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WORAWANCHAI SAIWARIN : THE STUDY OF LEACHING OF
HEAVY METALS CONTAMINANT IN CEMENT PASTES
CONTAINING BIOMASS ASHES. THESIS ADVISOR : ASST. PROF.

THEERAWAT SINSIRI, Ph.D., 107 PP.

BAGASSE ASH/RICE HUSK ASH/HEAVY METAL/POZZOLANIC/

COMPRESSIVE STRENGTH/LEACHING

This research aims at investigating the leaching characteristics of heavy metals
in blended cement paste. Two solidified wastes, Bagasse Ash (BA) and Rice Husk
Ash (RHA), were used as pozzolanic replacement materials of ordinary Portland
cement. The replacement ratios were 0%, 10 %, 20% and 30% of weight of cement. A
plating sludge, containing heavy metals was mixed with blended cement paste at
different contents of 0%, 10%, 30% and 50% of weight of the binder. The
microstructure and chemical properties of cement, bagasse ash, rice husk ash and
dludge are investigated via X-Ray Fluorescence Anaysis (XRF) and Scanning
Electron Microscopre (SEM). The compressive strength and heavy metal leachability
of blended pastes are also examined. The leachability is measured using Toxicity
Characteristic Leaching Procedure (TCLP).

Test results indicated that BA and RHA are classified as Class F Pozzolanic
material according to ASTM C618. The compressive strength of the solidified waste
mixes significantly decreased compared with the control mixes for al ages.
Moreover, it is found that the compressive strengths of BA blended cement pastes at

20% replacement are higher than those at 10% and 30% replacement. Whereas, the



compressive strengths of RHA blended cement pastes at 10% replacement are higher
than those at 20% and 30% replcement. The leachability test shows that the leaching
concentration deceases as the curing time increases. It was aso observed that |eaching
concentrations of heavy metals from the blended pastes do not exceed the limit

specified by US.EPA.
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(Metha, J.L., tagAtue, 1995)
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Composition Typel | Typell | Typelll | Type IV | Type V
Tricalcium silicate C;S 45 44 53 28 38
Dicalcium silicate C,S 27 31 19 49 43
Tricalcium aluminate C;A 11 5 11 4 4
Tetracalcium aluminoferrite C;AF 8 13 9 12 9
Free CaO 0.5 0.4 0.7 0.2 0.5
CaSO, 3.1 2.8 4.0 3.2 2.7
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2.4.3 Ufnsenlaastu (Wauynsal, 2546)

Aaaa @ 1< aaa { a 4 1 4
A5 lawsdu (Hydration Reaction) 1duilfaseninaduszninatjudimua

Y 1
=

0 Jya ' o 1 aaa Aa = &
UUI Wﬂﬂhlﬂﬂﬁlgllﬁﬂ@n\iﬂu‘luﬁf?\uﬁﬂﬂlﬂﬂﬂgﬂi fn@111GIﬁJﬂmﬂﬂﬁTiﬂigﬂﬂumﬂﬂﬂuucﬁLNu@

e
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Y
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At
1) Ugnsen lawssuvesnaiFondamna (C,S, C,S)
= an o Aaan [ 09} 1 Y a = 4
upaendainavzi1 Ufnsenuihneldinaunadonleasenlad (Ca(OH),)

~ an A o Y A g o = o
uamﬂm%u%amﬂ"lamw (C-S-H) nmmnuaigalseau aegums

2(3Ca0.8i0,) + 6H,0 —-> 3Ca0.28i0,.3H,0 + 3Ca(OH),
130 2C,S + 6H,0 > C,8,H, + 3Ca(OH),
2(2Ca0.Si0,) + 4H,0 ---> 3Ca0.28i0,.3H,0 + Ca(OH),

130 2C,S +4H,0 -—> C,8 H, + Ca(OH),

a

~ 9 =\ 4 =\ 1 [ dg’ Y
c-s-H 11daziinsndsznoumauniiuanareiulyl Tasrziuedively guwgl
o v A s ANY o q Ya s da I Y A wad o
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sIFanazezgiilennauag 15 Jagiow leain

2) Ugnsenlaassuveslasunadouozgiitug (C,A)

Ugns lemsduves c,A winaiuiisiula uazneliiiansudadiediasansy

= 4 J o
VDIHUUANTA ANTUNTT

3Ca0.ALO, + 6H20 ---> 3Ca0.Al1,0,.6H,0

130 C,A + 6H,0 -—> 3C,AH,
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3C,AH, + 3(CaS0,.2H,0) + 13H,0 > 3Ca0.Al1,0,.3CaS0,.31H,0 (Ettringite)
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wuanlud (Lignite) 1170 ¥UUNNUUE (Subbituminous)

