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The formation of ammonia in entrained-flow gasifier by using
model compound fuel combination
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(Key Laboratory of Coal Gasification of Ministry of Education, East China University of Science and Technology, Shanghai 200237, China)

Abstract: The coal nitrogen-containing model compound pyridine was added to diesel oil to simulate the existence
of coal nitrogen. The gasification process of this fuel combination was taken in a laboratory platform of opposed
multi-burner gasifier, which gasified temperature approaching factory. Effects of the ratio of O, to carbon on the
yields of NH; and its formation process were researched. The results show the maximum yield exists in the 0,/C ra-
tio of 1. 05 ~1.97 m’/kg. The fuel combination with the highest nitrogen content gets the lowest yield of NH;. The
carbon conversion and gasifier type also influence the yield of NH,.

Key words: model compound; entrained-flow; NH;; opposed multi-burner gasifier; 0,/C

TopseeR M, AL RO R > N 2 5e4b o NH;, a8 35X AL R Ge i Sl 3]s e ok ™
EYIE. B R N, (R L E 2 204 e A . BRI, b R R LA nE
M R IRAEAE S, R TR S S 2%, B BB ST b U0 SR LB TR M, 1T 30 LA o 2
RN ES AR B S WA TS E’r‘uﬂ$ AIHEBR— S E ER N R TIE. EANAMFZ I E S
Ve R & ML ST T R SCIBRSE L GRS T AR P e R S AR R, %
R %?Ai’ﬂﬁﬁﬁ$%%é"ﬁffﬁﬁ”%/*% SR RIS 2255 O ar 28 P ERU
RO RE R . AR X RIIAT TSR s LR RS T e BOR 220, HAP LA Tl <

Wi HEE: 2007-10-08  HEHIE: WIEM

BEEWA: KIL¥FEMOHE LRI RIS RIIH (IRT0620) 5 “ & #H 22 AA X Fritd” BE&EYHH (NCET -05 -
0415)

1EE®A: & (1980—), B, NS A, 984, Tel: 021 — 64252831, E — mail: c2021 @ 163. com; BEFR A FHiHE
(1966—) , 5B, HifRE A, #dZ, {1 Tel: 021 —64252521, E —mail: wfch@ ecust. edu. cn



1054 % % % #® 2008 4F5f5 33 3%

e R BT D

AHFFEAE PUIEHE X B AR R P L & B, BT R APERT NH, AR BRI . Se5 vk %
TEZ 5 ] 200 A AT S0 S R EAKRERR) 35 SRR B AL A M BE A A A T A2 OB AUk T DL
S ROEERIRATAEIGE, SRS 1 28O0 SO AR A T8, e e 1 A PR RIS S 6 P DR X

1 ZEWHS

1.1 XERESEE

SR T A AN L 35 SRR EAS [R) SR EE
AR O NH, R 0R. SR R
B 1 Bos, IREME IR (52 A -73004
-00) FTABIHENIE, MRIGITHEmIL, A
(m’/h) 2SI TR A BE W A 5
H, “HZBYEEEBAY 1, BERE ek
A, 50 P A S PR TR R X .
FORE Py S s Ja k2R & 3 vk HlE, &
A2 R E I E AR E A RS AR

0O,
A IB Ar

(R RGE IR TP . TRBE. R
L2 EESHTE Fig. 1 Schematic diagram of experiment
. 1.
1—5 b 2——A A T 3— PR HIE,

SR BORE B K4 AU S TR AL,
AR TIAL AR 6 A A IBORE AL IBCURE , KR
T A OO SO S, BORE 30 min. WRORCE TolkoKig BV AR SR T 2 ALE M, Al AR g
BRIV S Tl NHy 59 IO T 8 5 @35 (2L NHY B 0E R0t idiob o s AR R 3R 1 3
W, WU S T S e — B AR 1,80, . Uy €O, H,, CO,, CH, i 5 {XAEL by
SEREE AU WO S AT AP A AR IR A, U8, A pH BN TS, FERTINE AR, MBI P
IORERL BT, SR R IORE o3 M R GEREA T R AR I, AR R B R 2R, AR T AU v BE K T B
MRS 2 T ARSI NH, 92 R DU b RO ST
1.3 &M

T 5 e A S HLZE R A — R 0. 5% ~3.0% ", SXe 5y IR R ik 1. 0% , 1.5% , 2.0%

£1 BAMETEESH 2.5% F1 3. 0% HF ik BE B A ST h AR 9 TR G HRE, A0k
R, S AR HE A S 7 8 s ~F- T i J3E L2 2.

