2017 4 114
38 ol

M K 22k (T % ) Nov.

Journal of Zhengzhou University ( Engineering Science )

2017
Vol. 38 No. 6

XEHE 1671 -6833(2017)06 - 0088 — 04

H A MoSi, AT MBS B EHW DT

HXIL, B A, F 8, TR, £EE, THR
ORI BEERE: 15 TR B 1 X5 450001)

# E. &M XRD.SEM #» EDS % F f% 4 5| 2} Kanthal 2™ 3] Super 1700, Super 1800 #= 8 = 3% |- = # R
Bl MoSi, & # 7 #0441 48 20 %, AL TS o Ao i R 7T & R 2 47 941, 4831 T 4 MoSi, A48 2§ 32 2 % 3 T 4+
1 AL 6 Fvh 2 R A DF & Mo 3F MoSi, AAAHE RN BENRSEF RA;EHBEH,KY
8 E f Mo &5 B AR B & A MoO, 48 & UM £ @ et R IB IR, QB Z A KAtk 4
FRBRPEEIRGBEALAGMANT SFEEEABEA LY K Na FFEXmERAAY G E. QBTH
W L& A28 7 ik k) & A4 MoSi, # 5 BAR A% Loy MoSi, #, T AR 3 KX A T e9 e BB B Ao
1k &

KR AU MoSi,; Wi L BRI, 41

HhE4S %S TB34 MRS A doi:10. 13705/]. issn. 1671 - 6833.2017.06.013

0 355

MoSi, J&—Fi 4 J& 0] fL & ¥, BA7 M & 4
J AU R R R R R A S, A
0 W 8 T 7 SR T SR e — O A A )
T 1 500 °C Ay v it 45 M B4 H R MoSi, #4 %}
S SRR PN U VAN E P (SRS IR AN G U U D a2
ST L

B M 1956 4 # . Kanthal 2% &) 58 — R —
AL R RoT B 3 LR, D &2 A 2 it 42
i) % € , Kanthal Super (4 £ %1 7= i — B 5| 41 & —
o A0 PR A AT B 1 1 4D B e IR O B
FIE 1650 C o i B BLAERY 1 850 C, Hoy™ i 75 [
P BRI TR s fr . HATE N R RE A A
Bt AL RE A 7l MoSi, & oo, (0 fl
FHR BE A ) 7 4 A= R ) # M RE 4S5 Kanthal
I8 E AT BOR 22 #E. I H. Kanthal Super JT {4
TEHE I PR R Ak AT 2 RE 68 IR £ O
PR RAFROR X 2 [ 7 R AT BT IA AR B Y. 1
B AR T B AR B AR R & ROT S
77 T 0 2H RN S5 4, it e AT Y
A5 K G AR ( FE 23 72 MoSi, ) Al B AR (=
BEARRE R R B AR ) , (R SCE IR B A 48 P

Wi B H:2017 -05 - 15; 81T HH#A:2017 - 07 - 28

AN [RVAH B B A B BT 5 TC 2R i 2R K A R
ff 4 NI BFSE T Na, O R &k #4058 1 B 4 1Y 5%
M), 4 2 R AR i #ATT 4 v Rk R R B 3 AR Na
(g dik. LA TSN BRI T Wi,/ MoSi, A %
POl A A SUERE - I G S ITER Wy n
AT DA & $A 0 1 09 0 4 i 8 R S R R 4
re e A il AR AR AR IR i AR B T A T 1 1 A

EH FI ] XRD SEM | EDS 4 73 #f 5 B, Xf
Kanthal Super £ %15 E F= 5 & #ToF 5 9 A0 4
B A SR o EAT 3 A, A B e X L o
HE = B AR 5 BT 4 A ZH R B R S A
AR Z AL | K5 e R TT 0 R PERE 1 0 3%, % 3K
[l B MoSi, % #R 0 7™ il B9 P RE 48 7 $2 Bt A7 4
%,
1 e H MR TE

iR AR % H B B Kanthal 2 &) 42 7= 19 Kanthal-
Super 1 700 #{1 Kanthal Super 1 800 & # 0/, &
ATTAE 23 A 5t b 8 e o 8 PO 3293 391 24 1700 °C
FiI 1800 C 7 oyl g BB L AR PRI R AOT I AR
28 S BT P d e A T TR B R 290 1650 °CL SR
Phlipis PW-1700 % X 5t £k fi7 514X #1 JEOL JSM-

EEWHE FHKAARPAREE R DT H (51172210,51472220)
BEIEE JAB(1968— ) , Lo, IR MM BN R R 4% , 3228 N 5 DI RE B %8 0T 5T , E-mail: zhouying @ zzu. edu. cn.



