HOKKAIDO UNIVERSITY

Title =1fD 7 O L ERER DI
Author (s) #H, RIE; Wada, Ryocho; Hif, f#— fi
Citation biEE R TEMMARS, 17, 139-150
Issue Date 1957-12-20
Doc URL https://hdl. handle.net/2115/40615
Type departmental bulletin paper
File Information 17 139-150. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




SO 2 v o T EE O IE B 1 5

A
[md®)

mom B
wow o —
(MF1824E9 A 80 H =28

Fundamental Studies on Electrowinning of Chromium

Ryocho Wabpa
Kenich Iwasaxi

Abstract

To utilize the low grade chromite ore which is produced in Hokkaido, refining of
the trivalent chromium electrolyte has been studied.

At first, preliminary removal of iron from sulphate solution was studied. When
mixed solution of chromic and ferrous sulphate is held at 2°C during 5hr., iron content
is reduced to about 28 g /. In this case, most effective concentration of the chromium
in the mixed solution is 80~85 g/f Cr. Next, photoelectric spectrophotometric analysis
was made. Absorption spectrums of green and violet salts have almost the same tend-
ency. Both curves cross at 304 mgu, 407 my and 520 me and speciflc extinctions show
large differences in the range of 420~480 m/. and 600~640 my.

From the results, mixed ratio of green salt to violet salt is quantitatively obtained
by use of 625 mu wave length, and without oxidation of chromium to the hexavalent
state, trivalent chromium can quantitatively be analysed with co-existence of ferrous,
ferric and ammonium sulphate.

The violet salt almost entirely changes to the green salt at about 50~60°C. The
change from the green to the violet salt is measured by ageing treatment of the solu-
tion at 20°C during 20 days. This change is almost not affected by the concentration of
the chromium. But Py of the solution has large influence and this change becomes rapid
and large, with increase of the P, value. The velocity of this change becomes almost
saturated in about 10 days.

Ferro-chrome is dissolved by suiphuric acid and after preliminary removal of the
iron, ammonium sulphate is added to the solution. After ageing, chromium-ammonium-
alum crystallize out. Recovery of the alum increases with increase of Py of the solu-
tion, however, when the Py of the solution becomes more than 2, iron content of the
alum rapidly increases. The recovery of the alum which includes less than 1% iron, is
about 40%.
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Table 1. Chemical composition of high carbon ferro-chrome.

| |

Cr i Fe C ] Si Mn P

{
| ! ;
5

62.08%2 22712 ; 8.9325 0.9625 0.292 : 0.0825

Table 2. Influence of concentration of sulphuric acid and leaching time
upon the concentration of the chromimum in the leaching solution.

Leaching time

Concentration — T
of H.S0, 1hr. 2hr. “ 3hr. [ 4hr. 5hr.
- (%) | (g/t) ‘ gfe) | (g/e) | (g/4) | (g/2)
20.4 ! 6.2 174 26.1 286 32.3
36.6 . 253 28 48 | 2l 63.4
430 44 670 868 | 91.9 1018
495 ; 63.4 100.5 : 108.1 113.0 114.1
56.0 . 881 1067 1154 1165 1175
100
G % /0_‘_______"_______93
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leaching %ime hrs. leaching tinme hes.
Fig. 1. The change of dissolution pect. Fig. 2. The change of dissolution pet.
of chromium vs, leaching time. of iron vs. leaching time.
A 2042 H:80, B: 85.6%, C: 43.0%, A: 204% .80, B: 85.6%, C: 43.0%,
D: 49522, B: 56.02. D: 4957, E: 56.0%.

Table 3. Influence of concentration of sulphuric acid and leaching time
upon the concentration of the iron in the leaching solution.

. Leaching time

Concentration i
of H.SO, hr. 1 shr. | S | b | Bhn
B T T (-1 N =) O N = N RO 1 N O 1)
204 55 78 | 22 | 155 | 19.9
35.6 105 | 167 | 195 | 2338 l 26.1
436 188 288 316 39.3 ; 435
495 27 429 a2 417 486
56.0 38.3 46.6 ] 49.4 499 i 50.4
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BRERERIR S D/ u A L O HHE L Ui Pu R LTl REB L & LTt 5
Tk, T = VIC X BT v AORE S HEED, T o vy VIRO i X 5 gko kit
WD, A4 G v IO MG X B D B 2 b B, AREECH W TR O WHICK S
FeSO, - THO o fiffiitikic X 0 @mph o o B2 T 38 2 kvl Aa k.,

7= w7 sl &) Table 4 WOR 3 I& AL OW A0 /z, % LT % 200 cc 4k

Table 4. Concentration of iron and chromium in the solution.

