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Effect of CaCl, hydrolysis on micro-characteristics of solid SiO,
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Abstract: By using scanning electron microscopy (SEM) and energy dispersive spectrometer (EDS),
combined with thermodynamic theory calculation, the changes of the microstructure characteristics of solid
SiO; cylinders immersed in CaCl, melt with incomplete dehydration at 1 173 K and their causes were
studied. The effect of hydrolysis reaction of CaCl, salt on electrolysis characteristics of the solid SiO, was
preliminarily analyzed. The results show that the CaCl, salt without strict dehydration operation is easy to
hydrolyze at high temperatures. As long as the activity of the generated CaO in the melt is not less than
0.001, it can react with the SiO, to form a variety of silicates, such as monocalcium silicate (CS),
tricalcium disilicate (C;S;) and dicalcium silicate (C,S), step by step, which leads to a large change in the
morphology and structure of the surface of the SiO, cylinder; the internal morphology changes little
because of the low CaO content in the melt penetrated into the SiO, cylinder. The silicate layer on the
surface may slow down the reaction rate and increase the difficulty of the reduction in the solid SiO,
cylinder with only built-in cathode current collector.
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Fig. 1 Diagram of the sampling position of the SiO, cylinder after immersion in the melt
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Fig. 2 XRD patterns of CaCl, and SiO, raw materials and SiO, cylinder after sintering
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Fig. 4 SEM images of SiO, cylinder after immersion in the melt for 1 h
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Table 1 EDS component analyses of relevant points of SiO, cylinder in Fig. 4

TTELEHIEFEI I/ %
5 g QR OR7 K
0 Si Ca

1 66.54 33.09 0.37 SiO, +/# CS
E 42 2 57.87 15.74 26.39 C;S, +/0 1 CaO
(HhERTED 3 58.12 16.24 25.64 C;S,

4 57.63 15.25 27.12 C; S, +7 4 CaO

1 66.33 32.66 1.00 Si0, + 8 CS
(;;) 2 60.98 21.96 17.06 CS+2 & SiO,

3 58.21 16.43 25.36 G S,
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Fig. 5 SEM images of SiO, cylinder after immersion in the melt for 2 h
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Table 2 EDS component analyses of relevant points of SiO, cylinder in Fig. 5
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NE B o A A AR AR fL AGO U L ANk 3 i . T ULTE AR HEAS TR I 8k S RIVRT EAT T EL AR AR AR AT
LB R R CS.Cs S, Ml C, S, R aco NIEMT CaCLAEER T CaO BTG ;200 N CaO HIEE IR E w0 N
CaO WY 53405 ¥ coo I CaO BTG FE R AL

3 1IBKRETSERBREEXOANEEIE
Table 3 Thermodynamic data related to the generation of silicates at 1 173 K

, AGY/ Ycao = 5,101 Yewo = 3.8
A T TR R Y S v . 10%a cao , » » ,
(J-mol™ ") 10”2 a0 107 wea0 10”2 a0 107w a0
CaO+Si0, () =Ca0-SiO, —88 120 1.2 2.3 1.2 3.1 1.6
CaO+2/3Si0, (s) =1/3(3Ca0-2Si0,) —76 349 4.0 7.8 3.9 10 5.3
CaO-+1/2Si0, (s) =1/2(2Ca0-Si0,) —66 973 10 20 10 27 14
2Ca0-Si0, + Si0, (s) = 2 (Ca0O-SiO,) —42 293

TEARPRMES TS A D AT A A fE R $h Y CaO P15 B2 . IR AE CaCl B 31 (9 CaO 15 JE
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PNFIREXB T = 1173 K, xeo iR (2155,
A ca0 = Va0 T Ca0 o (2)

SCHRH e T CaO £E CaCLAE Rt i B4 AT (1 173 K I HAR AR B 35 20 mol YO B 7o 1 2 251

RT InYco =8 669+ 6.146 T, (3)
RT Inyco =6 961 +5.06 T, Y]

M T=1173 K B2 MO AR veofl 98 5.1 F1 3.8, =& 25048 K, B FEH CaCl,-CaO 1514
AT AR S 2 IR 0 A0 TE A 22 0 IR Yoo 5 a0 TE R4 CaO H RIS Y ¥ coo TELAR A X (2) AT 45 31 X6 5 Y
Zcao s I HE— A, w e s BRI 3.

