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= IMoﬂonuﬂaATdﬂm (AN mﬂﬂﬂ
& B o R o = ok wowow
A TR R oo T Ak G e

5

ad, rx>
H

X,)el
o] tloly 2

(2-14)

=N

[€)

< (heat of reaction)

o

]—O

=]
gl

]

59 =% & (the degree of accumulation :
Ao

}

ot MTSR(Maximum Temperature of the Synthesis

[9]

o

MTSR=T,+ X, ATy,

Al 5 AdA

o}

o

Hlelg7F 48

1

)
R8N

Reaction)

o



A T(Id,m: % (2_15)

t
f q,dt
0

X t)~1-X,t)=1————— (2-16)

f q,dt
0
[e)

2 (2-16)A4 X, = 24 HF-&(thermal conversion), 1—X,,© @ F4&&

gt 1 w350 HAE(X,)S @ FA4E1-X,) 2N AL

il

HELE(T,, )5 FTNEoE Qato] AT = Qv A7E 458 5+ e
A Folt}. 22F Eaukg-2] E4 dlo]E = DSC, ARC, Calvet calorimeter 52 &4
FA Ao ot A& F Ut
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o

stability)e] <1 Al (critical)©ll

(thermal potential)©] 7}

e

(2-18)

(2-19)

MTSR= [ch]max

275+ W3 (desired reaction)®] EF+ 4wy w27}

o
X

MEER

)

(T)NX MTSRMA &

7] (industial reactor):

o
4 g

o]
H

£ 7%= Wk3(desired reaction)o] we] A&gE 5

m-5- @THLE 2-49] 573D,

(2-20) 2

| @¥E4 S (initial heat release rate)$} TMR,,(Time to

~
N

19
=

Maximum rate under adiabatic conditions) 7}

(2-20)



AE 61 MTSRAA A &8 E3urge 5= dvhy meErn?

MTSRY %+ ¥ g4 E By 082 24 yh&o] A2k 4= qtt,
Ao A k2 ol 9t 22 kg o2 st F7HH %?% O]Jé ot
22} Eafjuks-o] o8k dynamics)S Atare] 7}sA (probability) =
A3ks st} TMR ,(Time to Maximum rate under adiabatic cond1t1ons)«] 7N
W o] HAS e ARREo] Xtk

mlm
Zi
1
ofy
ko
2

TMR,, = p— (2-21)

4) ZFur2-9] ¥3] 7](Severity) 2} 7FsAd (Probability) [8—10]

oukA 0 2 98 (risk) S Abaly 3] 9] = 7] (severity)9F 7HsA (probability) 2]
wow Ao Huz A H7Hrisk assessment)E M= 7HsA T Haa
71¢] B7p7F B astt. ehkga Aol 44 Ade sAxd Az g &
FHESolg, a8 u g g vhg-a Aol ulsh Fuk-8-9] 3327 (severity) 9} &
A 7FsAd (probabilityol] thsk o]s] 7} 2 35}

= 11
ZFug0] 927 (severity) = HALERF(AT)E BEFo] <E 21>

—

7} o) H] A E= Y PR RN dE2Edee] 245 W

s Al BEE7]o] s SR WA 53] 200 K oo v AlS

o= WA Al §h37]9] 24 w5438 dojubr, 50 K o]l ©

d2=dsoles 7] Wl €4 F(thermal explosion) HAEHA] oo}

%a%/goﬂ o3t Y&lo] EA A F=vhA Alae] ]2 7](severity)= Wl
9



20 - 9194 B 9F 023} AP v A7

< 2-1> EFukge] Amslalel Aol o W} 71E
e epe Order of magnitude
A
Simplified Extended Taa (K) of Q' (kJ/kg)
High Catastrophic > 400 > 800
Critical 200 - 400 400 - 800
Medium Medium 50 - 200 100 - 400
Low Negligible < 50 and no pressure < 100
Z30E3-0] 75 A (probability) = Al AA Y (time-scale) 2 X HEH oA =
TMR,,(Time to Maximum rate under adiabatic conditions)®] 7§38 &3}

—_

<E 2-2>} o] Al A} Ei= o4l A9 AW BbEle] A% itk wep Wy
o WAs) ¥ 23 Helieom o1g vjS WE E7L Aoju] Hel F
1

=
ol WdzAE A o ok F51EE-9) 7 A (probability) = S

Mz o
tlo ot

Al 7o =~

Aolt}, dukd oz 4414 A7|(industrial scale)®] #stit-g-ollX TMR,, 7} 24

AIZE Boh AW 539E8-9] 7H5A (probability)2 Sohal @ 4= 9o 8AIZF B
pil

FFk-8-9] 7H5A (probability) =thal & 4= 9ok

<& 2-2> EFWS Ax Fsel BE B )F

Simplified Extended TMRaq (hr)
High Frequent <1
Probable 1-28
Medium Occasional 8- 24
Low Seldom 24 - 50
Remote 50 - 100

Almost impossible > 100
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5) 43 Aol that Y= (Criticality) H7H8—-10]

[29 25914 & MTSR 59 &% (temperature
levels)dll whe} RES-3-742] d4 g dol et 93 = (criticality) S H7He 4= 9l
om o]ZHYH oy FHH AUgLE ¥E F Ut T A3E w5
(criticality classes)> $18/d 7} ¥l
e =rEx 283 F gk [2" 2594 TE ¥ E(process
temperature), MTSR(Maximum Temperature of the Synthesis Reaction)2 4
243 A GRSl Yete] w7 mad A%, MTT
(Maximum Temperature for technical reasons)= 7]& 4 %74 of o3 FHjx
NA WA 2ol M= FeFlo] HaL, FH|A] whEA|Adlol A= b B
sHdyel AdAgtEor  whEA|AHY HusEstHel e 2E), =
TMR,7} 24X 3k0] 5l 2%E on|dit)

