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Experimental study on ammonia adsorption by coal ashes
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Abstract; Unreacted ammonia in Selective Catalytic Reduction ( SCR) and Selective Non-catalytic Reduction
(SNCR) technology may be adsorbed by fly ash and lead to ash blocking in the air preheater or hindering the
secondary utilization of ash. Ammonia adsorption by fly ash may have a close relationship to the concentration of
ammonia in flue gas. Regarding Ximeng lignite and Yangquan anthracite as the subjects investigated, NH,
Temperature-programmed Desorption ( NH,-TPD ) was utilized to study the relationship between ammonia
chemical adsorption and mineral composition of the ash, the atmosphere of ash production, cooling rate of ash as
well as the amount of residual carbon in the ash. The results show that rapid cooling and reduction atmosphere
could increase the amount of amorphous phase in the ash and facilitate ammonia adsorption. On the other hand,
ash with residual carbon could adsorb more ammonia than mineral ash as a result of acidic functional group on the
surface of residual carbon.
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Table 1 Proximate analysis and ash fusion temperature

Proximate analysis w,,/ %

Ash fusibility /C

Coal
M A Vv FC DT ST FT
XM 15.22 16.13 30.91 37.74 1151 1161 1239
YQ 3.69 9.88 7.58 78.86 >1 500 >1 500 >1500
®2 BIRBSSH
Table 2 Chemical composition of coal ashes
Coal Chemical composition of coal ashes w/%
Sio, Al O, Fe, O, MgO K,O Na,O SO,

XM 62.02 12.18 4.57 4.38 6.47 0.79 1.80 7.01
YQ 54.33 34.74 4.42 1.31 1.20 0.54 1.08 1.02
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Table 3 Marks of ashes made in the experiment

Marks of ashes A B C
Atmosphere

oxidized
in LN

oxidized reduced

Cooling methods in the air  in the air

1.2 XWHZE

FI AT 22 MAZNEHA F] ) X Pert PRO B X HH£EAT
SPASOR IR TIAR 54T 5 R 26 [ 22 e {ER A R Y
ASAP 2020 %44 [ 3l 4 PR B 53 B A0 £ 850 C M
JKI BET AL A H A Hitachi SU-70 #4447 %
H T4 B 2% 850 TR h ik R T2 .

FI 22 5048823 B AutoChem 11 2920 YR
T Ak W BRSO 45 48 K it 4T NH,-TPD 3t
WERIFRIL 0. 1 g BEIKBEAN U LI BAE I, FE A
(60 mL/min) H1LA 15 C/min A3EFETHE 2 500 C,
FEIE 15 6 30 min, B 2 b o 0 2K 2 AL A B 4
UL EE 100 °C, 3 A S i &, IR ) & W B ot 72 7
I, 4035 TCD 75 42 15 10 min, RIS 2
MR A, AR AR E ERL R E T, bR L
Mok, LA 15 C/min (13 R FE P T+ 2 700 C
(BRI IKBE N 550 C) , R % NH,-TPD 1 i Fff

NH,-TPD $ A & R AIE [ 14 2 18 R 1 1 A 35 T
BE XTI 2 mT LA LR e P2 b« 8 e 1)
H ZRAF: [ 5 2 10 A ] W2 o 5 2 ey T 2 o R 2
I 5 M BRI X 1 ) R A A IO R v O P SR E 5 il
28 55 il BT RS 1) DX 3 1 T AR NHL G BFF 174 A %
Kok, PSRRI NH, 0 45 T 1k 25 1 fit

1 NH, #3814 Fd B it £ ml LA T] 122 45 S 450K )
NH, W Bk

2 RGN
2.1 X S&GTEAES

XM BRI YQ MELEA R S50 T T il A5 A
) XRD % & 5050 WLIE 1 FIEE 2., 900 T XM K
HAFTEAJE (SI0, ) VA5 K A7 (CaAl, Si, Oy ) B A H
(CaSO,) HREW" (Fe,0,) 5 MuiEH™ ¥, BRid stk
UK T CaSO, MY/ BIE " | (M AFR8 4 77 B AT
ST G A1, 3 Bl T 00 ST R 1) A i AR
IR 1000 € WK H, G 8RS I R, B A
(Ca(MgFeAl) SiAl, O, ) £l ; 1 100 C IRELH 11 2%
SRR AR 0 R A e B A RO A A

900 C I YQ MK 3 A7 78 A1 U ik PR 45
(ALSi,O,)) FEAF AR 455 A (Cal,Al, Os)
ERMIART 51 000 T HELZR AT (AL Si,0,,) FALO,
AT ST O P TR B S A7 A A1 0 R A B R R 1
A1 100 TR AR BB R A SRR A
2.2 KRR 3T S A IR B
2.2.1 HIRE HEKR R

K3 ATE 4 430 XM R YQ JEAE 900,
1 0001 1 100 C T4 b2 KRR NH,-TPD 4],
3 FhIREE N XM K TPD 3% K AH T35 58 | % NH,
F1R I BV T 08 A B S P 5 559 =2 495 YQ R X NH,
VIR WA o6 S i ek 32 1) L R T 2 8 BRI, 900 € R AN
1 000 °C K 19 I B et A R H230, 1T 1100 C K o W B
IR, ORI B S R IR A
1, XRD [ 255 26 BN [R] A9 BN 18 B8 (5 A5 J5E J ft 1k



268 wooR 4k

L

543 5

A IS B SR A 22 S T IR B sy ) o AL A 2
PR Z B RSAR T PRLE BEROGT NH, 4 % B
P32 KR JEE S M8 B AR S T AN [l IR R
N NEI

1
900 C
13
2 1
- 3 441 1 1 A
s
z
g B
g 1 | A A
). ) A ¢
1
1000 C
12 2 1
—_ 5 4115 1 1 1
=1 IAJMIA A A
S
z
2
L
E \-.—..L»«bw A A A B
Ll c
A JaAe e A
1
1100 C
] 2
_ 205 5117 1 1 1 A
3
S
z
2
E \.JMMM A reon__ B
iy €
1 It L T T T T

20/(°)

K1 XM BEKE) XRD 35 [&]
XRD patterns of XM coal ashes
1. quartz; 2. anorthite;

Figure 1

3. anhydrite; 4. hematite; 5. augite
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Figure 2 XRD patterns of YQ coal ashes
1: quartz; 2. aluminum silicate;
3. anhydrite; 4. hematite; 5. mayenite;
6: mullite; 7: Al O,
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Figure 3 NH,-TPD spectra of XM-A coal ashes
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Figure 4 NH,-TPD spectra of YQ-A coal ashes
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Figure 5 NH,-TPD spectra of XM-A/C
coal ashes at 900 C
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Figure 6 NH,-TPD spectra of YQ-A/C
coal ashes at 900 C
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Figure 8 NH,-TPD spectra of YQ-A/B
coal ashes at 900 C
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Figure 9 NH,-TPD spectra of
ashes with different residual carbon
1. XM28.6% ;2: XM8.1% ; 3: XM 0% ;
4. YQ25.0%;5: YQ8.3%;6: YQ0%
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Figure 10 BET surface area of ashes with different

residual carbon
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(a): ash of XM coal (8.1% residual carbon) ;
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