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Abstract A nitrogen-containing model coal has been prepared from cellulose and 8-hydroxyquinoline
in a high pressure reactor. The release of nitrogen in the model coal, Ny formation and the role
of additives have been investigated in an centrained-flow reactor. The results show that three gaseous
nitrogen-containing products (HCN, NO, and N3) have been released from model coal during pyrolysis.
No is the dominant product. The conversion of nitrogen in model coal to Ny changes weakly below

1000°C, while increases markedly at 1100°C. The addition of mincrals to model coal can affect Ny

formation, depending on temperature and the type of additives.

Key words model coal; pyrolysis; Ny formation; minerals
2 2
0 B &

P 450 R A2 R - O, R
B EYBT RE R AL, AR )
BRBE A AT E N R T, A sh 8
AFIE SR R AE BB T2 P i L LR
A EPRAGE R R SR TR, 58 -
BAEEWIR AT, 7E & B ROV A2 R AR A
WAL R G EY, FAZREL ST
TR AR ST T B AR URIE B R,

RS E #A: 2008-11-24; #iT B £

2009-03-15

ESWMB: EBXREHRBERESFEHHE (No.50576071; No.50676076)

1 S50 AL Mot 2

1.1 BRSNS

PL8 - A R miR s R R &
B R UVE AR R &, BRI
MerE R A S bR, TR S 8- Bk e U
B 41EG. BSYRBGER N 2, RV EH %
He . DI 5°C/min MR ARE 200°C, FEZ 20
MPa {#5F 24 h 52 ZE. BUHE AR BETE, 1
1| 5 By SURL 490 A 2 U 4 Ik g 7 4 3 R R 22 I8 IR R

YEEEST: XIfAE (1963 ), &, EMEARA, HE, WL EENTRIES REH R



692 T B # ¥ B % #it 30 &

W& AP, Wi THRERITFENEEKSY.
v ] 75 o BE R A, 2 A A0 R — o B £ W A [T A

R, SMRERREE, HTFs "M6™ #oR, HooEs
PERLE L.

F 1 BEEPHITRS (db%)

Table 1 Ultimate analyses of model
compound (db%)
1192 C H N S 0
M6 75.82 4.76 2.30 <0.001 17.13

KT BATHBROER S P EARBS, X
BB G #HAT T XPS 74, /438l i & &
THELE R 1 BrR. RAERFATEHE A 398.52 eV
oA A EIEL, N ICHE AR RN A LT
RERIA (N-6)1") . B I a5 T I8 B A
MEBUE JE b I LA A WA T S 80 S AR
fBl, 2 HAE SO Hr T E K.

15007
1400
== 13004
'-;» 12004

11004 " il

10004

302 306 400 404 408 412
B T46he/ eV

P1 BITIAE B ¥ Nls 515 K o it
Fig.1 Nils spectrum and peak identification

of model componnd

1.2 HERREABARZERLETE
BAML G I RIRIE R 2 0 RSP EfT, R

HI SR 2 &Eﬁuﬁn%%{ PRI 1300°C SiAT A

BB I, AR U B BRI TR

5

LR 2 BAVEM 3. RREEMY 4. MiEGT 5 AURIR G
6. B IHL 7. HEEAT 8. U BIRRER 9. SRR MR
10. BN ERL 11 AR HTL

Fig.2 Sctup of entrained flow combustion and pyrolysis

5 B B R ATRAE T B, U B MK E 720
mm , EEHHNEASHNA 36 mm A 20 non , P4
4R A 99.999% WA B, HIE A 2000
mlL/min , f fﬁ%#ﬁﬁﬁﬂiﬁﬁ%&ﬂﬁj,ﬁf%%ﬁﬁ,
B —EME R AW, iR s
PIRRLE N A B S AR AT IR . TE RO I LA
Ptz 2R Fa i R R i, ol <L O
fae, WYL IR S EAE T I & T
T
1.3 MENEEE

K HH5 Bh B8 FAE A A DO AU 6B 1L
FH3F 2% Temet Instruments Oy 227 42 71 GASMET
DX4000 FTIR ZH 04, MR N2 Z 5
WA AT, ARG IR TR Na
W*ﬁ@la (R SE e B R R R 88, LD Ho 1B A

A, TR No 49 . AT TR
M ECH I AL R R, HE S, SR

LA B B ST R A Y £ AR
2 LRLIREG M

2.1 HCN RENHHIIRK

I 3 EILAE H, Ao R T, s S
Y= B T A S IR A R NH; L BR
T Np 2 4h, FEERNTESHTY L HON FAE A1t
8. Hb OCN 7E 800°C Z I K m, ¢ 1000°C
ZHETFEEHAEAAYE NO, M T 1000°C Z )5,
NO EARFRM, CEHAEEA(Y R NO, . HCN
HIRRIEE 900°C Z IGHEIRIE A s b Ak, NO