T
MTT
MTSR MTSR
Tz PN PN
MTT
----------- MTT
MTSR MTSR MTSR
it
T, ; 1 ’
Criticality
Class 1 2 B 4 5
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kaxe)

2)

1 (Criticality class 1)

1)

&]-8-X] (technical limit,

Y Z}Hevaporative cooling)©]

=]
=

o

=

i, MTSRo| Ty, ©
At 2 A

PN
T

o1
1>}
S50 9 =% (heat accumulation)

=
=

F

=]
RIS

o},

AAhA MTTo thok

7}A o] obd H (safety barrier) ]

o

MTSR < MTT)o] T34
T

}

(e}
p

Plo

TR
oF

o)
el

sk
=2

ol
=

=
-

5 2 (Criticality class 2)

p=1
[}

(2) Y3%

314

g

X (MTSR < MTT)o|

oo

& Utk MTT7V Ty Rt =

a2 MTTe =238HA Ht} o] A MTTNA

°©

o] &A

i, MTSR < Ty, °l

o

|

°
psl

e,

HAl =]

°©

A(MTSR > MTD| =%
SHAl =Tk

)

o ¢j&

3 (Criticality class 3)

U MTSR < T, 0|22



O A WA 22 SEYLE AR Y ke AR SheE Aotk S Al
e xR e BAow druolof dtal FRPE Al Aok H[ZEA] 4
7155 7HAoF il wel WzhA| <8l (backup cooling system), WH3-Eo]
(dumping) H+ #W(quenching) = AHES 4= Qlth 2 tiilel] b esdA &

= 7]

AREEE 9 o] AL 24 EE(two phase flow) o2 AA7} Fojxjof sl
=]

o
heE TEs J3k7] 9Asto] Catch PotE AA|8lefoF Fhtt.

(4) Y998 53 4 (Criticality class 4)
g3 Ao A & 7)e4 SEX(MTSR > MTT)| =237 ¥
3 MTSR > Ty O B2 o2& o7 Hajutd-o ke 4= qlt}, o|A}3lof| A &

2
el b MTTONAM 2 SWE& st walitgoll o] =&z oEa7

- =
AN e 71ed 227 7Y oA e Y 5F

o 32 A
A A g F7HA 0= 24F Faljutgol tek EWESEE agstolof gtk

5 (Criticality class 5)
o] A3 F MTSR > Tpyol B2 23 Bajuhge Zurg
AolaL, 22 wafukg- kel 7|2 380 mdstA k. o] B MTTl
AEEE7t vlg =ol AAYE S critical pressure
increase) & 714 7] wjitel Sy ztolud FHEUEAA T b o7 AHES
A oo = APl wg =k
A x 55 59 WSFAHAME= Q7%= W3- (desired reaction) @} 23} -3
o= 2 tx] FY(quenching)olHt © 3 (dumping)S

o
AR gl RS S-S =8 olUAE WEshy] wiiel bdxA] 9



AA A 53 Fo 8 7]z olok At FukSol et v s A7 (severity)H 7}
54 (probability)& &°]7] #iake] teh4]
process)s 1H T T2 vk tibHdl sAAARE v HeE] SAEE =
ol7] f1al wkajEA Al A3}, A A whEEA FAHoRe WA, T

)
o] ZH~(reduce the concentration), 148 (continuous) &-=2] W7 o] St}

rg
L 011]
ol
=
X
[
§
° £
3
&
2
Q
=]
=3
5
@)

(6) e (safety barrier) ©.2A1 MTT ©]-8<] 117
ARE T 3% 4o 3E = AlugellA 714 3-8 (technical limit)+
Sag q3s gt SR B A2l F £ (head loss) S F7HAIE ¢
= 2o I G(swelling)o)tt 29 FHvapor tube)ollA12] ¥ 2 (flooding) 2]

7FsAo] gt Ews Fol2 7900k shth 22 7]=(condenser)E AT A o

2 =& & E(vapor velocity)oll Al S8t S3S AFstoof sttt ¢ Lo}
7} 35 Alz="l(reflux system)2 LWHAQ] RE A5 F)5l7] fJste] S
Wb A - H w25 A s o]of gt

Lo A WA =Bl A 7]&A 382 Hhe-7] 9] o= Shela ~Elo] A9
o EdshE 2571 d Flolth o A5 At =datr] ol w719 A
o] & Z§to]l 7Fe & Zlolth o] Ao AT F e XA FheS ¢stA|A
T Ut

AhS71e] WA ol ta) 7ed 6709 MY A sehtsagel 24 9
4 "ok gele =okerh 2 A HA Gl "o VxR 285 AL ol
7b A Hms WA Aue] s dAsks Aolth [17 2-6]00AM Altd A
A= Abare] v)8) =27 (severity)9F 7HsAd (probability) & -2]8ke] F A2 S
& aste] Ak Aotk F WA dA= Ade A7 A% 24
(measures)®] A 7A|(design)¢t HEol Ews & 7 A=s AP oHs 274



WEAEA Y o)]BH uF - 25
Determine
energy
potential
Low Medium or High
Severity 7
Process presenis Assess Control Assess Probability
no thermal of Hﬂactlﬂ_n: of Trigge”ng
isks Accurnulation Decomposition
i (MTSR) (TMR,.4)
1-2 5
| Process is not critical | | Process i's critical | ‘ Process is critical |
| No measure required | Technical | Hedesigr; process I
measures reguired
[719] 2—-6] Criticality index® AMH&-¢F G4 @A 7F A4}
st Aolth
T3 AAEE neste] 44 RIS AAHo|a AAAY dAE [
2-7]el Attt Rbe-=d e dF H8Ae Bl ok sk Aol e A%
L 9k Fol] o= vhg-Eol thEk DSCHA RN E 45 5 Atk =
A9 A AL Hrh u) WgBAY ABo] gadA Wik B Gen
0] 50 K Bk & 45 ouix] selio] Fash4 gom were] e gl
ok e E=E oy HEldS v, 3to] 13f wh-g-ou} o]} jhg-of A 12k
SHEA)E otok Fhuk whel 1 wulde] Ysk WA Ng)el A ATk o



