34 ¥4 (operating parameter) ] #gko] o] 3}o]

rlot o
El

o
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r]I
olo
ol
o
1o
ofy

AZx7o0] "otA (stable)”ol| A "E-¢r A (instable)” 0.2 v & JrhE= Aol &

oJstelo} gl

ol

[28 2-3] Semenove Diagram with different UA
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3. HZtAn A|Lt2| 2(Cooling failure scenario)

(28 2-dlelAleh ol WgUIh WeeE TelA WrAssl Qelvrin Abgsa
(Point 4). A2 2 W2As) F wgr] e &% Aae] BAE PAso] Wk wef
WA SelA wgT] ol v wgRde] EARTY, v wgEel wgol ogel v
3

7 Aol WE W) e % 45 v)

ja7
—

=

TSR(Maximum Temperature of Synthesis Reaction) 2}
o} o] &LoA] 2% alukgo] AMAIEY] A1, eyt
Sol 93l AAdE €& 9 =2 2k Aes MY HELE(T,,) EEsiA "k &
T-5 &= RES(desired reaction)?! FAduE-S-o] Alo] A2 Adte] 22 Fallukg-o] Al&tET)

 — 5
Desired | Secondary
Reaction Reaction 3
o o AT
P — 5 —
MTSR L
Tp
Cooling
Failure \ t
ke 4
Normal
Process

(28 2-4] WA AlL}2|2(Cooling Failure Scenario)
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AlZ=X| homopolymerization 2+-89| &

o=

AE7}?

WA 2"l e Ao &

1
L

(1)

1H
ol

rveel

Ho

x

AF1:

AAFE A (normal operation)

H(power of

-
O

REREEE

@_

b1 9

5]

A7

o] o
==

=¥+

El

A

<71 Wel

_

H

)

&AM

7] 4]

cooling system)©]

o1& 7l&oloF

N

ojpy

S F5E WS (desired reaction)d ZF

o

ta
uin

o
ol

o)

H

R
Akl ama) v MgRY &

b dolE7E de

3|

s
Rl

sl ol 7t

RS

Bk waa) A 20 i@ g 9

=&l

Foh. MTSR(Maximum

3|

puA

X, o

A& (the degree of accumulation :

1]
=

Temperature of the Synthesis Reaction)2] 71

(2-14)

MTSR=T,+ X, 2 Ty,

s

MTSRS AA

o~
T

2 ohes gol

o] Helg =

=N
[€)

o] ddojxl WS- (heat of reaction)

ol

o

o %

(2-15)

(2-16)
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AlZ=X| homopolymerization 2+-89| &

o=

o

o
ol

o
"

N

= o
o=

(thermal conversion), 1— X,

)

T St AlefE A

i

Zin

—_

0
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—_
~
_ZT

i

o))

A~
oR

I,

el

Aol &

2-17)

T.,.=MTSR+AT,,

3T
it

o) dEA Agel ¢

+od

9

DSC, ARC, Calvet calorimeter s

1
i

o] &4 dolg

ofp

=71

LA

=
=

o el e WA Hote A

i
W

o)
=

oF 4 A (thermal stability)©]

Al (critical)

A(thermal potential)e] 7F =&

E

e

Aol whe Wtk meka o

u BhSE ] ol Hujrb He w3t
TR A Wb sfel] w2 k719

o MTSR°] €t}

(2-18)% o] At & 4 slow Huigk

(2-18)

]Lf = 1—;7 +‘X:10(t)ATadrx

(2-19)

MTSR = [T,

,19,
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AFE 5: 275 £ & (desired reaction)d EFFE dwuiy wE1?

B~
ko
i
pory
-
ful
I
A
o
o
rE
a
|o
fitl
ox
s
2
i
oo
N
x5
oy
28
o
a
o
e}
@]
o>
‘
fo
—
il
r
olo

)
<k ol 2k Ao W kS do Aol fgtiEe ﬁ-or o] 71Xk i &
CH2’ 2-49] 57-70).

