Journal of the Korea Academia-Industrial https://doi.org/10.5762/KA1S.2018.19.8.403
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 19, No. 8 pp. 403-409, 2018

9 2137 9AA(Inconel 713C)H LT RO HENo g o of
F=H 23 Mo9 34 2 Mo 3E AE

o}z 711;1roﬂ’ SRR

1O y H 1O
Zefska AR Aol 2 2 ot

Recovery of Mo by liquid-liquid extraction from synthetic leaching
solution of spent Inconel 713C super alloy and preparation of Mo
compounds
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Absract Inconel 713C which of a commercial Ni super alloy have the composition of 70 % Ni, 12 % Cr, 6 % Al
and 4 % Mo. Mo is very expensive and have some economic value to recover in the alloy. In this study, liquid-liquid
exraction(solvent extraction and stripping) has been performed to separate Mo from the synthetic leaching solution
of spent Inconel 713C alloy and prepare to Mo powder by dying, evaporation and heat treatment. The experiments
were conducted by using synthetic leaching solution which was prepared NaMoO4:2H,O by dissolved in distilled
water. Alamine336 and Cyanex272 dissolved in kerosene were used as extractants. The extraction percentage of Mo
by Alamine336 is 99 % in the condition of the range of pH 1 to 4 and 1 % of concentration of Alamine336. The
stripping solutions are used by HCI, H,SO4 and HNO; solutions and the concentrations were controlled by distilled
water. The concentrations of HCl, H,SO4 and HNOj; as stripping solutions are increased, the stripping percentages
of Mo are increased and the stripping percentage of Mo by HNOj; is higher than other stripping solutions. After
liquid-liquid extraction and heat treatment, MoO3; powder which of the purity of 97.5 % was prepared.
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Table 1. Compositions and price of elements in

Inconel 713C [1]

Compositions
(wt. %)

price

Elements (US $/ton)

Ni 75% 9,710

11~14%

5~6%

4% 15,250
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Photograph of ship turbocharger’s turbine
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Fig. 2. Diagram of Mo metal imports by imported
major countries in 2016.
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Table 2. Chemicals used in experiment
_ AFETTITF Mo 55
D, = 100( TEE T ) T % 100) 2) Chemical Mole}cular
Trade Name Weight
Formula
(mass)
SHFEA] FEARNETH FE2HE 45T S"di‘ﬁ ‘Edtybdate Na>MoOy 2H;0 241.95 g/mol
ihydrate
o o Z )8 7ﬂ o
B)°] Fol&o= ST 45 Anion o= OW‘ o, o Nickel chloride NiCl,'6H,0 237.7 g/mol
= O v &9 =
= FolEat gy om gk, o FEA e Alamine336 CaHsN 353171 gmol
aZotld e Fol wBHARl f7lite] ARE-ETH Cyanex272 C1H350.P 322.43 g/mol
ojuje] Bkg-AS 2 (3)3 (4)°] VFERNSITH Sulfuric acid H,S04 98.056 g/mol
Sodium hydroxide NaOH 40 g/mol
Activation:
[RyN () + [HAL = [RNH A ) ©) 2.1.2 A8y
§U1FE 4FE A4S FAolF 100 miolA 5
Solvent extraction: Gty g FEAIES Sodium  molybdate
(RNH A g + [B iy [RNH "B ]+ (A Ty (4) dihydrate(Na;MoO,-2H,0)& Mo %7} 2000ppm
(5.1205 g/L)31 RLo] G HS FH|sISATth Mo2| F
A ) A AR RNOE R 2459 ool 9ate] §7]8oL S-f(kerosene)ol
718 FEAZE A ks ol A ()= WA 51498k Alamine3363 Cyanexe2722 A&, pHE
H 7718 FEAVE 5 folah wkeste] RUIGCR Hg0, 7 NaOHE o] &3l0] zaatdu). fuj=2a3
olFstA Hu HHEAE BolFA A7) AFENS oa= 100 ml BT 2o] o] THoE Fadadl
A& A ()l e 30 ml9} 2EA7}F SE 714 30 mlE a1, 25 Col
A 1087 Wk o 1A AXAA 43 7714
Stripping: & BEEha Fel EAEE Gl FEE ICPY]
[R&NH +Bi](ory>+ [HA](aq)C> [I?fiNH+A 7] o T [Bil(mﬂ +[H] 7]E T't_]‘&l] 6‘}'93\]:}' %7]%1'01] /‘1 %%% Dé} %:Et =
() AFAE o183} ANBADO] el pHE pHOH
(Orion A 320)% 274319tk Mo 3138 AzE 7127]
2 (5) dom F528 SAFES AFEAE = o)gslo] 1S A Az dA 700 coﬂ/\i 1
1-8ato] oAl o' o]EATlE WS HAFI L A7k dAlste] Mo 3RS A|zstdt) 424t 24
o EATE AHAoR o) gA7)7] tiel HAEE s F&o ®x: [CP-MS(PerkinElmer ELAN
o e sl R FF ool Sk )= MR ¥ DRCe) ¥ ICP-AES (Geoplasma, BJY-70plus) 52 o]
A SATHS] gato] MGt T Mo IEES FETAS
ICP-MS(PerkinElmer ELAN DRC-¢)E ©]&3&}%]. o,
2.1.1 A3 A= A48 XRD(Bruker AXS, Germany, D8

Mo ¥% 89020 §IFES B3 Mo 858
Ag) me] Gohe Azl HAL AN, AHE
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Fig. 3. The flow chart of solvent extraction and

stripping for the recovery of Mo from
leaching solution of spent Inconel 713C.

22 A4y 9 uF

2.2.1 Mo &N o2 E &uj

Alamine336< ©]-8-8 M
7} ode] v &S WA 7 EA
SFES st e =
3 £A kel 1 A3E Fig 40 YERAITE Cyanex272
£ pH 1, 5% 4 %A 96 %] 3
Alamine3362 pH 1~4, % 1 % ©]%
o] FEFES Bl FEA st ISR
L Z7kehe, A FEAE+= Alamine3369S
39t} Cyanex272& pH 191 270l 4 %9l 7
995 % o) FEES YehllE A& 9
=4 o] tE FE=A4Q0 Alamine3369] H
2 FF ago] vl o3 o] Mo
1~6°14 MoO> 53 22 Joleoz
11] &0l =491 Alamine3369°l 23] FZa77} -

43 Ao AR

—m— pH1, Alamine336
—&— pH7, Alamine336

—A— pH13, Alamine336
w— pH1, Cyanex272

—&— pHT7, Cyanex272

—4—pH13, Cyanex272

5Q

Extraction percentage (%)

10 15 2.0 5 3.0

Extractants concentration (%)

35 4.0 45

Fig. 4. Extraction percentage of Mo by the extractants
and pH.
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Table 3. Purity analysis of Mo compounds by ICP

Analysis of ICP : Percentage of Mo in Mo
sample compound (wt. %)
Mo 63 %
MoOs 97.5 %

A3}, Alamine336¢] Cyanex272

Eh %& Mo =85 UEhiIth
2. 94F=A12 H,S04, HCl B HNOs 242t 5271 5
5% g7 go] F7HHa, HNOH 1 M 2

pH 0% W} 94 % 3L HNO; 4 MellA 96 %] &7
&5 Yehlol 7M=& 9AES Yehiich

OAHEL:1 ~20: 12 T39S o, ==
Z7004 90 % oo wEHaNE el
3. 4MFE 2 9FFM d& Mo §Hr S &
W AZA7]5L, 700 TollA A2 d A3 97.5 %
T2 MoO; #3ES A=At
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