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Experimental investigation of gasification characteristics
of pine powder in an entrained flow gasification reactor
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Abstract: The pine powder gasification was conducted in a bench-scale entrained flow reactor. The influences
of temperature , oxygen equivalence ratio and steam/biomass ratio on the composition of the gaseous products,
carbon conversion, gas yield, LHV, morphology and composition of solid products were studied. The results
show that when the reaction temperature increases gradually, the concentrations of CO and H, rise dramatically
and the concentrations of CO, and CH, significantly decrease. The carbon conversion, gas yield, and LHV also
improve slightly. With a rise of oxygen equivalence ratio from 0.2 to 0.5, the concentrations of CO and H,
decrease by over 10% , the concentration of CO, increases by 100% , and the carbon conversion reaches to
92.9% . Simultaneously, the gas yield also increases slightly, while the LHV exhibits opposite trends. When the
steam/biomass ratio increases from 0 to 0. 58, the H,/CO volume ratio grows gradually from 0.63 to 1.40. At
the same time, the carbon conversion, gas yield and LHV first increase slowly then decrease rapidly. The
analysis by scanning electron microscopy shows that the solid residue of gasification mainly consists of particles
and fiber reunion. With increasing reaction temperature, the shape of particles in the solid residue changes
gradually from irregular to spherical, while the higher oxygen equivalence ratio makes the number of pores and
slits on particles increase rapidly and leads to the breaking of the particles.
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Table 1 Proximate and ultimate analyses of pine powder

Ultimate analysis w,/% Proximate analysis w,/% o
C H ) N s v FC A Qun/ (M - ke ™)
44.51 4.83 50. 66 0.2 0.01 86.1 12.6 1.3 17.8
1.2 XERE AR RIS & R R g B i R
1.2.1 E£¥RSRAIES PRI RGE TR GE AR TARLE 28T ARG
50 kW ZEY BURIR SL R G AR R BIEIL RAUKRG HEMCRE RS GHEER R SH
K. J, S8 B AL G, SR AR 6.5 m, PR

TRAE IR X i 1300 €, 2he AR 1.2 m, W v
BRJE 2.4 m, N2 68 mm, M T H 314 L NGB, H
PRAT B SR A R I EE B AR IR 22 200 30 ~

I§| {?‘1 40 Tl IR 22 At 50 °C, E R E I X K E
o= ) 1000 mm, JERIRGLH R IE JERLES, il 85 e ik

BHEHR 0.6 ~10 kg/h,

WA RG FE SR IR Bk AE
i R TGS FZE S A SR AL B, o FH o i 1
KSR 2 AR R T i, SRS He R SC 00 75 SR E L
RA, PG iR TS T ZE 300 ~400 €
S AN A,

S PG NEN Y B A 5 A AR AR AR E PR IR R

®

}
I

R e e[| )

@

—«I}—® i AR = 55 G|, 28 P ORI
I J— I Eq&%o
b ——— Sy B TR N 33%
B 1 AR RS S R R R 1.2.2 #RokE
Figure 1  Flowchart of biomass ISCAE S AR RE B A T 22 548 7890 A S AH (03
entrained flow gasification system HEFF4HT , R GS-GASPRO #IH: (FID) 5 6ft Q +
1; air compressor; 2; mass flowmeters; 3: gas preheater; 8t SA J% 6ft SA(TCD) (L AL 60 C T R4S

4. steam superheater; 5. exhaust pipe of steam; 6. hopper;

3 min, f 15 C/min 73] 250 C, #EFEEE 200 C,
10 inlet pipes of cooling water; %{};ﬁ‘ 201, LI‘ ﬁi% 3 mL/min, Egﬁ}*ﬁ%ﬁiﬁ
11 outlet pipes of cooling water CO0.CO,.CH,.H,,0,.N,, MY H A

7. fuel feeder; 8 main furnace; 9 cyclone;
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Figure 2 Effect of reaction
temperature on the gas composition
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Figure 3  Effect of reaction temperature
on the carbon conversion, gas yield and LHV
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Figure 6 Effect of S/B ratio on the gas composition
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Table 2 EDS analysis of the spherical particle in char

Element C (0] Mg Al Si S K Ca Mn
Weight w% 83.33 13.22 0.46 0.11 0.13 0.08 0.43 1.86 0.38
Atomic w% 88.28 10.52 0.24 0.05 0.06 0.03 0.14 0.59 0.09
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Figure 9 SEM images of gasified char at different temperatures
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Figure 10 SEM images of gasified char at different ER
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Table 3 Composition of gasification solid residue

Proximate . . Ash composition analysis
) . Ultimate analysis w,/%
Experiment condition analysis w,/ % w/(mg-kg™)
1% FC A N C H S Mg Al Na K Ca

ER=0.3,1000 C 19.4 77.2 3.4 0.22 81.77 1.72 0.021 1940 569 265 6881 13087
ER=0.3,1080 C 18.3 77.9 3.8 0.14 78.62 1.61 0.010 1206 1042 471 5058 8580
ER=0.3,1140 C 10.9 83.6 5.5 0.10 90.91 0.93 0.021 554 207 128 1975 4032
ER=0.3,1200 C 6.1 87.9 6.0 0.20 69.10 1.14 0.059 140 121 68 553 1086

