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Investigation of Evaluation Method of Chemical Runaway Reaction

Yoshihiko Sato, Shinji Sasaya, Koichiro Kurakata and Ichiro Nojiri

Abstract

Safety study “Study of evaluation of abnormal occurrence for chemical
substances in the nuclear fuel facilities” will be carried out from 2001 to 2005.
In this study, the prediction of thermal hazards of chemical substances will
be investigated and prepared. The hazard prediction method of chemical
substances will be constructed from these results.

Therefore, the hazard prediction methods applied in the chemical
engineering in which the chemical substances with the hazard of fire and
explosion were often treated were investigated. CHETAH (The ASTM
Computer Program for Chemical Thermodynamic and Energy Release
Evaluation) developed by ASTM (American Society for Testing and
Materials) and TSS (Thermal Safety Software) developed by CISP
(Chemlinform St. Petersburg) were introduced and the fire and explosion
hazards of chemical substances and reactions in the reprocessing process
were evaluated.

From these evaluated results, CHETAH could almost estimate the heat of
reaction at 10% accuracy. It was supposed that CHETAH was useful as a
screening for the hazards of fire and explosion of the new chemical
substances and so on. TSS could calculate the reaction rate and the reaction
behavior from the data measured by the various calorimeters rapidly. It was
supposed that TSS was useful as an evaluation method for the hazards of
fire and explosion of the new chemical reactions and so on.

Technology Development Section, Technology Co-ordination Division,
Tokai Reprocessing Center
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CHETAH REITP3
TSS SuperChems RELIEF

21 CHETAH The ASTM Computer Program for Chemical
Thermodynamic and Energy Release Evaluation
ASTM American Society for Testing and Materials
E-27.07
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1 CHETAH
1 700 cal/g(2.93 kJ/g) | 300 cal/g(1.26 kJ/g) | 300 cal/g(1.26 kJ/qg)
700 cal(2.93 kJ/qg)
2
(AHc) 3 kcal/g(12.6 kJ/g) 2 kcal/g(12.6 kJ/qg) 5 kcal/g(20.9 kJ/g)
(AHd) 5 kcal/g(20.9 kJ/qg)

(l1AHc-AHd])

3 -240 -120 -240

-120 80
80 160 160

4

Y 30 kcal2/mol/g
110 kcal2/mol/g 30 kcal2/mol/g
(Y=10M2W/n (525 kJ2/mol/g)
(1.93x 10% kJd?/mol/g) (525 kJ?/mol/g)

M 110 kcal2/mol/g
W (9) (1.93x 103 kJ2/mol/g)
n )

5 a-b( 1)+c( 2)-d( 3)-¢( 4) -f( )
Over All Energy a f
Release Potential High

Low

6
Net Plosive 0.265 Explosive
Density

2.2 REITP3 Revised Estimation of Incompatibility from Thermochemical

Properties

EITP Estimation of Incompatibility from

Thermochemical Properties
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2
9 11)
2.3 TSS Thermal Safety Software
CISP ChemlInform St. Petersburg
12 15)
8

TFC Text File Converter

ADPro Adiabatic Data Processing

ARC Accelerating Rate Calorimeter

TDPro Thermoanalytical Data Processing

TG Thermogravimetry DTA Differential Thermal
Analysis DSC Differential Scanning Calorimetry

ForK Formal Kinetics

DesK Descriptive Kinetics

LTE Thermal Explosion in Liquids

STE Thermal Explosion in Solids
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BST Batch Stirred Tank
AIChE American
Institute of Chemical Engineers

DIERS Design Institute for Emergency Relief System
16,17)

2.4 SuperChems

AIChE SAFIRE Systems Analysis for
Integrated Relief Evaluation ADL Arthur D.
Little
16,18,19)
SuperChems
TSS ARC
DIERS
2.5 RELIEF
EC JRC Joint
Research Center
8,20)
RELIEF
ARC
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3. CHETAH
PUREX

TBP Tributyl Phosphate

CHETAH  REITP3
CHETAH

3.1 CHETAH
3.1.1
CHETAH 849

CHETAH

1 CHETAH

3.1.2
CHETAH
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25 227 500K
2
2

T Cp S gef Ht-Haos AH¢ AGy logKs
(K) | (3/mol/K) | (I/mol/K) | (I/mol/K) | (kI/mol) | (kI/mol) | (kI/mol) | (kJ/mol)
298.15 | 50.837 | 238.614 | 238.614 | 0.000 95.353 | 159.068 | -27.868
348.15 | 56.163 | 246.889 | 239.213 2.672 93.672 | 169.890 | -25.489
398.15 | 61.528 | 254.783 | 240.676 5.617 92.243 | 180.937 | -23.737
448.15 | 66.200 | 262.339 | 242.675 8.813 91.054 | 192.150 | -22.396
500.00 | 70.542 | 269.823 | 245.105 | 12.359 | 90.040 | 203.905 | -21.301
T