875 Wh&(desired reaction)oll A ZFFrkg-o] dojit= 7|7k 4] (2-20)3 2ol wF
9 %7] @W=4%(initial heat release rate)®t TMR,,(Time to Maximum rate under

adiabatic conditions) 7f\d o2 F48 4= 9l

TMR,, = ——— (2-20)

AT 6 MTSRAA A#d Eauks-o] Z5 dvhy werl?

MTSRS &&= oty FALE B =owma 23 wgo] Alzd 4 9t} Aoy
A ke walo] ok 23 WS- o7 QFfe] FUHHQl EFE o]F Aol 2 =

8K (dynamics)> AHile] 7HsAd(probability) & AAsHE F8% 9ES ¢t TMR,
(Time to Maximum rate under adiabatic conditions)®] 7/d-& o] 2L &) A}-§5o]

2t}

¢ -RT?
TMR,, = L—8 (2-21)
4(TsR) E
ol w671 4 A TR A Aol O RA A4S Q2

afjoF gk

,20,
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4. ZF4dt29| m|sf37|(Severity)2} 7}5‘d(Probability)

Aoz AYP(risk)e Al s e 27 (severity)sh 7Hsd (probability) 2he] 2.
Ao Hu= 9384 H7Hrisk assessment)E -‘?43]17‘1% Ve Faar)e 3 2
aot shshie BN 94 JUe FAZA AR QF EFugol g o
_]
[e]

WS- Ao digh FFHkE-9 AOHﬂﬂ(seventy)S’Jr WA 715 A (probabilityol] thak o] 87}

tt

ol fo

¢

O

ol
=
WHthermal explosion)< AJskA] kol b gl o3t fl3do] EAlstA] Z=rhd Alal

H
o] &) =7 (severity) = wrlal 8 4= Q)

<®E 2-1> EFHLZ9| Atnms| F7|of s HIt 7|F

Order of magnitude

Simplified Extended AT (K) of Q'(l/kg)
High Catastrophic > 400 > 800

Critical 200 - 400 400 - 800

Medium Medium 50 - 200 100 - 400
Low Negligible < 50 and no pressure < 100

Z3-g9] 7bsA(Probability) = Al1ZF AU (time-scale) 2 XS A= TMR,,
<

ofo
ol
-
s

(Time to Maximum rate under adiabatic conditions)®] 71\3& &

,21,



of Al 7] i o4l Aol @M Bohse} A4 itk wek whgvle] WrAs) ¥ 23 ¥

oz A% By ME BFsh Aojus] Aol FEW ATl Yol MYRAE AY
Foorhd Exwee] sAprobability)s W Aolth Avdem AgA 7]

—~

=
industrial scale)®] s}eWHEolA  TMR,7F 24A7F Bu 24w E50Rge] T4
(probability) Sthal ad & glom BAxF Huh oW T

(probability) =tal & 4 Qlth

32

<E 2-2> ZFHrge| Al Jtsdo oiE got 7|&E

Simplified Extended TMR.q (hr)
High Frequent <1
Probable 1-38
Medium Occasional 8 -24
Low Seldom 24 - 50
Remote 50 - 100
Almost impossible > 100

,22,
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5. X fiedof cist A/ (Criticality) H7}

[19 2-5]ellA & & kol 3482%, MTSR 59
ot W3] A4 @Al ek AE Ecriticality) s B7HE
Fefe] Ay vE F Aok Eo AEE 59
ofvet Adg A oS Mesy] A E7EE &8
T,= 342

p

Reaction) §Z23) A

SA LR A=

il

o

o

TD?A

P

Criticality
Class

J7
26‘1__@0

Faugd olstel
(Maximum Temperature for technical reasons)© 7
| =3, oA dh-gA =8
2 HhESA 2" HsEdE oA &%), T

2717}

o~

= t)3)k I

=1

o)

