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On the Recovery of Bi & Mo from the Froth of

Bi-Semi-Concentrate by the Chemical Treatment

Sang Lae Lee*

*R. & D. section, Seoul Refinery, K. T.M.C.

The flotation product of Bi-Semi-Concentrate containing 15% of Bi(sulfide form) and 409 of Mo(mostly
as sulfide) was roasted in a Herreshoff roaster. Under the maximum temperature of 1, 000°F, the concen-
trate was roasted without sintering phenomena. The charge of 3kg required 6—8 hrs of roasting. Prac-
tically all the molybdenite was converted to MoO,. Roasted ore was treated by the 1.5N-NaOH solution
for 3—4 hrs, at 60—80°C. Na,MoO, soln. contg. Mo*¢ was filtered from the insol. residue contg. SiO,,
CuO, Bi,O;, Fe,O,. The ppt. was treated in smelter at 1,200°C and crude Bi (97% Bi) was produced

and then refined by S treatment, zincing, chlorination and aeration. Final Bi metal was 99.99% pure and

over-all recovery of Bi was 90%. Na,MoO, soln. was acidified by HCl to pH 2.5 and in this soln., Mo
is pptd., as ammonium-sodium-polymolybdate with NH,Cl. It was refined with 7% NH,CI soln., and
calcined to MoO, The purity of final product was 99.97% MoO,; and the recovery of it was 85%.
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ation |7 APMo & BiEstE Zlo] EHA ] HT ore
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Fig.1. Flowsheet of flotation of Bi-Semi-Concentrate

at Seoul Refinery, KTMC
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Table 1. Chemical analysis of sample

azz,ﬂ Mo Bi S  Cu SiO, Fe ALO, MgO

% ’ 39.87 14.03 37.92 0.52 4.4 2.67 — —
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Fig.2. Cumalative charting of a sieve analysis

Eiuatkihel Fikgio 2 st A& MoS,, Bi,S,,
CuFeS,, CuS, FeS, o 24 o] &9 #HEy HHE
Table 2 ¢} 7t}
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Table 2. Physical properties of sulfides in sample

cal/
Mol. | (°C)| (°C) (Crystal Fo-| op . |2
Wt. | MP | BP  |rm & Colox SF 81| mol
d. in [hex. blk. |
MoS, | 160 | 1,185 e 4.8 |-55.5
. rhombic. -
Bi,S; 514. 2|68.5d.| — br. blk. 7.39|—43.8
CuFeS;| 184 | — — tetragonal.| 4.3
cub.
FeS, 120 | 1,171] d. vellow. 5.00—42.5
- hex. or mo-
Cllb 95- 61 tr. 103 d- ZZOnOCL blk. 4-6
2-2. KRR
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FERE - SR ERET A ElRE - RiES CHRES
TEfyo go] Fifsx ot —ipes =9 K
FESS L st BOBRIERREHEMAES] Bkl
gl Bobe EETTERA KA 2 ek mikERe] B
4% = Reverberating, Herreshoff, Flesh, Fluo-Solid
Hez T#moz Fi=lclgs, &4 BEEES
TREYelH F7) 9} EEERsEe]l B HmoE Hks
o] sk}, AIEERBS KiMEAA T AR AEfE
¥oZAE RN BHEALSE #T 5 ¢lo] Sinte
ring 3} Sublimation B2 A9 AuRESECl, BE
e EES FRY AR HES wel ga2gAk,
HORSATREERY Bl E R BB EAME SRR
Pl ko] M MERE YR BB BH—
B PRS- B85l Herreshoff Roaster & {#Hgle]
K REESRS) KISl WIREME S RERREI T

(2) BERHE

Herreshoff Roaster (one hearth)e] Siliconit 4 {H&
WAl 30 K.V.A. Transformer 24 power
factor 50%, 70% % 100%°) 318 tap 2A Wik 2
WES el FBRES Rz MRBERNE
& Bristol automatic pyrometer 24 Alumel-Chromel
thermocouple & Ao st fIESFA T R
¥ 1E FHES 3kg, KEMKR 6~8 hrs, arm ¢ R.
P.M. 2 89]9t} Ore charge #% Siliconit9] Yy
¢l #:HE E power factor 50% (104, 15V)olA # 1hr
BES 3% 709(20A, 20V)o0A £ 30 RIEHEAA
900~1, 000°F ol X #7 4hrs %-oF KEEAIZI T, ol# air
e BREEA Ketsla, =% pREHLEZAE
AT BEL BMLgle] BEERE T HESHH Sinte-
ring &8l REE 93%LL o) #2471 FThEsth ok
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MoS,+310,=Mo0,+250, S3~873 keal/mol

=—266. 2
2Bi,S;+90,=2Bi,0,+650, (400~600°C)
FeS,+30,=FeSO,+50, (260~270°C)
4FeS,+110,=2Fe,0,1-850, (290~500°C)

4CuFeS; +90,=2Cu,S+2Fe;0; +6S0, (200~300°C)

2Cu,S+50,—2CuS0, +2Cu0 ¢ n )

CuO+FeSO,=CuS0O,-+FeO (400~500°C)

3Cu0+Fe,(80,);=3CuSO,+Fe,0;  (400~500°C)
FRRERAA BAREST 260~600°C AFo] o] 4] A
HE Rl #1Ex oz BES %3] LA
A AR BwEiEe SiEe ‘2]7‘11”6}‘{'1 Sintering I
HE #3te] BiL.S; ¥ MoS; 2] Dead Roasting(<3%S)
o] WHesltet,