Cp

S

gef

H-Hags

AH¢

AGy

logKs

3.1.3
CHETAH
ASTM
6
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Y

Over All Energy Release Potential
Net Plosive Density

3
-1.168 kcal/g
-3.151 kcal/g
-99.855 %
Y 72.814 kcal?2/mol
0.000
Net Plosive Density
Over All Ener
. 9 -0.364
Release Potential

4 5

4
0.333 N2
1.333 NH;s

5
-4.319 kcal/g (-18.069 kJ/g)
1.000 N2
2.000 H20
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3.14
CHETAH
21) Pu
2
3N2H4 - 2NH3+2N2+3H>2 AH=81kJ/mol (2)
4N2H4+02 - 4NH3+2N2+2H20 AH=240kJ/mol (2)
1) 6 2)
7
6
1)
T AHrxn AGrxn logK ACp ASrxn
(K) (kJ/mol) (kJ/mol) (J/mol/K) | (I/mol/K)
298.15 -125.952 | -170.029 29.788 21.204 147.835
348.15 -124.994 | -177.500 26.631 17.031 150.813
398.15 -124.248 | -185.094 24.283 12.892 152.822
448.15 -123.692 | -192.771 22.468 9.475 154.142
500.00 -123.280 | -200.788 20.976 6.474 155.015
7
(2)
T AHrxn AGixn logk ACp ASrxn
(K) (kJ/mol) (kJ/mol) (J/mol/K) | (I/mol/K)
298.15 -262.169 | -289.872 50.784 8.867 92.914
348.15 -261.824 | -294.548 44.192 4.940 93.993
398.15 -261.671 | -299.260 39.260 1.298 94.410
448.15 -261.680 | -303.981 35.430 -1.525 94.392
500.00 -261.821 | -308.869 32.267 -3.868 94.096
T

10
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AHxn
Aern
logK
ACp
Aern
CHETAH (1) 125kJ/mol 25
(2) 262kJ/mol 25
1)
95.35kJ/mol CHETAH 50.63kJ/mol
22 CHETAH
3.2 CHETAH TBP
3.21 TBP
CHETAH
Benson 23 TBP
CHETAH TBP
TBP 25 227 500K
8 TBP
T Cp H-Hogs AH+
(K) (I/mol/K) (kJ/mol) (kJ/mol)
298.15 342.905 0.000 -1084.577
348.15 386.924 18.255 -1096.403
398.15 428.688 38.655 -1106.639
448.15 466.583 61.057 -1115.895
500.00 502.937 86.196 -1124.532
T
Cp
Hi-Haos

11
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AH¢
TBP -1458kJ/mol
24y CHETAH
3.2.2 TBP
TBP 9 11
9 TBP
-0.406 kcal/g
-6.600 kcal/g
-216.275 %
Y 9.973 kcal?/mol
0.000
Net Plosive Density
Over All Ener
. 9 0.433
Release Potential
10 TBP
6.000 C
6.000 CH4
1.500 H>0O
0.250 P4O10
11 TBP
-7.006 kcal/g (-29.312 kJ/g)
12.000 CO;
12.000 H>O
1.000 H3PO4

12
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10
3.2.3 TBP
TBP
25,26) TBP
2
C12H2704P+14.4HNO3 - H3PO4+12C0O2+19.2H,0+7.2N>
AH=7532kJ/mol (3)
C12H2704P+24HNO3 - H3PO4+12C02+24H,0+24N0O
AH=3207kJ/mol 4)
(3) 2% (4)
Barney 26)
(3) 12 (4)
13
12 TBP 3)
T AHrxn ACp
(K) (kJ/mol) (J/mol/K)
298.15 -7180.582 282.601
348.15 -7168.314 208.782
398.15 -7159.635 139.136
448.15 -7154.344 73.132
500.00 -7152.187 11.798
T
AHrxn
ACp
13 TBP 4)
T AHxn ACp
(K) (kJ/mol) (J/mol/K)
298.15 -4885.071 441.151
348.15 -4865.868 326.862
398.15 -4852.327 216.011
448.15 -4844.123 113.695
500.00 -4840.705 21.002
T