R

HuE

il

9

¥ 9

oot

447t

5o (temperature levels)el] o}
AomH,

+ (criticality classes)> 91814 %7} ik

o|ZHE ol

Atk [29 2-5]0 4]

Z(process temperature), MTSR(Maximum Temperature of the Synthesis
A= HAdew, MTT
|4 27 o H==(h
A=

TMR,;7} 24X 3te] H= 2=5 ¢

A

Aot o

sl gtol

MTT

MTSR

MTSR

MTT
MTSR MTSR
1 T
1 2 3
[28 2-5] AMlLE[29] L

,23,
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O ZA|5=X| homopolymerization 20| HX QM H 7}

6) oA (safety barrier) 24 MTT ©]-&2 17

A= 55 37 4o HgH = Al ol 7]1E4 &8 (technical limit)&= 23 9
a5 gt FRY 85 Aa"d F £4(head loss)S F7HAZ A WHSE] T
fr(swelling) o)t} =4+ T&(Vapor tube)oll A 9] ¥ #H(flooding) 2] 7FaAle]l tpbd Ewlst +

|&ofof gt} §57]=(condenser)= A SR =& FUEE(vapor velocity)ol
AN Z2RE gEre xﬂ%z‘s}oq of 3t} o] voprt $F AlxEl(reflux system)S LubH el &

= AnE Wa7) ek SUAe) WA SAHES AAs o]} i,

1o,
il
N

DA WA Aol 7187 HEAE wgTle) Eeaa s AR Bgehs
2%7h @ Aotk o A9 AR £day] Aol wg7le] Aolw 7ol 5 4

,26,



6. ¥% UL} HRt

Hhg-7lel WS ol el 7sd 6719 A A2 senkE g e 44 9
A4 Brrsh gels =okErh 2 3 A dA= o] 7|x= &8 ola7}
HA Hx=5 dzd9 Avg s AAsts Aotk [ 2-6]eA At HAt
= A@AAA dHeolde AAe FWHES ko] 7hE E(severity) ot 7Hs A
(probability) & ##lslo] Aotd ZHolth + WA = AEs AaAT7] fg
Z ] (measures)®] “d7(design) ® HE-& w7 flste] AL TS AA=
ol

Determine
energy
potential

Low Medium or High
Severity ?

O ZA|=X| homopolymerization Et-&9| &

ikl
Ho

Process presents Assess Control Assess Probability
no thermal of Reaction: of Triggering
Hisks Accumulation Decomposition
(Tmlﬂad)
1-2 3-4 5

| Process is not critical |

| Process is critical |

‘ Process is critical ‘

!

|

l

| No measure required |

[28 2-6] Criticality

Technical

measures required

index& Alg¢H &

,27,
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ENES

ZH| 3 BE

1|

III.

FAI(MM ; MultiMax Reaction Calorimeter)
Zz

AG7re AA st wnk Ao Ao upE Hhg-e] g
MutiMax reactor system< 2292~ Mettler TolledoA}ol A
5 (23 3-1]ell YepuiSdTh o] Fx= 4719 7 ARl
2(reactor box)e} ILHHE AJ 28l QRS Al

Alzdll Fo FdEo] gt wh RE
100 ~ 1500 rpm 7}A] =3
) & SR(T)E 34
A AREFT oluf A7l <]
0 mlo|th. 471 ]
SHAl A

I g3e
CIESE e

n
o

&} calibration heaterel] <] 3}

[e)

gJomg Hk-g

- j_;) il
°]-§-3!

_~ Calkbration heater

Tr sansar
\‘\J

Reacior wall

kg
el
E =43
ste] A= o) 2 eh

Tj sensor —.

