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ABSTRACT

The adiabatic temperature in the process of self-propagating high temperature synthesis is
caleulated through FOXBASE. language program on the base of establishing thermodynamic data
pool concerned. The adiabatic temperature of some common self-propagating high temperature
synthesis has been calculated, and the computed results are compared with the adiabatic tempera-
ture reported. At the same time. the curve about the influence of preheating temperature and
adding diluent on T, is drawn as an example.
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1 INTRODUCTION and adding diluent (Du)can directly influ-

ence the T, of SHS reaction, and the value
In the study of SHS, one finds that re-

action systems must satisfy certain thermody-
namic condition, so that the reaction can
propagate itself. The basic thermodynamic
parameters of the reaction is adiabatic tem-
perature, which is the highest temperature

of reaction temperature directly infiuences
both the phase state of product and the mech-
anism of SHS reaction. Therefore, the quan-
titative calculation of T,; in the system is ab-
solutely necessary in the study of SHS reac-

that the reaction system can reach., provided ton. The previous study was mainly coneen-

that all the released heat is used to increase trated o evaluating 1, under the condition

the temperature of reaction system after reac-  hat simple elements compose simple com-

tants are initiated. The adiabatic tempera- pound at room temperature. But no system-

ture is a theoretical result. The study shows atic literature can provide the information
that if the self- propagating reaction can be about the influence of initial condition ( pre-
self-sustaining, it must satisfy the following heating. adding diluent) on 7', and about
formula . the calculation of 7', in complex reaction.
Taw = 1 800K~ Considering the influence of initial condition
At the same time, preheating reactant on 7, and great many of thermodynamic
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data, great amount of calculating work
would be involved if product had phase state
transformation.  This
FOXBASE language program on the base of
establishing a data pool. Provided that the e-

study creates a

quation of this study, but it can only satisfy
the condition that there is no solid state
phase change in the studied temperature in-
terval. If there is any solid phase change( T
= T, ), then the calculating equation of rel-

ative heat content is

"
[170" - [1998 - Jq;('pdT + AIIIT + J.

quation of SHS reaction and the preheating
temperature ( 73) are input, the computer
can calculate the ultimate 7, of SHS reac-
tion rapidly and accurately under certain ini- (4)
tial conditions. And it can decide whether where (' is the molar heat capacity at
the product will cause solid phase transforma-
tion or melt, and calculate solid phase trans-

.
c,/dT
Tlr
constant pressure.
If there are both solid phase transforma-
tion and melt( 7 == T, ) in the studied tem-

perature interval, one should calculate rela-
tive. heat content according to the following

formation rate and melted rate of itself. At
last, it can make use of calculation results
and.draw the curve of Ty — T and Du Y] —

T.sas an example. This study has greatly in-  equation:

structive meaning to the theoretical and ap- HY — 1%, = Jl C, AT + ANH, +JT"'Cvllldrjw
plied study of SHS. o8 ‘

" T
A+ | 0 ral (5)

¢, is the molar heat capacity at

2 CALCULATING METHOD AND PRO-

GRAMMING where

constant pressure under the liquid state. 1f
there is no solid phase transformation but
there is melt ( T >= 1T, ), then

Y e = | car + A
DYy

Suppose that molar heat capacity at con-
stant pressure is:
C,= A, + A10 3T + A,10°T ¢
+ A0 + A 10873
(X 4. 18J/K » mol) (1)

The thermodynamic data pool of some

+ﬂ ¢, ndT (6)
common substances is established. It induces th,e final equation of 7.y is
the name of the substance. the coelficient of E m A1}, (reactant—+diluent)
C, at different phase state, the solid phase J
transformation point( 7', ), the solid phase
transformation heat ( /\ /1, ), the melting
point( 7,, ). the heat of fusion( A/, Yand
the standard heat content of the formation
(11 ).
modynamics, one can obtain .

C, = dil/aT (2)

Integrating this equation between nor-
mal temperature and 7", one gets.

T
H?‘ — 11893 ZJ

Equation (3) is the basic computing e-

= Su/lll}“d (product +-diluent) (7))

4

where  m, . n,are mole fractions of the sub-
stance in the equation. This is an equation
calculation

concerning 7,;. Cycle pilot

According to the first law of ther- method is used to solve 7',y with the considera-
tion of the accuracy of 1 K of the relevant
thermodynamic data. Suppose pilot calcula-

tion function is.

ST = D HY — > imdly, (8)
C,dt (3)

98

2

First,suppose T,o =1 000K ,if (T )
<0, one should define cycle pilot calcula-
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tion step as + 100, assign ( T. +100) to
T.+ and continue pilot calculation until
f(T. )=0. Then, one changes cycle step
to —10, Too = T — 10 , and continue pi-
lot calculation until f(7T,y ) << 0. After
that, one changes cycle step to + 1, Tww =
T.« +1, and continues the calculation until
f( Tae ) =0. The final value of T, is
(T, —0. 5)40. 5K. If the final result of
cycle pilot calculation is Twe = T, or Ty, ,
then whether there is phase state transforma-
tion should be decided, and solid phase trans-
formation rate and melted rate should be cal-
culated. The equation of phase transforma-
tion rate (U, ) is

Uy = (Zm,[]?n — Enjuglw

4 J
LAY I DYACWANID (9)
n, is a mole factor, and A/l is
phase transformation heat.
If '), > 0, then there really exists
phase transformation,output{ ', 7Ty = Ty

where

If I';, = 0, then there is no phase trans-
formation, T,y = T.e .

