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## 5070579021 : MAJOR ENVIRONMENTAL ENGINEERING

KEYWORDS : ZEOLITE / COAL FLY ASH/AMMONIA / SHRIMP POND
PATHANIN SANGAROON : AMMONIA REMOVAL FROM SHRIMP POND
USING ZEOLITE SYNTHESIZED FROM COAL FLY ASH. THESIS ADVISOR. :
ASSOC. PROF. THARES SRISATIT, Ph.D., 144 pp

The objective of this research was to study the potential applicability in synthesis using
coal fly ash. The results revealed that the optimum conditions for synthesis zeolite from coal fly ash
by spent alkaline is temperature of 80 °C, spent alkaline solution of 3 molars and contact time of
4 days, Calcium ion exchange capacity of synthesis zeolite was 470.75 cmol/kg

Synthesis zeolite was conducted to investigate the capacity of ammonia removal from
the synthetic wastewater contained with Ammonia-Nitrogen at 2 mgL", batch experiment were
performed to investigate the parameters affecting the Ammeonia-Nitrogen removal in synthetic
wastewater from shrimp pond, such as zeolite dosage, pH, contact time and adsorption isotherm
of Ammeonia-Nitrogen removal. The results demonstrated that the optimum zeolite dosage in order
to remove 11.38 mg ammonia nitrogen from synthetic wastewater with 1 gram of zeolite can
remove Ammonia-Nitrogen mg-NH,-N at pH 6, contact time 180 minutes and adsorption
isotherm could explain by Langmuir isotherm. Zeolite synthesized from coal fly ash activated by
spent alkaline has the capacity for ammonia removal from synthetic wastewater 82.00 % of total
ammonia nitrogen. The removal performance of ammonia nitrogen in wastewater from shrimp

pond using zeolites synthesized from coal fly ash was 74.87 %
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(Fann 2.2) Faenniolszneuduiluerai Tuddinn Tavmsideudeveseendisuszasy
lmu'lﬂi'futjn fio iy Taneduind (copolymer) Aanmi 2.3

d' -l -y - T T - - ¥
2 2.2 JimsaensEEasenyeInenFiau Inesifuanusaneunieesgiionlumiae

Tnsaadralgugiivesdlelod (Breck, 1974)

)

0 ? D—S[i—{} 0
o—if—u—m—o—if—n—éi_
e & wasw o

!

amii 23 minlasaaiundnvesdlelod inascins BANBINYYBI Si0 /A0, (Fyyuin

uaEouYIw, 2540)
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gristuiwvesdlelad fie

M,,0.ALO, xSi0,.yH,0 (2.1)

fin Moudveuanlessu (M) dauuniiauiny 1 wie 2 veelanzeomlal
E [ o

Hie sam Imiigin

fis $1u2uTuaves sio, Taswneziinwinnimseming 2

£ “. U 4 i
fis innuTuaveniiiegluyesiavesndndlelon

griuaaamizusadvesiiolod

xty
yix

M, [(A10,)x.(Si0,)y].wH,O (2.2)

fie 2uauFveuAn loosu (M)
- r 1] L]
fin 1 luavenhAemisen
- : ¥
fie SuginsuanIzEasennamunvs IO

L ol " :‘ L] et
sineziinAum 1 645 Tﬁﬂiﬂﬂﬂlﬂﬂﬂ;ﬂ

- e i e -
Ftneu-sanFIuAAIEIATEN (Si0,) sxihlszyaunuasesgliilivu-eenFivuin

aszdnsen (Al0,) Thiszyiluaui

ﬂ'mdauﬁﬂﬁu'mﬁﬁﬁuu-uﬂﬂiﬂumnss'iﬂmnﬁuuqﬁtﬁuﬂmaninumm:i

T a & - &
aseaihuTnsaaduaetii iineyszgaudu esnn A" unudi si*luTasaadredagn

midrugalavszguanninuanlessuveslanzéant ot niedan Imiesa dsaums

(2.3)

x/mM
8i0), —  X_(Al0)(Si0),, 2.3)

P
fie uanleseuveslanziiilizy +m
fle S1uruezABNYBIBzliiny (Al)

fie $1umTunves Sio,
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§Telarounsanadu1d 2 75 Ao (Breck, 1974 unz Dyer, 1988)

