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Al\Na.Mg &8I0 %K LA K S Ml S Sk 48t XK.
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Table 1 Main components of ER and ash obtained

by roasdting at different temperatures %
K5y
A5 ER
400 °C 600 °C 800 C 1000 °C 1100 C
C 75.44  18.51
Fe, Os 7.14  24.73 26. 87 28.27 37.81 46.05
CaO 6.02 22.29 25.65 28.20 30.77 29.73
SO; 7.15 10.58 17.67 14.16 5.29 1. 56
SiO, 2.45 12,45 16. 02 16. 39 15.35 12.00
Al; O3 0. 86 6.74 8. 11 8. 06 6. 30 5.52
Na; O 0.27 2.19 2.77 1.92 1.26 1. 39
MoO; 0.16 0. 36 0. 39 0.43 0.69 1.01
MgO 0.12 1.02 1.28 1.33 0. 87 0.76
TiO; 0. 14 0. 45 0. 44 0. 46 0.62 0.47
SrO 0.09 0.22 0.23 0. 26 0. 44 0.52
Cl 0. 04 0.02 0.03
KO 0.03 0.08 0.09 0. 10 0.05 0.08
P,0s 0. 006
ZnO 0. 007
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Fig.1 Thermogravimetric curves of DCLR and ER roasted in air
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Fig. 2 Particle size distribution of ER and ash

2.2 k%™ Mo #1 Fe 2 H
2.2.1 BRHEFIWIERE

PN BH R CUnBH Bk ik K L 2R D) iR
th Mo % H W & i 7l & NaOH. H, SO,
HCI M gk, 3058 43 51 L 30 % NaOH % W
(160 C+3 h).37% HCL & W (95 ‘C.3 h),
50 % H, SO W (95 °C, 3 h) Jy i i #l& hK
Gy AR R ) E A R 2,
AL L NaOH i H 5 Mo o6 R K8 4 9
B . Fen RBrERBE S, HRBHBE LS
F#84r Ca,S.Si. Al fil K &t Na, & B LI NaOH
R BE A LR Mo, {H R RER T Fe, H
Na.Ca.Si 5§ 2% it 25 — [F] 9% & i 5 DL HCL K
2R B, Mo il Fe 70 % 3 fig 9 A1 20 1, Si
e HRE 4 CauSCAL Na TLH &
HEAR W WL H, SO, R 1 Mo Al
Fe WAE Wi A 212 H,Si fil Ca B R EEHE R
High, X2 W H, SO, &5 Ca gt B WL M
B CaSO, T8, M T Mo 7F 5 R 7% W RE B
B Mo; 05, \Mos Oz %6 Z S R i 8 7170, X gt
RA BT U R, WK Mo & AR, AT
PLSE A W0 ik AR R

ZE bR BEAT ROR 1 Mo Al Fe, H I i
JEERR IR R K 4y . FIER S HCLAH I,
H,SO, RETEA SR 1 Mo Ml Fe [a] i), 32 %5 7% i
Si Fl Ca #BW] B AE M, A F T J5 2L % B Mo, Fe,
DL R FE K AR B mLSCORT S R P 36 H SO, 2
HA,
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Table 2 Main components of leaching residue and leaching

solution obtained by using different leaching agents %;

NaOH HCl H2 SO,

BIE RM Rl R RIME R
Fe; 03 29.09 36.71 0.88 0.76  2.42  0.23
CaO 25.35 28.94 0.05 2.03 0.45 20.67 0.08
SO; 17.67 0.64 2.83 3.98 0.26 38.41 41.61
Si0; 15.35 20.54 0.04 90.62 0.01 35.87

oy Koy

AlLOs 7.04 8.61 0.02 1.08 0.13  1.47  0.35
Na;O 2.04 1.03 8.18 0.28 0.04 0.40 0.12
MgO 1.20 1.44 0.18 0.07
MoOs; 0.68 0.04 0.09 0.031 0.02  0.02  0.05
TiO;  0.51 0.59 0.52  0.01 0.11  0.02
StO  0.35 0.44 0.002 0.24
Cl 0.12 0.0l 0.02 0.08 853 0.10 0.04
PbO  0.12 0.01 0.01
K,0 0.11 0.01 0.10 0.07
P,O; 0.02 0.02 0.23 0.21 0.23
ZnO  0.02 0.03 0.01 0.01

