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Abstract

This special project studies on the improvement,characterization of diatomite
and also adsorption  efficiency of heavy metal from synthetic wastewater. The
improved adsorbent was treated with H,S504 which was characterization by the
techniques such as FT-IR, XRD, XRF, BET and SEM. The results for all characterizations
found that diatomite and treated diatomite have SIO-H stretching at ~3610 cm” and
both have a arystalline structure. The heavy metals were adsorbed by diatomite and
treated diatomite at room temperature , 45 minutes after that they were detected
the adsorption isotherm with AAS technique. The adsorption isotherm of Pb>* were
followed freundlich Isotherm as the Cd*' followed Langmire isotherm. Both of
diatomites provided maximum the efficiency of monolayer adsorption of 97.80% for

Pb™* and of 99.90 % for Cg>*

Keywords : adsorption , cadmium , diatomite , heavy metal , lead



a o

ARNIIUUIENA

Iﬂiw'luﬁLﬂwaﬁuﬁﬁn%qéwwlﬁaéwﬁﬁ’hamwnqmmnvhuawmi&fﬁU%’nm
HA.AT.NUAT Naer ARz LLasﬁﬂU%'nm*?;uummmaLLf’fl?ﬂmwuﬁmvaﬁuﬁiﬁﬁ
ANyl

VBVBUNTEAMBE1NGd WU SA.as.audnd Jsusnaty HAYAT.AW5 AT ngen
Wueagnssunislunisaey LLazsmS'Jfaaa'uLtrﬂﬂﬁﬂiwwuﬂmwﬁuﬁaugizﬁ?jﬁu

UBVBUNTEAUAMIIY AllsINerans amﬁ'uwmiuiaﬁwnaamnﬁu%mmwmi
GROIPEN vjnvhuﬁiﬁ'mmiua3ﬁwLLuzﬁ152u1U5qLLu'JmaLLfﬂf'uﬁiym

VOTOUNTIAA AAUATUNS WMy tninerrmans du 3 authewde
"lumimqi]maaﬁUssnaumamﬁmaamsé’ammﬁﬂasmauﬁnuawm‘w%’uatﬂnima‘[ﬂﬂ (Atomic
Absorption Spectroscopy, AAS)

VevaUNsEAN Wil e arans amﬂ’umﬂuiaﬁwamamﬂé’u%w@amvns
GRENPENS ‘v‘mvhuﬁé’mammazmn’luﬁmqﬂnizﬁuazamﬁﬁ

VoTOUNITAN Imiigudiadasilotvierians AUEINgFIans dantuinalulad
WIBIBUNDUTIRAUMIMT AN ST nnvhuﬁé’wuwmmaxmn’lumﬁmﬁsﬁmi

UDUBUN TR ﬁ'ﬂ'ﬂﬁﬂmu%zymﬂwnnmu WA WS Yotausuuy uazduuansly
nsunlutaym

anvhed vavauasnvulslimmdaewdaitueseinannn uazvauAuAaalanin

a s o < 1 o o a i < 1 1 54 <
UM U17M1 819158 bNBUS W KlﬂVl']UVIVI']IﬁIﬂ'NQ']UWLﬁl‘}QUUUﬂqLT‘UEja'NbLﬂﬂ?HVI

a

aneYn unRy

q

afvey funuasana

aids Aevaymd



uii
Dmdomell e 8 0 n
Ol et L 0l 8L 0 9
Eme. o A
maml . - 3
Mgagy - 0 0 2 9
e e . s al
S e R 1
1.1 mmﬂumLLa::mme‘f’wﬁnﬂaqmuiﬁa ............................................................... 1
12 Ingyaabrmassnl O N NN 2
13 yffimannand-Ng= O S -g—=— N\ 2
Loppslomiimioadidfibhe /O WCa (I~ 8= \\ 3
unil 2 waefuasemAsuiiendoe. a4
P eesapfLBTl, (GO e, @ (0 ol W 2 |} a
211 sudavemenwvedlaonenlud . q
2.1.2 uvaisloozmenludluvssmalng. oo 5
24T USRI T GNP N = [ 7
2\ R0 s o) e RO\ =R NN / A 7
2.9 ﬁ’aaeiwauwu1w*uaqiawzw1i’nﬁﬁwam’a%‘imﬂizai’ﬁ'u
RGN T I N At M 8
292 3%’1um'iﬁﬁm“[awwﬂ’ﬂmaqmammsm ............................................. 12
23 M —— 12
251 fjmamﬁ’ﬁ‘uaaaﬁmwﬁ"ma:mwsﬁwuﬂ%‘luwuqmmmﬁu .............. i
232 ANSNGS NN IO s 13
223 MOLUNSBE e 14
calmaihiled) - o el o 14
2.4.1 @mauu"’ﬁwaaammmLﬁamtaxmsﬁmﬂﬂuqmamnﬁu ................. 14

242 mundulweomandeon. ..o 15



d13Usy (sia)

il
om0 16
gt e 16
Zompuanaduloseie. 0 17
2o mndllsaounete 0 . 17
o - 17
200 Bonlonlono— 17
2:2.6 GAMIEUALEININ s NN 18
7 e N e NN 18
26 PF TR N S N\ 18
261 ﬁmmaqmi@mfﬁu ................................................................................. 18
e o C T VAT A T I T R | W 19
263 Lmﬁtﬁmﬁumi@ﬂ%’u ........................................................................... 22
26.4 ﬂaﬂ"aﬁﬁwasiamigm‘&'u ........................................................................ 23
265 1aisdmamaam$@msﬁ’u ......................................................................... 25
2X mimwaauLaﬂé’nwaiuasLﬂéaaﬁaﬁi‘?f’imﬁw“tmawaulm? ........................ 29
274, Lﬂ“f‘aﬁmswﬁmmtﬂuw5n°uaqﬁ'a@ﬂif'u lagldivaiia
AsLaEIULSEENT (X-ray Diffractometer, XRD)..c....coio 29
2.7.2 naesganssriBidnasounuudeinsa (Scanning Electron
MSiEbes ooy, I o L 34
273 mﬁ’m‘iﬁuﬁﬁaLLas‘uumaqmﬂgw;u e 33387 (BET)..oo.oooo . 36
274 mswaaumsﬂ%mmmENﬁUisﬂaumaﬂﬁa@m%ﬂmamﬁamﬁﬂ
Vnnsdnituanden (KRR 37
2.75 Lﬂ%'aw'swi’mamn‘[wsainﬂmsﬁ"uLLUUéquwLim
(Fourier Transform Inflaredi BIARIE e h . 0 e R 44

@ ¢ P Y] )
28 mimnaaamananwmu,asLﬂiaaﬁaﬁ“lfdwmaaumsgwu‘lmasmaﬂuﬁ ....... a7



d15Ugy (sia)

niin
2.8.1 windiad1q Adlunsiinsreigyis Atomic Absorption
RSCosconyi(Mi e 0 0 47
e dinvinagWileae s 51

2.8.3 MmiTnaiieseisiamaia AAS (Quantitative Analysis)... 52

28.4 wEnSBMUVRNRSUNIURON S . 53
29 ARG ... 54
N 3 389 L L i, G 58
31 Uit N Z 2 NN 58
) e SRS (o e . \ 59
3.3 m‘%"aﬂﬁaiumsmaaaamané’ﬂuai ........................................................................ 59
Jf TNt /80 \pZNNERIN, N\ 59
L g HETS AN B anenn AVl | 59
3.4.2 msuiulslaesmonludsonsadaiiisn RESQUM. . 41 60
3.4.3 '“J%'n'liLm%'aumsaxmammgmmxf'il’a (Pb) wazupmLiioy (Cd)...... 61
344 nisgaduvesnsfavulaezaenlad. . 61
345 nagaduvewnadenuuleosponlae.... 62
R & GO RIS, A G R/ A 62
S>rmadimwidnuosndnuasedygn. 62
352 MR TN e 63
Sl 64
354 n'1ﬁmi’wﬁﬁnwmwwﬁwgwu%wawaqawﬂuszﬁ’uqamﬂ ............ 64

355 n"lﬁl,ﬂﬁzﬁw'lﬂ%mmmﬁ"uﬁgn@m%’uimamwﬁﬂazmauﬁnLLam
goswiuan- Insilnfimes (RASI e e el 64

a ¢ ‘ & W ) A =
356 miaLﬂswwmyﬁanﬁuumaqlmazmau‘tnﬁmamsaqﬁmmswv?

@13A88unisa (Fourier Transform Infrared Spectroscopy (FT-IR)) &5

U 4 NANI5IBRAZAITAAUS I8N, . ... R EE AR ol oA Ao 66



d15U8y (sid)

Wi
a1 menpstiinsssheegu L e 0 . o D 67
4.1.1 wan1suSuugilaezaenludmensadafin3n(H,S0g). ... 66
4.2 MyAnTzvinu NAULUALAUTRVBINIOTY. ..o 67
4.2.1 Nam'53Lﬂswzﬁwgﬁaﬁﬁummﬁa@mﬁumﬂLma'eﬁssumﬁLLas
Usuugshensalasnsliesizinisgandusadsunsuse. ... 67
4.2.2 wam‘ﬁLﬂswﬁm'\mﬁuwﬁﬂmaoﬁa@ﬂ%'ummméﬁﬁmﬁuaz
Uiuupshensalaswmadadeuuresdénd.. 68
423 wamﬁmiwﬁaaﬁ‘dixnaumaLﬂﬁwaaﬁagm%’umml,uéa
ﬁiimnaLLa::U%’Uquﬁ'JaﬂﬁmImULmﬂﬁﬂLSﬂsuLiFEWQaaLiaLsauﬁ ............... 70
4.2.4 msnsndevanvaznedug U IewesiusUFAtenly
proilinde e e/ W0 \LPLN BN, \\ 71
4.2.5 namsIATIEARLTIRG WWINFNTY LasUSHInTIWTU Yedfinedy
Poiegfio, V7 e WC e 3 & 4 73
A3amsfnudlleiNorn sipmaenmBiee | " (IR A & Jf 74
4.3.1miﬁnmﬁa%’aﬁﬁwa&iamsgm%’u‘[auwﬁ'ﬂimﬂmasmmﬂnﬁ
Gy A A= S/ 74
4.3.2 ﬂ'ﬁﬁnmwa‘vaa’aumgwquuazﬁuﬁﬁwmﬁa@m%’uﬁﬁs{a
magaduszAaluansazaeian () Tumse (PbINO3),) uagn1snadu
waslenluaisavarauanidion (1) luwss NG e e S Til.
4.3.3 myliasiesideyanisgedulagldaunisues Langmuir
lae Breundlighta fao s iaiss ol 0 e s ol o 79
unil 5 aqUnanTISeuasdeIuaNS 87
ORI T R e S e O L e 89
LR e e s R s s R e 94
BUMENE - e e 97
AMBANANAINAULAEIMIUNNZ N ANRNSAN LY Biaugalmiiulgdsslog 98

ANARLIN R AQNIARAOR ALK ILAZARID B0 1VDUBNEATTVINATINUNS 100



A150QA1519
A1519dl wih
At e 6
2.2 gilnveslaviemin undaiiny wagsansEvulavewinologun e ... 11
23 massudteuadimsgadonemenuaemaed... ..o 21
ey 41
4.1 %’aaazwaw5mmaqlﬂazmaﬂuﬁwﬁ’amumiﬂ%’uﬂ‘gaﬁqansmuasmm%au ............................................ 67

4.2 Lmum'ié’uLLazmsaﬁuungﬂuwnﬁﬁu‘uaalmazmaulmﬁﬁié’ﬂﬁnLLuéaﬁism’dwﬁLLaz

d s v O o a
minmniedafigfy. s 0 S — NN\ 68

o ¥ L ) d I a
4.4 Nan15AT Y ﬁ'u ’JU?JJ’IFI?iWSULLa ‘IJ'L!'Kﬂ§‘W§u°llE]\‘iW’J@ﬂ‘dUWN'ﬁl"lﬂLLMadﬁiiﬁJ?ﬂﬁ]

