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HRBIRIER BRI T A A, B E Y B AR 4 R R T R # R UR R T IR R RES
IR PSR, 74 W BB SRBR IR B 57 R SR LR O e BUR 8, de Klerk!™ B 95 T JoE T ik 45
(ASA) #4k FTS SHIR 05 RILRER AL, B8 T H RIF AL E MR E Y. SR, MR (ASA)
Ve —F it R FF IR R DGR, AR A By BRI U5 3R BT P B o i E AR 2

A0 A Y SRR U T RIFF R NS N —8, BFRE T EYRARB S ERELE L
BT SR AMERE. BE T ARRA &M (100~320 €, 2.0~4.0 MPa) T REHAEHAELLEY
FRAR SR RNRRYE, BRI T A RRBLA TR ASA SR FriE2E SRR A

1 REHES

1.1 RA., NBEHRRIE

T ETERESS (ASA, 343358-1 KG, 4% 135, Sigma /3F]), ASA ¢ ICP, XRF 1 SEM-EDS 4% 5
(RAXXFE R Table S1) RBIHARE AN 51 1; AR ChiR 60~80 B, RETFIFEKIL RN
ARAFD ; AYFEEERKERIBAKSEICER[19] Fikd ) MERERSEA R, V(CH,) !
V(C,Hy) : V(C,H,) : V(CH,) : V(CO) : V(CO,) : V(H,) : V(N,)=10:10:2:8:35:10:15: 10.

X GHRATST 4047 (XRD) F Fi 77 22 PANalytical A& X’ Pert Pro MPD ( PW3040/60) 7 X 4148477 4t
IUIE, Cu Ka BE1IE, A =0.154 nm, & K 40 kV, HHEFH 40 mA, FJFEE 5°~80°, HEEEE
2°/min, K 0.02°, $idE &L 3% 4£. NH,-TPD LK 7F 3% E Quantachrome 73 T[] ASIQA-
CIV200-2 B B T RE AL 2 MR MY L3 AT, AL RIS R N 200 mg, UL Ar AES, W 50 mL/min. D)
20 C/minfHEFFHRE Z 300 CHIR, HLRE; REHEERE27 C, @A NH, KM 1 h, BHEZE
100 °C, DL Ar SRS 1 h LIERREATIREYERM M NH,; &GS C /min WERARE
750 ‘C#47 TPD W&, FHERPM I NH, BBAE B TCD &, Py-IR iR A 35 & Digilab 2 7]
FTS225PCX BUIGEAN, ¥ EARERER G, BETESOI P, T 300 CHESLHHE, EEE/NT
0.01 MPa 4b% 1 h, MR % 30 CIK kg < 30 min, fEFF0HHER, REFHRZ 200 CfFF®
BEFFF Ar S, WG E L W M IR (S B, 7 B8 (SEM) YLk B A& H SL A S-
4800 BT H F B, HREF(BET) JUk A% E Quantachrome /) ] SI-MP-10 #{ 4 5 51 £
v LR EARAFLBRE AR, AR TRALE B Bl 300 CHIEZS 8 h, ERIZEIREFA Ar FHITRH.
HESHT(TG) R AEE TA A7 TCAQS0 ZYMRE /3T, 7E 20 mL/min FESSAK T, LA10 *C/min
M 30 CTHIRF] 1000 CHITIE.

12 XBRESHZE

B SRR R4 ) RS ST IR RN R R PR SE R 7E [ B IR B2 AT, LR EREE I
B 1. iz B R E R NE NE 8 mm, K 800 cm, MEALFIHEFEMB PI RNE H#8.