* ARSI XRE A 4047, RN Ho O,
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Fig.3 Effect of acid-ash ratio on leaching rates of Mo and Fe
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FEARTT T iR, BB Fe 7R3 1 # vhig ) R0
LA M R BRI LIS hoA .
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Fig. 4 Effect of leaching time on leaching rates of Mo and Fe
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Fig.5 Effect of leaching temperature on leaching rates of

Mo and Fe

2.2.2.4  BRERWR B XTI H R0 52

FER R 90 °C (2 thEF T 5 ho R K L 2.7
MR L 5 SR R MR X R A R e L 45 SR ]
6 FF /8. BRI E N 30% B, Mo 32 ) R 3k
85.31%, 1M Fe =23 KA 18.17% , UL ALK
MR FEAFTF Mo 1 Fe R H s LRIk E T &
40 %51, Mo 12 H R 35 93. 10%, Fe 12 H R ik
99. 12 % s kL T+ R B R Mk i, Mo 1 Fe 12 1 3k
AL FER . B 98% MY Mk B R fik 3k 13
98.31 %11 Mo &t (A L5 G % Bl #5451, i
E TR B LA 40 %0 M HL

TR /%

B 6 WK Mo # Fe 2 HZE B2
Fig. 6 Effect of H,SO, concentration on leaching

rates of Mo and Fe

251 W0 A AR A R KL 2.7,
2R 5 b2 HIRJE 90 °C L ARERME 40% .
2.2.3 BHEBEHRE

ER. K4 F1ig i i SEM BB a0 7 Bk,
M 7Ca) (b H L ER 44 5L RS B i 42 8L
TR R 33 2 R R L ATy 3 A B 2 1 R T B
HE 7 f (D) FH:7E 600 CTFHE AT
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FFE, SEM T WL %% 2008 B R, Il 7 Ce) I
(DFEHREG .28 Fe Mo Al 32 1 B
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SiO, Fl CaSO, 55 To 1 9 FR Vi 1 5% B W) i
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a—ER, X1 000;b—ER, X 10 000;c— K4, X 10 000;
d— K4y, X 50 0005 HHE, X5 0003 = H, X50 000

B 7 ERZSFZHEN SEM R A
Fig.7 SEM images of ER,ash and leaching residue
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Fig.8 XRD patterns of ER (a) and ash (b)

2.3 BRiRi%H Mo.Fe FIZEE

IRI0E F N235 S AR B 58 T 76 A8 W) 251
T MR P AE B Mo Ml Fe BYRCR . Mo Hil Fe 4B
JEZAM AR 20 AR e AR TR T
WREMBRER R SAZMAEEIES., SRER
WP Mo Fe fAfE IR a0 7 . —2<<pH<C0 A, £k
FELL F 170 0<<pH<T1. 26 W}, £ 3 2 D)
Fe(SO) " fE 18 1. 26 <<pH<C2. 5 W, £k 3 % LU
Fe(SO), BAAFAE ; —2<pH<C0 i}, Mo FEAF7E
A kB T R BB T MoO:T
0. 5<<pH<C1. 48}, Mo FEAELEIL AN Moy Of
1. 4<<pH<C2.5 f},Mo EEAHEIL A I HMo, Ol
Mo; O35 o £ BRI JL 72 pH<Z0 & R W Mo
M Fe EZLIBHE FIEXAFTE .
2.3.1 SBETFIREX Mo.Fe ZBUEMF M

