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Project Title SYNTHESIZED ZEOLITE FROM COAL FLY ASH AND
BAGASSE FLY ASH FOR LEAD REMOVAL FROM
WASTEWATER FROM LEAD INGOTS

Name of the Investigator ASSOC. PROF. THARES SRISATIT, Ph.D.
Year JULY 2006
Abstract

The objective of this research was to study the possibility and applicability in zeolite
syntheses using coal fly ash and bagasse fly ash which have been activated by Spent alkaline from
black oxide coating industry compared with sodium hydroxide solution. This study designedly
ascertained the optimum condition of zeolite syntheses comparatively from coal fly ash and
bagasse fly ash. The optimum condition was determined by evaluating a cation exchange capacity
(CEC) of the synthesized zeolite. The result revealed that the optimum condition exhibiting the
highest CEC for synthesized zeolite using coal fly ash and bagasse fly ash were 418.36 cmol/kg
and 286.29 cmol/kg, characterized by reaction temperature of 90 °C, activation by Spent alkaline
solution concentrated of 2.0 molars and reaction time of 5 days.

Lead removal by using these optimally synthesized zeolites was evaluated with batch
test. The batch experiment was utilized to study the influential factors on lead removal from
synthetic wastewater which are namely pH favorableness, concentration of the heavy metal,
contact time and adsorption isotherm. The outcomes were that the best adsorption efficiency of
lead were at pH 5 and concentration of 10 mg/l of lead. From Langmuir adsorption isotherm of
synthetic wastewater, it was found that the lead adsorption capacities of zeolites synthesized from
coal fly ash and bagasse fly ash, which have been activated by Spent alkaline, were 78.31 and
65.23 mg/g of zeolite respectively

Lead removal capacities- of - wastewater from—Lead Ingots- Factory wusing zeolites
synthesized from coal fly ash and bagasse fly ash activation by Spent alkaline were 92.86% and
89.56% respectively. It can conclude that, Spent alkaline can be used to activated zeolites instead

of sodium hydroxide solution (NaOH).
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ZSM-5 type Q type femirite type ALPO 4-5 type
Na T™MA Na+K TEAOH
TPA Pyrrolidine | Sr TPAOH
TDA DABCO Li+Sr (Ba) +seed Choline hydroxide
Propylamine Choline Et3N
EDA Pyridine Pr3N
Ethanolamine Ethylenediamine (CH,CH,OH),N
Methylquinuclidine 1,3-Diaminopropane Cyhexylamine
NH,+ alcohol 1,4-Diaminobutane NN —Dimethybenzylamine
Alcohol 2,4-Pentanedione Diethylethanolamine
Glycerol N-methylpyridimum Amino Diethylethanolamine

