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Physicochemical characteristics of ash from low sulphur
coal-fired plant in the Huaibei City
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Environmental Remediation and Wetland Ecological Security, Anhui University, Hefei, 230601, China;
2. School of Life Science, Anhui University, Hefei, 230601, China)

Abstract; Coal ash is one of the largest volume solid wastes in China. In this study, fly ash and
bottom ash were collected from a low sulfur coal-fired power plant in Huaibei City, and their
physicochemical characteristics including mineral compositions and concentrations of trace elements
were measured. The results showed that: (1) The particle size of fly ash mainly distribute in the
range of 1—100 pm, where as the particle size of bottom ash was mostly larger than 250 pm. Except
Mn, heavy metals were easily adsorbed on the surface of fly ash. (2) The mineral compositions of fly
ash and bottom ash were different, and the minerals of low lattice energy were readily decomposed.
(3) The contents of Co, Cr, Cu, Hg, Ni, Pb, V, Zn in coal ash were higher than the soil
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background values of China, being the potential contaminants. (4) Co, Cr, Cu, Hg, Ni, Pb, V,
Zn in coal ash had positive correlations with S; these elements would be released into the
environment upon natural weathering, while Hg might be further concentrated into the fly ash due to
its properties and adsorption capacity of fly ash and other factors.

Keywords :low sulfur coal, coal-fired power plant, coal ash, physicochemical characteristics.
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i), FL A I DLk g % R e A R R BE AR M A K R R IR SRR S AR R 7, A A RO RIS
WA R ) A A R B AN o5 A b [ A R AE A B K JC O 4 A
TCEAEMAENE R & K& AT B A KRR +48, 75 9K 5, ke - e hag' e

AL R TR ) R R Tl e | R R B IR AR O T BRRE R T R A A
BT XN B R ARG B TR IR BRI, RGRAE T 5T X AR T (FC) R
B RIK(FAL) JREIKHE (BAL) K CIK(FA2) KA (BA2) 55 5 FRSARIME AL 456 XRD AT A
JEAME SRS H Co Cr Cu Hg Mn Ni Pb.V Zn % 9 Pl n R W & b1 TR, 4087 17 45l
JCR AR SRR o ) oA B SRR R TR R R T R S R 5 SR A , DU R IR
TR AR EL ) A IO M kA BN W VAL A P R AL S A Bl

1 FESSRE S 08T (Sample collection and analysis)

1.1 BESCRE S Bab #E

AHIFFE B FHUEIL BRI L T L PR 2R 48 ORI CIK (K G CK FAL) JEHE (K GJEHE BAL) , VU
FAZHLT Ry IR METIO R A 1) IR (3% IR FA2) IS (SRR BA2) RO RS AE TR I I 51T
(AR L AT A ARl L) RO RS T I HEGR AR, RS I T BRI G 1, HOR AR 4 IR CREE
i FI 8 AN IRAS JEC T A b AEHE TSR B 2 A1 BBy BB IR HE Tl 2 SRAE B AT IS A asi | B B TR B 50 m, SR A
PLEALTIRZRME 15 em 247, R 6 AN IKY CIKFES AT 6 A K7 i HERE i P BB Fl ) B i e
By, HORAE 3 AP HTERE N EERRE LA R B SRR S 2 A T REIR A . MUK 6 R 37 B
[ A R R R 2 AR AR TR A 35T, E AT RIS i 100 H e IR0, ARA7 T (e ial5a i b 45 .
1.2 BEFAHTIE S50 ik

K IEDARE A3 BT I E ARG RAR S0 A 0 ALl BRI AN 9 Rt 6% (Co . Cr,Cu Hg \Mn Ni Pb
V Zn) & FEREARRHE GB/T212—2008 HEAT TV AT, 4 Mrbs KA (M) JKAY (A,,) FEE 5
(V) FHEE R (FC,, ) 5 R BT-9300HT 't B2 ASCRI i A 125 0 2 A 45E A B2 5 4 Ay ) 38 FH WS-
S101 %Y [ ShHAYL , 4B IR AE A 0.07%—1.33% , FEATEARBIS MK 5130 BB Y 0 25 ISR B
GB/T215—2003 ; # W 2H ikl XD-3 AL X AT S (XRD) Ml 5E 5 2K 1] DMA-80 B 4205 A He
i, HE AR TR 4 HNO,-HCIO,-HF JHffIA R # G >R ICP-AES 1A 5E.

