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Abstract

Iron component in wasted hydrochloric etching solutions from steel works were recovered by electrolysis.
The electric conductances of the solutions, as the function of the bath temperature and the ferrousion concen-
tration, were measured and the result for the original solution was

K=1(0.001240.0005 x 107 T—0.1160 x 10 T} x10*S - m™' (T in C)

The current efficiency was better for the bath using a soluble steel plate anode than for the bath using an
insoluble platinized titanium one. Dense electrolytic iron having the purity of higher than 99.99% was ob-
tained at the electrolysis conditions of the cathodic current density of 15A/dm? the bath temperature of 70+
5T and the ferrous ion concentration of about 100g/l. The morphologies of the deposited iron were ohserved
by SEM.

LA E o2RE o] B4 W HBLo] PHAL Yo

=, Al Frsleisie 2 AYE sk 3

ARz Fge] 4 5 A4 el A el Ak
R BAES ¥ TR Sk AbAle) o
SHI e AR Dl delE da 4 F
oo AAAA A AbAFE el A AE-E &
kA ek mebd, £ Ayl A dakaba g
g dider e, o] o sz A
€ g2z} Alxstgot

Z7FA4 809kE/H 8 A Mol A ok 2000
E/AH Ak el BTz 23 =] Q.
758, A4k drhe] Azbelgle B oA H

3}E ez B4 AeldHm glol. d¥9 @ E
FVE Mo AsARG T AEHD QFE
Poled agx e desE ¥E dgont 4l
Adjdg o] 47 AL ojuin, HA Ve o
Fo| FEd olA A HetAs|wE olgdly
Cu, Ag ¥ v 334 Fio] 24E D59 #
fi E0E o aighel] osle] Hed 4Bl Fo
S AAS 3 4ol 28ty aex 3
& Azdgch Tl e AbAu o] Aol o
Fto] k FVo| A4 HAMSE Al=xe] BF ol



24 g wgets x 269 A1E 1993

= shem, @ B0 AAFAL BEAE o
TE glged, B 504 ferriterel] 2% %"-i“
% dgAzel @ QTE darh 2t 2%
A ez e] ole] Aelol ofate] WL F
% F2 A Hegcks dFe Fohas] el

3, AAE Az Bwm oF= 18004
dhe vdaigia, Al 240 den g o
Ne Bmow @ge AT A 19004 o)

N FolA AL Aol T4
8o 190833 Fischere] o8 J84¢&
q:}og_gi %= Fischer Langhein #8120 7Y
uhs] o] A, 1&(04100"0) AFHE(10A/dm’
JelA AMaAG e wyel Udes @
Z g gich. Pyavskii 529 Ahp9] dabilAE e
2dE AL Azegcn vastd F5&
ARE e wbsrste] BAT 44
spstgieh. Hughes:'™ Sibeds o qarede
Athal s ALAE AEa & o8 ol2e wywid}
A rbsatel pREAS Uebha, mebd 2 RF
boio] sl a7l Wil FayHon elae

Frelshohe Sk
e oa A 442

Jlo-l © v,

)

=4

_1>J

=
o

sjoBel ol &3k A

g Azl Qo] BAHE AxEHo A A9
o AAAERS £ Y FAEEe] HE HEE
zAdge, avsl AexAe] Wl s

o wlAE el dated dFagc.
2. 0|27 8

gl F Faolge] Halell ofs HEst=
#gabd whzo 2 Faraday Hel| whe}
o] AAgvh olu, 4ol Hog oA
= A7 2 FEHL 95, F9A, 5 A
gha] gron e #abgel H4golt HEe E &
e FA7E AT gt ot = oSS
 FEabgo] ME ohE FaolA Yoy B
Bl Hrhel Hsfxel &3t AR 5T 55E
= F U