Heat axchangs area A

2k (MultiMax Reaction Calorimeter)

HESof
—o =

(28 3-1] =272
- 928 -



O ZA|5=X| homopolymerization 20| HX QM H 7}

Rkg7]o] FHE T Aol 40 go] RS o FAIGA 392 g& ATt
7o) gk & 9hE 5 100 T7HA &5 AAgth o] ZA4A]7} ¢hd 3]
218 & pitched paddle typee] wHF7]= 100, 300, 600 rpme] =2 wWHS AA]shH
FF A% 4-Methoxyphenol 0.6 g& WH&-7]o] Fste] ¢hds] =Qlvh vb&d Alks
& FHIHAGATY dusHAS T8H7] 91ete] Calibration heaters 2HsAl7]aL ¥H&-

Zmjel 24,6-Tris(dimethylaminomethyl)phenol(DMP30) 0.2 g
Aoz 33 £ £yt o] F A=A homopolymerization W32 Z A Th Hkg-o]
=

d F 28G9 Software® ol g3l WA 52 AU

fo Lo 2

o
—_
S
e

2. 755 HZFA (ARC ; Accelerating Rate Calorimeter)
1) 2dTH

ol ZXA]4=#] homopolymerization WF$-3Ao|x U= wF-3-(desired reaction)®] ©GA+
%% (adiabatic temperature rise)¥} RE-S A E] FalRkSol ol wEE-7]e] FEAtE
e A 9 Al AHgE THEEEEIFA(ARO)E HEIFAR d=9
THT(Thermal Hazard Technology)Atoll Al #l2tet 2174 %]
HEEEAFAARCO) = dE 2100 24 4 Mg S5 A
, A7 e 2=t A7 W xo] wE W3l self heating rate, TMR(Time
to Maximum Rate) & SAE & Atk A=7F FYE = bombo] &% 10 mie|w A
A2 Hastelloy, Titanium 5 ©hsie) 4v]e] dE == Heat-Wait-Seeke]™, 24 9]
detection sensitivity:= 0.01 C/min %3 0.02 C/minZ AHE3h 7F5E =9 24 (ARC) 9
AbFS <3 3-1>o] YERISIT dE G A A dojA = BE SHIES bombe E&
“d(thermal inertia)S RF8l7] 15ke] phi factors AR&-ske] WA Ao gt 4 (3-1)
7 2] (3-2)ell ©J3ke] phi factorst HERXEE TF F Utk

Ao
ekt

51

&= M C,pr + ]ll,azll' C/p,(’ell _ M‘ﬁll. C,,p.,cell (371)
M.-c, M.-c,
T; = T, + &-AT, (3-2)

,29,
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[a28 3-2] 7t HZAH (ARC, Accelerating Rate Calorimeter)

E 3-1> IS5 EBA(ARC) At

g
i

Spec.
2= He (0 ~ 600) °C
e He (0 ~ 200) bar
Sensitivity 0.002 °C/min exotherm onset detection
Adiabatic tracking 20 °C/min
Bomb £2F 10 ml
Control mode heat-wait-seek, ramping, isothermal

S EFEC] F4¥ bombE 7HEEEGHA(ARCO) N FEE & <E 3-2>9 7o
(100 ~ 450) C9o =99 Heat-Wait-Seek?] &HAR= 0.02 C/min® <A Detection
Sensitivity, 5 C¢] Heat step temperature® 7}F5:& = HA(ARC)S Adz1e AAs)

=
of 43S AAEih

,30,
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O ZA|=X| homopolymerization Bt-&9| G Q& H I}

o o

<E 3-2> IS A (ARC) AE=A

e y3 =
Bomb material Hastelloy (10 ml)
Temperature range (100 ~ 450) °C
Operation mode heat - wait - seek
Heat step temperature 5°C
Thermal detection sensitivity 0.02 °C/min
Wait time 10 min
sample mass 59

3. MAIFEAEEAI(DSC) A ESFEM7I(TGA)

v

JEAolgt Ee] &4 W (Physical parameter) S 59| a2 UehE 24 |
S5 dAsH WAl met Yehe E4 54 WHEE 248

th o] uj ofwl Eg|4 wWo WEEs B Aoyt wiel ofg 7px| W

% 2 <% 33> Zrh B 9¥AdE A= ARFAE ZFADSC) 9 @

AREEFo] o FA|4=%] homopolymerization WHSO 2 Aozl A Eo

<E 3-3> ¥x4 SHUYHe FF
=3 BEY 7N £kl
DTA(Differential thermal analysis) 2T Xt AT K
DSC(Differential scanning calorimeter) go= Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =2k g(%) g
TMA(Thermo mechanical analysis) Z0| AL(%) m