Estimation

Determination

Determination

of MTSR
assuming 100%

accumulation

Estimale
Tpzs 8 Tpg

:

Estimate TMR, at MTSR |

Consequences
acceptable?

e
p

Determination of
MTSR with true
accumulation

v

Determination of
decomposition
kinetics: Tppy & Tpg

Calculate TMR,; at MTSR

v

:I Build scenario
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o
o
N
~
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t}. TMRad(Time to Maximum Rate at adiabatic condition)
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%242 (Dynamic  mode),
(Adiabatic mode), Isoperibolic ¥2]e] Ut} [(17 3-7] Ao =
Aol w2 Az} Folo LEWslE YE 9o < 2-3>2 2

%] (Heat balance) A& Wil whz}

A el A =74 #(Ideal heat accumulation)S ®F 3

(o= ]

gg-Rof o uet dHEA e FH/HE YERA ol
T (a) . T (b)
L
i
2
7
...... //‘/
t L 1
T (c) . T {d)
{
/
/ N
/ P
s |"f \\
.
f/ I ' ................. a“‘““'—-—-——m
- t 1
1% 2-8] AL LAl WA 1
(a) 542 (b) 292 (o) 9¥q324]  (d) Isoperibolic

2FAE =5
ez}
=

Isoperibolic(F=9 ¢ 2%=7F dA4stA %) E=A7F Atk
B0l daA= t& =49 32 (Control mode) & AF&-3tth &

1] (Isothermal  mode),

Ao
SRR
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A
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T
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I 9gA3de o84 1% - 29
o). LA ARe) LR7} Folnl LxwdA AAdon W &
- o -
LA ge erdgolqe Age] A4 Ak i ANE AL 5 i 5
4 Agbo] gtk Aol Qi whe] Awd AH A% Bk 7wo] e,
B e AR eEE AR 9% A% Adzny tehi 3 Az
A% A oJsto] MASE e VR W g AR A FHo] H
o S b?
of Aol R AFAI H) GARAe 94 EF Ans 440w 3
e [e)
M Qe el g oz e AntEs Bule] d&8e w
337] $15he] Phi factor® AH§ste] 145} Aok v Tsoperibolic W4 F
g9 ert QY FA5 T AR LEsb Waks LRAle] el
<E 2-3> APUANA AgEE AR FF
Method Measuring principles  Application range Sample Temperature  Sensitivity
size range W kg'®
DSC differential  Differential, ideal flux, Screening, secondary 1-50mg —50 +500°C  (2)"-10
scanning or isoperibolic reactions
calorimetry
Calvet Differential, ideal flux ~ Main and secondary 0.5-3g 30 & 300°C 0.1
reactions
ARC accelerat- Ideal accumulation Secondary reactions  0.5-3g 30 & 400°C 0.5
ing rate
calorimeter
SEDEX sensitive  Isoperibolic, adiabatic ~ Secondary reactions, 2-100g 0-400°C 0.5¢
detector of storage stability
exothermal
processes
RADEX Isoperibolic Screening, secondary 1.5-3g 20-400°C 1
reactions
SIKAREX Ideal accumulatipon,  Secondary reactions  5-50g 20-400°C 0.25
isoperibolic
RC reaction Ideal Aux Main reactions 300-2000g —402a250°C 1.0
calorimeter
TAM thermal Differential, ideal lux  Secondary reactions, 0.5-3g 30 a150°C 0.01
activity storage stability
monitor
Dewar Ideal accumulation Main reactions and 100-1000g 304 250°C d

thermal stability

a) Typical values.

b) Most recent instruments under optimal conditions.

c) Depends on cell used.

d) Depends on volume and Dewar quality.
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1. CHETAH == 24

= ASTM®] CHETAH(Chemical Thermodynamic and Hazard Evaluation)

ZRIPe £EA EFRA L B3NS #ad 999E S Ah

SR 1A vk st s A5 ¢ s 2RO o] =

2O oS AN SEEd PR BRI Y FEel OF
7}k Wl<=" (Benson’s method group additivity)”ol ¢]&te] AitE o] R} [
¥ 3-1]2 wW&H(Benson's method)oll tsk | AlE Rl 1l oft).

Aform Benson Conftribution to

Group AH(g), kcal/mol
1 NHZ-(C) 4.80 s 4/ e
2 CHZ - (N C) —-6.60 -
3 CHZ — (2C) —4.93 \ l OH
4 CHCI — (2C) —14.80 HzN =
5 CH - (0, 2C) =720
6 OH-(C) -37.88 / T £ \
7 CH3-(C) —-10.08 1 : 5

lTotal: —76.69

[19] 3—1] 15& 7] W< (Benson's Method of Group Additivity) <A

CHETAH Zzasiow d&d gl S4ze TAden Qe o
2o
0

984 EAZH(Thermodynamic Chemistry)



heat of reaction)

—~ o~

<
2 (heat of combustion)
- H¥44=(equilibrium constants)
E} &4 EAZk(misc. thermodynamic properties)
Y 3 7HEnergy Release Evaluation)
- 3}etEA o] “Z Y Adk(tendency for a material to "explode”
A

(] A4 segke] of|=(Predicts Lower Flammable Limit)

1) 493 o] E(Thermodynamic Table)[11]

CHETAH Z 21312 M (liquid phase) Aol thst 98t4 dlo]El & A&
3h7] 9lske] 3797) B3 W= 15 (Benson Group)ol sk Eﬂ ol Wlo] A E 7}H
AL T HAdel gk il
molecule)®] A4 SRS dA5sh=tl AREHA X A4k WlE a5
7 EE 3| S Aol gk g4 doly A¥
S AgetA] vt [19 3-2]% CHETAH X210 A Alggh 92g<l
ogbZel ek et dHolHE RojF= adolt) [19 3-2]dM & 5 A%
o] oetZ9o] dEw(heat of capacity), JEZI(entropy). 2=l A](Gibbs

energy), 44 <4 (heat of formatlon) H A= (equilibrium constant) 5ol 3k
dH3H4 dlolHE A&

