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Abstract: In the industrial silicon smelting process, a large amount of hearth material is generated in the sub-
merged arc furnace. To address the problems of hearth rise and equipment damage caused by the hearth material ,i-

ron powder is added to remove silicon carbide from the hearth material. The results showed that SiC could be trans-
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formed into Fe;Si by calcination with reduced iron powder addition. The optimal conditions for calcination with iron
powder were as follows: the addition amount of reduced iron powder was 3 g, the calcination temperature was
1400 °C ,and the calcination time was 60 minutes. When the temperature exceeded 1400 °C ,it was found that line-
ar SiC was generated in the calcined product,and the amount of which increased with the rise of temperature. The
Fe in the additive ultimately existed in the form of Fe;Si in the obtained product and was clearly detected on the
product surface as regular spherical particles. Meanwhile ,microscopic characterization showed that as the amount of
iron added increased ,elemental carbon was detected in the product,because iron reduced the carbon element in sil-
icon carbide to elemental carbon. Comprehensive analysis showed that the experimental results provide ideas for sol-
ving the furnace bottom material problem and technical support for its subsequent value —added utilization.

Keywords: industrial silicon furnace ;furnace bottom materials ;silicon carbide ;reduced iron powder

05 &

AR R R FE 280 e R R B0 7, S 28 FT e R TR oG ). B B RE TR B bR b A e
KR, Tl A G 7 B R o U i R AR R B RE M L AR A A R AR, )
I8 TR AT T A R RIS LR Tl 4R

W2 S i AR, TV RE AT 20 08 G R 2 16 4 Gk (MG — Si) F A7 K B REER 22 d ik
AL BB R S, X 2 i SR A L MR A e S X R e R VE A,
A U SRR FIRR TR ISR, 66 B A X AT 3 , 30 S Bk R DU e S0, 8 S B ML AR A
PRI PR AR R AT SR, 15 3000 B 50 12 1 TV 72 . R4t A S P e R TR AT, 4 ) I
TR FE R A RCR. X TR R YT, R & KA CEE SR i MK s A R T2,
o PRI B LRI FSE ST B 2 B L AR VERE , S8 A T R R AR P e
P2z, B DB SR T T R AL A%, (F R (R SRR B B P LS, B B I PR R IX
AR ITT RS TR P BLE IS, FERX AR AL, 2R TR AREIAE AR , o7 it 3 i s Ay o™

FRT AL fET PR PREETE RO A T —SeiF5y. #4020 858 T 004 8 8 3 S8 AL o
JiE_E BRIV F & Fe, Oy ARBRNME b3k Ay ml AT 0 5 1 9 0451 NBIE EAMT T 0 P it el 42
Gt B IR SR DR R T AL RS R A R i 5 Liu 25 SR - A
P EUESLI RGN T AL RE T LER SRR AR 7 A, B85 MG — Si 7 il 197 5 LA 32 X5 Or-
tega 2512V 8 H K SR H N T IR Si0, A2 % SIiC 1 R R AILBE 2t A S0 F8 4 8] 7= 9 52 iR
(5 Li 2 BESE T b A DERNRRZE B URE 7 1 898 ~ 1948 K T A AR FAGE J5Uid 4 ; Wang 2574 % BR
Ca0 - Si0, Xt SiC HA KL NI , i F WL B S Bk P i SiC gk

MHTATFFT 32 B TR AR R P N R 1 AL ER R PR, Xt R R S B B SR 25 . A S fi
T SRR WL T REI ORI MIAR S AL | 3 S 06 205 SR U0 E 8 S A b B R 33K A9 P 454

1 LI H R 7 %
1.1 SEIeHF AN RAE

ABFFAE R Rk A b E s B A SR i — K LT 528 B R I ks (BR& JE R T 99% |, BTt
T ED) R AR AR A Ry S Hr .

il Agilent 5800 VDV ICP — OES H1 8 5 45 B9 TR K HOGIE SO ity 1) 7T 38 2H R AT 5 PR A E B
Srpr A X B4R 6 H T HB1% ( X — ray Photoelectron Spectroscopy, XPS) ( Thermo Fisher ESCALAB Xi + ,
Thermo Fisher Scientific , 3¢ [ ) $EAR 73T BRIG HEHI S FE M 0 AL RZS. AT, SR X SFATT 5 4017 (X = ray
Diffraction Analysis, XRD) (D/Max2200PCX, Rigaku , H 4% ) S} ST B INBM K5 BERT IS 7= Y0 i AR A2 1k 811 3%
AR T WA (FEL QUANTA 200 ) 46 A5 F i B WOWLTE B0 AT JC 38 20 A, ik B AT 1 34l 7 W00
(Scanning Electron Microscope,SEM) | K 61 X §F 2% % {¥ ( Wavelength Dispersive X — ray Spectroscopy,



