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Preparation of high purity iron by industrial pure iron electrolysis
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Abstract: Pure iron is used as raw material to analyze the influencing factors of electrolytic iron through
orthogonal design. Electro-deposition rate, current efficiency, purity and appearance of the electrolytic iron
are taken as the indexes to find out the conspicuousness of each factor and their optimal combination
scheme. The purity of electrolytic iron and its main impurities are analyzed by ICP-AES and SEM, and the
impurity oxygen is also analyzed and purified through annealing reduction. Besides, the electrolytic iron is
separated by using NaOH solution, and the concentration of SO,?  is analyzed through ICP-AES. The
results show the best combination of electrolysis iron test program is that the concentration of Fe*" solution
is 50 g/L, the pH value is 4, the temperature is 25 ‘C as well as the current density is 100 A/m*. Under
the optimal conditions, the electro-deposition rate is 0.549 g/h, the current efficiency is 89.2%, and the
purity of electrolytic iron is over 99.98%. After annealing, oxygen content is greatly reduced and the
amount of sulfate in the leachate is about 30 mg/L. From actual electrolysis conditions, it can be found that
the main forms of oxygen and sulfur are iron oxides and ferrous sulfate.
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Table 1 Electrolyte composition and electrolysis conditions

B Prers / 1/ © e !

L e pH T/ C ) (o B BB
(g+ L™ H (Aem *) (mol * L")

& 30.50.70 3,4,5 25,55,85 100, 200, 300 0.5 KNG Tolb 4l 4k

®2 KWAKEHK S

Table 2 TISCO pure iron composition %
%y w (C) w (S w (Mn) w(P) w (S) w (AD w (Cu)
o 0.003 0.020 0.05 0.008 0.006 0.01 0.01
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Table 3 Orthogonal experiment level factor table

7K : :
Fer W (A)/(g+ L)  pH{E(B) WEE(C)/ C HRBRED) /(A m )
1 30 3 25 100
2 50 4 55 200
3 70 5 85 300

M 2 KR AT IR I8 R 4 E 3 /K, Wk Ly (3N IERL .
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Table 4 Experimental orthogonal table

BEALI 22 Ei=R
T H A(D B(2) C(3) D(4)

5 6 7 v 7/ %
1 1 1 1 1 1 1 1 0.510 81.2
2 1 2 2 2 2 2 2 1.041 83.1
3 1 3 3 3 3 3 3 1.528 81.3
4 2 1 1 2 2 3 3 1.083 86.4
5 2 2 2 3 3 1 1 1.750 93.1
6 2 3 3 1 1 2 2 0.526 83.9
7 3 1 2 1 3 2 3 0.502 80.1
8 3 2 3 2 1 3 1 1.056 84.3
9 3 3 1 3 2 1 2 1.564 83.2
10 1 1 3 3 2 2 1 1.483 78.9
11 1 2 1 1 3 3 2 0.541 86.3
12 1 3 2 2 1 1 3 1.013 80.8
13 2 1 2 3 1 3 2 1.678 89.3
14 2 2 3 1 2 1 3 0.545 86.9
15 2 3 1 2 3 2 1 1.115 88.9
16 3 1 3 2 3 1 2 0.892 71.2
17 3 2 1 3 1 2 3 1.726 91.8
18 3 3 2 1 2 3 1 0.513 81.8

x5 BARBREEFESFE

Table 5 Electrodeposition rate data analysis table

7J<¥ A B C D Ss Ss Sz *Hb)ﬁ‘
I, 6.116  6.148  6.539  3.137  6.509 6.274 6.427

T=19.066
11, 6.697  6.659  6.497  6.200  6.229 6.393 6.242 18

>y =23.9158

111, 6.253  6.259  6.030  9.729  6.328 6.399 6.397 =

Sy =3.720
S, 0.030  0.024 0027  3.627  0.007 0.002 0.003

R T 2L AT A% R ZR L TR R A R R, SER R S R B AR P E IE N A =1, /6=
1.019,A,=1.116, A, =1.042; [AFEW 3K i1} . B, =1.025.B,=1.109, B, =1.043;C, =1.090,C, =1.083,C, =
1.005;D,=0.523,D,=1.033,D,=1.622. 555 e H & 1 frs,

M1 AT AL

DFe?" W . U SR B Fe? ™ v B (0 39 in a3 hn i vk 20 o B9 33 BB R K. ik 2 ol T 7 Al A el 2 o s
Fe' " VR T B AR AR — 8 VR IE T L 8 R MMk B 25 5 1 R Fe® ™ B8 ST Hh FL Fe™ ™ FE I U b J 3 T B 3 45 5
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Fig.1 Effect of various factors on electrodeposition rate