1) %To10A 553297 (natural zeolite)
.. -y ‘ -
A To laAMina¥uA LTI A TABNIZUIUNS hydrothermal Yo saza1e1df
Tanniieadlsznevuvesnsgiiul  (alumina), FAM (silica) uazaaziumesiusa G
" ¥ i =
Twinowlsasenlud (NaOH) TmRoumiusiu (Na,CO,) Finannmsvzdravenirurusy
fiuaan) moldgungil 70-350 ssmuwaiFon uazanuAuseutugaiuna e
L] - " e ] - 1 ] J =y ‘
neA i Tnssadr§lolad dauuindleladuiiativemuluninuidiufiugn v 187y
- 4 ) X y
umayMs vinuimieu rﬁtf'mmmmqm'!ﬂ niaMuAIAUY LY S d8Yyn9In ZEO
(2003) 1AvhnmsAnudTeladsssuend nun ﬁifui'iﬁ‘:ﬁmw(miﬁc surface area) 24.9
[ - W » @ o
AT NUATABNTY ANUNULIMY(bulk density) 55 UBuARDYNUIANYA UAZYUIAYBIINU
(pore diameter) 1000 A° A288133% o' lnA 533U 1R AU faujasite, erionite, offertite, chabazite,
mordemite 40 heulandite 1AM
] ] i el = .‘ - o - ; -
iensanieriavesd le laaninayuemuss sunanugnnemani 1Adail fe
- Saline Alkaline Lakes (iiseeniiu 2 ¥iia awmsi/asunlnsvesiaTan fie vt
A X ~
uda uazivadoutauniads maanazneu ludnwuziveriIfiRAszuY close resin LazAIRY
= . - i ] ; -
myJaouny/aiues clastic material 1A basin edge ﬁqmmuli‘luﬂwﬂ'lﬂqﬁum:ﬁmqu lake
chemistry
- Saline Alkaline soils n1zgiieMmiluAINIUgUMITTIAT 10 aA 1uSaline
o . x P da a da
Alkaline soils N13A8A21Y arid region 10T semiarid region INATINNITTINBVBNIINAIAUNINA
a i - s r g i =| amy
vin lwmAsuariveuaun: Ts@ou Tuniiveus laniduss Tnadudusuduudlazae
el -l N L] ; aw
TwRoumiveaun: TsRonlumiuewn iliiisinnuilunsa-mageiuunzyildine
pQil luddinalunuAuiy
- . - o am .-f - - ] -
- Marine Sediment % 10 laA¥tiatifiasinazneuneglunzianoldgun giidun:
manuitlunsa-arsniiiuna
=l H ¥ -
- Open Hydrologic Systems ¥18lafyiiatunasnmin/asunlasveni1&aun
[ F o - A
Inar1u porous pyroclastic ¥¥11 0110 vitric ash
- Hydrothermal Systems % 18 laAwiiatiinannszuuiiisam laidumsazaionsa
pou Mianazneugnimuannlefovesgungil Anmmansavesnsitlon 1dveusfiuuny
a . v [ X e - - Peen
anvazveaved Inah Inaru ludruhAuuaziduigaeziind TolaAyiia mordinite 1z

. u i - [ - - - -
clinoptilolite 3 uludundnuazFouninziadloladyiia analcime a2 laumonite
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i Jb d a
- Burial Diagenetic Systems % 10 loAiiatioglunzneuifinnngu M (volcanolastic
sediment)
. -t ol alt " 4 4 - -
- Magmatic Systems iilu& 1o ladnansAnegizniasuveafiuuunuifiifiaen
- ey . .J L U s L ]
sunsmioeveamaanuiinfiegiensoudlelad dnunnsznulufiusaiivazerswuing
1y imertitial D2 globules
-4 -4 " - " "
- dhdTeladimuumhmlasagan i lulszmeoesiiu seaiunwlundneiy

"11)A20 analcime, clipnoptilolite, erionite, harmotone UaZ phillipsite

2) % TolasinaenmsFunsIEHNIAAI (Synthetics Zeolites) FToloAdunsiznn
- - Sy ¥ L} H =
Aanamsil§fieveuviinesn 1sar 139 19 AlO, Si0,, Na,0 unz K,0 luszuuiithi
A ia ¥ . - - X o - -
e 1185 Te larnshhanuazmisdansziaansai ifavu 1dna ludnyaisidhuee

Y o . - -

(Gelation) 1311331 (porous) inzAnwaizTinA101lAMN3 10 (Sandiike) Faihurls Tomilumsi
w183 TelanniesmlsznaungInssad umudaglsz aanms1fou

