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Catalytic performance of Mo based catalysts for direct coal liquefaction
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In order to enhance catalytic activity of Mo based catalysts for potential industrial applications in

direct coal liquefaction, affecting factors of molybdenum compound powder catalysts on direct coal liquefaction

were studied, and molybdenum oxide slurry catalysts with high stability and two highly active Mo-Fe composite

catalysts were prepared. The results show that the catalytic activity of Mo compounds is closely related to

dispersion and crystal size. The nano molybdenum trioxide showed good catalytic activity, while the micron

molybdenum compounds had almost no catalytic effect on coal liquefaction. The nano molybdenum trioxide

powder prepared by high-speed shear with dispersion agent was highly dispersed and stable in the solvent oil,

which can also promote catalytic activity. Mo was highly dispersed in the Mo-Fe composite catalysts

synthesized by impregnation and co-precipitation. The synergy catalytic effect of Mo-Fe composite catalysts

increase oil yields by 4.5%-5% when compare to pure Fe catalysts.
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PRI BB HEAL AR P N ) 2 PR SIE TR TC 3R, BT A A A N R B A e R iR &L Re i
T HE A8 M I K JFG o [ 7 0 1 e A 5-80 o BRFEARAL AL bl vt JF AR 2074 — 5 AL A A 1
14 ¥ IGOR (integrated groos oil refining) .2 H 4 NEDOL(liquefaction process developed by new energy and
industrial technology development organization) . & . 3% [E HTI(hydrocarbon technology incorporation) 1.2 LA
A A R S T S — TN A R 77 e 20 2 A T B e 705100 A R e ) 28 B Bk A A 71
i, AELAI RS B SR BE S L ]

AT AR S BRI 17 M RS54y T b JE SLTE T 2R DRI v A — MR P 2 i
RUPEAL N1, I A S B e R BRI B R, O 1 5 e S B B AL R S A
BE 7 H R TS R P 1 26 BOR PR R A A AR B AT $8 i 70 5Pk o 4912 H1 AR NEDOL L 204 Y Y e 1B ot 5
BATBER 0.7 pml'S), HHIFUE SIS FUCEK L ER A g A 7 PERENST, BERITHEOL.
fiff, I T JI RO A B S B T 26 HBE AN e 3 R AR BR AL RS20, (EECR B R RERE . TEPEIRTHA R 4
FEAEAL T EE L RE T o, BAT BRI ELEBA YT 2 BE T 77 SRR N rh 3 R 2 PR AR 41 BRI AR I
oy 2 T B R A P PR B R A T R A R R B AR R TR AR, D R4,
Ak B 3 i 2% REURE A oo B A S S R A, RO TR, EROIM AR AR R T RE A
IRGF AREALBORES, MV W K, (R RS H S RLEE R e 2, AL RCR AN a3 Al 2 Fy
Ko Bk, RS SR FIRNETE, BFFUEBUR T N A 3R A Sl R s AL e 0, 4B A
FEAEALFIIEN TN, 3 e B EAR L B R A T 2R 262,

ALY A B S S AL S ) HORLE AT 73 BSOS B LA P RS2, 1 2%t BE S AV AR b iy
JEE 73 BOMARSE 1) =S A BRI AL R, E IR |, SRATBR DU IT0E S5 5 T LNV IBOR I vk & st
AN R S5 6 0 i i PR AR B SR A AL AR, KRR T BB AL PERE

2 KLwaRsy
2.1 IR
S T IOV A BN R ph 40, HOC R, DML T RUE MM 45 1A T3 1. £, w hiE
G e ERR L, KIS 2 150 pm BAR, SRJEAE 100 C R EA TR 6 h, W HLRAE. T IIE 7
Tk T A A T R AR P R AR R R, L A TR 2
T REEEER ST