SLIGHEIRFREL 1 g & 550 CRREATEG T EL RS (ASA) , #hffiERifE 40~60 H; 5
1 g ARBEHTREREAREIRA. HHEAFITE 40 mL/min HESHF 500 CHEASh G, BER

Mass flow controller Tempegtslggl control Table 1 Reaction conditions for ASA catalysis oli-

gomerization of olefin-rich biomass syn-

gas”

Catalyst 7 Qas analysis
system
= Run No. /C p/MPa
Furnace GC
- Ri 100 4.0
% e
Rz 200 4.0
Hot To vent
4.
trap Bubble R3 240 0
N: 1% BlOtlllllaSS flowmeter R4 280 40
0>/N, syngagsm ns 0 "
Fig.1 Schematic diagram of the catalytic reactor R6 280 2.0
R7 280 3.0

system for the oligomerization of olefin-rich
biomass syngas * GHSV=2000 h™!; reaction time: 9 h.
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Tk

NAREE, VI BIEUR & AR IR & AT A R, RIRE 100~320 C, £ 2.0~4.0 MPa,
2S5 2000 mL - g™ - b)), RREIFRRMAMFIFER 1, K R1~R7 40 5IRF AR # R 5. RO
Jg BAGEM BRI, JRa Sy EREHRE, 7630 mL/min, 1% O,-N, WL PREEE
W, B AT HEAT 2B ZERABE AN Bt 1SR 57 3R S B TMAR =4, AREL IR AT

1.3 SHAE '

R B A R N, CO, CO,, CH, fil H, 8k At it GCI800 #Y TCD i,
CH,, C,H,, C,;H,, C;Hg F1 C,Hy S5 it GC9800 & FID iS4, 2 /a3 Z [E# i CH, KKk, kA
SRR E A LA O W BE . AR LE B T GC2010 BU a3 Y b #EAT, R A SE3-0 BN HE (4EiR 40~
280 C, FHEHMEHR 5 C/min) , A NESR, FID K EE, A SHNEEE N 300 C. kAR IER F A
H—H B & H B BT AR B RONVIE Ml O . IR T IR IR C (%, BEJRTE0) .
HARF YR Y, (%, BEIR 73 H0) FIF=Wik Bt S.(%, BE/RME0 Kot HtE & LineEE /R Uk
H AR AR C (x T8RRI =P Y, (x 18 SONAE UK IHAR =4 ) . L S, (x F8 AR
YRR E B2 5) 43 5t LU R AR CRITHE.

Carbon moles in an olefin reacted

C(%)= x 100% (1)

Carbon moles in an olefin fed in

Carbon moles in a product

Y.(%) = x 100% (23

Carbon moles in olefins fed in

Carbon moles in a product

S(%) = x 100% (3)

Carbon moles in all products

FHHLRIIHTE ALR (R R R TR R R AZER) , 4R ERW, FEHR ST
= FUR L ATE B, WA B AR P SEU 2H 0 45 SR R AT 7R B -4 A AP 10 1 2
fiti b 4T

2 HR5®

2.1 ASA WAMMER
ASA HITES MGG PE T 70 5 DL 2 Fisk 2. i BT 2 AT UL, ASA LTI RE B S N T 4514,

2 B . (B)

500 nm
e |

Fig.2 SEM images of the ASA with different magnifications
HIRZHZSPE. BET 40rss R (3 2) BR, ASA i Table 2 Physical and chemical characteristics of ASA

A B H 3 T AL AL ARFLIZ ﬁ‘ 5'] 3% 467 m? /g, before and after different reactions

0.73 cm’/g F14.33 nm, A, ASA EABAMLE  Catalys (mf“f‘*“g/_,) il ‘;m'g"‘)/
HARFFLA M. AR ZA T RALE B ASA 4L ASA(Fresh) 467.2 433 0.73
U FWAITF £ 2, TRRBEH#ARMLRR (0T i o o
BAFLAEBRS A A FERRE R Xl THE  asars 307.4 3.81 0.4
BT, AT RERRERELTRE . A ﬁgi:ﬁ;‘ ;jg‘;’ ;‘zf g;“;’
WMEUAR 5 BN Z AT RBAXR ST E, SEE  asare 361.1 4.29 0.55

TEFRI B, o AR A Ao 70 2 T LB SR AR TS A ___ASA-RT 2551 4.5 L
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T RRLJE AT bR AL B G B R