H 9
M13°199 2.5 MIUNFUYeIIaqlos Tyarumuuni g1 ASTM 618-99

paENUAMaA Fuves yaailoalyaiu

Chemical Popertics N F C
Si0, + ALO, + Fe,0, (min, %) 70 70 50

SO, (max, %) 4 5 5

MgO (max, %) 5 5 5

Na,O (max, %) 1.5 1.5 1.5

Loss of Ignition (max, %) 10 12 6

Moisture Content (max, %) 3 3 3
Pozzolanic Index (min, %) 75 75 75
water requirement (max, %) 115 105 105
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Ca(OH), + Al,0, + H,O— qCa0.rAL0,.sH,0 (b)
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Hazardous Waste Number Contaminant Maximum conaentration (mg/L)
D004 Aesenic 5.00
D005 Barium 100.00
D006 Cadmium 1.00
D007 Chromium 5.00
D008 Lead 5.00
D009 Mercury 0.20
D010 Selenium 1.00
DO11 Silver 5.00
D012 Eldrin 0.02
D013 Lindane 0.04
D014 Methoxchlor 10.00
D015 Toxaphen 0.50
DO16 24-D 10.00
D017 245 TP Silver 1.00

111 US. Environmental Protection Agency
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Punamslanzrinluasvzazais, Naansu/ans

UOLIAN pH @szansmwlumsaamsyzazae, Sosaz)
21g 7 I 21¢g 28 1M 21¢ 90 M

Plating sludge (S) 7.83 114.29 (00.00) 114.29 (00.00) 114.29 (00.00)
OPC10S 12.15 41.38 (63.79) 34.35(74.32) 22.70 (80.14)
OPC30S 11.94 51.03 (55.35) 48.65 (67.05) 31.56 (72.39)
OPC50S 11.76 63.60 (44.35) 62.46 (54.10) 47.36 (58.56)
OPC10BAI10S 11.86 39.04 (65.84) 25.24 (77.92) 18.33 (83.96)
OPC10BA30S 11.71 47.44 (58.49) 33.98 (70.27) 27.64 (75.82)
OPC10BA50S 11.62 59.60 (47.85) 48.71 (57.38) 4330 (62.11)
OPC20BA10S 11.98 36.66 (67.92) 23.86 (79.91) 17.13 (85.01)
OPC20BA30S 11.84 44.30 (61.24) 32.69 (73.15) 25.49 (77.70)
OPC20BA50S 11.69 57.33 (49.84) 45.93 (59.81) 41.32 (63.85)
OPC30BA10S 11.75 38.00 (66.75) 24.54 (78.53) 17.59 (84.61)
OPC30BA30S 11.64 45.99 (59.76) 33.12 (70.58) 27.26 (76.15)
OPC30BA50S 11.57 58.38 (48.92) 46.68 (59.16) 42.36 (62.94)
OPC10RHAI10S 11.85 36.02 (68.48) 20.87 (81.74) 16.13 (85.89)
OPC10RHA30S 11.76 43.49 (61.95) 30.98 (72.89) 24.94 (78.18)
OPC10RHAS0S 11.68 57.06 (50.07) 45.62 (60.08) 41.24 (63.92)
OPC20RHAI10S 11.78 37.28 (67.38) 22.62 (80.21) 16.65 (85.43)
OPC20RHA30S 11.65 45.26 (60.40) 31.73 (72.24) 25.24 (77.92)
OPC20RHAS0S 11.53 57.19 (49.96) 46.14 (59.63) 41.69 (63.52)
OPC30RHA10S | 11.69 37.86 (66.87) 23.03 (79.85) 17.20 (84.95)
OPC30RHA30S | 11.62 46.01 (59.74) 32.31 (71.73) 25.88 (77.36)
OPC30RHA50S | 11.54 57.68 (49.53) 47.02 (58.86) 41.85 (63.38)
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WSnamnslavzviinluansyzazais, Naansw/ans

