i_n D
m R F

% Y d
ﬂmmmﬁfnmuuanyﬁm

TnsamMs

= a = = S 14 I 4 = d
NI13A ﬂ‘lsﬂ!‘15Q!‘I.I3EJ‘1Jmﬂ‘]Jf’l‘§%‘U’J‘I-!ﬂ1§ﬂ1ﬂ!ﬂN1Hﬂ1i!!ﬂ§ﬁﬂ1W!ﬂ1?;1(’)8!‘1]1!3%19]““1@)"!?;19]

o & Y d' U [ d' v k%
!!ﬁ$fn5’s’ﬂi?ﬁ)&‘ﬂﬂﬂﬂu!i@ﬂﬂ'J"IN%THH5ﬁﬂ‘uﬂﬁ@ﬂ“]i‘]ﬂi’)@i’)‘iﬂlﬂﬂ')ﬁ@]ﬂﬁ’ﬂ!ﬂiw‘?ﬂﬂ
COMPARATIVE STUDIES ON THE EFFECT OF CHEMICAL CONVERSION TECHNIQUES ON

TYPES AND ADSORPTION BEHAVIOUR OF ZEOLITIC MATERIALS

SYNTHESIZED FROM FLY ASH

NQueU 2547



oy uaui TRG4580095

swanAdeatvanysol

Tasams

= a = = S 14 @ v = d
fnﬁﬁﬂ‘lsﬂ!‘15Q!‘I.I5EJ‘Umﬂ‘IJﬂ‘§%‘U3uﬂﬁ‘ﬂNlﬂ%ﬂuﬂﬁ!!ﬂﬁﬁﬂ1W!€l1@168!1]1!3%19)“‘“1@)"!?,19]

o & Y d' U [ d' v 4
uazmsms3«m‘uaeﬂms@eﬂ31umu15a“lums@mmu"la@aummmemmmswﬁ"lﬂ

COMPARATIVE STUDIES ON THE EFFECT OF CHEMICAL CONVERSION TECHNIQUES ON
TYPES AND ADSORPTION BEHAVIOUR OF ZEOLITIC MATERIALS

SYNTHESIZED FROM FLY ASH

U w

a a J
P13. 9AUNT TVINT

a a d a [y
MAITUAN AMSINGFNAANST NHINeNAEeNTealvin

aiayulagd1innuneINUIT UMY

< Y N 1o & 3
Enumanlussauiiiuvesdise ana. lisuiludesiudreaueli)



a A

annssnlszmea

9

Ao dy < 1 Yy (] A 4 4
Tﬂidmi’mﬂu "Ili%Qﬁ?ﬂllﬂhlﬂﬂﬂﬂﬂﬁ"lu%jmﬁaﬂ HAZANNBUANTICHITINAUIVTEY

A o

] 9 = 1 [ 1 dy
uazyananaeihe Fadedslasvesuounszamynnanieunae i

k4
1A v

E2
VBUDUNWISAM IA. AT. INF ﬂi‘ﬂﬁu‘ﬁ’ uaz 37. A3, NId Snmsga ARYLUBDINAIUD

a a U

2

<] - a ' c?zl Y 3 [ v o
anuduivvesIassmsiiodnauiess munaeslaldmsaivayuiclumsdududnauld

U

[ a

% o o Ay QSJI ' I ! ) 3
laaiasveSumsaiuayunuiteawausn  vandudnlddwuziiniineddnmsuas

]
] 9
A %

U9 NN lauasMsHANAUIENON
4 a J @
YOUDUNIZAUAMITINGD  AWUIINY  Laznugsny unbulynde aaoady
{ ] a ' A J l ;’f @ 3
dmihiins Iihhesda (nln) panuneyn Izt IFANNTIomMae NIn1eauiagadu
A A <4 =
nazinseslouniueded