No. 1 2 3 | 4 5 6 | 7
Concentration of Cr. (g/¢) | 603 | 705 = 801 85 | 992 | 1101 | 1122
i | i
Concentration of Fe. (g/g) | 265 | 815 | 854 | 381 425 = 498 | 538
I i

Hr LbAv 2 2°C i b HRH % A b/r?{ H FeSO, - TH,O o i i X2l U, R ks
i e AP B D R TR W BRI CHAE LT ic s vz, SO S 49T Ao 20 X D H I ok
4, MR ek o, FEERHE O % Table5 wa#4, No.6, No.7 @it TR

Table 5. Concentration of chromium and iron in filtrate.

i ] 1

No. 1 % 2 3 4 5 6 i 7
Concentration of Cr. (g/) | 607 = 709 88 82 187 —  —
Concentration of Fe. (g/¢) 265 | 288 284 | 293 325 0 — 0 —

ARG U CRERIEC e ) FHES TR Ch D, 7 o A5 L iR OB R A

Fig. 3R+,

SAPHE L 7 FeSO, - THO i 7w 4 &% Fig 4 wik+d, o<t No.6, No.
T ORI D W TEBEEPNC O N THM Ui 2 A Ui, DL EOKRE X D 5is s -~ o ik &
PRHNC X DI 284 g/ Th A, T LU THEETO 7 o0 s EoRFEoR e oh

TRE R 58000 FeSO, - TH,O o fiflfiHicfm Wik n 2 bh a4 Th 5 b 5,



salt DR L LT/ a a7

ZMD 7 v RSO T

143
a0}
=
£
- 30
B
. *® 50
2 20 . 40
~ ‘s -
s Y H
) 1 2730
n 1] P
o ¥ ©
© 10} \ © 20
kY 5
\\‘ :': 10§
" " “ - E -
60 70 80 90 100 110 120 © 60 70 80 90 100 110 120
eoncentration of ehromium g/L concentration of chromivm in mother solution ~/
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FeSO, - TH.O o yiiE 0°C ¢ 3146 g/ T AN W BT 5, & Q4 2849 g/t &k
Hisk 5 ok SO~ O L b iR — O MR MmP Licbo B b b, Bk s o sl
Bc@x-qwh PEDTHOWEEOEH VERIRARCAT n 2 230 5 Th 525, 7 o a3k 100 g/

Pl DY Tl FeSO; - TH,O Diffins green chromium © §548: @ 20 Rk i < 7n b EB
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salt 3 v Modified sulphate » Z4>1U %47 T RS

i QLT B0 EE L B [Cry(FO
(SO (SO4), [Cry(H,0%(SO04),

180, [Cr(H,0)%(S0,).), TREN S 3fio type ORE” &4 L
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Vo b T BE ZE AU T Sl
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Ivio bR T L, Hra e Violet salt % L L, & O 15 o3

CHGBYGRCARE F D IREE, LR,
PrfinhoYHmEEokTeEZsohs

. W@ Green salt & Violet salt D 224kl 7 o 4
R, SRR O Ageing HHCHEREIR N L b O T

> LA R R B R HD o TIFZE U 72,

L o Violet salt & Green salt ©

J69° Violet salt ¥ Green salt ©4-F a4 200~800 me o HiIE-CE D, Violet
v =T A [CryS0,),(NH,), SO24H,07 % 10°C oWk

‘‘‘‘ PR L C Cr* 0.0109 mol o7FHk & Lz fu lviz, 3 Green salt ¥k O % 10 451
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FeS0;, FeSO,(NH,),80,, and el 4, 23 ¥ Violet salt ¥ Green salt @475k
Fez(SOL:):; * (NH;}_SO;

1. FeSO4NH 805 2. FeSO, FEIR TR D 12D W & 0 4 TRk o280
3. FealSO)s(NH S04 S E WIS R R DI E L, I RO
420~480 mye J ok 620~640 my Oy EHPEHO R B 2 S LA NAHEER B 5 qn< Fe”

