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Table 1 Ultimate analysis and proximate analysis of corncob

JG#E /M1 Ultimate analysis TMk4#T Proximate analysis
= g i
g RIS Ak TSI
Ultimate < Components Percentage of mass/%
mass/%
C 39.99 /K43 Moisture 7.0
H 537 #5253 Volatile 74.2
N 053 [6E W Fixed 15.0
carbon
o 49.31 K5y Ash 4.8

e *ZEW O(%)=100-C-H-N-Ash.
Note: *: Calculated by minusing.

AR BT ALOs, sk Aw ChED
MCM-41. HZSM-5 (EEEREL Si/Al 2393k 38, 46. 80) ,
MR AT AC, TLUGE IIEMIETER)
TiO,, B | 2w CRED 5 Zr0,, Jbit i RBERHA PR A
Al HEE, RESTFARAR Ofra) o PrafEi
FUFIE 500°C M ke Sh, B ENGH TR .
1.2 REHZE
1.2.1 AEILA) 89 RAE

Ee 2 AR ASAP 2020 PLUS HDS8S 7Y Lt 22 1fi 1
M AL ML (Micromeritics, £E) , LR TR
BET (Brunauer-Emmett-Teller) J7FEdbAT4 M R1A, 4%
A H tplot 7k E S, fLAR 5 A B BIH
(Barrett-Joyner-Halenda ) 57l &

1.2.2  ERSMELAR

Ii] 5 R ARG 2 R e A ], il 1 s
ANEEA S N i JBCE 3 o B BRI AL B 43,
AR OB T B AT . BRI DR AT 4 A
EAR] (Horp, TR REE S ALy 20D,
PL 210 C/min FHEHR T 2] 500 CHLRFF 30 min HEATHE
i, FrA R s, IF T IR R R
B 54 GC/MS Kl

12711410

LEERE 2.00Kk0 3ARKE  43Kk0 s-e RARBOR 7.0kt
SR 9.l 10BN 1L AR 12 80U
1.Temperature controller ~ 2.Outlet  3.Condenser  4.Inlet

absorber 7.Ice water pool 8.Collection bottle
10.Pyrolysis reactor 11.Gas flow meter 12.N, cylinder

B 1 B R R LR E
Fig. 1 Catalytic pyrolysis device of fixed bed

1.2.3 st

KM GCMS-QP2020 “AH (A i - i i 16 FHAX. CH A
SHIMADZU A #]) XAYMEAT /347 Lhsaiz SAEN
HA, WARMEN 3.0 mL/min; SRR H 0
60 11 HMEFEDERE N 230 C. BN Rxi-5

5-6.Tail gas
9.Electric furnace

(30 mx0.25 mmx0.25 um) , FEFNFEFTHE K : 50 C
RFF 2 min J5 LA 5 C/min FFE % 260 °Co i {SCR A
T3 T (electron bombardment ion source, fijFX
ED , BTSN 230 'C, ®TFAEEN 70 eV, IR
VA m/z: 45~500 2 (8], FIHEA: A NIST14
TR ST 8T, SRR —4hik R AN,
%) WHAGY R G hpeg) BBl
1.2.4  w& @ pA

DAAS B4 2 i A F 9 45 0O R AR 6 v oK
O AL AR A 0 ek R R 7 256 (1) 1 7R 97 2 X 6 & AR A
H%7%, HRIE Box-Behnken R4 ¥ it R HIS, AL

PRI L . ARSI R SO S AR B b 3 AN ER

A S BIL xy. o B B, TR X, = %
S AT 4RO R 3 RPN 2 P
%2 BUESRHEESKE

Table 2 Factors and levels of center composite design
[X % Factors

7jﬂj AL B P ARSI JEURL S AR P b
Levels  catalytic pyrolysis ~ Type of catalysts Mass ratio of material to
temperature x; /C X2 catalyst x3
-1 450 AC 1:2
0 500 TiO, 1:1
1 550 MCM-41 2:1

2 HRE59H

2.1 fELFIRIHIE
2.1.1 HLR e R E@ARL LR ST

XM CIESAD R NS, AR
R RN TS —RnE, RO, RN
R T A Ay, R A RS, ik
TEER L . — R A S EAR], gt ER
FURCELBIPO, 2% 3 W AGF 0 EL R A L LA, 1
IR %1, MCM-41 LR A R K, W& Pk Cactivated
carbon, AC) RZ, HZSM-5 ZAEIRZ , MidEEl
Y (ALOs. ZrO, A1 TiOy) MIthR A E /N M T 345L4%
KF, FrEMEAFIYAE 3~16 nm 2 [8], AL
(2~50 nm Z[8]) .