AP 3 f) XRD JEE AT 0L, ASA EALFITE 20=23MHEHBE | MRTRIATSIE, XTI T Sio, ¥
TG, BeAh, ZEiRE R B B AR B AT U, ULRARTEL ASA REEILSM, X5 SEM 4R
—B AR T RILG ASA BEALTITE 20=26°, 51°FAL R T BT RONT ST 0%, 12007 55 144 BL TR %S
W BT RS FRAMGRD AR SN, BN ERROTBUBERTS, S8
Bk, HERE N SRR RS —L. fhoh, RALE ASA MUK R AHSSHIAE L T RTS8 AR 1L 7R
BUWAHE, #H ASA ARERERE LIRS EERSMRFRERS, RREWADRE.

[ 0 h 2
. 2 % 80 |-
R N s B
P .2 60 +
4 5
| £ 40
c g
w3
G b £ 0}
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1 t L T 1 5 0 | I R SR | 1 I
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Fig.3 XRD patterns of ASA before and after Fig.4 NH,-TPD profiles of the
different reactions ASA catalyst

a. ASA-fresh; b. ASA-R1; c. ASA-R2; d. ASA-R3;
e. ASA-R4; f. ASA-RS; g. ASA-R6; h. ASA-R7.

22 ASA EUAFIMRERMSKREE

WRFTR R R A SR REREF AR h T RERR R, X ASA
1T T NH,-TPD FmtiEde fff IR J5E. ASA 89 NH,-TPD SKIRi S LA 4 7% 3. & 4 7h ASA 3f NH, #y
R Bt/ PR B 5 3R 2 RS 2 N, EAR/INTE 350 °C g D Ak 5] i 55 BRIt 2 B i NH, JB LI, KT
350 C R RRBR YLy IOt PR ide. 95 | 55 MR Rt e T AR I — AL AL, MIATA8 3] ASA LTI 955
REMBARRENE, RBHHILERS| TR fiFR3 TR, ASA RAMBREMLERBREAGNE, &
BRI EE) 85%. BEHRMMEAA N TREMABIZTRIAL, MR ASA REHKERH.LTJLAH
#l, WASSERYTAEIALSY () FAER. Fit, ASA 4657 RN hFF e AR - E R
R

Table 3 NH,-TPD data of ASA catalyst

Acid amount/ ( pmol + g™!) T-peak/C
Sample Weak acid Strong acid Total acid LT-peak HT-peak
ASA 77.29 530.34 607.63 230 500
RFEZMHT RIATG ASA Bk IER I IR SCIREE RILE 5 ik 4. AE 5 "L, 1451 1 1542 em™
A2k ) bt B R WA i T 4 B X B F I BE 5 Lewis BRI AL : i 7
F Bronsted BRYEALHITLHE; 1490 om™ 4b i B tiide T :
F REFULBEZE B BRIEALAN L B 3t R R i . [ AN Al
SREAE ASA REAI ) B B (1 L BRYE (890 —
BB RIITH# 4. /NI N
HmF 4T, RIE B AN L REENA KRR 4
B, & B S TR A B 14(;‘/3\{;0%’ “14\—;700
= TRPOAE. A, LERMIKELL B BRE plem™
Ka%, XRERHET L B R RS R P B Fig.5 IR spectra of ASA under different conditions
SEBKSFHTRT, BEARRESE LRt a. ASA-fresh; b. ASA-R1; ¢. ASA-R2; d. ASA-R3;

B ErR. e. ASA-R4; £. ASA-RS; g. ASA-R6; h. ASA-RT.
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Table 4 Py-IR data of ASA catalyst
Content of Bronsted acid/  Content of Lewis acid/ Content of Bronsted acid/  Content of Lewis acid/
Catalyst Catalyst
(mmol - g1) (mmol « g71) (mmol - g™!) (mmol - g)
ASA-fresh 0.0304 0.1047 ASA-R4 0.0168 0.0536
ASA-R1 0.0212 0.0612 ASA-RS 0.0244 0.0345
ASA-R2 0.0156 0.0429 ASA-R6 0.0227 0.0478
ASA-R3 0.0199 0.0510 ASA-R7 0.0234 0.0418

