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REFIRRE, FFIRA THIRE . SF RENH. HE. 73R a5t FACZ WIS, LK pHE. NiZ'WRJE. I1a. FACZ #inf.
5L %t FACZ 25 Ni* [0 . XRD SEM. FTIR $J£ W] FACZ & Rl T 45 5 & R 7845, DAk 5 1 254 8 mol/L NaOH.
15% SF. 190 C#5% 48 h; RALJE I FACZ (LR AR AL 14.4 mPg, FRIEWIE 27.25 MPa. fEfR{ESMET, FACZ %t Ni*'
ERRMERTIL 99.9%, T AREHEN 31.934 mg/g; ERHLE NI A %%x%ﬁ&ﬁ%%’ﬁ)ﬂ HEF#HRrnEZEERH.
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Preparation of Fly Ash-Based No-Sintered High-Strength Filter and Its Removal of Ni**

WANG Qian', QI Yi%, WANG Kun?, YANG Shangquan®, MIAO Yang', GAO Feng'
(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi State
Control Jinfang Industry Co., Taiyuan 030002, China; 3. Shanxi Porous Ceramic Materials Technology Innovation Center, Shanxi
Provincial Glass and Ceramic Scientific Research Institute Co., Taiyuan 030013, China)

Abstract: It is important to utilize fly ash (FA) as a resource due to its increasing amount. In this paper, a no-sintered fly ash-based
zeolitised ceramsite (FACZ) was prepared by a high-temperature steaming method with FA as a main raw material, silica fume (SF) as
a reinforcing agent and additional silicon source to achieve the high-value utilization of fly ash. The pore structure, crystal structure,
microscopic morphology and functional group characteristics of the samples at each stage were characterized by specific surface area
and pore size analyzer (BET), X-ray diffractometer (XRD), scanning electron microscope (SEM) and Fourier transform infrared
spectrometer (FTIR). The effects of alkali concentration, SF mass fraction, temperature and steaming time on FACZ were investigated.
The results show that analcime with a good crystallinity can be synthesized in FACZ under the optimized conditions (i.e., 8 mol/L
NaOH, 15% SF and steaming at 190 °C for 48 h). The specific surface area of FACZ can reach 14.4 m*/g and the strength is
27.25 MPa after steaming. The removal efficiency of FACZ can reach 99.9%, and the maximum removal amount is 31.934 mg/g
under the optimal removal conditions. The removal mechanism is a combined action of silanol and zeolite ion exchange, in which the
ion exchange is the main cause.
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T 5 MPa. IEEK, 0070 R bk B
ATEERMH. SRS A, RS KRR IE
AT R RE . Yin ZPILORTE OB TR
DUBR N JEORH I 98 i) 46 th ] ) FH 2 1 4 P2 IR
BB R L PR, B KR B ik 2] 9.84 mg/g. KR4
PeykL AR SR v, (HCFEREOR, 3t i A 1
o, BN T PSR EIHE . Chen DL R N
JE AR 6 G e W R W B 7K R Pl e KR B R
7 mg/g, SLHAR T RELE PR RIFERE R A . AR STk
(11T, B ATTF R B Fabe b kBT 8 F g 4 77 22 22
KRS BRSBTS RL T R, 13
BIEA — SR BB . BhAh, YRR
FRIR ZE FRELE bt K B ki i s N, R
AICA R4 m R, B rliE 20.37 MPa. BT
A RmET A, BAREfLESH. T LT
T A8 e 1 R e A L B AE AT B I HL TS S
W, Vr2SE AL IERE B IRIE R m
ST D) I A R R JEURE SR FH K B A R T B A
SUZ-4 4y F T30 H L WR R0 e Bt e PR Bt o
F 42.5 mg/g. B AT T BRSO BT, =
B USCFE I FH o PR o AR AR K LUK A RN R 2K Ay
JERE, PARR AR SR K I, AR —
25 SI IR A 384 iR R A AL TR I R, ) % T O A
(B BRI R . BEAh, A TAER KRG AREIR R
B ZETENT IR ZEFRIRIE . B A I K P
Fosb AL o, DR N R, DA