S CY a K

4 1
YovouAMUNANEIMNAUNITZAUTYRNAT  uazszALTUNAANYINTINTZAINTTY
] Aav o a J1 A [ 1 o Il @
TunieiveTagoiun3dguilmsaAny 2545 uaz 2546 Moy Tamumstinuedaniin
winawiduazilvgiuanaunazuendienu ligemaanani
Y Y A 1 a ~ a o 4 a 4
YOV UAMM N U IUYRINAIVUAT  LaznIAINTTgMans AuzINeMaas
a v A 1 Ay yq ¥ < 7Y A A g =
winIneaedealna #laldanuduquazeynsziaunielioiluedsdaaoanal
9 { J o o Y aw Y o
MhefgativeveunszaudninauneumivayumsNe  (@na.)  Nlamivayu

wlsznamsniintenaoa lnsans



UNAAEID

sHalnsans TRG4580095

A =1 a = = =

¥olnsans MsAnyurlSsumeunssuIumMImaail lunsuls

9 4 o 3 @ =1 4 o
anidaveuaznes laaluidadle laduazmsdisag
dy 9 A o @ A

ieosdusesnnuamnsolumsqadu losouvesiaai
dunsznld

d' U AU a [ ayu o
FOUNIVEY AT. DAUNT 39997
E-mail Address apinpus@chiangmai.ac.th

s8NNI 213

Aav dyd =3 = = am Y 3 o 4
TasamsIvethdumsanwlSsueuismsulsanmwdiasssunaunes lag
Y] 4 a [ { [ A { 1 @
Tdluiagusziandlolas  uazwilavesiagiidunizilannitmamaniifaiadu
3 wvAa % % d‘ [ Y qu dy Y o
sasnuauiamsgadulosouvesiagiduniizd 1d il Idiinmsnaasunlsanw
9 I'd 4 dd’ 1 [y ad A o aan [
idaveuazines oA IagnszuaumInanliuanannudeisAemsinlnsenuy
1 09)1 a 4 {
MITAOANUVUANAN  LAZNITUIUMIHasNT DL szgnaNvaoudaoouay
v 1 [ ~ o o Aaaa Y [ g’ A @ ~ Q(;
wos ladnuaneuini lidnlfnsoneldanzanudulehoud Hguugih
LY 1 d‘ o = Y 1 a 1 a 1 a 3’
gl iinmsanenlaun  sievesas  USuavesasuazilSunavesiiiluy
Aaaa [ 1 g 1 I 1
Ugsolugdvessandiulasunaveudiassniomes laddeas  uavdasiaiulag
I 1 a :} o W A @ [
wavesveikanaeliuasve a1y ganginldlumsuasuduais msw
9 9 4 - 9 o Aaaa = [
nszduidiasouazines lad  waznaniil¥lumainlgaier  nmsEnmuImmy
/1 e Aoqua & a o JAd o ¢ A
nszuIuMsvaousmuuulszgnamiuim 1iinavewdwwaanuyiniduglolaq Ao
ara 4 4 =1 < Aa o I a 2 A a dgl A A A
Na-X Wad'lwd vazlsanrlad Tastivewdinansuaionsiavianmnavunedil lsan
[ I~ 4 a <3 a Y] Jd A Ao
taluaisdsznovdszianlalasmsiun manavesuswdswandunnnrialonyus
I A a a a & 9 A v AAa A 1 a Aa o 4
Wunpuidenastialarianiala  Tashiladenionsnageganosiavonansumi
Y
Aodsmanilulgnser sevaunldunviiavesan tagmawinszdu sy dau
a 1 o Aaaa 1 a 3 a [ '3
1J51aveIna uazna lumsinlnsenlinanowiaueuow ARSI UNToENIN
@ 1 ara 4 ) Y] o
aegilal ledgminmageuanuawnsalumigadlossuvesnzii Hay
' P2 v
upadiow  tazuaawud liuvesmsgadumuIuaasana lugiesiimsdnmie 30
o Y] T Y = Ao :/' dy 9 Yy I X 3 Y
 luanazde lidngauga  anmsaneidenseil lduaasdddmudennuduly1dly
Y 3 a Y I Y] A J a 9 Y ~ ]
msulsamwigansaesrialiiuiagniiqguamansygne 14 Tag 13330 Il
' Yy A o EA? ' A
gannuazlFaunulumswaadr Nellludiuvesanuansolumsuanilaeulosou

o 9

g o = A A A4 q ooy Ao Yy Ao '
idsdesimsAnsunuavae lihie 1w Idan 1z nanga uaz ladoagdndanuae

o (%) Y Jd A 4 (% 4 @
Atian n1asy LWE’)ﬂﬁ@‘l %T’ﬂlla@] NTTIUNTIEN ﬂTiSE]ﬂ“]f‘]Jhlf’J’E)i’)u