% 6 30

BOCUL, 45 LR MoSi, & ATTIF YA 5 32 44 73 B 89

5610LV B4l B B (SEM ) il & Feature Max B fig
AL (EDS) X [ 7 K KANTHAL £ %1 MoSi, & #
TCHEHEAT 3 HT-

2 ZWHEREDW

2.1 Mo,Si, 5 Mo B8

[E 7= ¥ Kanthal Super 1 700 Kanthal Super
1800 & # ool XRD 1% 151 1 frs. I 1 AT LUE
Hh: T LH B AH 1 Sl MoSi, , [R] I ik 34 47 R R
Mo, Si, FHAFAE. SCHK[ 8 ] 45 ) : Mo, Si, $t AL fE
PR, Rt A A 23 RO AR K AT 1 19 v T B 4
ek e, {H 2/ Mo, Siy 94778 % IR A Ak vk
REVEA KR F ), I H i & /Y Mo, Siy 778 7] LAH
MoSi, B4 #HY fm ifi 5k 2 A5 21 L 3B i i kst OF A
FI TR AT B e iR AT . A 1 T R
J7A 7= 1 MoSi, & # Tl ik & A IR & L5 Mo f7
15, SCHRLO 198t A AoC e fd F A b B P 0 B
Jit Mo TEm i A5 10 T 22 5 8 SR AR iA7ES MoO,
A MoO, 7% 233t IR T I I A PR IR A
IR, IS BOA LA Y 28 5%, 33X ] B T B A
J7HE 7 B8 R AT A7 i 4 B S R 22— PR
1 MoSi, & #TTIEA 7 i F 2 P % 45 ) Mo, Siy Y
A R TR B A 266 BT Mo A AETE.

1 1 1
1—MoSi,

1 2—Mo,Si,
3—Mo
1

I
@F%FL |‘

Jkanthal Super 1 700

kanthal Super 1 800
JMWWW

20 25 30 35 40 45 S0 55 60 65 70
20%)

?JL 2

4'!\)

& 1 [E 7= .Kanthal super 1 700, Kanthal super 1 800 %
TR XRD EiE
Fig.1 X-ray diffraction patterns for samples with three

different kinds heating elements

2.2 SAEBRIRINBHEMNZW

K 2 Sy [E 7= B 7 F0 Kanthal 23 5] 42 72 ) MoSi,
BT TS BUST SEM I . WIE 2 hrl LR
23 BhANTR] MoSi, A #ATT A 32 5 o K (0 3 AR A |
RO @R 3 R AR AL 855 K {0 K
A R ORI fIE I 2l (N2 1 o) A XRD
Z5 R, AT LB A K (B 34K MoSi, 5 S8 (8 F J& — il
PLSi fl AL N ERIFAE A K Na Mg Fl Ca 94

JBT . AR T A 2R LA Ry e A R A A i
LR RNy 1T (KRR R E N S I (EEZB U =P o
FRAE IR Eh M ORL O % A8 BB BE S W BT, B LARE i
XRD 45 et & At B Rk 18R 6 19 0, D) I mT A Afg
S B A 2 40 RE R AR B A, 25 A SCEk [ 10 ] A
XRD 43471, [ 8 AH & Mo, Sy, ‘& A g & 7F be 45 i
FErh MoSi, R4 g% 4 ) 480 AR S T B, Al
A BEJE [ & A A MoSi, #3418l = 4.

3 A MoSi, % #0175 AH 43 A 34 55 1
Ko m )y YA TE B B 2200 [ R A T
(& 2 (a) iR ) K o 56 (R 42 38 K H R 4™
i, Kanthal MoSi, & # oot (& 2(b) .2(c) i
IR IR A AR R R A A LB A OF HOR A
AN 2. T 3 — 25 50 2 R oo R
BB A BT 5 AR BUE 4 L, ff A Image-Pro Plus
6.0 B XX 3 F MoSi, & # ot 4 M (5 4 i R
AT T Gt orr. a5 R, B = K ook b 2
M B b B B /N (2908 3.49% ), Kanthal
1 800 % #4 70 14 v J o 0 Fr 5 L B 45 R (40 ok
8.58% ) ; Kanthal 1 700 % #4JC {4 v M {0 A1 FF
Lol JE H (2970 6. 66% ) .

