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An experimental study of dust removal from biomass gasification gas at
high temperature by ceramic filter
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Abstract: Hot gas filtration with raw syngas was continuously tested for 100 hours on a pilot scale
purification system, theinfluence of biomasstype, after-burning and back blow on pressure drops and
temperatures of dust filter were studied, and the concentrations of gas component, tar and dust in the
raw syngas and purified syngas were analyzed. It was found that compared with filtration with syngas
from wood chip gasification, the pressure drop of the filter increased by 1200—1500Pa while filtration
with syngas from co-gasification of pellet (25%mass) and wood chip (75%) the optimal temperature
of filter was 450—550°C; after-burning with air was a more effective way to decrease the filter
pressure drop than back blowing with N,. The optimal flow rate of after-burning air was 10—12m?h
when the flow of syngas was 260—400m*h; and the filter pressure drop remained at around 1200Pa. It
was concluded that the pilot filtration system could continuously and stably run for 100 hours. The dust
content in purified syngas was as low as 10—40mg/m°. The dust and tar removal efficiency was 92.3%
to 99.8% and 31.0% to 92.5%, respectively. The filtration did not reduce the concentration of
combustiblegases in purified syngas significantly.

Key words: biomass; gasification; filtration; dust; tar

Yeis BE: 2016-12-21; f&E(Fs H#A: 2017-02-17. E—EE: WEE (1976—), B, WL, BIFFARR, HFFEI7EARE
EEWE: ERARF¥ES (51661145022, 515762000 &) HEF KRR R . BERA: BIFH, B R, Emal: xlyin@ms.

Fiit&l (2014A010106017, 2016A040403097) TiH . giec.ac.cn.



« 2904 - 1 T

piia & 2017 455 36 45

R R S A 5 B A 5 RS LIRS R
AL TFBer —, TR AT L R T AR
FUE I THE . R A BRI R H b 4
SRR, R T AR AR R P RIT 4 AT AR
— 8 EAS A B B IR S SRR A A
g, EEAE K. KB RARBERRY, A5
BEAS . I EE TR I A, BRI SR 4 1
FasEIBAT . BT — R IR TR A UL S e,
DLBAFRER 2 5F F e, R VAR T I K SR R4
IR RIS L R R
HEAMET: OFNTRSE, 55 mEH
PRSI, BRI A RE BRI S P T R
SRE R, @ BRSSP FI A TR
Ao, FEH R RIIR G TE R IR R R SR g £,
TEMGIE R St A, Ra ) S R A
BHTHUIR TS A

FR A 1Ak % & HE SR E K /N, WOOLCOCK
Mg BB R s R4 (T>300°C). fIGiEK
2 (T<100C) FriE kR =Fh, RERERAR
R R FNE RS R e A,
KRR B E N AR 26 TR B R
B AT S8 Ve 8 T rhi i A Bk, AT thhLA% Sum
DL (R 2 22 BB UK, 5 H R AR TEA S %
TR ANE L LR P TR ks sl ey
AR HFIF IS A4, B B e s i R
FARCE, (BAEE JEMPRRE N B 5t . HUMRRE 22 &
BB KRR, ik TRZ R R B 2,
SR T 2 A TE [k 20 170 1) e LA 8 0 1 8 i I % 2%
RIEBI S ey,

HTAEH A AT TR, Ak B R
Vi &g ekt EEEy 500kg/h I
FORFR RS TR B E T T HUR S R
BRoh 1000 FESEEATIREGRTTS, $2H—Fhd@id A
W2 25 B N MR 23 S DA IR A 3o 4535 47 FEL I 1Y
Tk, G MR ER R . AR O B2k
JEFEMBEATIREE (R, FExT MM T LT e
PRSI R BB . MR AR L. AL

R EX A AR T Z s RS
Ak .

1 Ke#a

1.1 iRgadrl

ARFFCIE AR« KK FEFF R ORLAE A
YR SA R JERE, T AT R AT R 1.
K FH b QM B 5 ok A SR RE, AR K
1.5m, 1% 40mm, #M%E 60mm, A {E 1200°C F K
WREE TAE, S T 52358 B2 1600°C .
1.2 RWEE

FEMR S H A=W o VR 2 e RS e it 1%
SAIP R AR I R, IR EAR Y 0.8m, T E
159 0.6m, i EE A 3.2m, ¥t hbEEE Y 500kg/h,
AN AE 20%~100%. [A]FZESE AT i o AR S AR IR & 5]
KL Ry B as . mi b bR, mitkis. PR
RHLEE RS SRS . miEbERe=E2A L. T
2 AR, PR 36 MR, R
BT 6 RWE: HnlfE FIEAKAL, B, b
LS Bt DAL SR B 4 AR A, FRE SR
PRz b FEARENEAS 1A AEiRkkd
R PR R, AR R 7708 0.30~0.50MPa f) N,
oo P B AT W, I ATl I R FR AR = 5]
NDEAMER AR & 1a AT Ly . 1R B
Kl 1 PR
1.3 EES9Hh