{65 B P K AL B 08
1 Sk

1.1 JRAFNIKF

WK (FA), TEK(SF). SEALEN. HhER. W
B, FPERRER . M. BUEER. T Eis. 2
fe VU 2,18 — 43k B Bl e kAL RN A IR 2
"], AN TAl.
1.2 SH

H X4200W 2 X B4 58 G (XRF) 734
FA. SF ALy« T TQ-3 Y B iiiir o 52 kA
SEFRIERZ . ] TD-3500 7 &l X SHERATHMU(XRD)
AHTRE SRR, MR EHIE 35 kY,
BN 25 mA, CuK H, HA#EZEN 30(°)/min,
FIHEVE ] 5°~80°, ] ZEISS 414 Hi 1 i Bi(SEM)
IIHTRE SO IESR, HUE 1~5 kV. H JW-BK122W
B L R T M FL A% 2 B A (BET) I M bk L 2% T AR
NALEER) . H Thermo Fisher 21 4h /1% A (FTIR)

Iy MTRE G REFIHRAE . KBr JE S04, WK uE
4 000~400 cm ' ] UV-8000S U2 HRAT W43
TR Ni™ W 2B AT E Rk . T ZRER K
Aquion Z B BN E Na*y Ca™ HIHKE

1.3 KEHE

1.3.1  f e S K 3 3k 1 4K e K (FACZ) 1 1) 4%
Bk 100 H§fif) FA A1 SF 4% 95:5. 90:10. 85:15.
80:20 Jii & b VR & )5 5 AR IR 4 3& oL 7
B BEHB L EAN 600 r/min, HFEHEN
300 r/min. FR5MRE G S NN JFORE G T &
15%~25%I%] 4. 8. 12. 16, 20 mol/L NaOH & H.
FPERILE R, HI13 EAAN 1 mm~1 cm BN 1K
FRAR(FAC). K FAC IR 6~12 h JGik N K58
9 1 MPa. IR 150, 170, 190, 210, 230. 250.
270 CHIZEFEZE Ry 7837 12, 24, 36, 48, 72 h
JG %3] FACZ.

132 FACZ ZEBENi™S23:  FREX 0.5~2.5 g FACZ
FE& B T 500 mL 5~70 mg/L ) Ni* B R 7K o4t
F£ 30 min~10 h JEIRH_E3EWR . AN LT
T5E Ni** (bR 28 DA R, Ni> i 25 Bl v B
FAN R 0.1 mol/L NaOH ¥ 1E Ay it Wi 751) fift Wt
10 min, TG HEAT 10 IRTEIASLLG . bl & 45
N1 Ni(OH), 1 PAME A il & B AR AL S P S5k .

2 Z#ER54%

2.1 ERERE MR

14 FA F1 SF Bk 4H . FA H ALO; H
SiO, &3 H5 BN 46.86%- 40.27%, A LIENE
B AT B R T A ZH 43 U Fe;04 TiO,. SO;
AT DA B H () 1 5 SR A AR A R A, AT A6 I
A DME TG K BERNITANS Jedi 5. B 1a FI1E 1c 4
WM FA ) XRD 381 SEM 18 A, B S 8ot
B EEERIR AT R0, FA HO0AE EZNBEIEAH; H
XRD #E o] W, HEZESME KA, SOEAT,
& 1b A1 1d A SF ) XRD %41 SEM H& /. Hil& 1b
ME 1d AT W, SF ATGETE SiOy, HEASARIEK
R

%1 FA. SF ERIRVILFER

Table 1 Percentage of chemical composition of FA and SF

raw materials wW/%
Raw . .
. SlOz A1203 FC304 CaO T102 SO3
material
FA 40.27 46.86 4.27 3.56 1.44 1.00
SF 98.32 0.86 0.10 0.50 0.16

w is mass fraction; FA is fly ash; SF is silica fume.
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(a) FA (b) SF
(0 FA (d) SF
B 1 FA FiI SF [f] XRD £l SEM F& }
Fig. 1 XRD patterns and SEM images of FA and SF
2.2 0N FACZ # &R E 222 SF FiE 5 #o6f FACZ [F52R Kl 2b & SF

