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Abstract: The serious slagging and fouling problems caused by high alkali content in Zhundong coal has drawn
wide attentions. At present, most of the power plants add kaolin in Zhundong coal to remit the slagging problems.
However, the economy of this method reduces due to the high price of kaolin. On the other hand, large quantities
of fly ash in Zhundong coal are unavailable for treatment. So the fly ash is proposed to use as slagging inhibitor
for coals with high alkali metal content. This study evaluates the fusion characteristics of the slagging inhibitor,
and analyzes the fly ash treated by different ways via X-ray fluorescence spectrum analysis (XRF) and X-ray
diffraction analysis (XRD). The reason of fusion points variation was determined. The results indicated that, the
fusion points of the raw fly ash with different sizes were basically identical. The fusion points of the fly ash (37
~100 um) increased by only 30 “C after water-washing, while that of the other fly ashes (<37 um and > 100 pm)
almost unchanged. After the fly ash was washed by acid, the fusion points of large particles ( > 100 um) increased

by over 100 C, while the fusion temperatures variation of the small particles was inconspicuous. The large
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particles (> 100 um) in fly ash mainly came from the foreign minerals and the Kaolin additives. After the fly ash
was washed by acid, the alkali and alkaline metal adhered on the surface of the particles was removed into the
acid solution, causing significant increase in SiO proportion in the ash, so the fusion points increased.

Key words:
slagging and fouling, slagging inhibitor

T M AR I A R I A L AR TR AR R I BE YR
Ky —0, MR R, RITUER B SE S
S AERR BRI R R 5 | S AR 52 AT T E )
SEV By ) R, HAT, FTERE AR X % R LA
MK 22 SR AR HE A 45 rh 45 i vy U - sl A R ot 4
JE~ 7 R SR AR v )

FE] P A 27 2 B 0T 0% At v k4 i O D 48 ¥ 4 i
TR T KT, RS e < b i
TR 2% T, [N AE 60% LA b, HA% S
B CUBIR A 3%~4%IN, IR BT PR A .
FEEZR B S IR LA 1) Si0a I, B2 B K A
BRI ) KT A AR, B R e
I 5% LA AT AT R v AR R IR AR A ol
BRI 53R WS IR B0 % n 70 AT LAAT 2% % fidt i
Tl 4 O ) 9 I, L PR T i s L R AN
s R TE R AN A AR R Nl .

AR 2 F S A 1) S B A R e, H R
BATHE L B DR IR SRR A Har, Rk
IREEH T H&EFAR, Eh T EEik
JEREGE, SRR TE RN B B, B0 Ak
X BB TCAF 2R A, R R AN K&
PR ATAC . FTEARECR I, KA R R
LA AU R R S A PT A S 0 Jm 710 R o8 45 1)
RIS RRFPENOL, Sk T DAk R A S I e i 1 S 2%
FEFURIVERE, AR SCLAME AR DX H sl e A7k FH o 2 00
BB VS 5 = LR R A IR S, R IR
HEATH 43 XA RPREAR R AR KT . BRVET
TiRAT RO ER, S A HR S (R JE AR T R AR s il
MWAR, HRA X FLATH A Hr (XRD) Fil X 42k
PEIEIETEAIHT (XRF) X A ER 5 (IR K AT 50 #T
SRAFAN ] 4k BE 5 R R R ) 143 A8 Ak 1) 5 1)
T, e & DL 4 TP AR KA A A s I ) () 1k
RE, AT 2 1 DX (A IR A AR FH % sl e BRI
FRA S A S

1 LW RERZE
1.1 LR
S SE FH v R B A 4R M X 350 MW ATLZH [

Zhundong coal, fly ash, modification, additive, fusion characteristics, mineral transformation,

RO L AR AN B R Y 5%
e £, RS Ml £ R AR T W3R 1.
1 BibmP I AERRES S IR TR S 2T

Tab.1 The ash composition analysis of Zhundong coal
and kaolin burning in utility boilers w/%

V3 %ix HEAR S [
Fe03 4.86 2.80
ALO; 8.55 19.07

CaO 28.94 0
MgO 7.38 0.45
SiO2 22.70 65.14
SO; 5.59 0.40
K0 0.24 1.41
Na,O 4.03 0.06
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Fig.1 Microstructure of the fly ash (X 100)
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Fig.2 Microstructure of the fly ash(X2 000)
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Fig.3 Particle size distribution of the fly ash
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Fig.4 Fusion characteristics of the raw fly ash