KR TR A% IBs ST R AL pit (PR
MRS (BUERE) B . FBRS A& R
H GG 2 GCI800 S AH itk HEAT 43 HT . FHLIR
SR A S R B SRAE DT VRS W OCHER[16-17)

2 SRt

2.1 BRAERESITHOR
211 JAsh B

VR SR OB SR AR, 4k
DA LIRS ER s LT TAERS, BT TERE
IR I A T R T B A 0 AR VAR B, AT B

x1 HYRERB TS HMTEL N

TCE % Tl s H/%
Jiek BIKEEI% st imm
c H o} N S R [ Wk Y Zix
Vi 10.2 30x1.0x0.6 488 5.8 443 0.1 0.0 82.8 16.1 11
VS 115 <10 H 475 6.5 448 0.1 0.0 815 17.4 1.2
AEATHRL 6.8 15x ¢6.0 432 5.7 359 37 0.2 68.7 20.0 11.3




% 8 i

WS R b R E Y BRI O AR T 7

* 2905 -

R oy
Ep/[)})"(l‘
iR
/
"\ S/

Fapfrtflagaca

MEE R RAR HukE
Ul ke
HEHRS

BRaa WURE mni PEOAAL

K1 AR i e B s s

aLyEPERE, [HULE ShF BURR PR A E I E AR AL
70 F i DA o AT AR a5 4 10 2 AR B
A AT, s T AL T R
B ARYE B IS IS RIS, 2Rl R A AL
T 350°C T AT PRIE R B RCR AR E VE 5 P 5t
K 2 25 T R shBr B AR = IR AR O, A
2 WL, CREBRAR SR T2 H AR IR T R N R L
4~6h, I I A RS A iR
F IR = 2 (A BRI . IR A bR 22 == A
BV KRR AR S ORI TINS5

K2 Brars R alR AR G O

212 REMAR L

Bl 3 AR AR RRAE T AN
F1L A B A 73 B 4t R BE BB e,
B 30 0L, B S #RAE T RRARZE M N (500£60)C,
BCIR A A I L 2 T B ae N AR, 1X
MR ARG\ JE B B IR E TR A G,
B3 2 AR MAR 2 A 0] e P 5 A SR T R 8 A T
FEFRAE NEEIEE ST 700°C, WHEHRWT
ARER: OFRENTRT RS E g
A s, FEOZAIRS; @I 2 H) O, ] bef

K3 #gisirikinkrhs. [y b iR AR

HRBR, AR E, MERKBIESR
MECL SRR . BAEMIBRAE EHAEIRE N 500°C A4,
T BAE RN = S R AE 2.2.2 Tt ik .
213 R

Kl 44t T IRAELRRE. BAAERE. MRS
SR FERS AR O, 4 nT L, e i AR
R R 2R == 10 % 4 (1400+400)Pa, #5543 15 10~ AT 48
it 2000Pa. 36 FE R £ R A = HIHIR SR =N
260~400m°h; *MRZ SR 0~18mh, %t

K4 EgHaiTik A = RS MR R A T O



* 2906 - 1t T

2017 455 36 4%

LR AMRZ SRR 10mYh A, 29 AR ER RS
Wi 2.5%~3.3%, HAZE TERS Aok 4 R
A (2375,
22 ENBREMROERS
221 JFREHGREm

KA TR ERE AR Ak e
OR3P, BB AH TR Ak, BERR (H
ER AR A R R, RS
ALFEEA 260mYhe WIE 5 Fis, %k AT R
R 3 ABB: QAR BISA, A neE
200kg/h; @AHG A BESRRITR A Sk, B/
B350 0 50kg A 50kg B kL & 100kg A
2R @AM A REUERLIRE SN, B
/NEF 43500 25kg AK . BOkg LR K 125kg A
RESRT A O

HE 5 AL, LUK oA sk, Bradv=
J&F% 5 900~1200Pa; IMAA G S ji AL Hitkar AL
B 25 11 e 4 SR b 731 2400Pa; 24 sk ACH: 4 0
G, BRAEEERAFAC, AR RIS ]
1900Pa. 41/ 5 Frw, RPIRME 5] LRk b = i 1%
BTG LIS AT I I B ORAMAR S SRR Y, AT
B 2h % 1K AR 52 3] 1100Pa /2 AT o iR ISR AT KB, Yk
DARK IR AR AR ER AR = R ETHE S, B
LA U OB R ) (S A R S ok R = BT
() 3 B A