Table 1 Proximate, ultimate and petrographical analysis of Shendong coal

Proximate analysis w/ % Petrographic analysis ¢ / % Ultimate analysis" w /%
Maq Aq Vaat Vitrinite Inertinite Exinite C H (073 N S
4.46 5.86 34.89 54.2 44.2 0.4 79.16 438 15.21 0.98 0.27

M,¢—air-dried moisture; A¢—dry ash; Var—volatiles on a dry-ash-free basis.
Don a dry ash - free basis.? determined by difference

2.2 &L ®2 AFAMMER

221 FHE DR AR Table 2 Properties of the recycle solvent
ST 4 FE UL G R, BN Y PR =
(g-em™) : (mg-g™h) C H S N 0¥

KA IR AR (NHe)sM07024-4H20, S H7 4, 0991 049 1888 8949 972 0003  0.02 077
ORI, 850 AN B e 1) St Lt ot vl
KBTS a,  FHGEE AR, 4 composition; ¥ determined by difference.
54 m-MoSy); TOKZ A (A2l [H AU FRIE IR A, 95 8 m-MoOs) AN KL 1) — 41
AR 5 BET MR TR A F], 905 8 n-Mo0s). 4 RS HHAAYI7E 100 CF A 15 3 h, BHELIE
/NF 80 um.
222 =AALEH MR AL

H m-MoOs3 Fl n-MoOs 73 73 I AN it v, $5 I — & 573 #5H, B 20 000 r-min™ &% Y §] 73 #1 3 min,
2% IR = S A AR I A AR o ST P BOR G = A 2R A 7 G 5 m-Mo-0.2, I Z3 BRI 54 =
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UL TR 1 20%: 20K =S40 BHIM R AL 71090 5 43 591 R n-Mo-0.1 Fll n-Mo-0.2, 43 BRI 543 il o =46
PAH TR 10%F1 20%.
223 EorHUHERE A REA )

R HPRBHE R YTIE L § 4 1 2 FhEE SR G AL Mo&Fe-1 Al Mo&Fe-2, Mo/Fe ittt h 5%. 4L
HORBUE R R T B R Bk A JrURMC I s, 2 LSRR A Diie RV Wk & -, s
AT ERYTE, 45 H A b y-FeOOH [M#EALF], idly Fe fEAA, TEAIPIR WL SCHR[14]; AR5 1E Fe
AR B R AR, AT BFEE & AR G A0 ) Mo&Fe-1. JLPTTEEHERE &
fEAL T Mo&Fe-2 Il % 1k 2 5 Fidk Fe A0 £ FESAL, R BITE T P56 A8 /KB W N — & =11
VUK AR B, ARG SRR WA 3L k), (RIS R PTE »

23 BEERLELEREITN

7E 500 mL 5 s 3 PO AR S 0 AR AR B AL EA T (AL RE IO PP o 450K « S5 750 AR B 700 1 FH 43
Al 28.04 42.0 1 0.32 go S EHMEAL I H B2 4240 o = 5 P 008 16 5t & LU A b SR HE NN, 70
7 0.05% F10.1%: Fe fittb A & 2& U Fe i 5 BRI 1% A, FHEHE 3. mEBKIHAS
A ERGHRNANETE 10 MPa(H# i), #RJ5LL 20 C-min~! THEE 455 CIEIR N 1 h, B FEEF
WA= ) EAT G 23 A, IO 3 PRV [ AH = A o I b A DU Sl 1A T 2= IR, ki v 503145
WAL AR S R (Gas)s K MH0) M= ORI 16 (R S EFII5 4, PAA)F=%, 7=
Yoy M RO 57 VPR WL SCHR[14]

