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EFFECT OF MINERAL MATTER ON RELEASE OF NO
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Abstract Chars prepared from coals treated with concentrated acids of HF and HCI to remove mineral matter were
combusted under programmed temperature and isothermal conditions. The results showed that mineral matter in
coal char played an important role in the conversion of char-N to NO. Alkali metals Na and K shifted the
production of NO from char-N to a lower temperatures and inhibited NO emission. However, Ca and Fe increased
the conversion of char-N to NO at a lower temperatures but decreased the release of NO at a higher temperatures,
which implied the importance of catalytic condition and the complicated mechanism of NO formation and reduction.
It was demonstrated that inert mineral matter in the char enhanced the conversion of char-N to NO. The net effect
of mineral matter on NO emission level was combined effect of many components in mineral matter. It was also
found that char-N conversion to NO increased with coal rank and NO emission increased with increasing
temperature to maximum then decreased at a high temperature. The effect of mineral matter on NO emission

depended on its relative catalytic activity in the oxidation of char-N to NO and reduction of NO by char.
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1 xRHae

L1 ¥ENE&

TRTABEREOBE. AREK. THE
B RMRITEE. BULE AMEBE. o, &%
B2 0.175~0. 246 mm B4}y, Sei5 MRS B B MK
hREBRT YR, AEEFKREEFHAX Cl
i, F110CTH 24 h &£H. FER—EENE
BHBT WEE, EAEFILKIBMSE (HE 50
mm) FF 950 CHM, B4 N, FARMLR, |
EHEREN 4L min~!, FEEZEN 10 °C » min~!,
AR 4% B B} [E) 30 min.
L2 ¥EMGH

4 Fh B AR R B ) 2K AR B Tl S AR A
TEAVWMEL A, FEPTHTYRERED%
BT HET R AIEHTHT, A TETRETY
B EHASHEMER, BV YREHIULSREER
WX E (EKEK FHRENEESBERS
(2. AFRITH, FRELEMGET Y REEE
MNESEE -EHRER. 950 CHRMHEM DR
BALEONSEHUB L TRV UREEE (45
HF2.07% M 2.55%), ERAROBTHTYRA
BRI EERSBHAAELRS. THREER
BEEMNN SBEOER TRy WEEEE (GFH
1.47 %98 1.79 %), BHEMEEME R CHEKESN
R EMRTWREEEZE NS EEARR
AAE.

Table 1 Proximate and ultimate analysis of coal chars

Ash/ % (mass)

Ultimate analysis/ % (mass,daf. )

Sample

C H S N oo
Longkou (LK) 13.20 92. 58 0.73 0. 44 2.07 4.18
Wulong (WL) 13.92 94. 56 0. 69 0.79 1.74 2.22
Xiahuayuan (XHY) 37.28 93. 86 0.68 0.75 1. 47 3.24
Yangquan (YQ) 11. 37 96. 00 0.73 0. 30 1.27 1.70
LK-deash (LK-de) 0. 42 92.90 0. 68 0.39 2.55 3.48
WL-deash (WL-de) 0. 89 94. 73 0.70 0.51 1. 69 2.37
XHY-deash (XHY-de) 4.57 94. 21 0.73 0.52 1.79 2.75
YQ-deash (YQ-de) 1. 02 95. 33 0.73 0.23 1. 26 2. 45

@ By difference.
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Table 2 Analysis of mineral matters in chars/% (dry basis)
Samples SiO; Al O; Fe:0s TiO: Ca0O MgO K0 Na, O
LK 7.63 3.10 0.52 0. 07 0. 69 0. 27 0.11 0.59
WL 7. 66 2.52 1. 92 0.12 0.51 0.10 0.24 0.08
XHY 18.24 12. 04 2.22 0.53 1. 45 0. 26 0.23 0.16
YQ 6. 77 3.29 0. 20 0. 14 0.12 0.08 0.23 0. 09
1.3 #4eFBaH
%%EE‘J K. Na, Ca, Fe E‘Jfﬁ@ﬂ‘.ﬂ(f&ﬁ'—ﬁ 120
—EBRMBORTYRELERS, FAHAEEEL T A LK-de
BRZKar, ARG IEHBAE LR TRk R L = i
850°C. ML MMM AL A, 18 B S RAE AL < wf »
R, 0