RUESE FRFEN, AT TR B S A R
5 iR A SRS, O e ot ik —
A 2% 52 R TIORL R R AR R SO0 B 2R = R B 1Y
(B 6), ZRE R E N 300~
350m/h, AT RIS A 4 AN BE: O F SR B,
Ikl 250kg/h: @A fr . UBRRLIR &AL,

K5 ARJr. AKy. BORORL AL SRS AR B 4 5 e B
ALAF L

K6 AR SRR SR A BR A % s B AR A1 D

HAnklE 25 220kg/h. 30kgh: @A . AL
FORA 4k, FOekE 2718 190kg/h, 60kg/h; @
KBS AL, kbR 250kg/h.

HE 6 7L, SRR TIMNE 1, BRAE=EKRE
N 1200Pa Zi 47 s NN/ E BRI RS M B 2, BR
DEMEREF R Z R AR, REEME 215
W FTHE] 1500Pa A4 s 3G INRURCRARL IR 2B
B2 L%, BRAbs KB I B0 B,
B 3G AN = S R AT X R S, HAE ) )
PR AR = B, BRAE R X SR B3
2300Pa; AR Ja, BRI RN A S Ik E
F| 1200Pa & Ai. 5645 F R WK F SR R RS Ak
CIRTES 911134080 & St i N 0] - AP e NS b A
BBl R SEA R (FLD; IEH, ERAR LS|
R 2 = T B L T AT S R AR R I R
T, fdiRR 2R R B S $] 1200Pa.
222 FMNBRE I

MR RIRBR AR E T N ESA, (K
B YRR 7 55 0k R K T T BRE S P AR
A, UPBMKMEE MR RE . fEELiZ TR
R, TR RS B S BUR A
FETH R ARSI N, B RN R IR R R
T R P 2 R R 51 AT 1 B 2R = e BRI ROIR v, 3T
KA EAMRZE S, (R = R PR
1200Pa 7r 47 (Bt b RBFEERRERLT), X FIHE &%
HiETREENEN. B 74E TR BRI R
RA SR MR IR E R B R = R IR
(IR, RSB R 270mh. & 7(2) 7T W:
M 14: 30 £ 15: 30 If A B, MRS IR EIRFRAE
12m’h, TAE RS RS TN 15: 30 1
1200Pa FEARFEAAR s I Jm K AR 2 S B P E



% 8 i

WS R b R E Y BRI O AR T 7

* 2907 -

am’h GRS RS T4 30min), T S35
JERE ST T M 16:15 3] 17:00 HlH], b=
JE %M 1200Pa _ET+%] 2000Pa, ZiAS T4 i kA
FEMEZE 18mih, & ]l R BRI E ELE
1200Pa fr £i . fE LR TE4&M T, AERMRES
RN 10~12m¥h, & T AR B S A (LR S
Brd, JEH M ARMAE BN 4mih A (K 5.
K 6)

Bl 7(b)25 H T BRAE R E AR L s, B 7(b)
AL, IORAMS R, AR AR = R AR B
FBORE B BRAMR R E, WL ERR
EETRMME, BNBTYREPRe=E. RR
AT 525~600 C. {HERARZE NN DBIR
FEFEARMRFRAE 500CAZ, XM R 5 =EME
BT N EBRRS A EA S, XRIHPIA
RATEMEERM (HBREAME R . EBOR
FE BT, HRBRS AT BRA r JE R I B CF
AR N 1 B S AR FEAAR ), AT 2.3 TS
SR TS RABAESE T 1X — . Bhah, XTH#
EHEKZ . BRAZER TR R R AT Tk sy
M, I I 5 & 550 il 4 58.15%~93.67 %
26.80% ~ 34.08%, [l 5 itk 7 £ 4 N 24.63%~
3.71%. 59.12%~49.37 %, B B IK)Z IS
I/ TR R TSR R A

K7 MR R RO B A = R R R 5

R BRI, UBRAE RIS, (MR
RFBRAERECBITNE TR, (MATRRES
PR KR AAAHR R R SRS RERIIE
FHRK R
223 RN

AIRERAH ] 0.30~0.50M Pa i) il S WS 44k e
R No i RES (it R B B 4 1 S SR T = 20N

100 CH D, SRR SD 7 13 S5 A i sl
iR, AL AL TR R E R, SOREE AT
P ph i), T FahdE. 1B 8 4t T R
FEXT BR A 2 e RIS, ST A DRI AMAA 22 A
B MRAEEAT, HAMPRIERE, BRIk
WRFEE I [E] 299 0.5~1.0min.