4—RRAG S— AN ; 6——UIRTIALBIAE

SRR i w (C) w (H) w (N)
SR 0% IRE 86.36 13.11 1.07 R2 AEIEHE X R B F R E
TR 5% R 86. 40 13. 08 1.64 Table 2 Relationship of O,/C and nozzle plane temperature
BA 2. 0% HIREL 85.45 12.95 1.91
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SE3.0% [k 83.87 1257 3.21 w(C)

s h 86. 68 13.72 0.30 I 8 S T 8L/ °C 1236 1329 1393 1478 1571

2 ERAERSITE

2.1 SREREEXS NH; &S00
K2 Oy NHy Az B3 BE AR LE A8 4, mTOL, 4AURR LA NH, A= iR A BORE R, 7R AR L 1. 05 ~



559 1] B 8RR RIEEME S YR SR R R U A NH, A 7R 1055

20 o 1.97 m*/kegfti[H P9, NH, 7k B35 (g BE e ke, 76 4Bk

o 16} LN g 151 I 4 FHRE GO NH, A2 i s B R, 4B L
w12t - 2.5%N BEARRAN T NH, A AR BRI

= O BRI IR BB TR, LA T 2B A LS

Z .l A e 2L, SR I B T B I B A% A R

P\ =1 T REFITFI Y SRR NH, B T 3 A

TR T T R O KRRREER I G @

EOL i) 5 AT 96 45 HE AT e A I 5% o R —

B2 AL NH, ARG R Bhfl; @ AR NH, i EEAS (NO,, N,) k%

Fig.2 Effect of 0,/C on NH, yield ratio LR

2.1.1  BRAERR LA NH; A2 R A2

A O, B P AR R R A . A LBy (I 1..05) , ZRAFOZBIRE]. HIER
HABER R IR N SR HOE d S e, R EREAR, O, 5, O, AR et B 244
DB s I, AU EEI DRI, Sl S ORI, WS SRR A AN TSI, RIMANRE
SEAME TIAN, ABKLE 1. 05 I WEHEF- b BELL IR LE 1. 97 WEIRZY 300 °C, ALIEHIEAR, R
AR SR o AU LU IS PRI Y. X SRR A N LD /b, AT NH A= Bk, CH, % NH, 595200 s
e R (FMEQ). Sk CH, B4R LR RN IE 3 s, AR LU CH, S5 S ARX B0, ARk
Thim CH, Uil S s 3 151 R, I3k CH,.

2.5 —= 1.0%N 55+ —=1.0%N 40 +
- 1.5%N - 1.5%N
X120 ~-20%N | 451 -20%N = 40T
= - 25%N | -—2.5%N >~ . X301
paley ~30%N | 4 B[ ~30%N iﬁ‘j 30p ~x LO%N S| rowN
210 S 25 o | Thew &, |1
5 O | 20N = 20— 2.0%N
05 15} - 2.5%N T | =25%N
0 . . - 5 . . . . 10 . . . . 10 . . . .
1.0 1.2 14 1.6 18 20 1.0 1.2 14 16 18 20 1.0 1.2 14 16 18 20 1.0 1.2 14 16 1.8 2.0
:VVE(C)% /(m’ « ke xg(éz; /(m3 kg™ XE%:; /(m3 - kg™ XE%Z; /(ms * kg™
&3 CH,, CO,, CO il H, & i kfi%k b1k
Fig. 3  Effect of O,/C on yields of CH,, CO,, CO and H,
A B A FALE S«
NH, + CH, — HCN + 3H,, AH = 274.1 kJ/mol.
TN )P RO S
1 @ 3,0 Q4.3
an—p =—7+alln T+a2T+?T +?T + Fy,
A, K, P68 T o ROl B, K
a, ~a,, Fo R, HAEWZES3. ®3 REFHEEHTHTEXRH
ZitE , W AE 1 300 °C B AH 2y Table 3 Coefficient of equilibrium constant