AMAFAILFADSCO) = AlRst =84 7IEeds §dF &% =] nel W3t

,31,
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O ZA|=X| homopolymerization Bt-&9| & 2|

AZIHA 258t AI7ke] FaA SA-E AR 7EELY 4% Ao|(Difference in
heat flow)& 43t dF&(Heat flow)> SFE(W; Watt)th B2 EmMW) 9= A
Hie douxE etk df5e Ao nEEE duxFoer bEw mw - st
mJE Yebdth [28 3-3]eA4 2 4 glko] deluvA= Alse] <=y (Enthalpy) ¥ 3}l

At Al57F AUAE Fetd AEy WskE &9 (Endothermic)o]™ A& W
shd 2 (Exothermic)o] 2} gl DSCE gy W stel #olo ofd] WA= = d4 A
of thal trokdt ARZE Al v, 44 a3 FelAol(Glass transition), 38R

o
3
w24 7E 3 22 294 HEEs 72 vk

=

=

=
<]

T.. = Extrapoclated onset temperature

T, = Onset Temperature

Tp = Peak temperature v Tp
)

Q = heat of reaction

Exothermic

=) Area Q

Heat flow

Endothermic
(EF)

Vil

Temerature / Time

[28 3-3] DSColl Ao 2ost AlRo| HFL oAl

2 AFARTFAA AR AAFAILFADSC)E 229129] METTLER TOLEDOAe
AalE (29 3]l dERdATh 2 AAFAAL FADSCO) = A =7 2
pan¥} EFEZEE AFEEE ¥ pano] £°7F= measure cell, sample pang A5 S 2 cell
o] F4al5= sample robot, (90 ~ 30) C¢ FTHAE 2= cooler= TAIEo] dTh
Measure cell®] AbS2 <3F 3-4>° YERNSATE

i nE?L

,32,



O ZA|=X| homopolymerization Bt-&9| & 2|

oot

447t

[O8 3-4] AIXIFAFLZAH (DSC, Differential Scanning Calorimeter)

<X 3-4> DSC measuring cell AF2F

& =2 Spec.
2z Ho (-50 ~ 700) °C
2 d29% + 02K
e s (0.02 ~ 300) K/min
Calorimetric resolution 0.04 uW

FEANTGA) = A4 S5 &
3]

MBS e Age] Auste A7
&E.oq FrEA SR A 2

F(vaporization)o|Y 7F~5 KA 5L

.
= 88hik-8-(Chemical reaction) % microbalancee] ¢J&] 47 o
e

Lo,
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p‘L
=,
o i
H ;EL

= St TGA o3 d7-2% 485 o] &3 Wslel wE Ax AL 37 T
o] E971stellA Hell Ass #EE F o, AR debgAd 2 A Edoly A
THAE sk B 24 HE TS & 4 Atk E3F Mass spectrometer(MS)2F 9174 ¥ o]
TGACNA 7h27F dhAslH MSE F% 0] o]L3td & Mass spectrume Za d#HS
At BAE ThAE RN & A

[e)
Az Aggu|z (29 3-5]d] YERAY. dFEE47(TGA)= Furnace(7FE2), A
& ABY 222 =A8 = 9 TGA sensor® 1749 24 moduled} (-28~150) €9
2Hs WS ZH= circulator, 3WE 7FAE AAWEASHE Mass spectrometer® 74 F o]

AL AR <F 3-5>3 7}
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(a) TGA (b) Mass spectrometer(Pfeiffer vacuum)
(08 3-5] ASFHEMT|(TGA, Thermo gravimetric analysis)