(f
I
iz i
flo
M

>

= AN {718 A (pure liquid organic

T 1o
£
>
Ll
o
a=)
i&
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Temperature fange

ASTM CHETAH 9.0

COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND ENERGY APPRAISAL PROGRAM

PURE COMPOUND THERMOCHEMISTRY

Compound Name : Molecule 1
Formula : C2H8O
Molecular Weight : 46.06%

Standard State Pressure = 1 atm and Enthalpy Reference Temperature = 25.000C

Temp cp s gef Ht-HZ98 delHf delGf logkf
c cal/(mol-C) cal/(mol-C) cal/(mel-€) keal/mol keal/mel keal/mel
25.00 27.398 38.171 38.171 0.000 65676 -41.047 30.088 |

COther temperatures cannot be done because of missing data

Literature References
1 E.S. Domalski and E.D. Hearing, J. Phys. Chem. Ref. Data, 22(4). 816-829, 1993,

Contributing Details :-
Descriprion Count ceiHf hoal/ma]
i -1L.374
8553
45742

[713] 3—2] CHETAHOIA #|&% ol gt2of of

&
e
12
)
i)

HlelE




CHETAH ZZ13& 31.44HSolid phase) &2kl tjgt 48t dlo]g| & A
371 flske] 30670 LAY Wi 25 (Benson Group)dll digh do|HHo]~E
ZEA A Qdoh Al digh WE 1FS & LAY f71E A pure liquid
organic molecule)®] @94 EA7LS d|Sett] AFSS XL Al A

= pu
&g B mE A WE 2FRe EFE AFEA] g ooty b

SN

m

&y

O
ol Az FHANA HGetA &t} [1¥ 3-3]2 CHETAH ZZ13oA AF
sk A ofa ol = tist dH5HA dHlo|HE R agolt)h [119
3-3lollA & 4 9lko] ofadoln =9 d8F(heat of capacity)Z} A3 E(heat

of formation) ¢l et @44 dlo|]HE & + 3

T3 CHETAH 232 589 87559 W& 150 tigh glojg o] »~E
ZHA AL ek [29 3-4l= dAt & H(HCI in 1000 H20)9 ot
HE BT adolth [29 344 & = %ol d4F 48 H(HCl in 1000
H20)ol| W3t €82 (heat of capacity)® A4 A (heat of formation) 5o 3k &
A4 dHolHE 48 + Utk

oEﬂ Q 3 tﬂ o]
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ASTM CHETAH 9.0
COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND ENERGY APPRAISAL PROGRAM

PURE COMPOUND THERMOCHEMISTRY

Compound Name : Molecule 1
Formula : C3HSNO
Molecular Weight : 71.079

Standard State Pressure = 1atm and Enthalpy Reference Temperature = 25.000C
Temp Cp S gef Ht-H298 delHf delGf logkf
c cal/(mol-C) cal/(mol-C) cal/(mol-C) keal/mal keal/mal keal/mol
25.00 3.816 0.000 -65.660
(Full Therm odynamic Table cannot be done because of missing Ent ropy Data)

COther temperatures cannot be done because of missing data

Literatura Referances
1 E.S. Domalski and E.D. Hearing. T. Phys. Chem. Ref_Data. 22(4). 816-829. 1993

Contributing betails : -
5 [calimal- K] ZelHf Tkoal/mal]
4300 -4
-aa521
6577 1868

5350

Notes abou

s
)
-

2

[ 3—-3] CHETAHOIA A& ol Holu=o] tjjst



¥ Show Supporting Betnid

Temperanre Ronge
Compound

1| Malecule 2 = [= lc

[« -t

ASTM CHETAH 9.0
COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND ENERGY APPRAISAL PROGRAM

AQUEOQUS SPECIES THERMOCHEMISTRY
Compound Name : Molecule 2
Formula : CIH
Molecular Weight : 36.461

Standard State Pressure = 1 afm ond Enthdpy Reference Temperature = 25.000C

Temp Cp S gef Ht-H298 de Hf delef logKf ‘
c cal/(mol-C) cal/(mol-C) cal/(mol-C) keal/mal keal/mol keal/mal

25.00 8.017 0.000 -39.832

40,00 8.021 0120 -30.525 ‘

(Full Thermodynamic Table cannot be done because of missing Enfropy Data)

Literaturs Reforences

1 D.b: Waogman, W.H. Evans, V.B. Parker. RH: Schumm, T. Halow. 5.M. Bailey, 1. Churney, and R L. Nuttall,
The NBS Tables of Chemical and Thermodynomic Properties, Journal o T Physical Chemical Reference
Data. Vol 11, 1982, Supplement No. 2.

Contributing Details :-

Eoums S [caldmal-K delHf [keal/md]

HELin 1000 -H20 1 -38.832

Nates abouT Date for this Compo

2 ertrapy

Cpat 1000 Kaissing for

[713 3—4] CHETAHOA #A|l&ad G4k 8o gt ddst4 glo]H



36-- Wg AWy B AT oes APue Hw A

2) A4 (heat of combustion) AXH11]

CHETAH Z2a9& F7]& %0 & oF 707) 9a=2A 744 3%
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ASTM CHETAH 9.0
COMMI EE E-27 CHEMICAL THERMODYMNAMIC AND ENERGY APPRAISAL PROGRAM

COMBUSTION HEAT
Compound Name : Molecule 1
Formula : C6H&60

Molecular Weight : 94.113

Amount : 1 Mole(s)

Heat of Formation at 25 € : -23.030

keal/mol
Fuel Value (Net Heat of Combustion):
Mass Basis Mole Basis
-7.504 keal/g 714670 keal/mol
-31.772 kT/g -2990.179 kJ/mol