1150 C,ER=0.2 19.6 78.2 2.2 0.20 82.73 1.71 0.007 1705 513 800 5944 12507

1150 C,ER=0.3 12.0 84.2 3.9 0.10 89.61 1.15 0.032 808 392 405 2440 5409

1150 C,ER=0.4 9.0 831 7.8 0.10 88.70 1.96 0.000 691 248 293 2392 4799

1150 C,ER=0.5 9.7 78.8 11.5 0.11 92.03 1.36 0.043 521 199 316 2019 3787
ER=0.3,1170 C, S/B=0 8.7 86.9 4.4 0.11 69.89 2.63 0.563 1169 2200 519 2014 7244
ER=0.3,1170C, S/B=0.17 11.0 81.7 7.3 0.06 90.64 0.89 0.019 1099 1067 384 2622 7038
ER=0.3,1170 C, S/B=0.37 11.6 73.5 14.9 0.06 85.30 0.69 0.052 1281 1071 636 3003 7272
ER=0.3, 1170 C, S/B=0.58 13.3 79.2 7.4 0.21 73.99 1.25 0.057 1712 2893 1321 5495 11306

3 Al AR AR POy SRR RS SR LRSI R, B S/B 1A R S R Ik



596 wooR 4k

L

543 5

AN X SRR AR A — 2, KA BT 4 R
ATLLE YT E T Ca K Mg & A &, 3
1, Ca LR SN 5 FoTE i, 1Ml Al Na 7 &t
XA K JCR & b A I 5 R0 i L3
M0, 124 S/B 42 F Af, K DG 3 & g E 1k,
Na JC % 7% 5 B I B 09 £ /55 e 1 K5 b i b &
S/B Ry R, Mg, Ca A3 TR & &1y
BEELE 5 480 2 it LU i B e S AN ) R B 1) s /)
POk S/B A R ) g ZE R
2.6 BRFEEITE

HRAE 2.1 ~2.3 LSRR g R, il 15 <Ak
PR BRI AR TR A b AR e R
Ty L, WA 11,

120
110 mm C,/C, &xC,, /C, EmC,, /C,5C
r . 4

COZ/CII\ C

/Cm

CcO

Carbon mass balance /%

SRR ST
Figure 11

11 R, SR S Bk C 5 3 C, HE
N = AR R R AN R AR R B EE B85 % ~

£ 3Lk

Carbon balance of gasification

98% ,H:r,Cpo/C IMEINR] 45% LA 1, SHARK,
Co/Cy, BB/ N TEFR A 52 30 55 A N HAB A

B TR ) B SR R T o LA 8
T, Cohu/Ci 5 Co/Cy I B 25 R, Horn ) 2
TREEILF] 1140 T F,C,/C MH A, T 415
IKE] 1140 CUL LR BEATOAE M- A4 | oA 5
R SR S E RS, S ER H 0.2 #8m £ 0.5
W, Coo/ C (01 I8/, Cr /C fHIU 225 1 K, T
C oo/ C 2 LR R/ D 3 SR ER 138 AR 2
TR AR T R 1) AR S AL, S/B (B RS,
Ceo/ C BN, 1T Coo /C,, (I HIE K, 2 S/B {H
BB, C o/ Co TN, 396 1. 1% LR, 1 S/B ik
#]0.58 i, C,,./C, [E M HE K, iX Al GE & T 7K 7%
A A e A AN 45 B BT T T e
3 4 ik

AR EE XA A SRR A A Bl B3
PIRE A AL 3RS, CO 5 H, Mk ik’
e AR AMES A B T, CH, B &
FEIM S A P RR AR, TR TS & 1 140 T UL EAT,
SRR AL A R0, CH, e R 2 1% LU
T, $EmEKZEAE e LIJE T Hy/CO R, 24
S/BYREZE 0. 58 I}, /< H,/CO AL 1. 40,

AL BB I B sk B O G5 4 5 1 4
AR EE R PR 2B, S0 o Lh 55 00 B Py i 2 fefi
BRI S R I B RSB, BRI T & LT
b Ca K Mg F s 5, Al Na 7 5 A X

[1] HANS W S. WEC energy policy scenarios to 2050[ J]. Energy Policy, 2008, 36(7) ; 2464-2470.
[2] World Energy Counil. World energy resources: 2013 Survey[ EB]. http://www. worldenergy. org/-publications/2013/ world-energy-resources-

2013-survey, 2013-10.

[3] F8IFE. AW BREIRN R RIS K AT R 1], Ak 5 Tk, 2002, 22(2) : 75-80.
(JIANG Jian-chun. Prospect on research and development ofbiomass energy utilization[ J]. Chem Ind Forest Prod, 2002, 22(2) : 75-80. )
[4] REZAIYAN J, CHEREMISINOFF N P. Gasification technologies: A primer for engineersand scientists[ M ]. Boca Raton; Taylor & Francis,

2005.