2.3 EUFHRRITH

AR T RBLSG ASA AL AE 4T (TG-DTG) £5 R LA 6. i TG MiZk[ & 6(A) AT IL, HE
FIREFEE 650 T, HAFLTREIRERES, 650 CLUGEALT BB ZHREETEE, stk
. 1 DTG #i£k[ B 6(B) 1Al L, RIJEHEASHEIRE R 2028 2 BB, 350 CZ AT K FAKEIK
H, M350 CZAMARENRRKAE. FEERENAR, FRNAEERMER, BRBKHAERE
BETE, WA ARIR T R L, AR B RRBEIR R T . X ARBR R T E Y RS A 5 S
JE AL Raman il (JLCHHE BB S1) AAHTRT, #EAFIAE 1340~ 1500 cm™ 1 1545~ 1680 cm™'
BRECEENH I 2 MRENE G, RS RKTER, ARy M EZRNESY. RIEMNE
BLBLHIR)R , 2 ANid TRy 4 BB R Y T A SR R e B T BRI A sp” 2 AL B3 1 (g i ah 7=
EEE/‘J[M]-

100

o ®)
95 _
O -0.04
oo <
S S -008
T 85 2
" § -0.12
= 06} /
73 1 L 1 \f I -0.20 1 1 ! 1
200 400 600 800 200 400 600 800
Temperature/ C Temperature/C

Fig.6 TG(A) and DTG(B) analysis curves of catalyst deposited with carbon
a. ASA-fresh; b. ASA-R1; c. ASA-R2; d. ASA-R3; e. ASA-R4; f. ASA-R5; g. ASA-R6; h. ASA-R7.

B 7 T AE ST SRR ETE TG BBk R ER (JRESED « FLAB/NRA L BRIEAR

BHARRKKR. AN, TC BBRAEE, LB/ 50 80
AN L BR A (0L R B 450 5k AR S0 1 E 4 B A 3 40 -

—3. FEFRERZEH TR (R2 #5200 CTE RS &Y 30 L
320 °C), HEALFIAY L B (7 BR B 451 2% &R & B ek
DRI B, FERE D 280 CHX TR TC

- 40
20

\\/\‘{ 1
' BB

|
-

Volume and L acid loss ratio(%)

20

Bk BRMILAR /DB TGS L B 10
B B4R e AR Ak R — B, TR AL R 7R R Rt 0 0

R2 R3 R4 RS R7
Fig.7 TG coke mass loss ratio( histogram) and the

R6

R AR B BRUBR 2 i L A 3 28 A 2 T R L B0
i, MIMSEEATI LA L BRER . thsh, FE
B RNLIE STHSE AN, AEALTRY L By A R B 1k R
EIZH T RS 554 FIRE RS &%
FAT A, AL TC R K ERE R/ T IA 18.5%, fLAB/NA L 52.1%, L B HRARE L
67.1%.
24 S£YFEABSHFTRRAEEEE

BB EIRGSTE ASA AN E FARRE T AR LR MK, Bl B NESSE
BARBL. BAT, A B AR R A R R B0 5T R R TR EL RN, RN EE @ IE
BB FOLERIEAT . B, BRI R BV R S R RN B VIR, IRBRIR R M R S

loss of mesopore volume ratio (e ), loss of
Lewis acid site ratio(4) in different reaction

conditions
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B RTUEHTES, RAREMTIME ., SBBEERI R, R T UBRNEE R E,
REERET R, WM., Ll RZ e