—

R3 SEBUTIRRERELRLER

Table 3 Results of coal liquefaction by molybdenum compound catalysts

Catalyst Crystallized size)/ Catalysts amount? Conversion H> consumption Yield / % '

nm /% /% /% Gas H.0 PAA 0Oil
None - 0 79.0 2.8 15.6 119 12.3 42.0
Fe 149 - 87.9 4.0 14.5 12.5 9.7 55.2
AM >100 0.10 79.4 32 16.7 11.7 12.1 42.1
m-MoSz 97.8 0.10 80.2 3.0 16.2 11.8 11.1 441
m-MoOs3 >100 0.10 80.0 3.0 16.7 11.6 13.5 41.2
n-MoO3 69.8 0.10 85.1 3.9 14.4 12.8 6.4 55.4
m-Mo-0.2 - 0.05 79.5 3.0 15.4 12.1 9.5 45.5
n-Mo-0.1 - 0.05 84.2 3.8 14.5 12.7 6.5 54.3
n-Mo-0.2 - 0.05 86.3 4.0 143 12.8 6.1 571
Mo&Fe-1 14.9 0.05 88.2 4.5 13.8 13.3 53 60.2
Mo&Fe-2 11.3 0.05 87.9 4.5 14.0 13.4 53 59.7

Direct coal liquefaction conditions: initial hydrogen pressure is 10.0 MPa, reaction temperature is 455 ‘C for 1 h.
Dby Scherrer Equation; 2 catalysts amount are based on ratio of active element to dry coal, such as Fe/dry coal=1% or Mo/dry coal=0.05%

2.4 PEUFIRAE

AL T ) s AT 45 #4 (X -ray diffractomer, XRD)7E Rigaku 2 @] D/max-RB 4 X S &by R ATHHAL _EIEAT,
KM CuKadff 465 (1=0.154 nm), Ni ¥, I 200 mA, K 40 kV, FIHEEE 5°~80°, i H =
o S AL S AR T TE S ARTRL R ) H 57 FlexSEM 1000 4714 Hi 4% (scanning electron microscopy, SEM)
MEE, IIE R S kV; Fe {40 7RI R A M 4000 1 TE 30 F0RL FE R T 1 37 S-4800 B4 414 rlL B8 ML 4%,
I R ok 15 kV . HHEE A AL T 1135 B FE 5% (transmission electron microscope, TEM) M BE i JC 2 40 Ahi
(energy dispersion x-ray spectrum, EDX)X ] FEI /A ] [f] Tecnai G2 F30 3% 5 B 45 b il B A AU 52, AE i
TS H CREE 7 1 h, AR 200 kV.

3 H#R5IHE
31 WMASELEMELATEERERLIERE

AN 4 FE A ST SEM 5 LKL 1, EATITESIAKIN, RiEEZE R, b AM KRR
BEXS R JUHCK 2 ) L ORI BOIRY, m-MoS, &KL B Ky 5~20 pum I3 F, m-MoOs & K4 20~100 um. JEJE
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10 um

K1 S A LRI SEM &

Fig.1 SEM images of the molybdenum compound catalysts

% 3~5 pm [ 11R, n-MoOs & V- BIREHEZ0 2 100 nm (50R TN MO0
2 1) XRD & 8505, 4 Fh LA AT 43 55 A1 v Moo, a0,
] (NH4)sM07024-4H20« MoSz Fl MoOs Hit 78 7 5 U AH X [ g v v
m-MoOs il n-MoOs H T Wi B A, VESE AR — & [, ] e
KA G, (AT I R 22 e U B PR 8 4 v BE 22 AR K 3R g
3 Rk AR 2 U B IR R S 7R s n-MoOs (1 AL _ m-MoS,
HIHHE AN 69.8 nm, 11 m-MoOs i1 kL AT 100 nm, 51tk et AM7.0 |
[ MoS2 4 97.8 nm, AM H i KT 100 nm, 20/)

: Mo 55 LI RLI b 0.1%, X145 1L & 0 T4 M AL A XRD
B AL TEREVEA, S5 R IR 3, ATLUEH, AM Al m-MoOs Ky Fig2 XRD patterns of the molybdenum
WA AT bR 5 A AL AT ZZA K, A B A 3 compound catalysts

