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Table 1 Main chemical compositions of Fe-W-Sn alloy

powder (mass fraction, %)

Fe W Sn C Si Mn Ta Nb

72.00 698 691 292 200 035 0.18 0.74

I—Fe(ID: 06-0696) 1

| 2—Fe,SnC(ID: 29-0732)
) | |

| m ‘ :‘5_ Fe,;SnC(ID: 35-0772)
L L I{ |‘ P I T T AT I
10 20 30 40 50 60 70 80

260/(°)
E 1 B E e XRD i
Fig. 1 XRD pattern of Fe-W-Sn alloy powder
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Fig. 2 Schematic diagram of electrolytic experimental device:
1 —DC power supply; 2 — Electrolytic cell; 3 — Anode
conductive plate; 4—Fe-W-Sn alloy; 5—Anode sleeve; 6—
Cathode plate; 7—Digital thermostat water bath; 8—Peristaltic

pump
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Table 2 Possible reaction of anode in electrolysis

Electrode reaction o/V No.
Fe—2e=Fe*" —0.44 1)
W+2H,0—-4e=WO,+4H" -0.12 Q)
W+3H,0—6e—WO;+6H" -0.09 3)
Sn—2e=Sn" -0.41 “)
2Ta+5H,0-10e=Ta,0s+10H" -0.81 (5)
2Nb+5H,0—10e=Nb,05+10H" -0.65 (6)
Mn—2e=Mn*" -1.17 @)
Si+2H,0—-4e=Si0,+4H" -1.18 (8)
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Fe—2e=Fe’', p=—0.44+0.0295Igc(Fe*") )
2CI —2e=Cl,, ¢=1.36-0.05911gc(CI") (10)
2H,0—-4e=0,+4H", ¢=1.23-0.0591pH (11)
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Fig. 3 Potential-pH diagram of CI-H,O system (7=298
K; a=1; po,=pu,=pc1,=101 kPa)
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Table 3 Reaction and thermodynamic equations for Fe**- NHj - SOﬁ_ -H,O system

Chemical reaction Thermodynamic formulation(298K) No.

NH; +3Fe*'+2 SO2~+60H —NH,Fe;(SO4),(OH)s pH=-1.82-1/6lg] NH} ]-1/2lg[Fe’"]-1/3 Ig[ SO3"] (13)
3F,05+9H,0+2 NH +4 SO2~ —60H +2NH,Fe;(SO,),(OH); pH=2.89+1/31g[ NH} ]+2/31g[ SO~ ] (14
2Fe**+60H =Fe,05+3H,0 pH=—0.25-1/31g[Fe*"] (15)

Fe*"+30H =Fe(OH); pH=1.53-1/31g[Fe*"] (16)

FeSO4 7H,0O WFE A 400 g/L, (NH4),SO4 WA 100
g/L, 1B E R T SOI A1 NH (1 BE IR W J8 45 T Hk
FE, BI[SO; 1=1.05 mol/L, [NHj]=0.21 mol/L, 7£lt
21 F1E Fe¥'- NH} - SO; -H,0 & IgFe* —pH “F7 /&,
ZERANPE 4 Fis.
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4 Fe'-NH}-S02 -H,0 % IgFe’—pH
Fig. 4 lgFe’—pH diagram of Fe*"- NH} - SO~ -H,0 system
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3 GRS

3.1 SEAFFRDARS BRI B RIEIE R
£ FeCl,-4H,0 #J¥ 350 g/L. NaCl k¥ 15 g/L.

PUR MBI 1 /L. #&45 pH N 4.0, HEZE 500
A/m’, IR 50 'C. HREE 4.5 cm. FEBRBRIEIA R 15
mL/min {254 T HLIE 24 h, AN FBH LS A k]
SR E R . pH A EL SR B
311 SRR R P AR S HADRE X R H R R S
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THEZ 2204 3.73. 420, 4.23 f17.92 V. B 5hyEHE &
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i), A EL R O 5.65~17.57 V 2 IAIBkBh, AT 4RI HE
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2 A EUTRY), BIGTRYIIEE XRD SEN
PbCly, H XRD iU 6 Fi7r. PbCl, M iZ HHAS & 4
RN & BB & A 5 B AR, H¥
FHLER 41 5 S (17)~(20) T 7R :
Pb+2C1 —2e=PbCly, @pyppcy, =0.29 V (17)

Pb+2H,0-4e=PbOy+4H", @p pypo, =0.66 V (18)

PbO,+4HCI—=PbCl+Cl+2H,0, g, pcy, =024 (19)
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Fig. 5 Effect of anode conductive materials on cell voltage in
chloride salt system (-« represents fluctuation range of cell
voltage of Pb-Ca alloy in a very short time)
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Fig. 6 XRD pattern of surface deposits of Pb-Ca alloy
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Fig. 7 Effect of anode conductive materials on pH value in

chloride salt system
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Fig. 8 Effect of anode conductive materials on cathode

current efficiency in chloride system
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Fig. 9 Effect of anode conductive materials on cell voltage in

sulfate system
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Fig. 10 Effect of anode conductive materials on pH value in

sulfate system
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efficiency in sulfate system
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Effects of anode conductive materials on electrolytic iron of
Fe-W-Sn alloy powder

FAN Ke-biao, ZHENG Ya-jie, HE Han-bing

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The effects of anode conductive materials carbon steel, 316L stainless steel, Pb-Ca alloy, graphite, Ti-Ru Plate,
Ti plate and Cu plate on Fe-W-Sn alloy powder electrolytic Fe in sulfate and chloride salt systems were studied. The
results show that the cathode current efficiency of the above anode conductive material in the chloride salt is 90%, 90%,
66%, 66%, 54%, 49%, 33%, respectively, and the cathode current efficiency in the sulfate is 90%, 87%, 82%, 81%, 73%,
68%, 54%, respectively. The cell voltages are gradually increased. In the chloride salt system, when the graphite, Pb-Ca
alloy, Ti-Ru plate and Ti plate are used as anode conductive materials, the pH of the electrolyte is gradually reduced.
When carbon steel, 316L stainless steel and Cur plate are used as anode conductive materials, the electrolyte pH
gradually increases. In the sulfate system, when the Cu plate and the carbon steel are used as the anode conductive
material, the pH of the electrolyte is basically unchanged, and the pH gradually increases when the 316L stainless steel is
used as the anode conductive material, and the pH is first lower after raising when the Pb-Ca alloy, the graphite and the Ti
plate are used as the anode conductive material. Based on the cell voltage and cathode current efficiency, a suitable
electrolysis system is selected as a sulfate system, and a suitable anode conductive material in the system is a Pb-Ca alloy.

Key words: Fe-W-Sn alloy; anodic conductive material; cell voltage; pH; current efficiency
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