22.1  ZEFEWS AN FACZ HI52M P 2a AN A 78
FEIFA] FACZ F XRD #£. 7£3% 12 h i, FACZ
I A e PG AR ISR, T
AT PTG 5, 25 SR FE 12 h 1Y 62.4% 2 = 2]
72h ] 84.3%. & 3 NANEZFENS [A] FACZ ¥ SEM
M AT EDS 1. 12 h IS, RS 210 & )3 A A o
24, 36. 48. 72 h Ivf, WLLFE 2)Wh A AHIIAA1E; EDS
I3HTRI Si/Al EL(BE/R EL)EBAE 2.00~2.69 2 [a], #F
BT IRERR LG . 3R 2 NANFIHI %25 FACZ L
KM LIS H: hE 2 Wk, FACZ LLEHABE
FRFEIS (B St KGN, 7F 48 h iKBIEAE, X2
N FACZ 171E 2 Fhol, 1 Bl A [FIURL 2 8] ) HE R
FL, 1 M2 A fL. SF. FA /KL BiAE 24 h i 23
ARTER, 24 h 5, LR8I0, FF6 A SYAL
EL i —30 i A At . 4550 P 2a, 48 h J7 i A I B i,
WOk 48 h F I 2RI (A .

Ji B 5> B FACZ FISEM . SFEEE 5% 10%- 15%
SF [) XRD %, Bf# SF 800, Jribfigigsg, o5
il HA1E 80%~85% 2 [H]; HHER 2, KA SF M 5%
2 15%, R, FLRRVDN, 56 U
AEBEEN. XEFA SF ATLEE Si0,, ME
BISI A AR FA IR, AW A R e e s
MkEE SF G, FEEA MR A aE L
A, — RN 190 CHFIT-& 854,
W7 R A E R BRI, 2 SF OB hn )
20%0NF, WA R ITIVE R T, IX 2N SF IR,
Ji A FH B 4. 2 A 75141 46 FAC BT FH 1) NaOH ¥
SR, FEC FA CREETEAL, AT AR ZE B A
WMEER 2, FACZ WL RTNARBEA SF (134 £ Ik
1K JE RN, 10% R OR, 15% k2 B2
RN, d56 B 2b 7 A (A, 1+ 15% SF N
FERCEL, H. 15% SF I FACZ 98 5 5t K.
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(a) Steaming time (b) SF addition

(c) NaOH concentration (d) Steaming temperature

B2 AEH%EZSHR FACZ KM
Fig. 2 Effect of different preparation parameters on FACZ

(a) FAC (b) FACZ-12h (¢) FACZ-24 h

(d) FACZ-36 h (e) FACZ-48 h (f) FACZ-72 h

X is mole fraction.