<E 3-5> FFEYII(TGA) At

g = At
25 Wel (A ~ 1,100) °C
er Malg + 025K
Mo =% ¢ <1g
Balance resolution 0.1 pg
Calorimetric resolution 0.5 mw
Sample volume 100 pl

o
°ﬂ i 4 <hgA ZZ/\P“ TR %%%%ﬂ](MlﬂﬁMaX Reaction
Yol A ol wkg =S AER ARSIt

NAFAIL FADSC) A3 A9 A587]= Stainless steel A2 2] high pressure
g3tom, Asg7]e] AIEE §e F sealing tools o] &3t HE3})

2 mgd AEE 5 T/mind ¢&&%E 50 ~ 500 T 2=m9leld 4 HAAd A3

skt

IS FEA7|(TGA) 29 49 A887]E Alumina(Aluminum oxide) A2<] 7§49
pang ARESHG oW, AFE70 7 mgol AR wol Al ¥ & AA #9171
A 5 C/min® $&E552 50 ~ 750 T 2= 9olr 4 oAy 2 AR 489S
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—— Heat Flow at 600 pm
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o 300 o
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b 200
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Time (min)
(38 4-1] WEHSE 600 romollA{e] AlZho| 2 A §%
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©
b
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o
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= 150 -
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0 20 40 60 80 100
Time (min)

[28 4-2] FFHL30 o[t Alztol e H37|9] 2= e (uEEE 600 rpm)
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(28] 4-2]0 4 & 4 9dZo] Zmel 246-Tris(dimethylaminomethyl)phenolE® £ %
WSS Aol H= WAL Bt oF 407 ool w78 REE W
of dANFT2E=(2F 186 ) oz Ao A= MTSRMaximum Temperature of
the Synthesis Reaction)§]l 286 Cell =93 & Q= o= Yelgrh ©gk whgA 4 &
202 A3 AA P{] diAos ke 2w

EE R £R7b 130 T BEa] Aol AzATL ool Aok Bk AL & &

o £A]9=4] homopolymerization W5 A &S $8te] WS- 7l o ZFA|4X](Diglycidyl
ether of bisphenol A), ok A el 4-Methoxyphenol, ZujQl
2,4,6-Tris(dimethylaminomethyl)phenol & A4 2] Aaknu|e} Axjo] uwpz} WkS-7]o] F
A3 T 9% 100 C, pitched paddle Feje] wk7]o] £&F 300 rpme] wHFEER A
A AdANE (29 4313 (29 4-4]e] JERdTE [2" 4-31e Sl
2,4,6-Tris(dimethylaminomethyl)phenol®] ¥ ¥ % A7t w2 & s F(heat flow)E

o), [18 4-2]% olF A=A homopolymerization ¥F3-2] o]AF @dnt-gof £
g 9hE719 WA o] wE g7 2% WEE 43S yebd 1ot

4-11914 & 4 9d5o] Zmel 24 ,6-Tris(dimethylaminomethyl)phenol7} 3 |
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ok

=5
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ol vebgE & 4 ATk Seiz Al HA ]| § 22 (kS AIRE o 22+2)0] At
Ao A ok 298 Wkge] ddtE&wE Uehyo] dE dhgoA e HudwEsna =3
=Aek AAAR Ao R B 9RAIA 10§91 7 A ZulEY Al A E
LFWgon JPsHes s & 5 Avk B wWERE 600 rpmell A9 W2 T
St WHEEe oF 372 J/go® SAHNOH, wgde T FAGT (AT, )= oF

F 9l%o] Zmel 246-Tris(dimethylaminomethyl)phenolE %

H
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(38 4-4] ZEFUL3of 2/ AlZhol| e HH37|9 2 FE(uEHE 300 rpm)
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GG (9F 186 C)o oz At o)A = MTSR(Maximum Temperature of the