51 BT I H R AR Y o A R AR ERE (EPRPR AR BT SRM1632b il -3 53 43 B b i) o
GBWO07403 ) FFATAESEA T B s il , AT 25 S0 S | B b A 00 5 {3 3000 52 s v U B8, LS A TR R
IR BM R FRER 22 (RSD) 75 10% LAF , MR 45 S vEmf v] 48

2 R 5178 (Results and discussion)

2.1 ARBERE K A B AL R AE
2.1.1  ARBRAEIK B kLA S A
KRR ARSI 1 i 1 AT KB RO R R B30, B A 7 1—100 pm.
O TR R AR A e A 235 SR L 1L 6 1 RT RS T R i R R AR P TE 250 pum DL b IR
RS T RIDK 370 0 TS 1 s B A 0 . DR U, WP R > IR I T > A JIC T > K37 €O > I RUK.
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Table 1 Size distribution of coal and bottom ash( % )

BE Sample Hif% Particle size/wm

<96 96—120 120—150 150—250 250—850 =850
BA1 10.28 5.57 12.33 7.44 39.26 25.12
BA2 15.73 3.25 8.91 12.48 24.54 35.09
FC 3.41 1.09 2.40 5.95 37.19 49.96

2.1.2 ARBEREE K B Tl 53 Bt

KR 0 T 2R A RSN 9 B 43 ER P B ARE 8 0 S A R, DRI S X P AT Tl o, &5 SR AL
P 2.HER 2 ATHN WRTIRE IR 43R 42.74% , J = A FL T R SR BRIk 1 P A 2 A S

BRAEN H S K b AR X A AL RER (S,) AP (S,) BRRRERSL (S, ) FLEFL(S).
2% 2 AT, B iR b UG AR R ARk 3, LR A AL FIBR R SR 7. 4 K i K 2 AR R £ 2047
7, HUR A BB

FERE MRS R B B R A DL AMOE N B AR, S e O R T
WESCARBRARIE L) R PG PR AR A | AE SR b R rh i N K A I 1 TR, B 43t LA K i
T ZCHE B 0 X AR FE R IT IR SR AR 2t it 0 3 A0 40 A AL I, 2% 0 3 IR IR 08 )5 T
TKIK RIS RAY 5 R 45%—T0% F 55%—30%. R I, 54 RTHE (FC) a5 40 & A H, R IR
(FAL Fl FA2) H SRR Y 1 40 & A B 4. Bartonova 25N BF ST TG ER AL R AR P R B 7= W by 1 K v R
BREER I RRIE | 22 DR RRE I SV I T 43 kv T O P B Y o B

R2 OB LT

Table 2 Proximate analysis of coal ash

TG/ (BT HREE Wt %) WIEE/ (KT wt.%)
FEh Proximate analysis/ ( Air-dried basis, wt.% ) Sulfur forms/ ( Air-dried basis, wt.%)
Sample M, A, v, FC,, S, S, S, S
FC 0.94 42.74 17.07 39.25 0.51 0.01 0.32 0.84
FAIL 0.23 98.07 1.53 0.17 ND 1.18 0.15 1.33
BAl 0.44 91.98 7.19 0.39 ND 0.08 0.02 0.10
FA2 2.94 93.92 3.05 0.09 ND 0.79 0.05 0.84
BA2 3.16 88.70 7.91 0.23 ND 0.06 0.01 0.07

T :ND, KK .ND, not detected.

2.2 ARG A )~ ik
XRD S HraS AN 2 Frzs b win e B 07 ) 4 EAL AR A g RERRER W (IR A T A SRk
A B BRI W (BEEE A1) A (REPEET) (BRERER A (BREFSR AL ) AR (BT
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SFRE RN T EZ YA 0 BRI 41 SRS IO RN A 2, K ORI EE A A9 B
A1 JKBRABE AT BRANEESS A1 RIS AE A M A T WA 0 BEARIE A BRERER T R
VA1 55 KGRV ) 20 WA 0 BT BRI RES LR RMEE 47 48, Joh BBk S IR, A
WEARAEE 31 R E AP 5 AE IR RIS DU R, 2507 W) 50k A — R B B W) BEAL 27 28k, B IR
T R SR A AR R B T AL A AR ) AAED 1 % B A 22 00 A A Dai S5
WFFE T PSS HERS IR BT ORISR | A B RO IR I mP A8 ) 2H B 5 A [
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2 FEMHIY XRD SpHT I
Fig.2 XRD patterns of coal and ash