A ULAE CaCly s 5 b A 545 1k 8 26 JIr X R 1 CaO ~F- i 3 B2 ARG, A2 & CS B X W2 1 CaO 3 B fiz /)y X
1.2X 10 G 7 B9 Ji B 20 BOE 2 8 0.001 4 %), AR i C, S B CaO 35 FER R, WAL 1.0 X102 (X I Y i i
B R 0.012%)

SR CaO HAERIE T CaCl, #h W 7K i i (RS J5 43 A1) » 3T AR 25 55 ik B Y 1 4% ik 1R &k i 75 10 7
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CaCl J £ P il B CaO A AT 35 SiO, LR s O a0 . M 2 afse = g k&
PR 25 STO, B e 8 Jrlad A rp AR B Tl e ) CS B C, S 25, AMFSEHE L, CS 78 1 123 K 1Y CaCl 45 25 v iy
VS A B (B 20 B0 RT 3K 1,56 261700, e B AT 4 5 182 01 I A 1) B T 6 1) L St gl oK & oK Bk 0L Ak
ABIF 5 AR U AE T KA 58 A AR A TR 2 S1O. [BIAE M4, FE 3% 18 78 R L A 25 1 N WAR S ) 28 iU S RERR 3
B X A B 5 B RE R R 1T A AR S 0BG 0 L ECORTEAR EATTS S10, FL I8 JFAH H X 2 R . X
BANE e A T CaCl i, 75 )5 22 i fif ok B2 vh 33 DL ali [ 2508 XAE S e il B #ak )it . I FactSage
PR, B RGO 1173 K FRRP K40 ECL 45 R L% 4,
AG’=—nE°F, (5)
K on & RN T8 E, FORIEHi 85 8096 485 C-mol '),
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Table 4 AG” of the reactions and E° of components at 1 173 K

A K BN AG®/(kJ-mol™") E°/V

Si + 0,= Si0O, —700.266 1.814

2H,+ 0,= 2H,0 —366.033 0.948

2Ca + O, = 2Ca0 —1023.538 2.652

Ca + Cl,= CaCl, —61.963 3.211

Si + 0,4 CaO = Ca0-SiO, —78.839 2.043
2Si + 20,4 3Ca0 = 3Ca0-2Si0, —1 629.578 2.111
Si + 0,+ 2Ca0 = 2Ca0-SiO, —834.212 2.162

AL ULAH BT 2 S1O, , R Eh A i 25 Sty 43 B IR ARG R T L v CS 19 40 fff iR 3G K 249 0.2 Vi 3
bRk R kA R LR S R 20 0.3 'V, SR SO, 56748 g E TR 8 5 i AR A3 IR M. Sl otk , 76 A1 i K F R F il 4% 1
T A REES A 4 58S 4 R R R B A SR ke I gl e g k0100 T L A 5 B 7 A R AR 3R
K G SR A FEC T2 48 #0828 o ol 6 4% ol 1 285 ik 15 66 A6 A, DA AR CaCL, J 6 b [
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itk (S WE DT miRor i R G R R BR . % Esh S W E TR R &K CaCl, 58 4 B K 8k 1H
M, — BN AR TS BB AE R BIIR S R CaClh 5 H, O A 2 Rl CaO Ay 7K M 52 B HLEED

5501 A
CaCl, + H,O = CaO + 2HCl(g)., 6)

o502 Fh.
CaCl, + 2H,0 = Ca(OH), + 2HCI(g) . )
Ca(OH), = CaO + H,0, (®

MR S22 EF L5 2 FLER AR R 20 (7)) () B, BRFE AL A58 1 RhHLER I 1y 28 (6) o IR 3k B 3= 38 A Hy
M SR AR RS 1 Rl OK SN .
FIH FactSage #2250 FRAG S0 IR B R /K F# KL (6) B AGPFEANTR T F B & s, 5 R i 6 i,
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