551 3] KA, BRIEZAS , 5K , 55 38 BRA X Tk R R R i AL RE A R LB 5 3

WDS) FlfE i O X F26 %1% ( Energy Dispersive X —ray Spectroscopy , EDS) 43 #r.
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Fig.1 Process diagram of iron roasting experiment
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Tab.1 Element composition of furnace bottom material

JLE Si C 0 Al Fe Ca Hithy
G/ % 45.55 3.84 35. 4 0.18 0.11 0.19 14.73

2.1.2 XRD ¥#45 7 N
it XRD MRS E T H R A2 A AR 1] 2 B
/N XRD S % A] DLW SR 2], 7E 21.907°,28.389° 31.389°,
36. 050° 36. 372° 42. 640° 44. 783° 47. 033° 48.533° 54. 051°
56.998° 62. 141° 65. 034°[) 260 {EALINZ] SiO, [RIFHIEE , 75
21. 907°Kb Wi %% #1) fiz 38 W, SIiC ) ¢ AiE 06 3 B AE 35. 622°, 1
41.408° 71.784° 75. 481°  FaiisAE 35. 622°. L) 2 20, T R T T
PR 32 Si0, F SiC, Horr Si0, S F2AH. — s
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Br. g5 R0, PR EE R C.Si 1 O, [RBf &4  Fig.2 XRD test results of furnace bottom material
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Fig. 4 Micromorphology and element surface scanning map of furnace bottom material sample 1 Percent
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Tab.2 Elements of EDS analysis corresponding to Fig. 4( Atomic Percent) %
P C 0 Si Fe Yt
1 8.1 37.1 54.8 FeSi
2 9.5 12.6 38.9 39.0 FeSi
3 7.2 39.0 53.8 FeSi
4 4.9 61.1 34.0 Sio,
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Fig. 5 Micromorphology and element surface scanning map of furnace bottom material sample 2
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Tab.3 Elements of EDS analysis corresponding to Fig. 5( Atomic Percent) %
Jy C 0 Si Fe Wit
5 17.2 41.8 41.0 FeSi
6 7.5 47.1 45.4 FeSi
7 71.9 28.1 Sio,
8 12. 1 42.8 45.1 FeSi
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Fig. 6 Micromorphology and element surface scanning map of furnace bottom material sample 3
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Tab.4 Elements of EDS analysis corresponding to Fig. 6 ( Atomic Percent) %
e C 0 Si Fe Y
9 38.2 33.0 28.8 FeSi
10 32.3 12.0 28.8 26.9 FeSi

11 59.5 22.3 18.2 Si0,
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Fig. 7 XRD analysis of products with different Fe contents and different melting temperatures
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AN R BRI TE) R =40 i) XRD 34 (181 8) W LU HY, B .. + 150 min
A AR TA] DA 30 min B A3 150 min, Si0, BT 54 BOR 55 S 120 min
R BEms (8] 60 min [}, Fe, Si 477 55 14 Fe i AR LA B 23#r, 7 E\? j . 90 min
E TINBREE B AR A F R SRR TSI 3 o JARRIRLEE & | L . L L comm
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Fig. 8 XRD analysis of products at

different calcination times
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59 AEIRETHREN~MI SEM Ei&

Fig. 9 The SEM images of products obtained at different temperatures

Xt AN R R B IELE (A i R4 T T 20 A AR 4T 20 . dlad Xt 1400 °C A i AT WDS T, 3R)4% 1
WP 10 PR i PIARIRARRES . RERD £ Si.C L0 Fe PURNITER AR, AT LA HRE Al 2 A 3R U A 2R
REEH. jﬂTﬁﬁ%EﬁﬂE\»ﬁSE’Jéﬁméﬂﬁ AL, XTI 10 HR L ~ 3 BEAT EDS g0, AR AR S R,
F BT PS03 1 ~ 503 7545 FeySi Al CAH I URFAE.

10pum

E 10 1400 CTHMMFRFITTRREE
Fig. 10 Micromorphology and elemental surface map at 1 400 °C
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Tab.5 Components of EDS analysis corresponding to feature points 1 to 3 ( Atomic Percent) %
i C 0 Si Fe bULE)
1 67. 46 4.09 6.75 21.70 C,Fe,Si
2 94.32 3.58 0.76 1.34 C,Fe,Si
3 70.94 17.35 3.48 8.23 C,Fe,Si
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HALXT 1450 °C RS HEST WDS Th, 2045 1 4nF 11 B A AHIRAEARES. A ah 228 Si.C L0 Fe 1Y
MOCERALAL, AT LA AR i FE R LA BRI R EAR . O 1 3845 S BAR A 21 56 73 A e, 7 18]
HRERR LRGN _E X R 4 FE S 24T EDS sd 4715087, 4R 4036 6 Frs. i1 Hei 3l i, o 4 S S
SiC AHAYZH BURFIE.

