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Abstract: This paper discusses the possible chemical reactions and its condition of Tungsten Rhenium
thermocouple in nitrogen gas at high temperature containing graphite by thermodynamic calculation and
energy dispersive spectroscopy(EDS) test. The studies show that the complicated chemical reactions among
nitrogen gas, graphite and W-Re are the reasons of W-Re thermocouple failured at high temperature. In the
assemble process of Tungsten Rhenium thermocouple, it is not suitable for SiC to be used as insulated
materials for W-Re thermocouple and tries to avoid the crossed contamination among graphite quartz sand

and W-Re. alloy
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Figure 1 the structure of Tungsten Rhenium thermocouple
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SCAF QAT RIL R 3, Ik e FTY M RASRERENRDRR e AT

D7 TR Sk ot (il ] 1 dRsAb), EDS 43 #ir Table 1 the component of register 1
ML SIC O 1), S0 S0 NI 35 ®OHE RS

gy, WBAh, BTN RS P, XS BRI LR EREDL i
SiC AR MHEASBR A A 2 IR . X “Rh&5571” c 30.25 50. 35
HEAT EDS oA (il 2 bronkb), BT Siv C si 69. 75 19. 65
JLHEMUSL, AN, Al, O (£ 2), M 100. 00 100. 00

Table 2 the component of register 1

%2 iHE 2 AR S

iR Tl BT A
C 15.51 24.75
N 18.76 25. 68
0 8.29 9.94
Al 15. 09 10. 72
Si 42.35 28.91
A 100. 00 100. 00
Figure 2 Tungsten Rhenium alloy wire failured ARSI 2 5 e XEFISRD b R IR 2
2 KYEHBHAEY BT A 0T bR R B IR DG R AT I 2l 5, it
JE R°=0. 99,
Si04(s)+3C(s)=SiC(s)+2CO(g) (D
AG(Si0,)=-910.9218+180.2x10>T(kJ/mol)
(298.15~2500K) (2
NG (SiC)=-73.12283+7.83x10~T(kJ/mol)
(298.15~1700K) 3
=-122.4021+37.0x10~T(kJ/mol)
(1700~2500K) (4

AG’(CO)=-112.885-86.52x10~T(kJ/mol)
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(298.15~2500K) (5

AG*(C)=0 (298.15~2500K) (6)
* AG=A,G*+RTInJ @)
AG=AGY(SIC)+2 AG(CO)-AG (Si0,)- 3AG’(C)
(8)

J=[p(CO)/P*<1 (9

NG (B): W)J5 B HBRAEBE IR A R A ik 5 ALG:
102 S N AR HE R R S A BT R A AG: s ROV
FEIRE AR P(B): AR B LEIREE T )40 s
P: BRI M ETR: R=8.3145]/mol; J: Hb2% I NI
(e

R (2) (3) (4) (5) (6) AT (8) 15
A\,G"=612.029-345.4x107T(kJ/mol)

(298.15~1700K) (10)
562.7497-316.3x10T(kJ/mol)
(1700~2500K) an

R (9 KRATIRE (D) 15

G =A,G*2RTIn(P(CO)/p)

HAG=0, WA HE 7R C10) (11) 13
T=1780K=1507C, fEFRALIRE T, RN (1) |0
i R IEAT B4R S N E T=1507°C o PR SERR s M A
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3Si0,(s)+6C(s)+2N,(2)=Si3N4(s)+6CO(g) (12)
AG(SizN,)=-755.8035+344.3x107T(kJ/mol)

(298.15~2200K) (13)

AG {(N,)=0 (298.15~3000K) (14)
2 AG=AG(SizN,)+6 AG’(CO)-3AG(Si0,)
6AGY(C)- 2AG’(N,) (15)
J=[p(CO)/PI*/[p(N,)/PT=p(CO)’/p(N,)* (16)
R A B SAE AR p(N2) >p(CO),  FITEA
J=p(CO)’/p(N,)*<1 an

TR (2) (5) (6) (13) (14) LA (15) 15
A,G*=1299.7-715.42x107°T(kJ/mol)

(298.15~2200K)  (18)
5 AG=AG*+RTInJ=A G RTIn(p(CO)*/p(N,)*) (19)
FiAGY=0 I, AR 7 FE (18) £ T=1817K=1544C,
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Table 3 the chemical reaction between tungsten and other materials
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TEHAK. B A / THCF R
28iC(s)+3W(s)= WSiy(s)+2WC(s) (20
AGP(WC)=-38.306+2.48x10"T(kJ/mol)
(700~2500K) Q1
AGP(WSi,)=-93.579+7.51x10>T(kJ/mol)
(298~1650K) (22)

=-195.47+68.23x10>T(kJ/mol)



The 7th National Conference on Functional Materials and Applications

(298~1650K) (23)
AG(W)=0 (298~3300K) (24)
A G'=AGYWSL)F2AG(WC)-2AGY(SIC)-3AG (W)
(25)
R (3) (21) (22) (24) LA (25) 15
A\,G"=-23.9453-3.19x10°T(kJ/mol)
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DRhy S SR AR S B A AT, BT AN, G=AGY
ST 20 (20D o e A AN A B 298K ~700K
IR 508, R EE T DU ALG <0,

S AG<0 (298~1650K) QD

3SiC(s)+8W(s)=W;Sis(s)+3WC(s) (28)

AG(W;Siy)=-135.3312-27.05x10>T(kJ/mol)
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(30
R (3) (21) (24) (29) LA (30) 15
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(700~1650K) 3D
DRhy S SR AE S B A AT, BTBAALG =AGY
AT 20 (28) o e A AN A B 298K ~700K
IR 508, R EE A DU ALG <0,
S AG<0 (298~1650K) (32)
MR BT R, SiC 5 W ESRN R 0 R K
RN, AR A A AL S, i 8 > 1300°C i
AR LB e e BN R AT — 7 T 23 JE ok
MRk Garez, MESERM AR, Sy— it TR
AL LA B 1 S, SRR A e R
25 AR B B AR Y P S A SRS R R, T
AT U B THERAS I, AR R e 5
.
SR G 4 22 LR A YT ST e e i
YT 3BT R DRk 206 HE P X Can ] 4a BT,

967

o,
o0

0‘:

o

Scientific
Research

Si kal

Figure 4 the EDS analysing of W-Re alloy wire and the coating
material
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SiC(s)=Si(g)+ W (s)
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S AG=AG(Si(2))+ AG'(W)-AG(SiC)+RTIn(P(Si)/P)
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WSiy(s) =2Si(g)+ W(s) (36)
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