- ool fd  cam a4 P I T |

FlolaandunszfuuiainsGonde lumods ivu 3G unvendwszuuves

wea o ondeiduesiszneu®adon 1 viusod 154

L}

Analcime (Na(AlQ,) ,, (Si0,) ,,16H,0) [ TmAvu-16-8xgii lu-32-50inn-
H
1641

Jadeite (Na,Al, Si,0,,) 50031 Twifon-4-0zqii Tu-8-3dina

Zeolite A (Na,(AlO,) ,, (5i0,) ,27H,0) Hond IxAou-12-exgiiTu-12-Fdina-
t
27- 10
- A e 3 = = - ' o o et A " o
nsitun¥esanandesiinuiinoanumizvead dmivisouqums 14asnys
] ] Y - o ey - - L | o wr o
wienquénus uazAdiay WUAY FaTindvezihuitiomnond Flelaadunsisvimnzay
dmfuaudie naziilsz Tondidugaamassuuinniidle ladninsssusndiiessn
- o o i a 1 il - o£ |
Tnsendvesdleladdunnsmsziuuuu@oadunnnd uazdalianuuignagand &
- e Y - - - of b ot - - -4
Wudeid g dmivaugroimnssufiresnndasusinauiAnmieudunnais
Taommizmadeluiiegludleladsssuna wu Hinaumanfsadniesnansomlvina

anuiion1wuilfiiien heterogeneous catalyst

2.3.3 mamaszinvesdlelanmudnuusinsaaia (Breck, 1974)
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1 - N - . ' - d -
233.1 miiawTasandralgugil (Primary  building  units) Wumitefidniga
fpliaiunnsyiaseavesdineuinnszeenled (sio,)" nieezqiifioumnszonnlad

" d
(ale,)” Aaanalunini 2.4

o

A 2.4 wiaTassadrelgugiivesiTolod (Breck, 1974)

2.3.3.2 wihoIniand1anAvgil (Secondary building units)iinv1nMIY
Tasaadinly uqﬁn‘muiaﬁmﬂu}ﬂi 1namAour13q o1iluufu) 19U Single 4-Ring (S4R)
Single 6-Ring (S6R)Single 8-Ring (S8R)M3pAenITNIag 19U Double 4-Ring(D4RMDY
Double 6-Ring (D6R) Aeitu 15 8704481 193 Complex 4-1 Complex 5-1 LAY Complex 4-

- -l
4-1 UTAIAINTANM 2.5

211l

S4R

d

T,0,4-1 T0,,5-1

A 2.5 dAnuazmiseIassadamAonlivesd Tolod (Breck, 1974)



21

wiwiiavesdToladnm Inssad1amAugil (Secondary building units: SBU) 14 8
¥iin famsafi 2.6 unﬂmqﬂﬁuuqih'lni'ﬂqnimunmu Secondary Building Units #3

-
M3 2.7

mai 2.6 Msuisviinvesd Te ladmm InsaadramAugil (Breck, 1974)

dnvazmialassahaniogil
202 431 single 4-ring, S4R)
2030 631 (single -ring, SOR)
201 8 3 (ingle S-ing, SBR)

mimu (double 4-ring (D4R)

336 6 31 (double 6-ring (D6R)

'J:ﬁ«ﬁm#-l'(md-l T,0,4-1)

/ ﬂ‘ﬁwﬁ (mlexs-l T,0,,5-1)
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M9 2.7 Tnseadvesdle ladignsuunain Secondary Building Units (Dyer, 1988)