LLagﬁU'?uﬂsqﬁwﬂimIﬂa BRE-ALLLLULD. oyl e N WU 90 w J) 73
4.5 ﬂuauamnﬂﬁmmmlaTszjmamaamsmmsﬁumsﬁ’;mm‘lmavmaﬂummnLmaqaﬁmm ....................... 74
4.6 ‘uauamnn7'smmmla‘[*vmamaamsﬂmfumsrhmaimazmaulmwiuﬂiamaniﬂ ....................... 74
4.7 ‘uauamnn7Sﬂﬁuamla‘[mwawaaﬂﬁmﬂwLmﬂmaumﬂlmazmamuﬁmnLma'qsssmm ............... 75
4.8 ‘uanamﬂﬂ1smmm‘laiwmausuaamsmmuuﬂmuauma"Lma“mau‘lummﬂiuUsmmnsm ................. 75
4.9 mmLLUiﬁimmﬂmsmumaumwaa Langmuir Uagaunisves Freundlich.. ... 85
4.10 amﬂ15w§umawadm’:‘@%umsm .......................................................................................................... 85



d150ey3u

:a;U‘ﬁ i
21 é’ﬂmeIﬂida%’Nwmqammaa‘lﬂasmau‘luﬁ ..................................................................... 5
oo s L 6
23 ﬂﬁ”'umauﬂﬁmﬁauﬁﬂaﬂmaqams’lunssmums@mifu ..................................................... 19
24 "La‘[m‘wammmi@m%’muwhq‘] Ya3 Brunauer-Emmett-Teller lusyuufing.. o7
25 m‘st,gml,uwaﬁ'qﬁLSnsﬁLﬁwmnﬂﬁnisﬁaLLasLmsnaaﬂﬂuaa%’aﬁ ................................... 31
2.6 @lsznauiia TUasATag XX HTRCtOmEter)... NN 33
27 X0 s plompmmbis NNZ—— — NN\ 33
2.8 ni’lv\lnﬁi'mﬁ'uﬁﬁﬂmﬁ%nWi@m%'wamﬁaﬁmﬁﬁﬁ ......................................................... 36
2.9 agﬂ(ﬂSEIUIU’NIF]‘\]i‘UE]\?E]L’G]E]QJLLﬁQLﬂu%U .......................................................................... 37
2.10 nmﬂ?a'auisé’uwé’wwu‘ua@,ﬁﬂmaﬂmoims .............................................................. 38
2.11 &y ”ﬂwniwaq%'\aﬁLé‘n«ﬁﬁuw13mnmim?a'au‘&guwaqﬁtﬁnmau ...................................... 38
2.12 dy ”ﬂwaiﬁuaﬂ%'aﬁtﬁneﬁwLWWSQWﬂﬂWﬁLUﬁau%uwaaSLé‘nma‘u ...................................... 39
2.13 usugeTutuensvesdinasaulusy LSBierY (A N Ty SR | 40
214 dnieomgentogyiini o). S B8 A en. B 41
205 RS EG R RGNS CT T /) 42
2.16 m'sﬁ'msiaﬂs::nauqﬂﬂiaimﬁmﬁw%aLSnstéwQaaLsawwﬁ .................................. 42
217 awnessssdSndsmmsvesluiosenasa, 43
2.18 aLUﬂm%’u%'ﬁLé‘nsﬁaﬁLwnwaaﬁmluiawwauaQﬁLﬁau ................................................... 43
2.19 LLaGI\‘ILLNUﬂ’IWENﬁUia‘Jﬂa‘U‘UadLﬂga\i Atomic absorption spectrophotometer...... a9
2.20 uan9 Flame Atomization BlREs 0 o 50
g 60
4.1 anesy FT-IR waqlmawauluﬁmhwéqﬁiwmﬁuazshumsﬁ%'w‘;aﬁwnﬁm .......... 67

4.2 3Uuuu XRD "zJaqlﬂasmauluﬁuaxlmasmauluﬁﬁw’mmsﬂ%’w;aéfwnsm ..................... 69



o

GREVRTATCT)
Uil i

g aQ d o w ] ° w L}
4.3 duzuInet SEM veslnarnaylug VIAavYeny 1500 wnuagmaieny 2000 Wi, 72

a

o/ a s a 1.9 Y a a e‘
4.4 dug1uingn SEM ﬂaalmasmaulumﬁﬂiwqamanimsziamsml,asmmqmmum

]

RO e 72

4.5 ‘Laimwanmi@ﬂs?fumsh"’;‘uaalﬂasmaiﬂwh'1mma’aﬁssumﬁLLaz‘LﬂaxﬁauluﬁﬁU%'UUqa

4.6 1aiﬂzjmaums@mﬁuuﬂmﬁammlﬂasma:ﬂ,urﬁﬁmLméaaﬁmwﬁuaﬂmawazﬂwﬁ

ﬁﬂ%’wqw’fwnsm .................................................................................................................. 76
4.7 u,amﬂ'smé’uﬁ'uéssm'wuumgwgufuaaﬁ'z@m‘fu (Ao) Mulimnamasiagnanduse

mhan%’uﬁumﬁ";@msﬁuﬁaﬂnsama (qe) (HadinSumanIufagadiu) .. Tl
4.8 LLammma"uﬁ'ua‘izm'wﬁuﬁﬁwmﬁa@ﬂ%’u (m2/e) fuvBsnamassagngaduda

g N

] o l:' o P d i o GJ g
wuwmmmm@msdumamwaumﬁ (ge) (uaansmaﬂmm@mm) ................................. 78

v ) o v

4.9 ﬂswﬁmeﬁ‘uagam'sgmumzm aaﬁagm%’u‘lﬂasmauimﬁmmménﬁﬁwmﬁ

AUTUNTIYD Langmuir wae Freundlich..... .../ i e |l 81

4.10 ﬂi’lw%ms’rsﬁsﬁayanﬁ@m%msf'hﬁham"a@ﬂ%'ulﬂamau‘lyﬁﬂ‘%’uﬂqaé’wnsm

meamaslangmu dexbisahdichs, (074 & /) 82

4.11 ﬂiwﬁLﬂiwﬁ?’faganﬁ@m%’mmmﬁauﬁwﬁ"a@ﬂﬁﬂmasmaulnﬁmmmaiaﬁsswmﬁ

MILAUNITVDS Lanemuir wag eunglich. . X V.2 83

a ¢ v ') P v ) ) s o v
4.12 ﬂ‘swhLﬂ‘i'rswvauaﬂ'ra‘@m%uﬂmuaumamgﬂfdulmazmaulmwﬂsw'gamaﬂm

U

MEANT3TB9 Lanemuir Lag petndlich =08 il e e e 84



1.1 mﬂmﬁumuazmmﬁ’né’mu [1-2]

Tagtuussmalngldtinmiiyiuresseging WaEMSILIBAMNAUGIAMATTTY

aﬂ'ws’mL%Jﬁﬂﬁﬁmiﬁm%’wmnsﬁw‘] m“l“zﬁﬂuﬁi‘ﬂmuumﬁaiﬁtﬁﬂmﬁluLﬂauﬂuaﬂamviﬁ’ﬂ

ludwndoutaniesy N9dIUaEN1991nA aiawa’lﬁl,ﬁmmnmﬁamat,t,asLflué’umwsia

) a - B a oy [y a 9 cpdiey il ¢ '
aaﬁ‘?nmstwmamqaaﬁ%amuuwﬁnﬂi@ﬂwmumwwmwuq PTG adnias NIy
mﬂLﬂuaqmﬂsuum’lmy'ﬂ:ﬂﬁﬂénszmunweﬁaammsw’mwwﬁzuumaLﬁummi uazgngn
< w A F 1 S Sda o ' 9 va o &4 o e v
mmlﬂmmmaamm:mqqmaaaaummmmwzna’lmnmaumﬁamammmmuﬂwauma
v = o ° w w A v Y ::l v oo
aalel wsmlﬂmaaLﬂuﬁzymmﬂfywaﬂaﬂ’luﬁaguutuaamn‘[awwunuwﬂumwmmma
Wiguisuiuansdunie ﬁqinjawminaawﬁ’ﬂé’mﬂunszmumsmaﬁiimmﬁuaza']mim}"n
1o v £ ¢ 4 o @ afl T 1y
gaswanaauldvargnig IV MAR 9 Yadans minu19 ATy A1 ut g
a e o a 1 dy =y
Twawmamiwﬁmsmmumsmaf]mn‘uuLLazT,iwmqmmwnﬁwmaqusmwmw [SANGY
d v D @ o o U
wuamed lssaugulans nsldensidndngiin msimilaaus asAlinngma s suLNYe
UiaaIngmanvinssunatadn U INUMA Y WazTanimdaninage (dy Janmdeiienn
‘[smuﬂizmwua:ﬁwnuwammmsa‘hL%aagu %ﬂuﬂwﬂw%mmwaaLﬁaqmamnsmﬁﬁi’ﬁmu
WnTuagenn miﬁnﬁ’masyauawaqaaﬁnséauﬁaa5u’lurumﬁaa°lmj€1’qﬁau‘l%’3§n'15?:10
naudwilifitlymiruntsinnisiesamu Watlagmvesnisivadivasnevszosnly
=) A d! o 2/ = 1 a o é’ 1 g s
Uanusnunilnay smma]m'lwawsuawwmmLLa::TammunmmUmUau’lumem langmin
LSy ) = = Sa A @ = a
wanilldunnzia Tasifon Usan QatuBn Yawlen dnsd avsvy weadlon Gy nes uas
a a v [ [ oo < ! < IS =
inifia fmLﬂumsaumiwmsmwwuwwm'muaqmnlua'lmimaauamamdmnvw N

N

1 CJ b4 N 1 1 1 %’ @
uanmn%lmﬂaaugﬂmumanmu,a'; El\‘lﬁ'm']303\1Nﬂﬂ53WUﬁBLLWa\TUWIﬁuﬁiiu‘mﬂlm:ﬁ&l\‘l

v

1 1oy e el oy 9 v a < ! ! 1 a
mmsamwaﬂqaaﬁ%’mVlmﬂaagiﬂmﬁmummuulﬁﬂamumumﬂqjmmi NN

VBUAINANTIZINFY Lagu Iawwﬁ'nmmmv‘hmaisU‘uUssa'm AU n3eAN UarUAY19

& &

o o w ¥V W % o [ v o w VP A!{' g 4
ATanevenuveseuleliiddgy s mmLUumaaﬂ1%mIauzwuanuLUau1uu1Lﬁaﬂau

ad o w v o

Udogasgundadr  Fasindalansming 3 52 Wiur38mentanm 8mand waritvng
I nismumiﬁﬁmlauwﬂ’ﬂﬁuagiﬁ’uﬂﬂﬁ’awmaa&ha LU wealuladuainisvrdaigy
ALY UazanuNIsaeandndy (Oxidation state) voalany AMudunsa-tuavesth
o w QL vela @ 4 aq ad PP
waznalnmisidnlany wintianieuldludaqiy ABIBYNNIEN UAE I AT Taiinane

v 1 4 g
nIzuIUNITlann nIsvIuNMILanaeuysyy (lon exchange) NITUIUNIINTBIUUUS AN T



= ] , 2 ! < : =
Waimsdu(Ultrafiltration) ATgUIUNITUENMIEIWH N IULASEInS B g (Electrodialysis)
nIzuIuNTRREluTaiundu(Reverse osmosis) nIBUIUNIANAENaUMEATl(Precipitation
. [ < £y
and coagulation) Uasnsuun1Inngu Wusy
A a g ) o ~ =] 1 V1
Imai‘]cymmﬂmulunizmum'sma‘] Aeduwdesriliinegs dymivesnisnnaznay,
v U v o L L4 v o @ A @ é’
ﬁamamﬁam‘lﬁdmammummﬁuawaomsmnmsﬂaumaqmf\mmnmnauwmm‘uu UJayvnras
v o 1o v P ) a o da