B 11 1450 CREHRAFERFTRERREE
Fig. 11 Micromorphology and elemental surface map at 1 450 °C

F6 4.5 HEAXTA EDS ST RAR (FFESH )

Tab. 6 Components of EDS analysis corresponding to feature points 4 and 5( Atomic Percent) %
i C 0 Si Fe Y
41.16 12.51 45.47 0.85 SiC
5 38.02 20.25 41.04 0. 68 SiC

XS 1500 C FERLHEST WDS i, 2845 1411 12 Frs i AIRA IR S . A ah 3228 Si.C .0 Fe 1Y
MO AU, AT LU R AERE R R AR L5 A L Z AR dh B 2 I ARG, O 1 3R AT SO BAR 1) 2 50 o0 A 45
ik, 7E B R RE AL ZOREHG FIPURZSHY_EXT 516 ~ 3 10 #E47 EDS mif 104, 45 R 7 . i1 Heit 55
AL, 56 ~ 10 £FF SiCOAH I R

ectron Image

B 12 1500 CRERMA IR TR REE
Fig. 12 Micromorphology and elemental surface map at 1 500 °C
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RT 6~10 FELX A EDS ST RAK (RFESLL)

Tab.7 Components of EDS analysis corresponding to feature points 6 to 10 ( Atomic Percent) %
J= C 0 Si Fe L7IL ¢
6 23.83 54.13 20. 61 1.43 SiC
7 28.03 18.92 31.03 22.02 SiC
8 30. 96 33.62 16. 69 18.73 SiC
9 37.06 44.23 17.57 1. 14 SiC
10 26. 14 17. 68 32.60 23.58 SiC
2.3 DSC 4#7

XA —E P P IORHE R STUR T 25 ~ 1400 °C IR N 3EFT T 2578 34 i A4 ( Differential
Scanning Calorimetry , DSC) 437, Z5 & 13 fifr. AT LAE H 76 1298 °C il 1353 °C 45 54 4 (4 g .
2.4 HMRAEDHT (IS ER NS HHEAZTL) REISkE RS R

X 7S AR RIS 2 de AR S 2R A T TR A MR A 4y

BT, XA Y 1.5 ¢ ORER: 1 HEGT WDS i, 3608
THNFE 14 BRI HIRAPAR S . B 5 SiCL0 Fe T
PURRTT AL, 7T LA FURE Sl op o K B BoR G f R F o]
—SEIORILH. Oy T A U AT A AR X S|
H 1~ 503 AT EDS SEIT, AR 8 Fon. i 2
T HAEETTA, 51 ~ 23 F54 SiC AR 4
SRR RN 1.5 g HORER, 2 JE4T WDS 4,308 -of
TE 15 AR RS AR SR Si.0 . Fe .C 21 200 400 600 800 1000 1200 1400
L T LA R S P A BN U BRAR . Sy T 3 o L I

13 WEFPRELR S #HITT DSC 5347

PRBYZHITT AR W P 4 ~ 550 S 384T EDS s 704, ) i .
Fig. 13 DSC analysis of the mixture of Fe
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AR 2.0 g BIRESR 3 #EAT WDS [, 3845 1 AN1El 16 Frs PIARAEIRAS . AR dh £ 2 S
0 .Fe C 4, ol LA AR fh N BRARES 1Y , I HLAS SN A (8. D 7 2RA5 B BRI 250 73 A Ak, 36F
Kl L 6 ~ 5 8 HEAT EDS s 704T , 45 R A3 10 FroR. d st 7 BT nl i, 55 6 #4545 € Fey Si AHAY LSS

and furnace bottom material

Gectron image |

fik, 237 A5 6 Fes C AL UL , 18 8 (13 9 775 C AAYLL BURFIE.

B

E14 HKIEANLS gHIHER I HRAERRTESHE
Fig. 14 Micromorphology and element plane map of sample 1 with 1.5 g Fe content
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®8 1~3HHESNA EDS ST TRAM (EFESL)