111 : Breck, 1974
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900 5 8.47 0260 | 0254 | 0261 | 0258 | 97.42
1440 5 8.46 0.290. | 0287 | 0285 | 0287 | 97.13
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L | mewwEn | wawwen | a1 | asanz | asangs removal
()
5 5 8.11 0.399 0.398 0.405 0.401 95.99
10 5 8.26 0.327 0.322 0.321 0.323 96.77
20 S 8.24 0.297 0.304 0.301 0.301 96.99
30 = 8.52 0289 | 0291 | 0291 | 0.291 | 97.09
60 5 8.79 0274 | 0277 | 0280 | 0277 | 97.23
90 5 8.82 0221 | 0219 | 0224 | 0221 | 97.79
120 5 8.84 0207 | 0211 | 0206 | 0.208 | 97.92
150 5 8.80 0.214 0.219 0.220 0.218 97.82
180 5 8.79 0256 | 0259 | 0261 | 0259 | 97.41
240 5 8.64 0259 | 0262 | 0266 | 0.262 | 97.38
300 5 8.60 0279 | 0284 | 0281 | 0.281 | 97.19
900 5 8.61 0273 | 0269 | 0271 | 0271 | 97.29
1440 5 8.54 0.299 0.303 0.301 0.301 96.99
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qude |, o o o 5 4 | \wmad
L | mewwEn | wawwen | a1 | asanz | asangs removal
()
5 5 8.56 0.493 0.501 0.497 0.497 95.03
10 5 8.63 0.421 0.424 0.419 0.421 95.79
20 S 8.82 0.374 0.377 0.375 0.375 96.25
30 = 8.94 0322 | 0330 | 0337 | 0333 | 96.67
60 5 8.97 0.304 | 0309 | 0305 | 0306 | 96.94
90 5 9.01 0271 | 0268 | 0267 | 0269 | 97.31
120 5 9.03 0219 | 0221 | 0223 | 0221 | 97.79
150 5 8.83 0.231 0.234 0.235 0.233 97.67
180 5 8.79 0257 | 0254 | 0258 | 0.256 | 97.44
240 5 8.74 0269 | 0272 | 0271 | 0271 | 97.29
300 5 8.70 0281 | 0279 | 0277 | 0279 | 97.21
900 5 8.72 0299 | 0294 | 0300 | 0.298 | 97.02
1440 5 8.71 0.301 0.299 0.302 0.301 96.99
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L | mewwEn | wawwen | a1 | asanz | asangs removal
()
5 5 8.60 0.498 0.501 0.504 0.501 94.99
10 5 8.69 0.443 0.454 0.477 0.488 95.52
20 S 8.79 0.391 0.392 0.395 0.393 96.07
30 = 8.86 0.367 | 0360 | 0369 | 0365 | 96.35
60 5 8.94 0299 | 0294 | 0297 | 0297 | 97.03
90 5 8.96 0266 | 0260 | 0261 | 0.262 | 97.38
120 5 8.9 0237 | 0235 | 0240 | 0.237 | 97.63
150 5 8.86 0.253 0.249 0.251 0.251 97.49
180 5 8.84 0257 | 0254 | 0259 | 0257 | 9743
240 5 8.72 0269 | 0268 | 0271 | 0269 | 97.31
300 5 8.71 0288 | 0284 | 0287 | 0.286 | 97.14
900 5 8.71 0291 | 0297 | 0293 | 0.294 | 97.06
1440 5 8.69 0.306 0.304 0.301 0.304 96.96
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n3zAUAIY 20 0.989 | 0985 | 0.988 | 0.987 90.13
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Spent alkaline




76

szansnmmlumsmianzivesdleladndunsziaindass

J a v Y d' Yy Y \J s
DIUHUIAZAIND 1A DY B IUDDYNA I UVNYUA ) DU

100.00 —— 5o laddunnzrinndiaoy
Muniunszduals NaOH
95.00 ~ 7o " )
= —B— Fleoladduanzinindiacy
g . MuAunIzduAIe Spent Alkaline
S 9000 n
N Floladdunzrioindiase
85.00 NudvoNITGUAIS NaOH
—0— Floladduanzinndiacy
80.00 o K ﬁ]fmé'aaﬂixéjuﬁaﬂ Spent Alkaline

10 15 20

Yy )
ANMVNVUALNI (mg/])

A a A o w 9 = A o J 9y 1 a
51U 4.16 ‘]Jig’s’f‘ﬂ‘ﬁﬂ1wcluﬂﬁﬂﬁ]ﬂ@lzﬂ’Jﬂlf]\i“]fi@hlﬁﬁﬂﬁﬁlﬂiwﬁiﬂﬂlﬂ1a6801uﬁullﬁ$ﬂ1ﬂ