-13668.734 Bfu/lb

Combustion Products (Cheosen for Fuel Value and Net Heat of Combustion):

Moles State  Species
6.000 gas co2 Carbondioxide
2.000 gas Hzo Water Tdeal Gas

Groups Present in This Compound: -

Bescription

Casnt
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ol ]
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Molecular Structure

Motecule 1 (C6H5NOZ)
MW:123. Sym2 Optd
Group Name | Count Group Name | couat| Group Name | count Grotp Name | Count
} |

IS

CEHBNO2 Nrtrobenzene| 1 e : i

3
4
i
B
o
= J¥ Show Supperting Details
B
Mixture Compasition
4

#| compound | Formula | Mol W | Moles | #of Peroxide Bonds
1| Moleculet  [carisNoz| 123112 0

ENERGY RELEASE EVALUATION

Compound Name : Molecule 1

Formula : C&HSNO2

Molecular Weight : 123.111

Amount : 1 Mole(s)

Heat of Formation at 25 € : 16.500 keal/mal

Hazard Classification Section:

Primary Results:

Criterion Value Units Hazard
Clazsification(#1)
Maximum heat of decomposition (#2) -1109  keal/g HIGH
Over-all Energy Release Potential -0.298 HIGH
Net Plosive Density(#4) Cannot be determined
Adiabatic Decomposition Temp(#5) 254815 Kelvin MEDTIUM

Secondary Results:
The fellowing criteria are parameters of the over-all ERE caleulation and serve to enhance the fit for particular clisses
of compounds, but are not generally useful for hazard analysis out of context:

Critarion Valus Units Hazard Classification(#1)
Fuel Value - Heat of Decom position 4782 keal/g MEDIUM
Oxygen Balance(#3) -162.449 g 02/100g MEDIUM
CHETAH ERE Criterion 4 108.203 keal* /gmole gm MEDIUM
Total Mumb er of Peroxide Bonds 0.000

[2% 3—6] CHETAHe &3 UE=wAS] oyx] W= 7} 23
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Group Name
H2045 Sulfuric acid | 1

Molecular Structuze

Molecule 2 (HNaO) Molecule 3 (H20)
MW:399 Sym1 Opt0 MW-180 Sym1 Opt0

Group Name | Count| Group Name | Count

H20 liquid water [ 1| Ne2oss Sodium sulfate| 1|

1

2B che

AHNOLH%WN"V»‘

El ent
Gas Mol

rh by
Formulo @ Naw

=.,8 X

[ Show Supporting Details

Reaction Description

Temperature Range

Compound | Formula | ol w Moles | Classification
Molecule 1 H2045 [ 98.07948 R

Malzculz 2 HNoG | 399711 | 20 Reactamt

Molecule 3 H20 | 18.01528

Molecule 4 | Na2045 | 142.0431 Product

Calculate

ASTM CHETAH 9.0

COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND ENERGY APPRAISAL PROGRAM

REACTION THERMOCHEMISTRY

Reaction:
H204S (g) + 2HNeO (¢} ----> 2H20 (aq) + Na204S (c)
Temp delHrxn delGrxn logkK delCp delSrxn
< keal/mol keal/mol cal/(mel-C) cal/(mel-C)
26,00 -86.550 -77.382 b6.722 20,098 -30.750
40.00 -B6.251 -76.928 53.688 19.699 -29.772
Reactant(s):

Compound Name Molecule 1

Formula: H2045 Amount: 1 Mole(s)

Molecular Weight S98.079 State Sas

Syrmetry 3 Optica Isomers: Q

MNuniber:

Group(s) Present:

Dieseription Count
H2045 Sulfuric 1
acid

Campound Name: Molecule 2

Formula HhaC Amount 2 Mole(s)

Molecular Weight 30.097 State Crystal

Symmetry Number: NA Optica Tsomers:  N/A

Group(s) Present:

[2¢ 3—7] CHETAHe] 98t M ER vk H7F 23
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(LFL), 34455000, 24 300 AMD) 52 A58 4 2ok, 943

3l 7|+ Britton’s method®} Bothwell’s methodS &-&3te] o =3t} [ ]
2 CHETAHC 2 233} w=UHEre] ALAS oS3k 1go|t)

ﬂ’ ile  Caleulations

Molecular Structuze
Molecule 3

o

+
7
+
+
+
75
+

1
N-butyl acrylate

ASTM CHETAH 9.0
COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND ENERGY APPRAISAL PROGRAM

FLAMMABILITY PREDICTIONS

Lower Flammability Predictions by Britten's Methed at 298K

Chemical Loc LLFT T-Max Su LMIE
Fdiine Formula MW Moles LFL (mole %) (mole %) ) ® fem/s) f"‘fﬂ (m7)
Molecule 1 C3H8 44 1 1.93 2.66 1452 2284 43.87 18 0.241
Molecule 2 C4HI0 b8 1 148 9.65 1462 2286 43.92 18 0.24
Mixture N.A, 51 e L&8 9.66 N.A, N.A N.A. N.A NA

Details related to Britton's Method caleulation

" -delHe -K2
Chemical Name Formuia mw Males s (keal/mola keal/mole
Molecule 1 C3H8 44 i 85 488.34 97.67
Molecule 2 CAH10 58 1 6.5 635.17 97.72

Lower Flammability Predictions by Bothwell's Method at 298K

Chemical Name Formula MW Moles Temp mi':'%
Molecule 1 C3H8 44 1 298K 22
Molecule 2 C4H1D 58 1 298K 169

Mixture N.A. 61 2 298K .91

[71% 3-8] CHETAH®| ©]8t T 23w} wakieko] ol A
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¥ File  Ediy

Towes Misturs and name the m

el
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HORN TRICHLSRIDE

HORON TRISERIE
BIBORAE
TN
HILM

§

Pl

%z Compatible
hazardous reactivity issues expected.

CARKON DIONTDE.
CHLARINE
[CHLORIPENTALLORG

jBORON TRICHLORIDE

afo]|1]| |eomon TRIFLLORIDE

rdous reactivity issues are expected.