K3 ARRIZEFEN ] FACZ ) SEM & F K EDS i
Fig. 3 SEM and EDS images of FACZ with different steaming times
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x2 TREFESH FACZ WLFREM. 7LBH
Table 2 FACZ specific surface area and pore parameters with different preparation parameters
NaOH Total Average
Sample Steaming Steaming concentration/ St Specific :urf’:ice porevolumex10°%/ pore
time/h temperature/ C (mol L") dosage/% area/(m™g ) (g ) size/om
FA 3.2 2 14.1
SF 13.1 38 11.4
FAC 2-3 2-9 13-15
FACZ-12h 12 190 8 (8%) 5 8.1 22 11.1
FACZ-24 h 24 190 8 (8%) 5 11.5 32 11.0
FACZ-36 h 36 190 8 (8%) 5 10.8 26 9.7
FACZ-48 h 48 190 8 (8%) 5 13.7 35 10.2
FACZ-72 h 72 190 8 (8%) 5 8.0 20 10.2
FACZ-5% 48 190 8 (8%o0) 5 7.6 20 10.5
FACZ-10% 48 190 8 (7.2%) 10 15.6 35 9.2
FACZ-15% 48 190 8 (6.4%) 15 14.4 28 7.9
FACZ-20% 48 190 8 (5.6%) 20 3.8 13 13.5
FACZ-4 mol/L 48 190 4 (3.2%) 15 1.9 7 13.8
FACZ-8 mol/L 48 190 8 (6.4%) 15 14.4 28 7.9
FACZ-12 mol/L 48 190 12 (9.6%) 15 2.8 9 12.8
FACZ-16 mol/L 48 190 16 (12.8%) 15 2.7 7 10.6
FACZ-20 mol/L 48 190 20 (16%) 15 3.8 10 10.6
FACZ-150 'C 48 150 8 (6.4%) 15 24.5 38 6.2
FACZ-170 'C 48 170 8 (6.4%) 15 235 37 6.3
FACZ-190 'C 48 190 8 (6.4%) 15 14.4 28 7.9
FACZ-210 C 48 210 8 (6.4%) 15 6.0 16 10.3
FACZ-230 C 48 230 8 (6.4%) 15 23 9 15.6
FACZ-250 °C 48 250 8 (6.4%) 15 22 9 15.6
FACZ-270 C 48 270 8 (6.4%) 15 13 5 12.9
Note: Column of NaOH concentration A(B); A represents NaOH concentration; B represents the mass ratio of alkali to raw material.
223 BRIKEEX FACZHISZME ¥ 2¢ NBIRIEXT  NEAEEIRIE.
FACZ 50 .t 2¢ AT L, 8 mol/L NaOH ¥EWiXf  2.2.4 ZAFREFEN FACZ IS [ 2d N8R

FACZ IBURANE R Sl A b A i 45 i B 5 e
Eb 2% T AR AH 5 B 15 -4 mol/L ) NaOH V& TRASBEAE Ak
Wb ELEE R AR 1.86 m*/g; X2l NaOH [
WEERAR, HEESHE SF M, AREfRE FA, M
MAREEMH S B 12, 16+ 20 mol/L NaOH f¥]
FACZ A5 aA e, HIZHES, 45 0EME
TRl FR 88, 1 12mol/L 1Y 82.6% 55 % 16 mol/L
) 40.2%F1 20 mol/L ] 39.5%. iX 15 WIRR IR & it
ST A7 A I . bR AR A2 R K
o S 45 R S HERRFLIRRR S 80 2% I, 8 mol/L NaOH

FEXT FACZ fs2m . i 2d v WL, 150~250 ‘CHEHA]
PAE R A, AT B0 T3 AN B ¥ A e B
IRMEA T B, FoHR A 190~250 CHIJT
T A 5 o P A 80%~88% X [A] . (KT 190 °C, J7idh
VR BT PR B B AR B T Tk A, 45
JEAURN 30% /5 47 o BHGTRT L, I A2 B i 7 o A E
BEI . HIREET 250 CH, J7ribfa IR
e, XRHTREES S, AU Z. 4R
by T E R B A E R VAR Y,
R EE#RA B T R 7 A . B3R 2 v %0, Bé
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FEHRFFIRTETHE, FACZ LU AR 52 B0 56 19 K ) ek
NS, 1E 150 CRFRK . (HARYE K 2d 7 A1
190 “CIN &5 Sy, 1XA2FA 150 “Ci 3 E 2 HE
FL, 190 CAMERALAIT WA FLIIH S - #id 190 C
Ja, HERFLEIRE™E, ART NS ER. S8
M1, 190 CHE AR « F IR £ 8mol/L NaOH
15% SF. 190 ‘C# 7% 48 h [f] FACZ BT 70 #7 .