1.4 MEERBSHSF

FEMRRERZFTEASIE (O, M1 A, B
. AEBEKRRER. @KoM 4Bo4A
B. AXBEEKRKRMEE (I.D.15 mm) HHhRE—
REGEFERIEYE, REMTHEBEAER
B MR, RPN EREARIS
{0 (KM9106) #ATTELR A TR M, = [ 6F W E
NO. NO;, CO. O, HR Ik E L1k,
1.5 XRAFZX

¥ 200 mg (daf, TAKTEKE) K& S5HIEA
EH2g ARPREEHIBEANOARERNE, TR
FARABRERZGTHITRELE. OBRFARR
$e. ABEEN 5C - min™', BRESEN O,/Ar
BE&SK. OEBRAL: € ArSA&YPT, BRM
BAZERVRBBEEE, €A SUHRRA Art+
O BAESKFTERAELE. @A Ar Ml
O; Mt LB RRESES O, WIKE, LHTA
MO, WETHREXK. BdXRED NO KR
WK ER S ERXR, REX NO WKE S
B FHTRS L, FHESHEIHRESRD NO KHE
HE. FEEX NO MHELE Rov=my/ my, R

T omy KA ERBE A R NO LB RER, muh¥
ERKEEE.
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Fig- 1 Effect of mineral matter on NO
emission under programmed temperature

combustion of coal char
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B NO &g BRERRE ONEER 53] K 570
M628C); QLK MBEHERIR, LERREKR,
NO ®RERATER, M LK-de REEFEE, NO Kk
HWERME (4510 610 fi1 701°C); @ M
EE, LKREREKN NO REHEMTF LK-de
BENOMARE. THEMEE (A1 (o] 5o
BWHEDT Y EX T NO Mk B ¥ A —E ML,
B~ B A0 4 L £ AR 4 NO R93& Hh 3R m R IR B
. ARBEMHRALEES L EHAELERR
LA (b F (D], RN BKEEER
ENOFHKBRUMBEEAMA, BEXIHNEAR
K, {ERBEIE B R AR A NO W BB K %
BER, mAFEREKRK. Bit, BLeEdpy
RN TERERE NONBRABRNEZEWERRB
K, IBRTFIYPHRHARANSE. ETENLE
FR AL BT YRELEABRCNERNERE T
FRARBEEREIB P RET PHRA ST NO HE
)5 qivp-A.
FERAFETRAITHRESFERKNRZ S,
ERBERGT O, A HEEK, NREFAES
PARE B R B AR B, NO, NO Byi% 8 fe s T2k
EHEREIRE, TR, RERAURRBELER
EAIN T NO MARIF . BBIEEURBHE
R, %52, NOWBREEESRBEARNEALSE
X, BRESBEHERT O, i PERER NO Z 4
FNTEHFEEELELAR NOKIRE, HIEEO,
FEMEZFGT, O, YL E NO BB A 85
MEHERS, MEEFTYRMEFERLERN
FALFRERIE NO MR B RS T #47,
T YA NO B MW I E T9 ¥ RE— &R
18 F A% T X LA B AN BB W B AR 6 DR/
Char-N 4+ O, —NO (D
2NO+C—N,+ CO, (2)
o OELENT YRIEEAS T T RERENE
b DRBL (D] BEBHELER, # NOMRE

AR T #47, RN YR TEELE NO KR
B [RBL (2)] BAEBBREILER, AT REE
FEMPERB I NO B>, R3IQMTAFRBRE
O %RETEFABRRELERM NOMEHLE
(Reew). WTLAER, EE3IANMARBRE O, FE
(7%, 11%, 20.9%)> T, BOREEERKB NO
HARHETRKELE, mEA 3 HREELER
MR TRKELE. RSETLLEH, *t
FR—FERiE, BEBERRE O, RENEM,
NO f=2 g /b, Ik O, ¥ E R ImEER R
NO WBE 73858, B O, WEM MR (2) &
RFER. LEAFREG KL ERE NO K& 1%
BLATA, O EN NO =REK, HAKYE
ERAMELERE, HAWMEKEE NOH&F
e, RALERANELEREROGBATT
.