R AN [FRLAR PRI A TR K 50 3l HEA T K D AR W Ak
B, R AE RS K BEAT AR PR, SRAT
GERE 5 Fis. MBS ATLAE H: <37 pm #B5>
IR IR 23 K BE T, SRR L S HOE A A,
117 28 3 R W A PR i 2% e R Ry R S B AR T 4
30 C; XF>37~65 um (IR, Sl /KBbE %
YRR IR TH 20 30 °C, (HEIERRYEE (R 4
KR FT THmEZ9 20 CHb, HofthJ LA R ik ik 2 5%
AAAZ; >65~100 um FIRY BRI K S IR UL f
(45 Rl Ry ik S5 AR A H 5 > 37~65 um FRPR B K
FEAR—F KT >100 pm FPRHEKIN S, ZnlKik
Jer Ry BEA B JUAN H5 Rl RS AL P AR AN, (HR UG
Ja s JUANGE B IEL T T 100 CRLE




46 W kW 2019 4
1500 = N
B IR Y Rl P 52 36 3 B 1 0 B AR HE R 1K T
—e— K PRI K TN s
400} I s SHEAT, T RAEAE 10 CHA MR, Blk)
- SEEG S IR AT LUE Y, BRVESS > 100 pm FPRY KK
2 IR A 19 BV BT
%= 1200f ﬁ 22 FEEBARTHERTEZSH
ool 9 T HHEEE 37 pm AR HOR BB BE I A
THI BN 100 pum DL E A R AR T B o s i KT S
10007 ST HT T ETRRYE L K 2 SRR B s EE  TKBER
v IR BEICHEAT XRE 4947, A0 76 2 40 A
a) <37 umf¥) 45 4 K i 6 FIE 7 ior
No
1500
50
w) B by 1 R
5 —e— K VB I K B g -
1400 AR [ Bk v
O 1300 i’\f
i =
B I G e ——— "
=
1100F
100057 ST HT FT
15 FlURR AL 2 2 O Si Al Ca Fe Na Mg C
b) >37~65 wm B K JLE
1500 B 6 RARIAEANT <37 um $HERTES
[ Fig.6 Element distribution of the fly ash with size smaller
—a— 5 ) :
1400 F o ié %ﬁ % 775 than 37 pm after different treatments
—h— 1% Y ! /4
x 50
o 1300F J-- [ )i x A
5 " 0 e
%= 1200F N . -
— &£
1100} ﬁ 20
I
. . . . =
100057 ST AT FT "
J& Rl P AE 2 8L
¢) >65~100 pmf) ¥ B K
0
1500 O Si Al Ca Fe Na Mg ¢ S K
+7 3
1400F Dt 142 7 FELEA R >100 um #ERTES
Fig.7 Element distribution of the fly ash with size greater
© 1300F than 100 pm after different treatments
=
»,\-a - N
TR et JNEE 6 RILLF e 2t R A BT 2R OB
L 100k K Oy Al. Mg, K R BUEAKR; Ca J0%
ZnbKYE, PUEEIEICT 1.4%, K RyEE s>
10005 ST AT FT BAREEFRAK 2.9%; Na JGHEA S JTu R Sk KPR
& Rl R AE 2 5L

d) >100 wmKy8 5 %

B 5 FREALEA X TR KA IERER I

Fig.5 Fusion characteristics of the fly ash treated by

different methods

http://www.rlfd.com.cn

VEEBETRAG: TR EKE 2ok Kbk BRUESS, Si
Fl Fe JCE A AN FIRRE T o X2 il Tk A
Al Mg Fl K EZELARATE B A7, fid s
HAke, TIUAT LA AE, & KPR




513

SRR A HEACHE DB R S A5 B 2 £ ) 1 s R RE VT 47

VeJa P BOEAAA . AEReRt Birp, A
A LA Na Fl Ca ALY B IR £, 7oM<
JEE BAT Iy B AT AR 26 [T e 4, BRSO IR
bi, b ERAE BRI ZR HI0SY, X R B2 A A itk
FMM P TCHLER w] 8 i 7K pE B K 43 5 ok
HEMIAE Na Fl Ca (1) 0550 BU P4 . FeaOs — M ATy
TR, (HAEM R LI K BERIRVER » Fe ()&
OB TE R, W] Fe 5% DUR ATV (0 HE 1R &6 1
SAEAE TR
2.3 FRILEAR THHERT ET

HRRIE RAR IR, ¥ <37 pm 1) 3 Bk
PEHKE S BEAT XRD 238, SRAFH S G 8 s .