Secondary
Structure
Building Units Name Typical unit cell content
type
(SBUs)
S4R ANA Analcime Na, Al Si,,0,,10H,0
ANA Wairakite Ca,Al, Si,,0,,16H,0
GIS Gismondine Ca,ALSi,O,,16H,0
GIS Amicite K,Na,ALSi O,,10H,0
GIS Garronite NaCa, ,AlSi,,0,,14H,0
GIS Gobbinsite Na,ALSi,,0,,11H,0
GIS Zeolite NaP-1 Na,AlSi,,0,,12H,0
LAU Laumontite Ca,ALSi, O,,16H,0
MER Merlionite K,Ca,Al,Si,,0,,24H,0
PAU Paulingite (K,,Na,,Ca,Ba) , Al;,
Siy,(0,,,,700H,0
PHI Phillipsite K,Ca, \NaAlSi, 0,,12H,0
PHI Harmotome Ba,Ca, ALSi, ,0,,12H,0
YUG Yugawaralite Ca,AlSi,,0,,8H,0
S6R CAN Cancrinite hydrate Na,AlSi0,,8H,0
ERI Erionite Na, K, Mg, .Ca,Al,Si, O,,27H,0
LEV Levynite (Levyne) NaCa,AlSi, O, 18H,0
LTL Zeolite L KNa,AlSi,,0,,21H,0
LOS Zeolite Losod Na,,Al,Si,,0,,19H,0
MAZ Mazzite Mg, K,NaCa, .Al, Si,,0,,28H,0
(Zeolite Omega)
OFF Offretite K Ca,ALSi,,0,,15H,0
SOD Sodilite hydrate (HS) Na,Al,Si,0,,8H,0
D4R LTA Zeolite A Na,,Al,Si,,0,,27H,0
D6R CHA Chabazite Ca,Al,Si,0,,13H,0
CHA Wilhendersonite K,Ca,AlSi0,,10H,0
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- 9 = s o v g . !
A1919N 2.7 TﬂiﬁﬁiN"U’eNG]fI’f]]laanﬂi]”lu‘uﬂ@]”lll Secondary Building Units (919)

Secondary
Building Units Structure Name Typical unit cell content
(SBUs) type
FAU Faujasite Na,,Ca, ,Mg, AlSi,,,0,,235H,0
FAU Zeolite X NagAlSi, ,0,.,220H,0
GME Gmelinite Na,ALSi, 0,,24H,0
KFI Zeolite ZK-5 Na, ALSi O,,,98H,0
RHO Zeolite Rho (Na,Cs) ,Al,,Si,0,,46H,0
EDI Edingtonite Ba,Al,Si O,,8H,0
NAT Natrolite Na, Al Si,, O, 16H,0
NAT Tetranatrolite Na, Al Si,, O, 16H,0
NAT Paranatrolite Na, Al Si,,0,,24H,0
NAT Mesolite Na, Ca,Al,Si,,0,,,64H,0
NAT Scolecite Ca,Al, Si,,0,4,24H,0
THO Thomsonite Na,Ca,Al,Si,,0,,24H,0
THO Gonnardites Na,Ca,AlSi,,O0,,14H,0
5-1 BIK Bikitaite Li,ALSi,0,2H,0
DAC Dachiardite Na,AlSi,O,12H,0
EPI Epistilbite Ca,AlSi,,0,,16H,0
FER Ferrierite NaCa, ;Mg,Al Si, 0,,20H,0
MFI Zeolite ZSM-5 Na Al Si,, O,,,~16H,0 (n~3)
MOR Mordenite Na,ALSi, 0,,24H,0
4-4-1 BRE Brewsterite Sr,Al,Si;,0,,10H,0
HEU Heulandite Ca,ALSI,0,,24H,0
HEU Clinoptilolite Na Al Si, 0,,24H,0
STI Stibite Na,Ca,Al,Si,.0,,34H,0
STI Stellerite Ca,ALSI,0,,28H,0
STI Barrerite Na,ALSi, 0,,26H,0
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2333 wihelassadianaent (Polyhedral units) (Huginssvuialuaji
Y 9 a 9 A A o o Y A d?’ 1
awinas Idon Tnssadrelyuginarelaseadwaenuilunsanadududousadn wy
- gUnsunAsunlanti1 n3e B (truncated octahedral type)
- 3UNI@FUMNUT 30 O (truncated cubooctahedral)
- gUnssduudanii n3e y (18-hedral)

- jUnsaFudanih wie € (11-hedral) 790N 2.6

M 2.6 dnpagnienssaiegnsmatonthvina luavesd T lad (Breck, 1974)

dy = 4 [ A [ k) a 9 Y [V dy
wenvntioned e ladmuanyaems¥oudenuved Insasne 8 siad19AY Aell
1) Analcite Group NAVINNITFONABNUYBN 4-ring N 6-ring TAwzd 2 31UV
A1® Analcite 1182 Laumonite $a01N# 2.7
. A o 9 <3| A a A 1w .
2) Natrolite Group Hanyue Iassa1uiluae lEnnanms¥ouaen Ul 4-ring
o A 1 [ = A ¥ 3 L . =& 9
U 429 TagmsIyouaonuazdl 3 gﬂgmu f® Natrolite, Edingtonite @& Thosonite D1
Aaa usal I {
wodluaeadaualrlaseasians 3 uvuaz@uszuuIns silseneuale 8 29 (8-ring channel
system) AININN 2.8
. 9 Y . 1 v & A ] A [
3) Chabazite Group 1A5983519U52NOUAY 6- ring ADVYUIUNUTIUN1TADITONNY
wnnanegUuuy 18un Offretite 11a2 Erionite 1aAIAIn N 2.9
11 . Y vy . A o
4) Phillipsite Group Taseasilsznouaie 4- ring NABVYUIUNULVY U (up) 1ag D
(down) Faliogaeriu 3 3Uuun 1dun Phillipsite taz Gismondite 15z noUAI8MI1FOU Toaups
Tefuup UUDD luwaie i LIABW) 1ay Yagawaralite 93 0M3150uA0nUA8 single 4- ring A9