B M OT R FLUOROMET]
HARE

_@:‘- Caution
vy be hazardous under certsin conditions.

Self-Reactive
Potentially Self-Reactive (e.g., polymerizable)
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RMT(Reactivity Management Tool) Z= 181> "= CCPSOIA TR 3}
Stede flste] sehedat ddE AP Hrkl 282 ¢ =

TR otk RMT 22 a3ef shetaadel tigh dlojej Mol == CRW 22
o) dolE o] AE ARE-SkaL Sl

RMT ZE3le % $79 we84 37t Agsoldn. 1 Ax 4%,
H

ot

&, 7] 34 ol AR & e T ogEEd 1he] ukeEA s Eeld
ATt o]= CRW Z213e] vh3- g 7ol 54t 495 A& & Aty &=
02 s gehibsady T T EFNES 5o Ao Alue] Lo
SIS S 4= gtk RMT T2 S o]&-3te] gshi3-F
gol vk M-S Hrtely] YalE 71 A vked v d 5o doEtE b
olE{7} Hadhy Alug] Qo] e 2% 2 kol thak w39 g HrlE 96
AE WEEA AE7E Zrt o)t ghahihg Aba AlyE o= 77 3
o7 wREo 2gHo] Ak Ata AV e F3 7= frEElE &4 (Loss

of utilities), &4 Z7H ©]&(Process variation or upset), ©|UA]

(Energy input variation), 7] A4 “d3(Mechanical Failure), ¢]=3}4] 252

ok

il

ol &
rood o

(Inadvertent mixing), &% ol 2](Human error), 7]E} $4%FS-(side reaction) E=+

£-3]9H-3-(decomposition reaction) AYE] Q2 FEE T

[Z29 3-10]= RMT 22139 Flow Chart® HoF+= 9oty [1d9
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Start protocol
14 1B

Limit scope to something less

Enter name of process and

than an entire production site

facility and date of evaluation

iC
Enter names of avaluation

team members

_aboratory
scale facility?

1E

Fellowing this protocol may
resultin overly conservative
results for your facility

No

End protocol

Continue
with protocol?

1G N

List all chemicals used o
stored in process 'storage area

1H ¥

Enter all chemicals
into software tool

All chemicals
in database?

Detarmine reactivity groups and
enter custom chem'cal(s)

E—

Consultation with a chemist
and/or chemical reactivity
tesling may need to be
periomed for mixtures with
these chemicals

Yes
Enter DOT Codes

document these

1P

L

Manually

CONCEmS

™

Yes i Mo
Warehousing N
only?
1N
Review Yas
remander of
e
No Output warehouse

segregation decument

[1¥] 3—10] RMT 2Z=Z7139] Flow Chart

Evaluate pure~compeonent
reactivity hazards

1Q v

Evaluate chemical
interaction hazards

" v

Develop chemical reactivity
scenarios

15 ¢

Evaluate heat release and
gas generation hazards

Print reactivity
evaluation documant

Develop chemical reactivity
management system for al|
scenarios of concern

End protocal




The Imparance of Limiting the Scape of Each Eval 1o S hing Less Than an Entire Production Site
The reactty hazard evaluabon protocal will best be applied to one chermical process or unit ata ime, A to apgply it i an enti duckon sibe will lly be too
For il npany narmed C i s 8 production facility that inciudes a warehouse and process units making sthylene. chiorine, and viny
for the warehouse.

Credte Procass

FProcess Neme:

Facity Name:

Evahastion Date: Wiee 9§ 1Y =EW @

._ Do Frcess | [ loedProcess | | Save I Clasr | [ Cancel | Closa: |

P2

Labaratory Scal Facility - tab can not be accessed
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Fire Scenario 1500KyKg ussd to
represent compigte combustion, The safety of this scenario can not | The information entered for the
assumed cp=2, used 10X rule of thumb ke determined based on pressure analysis of ths scenane
to delerming Pmax. NWAPx2.5 Ihermodynamics, a knstic indicates that this scenan has &
Inartion gas interrupted causing  |pressure of concern. Presaurs evaluation or other evaluation i@ |low probabiity of causing a major
Loss of Uity losz of inertion in Blender. Static |analysis assumes no decomp - required. Seek addtional guidance |chemical reactivity incident See
UTL-01  |Scenario Completed [1500  [ignites Benzaidehyde vapors  |improbable 750 20 10 200 |17 770 |for ths reaction. help quide.
Water reacts with vessel contents, The safety of this scanang can not | The safety of this scenano can not
a2 and heat evolved, Heat of reaction be determined based on be determined based on
very high - expect 2pontanious igniicn thermodynamics, 8 kinetic thermadynamics, 4 kinefic
Process Overfil causss siress in of & and or Na20452. S000KKg gvaluation or ofher evaluation s [evaluation or ofher evaluation s
Varfation Intensifier bar bearings causing a |chosen fo represent large heat of reguired. Seek addtional quidance |required. Seek additional guidance
VARJ! |Seenarie Completed [972 coolant leak, reaction 488 20 e 200 |7 508 |forths reaction for this reaction.
Tha safety of this scanario can not | The 2afaty of this scanario can net
be determined bazed on be determined based on
thermodynamics, 8 kinetic thermodynamics, a kinetic
Energy nput evaluation or other valuation is  |evaluation or other evaluation &
\Variation Jacket atem valve leak causes required. Sesk addiional guidance |required, Sesk additional guidance
ERG-01  |Scenario Completed [872 jacket o excesd setpoint a3sume complsts failure to ~130C 486 20 175 00 17 506 |forthis reaction. for this reaction.
The safety of this scenano can not |The safsty of this scenano can not
b determined based on be determned based on
Bearing faiure leads fo localized thermodynamics, a kinetic thermodynamics, 4 kinetic
Wechanical overheating, Self-sustaining evaluation or other evaluation is | evaluation or other evaluation &
Faiure decompostion initiated that required. Seek additional guidance |required. Seek addtional guidance
MEC-01 |Scenarie Completed [872 spreads to entirs baich 458 20 175 200 |17 506 |for this reaction. for this reaction
1t determing best courae of action. The safety of thiz scenaric can not [The safety of this scenario can not
Close manway or sometiing else What be determined based on bz determined bassd on
Fire suppression system are the consequences of disabling fire thermedynamics, a kingtic thermodynamics, 4 kinetic
Inadvertent activated by event not connected |protection during charging® lgnors evaluation or otherevalution s |evaluation or other evaluation is
Miking with proceas during a charging | Pressure bacause requires venting calc regquired, Seek addtional guidance |required. Seek additional guidance
MIX-01 _ |Scenario Compleled {5000 |operation not done 2500 20 0 200 17 2520 | for this reaction. for this reaction.
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Heat flow [Wikg)