BE T B TFE T, NO, BEIE B FH e 18,
167 NO
144 NO
3] = HCN
10
> 81
2 61
= 4
71
(1 — : . : ———r
800 850 900 950 1000 1050 1100

i [t/ °C

B 3 HCN REE/SRER

Fig.3 Release of IICN and nitrogen oxide

Axworthy %A 2 7E/NELA W B 2 B 7S
FEU Mg | meRE. mMEnK DL KRR USRI S
AR, AR A SRR BRI, £ ﬁ#
IR 850~1100°C , 5 FEH, HCON ETEM

7. Houser FA U R RSB ) xf“%iﬁ,



4 # X%, ML THRWRBREL No BBt 693

fE 875~1050°C yEFE W fTHLIE # g, AP HCN &
MEBE ZR I ME— Y. Wu BN W FEFEE KR Y
9, DL 50°C/min gy NHGE ZE AR E] 1000°C , #H
BT R R 7 2 2 T 2 BRI S B v ok &
HIRERL SR, AP HCON B EEM & /7Y,
Lifshitz 25 A B BF97 7 g po s, 45 L%,
RIRE & A=Y 2 — S R ALy L rg [ R, A
EREU LB BT RY HCN , SRAMH T X
Yok i AL P R — R R R Y, B
HCN . Tkedals) #F3% T UHRE AT — B L 00 A A S A 0
7, &REMMERmS R, BRAERARE,
BREZKRENER HCN | 5 THER—F, X
WS AR & B NHs 9 RK.

1E 800°C A1 900°C #FRLM B NO WIELE, {HE
LR FEE] 1000°C AT 1100°C HyEHE, NO EA
R, B NO, £, XRERMERENTE, £
R NO gt — 8L E R, KIHLGE, BFREA
RAN N A E Y RIERMR TR 5 HER I
FERRpEE ., T, BRI REHEEREAR
iRy, RAOFBNER A ER. XTF
B B NO fRB, MCHHERD, H
Ralfl”l #3237 200~600°C i E B AH 1.5%
FIBRE R L A G B, A8 LA
800°C VA b, A A E LMW A G AR, HibE
TE 3.5%~8.1% 2 [d].
2.2 #BEIEP N, HERAE

& 4 &5 RBIAIL G Y RIRET Ny B9RERCHRZS,
ATUEL, ARERMHEHE, N, BWERKBERER
K, BBLE ] Ny EALRELE 10%~20% 2 1], {H2
FER T & F] 1100°C B, AWM Ny B REE
53.5% . MEHATLUE H & R R i T, SRR
A Ny bR m, MBI B e T
X, HEEMITMHFRPEENS, N, Wi
A E R M S A B R . A XL R
KB, FERMEETE 1000°C LU FRIBHE, Ny B

601

<

800 850 900 950 1000 1050 1100
i /°C
B4 SEUESYNER N sRK
Fig.4 Release of N2 during pyrolysis of model compound

B ARK, YR RE A EF] 1100°C BIBTE, N
BB R HRIE I K,
2.3 FYEX N, £RER

B 5(a) ATLAEH, NaCl 28 AMEE X &K
T No B4R, 1000°C BFEAIEEAE. CaCly
1E 800°C #Mii] Np B4, EHRBEEHME N2 &
A, VEFARHBABEE 900°C . FeCls 78
1000°C Z B #S (R iR AL 1) N #54k, Hi 900°C 19
VeI B, (HREMEREASZR 1100°C HRHE,
FeCly MM No B9, Wu % 1O iRk &
YR ER N 3.0%wt B9 Fe Al Ca, 7E 1000°C RS
WA, Cafl Fe #EHETRBA N Ny BFE4L,
iff A Ca F1 Fe AEMERK, SACHLELER
fREEE. Ohtsuka ZA Y s &8, 7F 900°C
MR, Fe METET LSRRI Ny Y5438 A0,
Tsubouchi % O fERFFBELMF THETH 2R
Xt Ny ERHIE, KBRS RERE AT 850°C
BRI 46 B (R Ny fU A, X 540y LIt
AR, FRHEITA N X SR 1 28 AT IR
HRFEHEN MBS EY, X R e L
WAk 2 SR INE N BIBEBL.

