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REITP3 Hazard evaluatlon program for heat

1".‘J"

sty
, release based on thermochemlcal calculation

o

YOShlakl AKUTSU‘ Ymch1 KAWAKATSU“ :
Yun WADA***, Masamitsu TAMURA* and Tadao YOSHIDA‘“‘

. REITP3 - A hazard evaluation program for heat release based on thermochemical calcula-
.. tion has been developed by modifying REITP2 (Revised Estimation of Incompanblhty from
Thermochemical Properties?. The main modifications are as follows. ~ o

(1)- Reactants are retrieved from the database by cliemical formula. - T .
(2) As products are listed in an external file, the addition of pmduots and change in order of -

production’ can be easily conducted. .

(3) Part of the program has been changed by consxdermg itsuseona personal computer or ..

workstation.

These modlﬁcanons will promote the usefulness of the program for energy hazard evaluauon 'y

1. Introduction: ::

In order to estimate the etmgy release behavnor of
energetic materials, the heat of reaction is an essential
propelty and several methods are devised to do it!-2).
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By using REI'I'P2 (Revised : Estimation of Incompat-

ibility from Thermochemical Properties? *), from the
molecular formula and heat of formation of the reac-
tants, heats of reaction are calculated by:assuming the
products. The relationship between:the heat of reac-
tions calculated by REITP2 and the experimental re-
sults such as explosion heats and ballistic mortar val-
ues has been demonstrated®-); . : ‘

 REITP2 is intended to be used ona mamtrame
computer with Fortran. However, based on the
downsizing and highly developed performance of com-
puters, it should work on a personal computer or. work-
station. Several revisions of the program are also ex-
pected. Therefore, we have devised the computer pro-
gram REITP3 by making some modifications to the
REITP2 program: The.main changesiare shown and
examples of the calculation are demonstrated..::
2. Mod:ﬁcation of the program ..--: - :

: We have made several changes to the mpuls and
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e £ jfﬂh adxficauons, while the principle of the calcula-
R éﬁ& i i hs dame. The main modifications are as fol-

lows. .
“(1) Reactants are retrieved from the database by
chemical formula. '
Index numbers were used in REITP2 but chenu-v

the input option.

(2) As products are made to be hsted in an extemal
file, the addition of products and change of pro-
duction order can easily be conducted.
Incorporation of the products inside the program
as data statements limited the usefulness of
REITP2.. Therefore, reading products from an

i

the heat of formation per. weight®). If new prod-
ucts are assumned, the addition of data to the prod-
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changed, the order can be renumbered.

(3) Part of the program has been modified by consid-
ering the use on a personal computer or worksta-
tion.

File declarations for reactants file (date bank), etc.

have been changed.

" The operation of the program compiled with

Lahey* Fortran77 has been confirmed on a personal

‘computer with: Pentium- processor operated by

Microsoft Windows 95. ‘ :

* The operation in workstatlon with Fortran77 com-
p1ler has been confirmed on Fujitsu S-4/20 with SunOS.
Also: it has-been confirmed on"HITACHI-MP5800/
320 with. HI-OSF/1-MJ(UNIX). .-

Calculation examples are.demonstrated.in Figs: 2

e
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the mixture of 1H-tetrazole and sodium nitrate. Calcu-
lations were conducted by the input of a' chemical for-
mula as shown in Fig. 2. When the assumption-ofithe
products was changed, that is, NaOH was exchided from
the products, the result changed as shown'in Fig::3.+
" Besides the above modifications, Some'¢hanges
have been made, such as increased compounds in the
reactant file: Heats of formation, especially foriorganic
compounds, can be estimated by the group additivity
method or several other: methods ¢ therefore,
REITP3 can be a useful tool to-estimate the liéats of

cal formula inputs are more facile and added t6"

external file:is fulfilled.: A part of the product file -
isshown in Fig. 1. Chemical formulas and:heats.
of formation are listed in it. The order.is'based on -

uct file enables it. If the order.of productionis .

and 3.:This is the estimation of the heat ofireaction of’
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reaction and decomposition for energetic matenials.