Max heat release rate (Wikag)

i wl
feed time 30 min Ny . <
7 feod time 60 min 5 S ot :
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Heat flow (Wikg)

Mai, heat release rate (Wikag)

feed time 30 min

feed time B0 min
e = feed tirma S0 min
feed time 120 min
feed time 150 min
feed time 180 min
feed time 210 min
feed time 240 min

150 200 280 300

Max thermal accumulation (%)
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Thermal accumulation (%)
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Heat flow (Wikg)

Max_ heat release rate (Wikg)

feed time 30 min
feed time &0 min
faed tirme 90 min
fzed time 120 min
feed fime 150 min
feed fime 180 min
feed fime 210 min
feed firme 240 min

Tirne {(min)
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B max heat release rate
160 < & max. thermal accumetation
140 4
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€0 4 5
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Feed time (min)
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Max_ thermal accumulation (%)

fead time 30 min
fead time B0 min
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Thermal accumulation (%)
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Heat fiow (Wikg)

Mex. heat release rate (Wikg)

— foed e 30 min
fewd tirne BO min
fewd tma 90 min
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ASTM CHETAH 9.0
COMMITTEE E-27 CHEMICAL THERMODYNAMIC AND EMERGY APPRAISAL PROGRAM

REACTION THERMOCHEMISTRY

Reaction:
C6H1003 (g) + C4H100 (g) ----> CTH1402 (g) + C3HLO2Z (g)
Temp delHrxn delGran logk delCp delSrxn
c keal/mol keal/mol cal/{mol-C) cal/(mol-C)

70.00 -18.767 -16.661 10.611 2.333 -6.137
80.00 -18.744 -16.600 10.273 2212 -6.071
90.00 -18.722 -16.539 0.954 2.088 -6.011
100.00 -18.702 -16.479 9.652 1.967 -5.956

ey — - T o

> HE=2d = o 380 kJ/kg H| Y = 2.2 calfmol-C

[718) 4—9] CHETAH 21308 o]&3l u-2-9]8 A

o,

7 Az



64 029194 WS 91d ol Auyel v A7

izl Timw Mixticw and marme by cirks Fa i your e et Drect clickc

Mixture Manager Esarch. Cligi tha chamical's 1ok Al o Mintiera. R

cast for ath.
chamicals. than dliek View ch--q rg- " hmutr‘h ifily suinmary. Cliek 'H-Ib to o mare.

(x[imie] ',";'[: = i LA 77;3 TEH i m

Chamacal Namea () DOT Label Formasla
ATER ??32 :s—s l H20 |
Gensral Descrpbon Reattve Groupls] Reach svmm 5 (= -- e .= =od te rimtiral
A ciear, nontaxic liguid composed of = Fmrmn =] MFPA R S
wdregen and axygen, | Far life £ Tnate ey
md the mast widely used solvent. Inchude Fiauhiy
vatar m & mbaure 19 fearm how & could Soesial
er Chermicals in the mixture. || - =

tll:tturu: - b propionate 3 mitures availatie Salucted mixiure last modified: 20L6-50-19 FMIi24:53
Reacties Group Name CAS Number
OO he3h-3

290-01-2
9-09 -4
133-62-6
TE8A-G3-G
T7I2-18-5

2 | 8 w | 2

= =| 2 |=22)| 2 o

S| =|2|:]|8

: F | 2E g E-"- 2| F
n-butyl propionate | § gl 8 2| =
= Compatibility Chart : E L

2|30 [N-BUTYLALCOHOL
Chart Legend

N-BUTYL [¥]: compatible _
2|310] |prOPRIONATE o hazardous reackivity issues expected.
- Incompatible
3|zi0 PROPIONIC ACID c Hazardous reactivity issues are expected.
alz|s| [PROPIONIC [€]: caution _
ANHYDRIDE M=y be ha=zardous under certain conditions.
3| 0| 2|2fsuLrurtc acip [SE]: Salt Bedchve

Potentizlly Self-Reactive (e.g., polymerizable)

= v ol

b ERelEd W) s

[2% 4—10] CRW Z=213S o]&

r°1'

[2¥ 4-11]2 RMT 21385 o]83}e] n-butyl propionate F434¥H-3374
o] Afal Ayl Qe wE FFukge] st w3 HUE AAISE Aol
th RMT Z=2a3o o8 vhgda v g CHETAH Z=1300| 4 3714



65

V. AH A -

HF-S-5-91 1-butanol

-
R

#4225 (Temperature of concern)

ojy
-,

& (Pressure of

Fdoh (28 4-11]elA

5

=R
=

A gkl 2 barZ

oo

concern)< Wt

bel Alibeloo) oiel

G AAS 2 5 (Adiabatic  temperature  rise)9F

=

wr

i el5e 229 ohE

[

o ¢

HARE ARaL AlLbE]

S

MTSR gkol A%ts o] Xt

i

stel 2t

&7l AE7tel

oS
(<)

s

waken slgr webd e

3

LRy

37hs

Al

gt

o oF

RMT =71

L
e
Fis

(19 4-12]

o] RMT Xz 1A

=N
N

0]
oS

Holrh, [1¥ 4-12]014 &

of osto] Hekgh 4

| ORR) (29 4-12]19) Ay

O x
Sy |

R BRI

3

3

o] A =] 30 %7t FUH

A3 A

T
T

5

o Wyzhal sz}t whAy
509k 142 C& AAE

o|J



Max.