ﬂi%ﬁU?UﬂTﬁLLE}ﬂIﬂEﬂ‘ULHE]LLNUF]EJ%“’WENI‘ULLNﬂuﬁ\? WsziAantsanduveslaveiadowly

u,aummsmmﬁ‘lwmamm’maumm ﬁZUW'I‘UB\‘]ﬂi“U’Juﬂ'1iLLﬁﬂLUﬁHUIBSBUﬂ@G}aQI’UL‘i‘UU

Lﬂumu,anLUaau‘Laaau«mmmmwaLLa“maqmw'mnshw‘mm ‘luwmsﬁmi@ﬂ%’u

5 < da o v oo & sty a

(Absorptuon)ujunwmum'swummmmvaﬂumﬁmmm“[a‘wkun vonrolafodnisiy
o)

asedadutindy ’Lmuawuuaa ldanlunisthomliuiy ldaawilduin awasa

ﬂ’lLU‘Uﬂ?i‘lﬂ‘lﬂa &'u‘lﬂﬂll LAY AT ’IiJﬂLl‘UiiEnﬂ']ﬂ

Iﬂiﬂﬂﬁ’Jf\]Uuﬁﬂ‘U'lﬂ’l'iﬂﬂ‘dUIaW ‘wuﬂIﬂaﬂ‘?ﬂmavmaulum(Dnatomnte)LUummm‘u
awnnlaee gnoulud (Diatomite) a13nsainSenlding & fis1angn ummwuiwsuawwwuw
duraRaun uawamum’lunmaanmﬂgﬂimmmi}ﬂwaaswsu mwwaﬂmiwumuwaa
mamumsmmuumu‘[maﬂa (Molecular sieves) Imammsmaaﬂmmmaw'wma‘[mana”Lm
uaﬂmnuuamﬂmmmmmuﬁdlun'rmmm“[aw“wuﬂ’lumLaaaaLﬂiﬂvaUu1Um1uauﬂ151a

IGULMauﬂuammmamavmumaﬁ

1.2 JnguszasAvaclasssyive

1) ﬁﬂmmsﬂ%’wgalmazmauluﬁﬂ%tﬂuﬁu@mﬁué’aaﬂim%’af?\!ﬁn

2) ﬁﬂmmsam%’ﬂamuﬁn’luﬁuﬁaa‘famﬂsﬁﬁ'salmasmaulmﬁﬁﬂ%’uﬂqmé"s

1.3 YaULUnYa9lATIIUI DY

1) Lm%'aulﬂaxmau’luﬁﬁwtﬁuﬁa@m%’u‘lmwﬁné’hmmﬁmﬂﬁws’%’n%ﬁ’unm

= wa wa < v v -l
2) ﬂm«nauumvmmamwuazauummamﬁ“uaqaﬁ‘wLm?aulﬂmmum‘lma‘lwmmﬂmaf]
= < Y u £ a :: v < &
L. avvdeumulundnvesiagady laeltvmadianisidenvusedisng (x
ray Diffractometer, XRD)
2. ATINABUAUTIUING1v09a e Tey 8o Muni1endes9ansend

dldnnsauLUUdRINTIA (Scanning Electron Microscopy, SEM)



29 mwaaummwuwm (Surface area) °UE]\15’I'§VIGIE)\?ﬂ’]5’JLﬂTI“M Tﬂamﬁa

¥ ]

WATANSUUTIRLTRS wsaswsumaunaluimmu (Bruneur-Emmet-Teller, BET)

4. RO B TRV gl AT ﬂawmmmmﬂmumﬁan153@Usmmsa§
Laﬂwﬂaﬂﬂaaaaaﬂmmnﬁmamﬂiunau (X-ray Fluorescence XRF)

5 m'53aaawuﬁdﬂwwmmﬂmuwwuﬂﬁlﬂ3‘umsﬂsuﬂﬁu,auu,a sl
1u"lmsun15ﬂsuﬂsqmam¢1m Infrared Spectroscopic Imamimmwmamﬂiwsa‘ln
Uﬂ'l’iauLLU‘lJauWﬂL‘im (Fourier Transform Infrared, FT-IR)

3) ﬂnmmiﬂmmam ) luwsw (Pb(NO; ),) wax wamuilyy ) Tuwmsn (CA(NO,),)
lneldlnoznaulys (Diatomite) L‘Uummw‘u 'mﬂ1mimmmumamﬂuﬂaumauﬁmtawai‘w—

Tuanlvsalnl (Atomic Absorption Spectro-scopy, AAS)

4) ﬁﬂmlahmaumsgm«&'u‘[auwﬁ'n’iuﬁvLﬁaﬁqmswﬁ‘uaqﬁ's@ﬂifu

1.4 Ysslanifimadtagley

s : L, a3 < a v v
1) ewnsanieulnaznaulud (Diatomite) Usgnalalagisnissuanddonsn
2) mmsn@meﬁ’u‘[awwﬁ’ﬂmnLméaﬁ%ﬁaé’qmew"{ma“l‘?ﬂmazmamluﬁ (Diatomite)
[ Y] s
Wumgady
3) 161azmanluﬁﬁlé’%’unwﬂ%’uﬂsaé"sanimzuﬂammawamnw :uwu‘wm Usmms‘s

WIU LLﬁu‘ll‘u’]ﬂ“Ua\'i’iW‘iu L‘WSJZJ"Iﬂ‘(J‘LJ%??NNabl‘l/‘illﬂi“ﬁ‘l/lﬁﬂ']WIUﬂ'IiﬂWdUIﬁ’W”WUﬂLW&JiJ'Iﬂ“UL!



=
unm 2

d aw odd v
WQUQLL&%\T]U'JQUVILﬂH'J?I@\?

ld Vo) ] 1 1 ) & e Q)
‘LmasmauluﬁtﬁmﬁwhnuaamLstuaw‘LuuwadmiLﬁumﬂsaq Fuiud fgadu uas
a L\ U J o LY g A <
GRETZHTR ﬂaquuwmwﬁﬂﬁ“l%‘lmazmaulm"luqmawmi:muwmuuﬁmwaamﬂsmmawEmﬁa
Tugmamnssy Lﬁaamfﬁ,ma:ﬁmauluﬁtﬂul,l.i'ﬁm%als’ﬁwLLaziwmgﬂﬁaﬁaﬂ%ﬁuaE}NLLWi'vrma Wl

[ ¥ o oA

v oy cd ad do w o & w Ui, 4 Y vy e Pt
°ll@Lﬁa‘uaﬂlﬁlaéﬁﬁ@ﬂlﬂﬁ)ﬂauwuwmuaEJ‘VI’]IMﬂ”l’iQﬂ‘GULﬂWU‘LJIﬂN@Hﬂ’!’lLiJ@LVI&JUﬂUW']ﬂWYIUGmau

Y

X aAVa aao v 6 dl Q‘ di) n‘:\ LY o
vagAnIsuIulsslnesmanlumitomyiuiia, mmmmsn‘lums@muuasﬂisammwiun15
anduraslnaznaylys

Y

2.1 laazaaylud [3]

& g § a ia < v .
lasgnonlud (Diatomite) w?amum’nﬂuLLmumﬁa'mUs::naumalmaaﬁmau (Diatom)
& 1o al\l el ' 1 = ¥ P
Wudwlng) iesinluvged masmauummagmmmuaaaagmmmmuaxummamﬁcﬂ,ums
ﬁaLaﬁféﬂwﬁaxmaaq"luﬁﬂi]a%’wLﬂuiﬂsné'lwaaﬁ'um ﬁ’dﬂ'usmnwmlmasmauﬁwizﬂauﬁw%‘ﬁ
A U b4 1 A a dl L a aaa g U
Magidenuin anvauslanaiuayduUsEneuTiugan Nliresinugfsenafuasiiihwmin
o wre y o Y 1 v dal¥ 9 ) W IS 4 a Fsoa L P
W snsdwmiuldliutagnoasrenddmminu, Iﬂamlmmammmwan“luuawwmmwu
@38unidusluagsne AuuIUIamsUssnausielounay (Opalin) w5a lansa®an1 (Hydrous
e o a 5o ' - A @ ¢ ac 5 2
silica) NUATOUNIEAU 1oy 8¥guu1 (Alumina) damlmiidss (Alkaline earths) 1Jusy
lassasrsvedlpoznanlys Ei'au‘l,mgtﬂu%?m'laﬁcygm (Amorphous silica) fignsluiana
aglugl Si0,nH,0 azareldlysaur a:fawlﬁﬁlunsmﬁmtr’h(Hydroﬂuoric acid; HF) usila
P ¥ ' 9 ¢ ¢ &
asanglunsnduy Iﬂaxmamluﬁﬁmﬂuaqﬁnuaaﬂsxmm 2-10 Wasidusuananil lnesnamlyg

v o vad A& o w ad da < i a aaa o o
UQNEJJUWVIU"IEWI%F]@ Nﬂ’Nll‘Wium’JQ\‘i UWUNNINUIA Laaamaﬂ’]ﬂﬂﬂﬂgﬂi&l’lLLaA‘ﬁﬂ"ISU”Iﬂ’J’uJ'a'au

q

'
o

faa ) 1A = al o © P
fi1 lmawaulmmmaumnmNﬂulUmmmaawaguazmL%aﬂu U luasidvuw dinna du

o : s
uazdyn Imazmaulm?ﬁ‘unasﬁqmmwﬁmaamnﬁau%aﬂum1

2.1.1 audannienwvaslnezneylyg

g v & -
1) lnegmaulusiuians Usznauietudiuveasadlaovnoy it 2-63

' Y ¢ o v
lulAsiuns unansuulouluuslnoznaulyg amﬂaawmmmaumﬂlm



2) 19’!8351E]MLLNGIUiHVIﬁJJﬂ']ﬂ'J'IﬂJﬂ'Nﬁ]']L‘W’l“ 2.0-2.1 ﬂ'J']ﬂJLUUiWSmJ'mﬂ'J’I 80
L‘UE]‘JL?I‘UM ey Hﬂ?WNWUWLLUUIﬂEJ‘J'JﬂJ 0.2-0.4 ﬂiMﬂBﬁﬂU'lﬂﬂWUmLNWS ﬁmaﬂumuuwa

manmwummmma FUNY ﬂ'J']iJ‘VIU'ILLUUIﬂEJ‘J'JiJ ﬂ'J']JJLﬁUSW'iULLﬁv‘UUWﬂ?JUﬂ']ﬂ

< ) 2
3uUn 2.1 dnvaglassaiionnganiaveslaesaesilad [3]

2.1.2 unaslnazaavludluussmealne

[l /

wdaﬁ'wu‘lmasmam‘lnm"luﬂizLwﬁ'lwawhﬁwmwaﬁﬁmag'luﬁ'qmﬂﬁwﬂwwi'lﬁv’u
Ima%wutﬂuwﬁqLﬁn“lwnjnszﬁ'mnjzma ag’tﬂuu%nmni’w"lw.!,éaéﬂmuasu,a'uﬁﬂ‘]
Zﬂ5LﬁEN‘?!IGﬁ?ulwiﬁﬁl“BEJIULﬂWETWLﬂaLﬁaﬂﬁWUWG gUNBUUNE  UazdLaBLNNZAN
uenInusmu Ut it sunedu- Ui daminane uastuissu dume
uia Sunavhedne andnding uvdesiinuasinumyssanw 10 wasuaydliu
Rawthituszneude nsiansag Waggnie wuUssanal 4 wes 9nnsdTIIveened
\wsugsadl e nsuminensssd uSnaugdue dunsavsziliudiinadiseseda

snaulue laviavuaUssana 245 Zusy



d ] 1 o
JUN 2.2 unasuslaozneulud e.uaine a.8179 [1]

2] ¢
A519% 2.1 Lansedrysznouvaaiveslnasnaulug [1]

23AUszNay (Wt%) Aulaazmaulud (wto%)
Al ,04 12.4
Sio, 80
P, Os -
KO 0.5
@=10) 0.2
TiO 0.5
Fe 03 6.0
BaO, MgO uaz Cl -
L.O. 33




2.1.3 msiluldussTaed

D) gaamnssu lull aa. 1866 daursa Tuwaldmumuitanslulnsndiwety
awnsaviliaissuinndrdrgngandululaesaexlus  warlulnsndweuiiviufy
lnesmeuludiinutasntounnnin lulpsndweiuwuuing

2) M duasdngdmiuinnmuglang i wezlidanmunazidney

3) Tdlunsnseaitu niauf'lmauasaﬁﬂiaqé'uﬂ wislnezaoulud (Diatomite
block) aziiammyugedia 90 vesUiunsurisTailnaiaudilunisnsasgenn

4) ThJusudu (Filtter) ’Lumﬁmﬁmﬁuazn'ﬁ%}ugﬂwmaﬁﬂ

5) Mdudunanlunishnssarsiteliidonssmuutudoy Wy Tunisvin
nIAWAN

6) 1tluawiu Tngdnndaduieu (Block) vieiluusy (Board) awisany
gamiiligedls 371 °C wazunwiadadwtadeiussiuleiy (Asbestos) ¢igedia
1038°C