M’ 5(b) &4 Xt No Bl @ %

701
N —o— M6
%] W 7
N —a—M6+CaCl, T
507 —o—M61FeCl Aty
2 Pre— o
Z'30 A
K v o -
—= 20 A -
i o
Z10{
= B

800 850 900 950 1000 1050 1100

i ‘:‘Z [?C
(a) EiLY
(a) Chlorides
X707 M6
w601 —* M6+Na,CO;
5 o] = M6+CaCo;
T3 o~ M6+Fe,0,
\5’40-
1301
201 — e
= 10
B 800 850 900 950 1000 1050 1100
JH;#/O(‘
UL/ 3 /
(b) AV
(o) HA
(b) Oxides

B 5 &9 SO EERAL S MR Ny B 2
Fig.5 Effects of minerals of Ny release during

pyrolysis of model compound



694 I B 9 B % W 30 &

Xt T Nap,COs T &, BRA#EHE S NaCl MR A A
ft, HE7EBANEE KA Ny BRACHY 1R #VE A 5
BB, Fe,03 Fi CaCO3 7E 800~900°C {3 Ny HY
AR, {HZTE 1000~1100°C HIE ZME T 808 & 1A
Ny B1¥e4b. A WARTE B4 T SRR R R N,
B EAEY, SREAYTTRASESRS
{FTIHRARET Ny R, EHi, EAEMESRE
0 IR 5 40 W KR TR R R AL R B 0 o £
AR AR, SRR A AR L.

3 & w

RPN RLE, FFGEEM 8 B
WHCLE 5 FE TR 28 R R T 5 I e 7 S B MR,
w1, R GRS W R RS T
WOV AT A, EESER T

(1) AU 8 - B IEMEM AR [ I 8
AT LAG B TR IR . b2 24 T R T BT
AR R & .

(2) S0 2 T HETRLAL, 2 49 e H Y E B
SEFYHE=M. HON . Ny ALY, EF N,
B T B, BT 2 M B T B
W,

(3) B IELL S A Ny HIEEAL IR
K. FREAMET, £ 1000°C ZH1, Ny giE®
MR A K, HEST 1100°C , #REHEH N,
ENES T D

(4) ¥ DA 5T DA SR AL, B At R SR L
Ny BB, (HERAGTHSRENY (RmsE:
R T N, AR

& F XK
(1] XUHAE. HR / BARIER S RILEERERI (M

TR R PERSGE K, 2002
LIU Yan-Hua. Investigation on the Forms and Their
Fates of Coal Nitrogen/Sulfur Functionalities: [Ph.D.
Thesis]. Xi'an: Xi‘an Jiaotong Unversity, 2002

[2] Axworthy A E, Dayan V H, Martin G B. Reactions of
Fuel-Nitrogen Compounds under Conditious of Inert Py-
rolysis. Fuel. 1978, 57(1): 29-35

[3] Houser T J, McCarville M E, Gu Z Y. Nitric Oxide For-
mation from Fuel-Nitrogen Model Compound Combus-
tion. Fuel, 1988, 67(5): 642 650

[4] Wu Z, Sugimoto Y, Kawashima H. Catalytic Nitrogen Re-
lease During a Fixed-Bed Pyrolysis of Model Coals Con-
taining Pyrrolic or Pyridinic Nitrogen. Fuel, 2001, 80(2):
251-254

[5] Lifshitz A, Tamburu C, Suslensky A. Isowmerization and
Decomposition of Pyrrole at Elevated Temperatures.
Studies with a Single-Pulse Shock Tube. The Journal
of Physical Chemistry. 1989, 93(12): 5802 5808

[6] Ikeda E, Mackie J C. Thermal Decomposition of Two
Coal Model Compounds-Pyridine and 2-Picoline. Kinet-
ics and Product Distributions. Journal of Analytical and
Applied Pyrolysis, 1995, 34(1): 17 63

[7] Képsel R F W, Halang S. Catalytic Influence of Ash El-
ements on NO, Formation in Char Combustion under
Fluidized Bed Conditions. Fuel. 1997, 76(4): 345-351

[8] Wu Z. Sugimoto Y, Kawashimma H. Effect of Deminer-

alization and Catalyst Addition on Ny Formation Dur-
ing Coal Pyrolysis and on Char Gasification. Fuel, 2003,
82(15-17): 2057 2064

Tsubouchi N, Ohshima Y, Oltsuka Y. Effect ol Alkaline
Earth Metals on N2 Formation During Fixed Bed Pyrol-

(9

ysis of a Low Rank Coal. Fuel Processing Technology,
2004, 85(8-10): 1039-1052
[10] Wu Z, Suginioto Y, Kawashima H. Formation of Nj
from Pyrrolic and Pyridinic Nitrogeu during Pyrolysis of
Nitrogen-Containing Model Coals. Energy & Fuels, 2003,
17(3): 694-698
Ohtsuka Y, Takashi W, Kenji A. Char-Nitrogen Function-

ality and Interactions between the Nitrogen and Iron in

[11

the Iron-Catalyzed Conversion Process ol Coal Nitrogen
to No. Energy & Fuels, 1998. 12(6): 1356 1362