2

Lk Fe'™ ol eoB gy 5 <, #ioT 620~640 my o 3£ oW T Violet salt 2
Green salt » oW :4% Beer o FHI 2R -4 20350 % L B <jz, Violet salt ¥ Green salt ©
WA 2 LC Table 6 /iR 3 I & SO 2{E0 T T i 0w TEH O WA % 620 my, 625

1

my, 630 my, 635 mee JZTF 640 my O H gk ECHIE L iciid A Table 6 /it A Lz,

Table 6. Extinctions of the solutions at various wave length.

No. 1 2 | s | 4 | 5 | 6 7
i 1

lolet chvowliin 440\ 30005 | 90se | 0% | 60w f 402 | 0z | 0w
. f |
< 3 § ‘ : 1

| 620 e | 0103 | 0106 | 024 | 0131 | 0146 | 0153 | 0166

625 7 0095 | 0100 | 0113 | 0120 | o5 o154 1 0.160

12]11:§ 630 7 0085 | 0091 | o0lol | 0.107 ] 0122 | 0145 | 0.150

N 635 0078 | 0083 0094 | 0100 | 0114 | o140 | 0142

{ 640 7 0070 | 0076 0084 | 0086 | 0100 | 0206 & 033

620 mp, 625 my, 630 mp © Pk R o8 A o 4 TR B 2 Violet salt-Green salt

OiEFE e BT Fig 6 IcRd,

PNCR AN B 625 mu @352 W vo i dr, &I O 4 F0e4l & Violet salt-Green
salt G & FA EBABE G T 5, T LTo oBf X 0 625 me 1< A1 Bk el

/B Violet salt-Green salt O GHLRKDIVE, TOHIER 5% DINTH D, WoORK»
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Violet il AV s D W BiE A B35 VRIS F 5 i) 160f 630 mu
. . 130}
A LT D, Q"
) 120
K7 v s RN BS540 70 < 2o 8
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¥ E CUMICERT B R ow i ko 8
o, Fig.5b R4 41< Violet salt » Green salt %
L4
R 2
O PR 1 340 myd, 407 mye, 520 mu K
BT it v € R~ iz LTwb, i 10163630 %550 86 To 85 55 Too
green Cr./total Cr. b4
>k -3 ;7‘) .
e R A E 7w 4 2 Violet salt, Green salt © Fig. 6—(c)
WA DA O £ % C, i LA DTN % Fig. 6 {a)~lc). Specific extinctions at

5, WiC 340 my, 407 me HIEICHS W T4 various wave length.

3% Fe' B Fe™ Qoo s 55 520 mu I T & O 8B 5 088w o

T OO ERYH Ure, Bk 0.109 mol Cr™ /¢ © Violet salt » Green salt © ¥ %
REL T2 ORELOREE D12, ©O&KA YL 510 me, 515 mpe, 520 my, 525 my, 530
my CHiE L Table 7 (@ORF i WOt 2 e, ¢ QFRICH BN S 1 < HAC 520 mp 1T
I Violet salt-Green salt ®EFILc b b FRW—HRnH LA, EoCohicd &% 520

myr ST REZ O FEEE O GREE 7 v A O WG AR b G F ORI E Ule, © OREH

Table 7. Extinctions of the solutions at various wave length.

No. o] 2 3 4 | 5 | s

Violet chromium Y - " " Y . Y
Total chromiam % 100 1004 80% 6622 5025 202 02
510 (m#) 0.065 0.057 0.058 0.062 0.059 0.061
515 7 0.070 0.065 0.066 0.068 0.066 0.068
Xi‘;g 520 0.078 0.074 0.075 0.077 0.076 0.078
° 525 7 0.087 0.086 0.085 0.087 0.086 0.080
530 7 0.098 0.099 0.095 0.100 0.099 0.103
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Table 8. Specific extinetion of the trivalent chromium.