7) Mdudmavvesyudwuivesanaus dmsuldluruissinnigecady
AruaziSunuasldiu

8) 1tilusagndu (Absorbent) dmsuaisiadl

9) #13 DNA U35 laegnouludanunsoadnie DNA aanun Tuansiafidudugs
Lﬁat,ﬁauﬁuaﬁmﬂmn%émﬁ5145] lnegaauausoadaaanutldne DNA RNA uazdans
Fmanlusiu

10) n1sinuns Tusssuwdlnezsauludiidaldlunisn1sinensinslduauiuans
wieldliarsduidufeu wu sauluanssuyas ansaldmdnvuay lagaisainuas

(Y ' < a a6 o Vo & gul (B T
C’Nﬂﬁ'nL‘U‘Uﬂ’l’i@UVIiEIVI'ﬂWEJﬂ'J'IﬂJUﬁaﬂﬂﬂﬂ'ﬂﬁdUﬂﬂﬂ

2.2 lavigwiin [4-6]

malsiAulamaAsugio maaumaluladuaznisynedveaningaamassu vili

a ' 1 Y a a o w = g aa 2 a v oo a
Nﬂ'ﬁﬂaaﬂ‘(]@\‘iLaﬂaaﬂqaunﬂa@l“:ﬂusﬂﬂ"\]"lﬂﬂ ‘ZNLUUﬁWiVI@Jﬂ?']JJLUUWUQGN']ﬂLLNL‘W?J\‘I'dill']m

wéntes Aawisanesunseuasdmaliiatamiudunadouasaluddemis asayly

' I & 4 ) '
INNY ‘VNI‘LJL‘IJE]LEJ@ E)’JEI’)WI’I\?‘] LLafb’I'LlﬂW@ﬂ

v
= U = o ™

) o = = a '
lavewiinfAe sandlamautinudulany winhwinezneuguasiinumu I g

L) 9



= ) & n .
neds MlanslazaisnslanediiZenda Wiaaaya Iﬂam‘tﬂaﬁun%vmammmmw'uwwv

WInn91 4 July minegluglansusavseeisnuuzdulany LLas‘lumLUumaqaa’lusﬂwa«mLmla

1

o
Itfluacuvmwaq Iawvuunmu’f,vtmLﬂuﬁwwaa'lunaummwu (Transition metals) dalufiweg

2951930 Tany wumﬂuaﬁwmmlummmamamlﬁﬂuﬂizmunﬁmaﬁsiwmﬁ WU AgM Iwan

a

e asuas Usen dniia uanien dinzd fyn Tasidey Hudy lavgwiinidutngiviign
Wuldlumanenindiy iy Tudugnanvnssy wldlavendnlunisudananain 755 o
aulwaiy dwmsuvsdunisinems I%TawwunLﬂumuwawmm@humaLLa"ﬂa mmmﬁmﬁ’u
nnsunngdlalans miindudiunauaacsn guasainIanIsWNNg waziASodiee Uiagn
ﬂiumumswammmumLUuﬁwaa’ﬁmwmﬂmnmmmLaauimmaumaqmwuJuaqmﬂmma
audl¥InlunsisaBnludinusys sy ﬂULS'H,Jﬂ'J'llJLﬁENﬁlaﬂ’li‘U’lIanMUﬂL‘U’]?l’iNﬂ'lEJW’”I‘u
'vmn1s*us“[nﬂwsamﬂuwumimmuﬂuLﬂauaa IﬂmawwvLmawmmwamaaaluummiiwmw
?nmmmunmum}uaﬂaaummaaLﬁaamumaamum wagidnnInvendeot9inds wag
Wesndeimsansnedis Tave uuﬂmwumamﬁa’lwmﬂmuau‘lwwammm Juiurdnvag
ﬁamnmLLauU'w1mw1mim‘u'ﬂu‘luﬂimmwwammumammmmu‘lm a8 1lsimuUsualans

ninay mAulUasy aswauwﬂaaumﬂuwwm a%aumammu ama'l‘mu mmmmwmmaalm

dwitlangmdnuieiin Wy Usen (Mercury, He) uasuandian (Cadmium,Cd) Induasivee

IMA"8

ar ' o da 1] < o w
2.2:% m'Jama‘uwmmae‘[awwunwuwama%mﬂﬁzmquua::mﬂqmmvm'a'iu

1) Usau (Hg) arsusam unwuﬂmﬂauaa’tu 29017 11 Laziy udaulvy

a

?ﬂLWG]ZJ']’%]'Iﬂﬂ']?LN']lMQJL‘UBLWﬁ\‘J NIIHNIVYE Vg wamnmmwhmumuwau LLa"IN\'l'lu

ama'mﬂﬁmmhaﬁﬂsamﬂui’mmu nmJuL'Uaumaamsﬂ'sammm'ﬁmﬁmainmalﬂ
Tnenss 31nnsuela N1TEUANISHIN n’rsﬂummil,l,avu*mﬂuLﬂaumsﬂsaw ans
Usavitaglugreavaaunsassmoduloldlunsuni wazmsldluwmesTufinasudn
niaUseniald duneslufiwasunnaisusenaznatadiule Ml unsrefusyuy
maiumala lavsen WuRvresianieuin ﬂ’lM’]EﬂﬁlL‘UﬂUﬁ]“ﬂﬂ‘MJL‘U’]E‘IS“UUIVIaL'wu
LHoniuf nivmeﬂﬂmauaaLLava'Juauwaqs’mn"naimiml,nmn Lmuaanm‘lusﬂwauﬁa

Iﬂuaﬂll'lﬂ 8115l wAINa15UTaN 512 anveue



n. Wudgunay LﬁﬂmﬂﬂWillﬁ%JUﬁ'l’:‘USE]VlﬂiﬂLamU?ﬂJ’lilJJJ']ﬂ VRIS H
011314 melagrunn Yaadniay pauld o sy vioude fn12¢lme anendy
Ldan Tn nsy N LA msn.maaulmnmmuawmﬂnﬁ

a é’ o a Yo 3
U. WD Lﬂﬂf’ﬂ'mﬂ’lilﬂi‘ljﬁ'ﬁﬂiﬁ]?/lﬁ&fﬁuﬁa&ﬁu98Lﬂ“5383L'Jﬁ']u‘)ufﬂu

o a Fa & Sl ey S ' a4
ATy ‘VN;V]VN@ Uau LVNE]ﬂU'JﬂJiJLaumUﬁu’TNULaaﬂaaﬂ\jqﬂ AL LADMAG

ed o Y o ] D R
LVWJﬂ']'imvll.ﬂEJTUENﬂUﬁ'13U58Wﬂ§QEULLS\T§J7ﬂV]ﬁﬂﬂa NN 2INUIN N UiﬂLVlﬂ

q

c] 1 IJ o YV a i S n a d o
Y iaUwa. 2496 vilviAn Tsafiuunns 41511910015 udaMIuN99n

1 o~ <2 é’ -] WYy (-}
anummmsmﬂmﬂaumsﬂmwm1'[ng:1ammumﬂﬁmmimaszuuﬂwmm
dunang u,am.ﬁﬂs] f99A 1598

D..I 1 e/ Yoy Q'I =) g d
2) azn7 (Pb) Lmamuﬂumiﬁaﬂwalmumsmzm Imamamﬂminummi Uy
& 0..1 & £ 1 i 4 nl U a o
wﬁama‘lmmmsmzﬂmaﬂuwﬂﬂnaumammamsmﬂimww s lauA ALY

L‘Mﬁ@x‘iﬁ“’ﬂ? Iﬁx’\ﬂuwaﬁlLL‘U(ﬂLGI@’SIN\T]UN&GWUZ"{'JU@L@ ﬂﬂia‘UﬂﬁLLa“’ﬂ auNUMeT aEAL

)

wamaaa’lnau%nm‘[iwﬂuuaaum n'ma'a'lﬂf’ﬂ:swmwﬁmﬂ%’aﬁmsﬁaLﬁmmqﬁ*u

81015L5AN YRS \inldiunateszuuassteng g
. SYUUUIsAMmAIUNaUAZ AL DY 81n158 Syiny fie aueadonain
a & 2 ) (= = < -=|
NuREia wu’lumnmnmw@’twm_, UDINIIVANIAY ATZAUNTEE T2 1Sy
a8 d < o & o Y] a a aa
Avwy Seniduguussenafionnisdunanadeylnm U0 MUAEH wazldaTSe
U ssuudssamaulatsuazndniiise W9 ITUIRn A anas

¥ 1 b 4 &l § 48} 1 £
“Uam'Ns] ﬂa’lmuaﬁ‘l“duaﬂﬁmﬂ’li’aaum\i W%aallwf]m
a v o 4 d vy o
A. ILUUNNAUBDINIS QU'JEJiJmﬂ’l’iLUE]a’lWYi ﬂau‘Lﬁ a’lL%U‘UIWULﬁMLLiﬂ

L v 1 2/ a %’ @ v &J L Lo
Nﬂﬁa’lﬂ']'i‘l/la\ig}lﬂ LLGIU'I\?‘J']UBWQﬁEJ’Iﬂ'ﬁVIE]\?Lﬂu Umunan AMULanU eIty

¥

InSamaznaLsy liflan1suaaviaaunn

=

a | v a o o
3) wAawlley (Cd) Hulaveiaiy Uagueun s TsuYA Tnevialuumansey i

U

z Q. v 1 o < e =
UULUEJUE]%!‘LUE\TLL’J("Iﬁé]lH]“"WUIULLWﬁ\?W?Lﬁuaﬂﬁﬂﬂ“atmuﬁa‘mi ‘luamm‘wnﬁm grdunag

< a Siti
Un3 waraenaz ey IiﬂVlLﬂﬂﬁ]']ﬂWU?J’éNLLﬂﬂL&JEJJJL'SE]ﬂ'J'] Iﬁﬂ@lﬂ 819’! (Itai Itai disease)



10

mﬂmuuﬂmmaummumnmﬂm’lmnmwwauwaulm widrulngllsaiinanuandey
induvinsess laensliSuuanieufnserudunaiuy
4) @13ny (As) asvnylusssumindusenles (As0) & ‘(j\iNﬂf\]vi?&JE]EJﬂULL’iS'IGI
au6]nmmﬂusﬂmsﬂﬁunawa‘lumuavmuunwu’iumimmuaaﬂuﬂ msﬂivna‘uaﬁwum
aa’lusﬂaﬁﬂiuﬂauauwsmuum"rmﬂuww’mmnmsﬂivnauauuwsa aau’lmmmsmu
Iﬁuamawmﬁumumsmwm REMNTTUd UL ausaiingsisnielag
n. maiumels
U NN
A. MR
4. NS
5) dnzd (zn) ﬁwu’lummﬂahu“lmﬂa&i’luwwaa Zn0O, ZnS Wag ZnSO, 110

2 U

PRANUNTINUMADIULST WU N15UA Posus dulsznaudtundean wieJan Juitle
dnga@dulanemay uanmﬂummmwnmsﬂszﬂawamﬂzﬁﬁﬁwmmmmwaﬁ Wy
zinc dimethy! dithiocarbamate

6) NasLas (Cu) ehumnwuﬁy'q’lugula wazindavewiedus 1easenn1svasy
langnaauns Neunded msL%'amLavﬁ'mﬂ%'IamIﬂEﬂ,ﬂfﬂavr TNANVDINDILAS TN Viley
\innsszmeifosagsmauiinn ssuumela ssuy NN MITWAsU ST A Ad Ui
e drsnnteldulenasunsuin 7 asvlifiAn n1saduld ondeuduld (metal fume
fever) @avinlifamiviasnuiaey dle alasuluuSunaann m‘lmuawaaunamau
LLaSL‘U‘ua’]LMGIMUGVIW’]IWLﬂﬂISﬂIﬁWMR]’N

7) fun (Sn) mumﬂummmwulﬁmuﬁsiwmﬁ Lwiwwumunlumuua"mmimN‘]
TulSuaniay aynlalunisudnnszdos medadnd msn avesuns fMrynedlliing
mLmmaim‘m'rauwmmmsaumaﬁuamun%u‘[wwﬁmm

