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Influence of Ammonia on Leaching Behaviors of Incineration Fly Ash and Its

Geochemical Modeling

GUAN Zhen-zhen', CHEN De-zhen', Thomas Astrup’

(1. Thermal & Environmental Engineering Institute, Tongji University, Shanghai 200092, China; 2. Department of Environmental
Engineering, Technical University of Denmark, Lyngby 2800, Denmark )

Abstract: Incineration fly ash could be contaminated with NH, that was slipped from the ammonia-based selective non-catalytic
reduction(SNCR)) process and from evaporation of municipal solid wastes’ leachate involved in the wastes. This research was conducted
to investigate the impacts of ammonia on leaching of dissolved organic carbon (DOC) and metals from incineration fly ash in the pH
range of 3. 66-12. 44 with an active ammonia spike. A geochemical modeling software Visual MINTEQ was adopted to calculate the
chemical speciation of metals under the leaching conditions to reveal the mechanism behind the impacts. It was proved that at pH >9,
the leaching of DOC increased significantly in the presence of high concentrations of ammonia ( =1 357 mg-L™"), but there was little
effect when the ammonia level in eluates was not higher than 537 mg-L~'. At pH <6, metals in fly ash were released mainly in the
form of free metal ions and chloride complexes, which were little influenced by ammonia; while at pH 8-12, higher concentrations of
ammonia ( =3 253 mg-L™") mobilized Cd, Cu, Ni and Zn significantly due to the formation of soluble metal-ammonia complexes, and
the leaching rates reached their peaks at pH around 9; however, ammonia had little impacts on Al and Pb leaching within this pH
range. At pH >12, for Cd, Cu, Ni and Zn, their leaching species were predominantly in the form of hydroxide complexes. Under the
ammonia concentration of 3 253 mg-L ™", the Visual MINTEQ modeling results were compared with the experimental data, and it was
proved that the leaching of Al, Pb and Zn was mainly controlled by precipitation/dissolution modeling, while Cd, Cu and Ni were
controlled by precipitation/dissolution and surface complexation/precipitation processes; Visual MINTEQ modeling could well describe
the leaching behaviors of Al, Cu, Pb and Zn from incineration fly ash.

Key words : ammonia slip; selective non-catalytic reduction( SNCR) ; incineration fly ash; heavy metals leaching; Visual MINTEQ
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Fig. 1 Tonization of aqueous ammonia as a function of pH
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BEIRAEBET i E BR AR A% R IZ IR BE BT LA
IR FEH) 2K H SNCR B 2 AR L SR 15 B
MR T2, % CIKRKERI S KRN 16.57% R TEIF IR
TG pH (B 12.05. 2086 I A5 IS0 BRI FF Y
TR IR 40,8 x 10 ¢ AL 2R X S
Fe T 43 B ( X-ray Fluorescence, XRF) #fi &, W3 1
Fi7R.

F1 RIRHLFEEM
Table 1 ~ Composition of fly ash

Moy REM % oy it/ mg-kg !
C 2.50 Zn 13 490
TOC 1.5 Mg 10 400
H 1.3 Fe 7700
N <0.10 Pb 1 680
S 3.5 Ba 759
0.59 Cu 747
Cl 6.4 Mn 699
Ca 15.3 Sr 360
Si 4.9 Cr 148
K 3. 64 As 97
Na 3.1 Cd 83
Al 2.93 Ni 44

h T TR AN K E SRR AT N
W), 3256 SR BN A A &K 3R OK A T LA
SRR AR E LR 10 Lekg ™ A0 CIRIR IR TP
RS0 4. 67, 537, 1357, 3253F126 378
mg L1, b S A8 v B 2 AR I &K i RO R
B IR R B A 56 T 202 4 5 4 8 1 T
PE.BEAM IZ K Cl TR SR, k5] 6.4%
1M KK 83% 1) C1 LA NaCl, KCl1 Al CaCl, (I
e (A5 CL RS, Wi CL & B K
R4 R R .
2.2 Bk

