EORKIE - ]
2017 & 4 H

Kol TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.33 No.7
Apr. 2017 213

B L/48% St H T A BTN ERARFAEE S
AR, BT KTE Y, BXEL £ WL F %

(LNZA BRI, % 0140105 2N BRI S EE, £k 014010;
ARSI 2B AFIHE AL, Bk 014010: 4 NS ERECRFEHTIRAH 0, 63k 014010)

N

W OE: RHERAL, DR NRIE T %, RS A S, RS A A o EE, A
A NEEA S, FERED BB AL RERE IR A T R AR . IR 750 TR, TESHE A = ALK
T, Hy AR HCA 45.77%+0.23%, AL A= A& TRESER, SAFTFEE TH 100 C; S5/R~E
TEBARIEE TR, (HERET S : S A oA MU G s E ik K aEWTeE, P B E mE, EmMEK H,,
IR 3555 B R TF IR S, SR IE B B R 6 S 7, (73 AL i (B 5 5 e A ol /N 4 50 s AR AR s e by Fe™ B
B SRR, R A A ERINTE 900 CRKERV/ME, HEMLLASA, SitA s ABAFIESATER
OFEMSBEE, ML AR AU AR . 30 H §F i oA R i S A R R s e A
HIN e 2%

FEEHA: LA AL, AW ARBEHE, BHaER; FAAMLA; £

doi: 10.11975/.issn.1002-6819.2017.07.028
FESES: TK6 XHEARRRRS: A

Hokdd, EiE, KB, BRXE, £ W, F R BEL/AEST B ARKTKMERAFRSEE SR V]
R\ TFE4R, 2017, 33(7): 213—219. doi: 10.11975/j.issn.1002-6819.2017.07.028  http://www.tcsae.org

Niu Yonghong, Han Fengtao, Zhang Xuefeng, Chen Yisheng, Wang Li, Xu Jia. Performance improvement of steam gasification of
pine for hydrogen-rich gas with dolomite catalyst modified by bentonite/limonite[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2017, 33(7): 213—219. (in Chinese with English abstract) doi:
10.11975/j.issn.1002-6819.2017.07.028

XEMRS: 1002-6819(2017)-07-0213-07

http://www.tcsae.org

0 3 &

AP FUK R B R e RE T EM
OB, JFRA T 2R, b fod R (5
Sl ORI, AR R B A A T AU 4
2, IXAMERRE 7RI SERR R, SR 7 EOR )
BRI, A RGRSAT RN, e AR A DGE R
TIRBERTS R, B B AR B B A R

BRI A0 R A R AR T BE R R, (E A A%
B BHA G PERRE. O s A MR TR
AT, HLE R £ B A R T g, HL 2R R Sk
AR A A TS, R e LR 2 A 23 It A 5
KW, Fe AT SEm AL RIRI R AL S, SR
FIELRTEA, SR PURA MPURBRAE /T, (LML
FLEFI RTINS, JCHA R TG RIS A RE s, et
AT 0 S SE M R R S M, R v K R AR 1 e %
PECTU, St R AR AN AT D 2 R 4, B H AT ROE
s AR A SR BT R A O BT 1S B L i

Weks HIW: 2016-07-07 &7 HIH: 2017-04-05

FEWH: WENREANE G SR T E (01850401); WEEH HIREE
EHIH (2015MS0106); HWEERHERZ R AR GIHBE (2015138;
2016065)

fEE TN Ak, 55 QUG WNESHEWA, M4, 8B, FTMN
FAN A RBUEER AT AL NEERECRE L TR, 014010,
Email: yonghong niu@126.com

Mo Occelli Z# IS+ O X EKY) 5
FCC AT I A S AR I N PRI R B, 56 0 A e 4
AT, (EAEAERALRR R (1 B . Aldersley 2% [PIE
SCR J= 87 HHiE B il - B AR U1 SO, ek, @ids
TPV A5 Ak B A B 3 A EH -

X A B S HUEREAL, SRR ZE, KA
AR, RS — e EmEE M TIEN H oA
P, B AY R KRB SRR, SO SR,
AT AR ZE 53 R il ) B AR e oAb B AR AL, B8
ZMEAL T E S R LA RE

1 RS

1.1 R ER

TG R IR 3 I AA A 8 S Sk (= B A Sk T 5
AT Wl 1a iR, FAARE T ESAIRERTR
F KL120 ZUek Lk e (B 1o fras, 3 R IR AU
JoHED , ETEE SR AR R, b KR
5, JrAR RS R A k) A ER ., Bhik A4 4 mm,
K25 20 mm [P ERA AR RIEVE RIS 5, 0k
FEZ) 1200 kg/m®, Wi 1c Fizn, IR aHr M Tk a4t
IR 1.

