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Environmental safety assessment of alkali-activated bricks produced
by waste incineration fly ash
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(State Key Laboratory of Urban Water Resources and Environment, School
of Environment, Harbin Institute of Technology, Harbin 150090, China)

Abstract; To explore the resource utilization of waste incineration fly ash, the incineration fly ash, coal-fired fly
ash, and slag powder produced by fluidized bed incinerator were selected as main raw materials, and alkali-
activated bricks were prepared by using sodium hydroxide and sodium silicate as alkali activators. When the ratio of
the maximum addition of incineration fly ash was 40% , the 28-day compressive strength reached 28. 69 MPa,
which meets the requirements of GB/T21144—2007 concrete solid bricks. In terms of environmental compatibility,
the HJ/T 300 test on the 28-day alkali-activated brick produced by waste incineration fly ash shows that heavy
metals were stable in the brick. Long-term pH-related leaching test reveals that the leaching amount of heavy metal
Ba in the brick increased with the decrease of pH value; leaching of heavy metal Zn could be detected in the
environment with pH value less than 7, and heavy metals Cd, Cr, Cu, Ni, and Pb only appeared in the
environment below pH 6. Results of tank and sink diffusion dissolution test show that the alkali-activated bricks
produced by incineration fly ash had an environmentally stable pH value between 11.0 and 11.5 that only heavy
metals Ba and Cr appeared, and analysis shows that the leaching amount was trace.

Keywords: alkali-activated bricks; waste incineration fly ash; compressive strength; heavy metal element;
exudation analysis
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B by & A KERE S, (A A PR TR
TS T Ak R A ( Tl 2%, m (Si0,)/m (Na, 0) =
2.8~3.0) KAFAL (Tl 2%, Jit 5 53 5 45% )
B .
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A RE MG, 5 2 B G 55 B R R T
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DV) I 7€ ki b B 4w i e, O 5 GB 16889—
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Tab.1 Main chemical compositions of waste incineration fly ash, coal-fired fly ash, and slag powder %o
JEk Na, 0 MgO AL O, $i0, Ca0 Fe, 0, cl
JRIGERIR 0.26 0.82 24.38 56.83 5.90 5.95 —
R — 5.84 14.77 32.38 42.78 0.35 —
BB IR 0.28 4.44 10.75 21.80 40.34 7.19 4.84

R2 MURNIRFERE R BECRRTBREEESERS 0
Tab.2  Analysis of harmful heavy metals of waste incineration fly ash, coal-fired fly ash, and slag powder mg-kg™
Sk Ba Cu Cr Hg Ni Pb Se Zn
AR R 380 — — — — — — —
B 862 108 97 — 117 52 3.8 154
W ABERE IR 327 174 37 34 28 690 62 8 876
*3 WRERECRKZHER
Tab.3 HJ/T 300 exudation analysis of waste incineration fly ash mg-L~'
JERE Ba Cd Cr Cu Ni Pb Zn
BB AEE WK 0.63 0.36 0.37 16.72 0.34 11.53 63.24
Wiy ND ND ND ND ND ND ND
JRIGERIR ND ND ND ND ND ND ND
EHLFR{E (GB 16889—2007) 25 0.15 4.5 40 0.5 0.25 100

7 :ND <0.01 mg/L.
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SYPE A HCE 10 min, BEJS A SE LS R Ak SL T,
R LNMATK B AR EAREE S min, IR IR PR A
HOR AR S IR 3% 7K 43 2 0] R Al AL, 7 20 em x
10 em x 5 em B9 H, 6% By 1 S B 7Y & N
10 MPa, I8¢ 10 s, B8 5 A fE 4 76 =30 (25 C)
TCE 24 b, GRS EAEK i T SR

F4 WHRERESHEL(RESH)
Tab.4 Mixtures design of alkali-activated bricks %

AT S Y L ALY
St SR RERRA
A 20 30 40 3.5 6.5
B 30 30 30 3.5 6.5
C 40 30 20 3.5 6.5
1.2.2 PrHsEE T

1 A oy ) 3R B3, 7, 14, 28 d, MR 4
GB/T 4111—2013 IR &E T i et i 50 77 v ) 4 FH
FEJ3EHLEL S kN/s BN 8033 A8 gE AT 520 0 BT T
.