7NN 2.10
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5) Heulandite Group Tnssadranavin 5-ring 1UIU 4 24 Aol 4-ring 1UIU
& 3 9 Ty A ' 9 o <
2 1959 uTATIaI NaNYRINg N 1M aFen Toaru Insaad wasanagluu U s Nee
~ £ A A - o Y I . A 1
Wunuulunind 2.11 Fudeyou Toadoduaz i1 ldiduuuy Brewsterite N131¥0UADUD
] c?.;’ o a 3 I~ 1

vaea IagriunaIassadenanalunuidezildina lassadeduudiudlsznovves
. . £ 9 J dy = Y A . 1 o A
Heulandite 1182 Stibite ¥4 1n59a519uva1Hazd Iasea3 19y 5-ring Ty agsqanIng

2.11

Analcite Laumonite

2N 2.7 dnvare Tassadeanes TaniFeunonuued Analcite t1ag Laumonite (Baerlocher, 2001

Y =X o @ [ 4
@Nﬂﬂu FHINA AATTAUUUN, 2549)

Natrolite Brewsterite ZSM-5

i 2.8 Taseadaenes Tsnidonaen U Natrolite, Brewsterite 1A ZSM-5 (Baerlocher,

Y X v @ @ 4
2001 m\im‘lu FHINA DATTAUUUN, 2549)
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Offretite Erionite

c-projection of Offretite c-projection of Erionite

MNN 2.9 Sz 1n3aa319U04 Offretite 1A% Erionite (Baerlocher, 2001 8199914 518 9ag

1Y I'd
TAUUUN, 2549)

v k2
NN 2.10 18191719 3 1D Ao UUDD, UDUD 1agUDUU (Dyer, 1988 8199411 113 noam

,2542)



27

Heulandite Group Stilbite

MWl 2.11 ¥ieNAenivo1 Heulandite Group 11z Stilbite (Baerlocher, 2001 8190411 F31a

FATSAUUUN, 2549)

. 3 o ! 4 [~
3) Mordenite Group 1A5498319152N0UAY S-ring 311431 4 23 AeeuiuiluTnseadhs
4 4 1
NaNYeINgN nguHaziinana 7 311Uy A9 Mordenite, Epstilbite (11W# 2.12), Ferrierite,
Bikitaite, Dachiardite ZEM-5 ilas ZEM-11 AININA 2.13
. . I~ 8 ' dy ] @ A .
4) Faujasite Group %Ta‘la@ﬂquuumaamﬁu 3 anYUE AD Sodalite, A oy ZK-5
AININN 2.14
5) Melanophlogite Group Tnseai195znouRIY Interwoven Layer 12 t1a¢ 14-Hedro
Y A o 1 = 3 a Y I & u’/‘ a J dy YA 1
Taelaseariravelidnyaruuiy uasivurviuly 12-Hedral Fa¥ununariilaiimsae
@ é’ I o ' a 9 Ao o A 1 oszl J dy
Auvuiluaiu ABC tazsouilalulassainagidifiame 5 uag 6 21 mniunguililszneu
{ & 1 ] { I
1U&28 ZSM-39 118 Melanophlogite (MW 2.15) Faudazvilendsyaoudy zZSM-39 uaz
Melanophlogite ﬁ]:ﬁwmﬂgﬂgmwﬁu 12- Hedron, 14- Hedron, 15-Hedron Lt¢ 16-Hedron
E IR A 9 a A 1 v .
6) Lovdarite Group 111 To ladh Iasaa3 191N 151 ¥ ABn MU 4-ring LAY 8-
. A ' . £ g A ' 1 aa A 1w . o ~
ring IONFIUYNYDI 3-ring FUTUTEVUNFDII1952119 2 DAFouaoiU 1Ay 9- ring AININN

2.16
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@ 1 aa 1 a J a 1 @
muWuaﬂmmazammau%ﬂauﬁaazQmﬁamm@ﬁa‘lawuﬂmm UEAAIAN1TIN

Mordenite Epstilbite

MNH 2.12 anby InT99319904 Mordenite Hag Epstilbite (Baerlocher, 2001 81941y Frna

FATSAUUUN, 2549)
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Dachiardite ZEM-5

; - }Jof a3t
- pives ."