K8 S Wont Rk s I (K5

& 8 AT UL, 20 BITE R A 3 B I B (AL,
A2). FBREMEL (B1. B2) #4777 4 ek, 455
A S Ji B s A e B T B 100~400Pa, {H IR
(1) 3~5min J& BR2R 8 He &7 BRI 31 5 R 1R %
B, BP kT (R 2R 7 s RO Ve, (AR
AR KA S HRWERRE =R AR
AR CREH) . Hig B Wt N2l fil
Wi B Bl , H — 7 T R IR SR BN L AR
R T B R R N R s ) — D7 T R A = A A
(IR B A B 2R = SO AR RIS 2 DRI 2 P
B R MR E B

£ 100m*/h (/MRS B b, W2 REBLR
W ERIRf B W75 Bl 5 I B R R R RS
FPEE), HAERRKEE L, RIRWE E 7%
AR AFRE, — M BEZERFE 3~5min ot
GaMRAZIEAR, T LA TC IR R T B K B T AT K
e, #ar TR B4R 51247 /77T ik 3500Pa, X
TE SRR R S 5 3 30 R B 2 1 D X3 P PE o
FR R AT R R S A e B K Z I AR
BANE WAL B R A T VBRI, R R A E A
KA TE CGRIUA R WG R B,
B TE e ik s At P L 18 A i PR R 8, 3k 38
I3 B AR TS NS b 2 T I R, I REAL R
JEBE MR T, PRI FERR R S I SRIB AT 1)
IR A RIS R TE AR I S



- 2908 - 4 T # Ji& 2017 4F5% 36 &
F2 BRomiERSSHEIRRSE
o HURER ] HALLMERUHU% SR i M
5 B B ,
A-H 5y H, 0, N2 co CH,  CO, Imht fmht
1 BraE AL 04-26 0:15 978 018 5542 1753 190 1381 300 8
B o 04-26 0:17 949 038 5674 1699 179 1348
2 BrEAD 04-26 1:14 1026 021 5476 1751 190  14.74
FrAEH O 04-26 1:16 10.09 0.40 5476 17.22 2.02 13.69
F*3 BoEFHOEMR. MOKRETK
o HURER i) Hiigem Bykigem® i B 2/%
FE G e HET M= HET O e ok
1 4-17 19:00 2,04 0.18 150 0.00 91.29 99.78
2 4-1810:00" 14.33 1.08 1.73 0.04 92.47 97.75
3 4-1814:00 0.58 0.24 0.24 0.01 57.99 95.97
4 4-2323:00 2,62 175 1.93 0.01 33.15 99.35
5 4-2411:10 179 0.61 0.32 0.02 66.15 94.14
6 4-2421:28 1.39 0.21 0.31 0.01 84.66 96.45
7 4-24.21:42 112 0.39 0.15 0.01 65.03 92.26
8 4-2517:00 0.63 0.43 0.35 0.03 31.04 92.40
9 4-2517:12 148 0.81 0.30 0.02 45.12 92.90
10 4-26 11:56 1.44 0.74 0.27 0.02 48.63 94.35
11 4-2612:13 1.99 0.42 0.44 0.01 79.04 96.63
12 4-27 15:30 7.03 0.55 0.44 0.00 92.12 99.06
OIMERN A T30 HE
23 RRAeETEHMSERNT WRIBATI ), 5ARRFBRMSAEEE, R 20%5

F 2450 T RAZESAMRE IR AR A
WIS, AR 277 0L, REGMATEESS, BRd
FEH O Hyy CO WRFERIFRA N G H PR,
Oz N ENEA _ETF o X U BRI S a8 < A4
FHAREEBREE, Op NoIRIE T NOAFMRZ KA A
) O, 1 N FITEK -

R34 H TRRAREM O MR R AR
tho. HFE 3 Al 0L, BRASEEH DO ARIREA 10~
40mg/m®, ) % PR AR B T B R T A 92.3%~
99.8%; Jf H XAy A B PR %, v 31.0%~
92.5%. WIZWIMIE . R ESHE B, TE
b L 0] R S = 1 e S S 1 S < =] I
T OFMEMEEERKZ. WEESIEME AL
R B ARAS s @M R ) NS B
RATBABR. [FIR s, Wk RS v & il
%, RATHEMBHFEEME NS, KK
V4 T0 B T B AR B A T B

3 b
(1) FEFFHURL A 53] ORI T 38 B 2

FRRL+80%0A - (R L) TR A 5L
FH /7 _EF+ 1200~ 1500Pa.