4
lo

A

S3 % A eld BSs: Ao A

(5] 1'?[_7}
s g Auelas AFreld BHALs
AA7F AR AP

M** 4 ze~ =M
e RT. 0.059 a2
E=FE +opin a =+ 7 ~-log (298K)

au ol SR Bholee BEE

7 S =brt
FHAHRA B go] () B55F DU 55
o S ()R B4E EW 240 D, 3o
Fo FHoIERE} FE4E Aol Fold

=t
A2 e wIAAr Fhanr B $50
BE A ‘?‘—%"‘%% Asebd, Faelas HY
AEdrhe b B APk ubeha] He
A S-S AL R FrF fwﬂ FA s E, A
o] FxE FAE ] led T FaNEY T
Aol AL Aazzol *dﬁlmz] @owd ok
ool A, Aslge pHU 2xd AL 55
of AAA aakabEg AAFAr A el A
FAAE Hrbstel o TAaEs wsAlHA &
Fol MEY F4F ATTHoRNEH AAA
4 #¥(pin hole) o] gl Axhe & 4 9
£ FAEL, ALZo]RE Aabdel gleis
gabelle} okabdlell glojM s shabd o 7%
Aoz abstE|m, 4b71sh AShe) akEhA2
Bl 2]

B
AeA gA%e =3 AN F LTl Hlshed F
FAHeR dvigdel spal, stz el Aol
A7ieh AR vt RS FE o
S A e AARAN A= AEE &
=F ge] mojm, 3F 4AET APk 2
P, Al¥ele] AT 249 FARez W
getedrl, o ARES FoiFt wHEeE o

2 2%aoh gk

9, Fe-H,OAlel e1d & $] —pHEF(Pourbaix
diagram) 2R 8® Fe''= BF% agsr >107°
mole/!d o pH4 e]&} 9 074V o] Akoll A
=AY 4 glem Pl e ZEpE anit>107
mole/1e) & pH7 elst o 8] 0.74V o]3lel 4
ol A A EA S ¢ 4 gloh. wbebA AbAsY
3 2o A4 B9 Folat Fe' @ Fod

PRzt FEE 4 ek

)s.ﬂ Flf e rl



e gababs] Aelozty Asjdel Azel By AF 25

2 ETE ”“6‘“6}7 fstel T Fole] $YA
"‘El/“rf’ PirL=4¥ g ﬁf} AAAA ABE A
Pi“ﬂu 5%\13%\3 i 2%24*-240%\/‘M
ﬁ“*%"%‘ Feoll FHrE kol ¥R UxEB
o dehe], EFE Pl FE -t— Fepiol )5}
o] gatgich
g7 aAAde dibde R of 70T 4
o GAteE Abgeln HAEE ot R e
£ AEolA EeiEe Zham A1 HA
of AZlet. weba] Heeo] Aaol ofshe] 23] A
HAEE dErs HE Fhel Al2E F 75CE o}

Al FFEAA AAE 22 AEHAIZ F AR

‘!

At el FEE oF 100g/15%% EH4=E
s{4A17L & s sk whS Wiste] Zhag wla
3tsict

Aarel] wtE Akl Aoz Aelzich
Helo] ArAREy FOFAE4E dehda,
EREe] JYgE A weng ¥ 1KHzo
A4S S AREEhe] FAgTh B Aol M
Impedance analyzer &7 @ A4 a3 2
B ole A9 2 g ATeE B 53AAE 4
Btglor, 100KHz8 mRg ARg-sfe] &3
e AAFEE AT KCle ZF24890 A
EEPE o]f-slod Aol Ao FhE Fetsict. A
Exof Buze olznd f4e &% 7 Ex
Hilol] M AR E ZH oo
gk, Aol 50CCe] w]e}HE
Zol| gore] Hsfrel 2x % TZ]?'S}%‘ o= 4]
o2 Al RrAlAul R E AR5l
£ A2BolMde 30+5Tolgy 8L
70+£5C, AFUREZ 5~20A/dm* =94
HhAAch el FEd 104£10~200+10g/1
b =3k Melzgd Ml wE Afage §
AAE ALsle] SRR e Ay
A7kl Zztel ale} 3] Fotbw olzhe] R
Aoizhr e old WEHE] HE AL A%
o] ARg3rgivt.