3. Conclusions ‘ .
REITP3 - A Hazard evaluation program for heat re-

. lease based, on thermochemical calculations has been

developed by modlfymg REITP2. It works on per-
sonal’ computers “aiid Workstations and inputs have
become more facile. It is expected that these modifi-
cations of the REITP program will promote its useful-

- ness for the evaluatlon of energy release hazard.

. )

BeO Be 10 10 0 1460
LiF Li IF 1IF 0 1463
“Be(OH)2 ~ .  'Be . 10° 2H'-2 2165
{BeF2 - . .. - iBe 1F «~2F..0 4 2270
L Li20 - Liv 200100 1425
- Be2SiO4 - .- Be. .28i.10.44 5137
Al6S203 Al 68i1 2003 19030
B203 . . . .»Bi~20 300 3020
MgF2 . Mg IF 2F.0F 2635
BF3 B IF..3F -0 2654
AIOH3 -~ Al 10.:3H-3 3050
H20() H 20 10 0 68.3
Mg(OH)2 Mg 10 2H 2 2210
ARO3 Al 20 30 0 3848
CaF2 Ca IF 2F 0 2903
AIF3 Al IF 3F 0 3110
Mg2Si04 Mg 2Si 10::4.- 51956
MgO .. = .. “Mg 10..10: 0. . 14338
SiF4 - v . S vIF- 4Fr 00 3700
BeCO3 : .. : BelwlC:.10 -3 2450
(BOH)3 . B 30 3H 3 2890
Na28i03.. . . Na 38i, 10 3 . 3716
K28103 Ko 2880100 3, ,3700
Sio2- vai" 10:720 - 0---72054
NaF " Na U IFUTIF 0 1360
NaOH Na 10, JAH L1 ‘1017
H20(g) :+-- H 204100 - 578
HF H' IF "IF 0 i 642
Sc203 . 20 ‘30 r0 4_10.0
BeCO " B ic f,;'ll,o“',“s 2885
BeSO4 Be 1S 10 4. 2881
TiO24 v 277 Ti - 10+ 20 50 2180
CaO [ca 10 '~1'c'> 0" ,‘ 1519

Fig.1 Example of the data contamed m product file
for REI’I'P3 - i



% REITP3
Now, readi readmg data Justamoment plcase

Input the option number like 11 l3l ‘
Instruction, input 80000. ‘
Search the Index Number, input 70000.
End this program, input 90000.

(1]

80000
Explanation of the Option Numbers =~ -
OPTKIN =0 Decomposition of Single Compound
1 Reaction of Two Materials”
2 Reaction of Materials (Fixed Ratios)
‘ 3 Calculation of Cabinet or Room
OPTH20=0 Produced Water will be assumed as Liquid-
1 Produced Water will be assumed as Gas
OPTINP =0 All Data input
1 Index Number input *
, .2 Molecular Formula input
OFI'OUT=0 Minimum output
I Medium output
2 Maximum output
3 Diagram output(OPTKIN=1 or2)
OPTCOR=0 No correction
1 Values corrected with Oxygen Balance
. .2 Values assumed as CO2 would be produced after CO

Input the option number like 11131.
Instruction, input 80000.

Scarch the Index Number, input 70000.
End this program, input 90000.

(1.
T11220

OPTKIN =1 OPTH20 =1 OPTINP =2° OPTOUT =2 OPTCOR =0
Reaction of Two Compounds (Optimization)

[ Tite

‘Example
Example B L R
[ Header‘ - . . P S A R T Ty

1H-tetrazole + Sodium nitrate
1H-tetrazole + Sodium nitrate

i ! A“_'?." 1

" Return io Menu, input “ENDP o¢ P T (T T een ema s
Stop this program, input "STOP" or "S" S

Put out a Table, input "TABLE" or "T" "" /‘ “'1 A O] M :
[Molecular Formula] yi n sl it Gl
TR Ji..',_ ',A_.ug;.l =;";1 e

C1H2N4 PRI ll:).:l el

CI1H2N4 =C lH2N 4 5

1 1H-TETRAZOLE HF= 56.64 INDEX=5100001 -

Retumn to Menu, input "END" or "E"

Stop this program, input "STOP" or "§" -~~~ "~~~ -7 e
Put out a,Table, yinput STABLE or ", 4; +cit qoutelsnd-s £ 11 h, fegriesr?
[Molecular Formula] Cboptiibat vin Bt x s .,.,ﬂ»,. i
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NaIN103 ,.;;J--}‘;;; :

NalN103 =NaIN 103 Ry
1 SODIUM NITRATE HF=-111.54 INDEX=1040030
NaIN103 =NalN 103 : . NRTRI

' P
LR BY .