F3 FEMELEFIERER. FLIREN

Table 3 Surface area and pore characteristics of different catalyst

e e AR AP FPHLAE TR
o Surface area / External surface/ Total volume/ Average pore
Samples 2 1 2 -l 3 -1 .
(m™-g™) (m*g™) (cm’.g™) size/nm
AlL,O; 162.15 186.07 0.2815 4.92
MCM-41 1094.33 1121.16 1.120 1 3.04
Activated
carbon (AC) 481.06 269.76 0.283 5 4.99
HZSM-5 (38) 316.77 151.82 02179 5.68
HZSM-5 (46) 298.82 95.61 0.090 8 4.65
HZSM-5 (80) 313.35 215.24 0.1557 4.50
ZrO, 28.75 34.93 0.076 6 9.01
TiO, 57.71 73.13 0.309 5 15.70
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2.1.2  ARALAAY Kok ovh  E 09 %o
K ALOs. MCM-41. AC. HZSM-5. ZrO, #1 TiO,
SEMEALT, FEMEALBVRIRE 500 'C. TR IRRNHS L
FUBTELE 2 0 1 %001, BT RIRN AT TR #A
fE =, Hah B 2 prs.
225 Acids I /§525 Esters I 425 Aldoketones

50 - I 735 Alcohols [ "k 3% Furans [ M3 Susgars
| EE 7 &R Aromatics I JLAlb Others

N
[}
T T

7
Product yield /%
(8]

[=)

T

20+

0
Tk ALO, MCM-41 AC HZSM-5 HZSM-5 HZSM-5 TiO, Zr0,
Non-catalyst o (38) (46)  (80)

AL PE Treatment

B2 FREMEAH AT 2RSSR = o Fe
Fig. 2 Product distribution from catalytic pyrolysis of corncob
under different catalysts

2 w5, RSO FE A = 3
BUONRIS. MRS WEEASS. MR MRS, BERANT A
GRWAED . ARG, =R RO E s Rk Ak
THEA. BREEY: LHRAFERT, =ohiR
KA B S TSP 3 1 2.79%, FEh TR L
B (12%) , TR A T4 ZaEil, mfefEtk
FHWERTT, M@=y TR T IR, iR
ERE CHyn COp S, A8 RN AR B HaO N i
B, Il BEICHERR R A R ARG A IRV Bl
BRI, AR IR KBRS T R A =42, TG
A AC F1 HZSM-5 (80) I, 774 LA KA I 51
MR ED), MCM-41. TiO, fEALVER] N IREAL &)t W]
8RR BEERAA Y. BRSSP A i AL
Fse kg m K, FERMARISAE R, P2 h 24k
B (17.62%), 5k 4-5856-3- K 21 (8.65%)
A12-FR G (2.64%) , FEEORIET-2F 4k LR 474
FPU, B 2rO, A, JLAb AR S A A A 0 2R R
HIEWER . 5 eMEbRIFALE, AC. MCM-41 F1 TiO,
A N R B & B R T 5.83%. 5.68%-
6.80%, HZSM-5(46). HZSM-5(38)F1 ALO; 73 FI% T
14.16%-+ 13.18%A1 11.73%. 75 &FIEWEY): KIFRAEY) R
PR 0 B, BRI T AR R R, B Zr0,
Ah, AL T 05 FRE YA H,
HZSM-5 FRAUMHEALFIEE A B30 2B vh ) 5 4 i, B
RS R, XA UBAL AT oT 45 010, Gy ek
—H, AWFFEH HZSM-5(38)5ch 1 ., Hoovke & ik s
44%, K HZSM-5(46)F1 AC CEES 514 39.3%H1
37.82%) ; WRWRALAEY): — O AL LT Yk ol 41 4
R e e 6 B B AR OB D (R I 2K B N e T
B2, [ HZSM-5 R A1 FIAE,  HoAh e384 F)
TR RUAPITE . o, MCM-41 A TE ROV