IawwuﬂﬂsmmuaaqwduLﬂauiuuwviummmmnmlm Tavigminmantiy

<

‘Lisglllsl,ﬂl Tl Z‘ﬁiWLJ wARLTEw wasnaila Usan wazdensd suammmmwuua“luaawm

[~

L;Jaaa"luu’1mwﬂ‘ﬁﬂawwunwﬂﬂama‘[@ummi wazlludunserauyudiuanslily

Gl'ﬁ’l\‘]‘ﬂ 2:2



A = @ 1 A al U s
A13199 2.2 yilaveslavemin unasiiny uazranszvulavsuinsegunimangud [4]

o o
FEAUN

langmin IERTY HAS D ZUAIN UYL
Tala
(ppm)
asuy (As) - asidndng ity VaeAANSNIEY 0.02
- 3fages Nanissniau
- MInaalany
wAALew (Cd) - msifenlane anediu 0.06
- Myyulany MaBAaNsniEy
- Asiindngile FEUUNNLAUB IS
- Usuuniae3 lunszan
- Tsufnsaiysungy HETE
s (Pb) - Tssuying s, le 0.1
- @sindndngity SUUNIILAUB IS
- Afuvialodesnaun Tuanv i yedou
- MImiles
- NI
s (Mn) |- msieulane ganuniedudaas | 026
- ansidulusiiiy aressuulszdan
- WA sHanlany d1unan
HaumANLasuen s
Usan (Hg) - lssunBaundusingt WaneszuuUsEam 0.01
- Tseaulvil ey
- Wumnas
- GRAMNITUNTEAY
dinzd (zn) - Tsandu lovasdanzdinnsay e
- MINAANBLUADY TPPIIE
- nayulans vaneieuszam

- ioUsgn

11



12

mamuwﬂuumiUuLUauwadIawlumm mmaamamnﬁuumsuan‘[aw
naUﬂumemﬁnnswmaq’lmamﬂwmmnwsaumuwumm’lwa1&1qamawwﬂiimavmw
sienlany $NAUANIINUIT amﬂamwﬂumau’lummLﬂuiamwunmaumnwama

Lﬁamaﬁdmmaaml,a"ﬁzumammwmum

2.2.2 Wlumstialavewinnegaamnssud 3 38

FMNneam Tevmaad wagImMTININ NSy mumimﬁm‘[awwunaanf*uuaa
nuladevateadre oy waluladvaenisvatmingy AIUINTY  Uavan uznas
99N%LAdU (Oxidation state) va4laviy A luN IR A D91 wagnalnnsiisnlavs
Lwﬂuszmuau'l%‘l,u{lawu Ag 3anigninuayiivaaiiigy Devdaludadaunsu
(Reverse Osmosis) n15uennsasgglni (Electrodialysis) n1vaseY (Filtration) A5
LLamUaauUi“% (lon-exchange) n13mnagnauseienaail u,avaﬁmimm*u Tagvialu
WIBNMen kAL IuAT T deie Iummmnwm‘[amwunaanlmamaaumm
Sein 9l vethamdumaden Taun L'VlﬂIuIaEJﬂﬂ‘d‘UVINWJﬂ’]WIﬂEJI‘UﬁJ'Ja‘U'JﬂWW
533U AluNIIRAdy u,asmlﬁiawwunlumaauﬁ"lumsa:ﬁmaL'Uunismumsﬂ“wﬁ"]’ﬂ‘[awz

@ o a ¢
NUNNYTEINEn wasituinsfuse LUUULIAY

23 @7 [7-8]

o al o ) Y a ¢ o £ o 1 & o VYl
Uagdulinisdmenaunlindndangunsaliitaldoudusgnsnn doilifigmaivngsy

P Y] [ v a W
UiﬂLﬂ%WVD@\ﬂ’UC"]%ﬂ')LﬂU?C‘]ﬂﬂU@Jq]'lu’)uu']ﬂ lefu aﬁﬁqﬁﬂiiﬂLLUmLmai Lﬂua@ﬂqﬁﬂiiywﬂlbﬁﬂ Nl

q

lﬂﬂ‘Vlﬁﬂ 5998911 AD aﬁ‘la'Wiﬂiimlﬂﬁﬂaﬂum‘dm”ﬂﬁmua’l’SLWNLLGNIL]FHEN&G]LLﬂﬁI‘dauuaﬂ‘inﬂﬁ

o

g8l ﬂ')’{[ﬂi(ﬁ]”ﬂ'ﬂué‘]ﬂﬁ?ﬁﬂiiﬂ‘dULﬂﬁ@UTﬁM”ﬂ?EJI‘W“W’] E](F]E‘I'Wiﬂi’illﬂ’l'iNaﬁl‘VTaaﬂﬂ'?WIVlS‘Wﬂ Ud

LLﬁEQCﬂﬁ']‘lﬂﬂiiﬂﬂ')if«lﬁﬁ)‘i\‘lﬂ’)ﬁ)i} LUUW‘L!

2.3.1 auﬁ'ﬁwaamsm::ﬁ":u,azn'lsﬁm'fl%‘lm'mqmamnﬁu

dydnvalinfivesnsii fa Pb W1910A191 Plumbum Tunwianfiy wiad e
nzindulanswidn & Atomic number 82 uaz Atomic weight 207.21 laideqlosia

Ufisenad mzmfwasmaLUumaammmqmwgﬁUismm 327.4 pamwaldea semedy



13

1amaafuvmu 500-600 avrngaoa fyafionil 1,620 aerwadea UAZIZ LY
meumaammuaaw ANARTUNIZIIIAY 11.4 ay agldalunsaluasn nsnas@sn
wagnIaiugduudy mvmmu“lwmaa“lusilwaa Lead oxide (Pbs0,) dauansusenay
U8 Lead acetate iLag Nitrite dwsnazanalelu Cold water Ussuna 44.3 waz 37.7
¢/dL awasulazansUssneuves Lead carbonate uaz Lead oxide (PbO) 9zavaiely
forluth (Uszanai0.012 - 0,001 g/dL) msﬁaﬁlﬂunwaqmawwnasuawuwsnLLU@"Lé’LfJu 2
%iln A
1) @rvUsznaudunstvesnsia
2) @vsenaveiluvsdvansiy
amwmsm3mwmml°ﬂuamawmsuﬁu nguusn. fle naumgiadunsd wy
Tetraethyl lead fdmuumﬂ‘amumﬂszmm Tt A 1923 uay Tetramethyl lead 34
Suiunlslud aa. 1954 msﬂ's:mauaumamaaqmiﬁmﬂumuwam‘luumumsaaaum
Send arstutien Joetuntsnss ¥ANYDILATBIIUA IV asiasna -
Fuuazyilihfuuuduisune nguiides  Ae nguazitedunsd Fal#luntsidey
Unnilave [umeimanlane, gialnoanlas I%Lﬂuig's&ﬁﬂimmaaLLumma'%"sﬂauﬁ
uazLATesdns, nefagonlys n3g msmLLm’LmUuamﬂameanuauu druasUsenau
Lnaa’uaqmsnauamuwﬂ“vmuLmﬁmaﬁwau mumumms‘uaLumwamumzmlamsanlw

Towudan mvm‘[ﬂimmﬂuﬁmaaﬂ (ChromeYellow) 1fugy sz

2.3.2 nm%ééwnwwamzﬁ"s

1Y) 4 A da
1) mahn Imamﬁuﬂismumms WATONAN S DR UuLUauaa

4 oo &

£24 o L= | 1 A é’ ) !
nslfinsasldvianirugsneg Avudiouns sy uazn1sauAIadldingg Nflagis

- 5 v W o wal o & 'EY ' @
UuLfJauimmn'15ama1ma\ﬂwﬁmsmﬂunjauLLas”luaNﬁanauswssmumms

2) vaayn lagnrswelaenty loszme HUaze8IuIng i flagluenne
vinguan

3) MRl Imamsé’uﬁaﬁ’uﬁuﬁwaﬂ‘[nm?‘[nﬂ ﬁ’ﬁmwi“nauaumwamvm
Waluay 1y nsdeidedeisuiuugy m‘aL:Jaumumwwn’lamwuwwﬂﬁ

ﬂ/lﬁ'

Gl%ﬂ'}‘UﬂJN'IUN’JWU\?LLauL‘U’lﬁ'S UUlVaL'JEJULa?JW(JEN’iNﬂ’W



14

2.3.3 anuluiwwasansnzig

'
v a

d v 4, & 1 Y a 2 Y] )
ﬁ%ﬂ'}‘l’lﬁﬂ@iqqﬂ']ﬂﬂuﬂﬂﬂalﬂl,ﬂﬂﬂ']'luLUUWUIW 2 anwous

=]

1) anuduiwdeundy cﬂﬁ%’umsﬁwzé’ﬁﬂwmﬂa fndulanglutn N3N
AaW Uanuaumiies rduld endoy Jlasunsmdauninaziiennistesdag Uazdqy
B v P 4 Ao o A ) 4 Vo & a
UoevBIRn 8anssiidanvieiaem ULllBaInandalg HlAsUnE MUY 819iA g
< ) & ' a < a o o v &
8713%0N Naliensenn seunds (unzas, lngtawieiviaaasing 391815 U B4
1 1 ] U ) QA v 1
BUVUTEAMAIUNGY 1y Uindswy uaulinduy ‘vﬁaawﬁmmswmuﬂmwiﬁmmawu
') o vl Y ' S da { { v o ° £
PROKULAIGED) AviulainasdedInluian evn1sitsaqadlyldus maglodon vl
Uaanizdovasndungs oayliu waviiflonludaas Wyl uonINtesdnisaaas
=1 =1 o YV a Ao i % o
Voddladealma v i dedinldanely 2.3 Sy
2) anuluiwiSe Sy sjlﬁ’f%’umw‘hawﬁmmimﬁxwmN@ummmaxwwssuu
Uszam
Q 1 4 d o
fl. BINMINNIBUVUNMAUB WIS 1y 1Teams wiwioulugine
o & a d 9 w
NanNUunEAT MY o
1 ¥ g [+ L) I 1w <
U M IWNSBUUUszam iy deflann 1uguns laifluse uadamas
AINUFEN
a4 v
A BINIVNANDY viTeldoriaasshiay

2.4 uaawlian (Cd) [9]

o a = = J o ) ¥ 2/
LLﬂﬂLﬁUN Lﬂu‘[amwun YUANUN ‘HQﬁ?ﬂJWEQUULUE}Uﬂ‘UaQLL?ﬂaaNLLEBMﬂﬂNIUB'Wi”l’i L‘l‘ju

guntglugims UisLﬂmé’umwmamﬁmﬂﬁawmeﬁa:ﬂuqmammw

2.4.1 auﬁ'ﬁwmmmﬂmLﬁauLLa:nﬁiﬁ'mﬂ“ﬂuqma'mnisu

v
) )

= < o dao a = U 1
LLﬂﬂLllEJllLUuIaMSMUﬂWMﬁ Udr8971 ﬁuuuﬂu‘zmuaz ﬂwgﬂlmwwumamﬁ

'Y ' < ' 0 0
NANToU uaziiyavasuivan Wiseniigslneiiigavasuivan 3029 O I0FDA 767 °C

ﬁaﬁau‘l“&’ﬁuaSJ'NLst'vvma'luqmamnﬁwmaﬂmnw}u

1) Yssurwusesaz 50 lilunisindouilansdaslnsi (electroplated
coating) viliilanzinnuuasvusenisiansey LivTuaiy Wlugunsalsagusisieg



15

¢ | o 2 e

3 d i o i = ]
mmﬂumu‘uaamsawumasmuﬂssnauauﬁ] saulﬂmuamayangmﬂ T Ouduaay

L2

d’ a a v v A
veAzBtl Ing nsvimd §idu uazduq

a

2) 9 0umaludsdneg wanasn dvn 8y nfln 819 Fed uas anImsnsly
wsglidany

3) miﬂiuﬂammmuaumwuﬂ’l‘dmumﬂwummmmmaawmamﬂ L2y
upaLlguEReTn (Hugy

4) Tavzumnilleud sl dnan fulany vaudulansdanoss Y Nauiulanenosusg
ﬁ]:ﬁ‘?j’JEJL‘WJJﬂ'J’mL‘VT‘LJEJ’JLLa“’ﬂ’J’IQJ‘VIU‘VI'IUWEJﬂ'ﬁﬁﬂ‘ViiEJI‘ViﬂU‘WENLLNWJEJ lngansaeadag
nugamnfigedie

5) m‘lﬂwamaﬂﬂmmm isuALSay L9y vimslethsagug wiegunsal
Lmauaumaﬂ wmaaswmamwmaumnq onhuradenlunayiulans sl¥uselalaneda
ARYATILINY