13
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AHxn
ACp
(3) 7180kJ/mol 25
(4) 4885kJ/mol
25
Barney TBP
TBP TBP
-1458kJ/mol24) 22)
(4) 5059kJ/mol
CHETAH
3.2.4 TBP
CHETAH
CHETAH
DIPPR 27 Bothwell
CHETAH TBP 0.611 vol%
TBP
3.3 CHETAH
3.3.1
25 227 500K
14
14
T Cp S gef Ht-Haos AHy; AG+ logKs
(K) | (3/mol/K) | (I/mol/K) | (I/mol/K) | (kd/mol) | (kI/mol) | (kd/mol) | (k3/mol)
298.15 | 278.075 | 624.169 | 624.169 0.000 |-290.788 | 49.313 -8.639
348.15 | 317.797 | 670.342 | 627.497 | 14.916 |-300.349 | 107.120 | -16.071
398.15 | 354.937 | 715.433 | 635.720 | 31.738 |-309.130 | 166.251 | -21.811
448.15 | 391.036 | 759.536 | 647.083 | 50.396 |-317.046 | 226.436 | -26.392
500.00 | 426.224 | 804.258 | 661.072 | 71.593 | -324.298 | 289.730 | -30.267
T
Cp

14
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S

gef
Hi-H2os
AH+
AGy
logKs

-351.54kJ/mol

22)

3.3.2
15 17
15
-0.273 kcallg
-10.356 kcal/g
-347.530 %
Y 3.344 kcal?/mol
0.000
Net Plosive Density
Over All Ener
=nergy 0.556
Release Potential
16
5.500 C
6.500 CH4
17
-10.629 kcal/g (-44.471 kJ/qg)
12.000 CO;
13.000 H-0

15
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3.3.3

TBP

C12H26+14.8HNO3 - 12C02+20.4H,0+7.4N>»

AH=7625kJ/mol 5)

(5) 25)

5) 18
(5) 7376kJ/mol 25

18

T AHxn AGxn logk ACp ASixn
(K) (kJ/mol) (kJ/mol) (J/mol/K) | (I/mol/K)
298.15 | -7376.978 | -8351.576 | 1463.142 | 183.359 3268.818
348.15 | -7364.761 | -8516.042 | 1277.686 | 206.541 3306.853
398.15 | -7356.238 | -8682.013 | 1139.007 | 134.985 3329.837
448.15 | -7351.234 | -8848.843 | 1031.373 65.588 3341.757
500.00 | -7349.565 | -9022.239 | 942.534 0.708 3345.345
T

AHxn

AGrxn

logK

ACp

ASixn

3.34
CHETAH 0.595 vol%
0.6 % 28)
CHETAH
PUREX TBP
PUREX 0.599 vol%
TBP

16
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3.4 CHETAH
3.4.1
25 227 500K
19
19
T Cp S gef Ht-Haos AH; AGy logKs
(K) | (3/mol/K) | (I/mol/K) | (I/mol/K) | (kI/mol) | (kJ/mol) | (kI/mol) | (kI/mol)
298.15 | 35.448 | 218.656 | 218.656 0.000 |-108.575 | -102.609 | 17.976
348.15 | 37.126 | 224.269 | 219.066 1.811 |-109.420 | -101.541 | 15.235
398.15 | 39.209 | 229.386 | 220.045 3.719 |-110.271 | -100.351 | 13.165
448.15 | 41.413 234.150 | 221.356 5.734 | -111.108 | -99.055 | 11.545
500.00 | 43.765 | 238.811 | 222.926 7.942 | -111.944 | -97.613 | 10.197
T
Cp
S
gef
H-Hags
AH¢
AGy
logKs
-115.90kJ/mol 22)
3.4.2
20 22

17
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20
-1.061 kcal/g
-3.132 kcal/g
-106.569 %
Y 84.461 kcal?/mol
0.000
Net Plosive Density
Over All Ener
i 9 -0.384
Release Potential
21
1.000 C
1.000 H20
22
-4.193 kcal/g (-17.543 kJ/g)
1.000 CO2
1.000 H20
3.4.3
2
3CH20+4HNO3 - 3CO2+5H20+4NO AH=402kJ/mol (6)
CH20+4HNO3 - CO2+3H20+4NO2 AH=306kJ/mol (7
Healy 29)
(6) 23 (7)