TCORFE IR R R HRCE PrEN 14429 Friff,
RIS A (20 £5)°C,WIE LN 10 L-kg ™', 76
Wi AR RS E0R 65% B IR 43 ) Ak BRI
R, 45 pH 7 4 ~ 12 Z A28 4k, {EfE 3 8
remin E@éﬁiﬁ%ﬁﬁ% 48 h, #HE S min J5 IS4
CIGETE Y pH DL B 5% SRJEHH 0.45 pm JE
TR ELZS 08 19 3 1915 T b i) R 3 SR FH e 1
A EEEE AU 2 ( Spectroquant® Nova 60, 1[5 ER
), CL™ ¥R R AgNO, il % A & ( TitraLab ®
960 & 965, K FEIAFA) , DOC f#i ] TOC {3l ( H A
S MR P S UKL ERE T Al Fe, Ca,
Cd, Cu, Ni, Pb, Zn ¥R ICP-AES ( 3£ [H
Varian ) f6:.
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K 4 SR IR R AV A D/ B S S
iy, FEVHE RN €I AT R RE .
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FEG R/ DIVE B b R H Davies J7 FEAE IF 25
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RN FIR CO, LAAMRSARIF M. DOC 5 4 )& 5
T HLL A 2 AR 7R ) NICA-Donnan J& 5 Jit
B B R Rl Vminteq30 B 22 804 R
2 4 thermo SCAFP AN TR Iy A5 d. %5 3
HFO/HAO X} 4 J& 2 i W i1 F A 5 b fiff R R
R RS BT (DLM) SR AL, Pb, Cd .
Cu. Ni. Zn 5 HFO/HAO HW -3 TT3efE /. HFO
5 A 5% F Dzombak & Morel FF & B I 4% 5 /2
VA H RORCIE B HFO W B — A 4 8 85 1 (LU
Me® " Fm ) MR 45 A RN

=TFeOH’ + Me’* —> =TFeOMe* + H*

HFO HAERM LR, K5 600 m*-g™';
HFRM A 2 PR, — PR AR i/ 5 W o7
S, PR A RS W B S, R A R S
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I JE RS 582K 1) HAO W FRHASE AR | A SR 45 & 5
(7K 48" ( gibbsite ) 1 4% A M AL L #540 HAO
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Femm HA — Rl B s MR A 4 B (B
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HFO/HAO MW B Jsz by A5 7Y v 35 5% FH 3 IR 2% 2 P
T R LA N R AL ARYE Meima 251 (1)
WFFEEEH  AERIRAE R K LT HFO F HAO (5
KR Fe, AL YR 43 511250. 018 5 mol -mol = Fe
F110. 189 mol-mol =" Al, F| FHiZ LB X+ HFO £ HAO
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133020 FESHRIE J3 253 mg- L7 I MRS iy AR LLMRIEAESR 3 A
&2 Vminteq30 #iEE AN FEH W F TEEH( L gk 1)
Table 2 Additional equilibrium formation constants (1gK) in the Vminteq30 database
(& =N Ph(OH)2"- cdcly CdOHCI (aq) ZnOHCI (aq) Zn(OH),(s) Zn0
1gK -39. 699 2.4 -7.404 -7.48 -12.2 -11.188 4
%3 Visual MINTEQ FH#INHI B AL IRE
Table 3 Component concentrations input in the Visual MINTEQ model

A4y AP Fel Ca®* Cd** Cu* Ni?* Ph%* In?*
e 425. 6 16.7 6007. 4 7.1 49.2 1.4 57.6 978. 1

o cl- Co3- S0%- PO3 - DOC HFO HAO NH,
W/ mg 17! 8214.6 1509.7 1811.1 312.4 16.3 22.7 1 600 3253

3 #R5WHE

3.1 ZXF DOC = s
IR S 1) DOC K43 A I 7l R 2
Yl , R 2252 pH | R AR W0 P 5 19 52
e, ELA T Y pH (B, 53k 9 v i DA S e f ek i
BART DOC ¥ = Horh pH 2 e PEAE H.
Meima 25210 M TE pH > 9 B PEIM S, DOC 17
Hh R RO HE . 55 b & L BE R W DOC 1Y ¥
Andersson %52 HF5Y % IR RE 5 068 B R S 7 A= ) AT
R EEL. i, &, DOC ByAERIFEH, K
HEEREFE AL 244k, B 2 DOC FEA R
e BE 43 B A 4. 67, 537, 1357, 3253 Al 26378
mg- L~ B9 BB pH 2R AL L.
O 4mgL™! "
® 67 mglL! -
15| A 537 me L™ o
A 1357 mgL! a "

O 3253 mgL™
m 26378 mg-L™! A

20 +

=1

DOC/mg-L
=

A

rFy
. AW ®
o2 ontit " B Mappta X o
4 6 8 10

12

pH
E2 &% DOC iEHAIS 0

Fig. 2 Impacts of ammonia on DOC leaching
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26378 mg-L~' B}, DOC Y fix K= H & i 1.93
mg-L ™' FHEF 20. 71 mg-L~". FHtk pH > 9 A6 1E

FAF AR RS (=1 357 mg- L") AT
DOC A% . Tomasiewicz 252 IRAF 5T IIF 52 2 g 1t
hn-- 0 pH {E, T REHS N - 58 DOC Y= . H
JE R T REE TR FERR 73 T rh & AR AL Mgk |
WRILSTEYEE e RE S NH, K ESSH /A%
7, DN AR )R] 95 1 1 B B R 2, (1145 DOC 72 A7
FELERTRE R . — M o0~ BRI B 7 SNCR
5t A 3 Pl T S I R, A SRR IR R R
WM 537 mg- L', PR e 0 O o 2 A G
ANEE N DOC MR EIA ), i L S 30 X 5 4 8 =
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