K= YIRE Bk (31.43%) , HRJE TiO, (30.44%) <
AC (28.78%) 1 ZrO, (27.5%) , X KA AM)mfiE
e AT 1) 25 v PR DAL R R S8 A S 3 T — o 7 v
Bl 3 AR R S 2 B BRI e o A2 AR [H)
PSR T, AC AL PRI 5 K2R N 3.46%, TiO,
il HZSM-5 RIIEAFISAME S TREEE 2L, (HAR I
ANEIEL; SLARMEATANE TR AR, CHE ALO;
A MCM-41 40T, BEEESE R K. [, MCM-41 ff#
FES S i m I R &) 2,3-2 S IR TS
HEALFIF1F) 12.85%FFA%E] 0.62%, {H ZrO, X HILA T 5%
. HZSM-5 Z A AL 7N 2(SH)-MHE i 11 52 i /N, {H
bEE SUAL (M3, SAMEIER; HamEamgedt 7
2(SH)-MEM A 1 A2 B, JUHAE MCM-41 7EH R A 1.8%3
INE] 7.25%. AT S-58 LR IE AT R, A
710, HZSM-5(46) A1 HZSM-5(46)EALA/E ] N R & &
I 0 B8N E] 1.08%. 0.8%1 0.76%. Joik ME K H
AR E 5-FBE-23H)-PRIR i, (HER ALOs 41, H4x i
ML A B, 77 25 R (1A MCM-41, TiO, ZrO,.
HZSM-5(38)F1 AC, 454 7.95%- 3.97%- 3.18%- 3.2%
3.1%, HHZSM-5 [ SYALE/IN, A )T+ 5- I JE-2(3H)-
R TR ES D
B 7% Furfural [ 2(SH)-E MR 2(5H)-Furanone
14- I 2. 3-2%- 75 9 Wi Benzofuran, 2,3-dihydro-

I 5-F% F R RS 5-Hydroxymethylfurfural
12k I 5- 1 JE-2(3H)-FA B 2(3H)-Furanone, 5-methyl-

RS

Product yield/%
()Y oo
T

~
T

o

0
T ALO, MCM-41 AC HZSM-5HZSM-5 HZSM-5 TiO,  ZrO,
Non-catalyst ~ (38)  (46) (80)

Kb Treatment

B3 REMEAA TR £ 40 LA 4
Fig. 3 Trends of furan components under different catalysts
LR L43HT, AT MCM-41. AC. TiO, 3k 3 Fi A7)
RERS I AL E W A 5 U A2 1, T R A A A e D
KT 3 R AL BEAT T 2004 .
2.2 fEURBIZML
2.2.1 R @S RIS AT
1) BRI N7 5 0 A
K A0 B A BT (CCD) T K U Ak B i ol %%
MR R AL A P 0 T 24 AT T A0, 55 T AL i
W o) EAEFIZREL (o) o JRBHSG AR L ()
SHANEL IR ZR R 7 R K58 o SEEA T T 12 AR
oA 5 Ao atle, WRIGEUR IR 4 Pk,
HIFH Design-Expert 8.0.6 FA10) 2 4 v (1w WA 55 %
DR REAT RN 23 H 45 R ™ 4 18 [l )
Y =30.57+0.94x, —1.48x, — 0.88x, —0.03x,x,
+1.30x,x; +0.42x,x, +1.63x,” +0.47x,> —3.12x,”
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Table 4 Central composite design matrix and experimental results
X% [ % Factors

By . = I 7
G RAHRRIE BRI BURHS R A R Furan yield
atalytic pyrolysis es 0 ass ratio of materia 0
Test Catal 1 Typesof M f 1 Y%
No. temperature x;/'C  catalysts x, to catalyst x3
1 450 TiO, 21 25.33
2 550 MCM-41 1:1 31.87
3 500 AC 21 28.5
4 500 TiO, 1:1 30.24
5 450 TiO, 1:2 30.9
6 450 AC 1:1 3341
7 550 TiO, 2.1 29.88
8 500 TiO, 1:1 30.65
9 500 AC 1:2 29.89
10 500 MCM-41 21 26.78
11 500 TiO, 1:1 31.08
12 450 MCM-41 1:1 30.1
13 550 AC 1:1 353
14 500 TiO, 1:1 30.89
15 500 TiO, 1:1 29.98
16 550 TiO, 1:2 30.23
17 500 MCM-41 1:2 26.5