L 30 26 N235-20 %6 = BE-50 06 S5 4 A HLAH
FEAEHUS ] 5 min AT AR TR EE 14 mol /L AH
W Vo/Va=1/1 M F , I AS 7] #k BE ) NaCl %
W » % B85S TR BE X Mo, Fe 28 U 1 540 , 45 5
mE 9 iR, LR, Cl B AFETE X N235 A1
Mo F Fe A 8 E FH : A A NaCl ], Mo % B
HA12.13% . Fe JLF JCE 9 2 B, X 02 i T 76 58
BV W, Fe fF7ETE Xl Fe' . Mo £ 76T U R
MoOs" , N235 7 #& B i #2 v # i 2 1R 1k JE A
2(R,NHD, SO, "™, Jo ik 5 BH B ¥ & 2B 58 # 1 Be s

SOF™ s A NaCl 5 - T Cl BA B i Be Ao
AES1. AT 5 Fe' ' JE R FeCly BE BB 1. 55 Mo} JE
Ji MoO, Cly %5 B 5 %0, AT BE 46 B R 1k 1) N235
FEHU 24 NaCl % BETH 2 5% B, Mo A% BUR A 3k
99.16 % ,Fe ZBURAEIT 100 %5 4 O H A0 5 E—
Tt NaCl # B , Fe il Mo A UCRASL A G,

100 —— * a
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80

60

40

Fe
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[
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Fig. 9 Effect of NaCl concentration on extraction

rates of Mo and Fe

2.3.2 SBETFIREX Mo.Fe ZEUR &

L 3026 N235-20 %6 fifr 7 BE-50 26 4 3l 2 A AL
AL AE AR BCIE 1E] 5 min, SAAL S8 BE 590, M HE
Vo/Va=1/1 %M T BHERE W H 28 FIkE
XF Mo Fe 2B 1Y 50, 25 R & 10 fros, Al
DIAE S B FIAAEAR R T Mo Ml Fe i 2 B,
BT UM 8 mol/L F+ & 14 mol/L B, Mo Al
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Fig. 10 Effect of H" concentration on extraction

rates of Mo and Fe

2.3.3 N235 kT4 # 34 Mo Fe ZE BV ) 1
TEZE BT B] 5 min GALANINA G 500 E BTk
B 14 mol/L M L Vo /Va=1/1 54T, % %< N235
TRFUMEOR Mo Fe ZE BRI 52 0, 25 S an &1 11 B
No FTLLE BB N235 (RB 0 K Mo 25 U
87. 13%F+ 2 99. 16 %0, BAHIHE K N235 (R 55 |
THHL Mo; Fe A HUREE N235 AR 205 K28 b A
HA &, BRHA N235 Xt Fe M A8 BRI PR 55 F Mo, 1]
VLA S Fe 1) i BR VS W 5 I R AR R - By
N235(>>200) A RESRAFHLLTF (1) Mo A HUBUR .

100
Fe
90 :

80 -
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70
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P(N235)/%
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Fig. 11 Effect volume fraction of N235 on extraction

rates of Mo and Fe

2.3.4 {hEEEEFRSHIT Mo F1 Fe ZEEVERA M
FEFEMUET ] 5 min S LB EE 500 &8 T

W 14 mol/L M Vo /Va=1/1.N235 K F/

B 20 %0 55T 5 B2 Ao BE AR B 42 X Mo, Fe

ABCRFE I, a5 R A& 12 o . W LA L BE
b= B AR AR 23 B0 K Mo A BURIA R B L 1T Fe
AR RFEAE ZE R SR 11 —2, JE—
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extraction rates of Mo and Fe
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Fig. 14 Effect of extraction time on extraction

rates of Mo and Fe
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Table 3 Extraction experiments results of

acid leaching solution

% HagAK  Fe® Fed  HARK  MoF Mo
poge T OCFO ) B/ R it p(Mo) /s W/

(mg+L') mg % (mg+L'") mg %

1 1.32 97.12 99.92 4.39 23.32 98.88
2 1. 50 97.11 99.91 12.09 22.85 96.92
3 2.15 97.07 99.87 35.09 21.47 91.07