Ry m-MoSo BURWANSG, BEFAL RN = A4 & T 1.2% 1 2.1%; n-MoOs IIfEAERIT ., i
AR 20 4 6.1% R 13.4%. S Bk S A A 0000 M 5 SL AR P T3 DA G, n-MoOs 75 1
e PR A2 B DR ORE 3 BOVE R ARRLEE /DS, RS TR E 2/ AR s MR AR A, 6K T 5 AR
WHER . KGR G AR R TEN FernS JFARFHREF I e, I8 © N A 21 Tk 2 E it
JRPR 2 81, ¥ i AH Ay-FeOOH (1) Fe fiE4b 7134 Fe 5THELL 1% AT BBV, Fe MEALF 1%
5 n-MoOs #14, (HARFEAGIR 7 2.8%, UL Fe (ARG KR b I3 75 05 162 BB L AR AE T, 1T n-MoOs
AR RE SR, NI T WM ) A RSP R, DR A AR R T A
32 Z=S|ILEMBREATIEERERLERE

T E R — N S A IR ARG SO, 8 B 0 ST HRE R A 28 oA (1 e A 770 4 il B v 2k R 4
HEAGAE T o A3 = S AR 1R 20 O AR 1, AR 70 P 43 516 n-MoOs Al m-MoOs #3 1 waiis B 1) i1 Ji
WAL, B3 1 300 h iR SR K IL, m-MoOs 7RV A ANEEE , NN 23 BRI IS /MUK e 88 i 48
K IE], AHRBURL R AR, 1K IE PR m-MoOs H 48 K 7 & TR 2 R KR, Lh 3 TR /N eV B 45 &
I3 HOGT A [ L 2D, BT A AR IR & AR S50 o n-MoOs BRI /N, BT U143 B0 783 700 P Al R 1
s 72 h A IR AR SR s IS ORI n-MoOs Ji 2 SN 4n ik, e i B4, b n-Mo-0.1 7 300
h I A IR 2R B, n-Mo-0.2 75 300 h LT3 284k o 3K 52 PR 412K MoOs FUkE 2 1 m] DA B oK &1
3 HOR i [ 5 AT B — e )R FE AR 2, BRSO (0 53R A2, [R) B 2 507 SR % L5 v 7 el 4 5 A R
Fe e o BT

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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(b) m-MoO; with 10% dispersant

(a) m-MoOs3 without dispersant

= T i ¥
‘ I l

(c) m-MoOs without dispersant (d) m-MoO; with 10% dispersant

() m-MoOs with 20% dispersant

n-MoOs 5 Fe AL FIPEREAR 1, {1 0.1% MV INELISRARK, AR eAS e 980> —F 1 &= 2 0.05%,
AR T MoOs AL ML AL PEBE, 45 WK 3. W LLA H m-Mo-0.2 A LA I AEAL 5 e ol 7= R 2
T 3.5%, WiEKr= R TRET 2.8%; 9K =S R AL R B B Ar ) 3E . I n-Mo-0.1 [1#%
AT = 253 ) 84.2% Il 54.3%, AHEEASIAEAL Il ™ 248 5 T 12.3%, 5 M £ H & 1) n-MoO3
FEARANAR 1.1%, e PETE4F (1) n-Mo-0.2 i 7= 2 L 2 i Fe A0 1.9%, WiE %K 3.6%, UL =4
AR AR AE TR0 HP 1 23 BRI AR k43 2 it A i 0% P S 4
33 BHEMo-FeE SEUFIMNEEIZRILIERE

LSO R A TR P 23 BT RO RS Pk R A 0 30 75 05 e A S, AFORT SR v A A 2R A AN K. IR
AR BT E 0, BRRE R PEEEXT A s AR 01, ORI FH T B fh AL G AR AR T, AT
RMEFE TR AL R

DL PE R DU 7K S AR R AL M S5Ok, 40 3SR R Uk AR ive vA 1 46 7 W RPHAH S R A 4 77 Mo&Fe-1
K4 B AL S (1) XRD &5 AT LA H, e TE SR i

— v
’ '».-_,'uo&Fe—Z
o
.’_ . 7
.