T8 3k 56 DA RO R B i 64T 2 o [RlH P A, 133
5 DR 22 0T PR 7= 26 5 1 [ [l R RS AR, RS g 22 3 b
GERNR S Fin. MBI 220 el DL, AR AL KA
KRB R=0.956 4, BEHIMINAE CRIEIALEYIF=5) 1)
AT 95.64% KT Frik AR, LR ik
FRAL RS A TR b . B U R R
Rag’=0.900 4, FWiZARL AT LUEFE 90.04% W )3 T 1) 2%
o HHULRTA Y, R R T DU A A 55 R 3
M NAE 2 (MBS R, WP A R RS, R Bk 4h
Al A HEPT AR R, FAE N 17.07, BEZE P 4 0.000 6,
TR SR R AU FAER 5.21, MR P
N 0.0722, UEHARINITURAS B P, e AR ik,
PR x JEORHS AT TR L o ST EAEH xixs
JERFHMBRSE, x7 EmEEEN, R o M X’
{17 52 00 S A S AR TR B 50, x ey o I ey RIS MDA (5
Fo PANRIZE MU R e HEA TS, fh Ak A AR L

>xs JEURHS AL TR L .
x5 EPEFAHEBFESNR

Table 5 Analysis of model variances

7 7 AR il . i - -
Vams St BHIE L R i
DF F-value P-value
source squares square
i)

Model 89.04 9 9.89 17.07 0.000 6
X1 7.11 1 7.11 12.26 0.0100
X2 17.5 1 17.55 30.29 0.000 9
X3 6.18 1 6.18 10.66 0.013 8

X1X2 3.600E-003 1 3.600E-003 6.213E-003 0.9394

X1X3 6.81 1 6.81 11.76 0.0110

XoX3 0.70 1 0.70 1.20 0.3090
X1 11.25 1 11.25 19.42 0.003 1
X? 0.92 1 0.92 1.59 0.2482
x32 40.93 1 40.93 70.63 <0.000 1

7
Residual 4.06 7 08
FKA
Lack of fit 3.23 3 1.08 5.21 0.0722
alR 7
Pure Error 0.83 4 0.21
A Total 93.09 16

2) AZHARRIRRIG AL 57 R 1A

g% 3 AR A PRI AR A RIS 15
L7k 1) A PN VAT K Qi i 2 0 B T R
R 4 Prom. mi I P R 2LAE 2k B nT DU S
PR AR B . RIS JsURH S Al 77 B LED
LW AR (R ™ 20 M EAE TR sRgs, RIREA R
WYY ) 2 T P R 2 B ) RO EL A RS S, i [ 7
i it JE ARG R AR TLAE AR R AP 4a I 4b WTL)
Al AT REA R B L RS A R BT L, i
AEFASR EEANGEAL T 2 TR A LA T B i M 4
FTUAE Y, ARSI 5 JEORES (A R i B2 TR A2
HAFFIARSE . RGNS, JsORES Ak 7 it f L
I, IR SRAL S0 T S R e b o

y
o

> e |
2 F20L -1.00
g2 | 2 Y 20.50 x, ;
T T O i Bt R 100 ;
E S~ 70 gy sl -1.00 — A fiim S y — fie
100 459 0 ———=o_7050 {Mﬁwﬁ*ﬂfg -0.50 v OEO\\\/ : Catalytic 0.50 x, 0 030\\\36650 Catal;lst
x, 050 7o Catalytic pyrolysis T 5 A 70 B 1.00 pyrolysis JEBH S A

2
{4k 55 Catalyst temperature

a. HEAL BRI FEE ML 7 AR 58 ELATE H
a. Interaction between catalytic pyrolysis temperature
and catalyst

Mass ratio of raw material to catalyst ~temperature/ C

b. AL AL A UKL 5 HE AL R LK
AEHAE

b. Interaction between catalytic pyrolysis

Mass ratio of raw material to catalyst

c. HEAL TR SR 5 (A6 77 SR L R3S ELAR H
c. Interaction between catalyst and mass ratio of
raw material to catalyst

temperature and mass ratio of raw material to

catalyst

B 4 wkvh 570 B & e 5 & AT

Fig. 4 Response surface analysis on affecting factors of furan yield
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3) M T ESHUNEAE