BAAIE UL S Fe® ' 72 IR b i AT i 5 ok B2 e IR 25 )y B R v A Ak B A A5 380 1) 77 ot 3% T O &
2255 5y W BRG AIR T BE AR ARORE A /N I R AR L TR AR S B R ofE P 0 A A L A B VR VR S DB e 1 L A Y
A Fe? ' L ARS8 Fe? VR IE R 50 g/ L Ze A7 B, F T AR o 3R 5k 31 e KA
2)pH {f « LT SR B pH 0 TH = SE B RS 80 . 24 pH (EHARET 3 b H 28 B ORR K i v
PR Hey o 7 52 W F A 2858 17 ) 6 2 0 fl ik R B U0E . VAT pH (L S B P S TE K Fe(OHD L, %
A FeCOHD, 774, 3% S R W) 45 o S5 7E BAAR 8 B 0 15 17 BB AR R I IE R BT S . LI Fe? ™ (Fe® JRIR K i
pH EHANF
Fe’' + 2H,0=Fe (OH), + 2H'" .pH=5 ~ 6; (D
Fe'" +3H,0=Fe (OH), +3H" ,pH=2 ~ 3, (2)
SR AR S5 DA Al Bk A R BH A o BE B AR S R AT S (4D BRI, KRR T B B b Fe' ™ By 4R, HSC 8
FEL A A 2 04T DL 5 L S T Fet T MR Ak . DRI, S B0 el B R GE A i pHL (L A R R PO OR 2 K R e
Az FeCOHD, WUTE , I 43 2RI A S0 7= A a0F 1 2 Fl A DO RR IR 36, AR S0 J5c £ pH (HAE 4 2247, PR
M AR L L R T

Fe?' —e =Fe* ,E? =0.75 V; (3)
Fe—2¢ =Fe*t ,E? =0.44 V; 4
4 OH —4e=2H, O+ 0,,E’=0.81V, (5)

30 ThLEE « FL OB U B IR B2 1 TR R R, e R R AR b B A R R I B AR BT s 4l
B R, S A R R A LR AR Pt AL Fed i/ BRI R Fe? T Yk L NI H IR R
T ) T H i R A i

4 Fe* +4H" + 0, =4 Fe*" +2H,0, (6)

A) HL G B P TR R S P A R A BN S R T, R AR K, B R 7 A A R P
fiff 55 FEE 30 LT RS R SR R L Fe® ™ 78 B AR AR DB B S 3 K PRI, A S 56 H 3 B R 300 A/m’
RIS S iy

Z5 Ll g, R TR R R R R A TR AL B, C Dy B Fe* " W R 50 g/L.pH fH 4 4, B fif i )%
925 C HIE N 300 A/m*,

T G TR R AR A SRR B S A X R 4 B AT Oy 2 A B, BRIk 6
fi s o
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Table 6 Electrodeposition rate of variance table

R i 227 J5 F(S) H ¥ V) F It LT e
A 0.030 2 0.015 11.28 2
B 0.024 2 0.012 9.02 B
C 0.027 2 0.0135 10.15 ¥
D 3.627 2 1.814 1363.9 2
e 0.012 9 1.33+10°°
T 3.720 17 Foos(2,9)=5.71

W 2R A B .C.D XS 285 B W MAE L O MR D ORI R E R
SFHREAKY.HT I, >111,>1,  Hik, N E A 76 K F AL B T RUE S K, 2R RUAT R4 5015
M B, .Ci.D; Wl LIS R el 5 078 A.B.C\ D,

2.1.2 ZHEEFMEAKFEWG Y0

HT EWAHT R A SR AR TR R SCRE S R RZ AT N I I T EN R 7 s, [6
FIR L AR 25 ORI KCOE R S 1A

A,=0.819,A,=0.881,A,=0.821;B,=0.812,B,=0.876.,B, =0.833;

C,=0.863,C,=0.847,C,=0.811;D,=0.834,D,=0.825,D,=0.863,

LB GTaHraE R wE 2 fiR

x7T HRBAERHESIER

Table 7 Current density data analysis table

AL 1 22 B
7K A B C D iz
5 6 7
B B [~
I 4.916 4.871 5.178 5.002 5.113 4.964 5.082 T—15125
11, 5.285 5.255 5.082 4.947 5.003 5.067 4.97 15
>t =12.754
111, 4.924 4.999 4.865 5.176 5.009 5.094 5.073 =
S; 0.015 0.013 0.008 0.005 0.001 0.002 0.001 S1=0.045
0.89
0.88 n
| |
087
n n
0.86- \
+§0.85— v
= L
.@0.84
n
0.83 \
0821 L]
0.81} - .
1 1 1 1 1 1 1 1 1 1 1 ]
Al AZ A3 Bl B2 BB Cl CZ CS Dl DZ D3

HEART
2 BEENERVEMNZIE

Fig.2 The impact of various factors on the current efficiency



Fo Tk shgk R & S shdk 65

4*,.)