6) ‘l%‘lumswﬁmLﬂ%‘aqﬂisﬁuﬁmuﬁﬁhq'1

7) uﬂﬁlﬂﬂ“luamammsmmswamLLummaswmmanmwn’n wAnLdlsufingia
WUALABS (CdNi batteries) amwmﬂ%nuaﬂnmﬂumman RATRIETERE Lﬂia\‘lﬂﬂl,a“ll

a

naeanegy wagdnegian< (Jugy

8) wau‘lumimmaﬂﬁ‘lﬂuﬁamim‘wm
9 ﬂaqﬁué’ﬂ%‘luLmvﬂﬁnszﬁﬂsm%ﬁw

2.4.2 mﬂmﬂuﬁwamﬂmﬁau

mﬂmummuamwmumnamm’imnmwmuwaulﬂ Nedeundudaulnaiia
mﬂﬂﬁma“lmamumaw;ummem mmﬂwmaLLﬂmuamnwﬂmau Taevialy
TEYLAMININAU A 5aveUTY 2-3 Falwsrounansainis 9IS ULTAIE TN
i..,mamaataﬂuamaamamuma‘laaaumu 8n 2-3 dalueslaanaziionnisle Bulanly
132990 iveenuaznydy %@njua1miwﬂmanumwmmamlﬂmaamamuma‘lﬂ
d1udu fann 8-24 lug AN duNAA S0 9T UNSY 919LAUBINITTEABLABIBE 1
u,swﬂam Lﬁmﬂm‘lumwan wielaguan le uazgauinde oImsmeladuinayguus
o deAmvianuaamyn & JUATIBIINNTED UL 150 fUreisoniina el
Wasenaluiiiois LLauLuaUamUmuuaanm mmao‘l‘mmumiumsinwﬂuma by

189747 ’]W‘U‘W‘l}}ﬁa’i\? B ﬂ?J‘LWiENT\I'IﬂﬁﬂJNﬁWNLLﬂﬂLﬂwuﬂaﬂl‘dﬂLUUL’J&’]U’]U



16

s d < v i 2 Aﬁl o A ¥ o
vavnniuAnsugnaaduiigsranieuds %ﬁﬂsa%mwmamuuasmaQﬂum‘u

d L~ a 5 1 ! al al dl ! o 24
uazle feiSunlsaivrosupniion Hunwiddudy * 8la-5la * Faudadn* 1oy 18y »

taly

D - g v 4 2
inngwummsnﬁmsmmyw Lauwiug walnenun WBINIINTNS T U TS
&‘ 1 ¥ v ?JJ 1 g YV 4 ) g =y
meﬁawumauag ‘m‘uwuﬁ‘l‘ummmmum‘%almmmmﬁauwwaaumﬂLL:Ju'l WAady
Lsala nssgngy LﬁUUmu%L’Jmwé’maxtmaéwqqumn waznaiiiniinislusnags
a a ) o
NmUnmualmiUmeLuamasaumﬂ‘]
vy vo P~ ' v 2 oy o o o
Anlasunandeyasanlusiang WAUNAIUNEMR DN AU09TTY Feagaey
NlUSesq quaiyg :’fwummam\i@ﬂn"mLLa::ﬁQdL%’u wansIfiuanleyasauyan 5
@ = YN ¢ ' P 1 & w
vanguigallsiuandesaenles Lﬂuawsﬂaum%wlmuazmaugnwwn UBNIINTUES
o % 1 [} v lal o v §i58 ¥ A o
mounTenaln vldgadeyssamnisaunay waziliidensns widluglsaiiia
NnuasliausnuginEe s T,ﬂan'ﬁiﬁ%’mmmﬁwﬁmaﬁ’ut‘f]unmmu
Lniinarauvaiundulied
J U Yo sl a
1) lsavoniSess mﬂmmmmmaumuq wagluvSuinannlagiawizannns
mela wv‘h’lﬁtﬁmmiqﬂﬁuma‘lwam %’aL‘TJumeﬁn"isé'mawawaaﬂau Ansiiaduly
a 1 1 o ° - & ' o Py P
naumeladiuais u.amm'm/nmawaqqqamm%sﬂmmﬂuiiﬂqaam‘[mwaﬂqum Bl
o ° ) ' o
AULEENLTA ﬁaﬂummun‘uwummﬁan‘[mama W TssuLUsmeSIuImLEn
@ Y] I fa d
2) lsalesniay euansaanlasinissniauvasle lnetanizagedsitvialyle
Tazwubaneulullaanizgs Tlusiu ngladgelutlaans nmsvinumaelulndonts
o U A 1 YV = 1Y % 1
N WU saz AN asLAnBTngan e ﬂE]IWLﬂﬂﬂ’l'iE)ﬂLaULLaSLﬂuau615186}611]

=) a @ -3
LLa::awﬂtﬂulmaﬂalﬁ‘lqumm‘smm'[iﬂ”l,maﬂLauﬂwﬂuuuumﬁ

2.5 Wnrsmanlangntinlusuge [10]

nasvUNdalangminlutnde fuaieds msfiaanzdonlditladuegiuaw

N v wa o ' o w T dw w ° w 1§ v,
LMN’]BEIJJI‘LJLNG]’N‘] 1ﬂLLﬂ @mﬁuumu’na&lﬂ@uu’]‘um @mﬂ’]WUrWIm8\7ﬂqswa\?ﬂ’]ﬂﬂjﬁquﬂﬂ{L?ﬂ']a

[

lunisimuge Taaunsnasuismstivaldsed
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2.5.6 mMsafanaudugglnga (Electrolytic recovery)
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2.5.7 m3gadu (Adsorption)
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2.6.1 U81van1sgadu (Adsorption)
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3. Particle
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4. Chemical
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2.7.4 avndeumItinnasnesiUsznauvasiigadulavaidenisiausunaedian

fivanUdas (XRF)[21]

\naisdngosisaiaun HumaiianmsiiassiniinvessinuazUiunusaluans
@ ' o/ v da & P v ¥ da o
mag lngerdenannisisidnaseulualaasvesazney Wagussiutuningraugs

s

lﬂawuwuwamummw LLa::szwaN'maanm‘lugﬂmawaﬁmnw

I T

UNAINIUT NS

[

(characteristic X ray) vesudags1ndianaseulurilaasvesesnay udadusu (shells)
Tnedulugn 16un $u K Ssssundeau (energy level) fngn dnoanun liud 4u L M,
N %ﬁ%xﬁixﬁuwﬁwuqaﬁummé’wﬁ'u vanandibaeseuludu K Aflsesundeny
e Bidnaseulutudu Sudadududes 18ud Ly Ly, Ly W M, My, My, MIV,

My s‘?}aasmammmmwiawﬁm wianuuaneieadinuvedidnaserluud  asdulal

WAy

Ui 2.9 Bidnaseuluaslnasvesesmenntadudy [21]
a i o = [ = o Y, a Y vw
adinaveuluudasguresislas Sndsudawmie) (binding enerey) #ilduain
a 1 v a -:J ! Ve Yo U < { '
Tunduaunndeiu Sdnaseunsluiedlndandea wldsundeuiaunidsiunnia

Siinnsaultuen uazsniifiavernen (2) geturzindsudamioirodidnasoumnn

Re

Tu fledefedifind Sedunuun Bidanseu nsalUsnauludernouvotsig agvudu
dlinmsaulualassuazinlididnnseungaoanluainesmey ldsumiaduine
Sdnasenluduiiimdsnugindrasduunmd wu ndi Lludu K andu M Tud K
vieandu M Tud L ngmendanudmiuoesnunluguresfididndiingdrausung

(characteristic X-ray) vedusiazans
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Incident /ng_o.\ \\\ »O g ""_ 7" Characteristic
x ray /x o \\// z o - : \A\\‘ \\‘\Y X r ay

‘ K
\2& e g/ 8% o g/
N T A @
N, 2 /-"' 9 '.""**‘(D i

o Y ¢ @ ° 9 Ya ) a
3UM 2.10 (a) SedBndndrugailididnnseuludu K uaneenluamadlaas (b) Bidnnsenuly
év.c 4 o i A L7 f:‘ v o
¥u M ﬁﬁwaamuqam1aamtmuw‘lmamma?uﬁﬂwﬁwmmumwaaanm [21]
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v [ . - 4 a a 5 { 1
Sed8ng91iwiz (characteristic. X-ray) inndidnnseuluduiigini add
wnunIwlugu K \5en71 K radiation 3 K X-ray wazl3unq1 L radiation w3 L X-ray
Ul e o < ed a a o = o 1 la a o
andusidiondminaindidnnsou adluunuiiisludy L ngdrlngdidinnsouiivas
e a d 3 °© 8 Yo o & ¢o o o v
sonlunnlassasfudidnnseuludu K valdsdisndsunsiagoonn fawda
' v o 5o a a & 4 ] P o
o3 K Xeray w11 L Xeray Sedtenddumizandidnasaulutuiiginimiliseiuaz
o o/ v ld 1 a n’; a o‘.’l
ANUmIBAsemY o Wy ldanseuanty L U K = Ka wie Sinasauainsu M U
L N@&

Excitation Emission

g

3N 2.11 dydnvaliedi @dndsuinznnnisvdouiure didnesey [21]
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%’aﬁlﬁns&a‘l"nwTvmnﬁtﬁﬂmau‘lu'&zuaiamaau.ma“i giufadluunuiidng sy
qumwmmaw LU manmaumﬂwuaawaa il = Ka; waz LI lU K = Kar,
vse My U L, = La; uag MIV1Y L, = Ka, uanaintiy samanwmnamnmaumn
ﬁuaumaqmumuw W mﬂiawmauavummawmnmmﬂmanu WU KB, KB, LB,
LBy, Lyy, Ly, m’i‘d‘w 2.12

; v
Ky

d v/ v o & o { 5 a
JUN 2,12 dxy nvalvgsdedidndsumennnsiasduressidnasoy [21]
L o o Ve
SEmlvBEnnseuvaaIInozme: Wwheulnd g IS Tamiemes
dldnAseu wie uauveuTuLans (absorption edge) lawaziidudszaniluns
\nuTergeanilafingrnulndsy absorption edge uayazdAanauilasediitrvi
Uifseniindasugeiy Lasiiauanaaiudmsudidnasouudas viunazuansinafuly
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Probability of Absorption
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mi'uau 1UIW5LQULLa389ﬂ‘UWU [21]
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ﬂmzﬁmimﬂ'%mmﬁm mmmv‘hl@ﬂﬂanﬁﬁ‘minvﬁmmL“ﬁuwao%’aﬁtéﬂ%ﬁmaaaﬂm
ﬂ’li’lLﬂi%‘l’ﬂﬂ&l’)ﬁt@ﬂ%tiﬂﬂﬁaati’s’ﬂ.‘?!'um Taevialy wihbiBianmseunanaanan

“RoY Imtﬂ,‘diqaLansawaamummﬂwaamdman% (X-ray tube) wielalalnu$ed
(radioisotpe) Al¥sediand
waaﬂ%’aﬁmn%ﬂsznaumalawaaﬂ (fitament) Aduualue (cathode) wiadaau
uazhalum (anode) mammnmmwmmnaaa (high voltage) viaelansiiiiiay
YABNFIUATNUAINTBULAR 18U W, Mo vi%a Rh dateulnigly agviliinalu
sauwmiwmuauumanmiawaﬂaanm AuAAng s liaidnnseuadoui iy
woluafduidl (target)  wasUassseFionduuusaiieq mawsuammaa
(Bremsstrahlung) eanu1 Tnedainuida 0 wdsdumunssualwia () dndlui (V) uay
lavazna (2) mmmmﬁ‘l‘umua‘[uﬂ AIUAUATT
b= kizV’ AUNI5N 211
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@ ¢ 9 vas ey
1aIﬁIinqﬁv'ﬁﬂz’fluwuLaﬂstéwQaaLsatﬁuum OulelalnunliSediond 18un Fe-

= aw v o
55, Cd-109, Am-241 uag Pu-238 mﬁam-}zumﬁmqu,muw%ami@ag'lumaumﬁ

e

o wa w o
PNSUN 2.14 Tmaﬂqmauum PNANS T 2.4

A5 2.4 auindnsidienduuulolelnyded [21]