[5] £, BRI, IME, A, FREAR. ENSMEYBUB & IIsERe[ 1], /L THERE, 2012, 31(8) : 1656-1664.
(WANG Yan, CHEN Wen-yi, SUN Jiao, SHI Hai-bo, CHEN Xiao-dong. Research progress in biomass gasification equipment[ J]. Chem Ind

Eng Prog, 2012, 31(8) : 1656-1664. )

(6] W, FFki, &%, thas, EYFALBRUIIVIR B [ T]. UL, 2013, 33(6) : 36-39.
(CHANG Xuan, QI Yong-feng, ZHANG Dong-dong, XU Liang. Current status and development of biomass gasification technology [ J].

Modern Chem Ind, 2013, 33(6) : 36-39. )

(7] WET, fi¥n. ARSI PR LR T]. PIMEEN, 2013, 8(22) : 27-32.
(TIAN Yuan-yu, QIAO Ying-yun. Biomass gasification technology challenges and technical options[ J]. Sino Global Energy, 2013, 8(22) :

2732.)

[8] HIGMAN C, VANDER B M. Gasification[ M]. 2nd ed. Burlington; Gulf Professional Publishing, 2008.

[9] HENRICH E, WEIRICH F. Pressurized entrained flow gasifiers for biomass[ J]. Environ Eng Sci, 2004, 21(1) ; 53-64.

[10] FIORENZO A, ANDREA A, PAOLA B, FRANCESCO S M, FABIO M. Entrained-flow gasification of coal under slagging conditions:
Relevance of fuel-wall interaction and char segregation to the properties of solidwastes[ J]. Fuel, 2013, 114 44-55.

[11] KONGL X, BAIJ, BAIZQ, GUO Z X, LI W. Improvement of ash flow properties of low-rank coal for entrained flow gasifier[ J]. Fuel,



CORE | RS 45 MR SRR AR S SR T 597

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[22]

[23]

2014, 120 122-129.

BARROSO J, BALLESTER J, FERRER L M, JIMENEZ S. Study of coal ash deposition in an entrained flow reactor: Influenceof coal type,
blend composition and operating conditions[ J]. Fuel Process Technol, 2006, 87(8) ; 737-752.

GUO QH, GONG Y, XUJL, YUG S, WANG F C. Particulate matter properties in a bench-scale entrained-flow coal waterslurry gasifier
[J]. Powder Technol, 2014, 254 . 125-130.

FLETCHER D F, HAYNES B S, CHRISTO F C, JOSEPH S D. A CFD based combustion model of an entrained flow biomassgasifier[ J].
Appl Math Model, 2000, 24(3) . 165-182.

TRERE, WREA, TR, fRIES, Ti#%. 3T ASPEN PLUS BEUAEY TS MIR AL T 253 B[ T]. KIHAE24, 2007, 28(12) .
1360-1364.

(ZHANG Wei-wei, CHEN Xue-li, WANG Fu-chen, DAI Zheng-hua, YU Zun-hong. Process simulation of biomass entrained flow
gasification based on Aspen plus[J]. Act Energy Solar Sinica, 2007, 28(12) : 1360-1364. )

KAREL S, MICHAEL P, MILOSLAV H, JIR[ M. Pretreatment and feeding of biomass for pressurized entrained flow gasification[ J]. Fuel
Process Technol, 2009, 90(5) ; 629-635.

XIAOR R, CHEN X L, WANG F C, YU G S. Pyrolysis pretreatment of biomass for entrained-flow gasification[ J]. Appl Energy, 2010, 87
(1): 149-155.

PR . ARV BURIR SRR S UK 8 S AR SE [ D], WL $iike, 2012.

(CHEN Qing. Study and optimization of biomass gasification in a high temperature entrained flow gasifer for syngas [ D]. Zhejiang
University, 2007. )

ROVE. A= B IR R A G PRI DT [ D] Wi #il R, 2007.

(ZHAO Hui. Experimental and mechanism research on entrained flow gasification of biomass for syngas[ D]. Zhejiang: Zhejiang University ,
2007. )

QIN K, LIN WG, JENSEN P A, JENSEN A D. High-temperature entrained flow gasification of biomass[ J]. Fuel, 2012, 93. 589-600.
TR, SRR, WP, BIAK, BITEE, RAIZ. AEYBURLIRE AR R SRR T]. Al UUAER, 2011, 42(3)
100-104.

(SU De-ren, ZHOU Zhao-qiu, XIE Jian-jun, LANG Lin, YIN Xiu-li, WU Chuang-zhi. Bioma machinery ss oxygen entrained enrich-steam
gasification in an atmospheric fluidized bed for syngas production[J]. Trans Chin Soc Agric Mach, 2011, 42(3) . 100-104. )

SALAH H A, KATSUYA K. Bench-scale gasification of cedar wood-Part II. Effect of operational conditions on contaminant release[ J |.
Chemosphere, 2013, 90 1501-1507.

HERNANDEZA J J, ARANDA G, BARBA J, MENDOZA J M. Effect of steam content in the air-steam flow on biomass entrained flow
gasification[ J|. Fuel Process Technol, 2012, 99 43-55.