MR Aol whE A%S heln ] Hshey BE
A e o IR elelgigs a4 o
Fog A BIE A= o 0.2%Ce 520C ¥

: Pt-13% Rh lead wire
: Vent hole

1 Pt electrode

: U-type capillary

: Solution inlet.

OO >

Fig. 1. Schematic diagram of the conductivity
measurement ceil.
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Table 1. Chemical composition of the wasted
pickling solution.

componenlsl-{.-'—(;“ It TTAWE:;TQ; Caler il o |
g [l19043]e59j0.36}0.41] 0.005 | 001 [032[0.04 0.08]303.85
Mn @ Al%e] AR55 E@s] glo of

HEEEe A4y Azl EglEos 4
5 &

wEe] AT ol S Holelx Alzheu,
1o AERIE Ane ¥ $EE Gerw
o] 423 et Wk s

Q0 7wl -
Maﬂ s M @<l 43 AFAAE Fer

%7} 3.41mol/]el] sinks g
RT AT
E=E +opin =5

= =~ (1.44--0.02956 log(3.41) = —0.42(V)

o] AYgrs ZAEE 7} o)2%e Er= Mp
D37x10%, Mg @ 6.7%10% Ca:b55x10% Cr
T48xI0% Ti6.2x10% Al 51 x10%moi/l
53 el ﬁl/}}—&-l[’%, Lﬁldjrz’\i ol E o]-2-5¢g) Ec;#o.l
Acdal B E| 7] Aol E A AF sleale] ¢
ohi R ch.

4. 2. BYS FMIFESL

A el My HEs= 2AH A 3
Lol A 'LA}Z, H o2 ogite d] 4

Zhe sl Al vl L

.1,e

}
©omeh Aefae] AA Fell Mo (Al

ole
A F2R EAgkelzh & Aol A
8

g e ,Qoq_gl ey

2o b ol dErkds 3
R A}/*O 2 ZrhElsdeh. & odelede] &
Zrh B8R dune Ao w HAFEEE
ofF 4 S oulebeh ey o Rl

7] gt el wl el e] by medde}
g oglelrh #ale) gk Azl @ fHA)L
chg-#h 4okt
K= (0.0012-+0.0005 x 10 T—0.1160x 10 ¢
T %108 S -m™ YT in T)

@, Mafolsl yrsh Areshel Bl
Qe 1/2w AR SN FaE e

ol BA-ge] 2rbse) vfde] ohal ksl

015
| sads g orginel sohation

epene 34  dilute solution
L2090 1/2  dilue solutjon
| apasa /4 dilute solution

QRORD L/10 dilute solution

amwwp 1/20  dilule solution
@£9qe 1/100 dilute solution
0.10 Fansas 17200 ditute solution /

Conductivity (S.M™)

0.05 — / ‘
= |
0.00 | [T R T
o 8 16 24 a2 40 48
Temperature(C)

Fig. 2. Conductivity—bath temperature curves at
various dilution ratio of the sofutions,
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Fig. 3. Current efficiency curves concerning
cathodic current density and the anodic
materials.
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Table 3. Purities of electrolytic iron using the
anode made of steel plate.

| cvrrent density | bath t.empe"rla— purity of iron
L (A/dm?) ture(C) (%)
5 30+5 >99.98
10 ” ;o >99.99
15 : ” >99.99
20 4 >99.95
5 7045 >99.905 |
10 ” >§9.99
15 " >>98.99
0 | e

Fig. 5. The result of EDAX analysis of the de-
posited iron.
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Fig. 6. Microphotographs of the electiro—depos

ited iron from the wasted pickling solution.
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