(2) ZEAMR S R EEIRDE KA,
BRWCEG R T FARRR R = R, BRab = i e
A 450~550C, MMM =N 260~
400m*h i, FMATSHEAEREHN 10~12mYh,
PE2& A T AT 2 =5 s P RS 7E 1200Pa 76 47

(3) M &EE IR BRI 1 SLI 100 h iE 44
SEIBAT, BRI ORIk E A 10~40mg/m®, K
DR 92.3%~99.8%, MR E N 31.0%~
92.5%, [RRJEA 3 B WA AR IR FE

S 3k

DAHMEN N, DINJUSE, KOLB T, et a. State of the art of the bioliq
® process for synthetic biofuels production[J]. Environmental
Progress & Sustainable Energy, 2012, 31 (2): 176-181.

PEREIRA E G, DA SILVA JN, DE OLIVEIRA JL, et a. Sustainable
energy: a review of gasification technologies [J]. Renewable &
Sustainable Energy Reviews, 2012, 16 (7): 4753-4762.

BALIBAN R C, ELIA JA, FLOUDAS C A. Biomass to liquid
transportation fuels (BTL) systems: process synthesis and global

b

4

(2

(3

optimization framework [J]. Energy & Environmental Science, 2013,



% 8 i

WS R b R E Y BRI O AR T 7

* 2909 -

(4

(9]

6]

(8l

(9

[10]

[11]

6 (1): 267-287.
STEVENS D J. Hot gas conditioning: recent progress with
larger-scale biomass gasification systems, NREL/SR-510-29952[R].
Golden, CO, USA, Nationa Renewable Energy Laboratory, 2001.
RABOULPLM, ZWART RW R, VREUGDENHIL B J, etal. Tar
in biomass producer gas, the Energy Research Centre of the
Netherlands (ECN) experience: an enduring challenge[J]. Energy
& Fuels, 2009, 23 (12): 6189-6198.
SONG K, ZHANG H, WU Q, et a. Structure and thermal properties
of tar from gasification of agricultural crop residue[J]. Journa of
Thermal Analysis and Calorimetry, 2015, 119 (1): 27-35.
WOOLCOCK PJ, BROWN R C. A review of cleaning technologies
for biomass-derived syngas [J]. Biomass & Bioenergy, 2013, 52:
54-84.
HASLER P, NUSSBAUMER T. Gas cleaning for IC engine
applications from fixed bed biomass gasification [J]. Biomass
Bioenergy, 1999, 16 (6): 385-95.
HEIDENREICH S. Hot gasfiltration: areview[J]. Fuel, 2013, 104:
83-94.
ARAVIND PV, DE JONG W. Evauation of high temperature gas
cleaning options for biomass gasification product gas for solid oxide
fuel cells[J]. Progressin Energy and Combustion Science, 2012, 38
(6): 737-764.
TUOMI S, KURKELA E, SIMELL P, et a. Behaviour of tarson the
filter in high temperature filtration of biomass-based gasification gas

[12]

(13]

(14]

(19]

(16]

(17]

[J). Fuel, 2015, 139: 220-231.

SIMEONE E, SIEDLECKI M, NACKEN M, et a. High temperature

gas filtration with ceramic candles and ashes characterisation during

steam-oxygen blown gasification of biomass [J]. Fuel, 2013, 108:

99-111.

MONDAL P, DANGG S, GARG M O. Syngas production through

gasification and cleanup for downstream applications: recent

developments[J]. Fuel Processing Technology, 2011, 92 (8):

1395-1410.

DI CARLOA, FOSCOLO PU. Hot syngasfiltration in the freeboard

of afluidized bed gasifier: development of a CFD model [J]. Powder

Technology, 2012, 222: 117-130.

BEAR, BT, BOCH, . R EE IR BRI

MRS, LR S44R, 2014, 35 (8): 1665-1668.

LANG Lin, XIE Janjun, YANG Wenshen, et a. Hot gas filtration

performance of modified ceramic candles for biomass gasification[J].

Journal of Engineering Thermophysics, 2014, 35 (8): 1665-1668.

HASLER P, NUSSBAUMER T. Sampling and analysis of particles

and tars from biomass gasifiersJ]. Biomass and Bioenergy, 2000, 18
(1): 61-66.

IR, A, WERE, & EMBRRE E R s T

REMEASHTL]. BTAEUREERE, 2015, 3 (3): 163-168.

HU Xiayu, YUAN Hongyou, XIE Janjun, et a. Gasification

performance of biomass in a coupled drafting fixed bed gasifier[J].

Advancesin New and Renewable Energy, 2015, 3 (3): 163-168.