B ) Jo 2 Tt T 3% A R 280, B ) B ) ks RE BT, TR 707 00 3 o A i e 30 B 5 DR
J R 3 T, RERRER R W S BN 6280 kI -mol ™!, BRALMIZEW W1 A RESA 3506 KJ - mol !, IR
RO PRI SARBESN 2711 kJ - mol ™, FE R MR KAL B3 F v, bt BE LA A ™ 1 T 5 B 0™ W0 ) o .
Nath 25 FEBF TR IR 4 SEOUL 2 R RO 25 AR I A i RS 14 R A 50T AR B8 ks BB O, s
RERMRIE™ Y 2 o e AL
2.3 ARBUBYEEK PRCR JC R & A RE
2.3.1 fRBUBYEK PR TR E R

BB IR PR TR B B LR 4, B3R 4 WA YL A O 3R 2 Fremi 2 Min (285.88 mg-kg ™)
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1 V(221.69 mg-kg™") , F K2 He(0.01 mg-kg™').Co Cr Cu Hg Mn Ni.Pb.V .Zn ZEWHIHE T ARG
Erir & 7.67.39.86 .38.96 .0.37 .123.38 .16.37 .23.17 97.05 . 75.62 mg-kg ™', 7K KK P AY & 221,16,
82.41.78.15.1.31,169.52 ,35.96 ,48.36 ,221.69 .93.87 mg- kg™, 7E K {4 iE i P A & HE & 11.33,56.67 .
47.70.0.01 ,285.88 .22.42 .33.06,117.34 .62.78 mg-kg™" , BRK G H He Zn, HAFE S &0 R & by
YRR TS BT R AR KRR A E A BR Mo TR, HETRAEKEC RS R
TRENHE &, U Co Cr,Cu Hg Ni Pb .V Zn ¥ 5 RAET KGN PR, Mn 3 5 BR4E FIIK
5. Johnson %5 1 Sushil % 43 BIRE B[ B} 15 AR TR ED RE SRR TR TR A R T R S ik AT
THESE R R Z B TO R A RO TP 0 A s TG

R3 AR AAR HE (KJ - mol )

Table 3 The lattice energy of some minerals(kJ-mol™)
Y $i0, FeS, CuFeS, S CaCo,

A% e 6280 3506 3498 3235 2711

Co .Cr.Cu,Hg Mn Ni Pb V. Zn 75 K3 K h & & 19.40,77.00,67.66,1.38 ,136.35,31.22
39.51.216.56 .80.54 mg-kg™"  1EJKIZE i b & B & 9.67 .54.11 38.81.,0.01.,260.36 ,20.36 ,26.62 . 109.15 ,
56.89 mg-kg™',Co Cr,Cu Mn Ni ,Pb.V Zn 7E /K3 K P &L T KA €K, FE RIS h & m AT K
BRI, 33X J2: FH T i ] A 388 3, SRR e 28 Bl TR KR I RS B ™ H 72 K 37 COR & e T K
IR, UL Hg 76 XUk A8 b S s 3 . VAT 45 1 BIFSE T ESP OB X BRARESR m J8 SR 1) W B R
K RIBURRLAZR A /N, L TR, SR S W BT RO 3 1T 5 it 25 A ST U R AT R ORI AR i T
RIS R I K M K T He TCE T3 W & T8 K K T He JeR P & i, R %
EICERA S HPET Ry B v 3 R LA 1] 4 R 3R A K.

JRAB KK Co Cr,Cu Hg Ni Pb V. Zn MHXF & &, 2 [ 3875 S {610 1.67,.1.35.3.46
18.71.1.34 1.86.2.69 .1.27 5, 3% K JKH Co,Cr.Cu Hg Ni Pb .V Zn A%} & 4, 20 902 E 31 5
{EfY 1.53.,1.26 ,2.9919.71 ,1.16 ,1.52 2.63 ,1.09 % , JKE K 1 Cu Pb V AHXT &4, 4352 E 585
SCEY 2.11,1.27 142 £%, KR Cu Ph VM & 4, 432 b ) 385 =80 1.72,1.02,1.32
%, Mn fE KB CK KRS CR KRB R o s 2R f ) K ) 3.60,2.89 ,6.06.5.52 £,
Hg 7EJRGK K COR b B s e R H ) Ry R By 1.25 1,31 A%, STHERG ) Ry A e, MEJU AR AR
PRIEE T P i Min B Hg JC R AH R 5 4E.