Abstract
Project Code TRG4580095
Project Title Comparative studies on the effect of chemical conversion on
types and adsorption behaviour of zeolitic materials synthesized

from fly ash and perlite

Investigator Dr. Apinpus Rujiwatra
E-mail Address apinpus@chiangmai.ac.th
Project Period 2 years

Two zeolitization techniques, namely conventional alkali treatment and modified
fusion, were investigated on fly ash and perlite with the following examined variables; type
and amount of alkali reagents, reaction water content, fusion temperature, prior activation
by calcining at high temperature, and reaction time. It is evident that only the modified
fusion technique could provide zeolitic materials which were Na-X, phillipsite and sodalite.
The other product yielded from this technique was hibschite, the hydrogarnet material. It is
apparently that each of these solid products could be selectively prepared. Types of the
solid products were governed by the water content of the reaction, type of alkali reagent
and the prior activation respectively. The amount of alkali reagent and reaction time
showed only slight effect on type of the solid products. The cation adsorption behavior of
the typical synthesized phillipsites were studied toward lead(Il) and cadmium(II). The
amount of adsorbed lead(IT) and cadmium(Il) ions gradually increased throughout the
studied period of 30 hours with no sign of approaching equilibrium. According to the study,
it is feasible in conversion of both fly ash and perlite into commercially valuable material
of zeolites via simple and inexpensive but effective technique. The adsorption behavior is

however inconclusive and further investigation is required.

Keywords fly ash, perlite, zeolite, synthesis, ion adsorption
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wiiavoadlolad qn39813419
NaP1 zeolite Na,AlSi 0,,.12H,0
phillipsite K,AlLSi,0,,.H,0
K-chabazite K,ALSiO.H,0
zeolite F linde KAISiO,.1.5H,0
herchelite Na, AlLSi, O, ,,.1.8H,0
faujasite Na,AlLSi, ,0,,.6.7H,0
zeolite A NaAlSi, ,0,,.2.25H,0
zeolite X NaAlSi, ,,0, ,..3.07H,0
zeolite Y NaAlSi, ,,0, ..4.46H,0
perlialite K,NaCaAl,,Si,,0.,.15H,0
analcime NaAlSi,0,.H,0
hydroxy-sodalite Na, ALSi, O, ,,.1.8H,0
hydroxy-cancrinite Na, Al ,Si ,0,,.6H,0
kalsilite KAISiO,
tobermorite Ca,(OH),Si 0, ,.4H,0
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uviaadany VA (a) siiavoadlolad uswiiaan
(Twaneans)

Teruel 1.0 NaP[#** -
Teruel 1.0 NaP1*** Gm, An -
As Pontes 1.0 NaP1*** P* An -
Escucha 1.0 An*** -
Compostilla 1.0 NaP1*** An** -
Dou He 1.0 NaP1*** An* -
Escatrén 1.0 - Ka*
Cercs 1.0 - Ka***
Escucha 0.5 An*** -
Compostilla 0.5 NaP1*** An* -
Dou He 0.5 NaP1*, An* -
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¥HALAZANUTUTUYBIA Tz