1.2.3  #E&EE HEHE

RN B A B BE RS R B BRI 1 T PR
R HTCE s B8 e RKIB A 20% 30% \40% (15
WORRE M SR 28 d J5 #EAT HI/T 300 i H 5t | Bk
3751 pH AH SCHRMER H 042 K R A AR il ——
TR 1

1) HJ/T300 32 H ] 3z ( Solid Waste-Extraction
Procedure for Leaching Toxicity-Acetic Acid Buffer
Solution Method ). K¢ B 7% B9 ik A (K #2 /N T
9.52 mm) MABGRRE S (pH 24 2. 64 £0.05) 1,
TEMEILE 1:20 B9 56 R HEFE(18 £2) h J5ad g, )
FH UGS & 45 18 71K 5L 1 & S D635 A (1CP-OES,
Perkin Elmer Optima 2100 DV ) illl & Ji& ¥ 7 Ba.Cd
Cr.Cu Ni \Pb [ Zn [ HEH L.

2) Wk B J7 vk pH A OCHR PR I (EN
14429) WGRIFRE S R 42 <1 mm 93RRI AR pH
MR (B b, ZE M AT 1L 10 L/kg B9 25 F T et
48 h, I pH g 4 ~ 12 (4355 B4R pH) "H IR RAE
I8 20 pH BEATREUE , R A B & 55 TR TR
BGIEAY (ICP-OES, Perkin Elmer Optima 2100 DV)
D7 U8 W Ba, Cd, Cr, Cu Ni,Pb Jz Zn 1} it &
WL,

3) W AR —— A A U3 5t U7 vk (Tank
Leaching Test NEN 7345 ) . ¥t R A IR ¥ 76 A48 4l /K 1,
EE KRN b, 17 R AR Hi ) [H] 35 0. 25,1,
2.25,4,9,16,36,64 d B}, E# I IER B, 90T
B BRI AR, A B 5 A B AR Tk

B (ICP-OES, Perkin Elmer Optima 2100 DV)
I5E J& W T Ba, Cd, Cr Cu Ni,Pb K Zn Y 57
W

2 #RE5iw
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BEAR RO BT it 43 BN M 1 07 2 P RE AT BH d 1
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Fig.1 Compressive strength of alkali-activated bricks produced
by incineration fly ash
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ETF, B WK RS R S A T A
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Tab.5 HJ/T 300 exudation analysis of alkali-activated bricks produced by incineration fly ash

BERR ORBS LBl %

p(ERIBICHE)/ (mg-L™")

Ba Cd Cr Cu Ni Pb Zn

20 0.89 ND 0.23 0.35 0.06 0.09 6.54

30 1.13 ND 0.16 0.32 0.04 0.17 7.46

40 1.24 ND 0.34 0.64 0.08 0.21 8.41

EHLRE (GB 16889—2007 ) 25 0.15 4.5 40 0.5 0.25 100

¥ :ND <0.01mg/L.

2.3 BRREAFF % pH HHXBLMR H K

pH AH I IR S I 1) % sk ik 5 22 9 40 J
N IRFNA e pH, IF 4074 pH T A 3 A
Ay TR M HI/T 300 (1 20 R 28 5, pH A
I 5 HH I B T 4 v b AR 2 I W A B A
AT A HE o R R AR

M TR AT EA, A be C KB R 20% il £
(R i fe it B0 R IS L F A be WKk B
h30% 5 40% (P08 % &A% AL, TR L, Ja SR 5T LA
BRIRAB R 20% WITRIECR G A o 32 R B8R TR
TSR 20% (4B & it A4 A SR ik 36 4 A 2 47 BRC
Jr i pH A SCERMER R, 25 3 s iR i P
4 Ja R o Y AU S A B, L 1 45 ) LA
S s MR A A% T 4 8 1) B K T BBV H o e vk
(0.005 mg/L). B3 AP €AY pH A SCHEME IR H
RIS RN 2 s, i 4 th E 4 & Ba 193 H 5Bl
pH BREARAIIE TN T4 J8 Zn 76 pH /NF 7 B3R5
AR AR, M E 48 Cd,Cr Cu Ni,Pb
AAEpH Ry 6 LN MAEA S AR B, & it
PG SRR H— S B & R e RO it 4 5 7K e [
FRIEARARL , it A1 7= A IR AL B T J5 T BB 400 o 4
JE AL A S5 R P9 5 4 S JC 1R By, i s 240
4R HABORT T R SR T 4R R
pH 7 ~ 12 PR QAL S TTIEY , IR I, 26T M 1 T
R 4 AT AR PR
2.4 RAEBHBNR—EEREEHAE
2.4.1  BBERE CIREE MR IR pH ARk