14 000
A e B 44 A
12000} = R — 7K e b A A
" — R A K
10 000 M‘JWuLM_{ .
8000f &

6 000

fiT &} 9 1% / CPS

4000

2000

0

10 20 30 40 50 60 70 80
fiT B # FE1(%)

V—Si0;; €—CaS0s; O—NaySOs; V—CaFe;0s;

*—(MgAlo7aFe126)04; Y—CaO; ©O—MgO; m—Fei5Caos(SiO3)20

8 AEMIEART <37 um #HE K XRD 5 EligE
Fig.8 The XRD patterns of the fly ash with size less than 37
pm after different treatments

M8 FTLUE H e <37 pm FIRM K R o> B
X% AR EEASYEHE CaSOsy CaOy MgO-
NaxSO4 « SiO; , CaFeOs . (MgAlo_74Fe1_26)O4 %H
Fe15Caos(SiOs)2; KYESG CaSO4 Al CaO [T U6 %
K, HoAb AL S AT S ok B AR AN K, TR Uk J5
CaSO4 AT 9 EEBE— L IR, CaO HUFTHT R B L
A K, CaFeOs I fiT 4f ot B2 B A%, {0
Fe1.5Cao.s(Si0s)2 [T 65 & TF 15y ; Fer.sCaos(SiOs),
7t CaSiO; Ml FeSiO; (3#EY), M FeSiOs 4 ki
B, A KR YE Jo s U AR

N T 34T > 100 pm K HEA B G i o i K 2
TrE R, BE—P500E XRF 04558, A
Ab 7R >100 pm FPETEKIEAT XRD 3 BA3R
FRECAIARA, 3 FioB KT XRD 234t ik a1 9
Fiose B9 ATLUE e Jslr A 32520 N £1
Ye, (RIS AEAE B ) AT S R e s AR

http://www.rlfd.com.cn

CaAl;O7. CaO. NaySOs. FeyOs, HAh#) i iIfiT it
WEEANH s BRI K E S A S AT S I AR AL
AR, CaALO7 HIRT RS A FRAG,  JLAR 5T AT
SPUEAS AR s MBI IR VLSS, A S AT
g A 38 o, ) o A 1 e R R AR R
Ao L XRD 4HTAI UL, >100 pm FIRHEIK L L
FRUEJGAEAE N E S AP R Si0x FIERAR IR i AT
IRV 6 Y XRF Bt K30, Fl 43400 0 32 20 R IR
Wico HHT A d p st i, DRI RR DR IR AR I 5 % I
R AR RS T i o

v

35000F i e I
AR 1 K
" 30000 — E
S 25000
P
== 20000
= 15000

10 000

5000

]

10 20 30 40 50 60 70 80
e il )]

V*SiOﬂ O*FezO_;; V*CaAL:Ou <>*NazSO4; ﬁr*CaO; **

BRI A A hercynite, (FeosooAlo.101)(AlrsooFeo.101)O40

9 ARELLEA KT > 100 um #H#E K XRD S EL
Fig.9 The XRD patterns of the fly ash with size greater
than 100 pm after different treatments

34 ®

1) HEAR S W 08 IR I 7= A R I K 1)
FiAe oA, >100 pm IR Y 31.8%, KA,
HLAAE I A6 IR 5 SR FH (1) 451

2) 4 DMASFEPRIATR PR RN RBEA — 3, el
IKBEE, >37~65 pm F1>65~100 wm PRI KA fib
R 320 30 °C, At 2 ASKIAR R K 45
FIRFAETRL S SEAANAR s SRl )5, >100 um (16
PRI 05 KIE T, ST FHi T 100 CLA L, oAt
JUASKEAR R E I I s AR AN K

3) >100 pm PR K EZERIE T 7, —
TS 3 A2 TR (R IORLAR A0SR AT SR Jin 1) s U
TEMRBR I R v AR R AR RS R, g — B e T
HEAR SR RUUAIG, R I v KO K T2 1 1) K
FeHAR R, BE R T AR ) BERORL AR, TRk
T RRL €K

4) >100 pm [P BEA A SKAT A 0 B v
U3 4= 1) Na Fl Ca 2l FSAREA Y FITEHL 3L B
P AT FIORE 2 11 458 25 BRI B0V IS 2 B A8 A ks &




48 W kW

2019 4F

T, PZ sk, Na fl Ca A TEHL R
TERIR, A Si0, T 7 BOKR LT i, B
YRGISSINCTE

[& % 3 #]

(1] gksy &, BRI JtORBH, 5. mral e Bk 1.
h [E HUHLCRE 4R, 2013, 33(5): 1-12.
ZHANG Shouyu, CHEN Chuan, SHI Dazhong, et al.
Situation of combustion utilization of high sodium
coal[J]. Proceedings of the CSEE, 2013, 33(5): 1-12.