If Iy, < 0, then the temperature of the
phase transformation has not been reached,
Taw = (Toe — 0.5) = 0.5 < Tylor Th).

3 THE CALCULATION OF 7', OF SOME
COMMON SHS REACTIONS

This program adopts the way of man—
machine interaction in English.
heating temperature and reaction equation,
it can read the relevant thermodynamic data
in the data pool automatically , and calculate
the final T,y of SHS reaction conveniently,
rapidly and accurately. The 7,4 of some com-
mon SHS reactions calculated by this pro-
gram is shown in Table 1.

From Table 1, one can find that the
T. calculated by this program approach
roughly that of ref. [ 1]. The main reasons

Input pre-

causing the difference are as follows. on the |
one hand, different authors employ differ-
ent thermodynamic data ;on the other hand, |
up to now, all the T, reported are estimated
values, which can be found from the T,
quoted from ref. [ 1] in Table 1. Generally
speaking, the accuracy of the reported value
is 100K or 10K, the estimated value is com-
paratively rough, and to say nothing of re-
flecting the condition of the phase state trans-
formation of product. Whereas program can

1

calculate the 7',y of SHS reaction convenient-
ly. rapidly and accurately. In addition. if
there is phase transformation, it can give
the relevant condition of the phase transfor-
mation.

By this program. 7., of SHS reaction
condition ( preheating and
adding diluent) can be calculated. Fig. |

under certain
shows the relationship of T, with preheating
temperature as an example. Fig. 2 shows the
relationship between diluent content and 7T
under different preheating conditions for the
SHS reaction 10Al + 3TiO, + 3B-O;
+ rAl.O; (or TiB;) = 5Al1.0; 4+ 3TiB,
+ rAl.O; (or TiB:).
one can see that the 7', of SHS reaction un-

From Figs. 1 and 2;

der certain initial condition be obviously
known. 7., of SHS reaction can be used to
help investigate the process, mechanism and
the state of the product of SHS reaction.

4 CONCLUSIONS

(1) T, of SHS reaction can be calculat-
ed conveniently. rapidly and accurately by
inputting preheating temperature and SHS re-
action on the base of establishing data pool;

(2) Using the calculation results, one
can draw the curve about the influence of
certain initial condition ( preheating., adding
diluent)on T, of SHS reaction, and the 7'
can be seen obviously.
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Table 1 Calculation results of T,
of Some Common SHS Reaction”
SHS reaction T4 /K phase transition Ty in
equation ad condition rel. [1]
melted . melt-
Ti+2B=TiB. 3193 ing rate 3190
27.0%
melted s melt-
Ti+C=TiC 3290 ing rate 3210
16. 1 /U/(j
Si4-C=SiC 1858.5 [ 800
4B4-C=8C 1038.5 1 000
2Ti+N,=2TIiN 4908.5  all melted 1900
. melted , melt-
"Zt+42B=7:B, 3323 ing rate 3310
78. 2%,
Nb+2B=NbB» 2317.5 2400
melied . melt-
W4 C=wW(C 1 161.5  ing rate 1 000
97. 3%,
Ta+C=TaC 2711.5 2700
2Ta+N.=2TaN 3363 3360
2Nb+N:=2NbN 34745 3500
Nb+ 2Si = NbSi» 2013. 5 1900
5Ti+ 3Si=TisSia 2517.5 2500
Mo+ 2Si=MaSiz 1942. 5 1900
V4+C=VC 2228.5
53Z1r+ 3Si=7Zr:Siz 2755.5 2800
Zr+C=7ZrC 37a7. 0
melted . melt-
Ni+ Al=NijAl 1912 ng raie
1. 8",
Ti4 3Al=TiAl, 1516.5
1Al + 3Ti0, = 3T + .
ALO; 1 8U5. 0
Al melted,
4Al+3T10:4-3C == 5 2 R
3TiC-+2A1,05 2303.0 gw(u]tfr‘x‘g rate
949. o
10A143T10-+ 3820y = 2531, 3 Al2Oq all melt-

5A1;0;4 3TiB: ed
Al melted .,

2A1+8203:A130‘5+2B 2303 mclting rate
Vi R
. MgO meled,
5Mg+TJOg+B':03: R .
5MgO+-Tib, 3098 I;jfhgr\]'% rite
Al + Fe,Q3 = ALLO:
ch+ €205 = ALO: -+ 3148. 5  all meled

» Relevant thermodynamic data come from rel. [ 5 .

2
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Fig. | Plotsof Ty vs T

1—Mo—+25i=MoSi,; 2—Si—+C=S5iC;
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Fig. 2 Plots of T,; vs Du
1— 7T, =298K; 2— T, =400K; 3— T, =
500K;: 1— T, =600K; solid line—Diluent is
Al.Oy; dash line—Diluent is TiB.
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