2.2.5 FACZ FEih I8 E HF FACZ 985 1
B57 SF F1 FA ZKAL SN [ REMA , 04 TAE 25 7L
ZEFRIF[AI A SF it 250 H . WA F] ] 4 S50 FACZ
FIRE 20 D EAEN 3 mm~1 cm BRI AT B kL
SR,

Kl 4 N/RFEIZE IR [ AN SF &40 $01) FACZ
SRR, M 4 AT W, FACZ 58JE{E 24 h 2 J53
R RAA, WHEZETRRM TN, 24 h Kib
NIEARLER . 15% SF [ FACZ “F¥I58fE e, >
27.25 MPa, 3z 5 T B bR T G b b A Baph 1 ik i
2K 5 MPa. SF &/ HOIEA RS ML, HX
FACZ 585 152 S e T Ja PRk sy, X2
T2 SF 2 BUKT 15%K, il % FAC T i 2
[FI7K 208 3 FE SF Al FA HEAT/KAL NG, M 75
FACZ W5 EAWIHE = 11024 SF lE 7 EK T 15%
I, FAC K&K, HPr & KK ARSI A SF
I FA SEAKMN, B4 FEORE K.

Bl 4 Z&FRIT IR SF J5 & 43 HO6 FACZ [R50
Fig. 4 Effect of steaming time and SF mass fraction on FACZ

2.3 FACZ ByFL&H

Kl 5 N FA. FAC. FACZ ¥ Bt Bt th 2 K FLA%
SHTEL. HE Sa T, FA R FAC Jy SR (R T11 L 2%
2, TEARE XD, A bk, W
2, AT RILETRIRN, BTERMSIE p/po
1R EA R . 25t 190 ‘C#EFRI FACZ J& T

[ BURNIV B A 500 2% AR R 2530 28 2R BT,
Vi BERE T B A AFL(<2 nm)™; 7 p/po 295 0.4 I,
HAL2~50nm) K AEEBME BER, FRL&RHE T
I B SR 2 IR B S IR R AN A, TP SRR 2R TE T
Jis PEAE MBS s 7E p/po HEE 1B, KHL(>50 nm)
WRAEBME R, L BTt B4, FACZ KW
I B 2 PR S A S A B RS, Ui FACZ FLIE
AT .

HHIE 5b AT WL, FA HfLEE fL, Sl
Rl e FAC J&, Tl sRFLigin; {2 FA F1 FAC
1 FLAAAR 2 BN 0.002 em?/g. 0.002~0.009 cm®/g.
23t 190 ‘C#FR 51 FACZ LR A H 2~3 m¥/g 12
HE 144 m'/g, BALAFIH 0.002~0.009 cm’/g 12T
% 0.028 cm’/g, “FHfL42H 13~15 nm PHKZE 7.9 nm,
LI 2245 F T N RO o B & 5b /] L, FACZ
FEEMIL. FILRIRTL, S5E Sa T —E

(a) Absorption and desorption curves of FA, FAC and FACZ

(b) Pore size analysis diagram of FA, FAC and FACZ

K5 FA. FAC J& FACZ Wl Fff b 2k S fLA% 0 Hr ]
Fig. 5 Adsorption and desorption curves of FA, FAC and
FACZ and pore size analysis diagram
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2.4 FACZ £ Ni¥#lI2

K] 6a A FA. SF. FAC. FACZ 414Nt . FAL
SF. FAC. FACZ 1 3455 cm™ %} N/—OH, 1634 cm’
Xf B H,O IS B ARED. FA 11099, 458 cm™' 1 SF
11164 809, 475 cm ' NTESETE SiO, FFAEWL L
I, YiRA FA &5 TCE T Si0,, 7 LAENE ik FACZ
MIERPT 734 cm™ KR FA FPIBRIRER, 561 cm!
XF N FesOq FIRFAEMR SIS . FAC H HY BRI 3T AR AR
I 1445, 1411, 867 cm ' Jy CO5™ [RHFAEM IR I, iX
JE T NaOH Szt f b —#64> NaOH 52554+
(1 CO, 3 S 3 FAC T 1113 em ™ A1 039 ecm™
XF R T—O—T (T Fon Si 80 ADFIAS FRANLE RS,
X HF T—O—T 77E Si/AL ELASF I FE 2 Fhe 28,
— iR A BRIOR I A R, A AR R R
EVIRIREARE A, 5 —FRAE R RN R REEOR
B4R, FACZ 1040 em ' %R T—O—T FIARE
MRABGEIRSN, *FEL FA A1 FAC, HATBEHELHE,
XAERNTE 190 CHIBRER 2 1F T 7 A 4544,
Si/Al Eb3Hn, S T—O0—T BIAK IR 4E4R3h 1)
WA R, 617 e A1 564 e xR AT FLI
SR PRBNREAE SR 6B T 5 3 A B i iEfR
B FLIAEAE R W] FACZ X NiZ' (£ WL A
Rk P2 R B R o A 1) B8 A e M RE L RIVE