H H A 7 Rk R 5 & R T Y 32 R 2
TREAREH B R SR R RE R AR A ORE A0 R L R
T8 - B IR S T8 v R R T 1 B B M R R g
J1, A B 2E MoSi, AYBE4E, I H w5 il 5 A9 30
P IR R0 7E TR R 4 R R, S A i £
SEATE BB AR | be 4 I 25 18 X4 A B, 1
A2 KR A S [ AR 90k = HE A0 AL o 72, X A A
TR BEAT R S ) BOE AL Y PR WA
Z B, AN BE LR AIE 7 5 1T AR RS, 51 i AR
B, TS BEAR A BTk i i IR BE 5 5 AR & 3ot 2D
B, 8% B AR 2 5 R RS FIF R AT 4 1
Fom Ak, L, BEARRAT BOR B R AL RN
19 & ATTE BN i B 1 o — e B

H BT E =5 MoSi, % T 14 8% R
92.59% , S ALFE K 7. 4% ;i #k 1 & BT R
L% < 1% 5% B 98. 6% , |8 7= Kk ¥ 14 5 58
R —% & 1 650 C ,Kanthal Super 1 700 %Y % #4
TEUE A 2 IR R 1700 €Y 45 4 Kanthal Su-
per 1 700 F1 1 800 AU J #4 oo {4 M A4 & &, 7l LA
I, K AT v B B S LR B
BB — A DG R R o 0 A e R
JE R F . PR, 7E MoSi, % #4070 0F 4 7= 3
IS Y A R i A AR B ARAL R
o B0 B A



90

IRV i o QRIS o )

(a) B =R Boeft

(b) yKanthal1700

7 (c) Kanthal 1800

B2 EHATHEERS SEM RE

Fig.2 Electron Backscatter Diffractionin for samples with three different kinds heating elements

2.3 TEWMELEETE Na. K EMN
1N 3 P[] R BP0 @A AR (A DG
ENRS i R T € N T D= g T S
I Kanthal % #4500 JK (0 56 0K BT 3% T 20 K
Si Fl Mo, {H 2 A [d] ST 9 Si Fl Mo (W) B BE K
FE A1) W5 A7 AN [ 5 A EE T, Kanthal % 34 O0 7 /9
PO R B H6E 2, b Ah Kanthal % 450 A /b 4
(9 W A7 5. £ 8 SCHR A] 8 MoSi, 1 IR i Mg 1
R & S NN = S o 7 g P
B2 Al R R X R M B B BTk, b

i Mo Ju & 8¢ WA 70 B % 19 WSi,/MosSi,
S5 R IR OT IR I BB A s i R R 9 AT L
T R ORI R T OF B WSi,/Mo-
Si, B & K POU/F R R 5 MoSi, & #IC 1 A1
L, BE & W p AR A2 A, A BB R A
A7 75 L BELAS DG I ) AL A O e & RO
A g AR R, T LA A WA
JCER W7 AR B A MoSi, A i, ok B AL 4
(1) MoSi, A3, M 41 5 A #4 0 £ 19 e 1 i 2 A
i FiI 77 iy

x1 ERATHKREEAMESARS RESHH EDS 347
Tab.1 Energy dispersive spectrum analysis for gray and black composition of heating element %
FHH A K IHTTH Si Mo % (0] Al Mg Ca Na K
FE =5 (al) 64.76  35.40 0 0 0 0 0 0 0
JKAH  Kanthal Super 1 700(b1)  65.56  31.38 2.97 0 0 0 0 0 0
Kanthal Super 1 800(cl)  65.92  20.10 1.93 0 0 0 0 0 0
[E =5 (a2) 23.80 0 0 68.75 4.62 0.75 0.48 1.38 0.22
M4 Kanthal Super 1 700(b2)  21.60 0 0 66. 63 8.73 1.75 0.94 0 0
Kanthal Super 1 800(c2)  18.38 0 0 70. 65 8.40 1.42 0.34

AT AR 7 3 s e S 0 i e
P T A il B 0 HL S 2 — DRI S 0 & A
TEA I U T e e R 5 2 0L i 5
AEEB. NFE 1 AT LU 23 Fh s & SOT 1
S0 A f) T 2 2R 2R L, (HLTE B A TR F).
32 25 AE T 77 % O 1 B 0 A b A A
() Na 1 K 3 U 08 42 J8 7C K A2 75 ; 1 Kanthal % $4
TONE A AR B & B Na K T2 1R 16, ok #%
SR D R B A k. Na K 45 3 Uk B 42 )8
FER I + o L Na,0 K, 0 {998 A7 7E , 3 26 f% s
MR BOAEAE 2 AR I T L A R i
387 5L T A S A 726 L R 90 O R IR A R B
A F TR A MoSi, JURE 3 fih - Y 3 il s 225 5%
PR B . ELTE S ROT I A L P R e
3 59 % Na K W48 & 27 R B i M4, 9
T S PROTA 2 T B A 1T 6 BRE 50K X 35, 3% 2 [X 4

S AR AR AT AR /N 23 0 7 A0 R 3 TR
19 58 BVl 2 AT A 1 s a8 Sl 2 A 7
AR KRFEAR. L, 78 MoSi, & #Jo 4 il 4 i 72
HESINGR R Na (K253 3204 Jm A AL 9 i 5 i
LA P

&

i@ 53 %t E 773 ) Kanthal Super 1 700, Kan-
thal Super 1 800 3 Ff 78 MoSi, % #4T¢ 14 (19 4 4 .
TE S50 R AR DX 53 55 X6 HE 43 AT, 45 30 4R 4548