% 12 # Hak,

Hi P 2 AT, 9200 Fe® T VR BE L pH A DL B B2 6T Fi 30 26503 1 s i g 28 e 4% 15 % Fl, 0Bk 4 5 i iy 2k T 34
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Table 8 Current density analysis of variance table

&R i 227 5 F(CS) H B ¥y 2 H (V) F It 3
A 0.015 2 0.007 5 17.05 2
B 0.013 2 0.006 5 14.8 nE
C 0.008 2 0.004 0 9.09 I
D 0.005 2 0.002 5 5.68 NS
e 0.004 9 0.000 44

T 0.045 17 Foos(2,9)=5.71

it % 8 AT B LU AN, At 3 i DR 2R KT R AR I R e A R Y
2.1.3 BB F A w sk A H e
O IE T ARSI T AR AR A S

F9 BEERIEMBKIIUK I

Table 9 The impact of various factors on the appearance of electrolytic iron

M % K H i e A L
30 KR
Fe!" WRE/(g+ LD 50 ISR
70 4598 i R
3 Kt S AL
pH fH 4 LS i
5 R
25 e
R/ C 55 ek
85 PN
100 H5E
BRI E/(Am?) 200 It
300 KA

A E T 2 fEER 9 WA, Fe® Ve B pH A X R IR B 56 I HRL I A5 1Y) 52 e R O S B R R ek, |
X P R 2 o ] S R G R ik A A A 3R R X R TR R R A5 R R R i Ak D O 4 5 ) A
) PRI O o AV T B8 ) R . 9 28 R L T 3R R R A R I T B 2 R (R R R R R
B, i 5 H i R R A R 2% . &1 3 AR TR] E A AR 1 HRL AR AR R B AL
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LR LA A% DR 300 L DO AR G R f RSO A B v Ak S WL B4 52 ) 0 BT T A E S R B AR A A IR Fe?
WPEDN 50 g/ L LRI LD 25 °C.pH 29 4.0, LI E EE N 100 A/m” . e fESCR IR Tl DURE R
0.549 g/h, RLAL R LT 89.2 00 , H A4S B4 i i kR 1w G 1 S AR 0 EOLPE L 8 3(h) g HAMILA

() Fe? W 70 g/ L, ML IR 55 °C,pH {H N 4, B HEE N 200 A/m?;

(b)Fe? W 50 g/ L LR 25 °C,pH N 4. RN 100 A/m?;

(OFe®" #E 30 g/L, ARIRE 55 C,pH {2 3, LKA E 4 300 A/m”*;

(DFe*" WIE 30 g/L, BLAFIRE 85 °C,pH {E A 5. L% A 200 A/m?
B 3 AR R F AR Sk 5 TR

Fig.3 Cathode plate electrolytic iron appearance

2.2 HfRSkAE
SEYS AL FE AT A I T A R RS T R A A T (R R R 1D P EE R TR
L RN 10 FioR,

10 BEBEPRRTENSE

Table 10 Electrolytic iron in the content of impurity elements %
TLER WEE 1 R 2 1k 3
w(C) 0.092 0 0.083 0 0.074 0
w(O) 0.160 0.140 0 0.120 0
w(H) 0.031 0 0.025 6 0.021 0
w (S1) 0.003 8 0.003 3 0.001 8

w (Mn) 0.001 3 0.001 1 0.000 5
w (P) 0.000 8 0.000 6 0.000 5
w(S) 0.007 7 0.005 7 0.004 0
w(Cuw) 0.001 2 0.000 9 0.000 7
w (Cr) 0.003 9 0.003 4 0.002 0
w (ND 0.004 8 0.003 8 0.001 6
w(AD 0.009 3 0.006 8 0.004 2

o BRI iR B A BT R B R A BT R BR AL LLAM, 5 8 AR R K, ik 2 4 i J% B 2 LR DT
B 77 25 W B B8 - L [R] 7E BB Tt ) T ARk R B COHLOLSi 4 Rl S Jm 2, bR 1
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A ZR T & U TR 2.3 R RO R RE 1 R AR Ak R A o8 RS 2 P VA UK B BT v s AR RE 2.3 1
HAL il 56 B S T FROK GV SR J5 ¥ 7K 8 A5 A B, H A aok 2 v ol 1 o BSOS B R AR B O DA BT 1k B B DX v g 2
FEICER FERE BT Ik Fe' T8 A AR W i A B DX, 4 o o Bk A 2l RE e A, S 0 A SR IBORT R i VR AT T
HLffE T B, i — D AR A T R B i AR RRR B R TR R A SR L R 11 PR LUK 3 el A B
T 99.992%,

R11 AERBEHTEBRNAELE

Table 11 Purity comparison of electrolytic iron under different electrolysis conditions

. WAk TR/ . . H 3 R/ .