I 6b 4 45 mg/L ) Ni¥ AE pH=7. 20°C{f
W 4n JEIE Tk, hIE eb AT, 7 NiTWE T
BRI, VAW Na i Ca®" iR FFisi; Na fil ca®*

(a) Infrared spectra of FA, SF, FAC and FACZ

By NPTV EE A 48.6 mg/L, 5 52FR Ni° A HIHK
J 40.5 mg/L ¥, WONNE FACHN FACZ %R
Ni** 22 3 0 3 2R A

2.5 E0H FACZ £/ Niv'HIE &

B 7a AASFIREREBLR BT FACZ £ Ni*°
(RIS o P 7a 0] L, B Ni& IR A TR &
FACZ X} Ni* " (I Z: R Bg i i, (E 083558708/,
HEBIET 0, ERABMZHEMN, X2HA
FACZ WIfis AR, ZikFAan, LBReEfE R
#hn. & 7o MR EXT FACZ 2268 NiZ 540 .
1P 7b WL, Ni** 25 BRALRAE 4 h I SEASTE B P .
K 7c AR FACZ BEhNE % FACZ 2 Ni* B 54 .
WMEASH, & FACZ (3N, AL & FACZ Xt
NI LR ERK, EBRBCRIEHTIEEE 99.9%LL 1.
K 7d AAFE pH X FACZ 2 Ni* 5.
B 7c WML, pH {E#U/INEASF] T FACZ X Nit“ 12
B, IXFEEONERYESAE T, HEL Ni®THIRRIE /N,
HRGHENFLIE, $3 FACZ X N2 EREK.
N T HEBRBREIREE T Ni(OH), HIF#E, 25 1 9ei
B T T, B T7e NIREXT FACZ %k
Ni* f5m . 293, 303 K 1313 K I NiZ ek %
B AN 15809, 31.934, 21.324 mg/g, W ULiEY
RERE AR T FACZ £ Ni**. & 7f § FACZ 1§
PR UK Ni* i L BR AR R . B2t 1 IRIERE,
LRI BEAG, FLFRRIE RS K. 7538 10
W, EZRAERER 62.4%.

(b) Ion chromatograms of FA, SF, FAC and FACZ

Kl 6 FA. SF. FAC. FACZ MZLAME 5T ik
Fig. 6 Infrared spectra and ion chromatograms of FA, SF, FAC and FACZ
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(a) Different initial Ni*" concentrations

(c) Different FACZ dosage

(e) Temperature

(b) Different adsorption time

(d) Different pH value

(f) Cycle index

Bl 7 AIF M0 FACZ 2:Fk Ni* {50
Fig. 7 Effect of different conditions on the adsorption of Ni** by FACZ

3 £

PR O B JEORE, A9 55T L AN
PR Gl B KA i A A Bl AL — 25 SCBIL T B R s A
BRI RE s BRI PR, i K IERHII AR
A SO T 2 1F

G A A0 A B RL ) ) 25 52 25 R[] L iR

B BEARB R BIRER RS, HREAT e R
JEIREER S RALEI T 208 15%E K . 8 mol/L
NaOH ¥~ 190 ‘C#%7% 48 ho Wb il i ks
EL R AUA R 14.4 m*/g, SREFIAF] 27.25 MPa;

76 pH=7. EBRIA] 4 he PIEAIE N 30 mg/L.
W BB E N 3 g/l IR 30 CRIZKMT, ks
WA AL BN NiZTH 22 B T IAF] 99.9%L)
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