Tab.8 Components of EDS analysis corresponding to feature points 1 to 3 ( Atomic Percent) %
o C 0 Si Fe it
1 57.47 19. 61 20.97 1.95 SiC
2 64. 84 17.17 17. 48 0.51 SiC
3 19. 82 64. 55 15.59 0. 04 SiC
E15 SEIEANLS g IR 2 BRUERETES T E
Fig. 15 Micromorphology and element plane map of sample 2 with 1.5 g Fe content
K9 ASHESAXEH EDS ST TEAR (FEFES L)
Tab.9 Components of EDS analysis corresponding to feature points 4and 5( Atomic Percent) %
C 0 Si Fe LYILiE|
4 48.24 24.56 7.01 20. 19 C,Fe,Si
5 47.15 24. 48 6.85 21.52 C,Fe,Si
E16 SHEEAN2.0 g M3 HRUAERRTESHE
Fig. 16 Micromorphology and element plane map of sample 3 with 2. 0 g Fe content
F10 6 ~9 $HESXTNA EDS ST TEAR (EFEH L)
Tab. 10 Components of EDS analysis corresponding to feature points 6 to 9 ( Atomic Percent) %
= C 0 Si Fe Yk
6 19. 56 14.97 17.13 48.34 C,Fe;Si
7 25. 66 5.19 2.10 67.05 Fe,C
8 97.22 2.27 0.32 0.19 C
9 97.75 1.57 0.31 0.37 C
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0 .Fe C 4L, Tu%tﬂﬁunjﬂﬁ?ﬂ(%% I HASTINTIEA (. 73R4 I BRI 20 73 A AL, %
B s 10 ~ 14 9677 EDS s f7170 4, A5 R A0 11 P, il R HUI SRR, o510 3 11 7545 SiC AR 2
JIAHFAE , 512 ~ 514 755 C AH B ALSURAIE.

E17 SKREEHN2S eHHERINBAERRTESHE
Fig. 17 Micromorphology and element plane map of sample 4 with 2.5 g Fe content

11 10 ~14 $5EAXT R R EDS T ZER (FEFE S L)

Tab. 11 Components of EDS analysis corresponding to feature points 10 to 14 ( Atomic Percent) %
=3 C 0 Si Fe Y
10 33.48 56. 16 10.24 0.12 SiC
11 11.17 68. 24 20.52 0.07 SiC
12 90. 56 8.94 0.45 0. 05 C
13 88.27 5.12 4.20 2.41 C
14 73.47 2.67 2.33 21.53 C

TS XN 3.0 g BUREAL S BEAT WDS T, 2R45 TN 18 I i AR EIRAS. B i T2 gl Si |
0.Fe ,C 2 A, il LAA A f R BOAR S5 K. Sy 7 44 S BAR B9 41070 A R, X B v A 15 ~ i 18 5T
EDS gid7 500, &R W3R 12 PR, i sty FErH R, 50 15 5 17 A58 C R IAUSURAIE , 5316 5 18 743
SiC AH A ZH BUARFAIE

E18 HKEREHN30gHHERS MRAERRTESHE
Fig. 18 Micromorphology and element plane map of sample 5 with 3. 0 g Fe content
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R 12 15~ 18 $HEm Xt A EDS SATRITTRARK (RFE L)

Tab. 12 Components of EDS analysis corresponding to feature points 15 to 18 ( Atomic Percent) %
I C 0 Si Fe Yt
15 87.44 7.22 3.94 1. 40 C
16 58.74 15.62 16.21 9.43 SiC
17 88.26 8.39 2.54 0. 81 C
18 54.02 20.99 14. 66 10. 33 SiC

A PSR N 3.0 g BAEAL 6 FEAT WDS i, 2845 1401 19 Fros AR RS 8 dh 32 28 Si |
0. Fe C 41, nl LI AR ph 2 BUREGHY , Si Fe \C i1 Dk JE FE 5, IR0 =M. O 17 3R45 3 m H
PR IIZHICIMATRFE , X B 19 ~ 5023 HE7T EDS gid1 04, S5 2R a0 13 s, il str Feit 3l i, 23 19
ML 23 £F CAHBILLBARAE , 45 20 ~ 53 22 754 SiC AR 2 SRR

E19 HKAEHN3.0 g R 6 HEBRAERRTESHE
Fig. 19 Micromorphology and element plane map of sample 6 with 3. 0 g Fe content

R 13 19 ~23 $HERX A EDS SATRITTRARK (RFESEL)

Tab. 13 Components of EDS analysis corresponding to feature points 19 to 23 ( Atomic Percent) %
=3 C ¢} Si Fe L7/ iE|
19 46. 82 45.85 7.23 0.10 SiC
20 65.40 28.56 4.57 1.47 C
21 95.53 4.03 0.39 0.05 C
22 76.53 17.53 5. 66 0.28 C
23 43.24 38.62 17.02 1.13 SiC

3 &
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TR 3 g, EHRTELEE 1400 °C |, R542B4 ] A 60 min.

2) OB RAE AT LIS, YRR =5 F 1400 °C 1, 508 7= W 23 25 IR S5 44 1) SiC, I FLBE % TR % 1)
FhiEs, SARGS R 2.

3) NI A Bk SR 2 AR i Fes Si WA A7 FE T T 45 7= 4 v, 76 7= i 28 1T AR DU 1) 1R T 375 BT b A T
#| Fe,Si.

4) BE RIS IR SN, 7= RS 380 T Mk, 350 A2 R A R Bl T Hh P B 2 AR I T BRI
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