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Catalytic Fast Pyrolysis of Xylan to Aromatic Compounds by Metal Modified HZSM-5
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ABSTRACT: The work aims to study the effect of fast pyrolysis of xylan catalyzed by metal modified HZSM-5 on the
yield and selectivity of aromatic compounds. M-ZSM-5 catalyst was prepared with nitrates (Ni, Ga, Co, Cu and Ca) by ion
exchange method. The catalyst was characterized by XRD, NH3-TPD and Py-IR. Xylan was catalytically pyrolyzed by
pyrolysis gas chromatography-mass spectrometry (Py-GC/MS) to prepare aromatic compounds. The yield and selectivity
of light aromatics were significantly improved by the modified catalyst, and the yield and quality of bio oil were effec-
tively increased. When the Ga loading was 3%, the relative production of aromatic compounds was the highest (91.52%),
the relative production of MAHs was also the highest (54.43%), and the selectivity of light aromatics was also improved
(46.34%). After the metal is loaded, the metal ion and ZSM-5 have a dual catalytic effect, which improves the catalytic
activity, thereby improving the conversion and selectivity of aromatics.
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Fig.1 XRD spectra of HZSM-5 catalysts modified
by different metals
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Fig.2 NH3-TPD spectra of HZSM-5 catalyst modified by
different metals
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Tab.1 Py-IR acid distribution and concentration of HZSM-5 catalyst modified by different metals

iR e i /(mmol-g ")

B B (1540 cm™) L (1450cm™) B+L* B/L*
200 °C 300°C 400 °C 200 °C 300°C 400°C

HZSM-5 0.192 0.092 0.019 0.113 0.072 0.040 0.305 1.701
Ni-ZSM-5 0.154 0.067 0.023 0.177 0.076 0.037 0.330 0.870
Ga-ZSM-5 0.161 0.046 0.010 0.063 0.015 0.042 0.224 2.556
Co-ZSM-5 0.091 0.033 0.057 0.078 0.037 0.015 0.169 1.169
Cu-ZSM-5 0.062 0.041 0.045 0.102 0.060 0.028 0.164 0.608
Ca-ZSM-5 0.141 0.100 0.067 0.039 0.029 0.017 0.180 3.609

T ¥R 200 °CITHEME; B+L R 2 PRI E RN B/L s 2 FhERME 1Y LEAE
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WL, FEEBIEZE, IR TR, Ca K
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IR F] 54.43%, SO EINE] 91.52%, AT
LA Ga 3 LLUE AL B B9 TE 245U 4 B Ah
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YITE 40%L) I, Ni dPEEEZEIRHNT 54.04%, Bk
MR R T 13.04%, HIKOE Ga i85 T 46.34%,
PBET 5.26%. BTG EEESEIES, WHE
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WA, s TS5 R p se 8k . Ao R,
Ni 4@ 0 200 I A AE 398, NiO ] LUfE ik & 5%
B SR , T e 3 A TR O L AR e () A 388 o A )
AR, PRI BRSSP A PR E . Ga
(R BT A ] Bsf A5 2 58 98 s ot R Je R PR A S 7, [
MR B, ] A 1] = R 24, AR 1 55 R 1k S N 1)
AT, @A ITRETYH BN =R, 48 Ga etk
PR 14 7= v R 5 J B A 5 R AR X 7 i A T R
L, IR kPR AT T, AR
BURTAE, BRERZHSRP S ERZNLEY, FE
K H BRI ITRE AR S T AL, DR R ke kA
WL, RUPAl AR5 Iy b 230
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Fig.3 Distribution of products of pyrolysis of xylan by catalyst modified by metal
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Tab.2 Selectivity of aromatic hydrocarbon products from xylan catalyzed by different metal modified
HZSM-5 molecular sieves
" IR R A5 ) B ) PR B0 % " " »
AL - — — - 7% 1-HEEZE HALZ 5 R
ES SiES XMW HAbREEEAR B
HZSM-5 14.04 12.73 14.31 11.20 11.58 10.51 11.72 13.90
Ni-ZSM-5 10.99 25.67 17.38 5.16 3.69 17.94 12.09 7.08
Ga- ZSM-5 9.42 20.84 16.08 4.19 8.94 15.59 12.64 12.30
Co- ZSM-5 8.60 19.71 14.78 4.00 9.90 18.30 12.62 12.09
Cu- ZSM-5 9.61 18.76 13.38 2.62 9.79 22.74 15.68 7.43
Ca- ZSM-5 8.72 19.34 15.67 4.44 9.67 16.96 13.01 12.14

T RAIE (RIS R 10, RS IREE A 600 °C, FHEER K 20 °C/ms, HMEITEN 30 s, 4B AN
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Y=, UN 3% 24, BRIRT 29 13%, 3
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B, R R F R ARG = i AR, AR T 2 KT R
FEY, AN -2 34 LR R B AR 3k
X%, B RS R/, LRI, J5ffk 2 B MRAI
L i S N U R AR VE A, B ge A0S 4, b el
I B/L it LL AR T4 = 05 i s, R o o 2 i
1 3% AL SR BT

Ga & AR MERE (1%, 3%, 10% ) X355k
PEPERY R L2 3. FR 26 3 I, Ga T3k Wikt
TR EEE . RN 1%, BIRR R RETEA
R ETH, SR RPN A R
R 3%, FOROR R BRI Tt e, 23
TP ZER |- 2R S PR Y R e s Tk
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Fig.4 Distribution of products from xylan pyrolysis under different Ga loading
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Tab.3 Selectivity of aromatic hydrocarbon products from xylan catalyzed by HSM-5 molecular sieves modified
with different metal loadings

FAIRIT AW LR S KU %

T P -HREZE HAh
ES B WS Hpbbe iR
HZSM-5 14.04  12.73 14.31 11.20 11.58 10.51 11.72 13.90
1-Ga-ZSM-5 1333 2554 14.93 7.81 3.91 23.83 8.16 2.50
3-Ga- ZSM-5 942 2084 16.08 4.19 8.94 15.59 12.64 12.30
10-Ga-ZSM-5 1.09 16.66 19.12 16.26 21.09 8.19 7.21 10.12

TE: B rt CREARRI S HERE S 10, ROVEEESN 600 °C, FHELE AN 20 °C/ms, HEISEIN 30 s, BmAE N

3%, HZSM-5 RE48 1L 25)

FEIIE , AT B BRI 70 IR REHEA 7 -0 N
iR, PR PR A b, [R] do L R T B ER 5
] Z2 IR I7 KA AR, s 1 OT A AL R TP SR A
JOL, DT 22 3107 e o A /b

3 45iE

I T AN 4 Jm A28 S fh 4k ootk HZSM-S 4
AR A Tk A R RO R 25 5 IR b B L . &)
Ga il Ca U1 HZSM-5 14 A7) i Ak PVl AR SR B4 3
WF5 It G, M= Sk B R T HZSM-5,
BRI TS I AT = 0 HA E] 54.61%F1 50.38%, 41
T HZSM-5 1) 48.80%; X BTX M4 55k 3]
46.34%7F1 43.73%, W4T HZSM-5 1) 41.08%. 4
J& M IS AR RN BTX AOSE B ME 3 A Ardi e, O
4@ Ni dkPEG, % BTX Mikfebeie, k57
54.04%, {HIF5IRALA Y IIFIX = LT RS B 5
Bifi 5 4 T B 28 B A B, B BRI B AR i A B
JG N, BTX Mikftk—HE FRES. 25 Bk,
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