Hlumsilgasen

riaues 1o lad

(M) (@A UHBAIT)
d130a1:181a00 (2 daaani/ni)
NaOH 0.5 150 - 200 low activation for all temperatures
low activation, NaP1&herschelite
NaOH 1.0 ;Zg (traces)
NaP1 and herschelite for 8 h activation
NaOH 2.0-3.0 150 NaP1 and traces of herschelite
200 NaP1 (Teruel, Los Barrios), herschelite
and analcime traces (Narcea)
NaOH 0.5 150 — 200 herschelite, analcime traces (Narcea)
hy-sodalite, hy-cancrinite (Teruel,
Barrios)
Msazane:Id1aos (2 Jaaans/niw)
KOH 2.0 150 — 200 KM zeolite
KOH 5.0 150 KM, chabazite and linde F traces
200 kalsilite and KM, perlialite and
tobermorite
#130a10:181a00 (18 Uaaans/Ni)
NaOH 0.5-3.0 <175 NaP1 (herschelite, only Espiel fly ash)
> 175 analcime, hydroxy-sodalite, tobermorite,
nepheline hydrate
NaOH 3.0-5.0 150 - 200 hy-sodalite, hy-cancrinite, tobermorite
KOH 05-1.0 150 — 200 KM, tobermorite
KOH 3.0 <175 F zeolite, tobermorite
KOH 5.0 <175 F zeolite, kalsilite, tobermorite
KOH 3.0-5.0 > 175 kalsilite, tobermorite
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M 1.8 asdsenuramdsennertesnumsulsanwdiaseiludle lag Seq

o w dd‘ Y a
mﬂumuﬂm"lmumimwuw

o = o

1l Jaqdle'lad Fmsdunszd (N3
a.. 81904
1993  Na-X Fusion with sodium hydroxide prior to 35

hydrothermal reaction
1995 P, hydroxysodalite Treatment for 2-48 hours in 3.5M NaOH 28
solution at 100 °C.
1995  phillipsite, merlinoite, analcime,  Alkali (NaOH or KOH) hydrothermal 25
Na-P1, nosean activation.
1995 P, analcime, hydroxysodalite, Hydrothermal synthesis with NaOH solution. 29
cancrinite
1996 Na-P1, P-C, X, K-G Direct treatment with NaOH or KOH 30
solutions at 100-250 °C.
1996 P, hydroxysodalite Hydrothermal treatment in NaOH. 31
1996 A, faujasite Three step process with NaOH solution at 36
ambient atmosphere
1997 Na-Pl, sodalite, phillipsite, Activation with NaOH and KOH solutions in 13
analcime, gmelinite, nepheline closed system at 150-200 °C and 8-100 hours.
1997 A,P, X Hydrothermal treatment. 37
1997 Na-P1, hydroxysodalite, Microwave-assisted hydrothermal alkali 32
analcime, tobermorite, nepheline, (NaOH, KOH) activation.
F, kalsilite, phillipsite-KM
1998 Na-P Hydrothermal treatment with NaOH at 38
100°C.
1998 faujasite Fusion with NaOH at 550 °C followed by 39
dissolution in water and hydrothermal
treatment.
1998  gismondine, gmelinite Hydrothermal treatment with NaOH. 40
1998 K-L,K-W Hydrothermal treatment with KOH. 41
1998  MCM-41 Fusion with NaOH at 550 °C followed by 42
dissolution in water and hydrothermal
treatment with CTAB as structure direction
agent.
1998 X,Y,Na-P1 Hydrothermal synthesis with 3M NaOH. 43
1999 Na-P1 Two-step alkali treatment process. 33
2000 A, X Alkali fusion followed by hydrothermal 34
treatment.
2000 ZSM-5 Hydrothermal treatment of a mixture of fly 44
ash-rice husk with CTAB as structure
directing agent.
2001  sodalite, cancrinite, kaolinite, Thermal treatment at molten salt state 45
montmorillonite
2001 Na-P1, herschelite, KM, linde F,  Hydrothermal treatment with KOH and 27

K-C

NaOH. (pilot plant scale)
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1993 ZK-19, W, G, F, analcime, A, Alkali activation at 100-140 °C for 2 hours 46

gismondine etc. to 13 days.
1997 Hydrothermal synthesis. 47
1999 P, V, hydroxysodalite Hydrothermal synthesis with NaOH at 100- 48
140 °C.
2002 ZSM-5 Hydrothermal treatment of perlite with 49

CTAB as structure directing agent.
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