(1) H AL MoSi, % #TTff iy F WA & Mo-
Si, AHFN/D B Mo, Siy #H, 7E i 4 MoSi, #5 K ET ik
LR B A L, R BT Mo YK R

(2) 75 MoSi, & o Az 7 i /8 v 23 24 14
HENGIE L B A S AR AS S G 45 SR A AR
T E i o F P AR 8% A Ay, [A) I i A

3



%6 1 BOCUL, 45 LR MoSi, & ATTIF YA 5 32 44 73 B 91

W B4y ek ] Na K 238 Wi 4 @& [7] ZHANG C, SUO T, TAN W, et al. An experimental

xR method for determination of dynamic mechanical be-
(3) @A W S A L2 Y )T 15 3] Mo- havior of materials at high temperatures[ J]. Interna-
= X R

. " . N . N N tional journal of impact engineering, 2017 (102) ;27 —

Siy S AR R AE G20 MoSi, B, LA i % e pact engineering. 2017(102)

AT Y R IELRE A & L ) e PR RE A . .

[8] SCHNEIBEL J H, SEKHAR J A. Microstructure and
%%j{ﬁﬁ . properties of MoSi,-MoB and MoSi,-MoSi, , molybde-

num silicides[ J]. Materials science & engineering A,

[1] VASUDEVAN A K, PETROVIC J J. A comparative o- 2003, 340(1/2) :204 —211.

verview of molybdenum disilicide composites[ J]. Ma- (9] ZHANG Y Y, Li Y G, CHEN I, et al. Progress in

terials science & engineering A, 1992, 155(1/2) :1 Research on Mo-MoSi, functionally gradient material

- 17. [J]. Advanced materials research, 2011, 28.287 -
(2] FOHEHE. Rkl 22 P ) 2% R 10 290636 — 641,

JALIT. BURCL AR, 2003, 27(6):49 =49, (107 B MoSi, %G FE A 1T FE 0925 5
[3] PERSSON P. Maximum element temperature for Kan- (D], HM e bkl T 22 Es , 2011

thal Super 1800 s in flowing nitrogen atmosphere with [11] XU J, WANG Y, WENG B, et al. Preparation and

low content of oxygen[ EB/OL]. 2010. htpp://ww. di-
va-portal. org/smash/get/divaz;304269/FULLTEXTOL.

characterization of MoSi,/WSi, composites from

MASHSed powder[ J]. Materials transactions, 2015,

(4] WERE, Fhear, Z2UE. —F MoSi, kMo r 56(3):313 - 316.
ARG IIHTLI]. SRR, 2007, 26(5) s (o) pooemy BRARE, BRACHE. W HG TR MoSi, i
939 - 942. B RM [T]. HFF ik A 4 42, 2011, 31
[5] AT, FRI, 7T25. Na,0 X MoSi,/Oxide % 7T (6):504 - 506.
ﬁ:ﬁ‘fﬁ:ﬂﬁgﬁuﬁ[‘” #1 BBl 2 'ﬁli, 2002, 10 [13} 12756, ﬁiﬁ, *ﬁﬁ{ﬂa,ﬁ]’i WSiz/MoSiz "/L'&yi
(2):167 - 169. T LR A R ENERE(T). WA &R AM RS T
(6] XxJb, BEH, HIER,%. WSi,/MoSi, & % i, 2005, 34(6) :962 - 965.

£, 2005, 34(6) :962 -965. Rz2247 . 2005, 21(2) :87 - 89.

Study on Phase Composition and Microstructure of Typical MoSi, Heating Elements

HUANG Wenjiang, ZHOU Ying, LI Si, MA Chengliang, SHI Xingfu, WANG Shijie

(School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: The phase composition, microstructure and micro-area elemental analysis of Kanthal and domestic
MoSi, heating elements were studied by X-ray diffraction analysis( XRD) ,scanning electron microscope (SEM )
and energy dispersive spectrometer( EDS). The impact of other substances except for the MoSi, phase on the
performance of typical MoSi, heating elements was investicated. The results showed that; (1) Elemental Mo
was detrimental to improving the service temperature of the MoSi, heating element. MoO, gas was formed by
the reaction of residual Mo and oxygen at high temperature, resulting in the emergence of bubble on the sur-
face and damage to the glass film. (2)It was necessary to increase the amount of bentonite during the produc-
tion process of domestic heating element, while the amount of K, Na and other active alkali metal oxide in the
bentonite was strictly controlled. (3) The MoSi, composite powders were synthesized via alloying method of
adding W in replace of traditional MoSi, powders, which could improve the service life and operating tempera-
ture of the heating element.

Key words: heating element; MoSi, ; bentonite; protective film; alloying