F4 FERTPHERITRA S (mg k)

Table 4 The concentration of trace elements in coal and ash (mg-kg™')

RE ik TCH Trace elements itk
Sample Co Cr Cu Hg Mn Ni Pb \Y Zn References
FAL 21.16 82.41 78.15 1.31 169.52 35.96 48.36 221.69 93.87

FA2 19.40 77.00 67.66 1.38 136.35 31.22 39.51 216.56 80.54

BA1 11.33 56.67 47.70 0.01 285.88 22.42 33.06 117.34 62.78 EN TSN
BA2 9.67 54.11 38.81 0.01 260.36 20.36 26.62 109.15 56.89

FC 7.67 39.86 38.96 0.37 123.38 16.37 23.17 97.05 75.62

o L B 12.70 61.00 22.60 0.07 583.00 26.90 26.00 82.40 74.20 [18]
VLI FH AR 6.40—113 108—7879 151—1090 NT  18.00—204  NT NT 123—512 NT [10]
EALARE 9.80 45.70 27.00 NT 24.00 NT NT 105.00 NT [10]
WER LR K 54.44 85.88 102.00 1.05 47.15 NT 60.01 NT 81.07 [19]
ZEM T RK NT NT 224.10 NT NT NT 124.60 214.80 109.80 [13]
FEINHL R NT NT 125.90 NT NT NT 108.30 205.20 65.20 [13]

HENT, ARKZM.NT, not tested.

2.3.2 fRRBRAYIE K b i TR S A AR
IR KRR TR IR AP e T R S8R Pearson MSCHEM T ILEE 5, 3 5 I, KGRy B K o
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Co.Cr.Cu Hg Ni ,Pb V. .Zn 57 0.01 /K b g & IEA G, 4 56 Z2 50 0.973,0.958 ,0.970.,0.997 .
0.986.0.967.0.988 ,0.879, K& k3 M JK i Co . Hg \Pb .V 5HFE 0.01 /K I 1 3 EAH G, M C R B
0.826.0.793.0.746 ,0.747, Cr, Cu  Ni  Zn 58 7E 0.05 /KF [ 2 IEAH G, M & R R 0.592.0.644
0.649 ,0.648. 5 KA KO HE , ISk IR rh i Je 3R S AR AR DG PERRAIR, 5H Co . Cr,Cu \Hg \Ni \Pb |
V. Zn FERE K BB E R WAEAE. T YRR e R 2 e KT B AR KL R FIRE S &
AARZE RN, 4 F B P AL A TR, 3L Co Cr Cu Ni PV Zn B . Bk 22 252
FENF 5 i RHE TIOR8 I Hb T 7K 75 YA 58 B, TASR Cr Cu \Pb  Zn JC 2R 23 bl 45 R 50 I v a4 J5 1) 4 it
MR He TCEAE AL R o 3 S 30, 33X 32 2202 fR 0 BRE I A W A D, BELAR: 17 5 o J) A5 v 3
B2 BT A O SR I AR BB R R R A 5 S SRR AT TS, DR R RN TR LA s d
BRI Mn £E KR K T S84 0.01 7K 1 i 3 5AE DG AHOC R -0.943 , 7 K I8 188 i v JE A G
PE,3X 5 Mn 78 CR T & R AL T IR A G,

£S5 AR TCR B ] 9 Pearson AHIE %L

Table 5 Correlation coefficients of trace elements with S in different weathering coal ash

FE o Samples Co Cr Cu Hg Mn Ni Pb A% Zn
TRAS R 0.973 ** 0.958 ** 0.970 ** 0.997**  -0.943"*  0.986*" 0.967 ** 0.988 ** 0.879 **
UR7LE YR 0.826 " 0.592* 0.644* 0.793 ** -0.435 0.649* 0.746 ** 0.747 ** 0.648 *

TE: o+ 75 0.01 K (R b A5 * 78 0.05 7K (UM | AR K.

Note: * * Significant correlation at 0.01 level (bilateral) ; * Significant correlation at 0.05 level (bilateral ).

3 %51 ( Conclusion)

(1) ®KIRAR FEZ AR 1—100 wm, JIEHE FRE FEZ/3 A #E 250 pm LA I, Co Cr,Cu,Hg Ni,
Pb.V Zn B RET K Mn 5 RETIRHE .