Bl 8(A) FI(B) S5l th T AW R <AE ASA BEAFITERT TR S RLR BRI R SRR 71 T
B IERE LR, AT L, ASA ALIRIESFT REVERIRF 0 T >R >0, B 5 54 s B e 4k KNI
F—3, RMHBRERTHIEAT . Wot, HERSIRE T, MRS RNELRESES, B
£ 280 CIREEA, BLHT 245 . WA THRFEURDHIHR 19.24% , 37.25%F0 58. 70% , LKL+ KL IL
REIBRFACRIN TR, X5 LY RBHRKR RN MEE—B, 318 ASA #ILH+ L RN E
RIS A TSR REAL. 7350, NBA%ERARRE, RBAF TREERE KA MHET, THH
FERENTIE, JE. . BRI LR N SRS R, MBS T R, MR E A A
HEREYIR ZF ABER, SERAT L RECREHFBRIE, SRS R R RIE lﬁﬂﬁﬁ“ﬁ“
5. EBERFFAENEGT, HEERNE RN, REREHNE RSN B G488
718 BE L 7 B SR P BB SR T 5, 7E 4. 0 MPa, 280 CHIRBIZAF T, ASA XTE%E%&%@%B‘J%%?F
RARMERIA

60 60 - c

c
50‘/ 50 b

40 | 40

Cy(%)
C%)

30 b b 0
20"-”’/_-a 20 /(J

10 10 F

0 TR ! 1 1 1 0 ) L I 1 |
80 120 160 200 240 280 320 2.0 25 3.0 35 4.0
Temperature/C Pressure/MPa

Fig.8 Carbon conversion of olefin oligomerization under different reaction conditions
a. C,H,; b. C3Hg; c. C4Hg. (A) 4.0 MPa, 100—320 °C; (B) 2.0—4.0 MPa, 280 C.

B 9(A) M(B) G Rt T AR RBLAAMFT ASA LAY BB 5T B R T B 7 1y 2 B WO e
PR R, Forp C5 oMM RE =5 BE2, CS0lefins K/RGRE =5 KM, C;Alkanes
ABRE =S5 Bkt mE 9 AL, CF B YRt = R BEE RN R TR %Fj‘,%iﬁfiﬁﬁﬂﬁﬁﬁ%, £
280 CHHXFIHA(167 ¢ - ke, - ™), et C5 Olefins F=H it 25 P= 33K F] 123 g - kg, - h ™. MR
IR BT 280 CHY C5 R WIRBT == RIF I T e 1AL, FREBMWF=YFEER C; E’Jh%ké, EAR
IR BLAAT C5 MIREE N B/ NIk 70. 4%, T W ik 92. 4%. F=#)% GCMS 4447 KM, C;
Ry IR LRI, X2 T ASA LRI TCE M WSS T RN 1t 72 i BRI BRI T
R Y SRR BT A B TR B T R e A

mm C; Olefins
| #8% C} Alkanes

(A) 100 = C; Olcfins (B)
%0 #9 CS Alkanes

150

100 60

5.(%)

40

STY/A(g kgieh™)

o
<

20

(=]

0 ol :
100 200 240 280 320 100 - 200 240 280 320

Temperature/’C Temperature/C

Fig.9 Effects of reaction temperature on space-time yield(A) and product distribution(B) of
olefin oligomerization with 4. 0 MPa

25 N T AR BRI T I B AR = M IR R R A= A A R, b L RRBRECH «
R, AEMRENGE. WA RERTUBRE, REBFRZYHHIE Co~ C o ZARERA,
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R HiAE GC-MS UK G R0 B S B 7= AR Y R 2R3 RO MR R AN GE A , |l ML AT I R st /2 vp
BRAETZE. WERNTHROZER, 8. KBEBAARMN. Faf, HERMRENFETUE
H Co AT TR ZHIEK, XFTRER T RANRBERF BN T RN KR E TR WE S B
AP RRE, HE AR B RREER R, 75 280 CHEXBIEA, WHHHmRE
IRWERTTIA 22.91%, XM SR FRZM TR EACRBELARRT. S55E 9 MR S K™Yo Eo
AR, FFREMEMAAT Y EER C~ CoMFMMER, B TIRMET™ M. [N, Mg REE
Wt — TR, AR R E R T AET, XATRSREARTIENRME. FHL. 5
FALFNIF I L BB HT SR A K.