ZEM-11

MNN 2.13 dnvae Insaadaves Ferrierite, Bikitaite, Dachiardite, ZEM-5 (16 ZEM-11

(Baerlocher, 2001 813998971 F¥1a 8A5TauUUUN, 2549)



<
\l’ g 7
e .
'y

4

%
N

r‘ 3

$)

ZK-5

MW 2.14 anvaiz Ins3a319v09 Sodalite, A, Ha2 ZK-5 (Baerlocher, 2001 9199911 F521a
AATSAUUUN, 2549)

30
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ZEM-39: c-projection Melanophlogite:c-projection

MR 2.15 dnvus Ins9a3 1909 ZEM-39 11ag Melanophlogite (Baerlocher, 2001 8139411

FH¥ 10 DATTAUUUN, 2549)
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Y [ [ @ @ 4
MW 2.16 dnvaz 1538519909 Lovdarite (Baerlocher, 2001 81999714 ¥51a 9aTsaUUUR,

2549)

v E4
o o = 1 o Y A
VniNﬁ 2.8 ﬂmaﬂymmmﬁ@"lamuﬂmm (@159 auasena, 2540)

%o YINAUBIINTI (A”) M1 Si/Al
Faujasite 7.4 1.25-2.08
Erionite 3.6x5.2 3.5

Mordenite 6.5x7.0 5.0
Offretite 6.4 -
Omega 7.5 2.5-6.0
ZEM-5 5.3x5.6
22.0
5.1x5.5
Zeolite Beta 7.6x6.4
30.0
5.5x5.5
Zeolite A 4.2 1.0
Zeolite X 7.4 1.23
Zeolite Y 7.4 243
Zeolite L 7.1 3.0
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[ d d a a J
234 ﬂ1§ﬁﬁ!ﬂi1$°r’i"]fif’)"lﬂﬂ (i]“’lm‘VIWEJ INBIOUNT, 2547)

4 @ o I 4
99l NEUNANVEINTFUAT 1LY Lo lad
1 a @ 4 4 q'/
1) uvasvesezgiifion midunszrdlolad lunisnaass Taena live 14
A .. & o 1
m31lsznoveoygiitfion (Aluminium  Compound) 1 ue15Asdu 1wy a15dsznoulmdey
a a o 4
92QUIUA (Sodium Aluminate Compound) azgmﬁﬂmaﬂaﬂ%ﬂ (Aluminium Alkoxide) (N@®
92 QiiteN (Aluminium Salt) HAZUWANIDLYUITLBNANTITNIIA 1B AUMLE?
2) unasvesganeu laena llezl¥arsazarevessant v Fanilsa (Silica
an ] 4 I
Sol) Hanaa (Silica Gel) (L5AIDNY (Quartz) Hudu
3) unasvedlosouuan ldun looouveslanzvy 1A uazwy A foglugll
¢ Y ¢
vo4 ' loosulansenlua (Hydroxide Ton) HananHaiuisa ldnnarsdszneveen lad (Oxide
Compound Haginapved languilALag Wy A 18
A A 1 a A o A o
4) e5alaua 1y @15152neUdUNTE (Organic Compound) Nuanda lesau
= 1 Y d'i (] = =~ 4 ]
VINFAU5 N85 1ATI8519 (Template) Tumawiie elumsannanvesd lo lad 15y nase
a 4 a 4 Id
nauey Tudien lansenlad (TEAOH) uazmase Inssiauen Tuiion Tus lud (TPABr) 11y
o 7 2 o 2 1 a
dunsdunszvialelad laen lae1933 lalasmesuea (Hydrothermol Treatment) 1ag3s