Congﬁggﬁiggn of Extinetion Speeific extinction
mol 5 E/mol

0.001445 0.096 66.4
0.002206 0.149 67.7
0.008023 0.052 64.8
0.008604 0.060 69.7
0.009808 0.068 69.3

mean 67.8

% Table 8 iR+,

FrCHEEOBE B ik CrySO,) e FeSO,, Fey (SO i+ 2, X7 ask o s
7=y sl e UCEIRT 5B (NH),S0s ki3 2 L, B b mEa & A T
ZOTEND OHBORIC T THE AL Ub e, WH e 0D -k #k, e
B s WA LTz € 240~700 my o §BC 4o 72 -0 T I0AE Fe I E L e kS B (NHL),SO,
EHRCHIC AT EF OB L R HE LMDk, F LT FeSO, © 4 F W Yot vk 400 mpee B |-
DPLPLCH U TR IEE R & § Fey(SOgs @ 77 F Uil ek 380 mae DL Ficfit v THEdd TR & b
PO A 7R3 2% 500 mae L LW EEI U TGRIAA YRR R I v, I 520 ma v 5
7 v AGHTICRSE R U S Tn v, FRCHE I © $o Ry aiiRo m Fe' ot i
WBEDTT T LADGHICE TN D OHORIEAEBRE T 5 0 ED R vl o, % FeSO, Mot
FeyfSO; @ 7 T Jeiliitk Fig. 53R Lie,

§5. BiEEZ 1B.L@ Violet salt-Green salt ®Z5{L

D BEICLBITME
Violet salt @ #IC & v A Green salt 1L 28 {63 B HEa3801 B N T S ELEEC ¥ o

AT a0 R ERINICKD 72 b ORI WO T 170l
CRFEHTENCR Uicp e X o Rk 160 10: R

LD T ORREFTTON, T AT VYE=T A §15° :o

W32 10°C o ZEHIAIC Hl L 0.413 g/g Cr o ::: NE

WY, CogrERElEooian L]0l /.

e 30 SRR EC 10°C CHAIL 625 3 Er

g T I L T ks oo P o

feo © OREE Pig TR+, © o &bt 50

B¢ 2 DB 50~65°C DIITHA L5 T R s .o 0w
T 5, U THREICH LT Violet &5 Green Fig. 7. Change from violet salt to

. ) green salt by the change of
salt © FHBEFIFLET 2B 5, heating temperature.
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Concentration of chromium and iron in the solutions.

No. 1

2 3 4

52.1
27.3

Conecentration of Cr. (g/¢)

Concentration of Fe. (g/g)

40.8
2L5

24.3
13.1

12.7
9.2

A IS L T4 < Green salt i@ 2 (b X 8T
H LB HBED Pu % Ba(OH), i Fuyk s & o
HS0, #HvC 08 i UCliil Lic, %
e & 20°C 1T 20 H Ageing X ar,
b Jasi kb i

fEZ2E L 2k
DEAE R I,
CAVE Y U w AREEER AL LT Green salt

D%

A2 Fl v Tk B 625 mye ¢

& b Green salt—Violet salt
C O HE % Fig. 8 iR,

—Violet salt @ Zlcw LT v K& 2%
WA PIT X IRHLb B, Bl 7 o s gB
25% @4 ihict LT Green salt-Violet salt

DAL DT 4% D

%

green Cr./total Cr,

L . 3 3

0 5 10 15 20

ageing time days

Fig. 9. Influence of Pn of solution upon

the change from green salt to violet
salt.

100

o prel
(=] h=l

-
(=]

green Cr./total Cr.

60

L i

0 5 10 15 20

ageing time days

Fig. 8. Influence of concentration of
chromium upon the change from
green salt to violet salt by ageing.
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42.1 g/f Cr, 13.7 g/0 Fe o il 7 100°C i
ML CHiEE 7 o 4% Green salt /o285 2 W% s
H,S0,(1:1) % ¢ Ba(ORH), fdfnyuie T Py %
0.7, 1, 1.5, 2, 39, ic U1z, 4Bk L7 BaSO, @
WPERIRERE B IR R <y PICTH
1 L Green salt-Violet salt o 77t % %
Brr U< 20°0C ¢ 20 1
O FEMA Fig. 9w iR_4,

Uz, Agein (3L o
fAT 07,

RN BM MWD Py 030705
BIRMKCE 5D, Py s 2 BLECaincg b
At 5, Green salt 7> & Violet salt ~p %

z o R

T Ageing ©

Bk r» o 10 O
HEIVE

BEL B8 DRI
1'(#&‘@ ‘”]‘1,} V.Lf"'lm T g"‘l/‘ Yok Jx 2R
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Cnb, FLCLO Py OREO T 200C 1IKid v C o @ L3818 35~50% B CH D,