Synthesis Reaction)?l 286 Coll =&t 4= = Aoz yehyt T3k 9hgA1z 3 1

A AA7A] AgEdoz uksl LA

WAEhE Ao® et §A% LSl

CT= ety [27 4-3]3% [29 4-4]9 ARERE ZFgos 3l
°

A7) %f‘fﬁ*ﬂt W3] EE R

a1l
At

100
= Heat flow at 100 pm
80 -
=)
2 a
3
2
L
® 40 -
(]
T
20 -
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Time (min)
[28 4-5] WHFESE 100 romollAM el AlZtol| 2 F R&
o % A]52] homopolymerization WHg- 28-S 9l5te] WS RS1 o FA]5A] (Diglycidyl
ether of bisphenol A), oL A1 4-Methoxyphenol, Zuj| 9]

Me
2,4,6-Tris(dimethylaminomethyl)phenolZ Al &4 2] Azn]e}l Axjo] upe} Wk-g-7]o] F
gt T 1g=% 100 C, pitched paddle Efe] 7)ol €&k 100 rpme] wREEE=Z 2
At A AxE (19 4-5] YepdSloh [27 4-3]2 S0l 2,4,6-Tris(dimethylamino
methyl)phenole] FRE 3 A|7te] w2 & 3E(heat flow)S YE 2807 Hojdw

SEE7F 52 Whgl = o Eaiks §lo] kAo ihgo] Idge & o v £
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Heat Flow (W/kg)

Max. heat release rate (VW/kg)

O ZA|=X| homopolymerization Et-&9| &

ikl

500
—— Heat flow at 600 rpm
—— Heat flow at 300 rpm

ot —— Heat flow at 100 rpm

300 +

200 -

100 4

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Time (min)
[28 4-6] WekSTol o8k AlZbol| Mg g /=5
500
--4@-. max. heat release rate
400 ®
300 | ’
"..'
200 ~
100 +
&
0 T T T T T T
0 100 200 300 400 500 600 700

Stirring velocity (rpm)

[28 4-7] metEzof mE HgUEST
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400
* Temperature at ARC with stiming
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[O8 4-9] 7FSK= LA bombel Alzto| mE 2= HaH(w HHAA)



O ZA|4=X| homopolymerization 89| &X (& dH
400 30
—— Temperature
350 - —— Pressure F 25
~ 300 1 - 20
) frey
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2 2501 15 £
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5 <14
= 200 - 10
150 - -5
100 ‘ T ‘ T ‘ 0
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Time (min)
AL A =
(38 4-10] 7IEE=L A bombe AlZhof mE 2= 2 e (Wb A)
|
( — s T : [ —
. f| Integral 112.80m)
war f normalized 51.981g”-1 Integral 166,26 ml
r Onset 34.20 °C normalized 76.621g~-1
| Peak  287.65°C Onset 386.15 °C
| Left Limit  253.46 °C Peak 420.89 °C
| Right Limit  327.04 °C Left Limit 386.15°C
| Right Limit  458.21°C
*| Step 45,4200 %
-45492mg
Residue  31.0461%
L 3,1095 mg
RO— [ Leftuimit 389037
01 13637 mg " Rk s MKk 1 Step 29,2096 %
Residue 76,3961 % I -2.9256 mg
76517 mg I.I‘ Residue  1.B870%
“ LeftLimit  38.27°C 1 0.1690 mg
i RightLimit 389.45°C = TTo==oToc Left Limit  444,61°C
Right Limit 797,59 °C
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Temperature (C)

(28 4-13] 7I&

O ZA|5=X| homopolymerization 20| HX QM H 7}
450
a0 O Phi corrected Terl'nperalure P L :
400
f a
320
—~ 360 f
O w /
g 320 /
2w //
D 230
=% /
E 20
@ f
= 20
4 //
200 .
180 /
160 //
140
o //
200 200 400 600 1000 1200 1400 1600 2000
Time (min)
[Z28 4-12] ARC bomb?Ql Alztol| wE 2=t 34 (Phi factor H&
300
Temperature
#  Temperature(Exotherm)
0 I I 1 I I
0 500 1000 1500 2000 2500 3000
Time (min)
ST HZA bombel AlzZbof w2 2T ¥t HaH(muk O|AAl)