49LUm

Isotope T1/2 Decay mode X ray emission
Fe-55 2.7 year Electron capture 5.9 keV
Cd-109 453 day Electron capture 22.1, 88.7 keV
Am-241 458 year Alpha emission 59.57, 26.4 keV
Pu-238 86.4 year Alpha emission 12 - 17 keV
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UMl 2.15 Audulnfiddnduuulelelnuedzn

e 2/ 1 U 1 a e s d,
Nﬁlﬁnf&mwaaﬂmmmmazﬁm'lumaem MUITDVATIBINGNUYeISE 1l

a a ¢ ) ) P2 a YV v wdd &
Lk PEEREAT) LazdiaTgvaINvasSidiemUiunasaldlaaldmh In st g
WUUR (gas ionization chamber) ¥iin proportional counter WainsaduUULUdLAS
(scintillation  counter) wSev1 A ALUVASAg I Falnerlaglim fnvindanew
a o W & ¢ o a < o Wi &
@wau): Sili) V38L903UNUBNUIGNEEY - HPGe aUnsaifildlunsinadiand
lagmialy Usznausewiingsd (detector) duaiedayan (oreamplifier) drugene
daysyras (amplifier) daudinssidyaia (multichannel analyzer) #$a MCA Usznau
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2.7.5 Lﬂ%’amsaﬁﬂamn‘lvnsainflmsé"uLtuué‘uWﬁLiﬂ (Fourier Transform
Infrared, FT-IR) [22]

Lﬂ%'aqmmi’maLUnImaIn‘{'Jmsé"uLLUUéuWi'nm Junilelumaiianiegoy Infrared
Spectroscapic ﬁﬁUizﬁw%mwMmﬁi"lLLunﬂismwaamsﬁuw‘%é ansefluniduasussieily
‘[maqaﬂuﬁaa'mﬁauanﬂ%mmaqﬁﬂisnauﬁﬁaaﬁu‘lmanawaamiwaué‘f'saeiwﬁhiwﬂwﬁm%'q
wmada FT-IR ﬁﬁmmhaq‘l‘?j’izasnaﬂunﬁmsmaauuaamnmﬂuﬂaueﬂﬂamimmiﬂmnausaa

d I

waa"lumqauﬂmmwaa’lu‘mLawﬂau (Wave number) Ussanas 12800-10 cm’ Famansa

Y

AT ?887\71911/!\3 ‘UENLL“ZN VaUua7 Lagne

[

98U (Infrared radiation) LUu'Nﬁﬂa‘LJLLJJLWﬁﬂlWW'WI&JENlJJLWUWJHGI’lLUa'lLLEII‘VI

d'vu/ aa

ANToUNFuNale iﬂaBUWi’lLiﬂaﬂﬁvVnN‘U'}\T Visible radiation fiu Microwave radiation lnel
199033 E ursUTALUseanidy 3 9 1gur
1) 8unsusmgulngd (Near Infrared) ﬁLawﬂ?{uagﬂuﬁN 12800-4000 cm ™ &alyy
LLaumig}mﬂﬁuLLawaﬂuLaqa’ludmﬁehu’lmy'LﬁmmﬂTanaﬁwu (Overtone)
TeRluninsevaansimesnesieludas Near IR fig
- NIy Hardy unrdaluluanaansduvss wy wlisauiiedi
Uae (Terminal methylene) wyiflsyl (Methyne) vgitediy (NH) uas wylamanﬁaa (OH)
- MR IENUslalasiay
: m'i?imenLLsaﬂszVTﬁijNﬁaﬁwavmaﬁum"’mﬂavma
2) Bursusagiunaty (Middle infrared) mawﬂauaalu‘m 4000-200 cm” 14
ﬂnt-ﬂmummLﬂﬁuml,autlimmmﬂvwlummmLLU@LUWNﬂqumwawlﬁﬁaaga
LﬂEJ'JﬂUIﬂixT?Ii'N‘UE]\‘II@JLﬁﬂa
3) Bunswangulna (Far infrared) Savduegluzas 200-10 cm™ g Iitaya
mmn*umimjubvENI:JLaﬂmuaqmnwawwumﬂawamunwsmswuamuwus"ﬁ’uwé’wlu
ﬂa‘LJ‘U’NGI’]L&JE]W"\]ﬁCIJ'IIJJLaﬂa‘UENE‘I’]’iIﬂEWI’ﬂU‘\]BUi“ﬂ@Uﬂ?&Ja”GlaﬂJ‘VIE}ﬂLﬂ’]uﬂUﬂ'JEJ‘W‘USu
LﬂuLuaIaJLaﬂalm%’u%’qﬁaquLsm‘wummamanumiauwaﬂmanaLLa’mzmenﬂmi
LUaauLLUaelmiwa‘[uLuumwﬂ'ﬁimaﬂauummmmnauseﬁauﬂmimlﬂ Imen1sdures
lwana wdady 2 Ussim R nistave (Stretching) n1slAssa (Bending wie

Deformation)
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aJ ] d s
Msnseua1sAlae e tudin IR spectrum

v
1

nswIsNasiegaietudin IR spectrum  viang3s Tuagivanuzye
aIUVIduas AN A
1) @siegiduusa

uidazgnussadluniawad lagnauussqas $ABIRADINIABBNIINLAATAS DY
LLmﬁNUaaeﬂ,mmawnaanﬁ‘uuwnwﬂﬂluwaaummwaqLmaLﬂuaammaNaﬂwIma3
auWﬁL‘mmuIWwamw Sodium chloride, Potassium bromide, Clsium iodide,
Fused cilica,Calcium fluoride 138 Thallium bromide- iodide ANUNUNYBILNALYAE
LRIl 10 wufiums
2) arsiedniiduvema;

'La'ﬁ'aaEJ'N‘Lumaéﬁﬁmmuuwamaa’muﬁaqmsmnﬁaq‘l‘ij’ﬁ'aﬁwasmaﬁaal,ﬁan
Wimnean etlesiunsavanstousas Tni i ldifvinaganeiilslidh
3) a1sieeaiduraauds

- weidadad  (Mull - Technique) lddmsuiiedrsvesudslnerili iy
Suspension luthsuiiZans Nujol

- A8M3dauia (Pellet Method) onvaLIegelundeuiriady Kar dae
AINAUZS

- mAtalay (Film techniques) avanemedevawdiludminasas iz ay

wazvi i dunauuag

a

- Wagaredeg19wauds Solution Methods) avaesitagrsvaudslugiyi

<
AN FY

o a N
\3asdiadunsse (IR instrument)

aaﬁﬂizﬂauﬁe?'lF'fmu‘uaaLﬁ%'aaﬁaﬁquusmaLUﬂImia‘[ﬂmuLLUUﬁaLwai‘%w
(Dispersive infrared spectroscopy) Fadunvudasy azﬂisﬂauiﬂﬁaaahwhq‘] il
At

1) uasAndauas (Light source)

2) WAdUIIYE15 (Sample cell)

3) lululasuumed (Monochromator)
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4) gunsalindtyeynes (Detector)

5) fve e dyayia (Amplifier)

6) Lﬂiaauuwnﬂuaya (Recorder)
\A3asdursuIn anlnsivlnfwmesuvsoenliy 2 wuu fe

1) \Sasdumsnsn anlnsivlafimes fl¥ssuunseatoua (Dispersiveinfrared
spectrophotpometer) Faiuuuguastiien was auase

2) LﬂiaﬁWLiawﬁﬂuWaimauWﬁL’imaLUﬂImJLﬁlai (Fourier transform infrared
spectrometer) LUummﬂauWﬁLsmamﬂima‘iﬂﬂﬁhaumaiLWaiiﬁLmas’ (Michelson
Interferometer) Iuﬂﬁwmmmamt,awmuaaﬂmﬂwaauswmsmaawaamﬂumw
mmaumqq (Lmummﬂmaassum‘luﬂmwaamsawaauWﬁLimmummwasﬁwwsa
WUUAUEE)
af-Ya31nn

FT-R IﬁmamﬁmswﬁﬁﬂmL%LLa“ﬁmm‘Lqm (ngarulugagldinalums

AATIERUsEINM 1-5 YT T.ﬂzmamsﬂaauwaaammmmaawmmumu (Signal-to-noise;
S/N ) 89151 S/N fusLLUswunusmwaawawimmawmmvmi:]mmlmmmmmwh
waamiaemamﬂa'mﬁmwwuuimmamil,wu S/N ‘i?iJﬂUﬂTiLWZJi]’]U’JU’iE]U?JENaLLﬂ‘u u
n1514 Circular optical aperture wnudl Entrance slit vivlwd59ddauauinndiwuy
Dispersive fis 75-100 Lvhﬁri"ié'mmaﬁu wigdmiudeduvSewmatautanaiaia
%’asﬁ'ﬂﬂmaqmamau WanINT FT-IR aﬂwivamamw“lmﬁu,anmnummmmﬂnmaa

13.1(51’!?'17)1 0.0l em 3J na‘l,nmimmumwum FT-IR QJ‘Uaﬁ]’]ﬂﬂi‘uﬂ?’iLGliEJQJm’Ja?JNUN

wlﬂuﬂmmaﬂ‘umiaumawauaaﬂmaﬁwsqmuLLazmamwzmad Active Tuziaq

=

a S U, P ooy 1 9 v o )
durlsusn uenniinsesieillilimmreutsgeuasialisilunsiigsnugs
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2.8 nMInsRseuenanYaluaziaTasiieNlivadeunisgadulnesneylud
(Diatomite) [23-25]

2.8.1 wallad1eq TlFlun1siaseiidae3s Atomic Absorption Spectroscopy

(AAS)

AAs Humeilailldusdiundvarslunisiaszd wseduisiase nuas
TIm5n 1358 Taelaugndas aruusiugh fimwlhigs wasfiaudinizianzwsle
M5AATIEvis L "l%‘l,ﬁﬁqmﬁmiwﬁt,%w%mzuu,asL%mmmw

1) weadadng AFlunieseiivans s fe

n. 14 Flame Atomization Technique watiaiilénssuaunisviilias
sednumnilueznaumeain (lame) Mvanzay

9. 19 Flameless Technique w58 Non-flame Atomization Technique
weadadldnszuaumsi Wanssedsaaefiuesaedld sy tousn
nsvidlnila(electrothermal atomizer w3 graphite furnance) Toganunsam
Wsunsuligampdvesnismndanineg fu wagldinansiies Auls
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Wiluezmeulaunsemamain 1 uas 2 llésdudeliimilimngly
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ariy ﬁaﬁaﬂ%’iﬁﬁﬂﬁﬁmméflﬁﬂmmﬂuvlaiﬁiwqﬁqquﬁﬁaqé’wmﬁ‘ﬁaﬂﬁ
llglasdudnlilslasduiudlvluaslnlelnsmy pudeusnwadln
‘Laimmuﬁ'ﬂﬁﬁwgnmaLfluazmauLﬁ%"lﬁmﬂﬁﬂiﬁ%‘lumﬁmﬁxﬁﬁmAs, Se, Te,
Ge, Bi, Sb

.14 cold Vapor Generation Technique ﬁ’m%’umﬂﬁﬂﬁ’mmzﬁ%‘ﬁ
Wulinneisuiesiafiansowdeulmiuleldie g deldudnsieses
Usaniiuinadeslnsamsiternudilafeiuneuvesmaiansiaszivg
AAS maaﬂﬁwﬁwﬁmmdaumqqsuaqm%‘aa AAS Tagazadureeduay swelud

) I

¢ o o = a )
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n. s uliauas (light source)lidiu hollow cathode lamps (HCLs)
uaz electrodeless discharge lamps (EDLs) Feilldlanzunesgwiniy
1 al o U a 3 I3 1
v. divihlisananeduesneudase Gtomizenfiasdlssnay 2 du
a s 3 o sl 0o 9 v
Aie wihlawes (nebulizer) §uugunsaiiviiltansazaneifuanmiiuarass
2 Ao ] o v o & a ) al cuaa < v
an g Wanl nnaanieTsNaNiUFITeING wasdieandladisdouiiiing
| A | 1w 2] a Yo &) Ua & &
ddl 2 Fondh WundessiamsunludivhldAsesseutulually ssuuide.
a o al fda Y = ¢ P ag
wisuazieandladnienldiulunuezseuinuevse snduuuuianng 3 52
AvBNA/BeiIAY (air/acetylene) asligaunaiiussanas 2,300°C Lnsd vy
msataTzinUSinamedlans Wy cu, Mg, Fe amadwsiwu (air/CsH,) o
gamivszana 1,900 °C munzdmSumsinsimuiniavesdanilal
lulasiaugenlad/osifidu(N,0/acetylene) Taaumgiuszana 2,955 °C wane
o ) a a c‘ a a‘ o U U 5
dmiunsiiasgivUSunalansieniiaansuszneuiiaatssagaea i Sons
1aen iy AL Si uay Ca
¢ ) | & d' @
a. Tululasuimas (monochromator) Ysenaugas 2 dvu fe 1ndessn
° o w Y o P °c 8 Vo d ' a 2,
a et (chopper) fianwaugamaluiavyy Gaag vivlidwasidessinutiumeiy