§6. BMBRICEKDIZ/DLT A EZTLIBEDOSRE

Tl o sARRBOIELCHELARHEYS oA, RBERESHEREIY Z7oskdan’
Vg = AW (Cry(SONNH,)LS0, - 24 H,0] & U CEIRA 5 %2 D k23K 6 12 1 A 5

ok, Wb 7 vy o a®mimBicgsr L U, RS-~ i x ¥ 78.5 g/l Cr,
7g/l Fe OB LETo ey o aF Y% =7 2918 e L Ui k8 (NH,),S0, o 50
%W O FE A 80°C I 5 ARIMEA Lic, C OROBEE O 7 v a0 96.5% » Green cho-
minm » UCHAET B8k fc Lo, AR
. Z DR TR L 614 g/f Cr, 263 g/f Fe Ok
=
= 50 }
] Lk, COELTHELTENRE R NHOH40
= -
S Lok %) s HySO(L:1) 2ic ko Tio Py % 0.7,
g % 1,15, 2, 2503 Lo v 20°0C e 10 3
g0k OCTI B AT vE=y AHEARHE S, T
-
Q
5 OB Pl U S N Sy A T L
20 . . .
e R fry JEATYESY AWEELLTO I A0
Fig. 10. Recovery pct. of chromium R e By o Py 2 O BR % Fig. 10 wp-d,
vs. Pur of solution. e -
3 (G U v 18 0 2 S0 s C U LA BT L fe i
Table 10. Concentration of chromium and iron in the alums.
] | | i |
Py of mother solution i‘ 0.7 | 1 \ 15 ‘ 2 | 25
S N S SR S b
Cr. (%) 5 98 12 89 109 | 113
Fe. (%) [ 0.7 i 0.8 s 0.96 | 095 3.8
2 60 A ®100
I
s ok © gpt
= N//v-—""“x © 3
k-] -
H O T £ §
o 20 o G0F
(4 ©
10} =
5.7 1.0 1.3 EX) % %0 6.7 1.0 1.5 5.0 7.5
Py Py
Fig. 11. Concentration of chromium and Fig. 12. Pect. of green salt against
iron in filtrate. total chromium in filtrate.
A : Concentration of Cr. before ageing.
B: » after ageing.
C : Concentration of Fe. before ageing.
D: »” after ageing.
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% Table 10 iR 3, XK O G #R %L Fig. 11 i3, 2 oW o Green salt © 74K
% Fig. 12 i+,

JasrT7vE=TLHED T o scgHRILEOS T b 104% Th 525, Table 10 i«
REWML FH L 9~11% ThHo Tz OFFRPOLH/TTEE SO /icoTns, O
BoREHFE Fig. 9 OofR» 5L PRIAZMC PeaiEmd b 2 ek L Tnh, Lvl
R o goa Rk Fig. 13 it m P2 Dl ECRACMAT 2EAASL 50T Puied
EDFED DI HLTETNR Y, Pr &L 0T
HOGHENBAT D OO KBl o BET Wb
DL ErELLIVS, W O#oRE: Figll H

CRBM SR, Vv AOBEERRTHD 57
1r )
LTwd, LALLBEDIARESETLIWERY, 8 } ‘
_— — . 5.7 1.0 1.5 3.0 3.5
AL ifmit&@!rl—gnl e X b 7(3.&\7}1%@{(@{&1‘/;%17‘ Py
—F RS BB L, WOWRESREAT D Fig. 13. Iron content in the alums.

Zped, COMGFOVERNITH LE2 T ofafiiciokd 0 e Bbh b, T Green
salt © ¥4 30 Fig 12 R3S E < o Ui Ageing AR v FHEE Y L CPTHi4 %
Violet salt ~Z b5 2302 B2 b s, BN OHOEH R, 0% ¥ T
We LTCHET A ElSch d BEER U THCH BT 508N 2D 2%, ¢ oBERRT
G J o A Violet ©JBICTE DT 5% O THGITFTWILBETH 5,

§7. ®&

il
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