,46,



¥ 9

oot

447t

0 ZA[#=X|] homopolymerization Bt 2|

Al£=X] homopolymerization 823 Ho| & QLW I}

3. 0| %

FHESol oigk Atays] =7](severity
a4 Aol o

of| A1 4=2] homopolymerization WHg-&4olA *

of runaway reaction)®} 7} 4d (probability of runaway reaction) 12|l

3 9% SH(criticality classes)S H7Vet7] $ate] S
itk o714 71ed A ok

temperature for technical reasons):= WH3-7]o] A x]¥

Has 22 o=
5§ =

(198 bar)oll =g wjo] 22 dAstlon 7t&EEmdago] Agdne] &%
bombe] WSS YERd [19 4-9]ol| A AFEsth =3 286 TS MTSRe] A8
B Be/RA % 253 TS 293822 TMR, _decomposition reactions 1A]7F o] 3}

Tous 286 Colstz A3t

23 HolHE <X 4-1>o Yy
HYE MTT(maximum
34 FHrupture disk) <]

<E 4-1> @5 Mdgrlo Qs X7

TE #

#HE3E 2% (O 100
CtEAS2 E desired reaction (°C) 186
CHE M-S 25 _decomposition reaction (°C) <50
MTSR_desired reaction (°C) 286
S Y= 2HAI=2E (°O) 253
TMR.g_desired reaction (hr) <1
TMR,q_decomposition reaction (hr) <1
Tp24_decomposition reaction (°C) <286
MTT (°C) 220

WA, o ZA|4=A] homopolymerization WF$-3-74 2]
WS Ao] A g
E 2-1>0 9l ddrse T}t

7]

of ojg EFukgel ue)a

reaction) &= <

BB Bawg whgo

,47,

HF-S-(desired reaction)©l A
upe} A3 4 9l ZFukSo] TE) A7) (severity of runaway
186 Colm & Mediumol sid=w, s

(severity of runaway reaction)+=



O ZA|=X| homopolymerization Bt 9| &=

J_I.
40
o

Sek27k 50 T olstolm® Lowel i@ ¥yt gl o3k 13

oo

o
AS] KX

Hir

g g o 3l

=

o FA]4A] homopolymerization W83 4¢] sk WH3-(desired reaction)ol] Al wyk<:5%=
Aoy Aufo] whzl wbgst 4= gle ZFukSol Wbl 7bsAl(probability of runaway
reaction)< <3 2-2>°| ]38} TMR.q desired reaction©] 1A]3F o]dle] =2 Highol 3
gew, me g APEe Eauksel o EFRkE BA 7he A (probability of
runaway reaction)= TMR.q decomposition reaction®] 147}t o]3d}o] =& Highell 3l
FE

o| FA]5 2]  homopolymerization HH&FASl  A¥E T (criticality  classes)
MTSR(286 T)o] MTT(220 C)¢} The_decoposition reaction(286 ColshE IRz 4
swoll dEe] led o] a4 HE dAR ERd

<E 2-1> EZHI29| AT TS| T7|olf tfst "It 7=

Simplified Extended AT (0 Order of magnitude

of Q'(kl/kg)
High Catastrophic > 400 > 800
Critical 200 - 400 400 - 800
Medium Medium 50 - 200 100 - 400
Low Negligible < 50 and no pressure < 100

<E 2-2> EFHZ9| Al Jtsdo oE got 7|&E

Simplified Extended TMR.q (hr)
High Frequent <1
Probable 1-38
Medium Occasional 8 -24
Low Seldom 24 - 50
Remote 50 - 100
Almost impossible > 100
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T
MTT MTT
MTSR MTSR
T Al A
MTT
L. LM
MTSR MTSR MTSR
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T S s S s i
Criticality
Class 1 2 3 4 5

[28 2-5] Azl 8= (Criticality) €&
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