Scenaro o Scenaro |Heatof : Initial . |Temperature |Pressure of u \ ;
Scenario Type . |Full Description Reacticn MTSR Temperalrs recammendation Pressurs recommendation
Iame Status Reaction Temperature of Concem |Concem
Pressure
The safety of this scenario can not|The safety of this scenaric can not
2H2 7| 0] Rp2R0E be determined based on be determined based on
Loss of Utility L7 T ACHEIO] thermodynamice, a kingtic thermodynamics, a kinetic
1 " |Completed (27 ¥l 90 10 110 2 142
Scenario o O AT : - evzluation or other evaluztion i=  |evaluation or other evaluation iz
EIgY requirsd. Seek additional guidance|required. Seek additional guidance
for this reaction. for this reaction.
The safety of this scenario can not|The safety of this scenaric can not
i dt be determined based on be determined based on
) = thermodynamice, a kingtic tharmedynamics, 3 kinetic
2 |Varistion Completed 380 - 9 18 110 2 262 ) yna g ) ) d y .
b = 2valustion or cther evalustion’ds  |evaluation or other evaluation i
Seenario i ; ; H :
required, Seek additional guidance|required. Seek additional guidance
for this reaction. for this reaction.
The safety of this scenario can not|The safety of this scenaric can not
ey it be determined based on be determined based on
o Y 4
o . thermodynamics, a kinetic thermedynamics, 3 kinetic
3 varsion  |completed | 380 72 9 10 10 2 282 6 _ e »
b evaluation or other evalustion is  |evaluation or other evaluation is
o required. Seek additional quidance|required. Seek additional guidance
for this reaction. for this reaction
The cafety of this scenaric can not|The safety of this scenaric can not
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Mechanical thermodynamics, 2 kingtic thermedynamics, 3 kinetic
4 Completed | 114 50 1 110 2 142 ) : ) N b
Failurs Scenari evaluation or other evalustion is  |evaluation or other evaluation is
required. Seek additional guidance|required. Seek additional guidance
for this reaction. for this reaction
= The safety of this scenafio can not|The safety of this scenaric can not
¥ be determined based on be determined bazed on
Inadverient ie L= i thermodynamics, a kinetic thermadynamics, a kinetic
5 Completed | 380 |0° ST g 72 90 10 110 2 262
Mixing Scenario P Shat :L evaluation or other evaluation s |evaluation or other evaluation iz
2
; required. Seek additional quidance|required. Seek additional guidance
= for this reaction. for this reaction
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MName Status Reacticn Temp. Rise  [Temperature of Concern | Cencemn
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g
Loss of Utili W7t :
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Process
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Energy input
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Abstract

A Comparative Study between Theoretical and Experimental
Method for Reaction Hazards Assessment

Keun Won Lee

Chemicals Safety & Health Research Center,
Occupational Safety and Health Research Institute, KOSHA
30, Expo-ro 339beon-gil, Yuseong-gu, Daejeon, 34122, Korea

Objectives : The capability of chemical substances to undergo reactions, or
transformations in their structures, is central to chemical processing industry.
Chemical reactions give rise to a diversity of manufactured products. However,
chemical reactivity can lead to significant hazards if not properly understood
and controlled. The main purpose of this study i1s to evaluate the field
applicability of the reaction hazards assessment program in small and medium
size chemical plants by employing of reaction hazard theory and CHETAH
(CHEmical Thermodynamic And Hazard evaluation)) CRW(Chemical Reactivity
Worksheet), RMT(Reactivity Management Tool) programs and by studying

relevant case study.

Methods : The field applicability of the reaction hazards assessment program

was evaluated by employing of reaction hazard theory and CHETAH, CRW,
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TMT programs and by studying relevant case study. The case study was
studied by assessing the reaction hazards in a n-butyl propionate synthetic
reaction process with an experimental method and CHETAH, CRW, RMT

programs.

Results : From a theoretical perspective in reaction hazards assessment, the
definition and the categories of reaction hazards were introduced, and the
procedure and criteria of the reaction hazards assessment for cooling failure
were proposed. A CHETAH program which uses an energy release evaluation
was useful for assessing the risk of single or pure chemical substances. A
CRW program was useful for qualitative hazards assessment of chemical
mixing between various chemicals. A RMT program was useful for reaction
hazards assessment such as a runaway reaction by classifying accident
scenarios in a chemical reaction process. The reaction hazards assessment by
the experimental method produced quantitative results such as criticality class,
possibility of cooling failure etc., while the method with the programs produced

qualitative and outline results.

Conclusions : The reaction hazards assessment by the programs can be used
as a screening tool for identifying reactive hazards in terms of cost and time
at small and medium size chemical plants. Additionally, applying both
theoretical and experimental method is an effective way of assessing the

reaction hazards in that one is supplementary to the other.

Key words : Reactivity hazard, Runaway reaction, Chemical incompatibility,
CHETAH, CRW, RMT






A>>

<<L4

<<L4A F 7] 7>>

2016. 1. 1 ~ 2016. 11. 30







AARe] QA

&

TERIAC 71 HE T

B/

ol
o
o

M
A

il

o

f

—_—

Mo
o)

o

~

o

7
T

e
o
py
<

= ¢ oIEL

HI-3- Q{24 It

2 ZHE O Hlw 217

—A7-91-1255)

(2016

12016\ 11€¥

By <

-
=

F7F= 400

A 57

Br
0
<

Al

0

: (44429)

Y

1 (042) 869-0310
1 (042) 863—9002

3}
F A X
Homepage

il

. http://oshri.kosha.or.kr