Table 3. Chemical analysis of oxide

B A Mo Bi S
% 43 15 4
2—3. RAEERER
MR’ =

Extraction Reagent: NaOH
A.P. Mo Synthesis Reagent: HCl, NH,CI
(2) Extraction FRE:

Extraction 3Bl BLiEHe MAKB=EEH o ZA
2 GpifEie Table 33 2o, LEEEE 1.5N—Na
OH 2 ZfEd 1.2f5% #MH3t 60—80°C oA
3—4 hrs KHEAA Mo NaMoO, Solution o3
extraction A]7] 2 Bi & Fe,O; Cu(OH),, Si0, MoS
%o THREBEDS B WBHE EEMNSE B
A}, Rl 449 Bit Smelter of 45 A s}
1,200°C ol A} ¥5 8hrs RFEAA crude Bi-metal(97%
Bi)-S sl SEEEA  de-copper, zincing &E
Ag, Au % [El3tz, chlorination &2 Pb & PrEdH
# Aeration A|# E#iEE Bi-metal(99.99% Bi)E
EY 4 drh olwe EMZEL Smelting o] 95%,
Refining o] 95% 24 Bi9] over-all recovery ¥+ 90%
o]tk Mo & 1.5N—NaOH & M#HfHS] 1.2 R
90%¢°] 3 et

(3) A.P.Mo &EHE

Mo 70g/l 2] Na,MoO, solution 2 HCl 24 pH
2.5 2. adjustment A7 ¥ dry NH,Cl-& HHRES 1.2
&% st ammonium-sodium-polymolybdate & i

Azlch ol Tz AZsts Na & Mool $fshe]
#1912 E el th Mo & HEE=E 5223] ke o}, NHLCL
o] e FHMES 120%FA 100g/l & {FA3IA T

extraction recovery &

B3l Hs5HE M4E, 1967E 123

LB WE 8—10 hrs stirring A1A (at room temp)
NH;-Na-polymolybdate & [E#g3} = mother solution 5
2 Mo-& 0.5—0.5¢/1¢ 9A &=+
(0 A.P.Mo HRRE
Ammonium-Sodium-Polymolybdate 2 sodium & 6
S WA AT 7 sk 79%NH,Cl solution & HCI 24
pH 2 & %3l solid to liquid ratio 1:5 24 90—
100°C ol A %7 1hr EFEAA Na g Mool #3l4
0.02% LIF= #EAA7
(5) EiERER
WAl A.P. Mo & 100°—110°C
500° ATl A REEA A MoOs &
it & 2o

oA drying A7 ¥
Jerh B

O

1
3(NH),0-7M00,-4H,0 -> 3(NH,).0-7Mo0;

200°C 280°C
—> (NH),0-4MoO;, > MoQ,
6 7

Bii E.D.T.A. titration,
¥ 2 spectrophotometry #, S & barium sulfate, Na
-2 flame photometry iEol K34 o},

Table 4. Roasting conditicn and results

Nun ] Head(Wt25) |T1me B

/ :

Mo &= a-Benzoinoxime

()*{1de

Temp[

v ‘(hr)" (OP>1 (/’0)‘(/0)‘l Bi
Mo-16:14. 03(59. 81| 38

!Bl

MoQ; S

Mo

U
800[24. 61
1,000[18. 87
1,000/ 3.97
1,000 3.47
950/ 2.85
500 2.63 93 | 99 (972
80 38
800[26. 80
1,000/17. 37
1,000111. 77
1,000 5.73
950/ 2.70
| 500 2.7093.2| 99 [99.5

Mo-18\14. 03|59. 81| 38
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3—1. Roasting Condition & Desulfurization
Table 4 & 58BN A Head 3kg& charge 34
hearth &) B 2T EEEKE 2 BBEHE B ¥
Mo o] RilkZ S TS Aoldt, Rl AT FR
kol &49 Fite B gl mRs vhksE T
g}, Fig.3¢ Fjfde]l %8} Herreshoff Roaster &
hearth 9| temp. #{bo} MRfEAES] LS ez
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Fig.3. A typical figure representing roasting
charateristics
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Fig.4. Apparent solubility of Cu([) hydroxide
as function of pH
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Fig.5. Time effect on extraction ratio at constant
temp. and conc. of NaOH soln.
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Fig.6. Temp. effect on extracticn ratio at constant
time and concentration of NaOH soln.
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Fig.7. Concentration effect on extractability at
constant temp. and time

Aol ekl WA Mol BES HeEistd

Total temp. 7} 1,000°C & =] QA FAsE Aol

Sintering K-S W + = BRI} &
MoS,+3 L 0,=Mo0,+250,+ 4H,

2B1,5;4+-90,=2B1,0,+650,+ 4H,
(4H,+ 4H) + (WA TR E) <1, 000°F
3—2. RAMEEM
1.5N-NaOH & Mo-content o] ¥i3}e] {LEE S
L2155 Y-S =9 sodium molybdate solution <
pH & 12.1~12.2 9}, Fig. 4ol R Zulel zto] Na
OH & extraction reagent 2 {#HFHYPL o) Cux Cu
(OH); 2 &= o] soldium-molybdate solution ©. 2%
BHEA %= Bisk ¥4 iz ool smelter
{EEo A Matte 2 SBflallcd o}, Fig. 5, Fig. 6, Fig.7
SRR, EE W OWEES BH{Le) WA mHiEL v
Yt AozA L5N-NaOH & 60—80°C oAl 3—4
brs REAA 0] 7% F& #READ
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Fig.8. Flowsheet of production of MoO; (new-project)
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