daa

@ e 1 ' A = Y ad [ d
FUATIENTALNG (silicate) 1UFI9IATINIT 100 YNAIUMITMTAUNVITMTTUATIZH
=~ (é’ k) ad o A &£ @ R 4 an 4 Z
F1o'ladvu lana1e35 Aea1519n 2.9 Falumsdunsizvisle lad lae3s la lasmesueatiy oz
o Y 1 a aa [ o v o I AA o [ dy
M luvasvesezgiun §am uazoan la sawaanwiluweaniianvue liduasiiloe
= ] " @ dgl I = [ 9 (] A Aa Aaaa a a = (]
@iy tazneAILEUNaNo 819519 Mgluriarannal §nsen guvginmsinananazog
] Y ' Y
Tug4 150 oerusaFod ¥3egand1 ManuaumInUANUANYe Torhaud Tuyuz iy
o a g =2 A Y] ! £ a
yuassonnailunanilolad ldunnimiiasiia
o 4 4 a o o a aa
Tumsdunsizvdle ladlaneds lalasimesuea pinisznouvedezgiiu Fan
a =54 3' v @ I & 1 1 A o A

U3zquan A1sounsduaziih azsauanuiuea segluaninasazalsa199uaI83899 (an
alkaline - super-saturated  solution) tladan 1w ulnseadagnuvesnanez gl lugama

. . . . £ A sy = a
(micorporous crystalline aluminosilicate) FUTYNNTLUIUNITNIUANUIN aszuIUMIsle lan

o .. . < Y 9 ' A Adq ¥
195U (zeolitization) 1WUMINIEAU Tasanusoumelurammmnzay gunginlylag

Undazeglugiguuginguiefiaz 14 ldnanaaigs



M9 2.9 agUmsdunseiale laddszinnaee (Breck, 1974)
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f.f. %Ii’)"laﬁl Hydrothermol Method ﬁjﬁ’uwu
1862 Leynite K silicate + Na aluminate, 170°C St. Claire Develle
1880 Analcime Na silicate + Al O, glass, 180 °c A. De Scheuiten
1882 Analcime Na silicate + Na aluminate, 180 °c A. De Scheuiten
1883 Analcime SiO, NaOH solution. Al,O,, 400 °c C. Friedel, E. Sarasin
1885 Analcime Conversion of chabazite, 200 °c J. Lamberg
1887 Analcime Kaoline + Na silicate, 200-220 °c
Analcime Feldspars + Na,CO,, 200 ‘e
J. Lamberg
Natrolite Scolecite + NaCl
Chabazite | Feldspars + Na,CO,, 100°C
1890 Chabazite Recrystallization, 150-170 G
Heulandite | Anorthite + H,0 + CO,, 200°C
. . o C. Doelter
Analcime Na,O + AL O, + SiO,+ H,0, 100-200 C
Seolecite Recrystallization
1894 Natrolite Anorthite, 174-177 G St. J. Thugutt
1896 Thomosonite | Muscovite +NaOH, 200 °c C. Friedel
1906 Analcime | Nepheline + Na,CO,+ H,0, 200 °C C. Doelter
Natrolite | Na,0, ALO,, SiO,, 90°C
1916 Analcime Aduraria + NaAlO,, 280 °c E.A. Stephenson
1918 Analcime Na, 0O, Al,O,, Si0O,, 300 °c W.J. Muller
1927 Mordenite Feldspars + Carbonate, 400 °Cinstream | R.J. Leonard
Philipsite At low pressure
1929 Natrolite Paragonite +NaOH, 400 dc E. Gruner
1936 Analcime Na silicate + Na aluminate, 282 °c F.G. Straub
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MANUIN 1 Fogaz voaeNTantaNeY nazguHNVRNUITAVAINY i

Joeaz voawenlHaNNRY tazgummgivesiluszaua1gg i (Boyd (1982)

9 = a
91909 11 WS1aA Lag ¥zao, 2549)

QM ('C)
ey 18 20 22 24 26 28 30 32
7.0 0.34 0.40 0.46 0.52 0.60 0.70 0.81 0.95
7.2 0.54 0.63 Os7Z 0.82 0.95 1.10 1.27 1.51
7.4 0.86 0.99 1.14 1.30 1.50 1.73 2.00 2.36
7.6 1.35 1.56 1.79 2.05 235 2.72 3.13 3.69
7.8 2.12 2.45 2.80 32 3.68 4.24 4.88 5.72
8.0 3.32 3.83 4.37 4.99 5.71 6.55 7.52 8.77
8.2 5.16 5.94 6.76 7.68 8.75 10.00 11.41 13.22
8.4 7.94 9.09 10.30 11.65 13.20 14.98 16.96 19.46
8.6 12.03 13.68 15.40 17.28 19. 42 21.83 24.45 27.68
8.8 17.82 20.08 22.38 24.88 27.64 30.68 33.90 37.76
9.0 25.57 28.47 31.37 34.42 37.71 41.23 44.84 49.02
9.2 35.25 38.69 42.01 45.41 48.96 52.65 56.30 60.38
9.4 46.32 50.00 53.45 56.86 60.33 63.79 67.12 70.72
9.6 57.77 61.31 64.54 67.63 70.67 73.63 76.39 79.29
9.8 68.43 953 74.25 75.81 79.25 81.57 83.68 85.85
10.0 77.46 79.92 82.05 84.00 85.82 87.52 89.05 90.58
10.2 84.48 86.32 87.87 89.27 90.56 91.75 92.80 93.84
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MANUIN U IBHIANUTNTUNUUUOUVDI spent alkaline