AR A S A AL BOR A A R A 4 fih A
WA AR AL, o FHept v A 35 0 I 5 VAR 1) 4 ik 1
TN, ()52 i HR2 AT, R R R3S pH
KZN] T bt 5 B8 F-fi isf [a], I B 5341 45 B )

By F IR i e A Y R R A TR
ABFFENGHEbe RIS N 20% 1) B8 K 1% b A
FEA TS, R R A A 5 pH A2 6 J 4
JE iz e,

P 3 S BE ke R T i 3 B 20% 1 Bk 8
Be CRHE A HAE IS pH A2 4k, ol LU, 5l 58
Be QWKHE BIRSE W] 30 ~40 d, H R 9 d J5 i
LU, R AR [E] AR AE S B, pH BT (B AR IR
AL 64 d I pH TR, W] A E 3k B B E AR E
AR , SR EBRHUR BE b8 ROk A% pH AR g T 11. 24,
AL S 56 fr Je [ BE (55 36—64 X)), pH A1 B i T %
ks, Dt , m] ) AR AS 5 R 4 0 S - A
KRR E IR,
2.4.2  RURBERE ORISR B RIR AT

BEBEE D I AR S 6 45 2 DL 3% 6. AT LA
Al BRE SR Ba & Crdb, HAt 8 4 R 0T i
PR 0. 01 mg/L, M AT BEAT LR N ER 28 — A
I A A BE e RS A U5 A 20% hr 3 38 ¢
TR, HAY 80% S Ky AR B B AR,
MR T 1/5 W i TEM BRI E T 4
AR AR Uk A 5 5 TR R B b RO S A
bRk AR el 5 [ B e I () K e AL B 42, 7K
P SO ge e Y A AR e AL T2 F
Bz — , JUIE N 2 0 A ok B R [ A 1
etk AR, (AR G R 5 b4 i, UE TR 54
HRHCAR B AR 5 58 =8 e GO R K P AE B 45 5 TP h
C-S-H fiff, iR B G R S5 A T W o, 1K 3
I A AR AR RS ZR 5 585 D R ik
pH A 5 H I A 45 2R A, &5 20% by 3
BEBR KR K e b TR ) 2 7 pH 7 ~ 12
DUVE , SCPEAR RS PP 0 pH AR B B, n] B
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Fig.2  Analysis of pH-related dissolution concentration of waste
27 incineration fly ash
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R6 WHLEMABIRESERHEAR
Tab.6 Tank leaching test for heavy metal dissolution of alkali-
activated bricks
p(EEEILH)/ (mg-1.7")
Ba Cd Cr Cu Ni Pb Se
0.25 3.42 ND 03 ND ND ND ND
1 2.04 ND 08 ND ND ND ND
2.25 0.48 ND 14 ND ND ND ND
4 0.67 ND 27 ND ND ND ND
0.51 ND 28 ND ND ND ND
16 0.27 ND 37 ND ND ND ND
36 0.10 ND 1.94 ND ND ND ND
64 ND ND 0.84 ND ND ND ND

e e e e e e

1 :ND <0.01 mg/L.
3 4% #

1) B8 be CIRF AR TREM B, 3558 R i
RO 40% A= 77 BB R B e RO RS M AT A B
1o P R4 R B 25 B3R I, B8 8 RO BE U R FH 1 R
SMERE/IN, SR IR G IR A8, Bt & B KK
T TR 45 3 2 43 1 g 36. 67 MPa (20% ) \33. 11 MPa
(30% ) 28.69 MPa(40% ) , 3 BE454 GB/T 21144—
2007 REE 500k ) BRIV ZER ( > 15 MPa).

2) LR ARMIESE I A S S mT 0, by 3 AR e K EE
EEE R R E R MR A B E SR SR 7
B K e M 5, i BR SRR, =2
AKVE LA 4 B P S RCR . B R SRR
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