Table 5 Carbon conversion and selectivity of products in the production of liguid higher olefins from the
mixture gas of light olefins over ASA

Carbon yield of Product distribution{ %, mass fraction)
Run No.

liquid( %) Cs Ce G, Cq Gy Cio Ch
R1 2.14 1.30 0.99 39.81 1.08 1.27 51.56 3.99
R2 7.94 5.03 8.61 47.99 7.96 4.09 22.20 4.12
R3 17.56 5.07 13.89 49.92 12.33 4.71 12.23 1.86
R4 22.91 4.21 16.17 56.12 13.46 1.41 6.80 1.83
R5 20.16 5.73 18.65 55.61 8.61 4.46 4.47 2.17

3 & it

ASA UFIRAREHEN L BRBRIELL, B THESTRIBREMRENET. LREREH,
LRI H 4.0 MPa, 280 CH, ASA ALY REERBRESFRIMUNERER. LK. WA
T MBI RAL R 73 B ATA 19. 24%, 37.25% 0 58. 70% , A= HIBR BE AR R 1k 22.91%, FEEHiH
RIMBES, Horh C MR BEMIA 73. 5%. ASA LAY BRIME PRI, XA RMEARIE 1257 R 8915
YEIUF R T M > > O, X5 RN Pk IER TIEBEES TUF AT Rt T ASA BEARF
RGBS, EOX 5P IR s BT AE R Y R R . ASA LAY TR <FF R
RES R AP AT B AR S BOLR MR B S LA M EZ R,

% ¥4z B hitp . //www.cjeu.jlu.edu.en/CN/10.7503/¢cjcu20160309.

2 £ x W

[ 1] Tomov A. K., Gibson V. C., Britovsek G. J. P., Long R. J., Meurs M. V., Jones D. J., Organometallics, 2009, 28(24), 7033—7040

[2] Wangl., Yang G., Li C. Q., Shi W. G., Chem. J. Chinese Universities, 2014, 35(7), 1536—1540( £, %7t, T2E, HHEL. &
LSS, 2014, 35(7), 1536—1540)

[ 3] Corma A., Melo F.V., Sauvanaud L., Ortega F., Catal. Today, 2005, 107, 699—706

[4] PakY.K., Lee C. W., Kang N. Y., Choi W. C., Choi S., Oh S. H., Patk D. S., Catal. Sum. Asia, 2010, 14, 75—84

[5] JiH.,,LiY.J., Hul. X., Xiang H. W., Li Y. W., Progress in Chemistry, 2002, 14(2), 146—155( 2%, BEE, SR, HERH,
Z=KBE. (LSRR, 2002, 14(2), 146—155)

[6] WangJ., HuoH. L., LiC. Q., Ma L. L., Shi W. G., Chen S., Chem. J. Chinese Universities, 2015, 36(9), 1813—1818( 1§, B%
F, FRE), DA, BHE, BN BEERLFERR, 2015, 36(9), 1813—1818)

[ 7] Zhang H., Cheng Y. T., Vispute T. P., Xiao R., Huber G. W., Energy Environ Sci., 2011, 4, 2297—2307

[ 8] Gayubo A. G., Valle B., Aguayo A. T., Olazar M., Bilbao J., Industrial & Engineering Chemistry Research, 2009, 49(1), 123—131

[ 9] Bjorgen M., Svelle S., Joensen F., Nerlov J., Kolboe S., Bonino F., Palumbo L.,Bordiga S., Olsbye U., J. Catal., 2007, 249, 195—
207

[10] Bradin D., Production of Polypropylene from Renewable Resources, WO, US8916661, 2014

[11] Antonio M., Polymer Reviews, 2009, 49(2), 79—84

[12] Qi Y., LiuZ., LvZ., Wang H., He C., Xu L., A Process for Producing Lower Carbon Olefins from Methanol or/and Dimethyl Ether, EP ,
WO 2008106841 A8, 2009

[13] Yang G. H., Tsubaki N., Shamoto J., Yoneyama Y., Zhang Y., J. Am. Chem. Soc., 2010, 132, 81290—8136