W 1,1)" pH iR/ C (A"L i) REBLM  AEIIE Mg/ %

g- L . m-?

1 50 4 25 100 & KT 99.980
HOKIE B

2 50 4 25 100 & 99.984
0 YooK
oK Bk

3 50 4 25 100 2 99.992
Bk B R

2.3 HBEEBHRERMSTRER
T RIESE R R v 32 BT R SRR B A TR T 2 R TR R A R R A A A5 R AR AR B R Al Bk AT T
SEM e 7347 WA 4 FioR

300 - 500 -
P1 P2
0
400} ke
600 |-
Fe
300
400 -~
200
o Fe
200 [~ 100 —
Fe Fe
Fe
S
0 e or
1 | 1 1 1 | 1 1 1 1 1 1 1 1 |
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
KeV KeV
(a) (b)

B4 kEMBHREEEESR

Fig.4 Inclusion morphology and energy spectrum analysis
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I 10 AL, AR B T O R S B O T A R A IR 3 AT B R I SR A& 40 1R T LA
P BB R D iR L 23R JGR TR IR U A A A 3R 12 B
®12 BERERBRNERNETERESEENL

Table 12 Electrolytic iron annealing before and after reduction of elemental mass content %

ke w(O) w (S1) w(Mn) w(P) w(S) w (Cu) w (Cr) w (N w (AD

iRk 0.14 0.002 0 0.000 9 0.000 8 0.005 3 0.001 2 0.002 8 0.002 7 0.006 6

=

D 0.005 0.002 0  0.0008 0.0006 0.0032 0.0010 0.0021 0.0025 0.006 1

YR 12 Fi1, 38 KR Ak b A i R I8 L 255 BT 4 (b) BB % 43 At vl 240 HL A Bk v AE0E DLBR Y 4B AR )
XA . IR &) 44 00 & o W A A8 Ak L 3k 02 B T A e TR Rk R v AR AR R AR T AR AR
B8 B 55 1 22 ] -5 22 AH U

S 6 RE IR R SRR IS 7E 4 AR B T 4LV S I 5 TR

5 SHEBMETHRBYR

Fig.5 Electrolytic iron under a metallographic microscope

5 Ca) R 1) 4 202 R R S AR Y B2 L 3l e X R T 5 () (b)) L BE 2 BRI 5 () H B €24 I3 W 5 U
A3 g R Ry 28R KR R o H i Ak TR ) SRR B R SR A R AR R R D

LAk e BT S JU R X R AR PE R A BRI Lt 3R 12 AT i URE R KOS BB & i 32 mg/ L, SRR
HE A Wi iR KOs e, A AR OB WL (7)) S = R TR R AR & = AN T 6 i

50 -
1 2 3 4 5 6

Evas s
Ble AFERAEAEMBRNEE

Fig.6 Sample soaking solution sulfate content
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FeSO, + NaOH =Fe (OH), + Na, SO, , D)

PRI A FL AR A R T T ) P 0 R 5 B0 R B R I K, B e R AN o DL B U Ar e . HE 6 WoRilE &

AEAL BRI WP B PR A B 1 Y A B AR R PR, T LA M AR P B T R 3R DU R R 1Y

WA TR FLBRIE Y . J5 2232 50 %HRRE R FH7E 500 CHRE T H a5 A kb 3, B e R ) & = 1 32 mg/L
FEALE] 10 mg/L LR RO B &

3 4

1) SEB 3 i 1 22 BEF L 5 5 H R o A S Al Ak i R AL A TN R O Fe? ¥R 50 /L, BLRIRIE 25 “C.pH
H 4.0, A BE A 100 A/m’, HAESRAESLI 7 2 A PTEZ N 0.549 g/h, B FACEIEF] 89.2 % , Hi fiF
BRAfE LR 99.98 %A |,

2) LG F AR YRR AT O E A FR AR R R vl T B R I BH AR LA B X L A K AT BROK A v K
SEAR R BEAR KRR AR v A ek Sl

3) MU ER AT R B TT R LUK Y A AL W AR R BT A A S Sk ET 43 ) 5 R TR KR

ZE AT AR B

SE WK
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