BEE L AEMBERNITT, LERE LWKEZE
E, AMUAFTF O, Bikdfk, WA KLERR
NOWRMNEBRGAEHMER, ATIESHHERYA
SRR EREER NO MHEBRERS, A
MR R K.

2.2 HEHERBEOWR

ERLERBRESRMGT, B TREBEERK
(<950 CH, JLFAHEBM NI B NO, HRPH
NO EARRE TR RMELS . REMNRER
EHYEFHARZRMXRNE 2 fin. AMER
700~900° CHRBEM G R LIE L, F£EFE 7T00CT
Wb, NOWAEBRFERME, ZE NOWHHERE
IRBEIRBE R3E g n, {HiXBRKMERE NO M4
REREREME MR TEAD. B4, AYHBRERF
AEAMERREBRAOELE (R3HME2) 7
H, BFEARKZETERERESE S NO WHIKE
EETERT NOWHBE, Wikl TRERRA
i NO My HEBOR .

Table 3 Effect of mineral matter on emission of NO during combustion of chars under

programmed temperature condition with different O, concentrations

Reen/ %

0.1/%
[0:1/% LK-de LK WL-de

WL XHY-de XHY YQ-de YQ

20.9 6.3 2.7 8.5
11.0 6.8 3.7 9.5
7.0 © 5.9 4.2 9.8
average 6.3 3.5 9.3

10.9 6.8 12.3 10.3 14.4
12.1 8.8 12.6 11.9 15.9
12.9 9.9 14.5 11.0 17.7
12.0 8.5 13.1 11.1 16.0

il b 1]
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Fig. 2 Effect of mineral matter on conversion
of char-N to NO under isothermal

combustion of coal char
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FRFHRM AL, Bt rT LR, THREEET
YRR R T XL R NO BB 87 HE &

BALTEYE, sk AR m NO ME; ALK
YESHRABLENTYRYEN T EERELN
NO, WHRERF YEFH Si. Al ALY S R4 5
X £23R R NO i R A B4 AL

A gk e NO W 7= SR BE IR Pa iR BE B4k 52 £
R NO #5718 18 R 18 T B 3498 B9 F i HL 3
ARIFE XK. Teng H VK NO-FER I MBIR R
B, R FTHEERXRE NO WEERME, BE
63~88 kJ + mol ™ # 5 Bl P4 i IR BE 14 3 i 34
BRTREMERFLEERR LA IEE
(180 kJ » mol™). Suzuki &3 O, K/ T E
EIE NO MBI £, O, X FRERRE NO MR
MAEBBMEHER. KRBT O, 5EEMALR
BEFERE LR T FENKALEEY CO),
CO) fEREHMESE NOWEER. BEREN,
C(O) 5 TFTHiM, f O, ¥ NO i&J7 i {2 2 1E Fi
AN BRT, ¥EXRENOKMERMIERNOHE
HEEEER LM CRT, RNBREAER CO. B
L, RBTHTERERE LM CO X NO B#
MEFRER, NOMHB#EIH. BEMIERKX
WCO) WM BHIER, T NO EEHRFE
XECHREFHRMAABRZ, EHit NO M A B
. BREMND —-EHNEE, NO BEH#K
YEEHMCRETFHRNNERIES, MASE
TAERENO MRMELERS, BEARBER
AHBIF NO LR,
2.3 fi$ Na, K, Ca, Fe 3 EpyREs