u

Y Yy A Yy g o
[D1DYFIUDDINANUUVUUVUANS] NU

A ' 4 A ) o3| A a o
131N 4.16 NI MRMBANANTUYBIAZN 2910 10 1T 15 uaz 20 Haaniw
1T A o W a A [ = I o 'd 9 1 a
aodas awday Uszaninmlumsgaduvesdle lanndunszinndiassaiuiuuazain
v Y A o w A o Z v i oa A Yy v
iaveudesiiaanas disudle laddunsizinndiassn uiuiinszqualeasazalg
J 1 a Aa 9 )
Tmdenlaason lod wudnlsz@ninnlunisgaduazniaaadonn 98.05% mae 95.10% uaz
oA 7o ¢ Y oA A Y Y . =
90.08% @1ud o laadunizianmiassauiuingzquaIoa1sazae Spent alkaline ¥
Uszansnmlumsgaduaznianadnin 97.97% IMaeo 94.84% uaz 90.13%  1HoINNAIY
Y 9 v A Aa o 1T A o =\ S o 4 9
Wuduvoanznuiu 10, 15 4az20 Faaniuaedns amd 1A uazdlo ladgndunsiziain
Y A Yy 9 = J 1 a A o o
apeyUdRENNIEAUAIeTITaz a8 Tsaen laasen Tua wuinlszaniamlumsgaduazn’
A A J o o v Y A
AnNaINN 97.81% INAD 95.44% 1Az 90:03% diudlolaadunsiznoinidiaes s1udeen
N53AUAIIAITaZaY Spent alkaline Hiszaninimlunisgadunznianasain 97.58% 1viae
4 A v A a o 1 Aa o w
95.14% 11z 92.31% WBtNuANUTUTUV0InzA 1Y 10, 15 1az20 Jaansuaeans muaIny
09: dy A a = ~ s & < J a
netiifesuamnamsuaniasuleoouvuesdlo lad Feazmiuinliuaves
~ e - 9y 9 ¢ A 2 L q9 A a A
Flo'laadunsizdnsiuannududuvosaznunuiui v lonmanazinanmsuanaou
4 U
lovouuinanasdeildlszaniamlunmsdiinanas uenniniifiernnansgaduazni

= 4 5’ a £ 1 o 9 T A &
vo33 1o laansdowila Feazwunluszezusn Tavgninazidn ldunsnegusnugngu ¥l

T A a =1 4 A Yy 9 A dgl A Y] 1 z < Y] [ " Y
aguanmmmawia"laﬁ UALUDANULVUVUINUUULTDEY Tamwuﬂmmuuﬂ%wmag”lﬂ



77

~ 1 Aa a = Jd 1 eazl A o v v d oa/’ @ [ 1o o =
LW‘EJ\‘]LLﬂ‘UiL'Jﬂ!W'J"’U@Q“]fi’l’]llaﬁ!ﬂTHU Tﬂauaﬂumzmiwmgﬂumuq anvuduuiuay &9

Qe

[

v o ] ] A [~ Y = A a A S Y
U@’JﬂulhlLluuﬁﬁﬂulllllsllﬁllﬁ\ill'lﬂuﬂ ﬂ\iuufl]\‘iuj’ﬂﬂ']ﬁ‘ﬂﬂgﬂﬁ]@@@ﬂsﬂqﬂWﬂ“ﬂT@‘lﬁﬂqﬂQTﬂ

e

9
[ Y

A Y Y o S IR A a A o ) Y 1
NUHNANUIVUUUATG %Iﬂllaﬁlﬁ]\‘mﬂizﬁﬂﬁﬂ1W1Uﬂﬁﬂﬂ“BU¢1$ﬂﬁllﬂﬂﬂ?ﬂ

Aa a d v d a
4.4.4 mynaaevlelamenmsgafaiivesilelandunsizvioindasesufiunaz

NIDADYVIUD DY

Y [ v
Tumsnaasstidlumsnaaoduuuluaeiios (Batch  test)  laolddlo lagn

o ¢ v 1 A v v S o dqu A d A
FAIUATIEHINNDIADYDIUK ULLUAZIINID1ADSIFTIUDDY u“ﬁﬂ‘ﬂis}f(l'Llﬂqiﬂﬂﬁﬂﬂﬂﬂ UITY

[

A A P /A o = A y v
\‘]Lﬂi?%"ﬂﬂmiflll’i]”lﬂﬁ?iﬁgfﬂﬂlﬂﬁﬁﬂiu PbNO3 WITIUADINNINITANH AD ANUUNVUUD