274 kJ/mol, K, =26 815, AJ UWLiZ i hy W 4 ap x1073 a, a, x10°  ay x10°  a, x10° Fy
J v, 7E 1300 °C e sl & 64T, Sk bt -28.2110 -6.8100 -0.7506 4.8066 —1.9313 19.7330
S 1.05 F101.28 W, CH, ¥ EF R 1.0% ~
2.5% , SEAXEGE, AIAEFEEZE NHy; SEkbbig ey, CH, S RIERER, X NH, B IHFE/E s
2.1.2 Ak ex NHy AR B 052

SR ELEL R, NH, A2 R E B2 N 2 5 P Q MR BRI FERem ARt (4n 1.97) B, 5@




1056 % % % #® 2008 4F5f5 33 3%

KO, BRI ARARR L (0 1.05) W 2 ff. ARG, A ph v 5 B At SF- 45 45 B2 1 1] 36k
RSB ER RS SR LA i — A5 A R N, (9 0 R B AR

CO,, CO I H, B4R LRSI 3 R, SR 174, 1.97 iF CO, & KIEH e, BLA T H
F S B S N PRI S 4, TR CO, B i B Th s SR RE H [ il JE M FEAR NH, 972 co
FH, 7RG LA, B4R L s KRR, ©A DI RM ™ . NH, 9452 CO i, T H,
AFIT NH, A, B, WRBERAR NH, 40 St b, 7628 SRS AL R R K 1, Yk
W3 9% Bif, WITS NH, 452 60% . SLBsb B o, Bemn EURk Ui NH, A4 BORREAIE, T N, R A
B 1. 05 A2 0. 3% T2 1.97 2 0. 45% . AIRSURR HLI AR 1, kB2, (il T N ZeR iR se 4,
B N G, BT NH, AR SRR, AR (0 1.97) mF, midtE. SRR O fi
HBAy N ML B AR A B, TR O TR H [ s, £ AU ERSY NH, taeik— b g
9 N, B0 NO, M NH, A BRI
2.2 #h#it N 83t NH, &8RN0

R SR B BRI TS, A 9 5 O i 2 3 T e . MR AR 5 4 BT A 4
IG5 Ay 5 PR R AL R B R TR . b I 2 AT, R A R NH, A A AR, 3
AT X T 1% RS R AR, MENE S AR 5. 6% , MRBHR BIVER R, AL N ZRIR A 5
WEZL, IR NARPESE, AR NH, R MRE b S S s 3% i, mEnE & A 17% , 18
AR N ZRBR R 5 TF PRI 24 52 2 RO R AF T A SR ofr, NH, A R BT
2.3 BRI NH, 45 R R0

SR LLREAR , e P e SRR, A, SR LR I S 7 28 A B AL R IR 0 65% , % iy
F 5 BT RUC R AT, IR T AR h 20 13% R SR A7 T B eb. 1] DA% AL 2 1 e A 6
ZEN B APRRE I Z L, WEE N A SR I 2, T NH, (4 0%, G394, T
b AP R R 2 20% B g NHL ) ARBFSE TS NH, A2 AR TA%Me, 7805 B HER R N a0 e | 5
VEIE 15 Tl A P AR e 2500, TR . RU6% L3RR T Tl 52
2.4 SRR NH, 45 R A 500

AR SACN TIRREAL R TNA 2 5, SRR A R TR N 3G E BB NH, 9ZER. Tolk
HEFERIY, DU X B S A AGE T H Texaco AL BREEILRT 1% ~2% 7, AHBISH % NH,
HE I R i T R SN TR B R R A B S B 2 SR L T, R AR B NH, A R R R
GilGh

3 8 @

(1) AR FE I 5 A ASOR 55, O, wib, ONCitd BEAR, AR T35 N R MIRAN N 3% 1 25 ) e,
NH, AR AR, SRR R, A 1B e], (R P /U RO ANSE 42, CO, BYMEINAN Hy fY0k
AHITF NHy BB, 000 NHy Waga b, Sk N S in, (580 N 8RS m, AR T N
IHTERE M e R BRI . AP B R R NH, A SR B2 .

(2) HgmEnEEC A Sl rP AR AR, B Y TR P R E I SURIEREE , bkt 128 T4, 5K
B ARMHEGE TV Shr, BTl AR al Dyt — 2B A e b SR SR R P R A ML S A
AME R, n] o TAp A =Sk T ez il fe it 2%

S 3k

[1]  Takeharu Hasegawa, Mikio Sato. Study of ammonia removal from coal-gasified fuel [ J]. Combustion and Flame, 1998, 114,

246 —-258.