(2) A B 3 2 LU AL R BRI S A AE , U A ML IR R AR, 3 5K rh it 32 2 DL R 26
AP, R A DL,

(3) ARBRA I B A7 13 B W A B i P R e, ORI IS (9 B ) A5 B A [m] , 280k AR
ARAE R ORI s A ) 28 AN [, s RE BRI 4) 5) 53- 1.

(4)Co.Cr.Cu Hg Ni .Pb V. Zn 5 S IEAHIC, FEM K H AR KAL) R v X SE i T 38 1Y & ™
ks 23 53 R R, He T 5 48 L ROk B IR 1 W AR P A5 | 25 2 TRy BE I v gk — 25 SR AL

£ % 3L ( References)

[ 1] SAHU S K, TIWARI M, BHANGARE R C, et al. Enrichment and particle size dependence of polonium and othernaturally occurring
radionuclides in coal ash[ J]. Journal of Environmental Radioactivity, 2014, 138 421-426.

[ 2] XIANG W, HAN B P, ZHOU D, et al. Physicochemical properties and heavy metals leachability of fly ash from coal-fired red power plant
[J]. International Journal of Mining Science and Technology, 2012, 22. 405-409.

[ 3] Z=kde, B0, IS, 5. BONTH - TR W2 I i [ 72y Bk P 4 40 BRI i [ 1], RBEAk24, 2014, 33(2):
372-373.
LI Z H, ZHAN S, SUN Y B, et al. Determination of Cu, Mo, Ni, Be in solid waste fly ash with microwave digestion by atomic absorption
spectrometry[ J]. Environmental Chemistry, 2014, 33(2) : 372-373(in Chinese).

[ 4] KOUKOUZAS N, KETIKIDIS C, ITSKOS G. Heavy metal characterization of CFB-derived coal fly ash[J]. Fuel Processing Technology,
2011, 92. 441-446.

[ 5] DAHL O, NURMESNIEMI H, POYLIO R, et al. Heavy metal concentrations in bottom ash and fly ash fractions from a large-sized (246
MW ) fluidized bed boiler with respect to their Finnish forest fertilizer limit values[ J]. Fuel Processing Technology, 2010, 91 1634-1639.

[ 6] MEDINA A, GAMERO P, QUEROL X, et al. Fly ash from a mexican mineral coal I ; Mineralogical and chemical characterization [ J].
Journal of Hazardous Materials, 2010, 181(1) : 82-90.

[ 7] MISHRA D P, DAS S K. A study of physico-chemical and mineralogical properties of talcher coal fly ash for stowing in underground coal
mines[ J|. Materials Characterization, 2010, 61(11); 1252-1259.

[ 8] ZHENG L G, LIU G J, CHOU C. Abundance and modes of occurrence of mercury in some low-sulfur coals from China[ J]. International



2 4

KRGS I ARBRAAME L T A B F) B AL AR 315

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Coal Geology, 2008, 73(1): 19-26.

WRENE, BRESE, 88, 55 BRI A R F i a st st e[ 1], B84k, 2015, 34(11) : 2025-2038.

JINX T, YAN G P, JI N, et al. Synthesis of zeolite from coal fly ash[ J]. Environmental Chemistry, 2015, 34 (11): 2025-2038 (in
Chinese) .

HRRE, XVEERE, SRR, HEACEE D 12 Ficf M ST RAEBE R i A AR T]. #iBR S5 3R5E, 2005, 33(1) : 27-32.

ZHENG W, LIU G J, ZHENG L G. Characteristics of the distribution and concentration of twelve harmful trace elements in coals from
Huaibei coalfield[ J]. Earth and Environment, 2005, 33(1) ; 27-32(in Chinese).

FIESY, XUEEEE, CHOU C L, &5, W EE P BR AR (LA D58 [ ] 500 a 0 Rk fh2i3d 4l , 2005, 24(1) : 79-87.

GAO L F, LIU G J, CHOU C L, et al. The study of sulfur geochemistry in Chinese coals[ J]. Bulletin of Mineralogy Petrology and
Geochemistry, 2005, 24(1) ; 79-87(in Chinese).

T, SRR, R R G A B R ST B A B B SRR A1 i ST R A IR AR RS SRR IR RO [ T].
HHME, 2015, 34(6) : 629-635.