No.11 k RE: AXHABELEYRAALBALFRSRABGHE 2067

[14] Corma A., Iborra S., Velty A., Chem. Rev., 2007, 107, 2411—2502

[15] Chengl., Hu P., Ellis P., French S., Kelly G., Lok C. M., J. Cazal., 2008, 257, 221—228

[16] George W., Huber P., Corma A., Angew. Chem., 2007, 46(38), 7184—7201

[17] Vispute T. P., Zhang H., Sanna A., Xiao R., Huber G. W., Science, 2010, 330(6008), 1222—1227

[18] GongF., Yang Z., Hong C., Huang W., Shen N., Zhang Z., Bioresource Technology, 2011, 102(19), 9247—9254

[19] Yuan Y., Bi P., Fan M., Zhang Z., Jiang P., Li Q., Journal of Chemical Technology & Biotechnology, 2014, 89(2), 239—248

[20] de Klerk A., Energy & Fuels, 2006, 20, 1799—1805

[21] LinS., Shi L., Zhang H., Zhang N., Yi X., Zheng A., Microporous & Mesoporous Materials, 2014, 184(2), 151—161

[22] Bleken F. L., Barbera K., Bonino F., Olsbye U., Lillerud K. P., Bordiga S., Journal of Catalysis, 2013, 307(6) , 62—73

[23] Tan W., Hou K. K., Liu M., Li W. H., Liu H. O., Song C. S., Guo X. W., Acta Petrolei Sinica, 2002, 21(7), 955—957(i&ff, &
HE, ¥R, 230K, XS, KEL, THE. AlFd, 2002, 21(7), 955—957)

[24] Helveg S., Lopez C., Schested J., Nature, 2004, 427, 426—429

[25] Martinez C., Doskocil E. J., Corma A., Topics in Catalysis, 2013, 57(6—9) , 668—682

[26] Hul.X.,LiX.B.,LiY., WangF., RenJ., Li Y. W., J. Mol. Catal., 2005, I9(1), 17—21 (¥R¥RAL, ZoWelk, ZH, T8, &4,
25K HE. A FHEHE, 2005, 19(1), 17—21)

[27] Bjorgen M., Olsbye U., Kolboe S., Journal of Catalysis, 2003, 215(1), 30—44

Oligomerization of Biomass Cracking Gas to Gasoline Distillates over
Amorphous Silica-alumina’

ZHANG Qian"?, DING Mingyue'* , ZHANG Yulan'?, LI Yuping',
WANG Chenguang', WANG Tiejun'* , MA Longlong'

(1. Key Laboratory of Renewable Energy, Chinese Academy of Sciences, Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences, Guangdong Key Laboratory of New and Renewable Energy Research and
Development, Guangzhou 510640, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The oligomerization performances of biomass cracking gas over amorphous silica-alumina ( ASA)
were investigated in a fixed bed in the region of 100—320 °C and 2. 0—4. 0 MPa. NH,-TPD, Py-IR, TG,
SEM, BET and XRD were used to characterize the surface structures, acidity properties and carbon deposition
of catalysts. The results showed that there were different degrees of acid amount loss and carbon deposition for
ASA during oligomerization under different reaction conditions. The loss of Lewis acid amount decreased gra-
dually with increasing temperature, and reached the minimum at 280 °C, and then begun to increase with con-
tinual increase of temperature. The increase of pressure is beneficial to reduce the Lewis acid loss. The change
trend of carbon deposition was consistent with that of Lewis acid loss. During oligomerization, the conversion of
light olefins and yield of gasoline range products increased gradually with the increase of temperature and pres-
sure, and reached the maximum at 4. 0 MPa and 280 °C. The conversions of ethylene, propylene and butylene
reached 19. 2%, 37.3% and 58. 7%, respectively. The yield of gasoline range product reached 22. 9% ( molar
fraction) , and the selectivity of C**olefins reached 73. 5%.

Keywords Biomass cracking gas; Riched light olefin; Olefins oligomerization; Amorphous silica-alumina;
Fixed-bed reactor
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