24

18
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23 (6)
T AH xn AG rxn logk ACp ASixn
(K) (kJ/mol) (kJ/mol) (I/mol/K) | (J/mol/K)
298.15 -404.074 | -467.386 81.883 28.602 229.119
348.15 -402.911 -478.009 71.731 23.660 233.190
398.15 -402.006 | -488.963 64.148 18.440 236.021
448.15 -401.361 | -499.925 58.269 13.329 237.906
500.00 -400.955 | -511.353 53.420 8.498 239.097
24 (7
T AHrxn AGxn logK ACp ASixn
(K) (kJ/mol) (kJ/mol) (3/mol/K) | (I/mol/K)
298.15 -340.829 | -470.103 82.359 38.390 433.589
348.15 -339.182 | -491.921 73.804 27.455 438.717
398.15 -338.081 | -513.939 67.425 16.684 441.690
448.15 -337.509 | -536.064 62.481 6.222 443.054
500.00 -337.445 | -559.045 58.402 -3.389 443.199
T
AHrxn
AGxn
logK
ACp
ASrxn
(6) 404kJ/mol 25 (7)
340kJ/mol 25
3.4.4
CHETAH 11.000
vol% 7 73 vol% 30)
1 2
Bothwell
7 CHETAH
CHETAH

19
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3.5 CHETAH

CHETAH PUREX

TBP Tributyl Phosphate

10%

20
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4. TSS
PUREX
TBP-
2
TSS SuperChems RELIEF 3
TSS
4.1 STE
STE
25

FLUENT Ver.4.4
31)

21
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25

0.28 m
0.89m

50
30
30
7 Wim2/K
5 W/m2/K
3 W/m2/K

1877 J/kg/K
1308 kg/m3
0.199 W/m/K

253 kJ/mol
6.67x 102° /min
1

0
180 250

228.8

228.9

228.9

FLUENT

180 250

20

22

215

250 240 250

FLUENT



JNC TN8410 2001-027

FLUENT
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aig
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4.2 TSS TBP-
TSS
TBP
TFC ARC
ADPro
ForK
LTE
BST ARC TBP-
32) TBP-
33)
4.2.1 ForK
ARC TBP-10N
32) 10
240 . L 3% 10°
220 e Pl g B 108
200 7 """""""""""""""""""""""" , 2% 10°
180 T e ]
. ! ! ! ! 1 1.5% 10°

160 R R >

. . . ; T 6
140 SO S S A Ry
120 o | 5x 10
100 1 1 i 1 1 i 1 1 i 1 1 ‘ 1 1 : 0

0 50 100 150 200 250
10 ARC TBP-10N

26
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TFC ADPro ForK
26 11 12
26 ForK TBP-
A-Bl1l-B

103.1699kJ/mol
1.820495x 1011/min
A-Bl1 0.4218
369.0619kJ/kg
1.7685mol/kg
103.2692kJ/mol
4.012015x% 1010/min
Bl1-B 0.9749
477.1609kJ/kg
1.5695mol/kg

0 4 & 4 e P EOGL By LB B | = @ ke

VLT 0 fe ek (06

11 ForK

27
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min
K i
Fdmin

TNT RTS8 T A0 AT ok

12 ForK
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422 LTE

ForK LTE
33)

27
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27 LTE

0.025 m
0.063 m

0 W/im?/K

1730 J/kg/K
1110 kg/m3
0.244 W/m/K
0.0026 Pa s
0.00084 /K

ForK

116

13

n ai k3 a1 e

W ar o3

Thrza, b

an I

13 LTE

33)

116

116

TBP

29

25

ARC
15N

10N
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ARC TBP

TBP 15N

4.2.3 BST

ForK BST
33)

33)

28

30

10N
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28 BST

0.025 m
0.063 m
10 bar
15.7 J/IK
1 bar

0 W/m2/K
0 W/m/K

CeHs0O(C2H40)2H

ForK

130.1

0.00102 m 0.04 inch
0.0254 m 1inch
1 bar

Foam, Bubble, Churn-turbulent

0.0035+0.254/Re0-42

759
130

TBP
CeHs0(C2H40)2H

31
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Foam 1mm
1 10mm
10mm

14

19

32

0.1

Bubble
Churn-turbulent
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130 200 25
CeHs0O(C2H40)2H
Foam
Bubble
43 TSS
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TSS
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13 17

ASTM
American Society for Testing and Materials

CHETAH The ASTM Computer Program for Chemical

Thermodynamic and Energy Release Evaluation CISP
Chemlinform St. Petersburg TSS Thermal Safety
Software
CHETAH TBP n
10%
TSS TBP-
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