DING S S, ZHENG L G, CHENG H. Study on the occurrence of trace elements in low-sulfur coal gangue and their environmental effect by
inductively coupled plasma-optical emission spectrometry with sequential extraction procedure[ J]. Rock and Mineral Analysis, 2015, 34
(6): 629-635(in Chinese).

XVEERE, BT, a5 BOREEARHIE RO TR A MU [T] . MEackeql, 2003, 26(2) : 81-86.

LIU G J, YANG P Y, PENG Z C, et al. Characteristics of coal ash and distribution of trace elements in Yanzhou Mining District[ J ]. Coal
Conversion, 2003, 26(2) ; 81-86(in Chinese).

BARTONOVA L, KLIKA Z, SPEARS D A. Characterization of unburned carbon from ash after bituminous coal and lignite combustion in
CFBs[J]. Fuel, 2007, 86: 455-463.

R, AU, BRDT, A NSRS KM R BRI A SRR T ] BE AR, 2008, 33(10) ¢ 1168-1172.
ZHAO L, DAI S F, ZHANG Y, et al. Mineral abundances of high-alumina fly ash from the Jungar power plant, Inner Mongolia, China
[J]. Journal of China Coal Society, 2008, 33(10) ; 1168-1172(in Chinese).

DAI S F, ZHAO L, PENG S P, et al. Abundances and distribution of minerals and elements in high-alumina coal fly ash from the Jungar
power plant, Inner Mongolia, China[ J]. International Journal of Coal Geology, 2010, 81(4) ; 320-332.

NATH S K, MAITRA S, MUKHERJEE S, et al. Microstructural and morphological evolution of fly ash based geopolymers[ J]. Construction
and Building Materials, 2016, 111, 758-765.

BALRE, MRk, SREE, . PE IR SETR[T]. BRERE, 1991, 12(4) : 12-19.

WEIF S, CHEN J S, WU Y Y, et al. Study on the background value of soil environment in China[ J]. Environment Science, 1991, 12
(4): 12-19(in Chinese) .

kA, BRMS, FEE . WERFEF ) ORYBR M LR RN [ J]. B, 2008, 27(3) : 387-388.

ZHANG J, CUI L P, TANG X Y. The evaluation of the migration of trace elements in fly ash of Huainan Pingwei power plant[ ] ].
Environmental Chemistry, 2008, 27(3) : 387-388(in Chinese).

JOHNSON A, CATALAN L J, KINRADE S D. Characterization and evaluation of fly-ash from co-combustion of lignite and wood pellets for
use as cement admixture[ J ]. Fuel, 2010, 89. 3042-3050.

SUSHIL S, VIDYA S B. Analysis of fly ash heavy metal content and disposal in three thermal power plants in India[ J]. Fuel, 2006, 85
2676-2679.

JRM. MR PE AR b R B R TR IR RIS [ D] RO B P RHRAE, 2010.

GONG X. Leaching characteristics of heavy metal in the coal ash from West China[ D]. Wuhan; Huazhong University of Science and
Technology, 2010(in Chinese).

TLTaW, BOEREE, FEAE, 45, ESP RHPIRIER I IR SRR REPE [ 1], AR5 FARRRERR, 2007, 37(3) : 436-440.
JIANG Y M, DUAN Y F, YANG X H, et al. Adsorption characterization of coal-fired flue gas mercury by ESP fly ashes[ J]. Journal of
Southeast University: Natural Science Edition, 2007, 37(3) : 436-440(in Chinese).

BME, W&E, REF, & BRI LT KI5 95 [ 1], ST, 2013, 19(4) : 683-691.

WEI L H, YE N J, ZHU C F, et al. Effects of air exposed coal fly ash on groundwater contamination[ J]. Geological Journal of China
Universities, 2013, 19(4) : 683-691(in Chinese).

BRI, BRI R OR R RAE RS S A A BT AR PR ORHME RO BT E[ D] M AR LR, 2014,

LIANG H J. Study on occurrence of mercury in coal fly ash and its release characteristics in the heat treatment process[ D]. Guangzhou
South China University of Technology, 2014 (in Chinese).

FRET™, Whifk, #hitdh, 55 BBORTEIRSEA R A st e (1], fd i, 2013, 76(9) : 811-821.

CHEN Y G, LU J, HAN H J, et al. Advances in environmental material utilization of fly ash[ J]. Chemistry Online, 2013, 76(9) : 811-
821 (in Chinese).