3 Bl AP Fe WAERCRE .2
3 A BUG AR HETE99. 87 % , T X% Mo it %6 it %
WA . 28 3 IRAEHUS M 98. 88 %6 BE%£91.07 % . i ]
N235 & B Xt Mo B3 A7 48 4 11 A5 BUPE g L H X
Fe (FEBEFAMER T Mo, % B3 A €48 Mo
4 (BB 73 I 2 0Lk — 25 56 R 8 FH 0 T) A BRI
(4 N235/P507) W& A Fe Ni.Mg., Al P % 4 1R
PR W AR SE 2 I Mot
2.4 f1% Mo #0 Fe BHL1EHI R F B

B 20 mL 11 3% Mo M Fe W& HLAH,
20 mL.,0.01 mol/L &% & Jx % Bt 3 W, Z 5 15 H
10 mL.0. 01 mol/L Wil& g 2 8L 1 ¥%, [[ g Fe;
FH 10 mL .10 %6 27K S £ BUB R Fe (9 9 25 HLAR
4 W, Ml Mo, Z5 5 L3 4.

x4 HFE Mo Fe ANMMBRERREER
Table 4 Stripping experiments results of
Mo/Fe loaded extractant

Fe Mo

&
Ty W KM/ BB REKM o/ LK

(mg+L 1 H#/mg (mge+L!) #&H/mg

1 8211 164.22  424.00 8. 48
2 1546 90. 92 45.57 0.91
"”Ff 1438 28.76 30.18 0. 60
J2H
4 155 1.55 14.09 0.14
RS % 98. 00 14.98
1 0.33 0.003 3 5325 53.25
2 0. 20 0.002 293 2.93
7
ﬁk 3 0.61 0.006 1 17 0.17
2
1 0. 27 0.002 7 1.54  0.02
REER % 0.004 8 83. 32

AT B BR X Fe Y S A6 USSR BEAT L [ A6 X
0] 1£98.00 % . H [ if A5 14. 98 % B9 Mo ¥k Jz 7
B SR XA HLA 3% B Fe B AEBURE TR 55
JLAEBCRAL N 0,004 8% fHXT Mo [ )2 # BT
K 83.32% . LA B R R A UK s AR BLAh SR wl
Mo i J2 26 BU# 3k 98. 30 % , Fe M 2 %6 BU % ik
98.00% ,

MG 3. Fe Fl Mo B 41 524 99. 90%
1 95.62% 2T, Fe il Mo 158 A HL—
J2 A B B v i Il i S 4y i) S 97, 90 % AN
94.01%,
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Abstract: A process of solvent extraction — air roasting — sulfuric acid leaching-extraction with
extractant-stripping was studied for the recovery of Mo and Fe from direct coal liquefaction residue
(DCLR). The results show that after solvent extraction,the residual organic compounds in DCLR are
efficiently removed, and the coal liquefaction residue extractant residue (ER) containing residual
carbon and ash is obtained. ER is then air-roasted at 600 —800 “C to completely remove the residual
carbon,with Mo and Fe being enriched in the ash. The ash is leached with sulfuric acid to effectively
extract Mo,Fe,Al,and other metals, with the highest leaching rates of Mo and Fe reaching 93. 10%
and 99. 12%, respectively. The acid leaching solution is extracted with tri-n-octylamine (N235)
extractant to simultaneously extract Mo and Fe, but NaCl is added to form complex anions such as
FeCl; and MoO,Cl; ,achieving an ideal extraction effect. The optimized extraction process conditions
are NaCl addition of 5%, N235 : sec-octyl alcohol : kerosene ratio of 3 : 2 ¢ 5, and hydrogen ion
concentration greater than 12 mol/L, phase ratio V,/V, between 1/3 and 1/1, and extraction time
greater than 2.5 min. Under the conditions,the single extraction rate of Mo is as high as 99. 16 % ,and
the extraction rate of Fe is close to 100%. Fe and Mo in the organic phase are sequentially stripped
with sulfuric acid and ammonia,and the recovery rates of Fe and Mo in the entire extraction— stripping
process are 97. 90% and 94. 01 % ,respectively. The method can provide a solution for the recovery of
high-value metals in direct coal liquefaction catalysts.

Key words: direct coal liquefaction residue (DCLR) ;Mo;Fe;recovery;acid leaching;extraction