3
S}
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13 =S LR AR B0 23 R E T
Fig.3 Dispersion stability of molybdenum trioxide in

solvent oil

L e ‘.;‘:-:
4 HERE ST SEM &
Fig.4 SEM images of Fe and Mo-Fe composite catalysts

FILE R 2 AR, R4 10 Mo&Fe-1 IR (45 T Fe fif o FFOOH & a-Fe0OH
WAL R, A1 K AR IK)-FeOOH, Bl (At ik i)

5 14.9 nms SEFTRE % 1) Mo&Fe-2 MORLEW) & FBE, 3 R n . MowFe2 |
XRD §15y-FeOOH SHAH W] a-FeOOH @i, & & U o vnsrer
KU T A 113 nm, WTAEHSSY Mo HEA FeOOH @i = |1 o 1,

T Mo-O-Fe U T BRI LK, IR0 T Bk AL 10 R
RIS . TIAMEAL R ES A A B R & Wi fr g, | 10 20 30 40 50 60 70 80
6 A 0 7C 2 4301 IF S 7 P AR 700 o A T e 9 IR 260

A, EIEH %I Mo&Fe-1 H Mo HAguk S BB AR A AR

Fig.5 XRD patterns of Fe and Mo composite catalysts

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Mo&Fe-1

200 nm

200 nm
—

6 G1EKA A HEALAIN TEM K EDX JG 2500
Fig.6 TEM images and EDX mapping of Fe and Mo-Fe composite catalysts

B BRI AT AR R B84 T, Mo A0 R B 280k AU A P 2R THI T B 43 - 503 10 v B2 43 B, T R0

TEVL 4 1) Mo&Fe-2 W1 [1) Mo (#1534 Rl Fe JEAR—2, 1] Mo 12 B /& 58S LA 45 45 1 S B0 i 5 4

Hi.

% 3 MBS R R PR R A A AR 2, e A Rk B SR T Fe fiEAR T, il
PERIETIREE R, 2R 4.5% 1 5%, HILE n-Mo-0.2 73 IR T 2.6% H13.1%, I HAFEILH]
W 4.5%, WiE % FEERARN 4.4%, BLEHERE &AL A MG AL e 43 280 T s g, AHAE
PRI PG 2 AR T O R AR, AR LG Hu SRR R T R AT 55 e o O ik A AR
Fea(MoSa)s Bt A1 F S0 S5 o BOAR PR 5 7045 B PR R A A2 A AR AR R IR B A i 1R DX AN K, (B R 22 1)
(1) &5 A5 R A 22 S 1 UV E ML T AN ), 2 B0 4% 1) Mo&Fe-1 fE I T Bk A4 I S B0 1 4H
B, O RIFFIAEALAE ), HEUTIE B4 10 Mo&Fe-2 R MR I T otk &1, ARG 25 140 84
PR T S, A AT R AR

4 %

1) AW TP TR A 2 BOPE RN ks B DA %, gk g — b s M, K i
A RN EH R 0 PE AL o

2) S R B IR S O ()l [ R e T SR ARV AR 1 A b R RS s v, MR AR T
BB AL M 3ErP0.05% AN KIn-Mo-0.2 MR AL (= SRR 1% AN Fe AL
7 #%1.9%.

3) BRI S E S A RE s P LR D R AR T, AHLE Fe AL 42 m T
4%~5% . FHICH AR A AL R A o B A OIRAS , R UA L] Mo&Fe-1 5 I i & 4 T 4 1) i
WAEH, IRPUHE AL Mo&Fe-2 W4k 35 T HH AN (A U R AL A o
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