158 ZH0E HAE T RS J7 FEE AT R IR ™ 28 f K
AT, A9 T KT A AR AR ) 5 R e 1) e £ T 24 A
s HEAIVRIR B 550 °C, AN AC, FKIEBS AC
PR LA 101, WS B KGR TR 35.12%. A T
BUF R R TSR A TR A, 1B 3 4
SPATHRUF MRS, 5 MBS T b A . 3 41PATIREE T
WG T34 7= 0 34.58%, 5 TRIE e 2= 557N, R WA T
B nl &g, BeAR RS G ZRBA S R BT H bR,
AT BLAT W SRR T A
2.2.2  ERG ACHEACAAR = M L5 AT

6 FHAEAL FLE 550 °C . HEALFIN AC. Fokih s
AC JFUELEA 101 &0F T IREACIE =1 0 53 TR i
A AL = 3 A 5 R LK 66

Fz6 ACHELAERDSHESDSH
Table 6 Distribution of pyrolysis products of corncob catalyzed

by AC

493 Class FEinr % Production relative yield/%
23 Acids 3.27
l53 Esters 5.00
W45 Aldoketones 5.48
2% Alcohols 5.13
BRIR2E Furans 35.30
P Sugars 3.05
5 Aromatics 34.93
HAth Others 7.84

TR AC HEACIIE =P e 28 L T, RE. 8
M. WIS BEIRRI G B SV EA N, &Py
KM IMREY) . BT A3 1 S5Ok R Hu i 5 5X
IR, A A0 At 4153 53 B FN FH AT b T 2
ANAEAE— AL AR TERO DA I &5 S v LUE , J5 &
EFIWREI R B AR R, LR RS- R,
e A AEE D R IR S . BREEY . Sk
FIAHLG, 28R AL AR I = 1 v R I 2 R % 5 e A & AT
A B I 22.55%F0 25.18%4 5] 35.3%F1 34.93%,
WIS BRI AR RAL G 20 o0l BRI 17.62%16.52%
6.95%KAL R 5.48%. 3.05%. 5%, FRIALEGHIAIN & B
A IR T KAE AC 1B N AL = b
M 2,3- A-TKIFRIE (10.18%) . 4-FRHE-3-FIBLHE
Ll (7.76%) + R (6.07%)  5-HI%E-2 (3H) -BKhE
i (4.85% ) 2- 48 - K3 (3.36% )+ 2R . (3.23%)
4-CF-TKWy (3.05%) « FIBEZE My (3.48%)

3 & it

1) FERVRIELE 500 CH, TR TCMEALFIVE A 4
il F= ) A N S (17.62%) « BRI
G (22.55%) FOFEIBERMMEY (25.18%) , H 4-F%
Fe-3-FIRIR A 2,3- 50 2R IR RN A1 R 1y 7 i A
W, N 8.65%. 12.85%A1 4.01%.

2) {EMEAL IV FE 500 C HIHEALFITH L 41T,
MCM-41. AC. TiO, #E4bF AT LA A it FOK R AL A

= IR S Ak B P TR A, SRR A X 7 40 i A
31.43%. 28.78%- 30.44%. FriEMEALFIIHME] T RIS
B A AR, e, HZSM-5 B e it 7957
A WA B o

3) AC (b THEREMAE Y, Hmmdrmnlil 3.46%,
MCM-41 THIH] T RERE . 2,3-2 A-FIRmif A p, 8
MCM-41 A] U 2 A2 8E 2(SH)-PRIR R\ 5- FF -2 (3H)-HK g i
HIAER,  TiO, A AT AE AR 5-H HE-2(3H)-PR g i o

4) S e BT A3 BT VAR B TR SR A R 1 [
H7 R, SRR RIES R B AREMIVIEE, AR
HAT RG] SEPE R E A .