'
%

~ v A T v 9 31 =\ Y] P Y 9 o A Aa o ]
SNINYNAAYUN pH (NN 5 Taelxingeduasizinianududuveinsng 10 Yaansuae

3

a o a aa A (A = d o d
ans 319w 100 Tadans asluvaagisuyndlsunadle ladduasiziiod 0, 0.01, 0.02, 0.04,

@ 1 { I~ 1 1 qg/,
0.08, 0.1t 0.2 NS WENANUGITOV 200 0UAUIN tazlFiauvedn 120 1 9NTULEN

Y
o v i

A ) a 4 a o A A g’ = o 4
11A1081900n 1AEN15AT 04 mauﬂﬂmmwwmﬂsmmmmmwaa“lummammiww

9015 19N 4.16-4.19

A a o :’ A o s A a a gy ~ J o J kY
ANTNN 4.16 ﬂill’lﬂ‘l@gﬂﬂiuu’llﬁﬂﬁ\‘llﬂﬁ1$°ﬁLil'f]gﬂ@ﬂﬂﬂWﬂﬂjﬂcﬁjﬂ]’la@ﬁ\uﬂi'lgcﬁinﬂlinﬁaﬂ

1 a A Yy 9 = 4
ﬂTL!WuVIﬂigﬂuﬂ’lﬁlﬁ1§a$a181“m@ﬂuqaﬂiﬂﬂhlclfﬂ

WNID | ANy

- ; . 84 c X x/m %

#lolas | aznInmae InC | Loxm | 1/C 17X

4 (mg) | (mg) | (mg/l) removal

(2 1nag (mg/l)
0.00 10 1 0 - - - - - 0
0.01 8.904 0.89 0.11 10.96 2.19 2.39 0.11 0.091 10.96
0.02 7.697 0.77 0.23 11.52 2.04 2.44 0.13 0.087 23.03
0.04 6.149 0.61 0.39 9.63 1.82 2.26 0.16 0.104 38.51
0.08 2.205 0.22 0.78 9.74 0.79 2.28 0.45 0.103 77.95
0.1 0.203 0.02 0.98 9.80 -1.60 2.28 4.93 0.102 97.97
0.2 0.031 0.00 1.00 498 -3.46 1.61 31.91 0.201 99.69
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4 (mg) | (mg) | (mg/l) removal

(2 a8 (mg/l)
0.00 10 1 0 - - - - - 0
0.01 8.831 0.88 0.12 11.69 2.18 2.46 0.11 0.086 11.69
0.02 7.000 0.70 0.30 15.00 1.95 2.71 0.14 0.067 30.00
0.04 5.223 0.52 0.48 11.94 1.65 2.48 0.19 0.084 47.77
0.08 2.093 0.21 0.79 9.88 0.74 2.29 0.48 0.101 79.07
0.1 0.206 0.02 0.98 9.79 -1.58 2.28 4.85 0.102 97.94
0.2 0.038 0.00 1.00 498 -3.26 1.61 26.09 0.201 99.62
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0.00 10 1 0 - - - - - 0
0.01 8.961 0.90 0.10 10.39 2.19 2.34 0.11 0.096 10.39
0.02 7.123 0.71 0.29 14.39 1.96 2.67 0.14 0.070 28.77
0.04 5.539 0.55 0.45 11.15 1.71 2.41 0.18 0.090 44.61
0.08 1.597 0.16 0.84 10.50 0.47 2.35 0.63 0.095 84.03
0.1 0.229 0.02 0.98 9.77 -1.47 2.28 4.37 0.102 97.71
0.2 0.053 0.01 0.99 497 -2.94 1.60 18.99 0.201 99 .47
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0.00 10 1 0 - - - - - 0
0.01 9.001 0.90 0.10 9.99 2.20 2.30 0.11 0.100 9.99
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0.04 6.212 0.62 0.38 9.47 1.83 2.25 0.16 0.106 37.88
0.08 1.897 0.19 0.81 10.13 0.64 2.32 0.53 0.099 81.03
0.1 0.239 0.02 0.98 9.76 -1.43 2.28 4.18 0.102 97.61
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