HE2AN, EROTYRARTHESR, 2
AR FEE, UBEHRAS SIO,. ALO, AFE
B4, BINERAXFENSARFHRILERNBS
JENa. KW &R Ca IR ESR Fe T
M. ATHRELEREN NOAREELWHT
YR, &£ LK-de L4 5B, 1% M Na. K,
Ca. Fe, REAFNH#TEFARMEBREELE,
SRR ME 3 Mk 4 P,

HEFABLRE (H3) ATLUAHR, 5 LK-de
HIREEHE, BEB Na. K T L ERBRE,
ff NO fi i FHMK IR B8 3h; MM Fe. Ca ¥4
HBREE EERTF I REAMGT NO FFiGR R
HERNBEY T 8L, XUERKRERET
Ca. Fe AREMEfL YR EIL, BRE Ca, Fe f
LR 4 £ NO Ry e (E B B K, RIIAELR
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Fig. 3 Effect of Na, K, Ca, Fe on NO emission
during coal char combustion under
programmed temperature condition

(5C *min~!, [0;] =11%)

Table 4 Effect of catalysts on conversion of char-N
to NO during isothermal combustion of chars
loaded with catalysts ([O;1=5.4%)

Tempe- Reen/ %

rature/C  LK-de LK-deNa LK-deK LK-deCa LK-de-Fe
700 7.16 5.16 5. 67 9.78 7.35
750 9.18 4,53 4.18 8. 54 7.51
800 11.17 4. 80 5. 56 5. 86 7.59
850 11.90 5.02 6. 14 4.13 7.18
900 7.40 3. 40 5.70 4. 10 5. 30

BUARAR FRESBHARNYE R P EEEL
2 NO.

EREE (&4 W, KEAT Ca, FextF
NOWARHARHEMES, HRE TR Ca, Fe
AL B 2 R R e NO 7= 2R B BB R. 1EE ETI
LRI EN, KR T Ca. Fe Xt F NO-2f£ K R
HALERRS, BET Ca. Fe Xt FREFEE NO
BN E B E . Hik Ca. Fe EARRR
ETFxEEREAN NOWEAARF. W Na, K
EAZBOREEEARK T EERE NO W
1L 2.

M AR R P LR T LB RE S
FYREMT NORBREAENEW. AEX2THM, &
NEFYRSENFTEAREIEERERE Nafy
EEMAMERE (Na,0X0.59%), Y HE+HH Na
AU EERNEL [RE (D], XFEE-NO
R [RR(2] hHBRMOBEIER, XR2RE
A M PE NO B3 BB il K ™= 3R B B K TR R B¢
ERpENIRE. AREEETYHE S Fe WEEE
B (Fe,0; X 1.920), HEEL£ERBRFHRMER
BEFATHRBEREBHELEE, TERETY
BB R ST R T Fe WELIER, WFTBERD Y

i Fe WHERS5XERBHN Fe AF. T
FEHEEER K, Na, Ca, Fe W ERBBRE, &8
2R K. NaWEAMIERATRESBE IR FE L ER
MR B NO KR R A FrkefK, HERXEER
HoWEwEERBREEERNEZLERER, BRiE
BESERBE T Ca. Fe MREM (2) AL IEH
K, HREEEN NOARERTHRKELE.
FRREMEELET YHE+ Na, K, Ca, Fe FiEH
HuWEBEBEME, PEN NORENEwWELR
AILURSS AR RA e m, JREEERE NO K
[t Su = Y-

3 # #
(1) BT YR T4 AR b B b AR

A NO W EA —EHNE W, WLB Na,
KELEERNKRBEL, HOHEERELRE
B NO BHERK, Wi Ca. Fe HA R WRBR B
T A BB £ B R AL R P

(2) REBEFARMERMRPELRY RN,
BRETYRMERASHREERPETE PR NO H
BRI 0.

(3) FERANWFURBEN O MmN, £
BA A £ 19 B 07 1 R NO B9 7= S

(4) B RANE LR LERERENT & W
Rahn, {83k 3Rk 085 6 R A9 T FE K.
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