[2] WANG C, XI J, WANG Y, et al. Release and trans-
formation of sodium during pyrolysis of Zhundong coals
[J]. Journal of the Energy Institute, 2016, 89(1): 48-56.

[3] XU I, YU D, FAN B, et al. Characterization of ash
particles from co-combustion with a Zhundong coal for
understanding ash deposition behavior[J]. Energy &
Fuels, 2012, 28(1): 678—684.

(4] FEEIE, SKER, FRE, 55 MR

B AR A K Na. Ca BEBCIAR)]. o B HHL LR
), 2015, 35(5): 1169-1175.
TAO Yujie, ZHANG Yanwei, ZHOU Junhu, et al.
Mineral conversion regularity and release behavior of
Na, Ca during Zhundong coal’s combustion[J].
Proceedings of the CSEE, 2015, 35(5): 1169-1175.

(5] dafdtom. MEARBIRLE K Gt R eI ST D). /R Iy
IR K2, 2013: 32-38.

MENG Jiangiang. Research on combustion and slagging
characteristics of Zhundong coal[D]. Harbin: Harbin
Institute of Technology, 2013: 32-38.

Lol JAKWI, yagsm, 48s, & Sl m il AR fld

FEIB Y RATAR[9). WFIE K 2 22 30 (L 22 /), 2015,
49(8): 1559-1564.
ZHOU Yonggang, FAN Jianyong, LI Pei, et at. Mineral
transmutation of high alkali Zhundong coal in ash
melting process[J]. Journal of Zhejiang University
(Engineering Science), 2015, 49(8): 1559-1564.

(7] i, sise, RS, 5% MRS R
AR KA YIS 0RO I A R PR AR5 i [ 7], SRk
2224, 2014, 42(1): 20-25.
MA Yan, HUANG Zhenyu, TANG Huiru, et al. Mineral
conversion of Zhundong coal during ashing process and
the effect of mineral additives on its ash fusion
characteristics[J]. Journal of Fuel Chemistry and
Technology, 2014, 42(1): 20-25.

(8] VL#aAml, DEMpAE, SO, 55 AERBHBLE R Ao

http://www.rlfd.com.cn

B R KR R PE S ORI TE[T]. AR 2440, 2015,
43(9): 1044-1051.

SHEN Mingke, QIU Kunzan, HUANG Zhenyu, et al.
Influence of kaolin on sodium retention and ash fusion
characteristic during combustion of Zhundong coal[J].
Journal of Fuel Chemistry and Technology, 2015, 43(9):
1044-1051.

[9] WEI B, WANG X B, TAN H Z, et al. Effect of
silicon-aluminum additives on ash fusion and ash mineral
conversion of Xinjiang high-sodium coal[J]. Fuel, 2016,
181: 1224-1229.

(101 E2zxk, BRI, kA&, 5 WA SiO ds s vk
ARIE TP BRI A7 T 25 ST AR PE RIS 0], 44 )
R HL, 2014, 43(8): 84-88
WANG Xuebin, WEI Bo, ZHANG Limeng, et al. Effect
of temperature and silicon additives on occurrence and
transformation characteristics of alkali metal in
Zhundong coal[J]. Thermal Power Generation, 2014,
43(8): 84-88.

C11] hbram, S8R BRI N EORM]. dbst: T
Ak H AL, 2001: 18-23.

HAN Huaiqiang, JIANG Tingda. Utilization technology
of fly ash[M]. Beijing: Chemical Industry Press, 2001:
18-23.

C12] 430, B A AL 2AM]. dE st BE2 Rk, 2013:
55-58.

LI Wen. Chemistry of ash from coal[M]. Beijing: Science
Press, 2013: 55-58.

[13] BRYERS R W. Fireside slagging, fouling, and
high-temperature corrosion of heat-transfer surface due
to impurities in steam-raising fuels[J]. Progress in
Energy and Combustion Science, 1996, 22(1): 29-120.

(141 i, ERE, UWHS, 55 ARG i s R Ae g

AL AL B R P T B A SRR W 5T (7], Bk
th2f24 4R, 2014, 42(3): 316-322.
LIU Jing, WANG Zhihua, XIANG Feipeng, et al. Modes
of occurrence and transformation of alkali metals in
Zhundong coal during combustion[J]. Journal of Fuel
Chemistry and Technology, 2014, 42(3): 316-322.

[15] WANG X, XU Z, WEI B, et al. The ash deposition
mechanism in boilers burning Zhundong coal with high
contents of sodium and calcium: a study from ash
evaporating to condensing[J]. Applied Thermal
Engineering, 2015, 80: 150-159.

(DUESitE i)