MIMANMINTUNUUUOUYDA spent alkaline

MIMIANUWAINTUNLUUOUVDY spent alkaline 1ABNTT INMIARUENTALAOUIATTIU
. o a
TwunamFonlalasmunnian (potassium hydrogen phthalate) Fuiluaisiasgiulgugi

(Ainto 19ionaed, 2543)

ad G
DM eNdIsazany
1. mrsazareniasgIulgugd Inundiden lelasmunnuaa (potassium  hydrogen
phthalate, KHP)
= o | a A o ~ a
misuTaoih Tnunaidon lalasnunnuaasiasonudamsa loungmwgil 120
~ a e 0o 9 Ya A s Y b aqumye o A
pamusaed 1Wunal 2 Frlue i lmdulwagiames uaisa i larihminvesans niueu
1 1 [ o [ a 4 a
1oz lNIARYITHIN 2.0-2.4 AT UNaza18 uyIAIalsuInsYLIA 100 gRINANIEUAILAS

fﬁmmw"m’nm%’u%’ummmiazmﬂmmgmngmm%u'laiﬂmuwmmm NNFAT

AU TUYDI KHP - m  x 1000
(luadegninAfadiuns) 204.23 100

A A < @

e m A9 18U KHP 1Huniy

A =
204.23 o wia Tuanaved Inunaigen la lasnunnian
= 4 =) : Yy 9 [ 1 4 a
2. ansazarguaanmay (phenolphthalein) NYY 0.5 NFN @D 100 gAUIANIEUANAT

3. 1M38NA15AZA10 Spent alkaline 1A8199919 1:100 Y5115 100 gnuIRSIsLALAT

5M3 INMIaNA UYL ALY BUVDY spent alkaline
1. U53981582810 spent alkaline MaTou 1Aasluduse Tuiinszduvesarsazate
yuamnanoums lnmse
Y 4 a a ~
2. Tdtnlavina 25 gnunansuawas gaasazateuiasgiulgugi Tnundiseoy
1 1 14 a Yy a ~ 4
lalasounnuan Taasluwaglsuyuina 250 gninatsudmuns uanavaisazaleiuod

mavad 11 2-3 vea warasazarenld udnih 1 lnmsaduaisazats spent alkaline 310
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E4
Tysaoulddsuysounatu tufinszauvesa1sazals spent alkaline DUAINAUDITITA

=S o’z’ a . A 9
2nAsY tazmdsunsvesasazaie spent alkaline 'l

o J a o a . Hq Y Y '
3. “VnﬂTiLlVlWIﬁﬂqﬂfJﬂﬂi\‘] w1Suasvesarsazaie spent alkaline Vlﬁlalfﬂgﬁﬂﬂulll
1 o a 1 J a a o c’o‘ GSJ’ o a
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. A Y o 1 J A o o Yy 9
91302018 spent alkaline ﬂiﬂﬂmﬂﬂﬂuﬁﬂﬂﬂiuiﬂ”lﬂimafl m"lﬂmmmmmmmmumm

7130£91Y spent alkaline 9INYAT

ANUYUYUYDIENTAZA1Y spent alkaline = 25 x M
%

A A Y 9 ! s a

e M flo AnuNduYed KHP (Tuadegninaniagiuns)

a ! Jd A
\% flo 151103984 spent alkaline N1%Tums lnmsa (gnmnsdediuas)
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Faaanie laTndenlalawmsa (disodium ethylenediaminetetraacetate dehydrate)
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1 X-rays Diffration Spectroscopy ( XRD )
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NaN13AUNIIZH X-rays Fluorescence Spectroscopy ( XRF )
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