Ho Ak EEEEET kT, 5k ok
ZNBE2) mm H =AWk, E B B 800 C B ke
3h, HAETEIRTE AN EZHE A, B 2a M
Ja A A AL, JBRERT IR 4 BT e 2 Fis o



214 Ll THE2AH (http:/www.tcsae.org)

2017 4F

b. JRIAL
b. Pelletizer

a. FARJE

a. Pine sawdust

c. MAARIRREE

c. Pine fuel rods

B AYRARAS K

Fig.1 Experimental materials and device for biomass gasification
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Table 1 Component analysis of pine fuel rods
- . o Tolksrtr
JEE T Element analysis/% Proximate analysis/% (B

[E B e QLHV/_1
Cw Haa O Naa S Fixed Kkﬁ Koy (Mrkg)
Volatile Ash
carbon

50.54 7.08 41.11 0.15 0.57 17.16 8229  0.55 16.89

e ARAEEBD, RS RE PN, 2N
Note: Moisture content of industrial analyses is less, which has less affected in
the process of steam gasification, so it is negligible.
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a. Dolomite calcined b. Modified dolomite catalyst
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Fig.2 Catalysts calcined samples
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Table 2 Component analysis of catalyst materials
%

JE R

Materials
R ek FeO  Fe,0; Si0,  ALO;  CaO H,O
Limonite 4033  0.64 5694 1620  4.01 1.15 3.8
B4 NaO  MgO  Fe0  Si0,  ALO;  CaO0 K0
Dolomite 021 2202  0.18 12 0.5 305 021
gL g+ Si02 ALOs  Fe03 KO MgO  CaO MnO
Ca-bentonite 6174 1608 3.19 100 319 501 029

I ARG BEE A FERE A AL, HEERS Y CaMg[COsl, Mk
RPN CO, S hE, BIFE SR/ T 100%.

Note: Component analysis of dolomite are slightly different because of their
different places of origin; Main component of dolomite is CaMg[COs],, while its
total content is less than 100% for no content of CO, shown in table.

H5r 53 Hr4#E Data analysis of component
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tar device 10.Drying device 11.Cooling device
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Fig.3 Experimental system sketch
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Fig.6 Vvolume fraction of CO, and CO with temperature changing
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Fig.7 Volume fraction of C,H,, with temperature changing
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Abstract: In this study, we adopted steam gasification of biomass, and pine fuel rods as the experimental objects. We used gas
chromatography and Fourier transform infrared spectrometer to analyze components of gas and tar change during the process
of gasification. We also determined catalytic performance of modified dolomite (bentonite as the carrier, dolomite as the active
component and a small amount of load limonite) as temperature rose. Our experiment results showed that, high-temperature
made steam gasification of biomass intensified so that steam reforming reaction intensified and thus contributing to H, gas
volume fraction in the overall upward trend in the gasification components, but hydrocarbon gas volume fraction in downward
trend. Gasification gas carries gasification tar into the catalyst layer, which makes tar catalytic cracked, promotes steam
reforming reaction intensified and thereby changes the composition of gasification gas. Under the condition of steam
gasification with modified dolomite catalyst at 750 “C, H, volume fraction was 45.77%+0.23%. Compared to hydrogen-rich
action of catalytic and non-catalytic conditions dolomite, gasification temperature dropped to 100 C. With the rise of
temperature, modified dolomite promoted the increase of carbon oxides and hydrocarbons volume fraction, but hydrogen-rich
degree weaken. The calcined dolomite contained MgO/CaO as active ingredients can cause the long carbon chain cracked in
aliphatic hydrocarbons, conducive to the production of radical hydrogen ion, and be helpful to generate hydrogen. When Fe as
a promoter was used, it was activated to Fe'' by high temperature steam, and converted to Fe*" after promoting tar cracking.
Modified dolomite not only promoted the scission of carbon chain length on the hydrocarbon side chain and the formation of
H,, but also promoted opening reactions of aromatic ring, decarboxylation and dehydroxylation reactions, thereby making tar
after pyrolysis easily to be converted into small molecule gas carbon containing, which helped to reduce the production of tars
gasified and improved the gasification efficiency. The catalyst active center Fe’" decreased at higher temperature, which made
the gaining weight of homemade catalyst after catalysis reduced to a minimum of 900 ‘C, but compared to dolomite, the
change of color and shape of modified dolomite between front and rear catalytic was small, which reflected the mechanical
strength and surface area carbon optimized. The catalytic activity of dolomite was secondly to nickel-based catalyst, but it had
potential economic value with cheaper price. In this study, we compared to steam gasification of biomass with dolomite
catalyst, explored the catalytic properties of modified dolomite, which would provide useful information of dolomite
modification method and studies of steam gasification of biomass. The purpose of this research was to promote the use of
dolomite catalysts, and our results showed that they can be used for the treatment of tailings and to deepen the study of
biomass steam gasification.

Keywords: catalysts; gasification; biomass; pine fuel rods; modified dolomite; rich-hydrogen gas; tar