SIS R I, B O IR 24 R 2R b
W77 FE R RS DR 2R RS R n T s AR A > A A i U
B> BB A R B bl s AR A RIS R (e A A B R
R EAER . AR 550 'CL oK
ey 101, SRS RIS, PRI
B =2 m T iA 35.30%.
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Optimization of process for preparation of furan compounds by pyrolysis
catalytic conversion of corncob

Li Wenbin!, Zheng Yunwu!, Li Shuirong?, Lu Yi!, Zhu Yongfeng?, Wang Jida®, Zheng Zhifeng**

(1. National Local Joint Engineering Research Center for Efficient Utilization of Forestry Biomass Resources; Key Laboratory for
Highly-Efficient Utilization of Forest Biomass Resources in the Southwest China, National Forestry and Grassland Administration;
College of Materials Engineering, Southwest Forestry University, Kunming 650224, China; 2. Xiamen Key Laboratory for
High-valued Conversion Technology of Agricultural Biomass; Fujian Provincial Engineering and Research Center of
Clean and High-valued Technologies for Biomass; College of Energy, Xiamen University, Xiamen 361102, China)

Abstract: Catalytic upgrading of biomass pyrolysis products was an important way for converting biomass to high-value
chemicals. Catalytic pyrolysis process produced a higher-oxygenated containing bio-oil over 100 compounds. Furan
compounds (furans) were important green platform chemicals in organic synthesis. In order to find a new route for production
of furans from catalytic pyrolysis of lignocellulosic biomass by gas-solid heterogeneous catalyst, catalytic conversion of
biomass into furan yield and selectivity with catalytic pyrolysis vapor upgrading over different types of catalysts (Al,O;,
MCM-41, AC (Activated Carbon), HZSM-5 (Si/Al=38, 46, 80), TiO, and ZrO,) were investigated. Simultaneously, the
response surface methodology was used to determine the optimum process conditions of catalytic pyrolysis of corncob by
using MCM-41, AC and TiO, as catalysts. The results showed that MCM-41 and AC catalysts had the largest specific surface
area, followed by HZSM-5, while Al,O;, ZrO, and TiO, had the opposite results. In addition, all the catalyst belonged to
mesoporous catalysts with the average pore size of 3-16 nm. The main components of corncob with non-catalytic pyrolysis
were aldehydes and ketones (17.62%), furans (22.55%) and aromatic compounds (25.18%). Moreover,
4-hydroxy-3-methylacetophenone, 2,3-dihydro-benzofuran and catechol had the highest contents, which were 8.65%, 13.1%
and 4.01% respectively. All catalysts inhibited the formation of acid compounds, especially, when AC and HZSM-5(80) were
added, the acidic compounds disappeared. The formation of aldehydes and ketones was not significant with the presence of
Z1r0,, and was inhibited by other types of catalysts. And, HZSM-5 (38), HZSM-5 (46) and AC enhanced the formation of
aromatic hydrocarbon, which increased by 1.82%, 14.12% and 12.64% respectively. However, other catalysts were
facilitating the formation of furans, which increased by 7.89% (TiO,), 8.88 %( MCM-41), 6.23 %( AC) and 4.95 %( ZrO,),
respectively compared with non-catalytic pyrolysis. The maximum yield of furfural of 3.46% was obtained (catalyst is AC)
under the conditions of catalytic pyrolysis temperature of 500 ‘C and mass ratio of corncob to catalyst of 2:1. Both TiO, and
HZSM-5 catalysts promoted the formation of furfural, but the effect was not significant. The other catalysts inhibited the
formation of furfural. The influence of HZSM-5 catalyst on 2 (5H) -furanone was small, while the other catalysts promoted the
production of 2 (§H) -furanone, the maximum yield was obtained with the presence of MCM-41, which increased by 5.45%.
And the addition of catalyst inhibited the formation of -benzofuran-2,3-dihydrogen and 5-hydroxymethylfurfural. All the
catalysts promoted the production of 5-methyl-2(3H) -furanone except for AL,Os;. A highly fitting regression equation was
obtained by using the response surface methodology to optimize the preparation process of furans compounds produced by
catalytic pyrolysis of corncob, which could effectively predict the yield of furans. The order of effect parameters on the yield
of furans was as follows: catalyst > catalytic pyrolysis temperature > mass ratio of corncob to catalyst. The yield of furans
could reach 35.30% at the optimum process conditions of catalytic pyrolysis temperature of 550°C and the mass ratio of
corncob to catalyst of 1:1 by using AC catalyst. It would provide a basis for the catalytic pyrolysis of lignocellulosic biomass
for production of high value-added chemicals by using heterogeneous catalysts at gas-solid catalytic reaction conditions. And it
would provide a new pathway for furans production.

Keywords: pyrolysis; catalyzation; biomass; corncob; furan compounds; catalyst screening; activated carbon