LOLIAN pH @szansmwlumsaamsyzazang, %)
21g 7 I 21 28 21¢ 90

Plating sludge (S) 7.83 79.15 (00.00) 79.15 (00.00) 79.15 (00.00)
OPC10S 12.15 32.69 (58.70) 19.71 (73.83) 18.21 (76.99)
OPC30S 11.94 34.96 (55.83) 23.68 (70.04) 21.60 (72.71)
OPC50S 11.76 36.52 (53.86) 25.83 (67.37) 24.36 (69.22)
OPC10BAI10S 11.86 27.98 (64.65) 14.41 (81.80) 10.75 (86.42)
OPC10BA30S 11.71 30.13 (61.93) 17.13 (78.36) 13.99 (82.33)
OPC10BA50S 11.62 32.17 (59.35) 19.98 (74.76) 17.35 (78.08)
OPC20BA10S 11.98 22.27 (71.86) 8.93 (89.98) 3.89 (95.08)
OPC20BA30S 11.84 24.92 (68.51) 11.29 (85.74) 7.80 (90.14)
OPC20BA50S 11.69 28.13 (64.46) 13.54 (80.79) 12.64 (84.03)
OPC30BA10S 11.75 23.71 (70.05) 9.02 (88.86) 4.15 (94.76)
OPC30BA30S 11.64 24.19 (69.44) 11.55 (86.17) 7.30 (90.78)
OPC30BA50S 11.57 25.61 (67.64) 14.98 (82.89) 10.42 (86.83)
OPC10RHAI10S 11.85 28.33 (64.21) 14.79 (81.32) 11.49 (85.48)
OPC10RHA30S 11.76 31.07 (60.74) 18.04 (77.21) 14.97 (81.09)
OPC10RHAS0S 11.68 33.10 (58.18) 21.22 (73.19) 18.65 (76.44)
OPC20RHAI10S 11.78 28.68 (63.76) 14.47 (81.72) 11.00 (86.10)
OPC20RHA30S 11.65 30.53 (61.43) 17.33 (78.11) 14.38 (81.83)
OPC20RHAS0S 11.53 32.32 (59.16) 19.81 (74.97) 17.30 (78.14)
OPC30RHA10S 11.69 26.74 (66.21) 13.09 (83.46) 9.09 (88.52)
OPC30RHA30S 11.62 28.03 (64.58) 15.08 (80.95) 13.58 (82.84)
OPC30RHA50S 11.54 30.75 (61.15) 18.43 (76.71) 15.94 (79.86)
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A1519% 4.11 Usuaasuazlszansanlunisaamisyzazatedensd Iuaisseazalsved

Aounaauta
Wnamslavzvinluansyzazais, Naansu/ans
OLIAN pH @szansmwlumsaamsyzazang, %)
21g 7 I 21 28 21¢ 90

Plating sludge (S) 7.83 79.15 (00.00) 79.15 (00.00) 79.15 (00.00)
OPC10S 12.15 15.90 (71.98) 14.17 (75.04) 11.74 (79.32)
OPC30S 11.94 21.09 (62.85) 22.00 (61.24) 20.10 (64.60)
OPC50S 11.76 25.75 (54.64) 24.83 (56.27) 23.56 (58.50)
OPC10BA10S 11.86 15.31 (73.04) 9.00 (84.15) 7.32(87.10)
OPC10BA30S 11.71 17.14 (69.81) 10.15 (82.12) 8.95 (84.24)
OPC10BA50S 11.62 17.64 (68.93) 11.50 (79.75) 9.83 (82.69)
OPC20BA10S 11.98 15.19 (73.25) 7.43 (86.92) 5.69 (89.98)
OPC20BA30S 11.84 16.03 (71.76) 9.01 (84.13) 7.34(87.07)
OPC20BA50S 11.69 16.89 (70.24) 9.98 (82.42) 8.87 (84.38)
OPC30BAI10S 11.75 15.60 (72.52) 8.05 (85.82) 6.59 (88.40)
OPC30BA30S 11.64 16.83 (70.35) 9.57 (83.15) 8.38 (85.23)
OPC30BA50S 11.57 17.07 (69.94) 11.20 (82.35) 9.07 (84.02)
OPC10RHAI10S 11.85 16.18 (71.50) 8.95(84.24) 7.48 (86.82)
OPC10RHA30S 11.76 17.21 (69.68) 10.52 (81.47) 9.44 (83.38)
OPC10RHAS0S 11.68 18.21 (67.92) 12.75 (77.54) 11.04 (80.55)
OPC20RHA10S 11.78 16.38 (71.15) 8.44 (85.13) 6.56 (88.45)
OPC20RHA30S 11.65 16.47 (70.99) 10.12 (82.17) 7.65 (86.52)
OPC20RHA50S 11.53 16.97 (70.10) 11.85 (79.12) 10.16 (82.10)
OPC30RHA10S 11.69 16.17 (71.51) 9.40 (83.45) 7.25 (87.23)
OPC30RHA30S 11.62 16.95 (70.14) 11.14 (80.37) 8.64 (84.78)
OPC30RHA50S 11.54 17.24 (69.63) 11.97 (78.92) 9.13 (83.91)
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13197 4.12 Usuaesuazdszansanlumsaanisyrazate lasmen lua1srazalsvod