Put out to Printer[P), File[F}, or Not[N] ?
e

.
et} EYOS RE PR

. . ! 1
N v

BinuRHR1## Reaction of Two Materials ################################ki############
IHTETRAZOLE C HN . 56645100001
1.2 4. ‘
Molecular Weight of Compound - = .70.05
Oxygen Balance of Compound = -68.52
SODIUMNITRATE .:NaN. O . -111.54 1040030
‘51;13_‘, -
Molecular Weight of Compound = 8499 . ..
Oxygen Balance of Compound = 47.06 ‘

¥ Products **t*#‘t‘ttt#tl‘#*#****###‘Qt#l#‘ttt‘##t*##tt#*‘*#*#*#**##‘#‘.#t#**
Name of Products ~ Amount (mol) Heat of Formatlon (kcal/mol)

NaOH 0.2887 C0L70°
H20(g) 0.5669 5780
coz ;00053 L 9410

*%%¥ Remained Elements EXRREER A REXR SRERREER AR RS R AR KSR RS R EE XS RERKERR RS ERBEES

Name of Atoms Amount (mol) } ,‘ . 1
c 0.7060 o
N 3.1338

L T T Yty T L L Lk L L T

: : . wt.percent  mol.ratio  mol. percent
IH-TETRAZOLE 67 1.00 71
SODIUM NITRATE 33 . 041 . 29

Oxyéen Balance of Mixture = -30.38

R T L L L L T T T e Py e T e e T
WA

The Maximum Heat of the Reaction -71  (kcal/mol of Reactants)

-950;; (cal/gram of Reactants)
TheGdeOfDangcr =A ATt . ;

*‘*****"****"““*“"***‘******“'*‘_**\*"'ﬂ#‘_‘_*_*“"‘f***‘**‘#"'**‘".‘*#*“*
T C N B T R A 1
Retumn to Menu, input "END"or "E" ... | o .
Stop this program, input "STOP" or "S" e
Put out a Table, input "TABLE"or "T" T - T
[Molecular Formula) . o L

.o Ly 2
f Tt ERE RTINS
% IR Y0 '(['.’ P 'u'yv

Fig.2

Example of REITP3 calculation for the heat of I reactlon of two matenals "
(Inputs from the keyboard are underhned ) ’ . EREEELE
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*** Products "’"‘""'”*"‘**‘"*“.‘"!‘**."*!'t:t*ﬁgt&ug{tn:-t'nﬂunaynnquuunuu
e . [ A T AN DR I e, ! ’ . 0

DT R

! -t oM N R I

Name of Products ~ Amount (fol). * Heat of Formation (kcal/mol)

H20(g) 04574 . e
Na2CO3 02737 L |
Cco2 0.1782 e -

*k% Remained Elcments #f‘##j{‘ttf‘tt#'f“f#t‘ttt#,‘t‘tt##*‘t#*##t******t#‘t‘#t#‘l#*#*###l'

ST e R

Nameof Atoms:~ _ Amount(mol) - ¢ - =~ 7

c - Togoso T
N 237123 -

‘tttt##*“.“"‘tt‘ttt*#t#‘tt“##t#‘lt‘t‘t‘t.“#t‘tt.itt‘tti‘ttt.#‘"'t‘ttt#*t##'

"0 vl wiopercent -mol. ratio © -mol:percent < -0 ET LA
IH-TETRAZOLE 41 100 .46 I
SODIUM NITRATE 59 e 54 '

Oxygen Balance of Mixture = -0.33

- A .

A APPSR AP APU-Da A
The Maximum Heat of the Reaction = . - :-82 - (kcal/mol of Reactants) - ..~

= .1050 (cal/gram of Reactants) =~

The Grade of Danger = A

RREREERERERIEERRCRERERRERERRRERRERERRERRRERRRRRRERERERERRREE LR RR R ERRR IR KRR R RE

Fig.3 Calculation result for the heat of reaction of 1H-tetrazole and NaNO;
when NaOH was excluded from product file
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