%94 B 8RR RIEEME S YR SR R R U A NH, A 7R 1057

[2]  Jukka Leppalahti. Formation of NH, and HCN in slow-heating-rate inert pyrolysis of peat, coal and bark [J]. Fuel, 1995,
74 (9): 1363 -1 368.
[3] Lee D Hansen, Lee R Phillips, Nolan F Mangelson, et al. Analytical study of the effluents from a high-temperature entrained
flow gasifier [J]. Fuel, 1980, 59 (5): 323 -330.
[4]  Amure O, Hanson S, Cloke M, et al. The formation of ammonia in air-blown gasification; does char-derived NO act as a pre-
cursor [J]. Fuel, 2003, 82 2 139 -2 143.
[5] Sudipa M K, Mullins O C, Van Elp J, et al. Nitrogen chemical structure in petroleum asphaltene and coal by X — ray absorp-
tion spectroscopy [J]. Fuel, 1993, 72 (1). 133 -135.
(6]  wWmudk. Mg, LB SRS ER SR (D], K. REHET R, 2004.
Chang Liping. Study of the formation and release of coal nitrogen in pyrolysis and gasification [ D]. Taiyuan: Taiyuan Univer-
sity of Technology, 2004.
[7] Houser T J, Mccarville M E, Biftu T. Kinetics of thermal decomposition of pyridine in a flow system [J]. Int. Journal of
Chemical Kinetics, 1980 (12): 555 -568.
[8]  Mackie J] C, Meredith B C, Nelson P F. Shock tube pyrolysis of pyridine [J]. Phys. Chem, 1990, 94 (10). 4 099 -
4 106.
[9] WuZ, Sugimoto Y, Kawashima. Catalytic nitrogen release during a fixed-bed pyrolysis of model coals containing pyrrolic or
pyridinic nitrogen [ J]. Fuel, 2001, 80 (2).: 251 —254.
[10]  pRdkgk. Ak [M]. dbmt: Ga Tkl ek, 2000 34.
Yu Jishun. Coal chemistry [ M]. Beijing: Metallurgical Industry Press, 2005 34.
(1] #scfl. APUE DR e () [M]. deat: el difirt, 1994 314 -335.
Wei Wende. Major organic industrial chemicals (Vol. 4). Beijing: Chemical Industry Press, 1996. 314 —335.
[12] ZRUIHE, Smed, Wadh. 27 @kE BaU Lo NH; A HON f9478 [T]. BURRR =4S, 2005 (4): 67 -
69.
Xu Mingyan, Jing Xiaoxia, Chang Liping. Deteramination of NH; and HCN transformed from coal-nitrogen by ion chromotog-
raphy [J]. Modern Scientific Instruments, 2005 (4): 67 —69.
[13] Hao Liu, Bernard M Gibbs. Modeling NH, and HCN emissions from biomass circulating fluidized bed gasifiers [J]. Fuel,
2003, 82 1591 —1 604.
[14] 8T, FEHE, B, S KREVREAESE & 7R HF b E il HON B0 NH, 9858 (1], A4, 2006, 31
(2). 232 -236.
Bao Weiren, Zhang Jincao, Shen Shuguang, et al. Formation of HCN and NH; during Datong coal pyrolysis in arc plasma jet
[J]. Journal of China Coal Society, 2006, 31 (2). 232 -236.
[15] Takeharu Hasegawa, Mikio Sato. Study of ammonia removal from coal-gasified fuel [ J]. Combustion and Flame, 1998,
114, 246 -258.
[16]  F3%, EHE, WAK, 5. Bl WECER [T AbsEdk, 1993, 9 (3): 69 -77.
Yu Zunhong, Wang Fuchen, Shen Caida, et al. Mathematical simulation for residual oil gasifier [ J]. Acta Petrolei Sinica
(Petroleum Processing Section) , 1993, 9 (3). 69 -77.
[17]  Wang Fuchen, Zhouzhijie, Dai Zhenhua, et al. Development and demonstration plant operation of an opposed multi-burner
coal-water slurry gasification technology [J]. Front. Energy Power Eng. , 2007, 3. 251 —258.
[18]  Tracy D Price, L Douglas Smoot, Paul O. Hedman. Measurement of nitrogen and sulfur pollutants in an entrained — coal gasi-

fier [J]. Ine. Eng. Chem., 1983, 22. 110 -116.