Aounaauta
Punamslanzminluasvzazais, Naansu/ans
LOLIAN pH @szansmwlumsaamsyzazae, Sesaz)
21g 7 I 21 28 21¢ 90
Plating sludge (S) 7.83 0.750 (00.00) 0.750 (00.00) 0.750 (00.00)
OPC10S 12.15 0.213 (79.60) 0.100 (95.67) 0.025 (96.73)
OPC30S 11.94 0.264 (72.80) 0.138 (90.60) 0.066 (91.25)
OPC50S 11.76 0.296 (68.53) 0.167 (86.733) 0.109 (85.46)
OPCI0BA10S | 11.86 0.181 (83.87) 0.008 (100.00) 0.000 (100.00)
OPCI0BA30S | 11.71 0.187 (83.07) 0.010 (100.00) 0.000 (100.00)
OPCI0BAS0S | 11.62 0.196 (81.87) 0.014 (100.00) 0.000 (100.00)
OPC20BA10S | 11.98 0.168 (85.60) 0.006 (100.00) 0.000 (100.00)
OPC20BA30S | 11.84 0.172 (85.07) 0.009 (100.00) 0.000 (100.00)
OPC20BAS0S | 11.69 0.183 (83.60) 0.012 (100.00) 0.000 (100.00)
OPC30BA10S | 11.75 0.176 (84.53) 0.009 (100.00) 0.000 (100.00)
OPC30BA30S 11.64 0.184 (83.47) 0.010 (100.00) 0.000 (100.00)
OPC30BA50S 11.57 0.192 (82.40) 0.015 (100.00) 0.000 (100.00)
OPC10RHA10S 11.85 0.140 (85.33) 0.006 (100.00) 0.000 (100.00)
OPC10RHA30S 11.76 0.170 (85.33) 0.010 (100.00) 0.000 (100.00)
OPC10RHAS0S 11.68 0.180 (84.00) 0.011 (100.00) 0.000 (100.00)
OPC20RHA10S 11.78 0.158 (86.67) 0.005 (100.00) 0.000 (100.00)
OPC20RHA30S | 11.65 0.172 (85.33) 0.009 (100.00) 0.000 (100.00)
OPC20RHAS50S | 11.53 0.181 (84.00) 0.010 (100.00) 0.000 (100.00)
OPC30RHA10S | 11.69 0.166 (86.67) 0.008 (100.00) 0.000 (100.00)
OPC30RHA30S | 11.62 0.180 (84.00) 0.010 (100.00) 0.000 (100.00)
OPC30RHAS50S | 11.54 0.179 (80.00) 0.012 (100.00) 0.000 (100.00)
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ABSTRACT : This research investigated the properties of solidified wastes using fly ash, silica fome and ordinary
Portland cement as binder. Silica fume and fly ash were used to partially replace the ordinary Portland cement at the rate
of 10 % and 30% by weight respectively. The plating sludge was used at the rate of 40, 50 and 60% by weight of binder.
The water to binder (w/b) ratio of 0.40 was used for all mixtures. Compressive strength of solidified wastes was

investigated. Moreover, leachability of heavy metals was determined by TCLP; XRF were used for testing the chemical
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properties. Fractured surface was studied by SEM, and the pore size distribution was studied by MIP. Test results
indicated that the compressive strength of blended cement composites increased with increasing curing duration but at a
decreasing rate. Compressive sirength of blended cement from which Portland cement was replaced by 10 wit.% of silica
fume gave higher strength than that replaced by fly ash. Compressive strength of all solidified wastes made with 40, 50
and 60 wt.% of plating sludge were dramatically decreased as compared to that without the waste. Quality of solidified
waste made with blended cement was better than that made with ordinary Portland cement. It was also observed that
concentrations of heavy metals in the leachates after contacting with all cement-based solid wastes did not exceed the
limit specified by US.EPA. SEM and MIP results revealed that the pore size of solidified wastes increased with

increasing plating sludge.

KEYWORDS : Leaching, Heavy Metal, Solidified wastes, Fly ash, Silica fume
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Abstract

This research investigated the properties of solidified wastes using bagasse ash and ordinary
Portland cement as binder. Bagasse ash were used to partially replace the ordinary Portland cement
at the rate of 0%, 10 %, 20% and 30% by weight respectively. The plating sludge was used at the
rate of 0, 10, 20 and 30% by weight of binder. A constant normal consistency was used for all of the
mixtures. XRF and 3EM were performed to investigate the chemical proportion and the particle
shape of matenials. Compressive strength of solidified wastes leachability of heavy metals was
investigated by TCLP. Test results indicated that the compressive strength of all solidified wastes
made with 10, 30 and 50 wt% of plating sludge were dramatically decreased as compared to that
without the waste. In addition, the compressive strength of blended cement pastes from 20 wt.% of
bagasse ash replacement showed higher strength more than 10 wt.% and 30 wi.% of bagasse agh
replacement while concentrations of heavy metals in the leachates after contacting with all cement-
based solid wastes did not exceed the limit specified by US.EPA.

Keywords : Bagasse ash, Heavy metal, Pozzolanic, Compressive strength, Leaching
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