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Construction of WO3-Bi,M 00@GO composite catalyst and
its catalytic oxidative desulfurization performance
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Abstract: Graphene oxide (GO) supported tungstate and bismuth molybdate composite catalyst
(WO;-Bi;MoO¢@GO) was prepared by hydrothermal-annealing method using Bi(NO3);25H,0, H,WO,
and [(NH4)sMo0;0,4]*4H,0 as raw materials, GO as substrate. The catalyst obtained was then characterized
by XRD, FTIR, SEM and N, isothermal adsorption and desorption, and used for the catalytic oxidation of
model sulfide benzothiophene (DBT) in simulated oil (n-decane). The effects of reaction temperature, light
source, catalyst amount, extraction agent (acetonitrile) and oxidant (H,O,) on the catalytic oxidation
desulfurization performance of WO;-Bi,MoOs@GO were analyzed, with the recycling stability evaluated
and catalytic mechanism deduced. The results showed that both the desulfurization rate of the model oil
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samples with mass concentration of 200 mg/L reached >99.0% under the reaction conditions of temperature
40 °C, under irradiation of 15 A xenon lamp, catalyst dosage 0.020 g, acetonitrile dosage 5 mL, H,0,
dosage 0.12 mL and reaction time 75 min. The mechanism for photothermal synergistic oxidative
desulfurization reaction of WO3-Bi,MoOs@GO was that DBT, which was continuously transferred by the
oxide agent from the oil phase to the acetonitrile phase, was oxidized to more polar sulfone compounds,
thus leading to the efficient removal of sulfide in the simulated oil. After WO;-Bi,MoOs@GO was recycled
for 4 times, the desulphurization rate was only about 47% both at 75 and 180 min respectively, indicating
that it no longer had the recycling ability. The desulphurization rate of WO;-Bi,MoOs@GO recovered after
one cycle was 74.1% at 75 min. The decreased recycle performance of WO3-Bi;MoOs@GO was attributed
to the adsorption of sulfone compounds on the surface, and that a small amount of active components are
lost in the recovery process.

Key words. bismuth molybdate; oxidative desulfurization; graphene oxide; tungstic acid; composite
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1.1 AFIRALER

Bi(NO;);*5H,0 ( ittt 4341 99.0% ). HyWO, ( it
HOE 99.95% ). LK ZLEE (AR). DBT (w4
£98% ). IEZELE (BT srE 98% ). T IUkE (i
SHEL99% ). O (it /34K 99.5% ) Fl H,0, (JiT
HOE30% ), LR T AR RN B A R F
[(NH4)sMo0;024]*4H,0 ( BT /348 99% ), | Atfe
B A BR AT 5 AL S Bl (iR
2g/L), TRMBRFERHE A RA A,

Regulus 8220 7 = 73 HE 4 & S A4 L i ik
%% (SEM ), HZK Hitachi /A ] ; Nexus 670 %I{# B -
AR LT AP YGiEIY ( FTIR ) , 3£ [E Thermo Fisher
Scientific 237 ; JW-BK132F &I e F i A%, JbaE
S A A UitimalV-258EX X HHRATEHY
(XRD), HZ Rigaku /AH]; Agilent 7820A IS AH
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12 #HEHE
1.2.1 4RBR4L0 %) &

# 0.970 g( 2 mmol ) Bi(NOs);*5H,0 ¥ T 20 mL
(¥EE 1 mol/L ) HNOs HY, it 28, 155
THPREMAI ; B 0.173 g [(NHg)sMo7044]°4H,0 5 T
20 mL LK, BAIRY 22 ig, 15304
FREG WL 5 K A R B Vs WRAE BB P R 5 1 G2 18 I Al
PRV, HFMRIE 1 mol/L ) NaOH % I 17
R Z pH=8.6, # AJKIZ Nz, 78 160 °CF 7KK
12 h, BUBRHIZER)G, BREELE, T
10000 r/min &.0> 5 min, BRELZERE, HES
FIKFTCK CEEEPE 1 IR, B ITE 120 °CH T8
12 h, HURBFEE, 7660 CF T4 5 h, BULERE
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# 0.970 g( 2 mmol ) Bi(NOs);*5H,0 ¥ T 20 mL

(¥JZ 1 mol/L ) HNOs H, TERL 1 HE T 28 mA

10 mL Ak A 8805 (GO ) 43Ol ( BTz 2 g/L),
4 % Bi(NO3);-GO R & W W ; ¥ 0.173 ¢
[(NH4)sM07024] 4H,0 ¥ T 20 mL £ 7K,
PR BT, SRR IR KRR
WAEH YR N 212N AZE Bi(NO;);-GO AR
W, W 1 mol/L B9 NaOH ¥ ¥ 17 1k &
pH=8.6, JGZL#AEIR] BMO W4, ZK, B
T &S % 1.067 g ¥ KGO K
Bi,MoOs@GO, it BMO@GO.
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PR MRS, 193] Bi(NO3)yH,WO0,-GO RS
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0.12 mL L5 H0.!" (B LR 20 ¢ 1, B H,0,
ALY R YRR ), T AR I L,
TEMA H,0, J5 55 15, 30, 45, 60, 75 min 55
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RN BEAE AR L FE 1.4.2 FAIE 404 N FERsE AT i
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SEM images of BMO, GO, H,WO,4, BMO@GO and

WBMO@GO
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Fig. 2 XRD patterns of GO, H,WO,, BMO, BMO@GO
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2.1.3 FTIR 5 #F
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Fig. 3 FTIR spectra of WBMO@GO and BMO@GO
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GO [ Ny W JRF- 58 B 45 7 il 2 A A [R] , 2 )@ T i 0
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Fig. 4 N, adsorption-desorption isotherms of BMO, BMO@
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Fig. 5 Desulfurization rate of GO, H,WO,, BMO, BMO@
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Fig. 7 Effect of WBMO@GO dosage on desulphurization
rate
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ME 7 TR, FER BRI, T
AR, AR R AR, (X R B AR SRR MR AN
0.020 1 0.350 g WBMO@GO 7E 75 min B BiAT2%43
AR 97.5%H1 98.8%, ZHIAK., HIL, 1#EH 0.020
g Nl WBMO@GO il
224 AAH A E 0 H 05

&1 8 R HyO FH o XoF I 25 A 52 1)

1 -
00 1
//. °
© 80 - //
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Fig. 8 Effect of oxidizer H,O, dosage on desulfurization
rate
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Influence of extractant dosage on desulfurization
rate

Fig. 9
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Fig. 10 Effect of WBMO@GO on desulfurization rate of

DBT simulated oil with different sulfur mass
concentrations
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