Q)

' a d v dogu o v v gy
9299 Fslasluiges (synchronizen) Aedaivilfiatasveeduanaliusals
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o

4 [ < « o/ v o v oo
4. LAT99N 339790 (detector) LUULﬂiEN‘Jﬂﬂ’]’]QJL‘UiJ‘HE]\‘iLLa\‘I IG]EJVI’WTU'WI'JG]

v da VRIS VI (T
bl neld loun photomultiplier tube
d 1 s d 1 !
5. IABveIUdN 1 (read out) LﬂumsmmummmmﬂﬁuuaﬂmEwm

b 4 d Q) d ) o/ L
Usznaumeiaiasveadyminmasiasasiuiin navsentndussuusiu
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31]‘?; 2.19 UARNUNUN TNEIAUTENEUTBIATES Atomic absorption spectrophotometer [23]

1 d e ) ., 7
3) muwm‘lwﬁwgnmaLﬂuazmama‘% (The  Atomization Process usa
Atomizer) NM13llaTEvgIaWaa AAS 1y ﬂsUizaummﬁﬁmmnﬂamﬁaﬂm‘i‘fuagiﬁ’u
o a & ANB ANNNE, N - | °
USM'IQJ‘ZJ?NE]SGIE]JJLai‘UENﬁ'WmW]IMLﬂﬂ?Ju maseznanEsuigandulasingiims
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o U ) =) ) 1 J -
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gaodluasiiladien Liffarsuviuaesed drudviasansasfuimie da158un3dnla
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nszvIunsiuUsesnitiu 5 Yunay s
- . A o v U U
n. nebulization Lﬂunismunﬁmm’lwmmmnmLfJuazaaaLﬁﬂ6] 5128
e o ' z
gunsaliiandn nebulizer
) : < < o
4. droplet precipitation L*tJuni::mumswazaawada'ﬁazmaﬂmu

Lﬂuwammsazmmmm‘lmjﬁlﬁam'ﬁmwumaaﬂag"lua'mflﬁlﬂ”ﬁmnammé’a

oanlunaviatiia
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s o ot ok a
A. mixing 1unssuIUN1SNaze B aNTEITaY AU NAN AU T DN E LA
panduauvilualUsduruiuas (chamber) 989 nebulizer
& < Aw o a = o w
4. desolvation L‘Uuﬂismuﬂ'ﬁwmmasmamag"(,ua::aaqtaﬂqg}nmﬂﬂ
0o Yva & < g a < o '
sanluviliiAnilusyniadnquesansussneunssuiunsiintuiineudna
faaarlu
o < da & 4 ]
3. compound decomposition tJunssuaunisiistuiallv inei
waauASounad gy lwansuseneunanawuaaniae Faduluana

uaztluoznen Jasz unaiBrainmInszduvientaineendunduseluls

Light beam a
QUOO free atoms

compound decomposition

t’o

00 desolvation
0

e S
mixing

80 O nebulization

solution \1 dropler precipitation

gﬂ‘ﬁ 2.20 wem Flame Atomization process [23]

4) dunsuresmsitiinTiendieaila Atomic Absorption Spectroscopy

— ) FRr | P T~ ) Py
(AAS)  lumsiesisvansimedunasldmaiin AAS SdunsuluniswaumiunLow

o &
PNU
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= 'Y} 1 2 = v o YY)
n. wssnasiegwivegluglansazarefivunzauuasniauiagleiu
A
LATDY AAS
a ' ° a ¢ o A ad ) -~
9. N15aNIeiNTIAsIeiiemegls wazidendsnisiivungauwis
TugsnaunmuazUSnaiiasg
) d 0« v v d ° PR o ¢ &
A. IntATesialvinsaunazyineuls wu rsuiwes lulasinseaes
o d e v ' a v v g & Yy
AIUAN disoftware Ahutayavassmudazedaliudluaiiou cook book 1w
a ¢ & Vet o
AAsrgviansadonlulaged
d [-] a b d
- 1890 HCL vassmiazsinmsinieildidnlulunies waziden
o v )
nseualni1ndosle
@ 4 val ey @ a alcl'v ' D &
- dplaTesludanmillunnzaudumaianldigy 19 Flame wise
flameless atomization N15USUBNSINTTIVAYB90NTULAUY 8INFLLA
& -\
@atwa Uy
- dnAundvesdeuanvieenitnlululasumes (slit -width)

Tmuunga

. Lﬁaﬂiﬂmﬂsumﬁmwa A13AIUIN ARBATUNITIIBNTUNAIATIEY

2.8.2 MaiauAMALATIZRY AAS (Qualitative Analysis)

Q.II L 74 a Q’j 1 A Y o ) (-} o
lnemiluudaumaia AAS vdubivnzaudiaslddmiviannmingizy e
=) 1 J ¥/ A $ 74 d s
Baranluazain ssnndauvaey HCL uazdas scan A1NE11ARY Usznaudy
AltTegedsludonlddmsunsian edwlsfnin wadainauisoldldidy daenis
M519d0UNETAzau 0819l Pb WWussAusznaunielidisiald HCL Wy Pb uadls
5 . ¥ d] o [} %3
Flame(air/C, H\u atomizer ldAmerduYesstn Pb Ais 217 nm dusussaaia
a) o Y] 1 ] 9 v 1 el df I

vannnmiasazanedretaiudililuadlwudiniiamenedu 217 nm fdms
& & ‘Y o ' ) Vel % 1al A - 4
Qsmauu.aamalumuLLammaﬁmamammq Pb usidlaifinsganfuuasfinamenaiu

tluaneiransiiedlidl Pofaiudainsasiomsmlefansavildluiwsaiiondu
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2.8.3 maiiuadiagsidasmaiia AAS (Quantitative Analysis) @unsasinly

fd

ad é’
NayII/AIU

3 5 ad ) ' B aa ) '
1) Calibration Method lglunsdifianssineewliAseidesuniulagas sa9e g

° a 9 = v o 1
139979 'vnmﬁLﬂiww‘lmmaLﬁaumJemazmammgmmmmmwwmmmuau

)

1% a Aa VY s q.'/ o) A 2 2/ ¥V 2 [ 1
wa uasndeuldruinglulaeusudyarailéan blank Tidugududafataen
s o Vi g @ LY d %
LaUYB NI UUGYeaTTazasuInsgIuRAMddUdA19q fu (4-5 Anududa) el
flameless atomization technique 813l%9n peak area ﬁammqwmﬁﬂ (peak
s v o o I Y @ v v v
height) uandnau L Tsuns oA uduiusiuaududuvetdisazany  w'ls
2 : = 2 ) A v sy awy = | a ¢
calibration curve fspraiudunsivsaidulaisnlanisileunsinealfinesreuinmes
< | o o VY 17 % )Y & o/ 1 2 P
nratmrasAInviulinutduidunsaleast squares fit uddndudulas e1aliiaies
andulAslile  calibration curve l¥fldtamiznisitasisiudagadariniy wsae
1 v < v
parameter #1199 ldo 1o unasls
P S v £ . o e
2) 14 Factor Method 3ildldfla calibration curve WWuldusss lmguin
g13avangn 2 dauwing Ay (X waz Y) wasiivsuns Vz didiu X undivasazans
pu| v v a a 'l 0 o a
wwsgrunilanudniudy Cs asludSuang Vs dwsvdiu Y dwniduansazats(e1q
duwiensa) adldluviunng Vs wdnharsavainie 2 druluiaaeude sniuud
oilu Axuaz Ay audu dlvimnuiduduansasatawiy cu agfuaamanusaday
Y d
la9naunns Cu= Ay Vs Cs / (Ax - Ay ) Vz dunSA 212
adc‘l’y 1 o/ é’
WldemuANanTIZaaY sl
n. Calibration curve agdaudutdunss
' s cdo vy g Y < |
7. AMMBUTDINLUUTIAlA Ao msasdeaduussana 2 whees A
A. Vs msteendt Vz uing wieldliiAnnisidessvesansasaiesegh
unifululilesannisifivasuinsgiy
1. MLdLTUTeIENTINIgIU Cs msuinamaduduresasiaeg

Cu u1n¢
3) 19 Standard Addition Method L‘f]u‘i%‘ﬁi‘ﬂumSLLf’f‘f]nJumLﬁmﬁ'U matrix

o
Y

effects uaginterferences iW31¢31 calibration curve Tun1s3iAs1gvianstu Ty el

Sh.

Y 1 g (- | d o a iy 1w & o 1 4 P
Tolaldladuumiesansivinisiiasieiuingy untusiuds WU NG INATTOUTL
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aglusnatwng yildlneudsarsazanadnediieonidu 4-5 g dudasdmun@ans
< S DR ) v o PV ¢ v o W
wasgatinduntuiniy udnhldinAueuge snuuududnihundeunsnium
v v d a 1% Y v ) 1
NTUYNEsasaIBNnsgIuLANaslU fag least-squarefit MmN duYeIa 0L

mléiannIs extraporating TusnuALAINLTNTY

VYaal o q v f 5 acdg v o 1l S
4) 1978vinlii3ea Dilution Method F8ald uasd0e9dl  interferences
ad a A ¢ ¢ w vy 1 a o
lagiawiznsdliiiin enhancement Aaruaugefnuuudagialdunni Undvilesann
\alesalutety vildlasnsinasavareiivsznausesiailessludineg asluly
ANTATNYMBL NILAYA1TAYAIeNINTTIU
5) 1438 Intemal. Standard = Method 35ileafandnnisiiuansuinsgiy
ﬂ' v 4 a L4 L2 L]
(reference element) mﬂuﬂuazﬁmnua’ﬁmmLﬂswwaqlﬂiumamq way blank

NN TAAILD UL BT NLUUTUE TN ON T 1A UL UFDSALU LT SE VI 19a15 198 19ua s

o o a

asumsgu (A ZAniudeunsnduaududuressiniiagiini siasnzdasle

9
) ng

; 2 < v w @ thy o va 1 A
calibration curve a1 ULTNTUTRSA AT AEMIRE Wd MU LA g lARreLle
n. arsedwnedlifismaliiduinnsgiu (reference element)
9. idnsiadvuasan e vIzseslidnvasuas auaNt R el

& L2
ANBUNU

2.8.4 HANTEVUYBIAITUNIUABNITALATIZY (Interference Effects)

dududumaiaiideutinamzinn Muvdsiideuasmsganiuuas usifd
Temaiiannfuessmduiivusgusunauldvilitin absorbance Jaldunvdotosnda
UnﬁéqméwﬁwtﬂumLw@ﬁv‘l’ﬂﬁmaf‘sLﬂﬁsﬁs‘imwamWﬁ’aﬁgu;ﬁmswﬁmﬁﬁnmdau’h
ansiadluesls wwaraaseesls fosdussnoueslstne uasesinszvidemaia
avls éawra"lﬁass&aaﬁﬂﬁmamﬁmswﬁﬂmwmmﬁaaﬁqm Avsunauannsosuunlagiil

1) Physical effects Lﬂuwatﬁaqmﬂﬂmauﬂ'ﬁmﬂmamwma\‘iaﬁaxma'ﬁ%z
Tnnwiddluifetesiusnsnisinavesasavarediluly nebulizer TuATRIMES
#1sazany (drop size) laun volatility vessiansazany surface tension, viscosity §q
aunsaudluldfevifliarsavateidenneas viewdiy organic solvents uSewmIual

arsazanglull matrix agaLAgIRUAITRI0E



54

2) Chamical effects lawAuaulonay Wy Wadls Favn ozgiiun FaLnn
mauauiaaauwuaanmaumuaqwi ¥NBVUNAII IANANTTYUS UM UeInIn alkaline
earth metals ladeenirunfileld air - CH flame vie flame temperature 71 w5123
mitﬁmmsﬂiznauwaammwumsamw refractory compound 39vinlsin1suensindy

a

@”ﬂalﬁ]aﬂﬁ'ﬁﬂ'ﬂﬁ] ?Lﬂi']:;"lﬂu@ﬂﬂ?'ﬁ’lﬂ?i‘ﬂ%ﬁl,ﬂu
awv dd 1Y
2.9 SURYNLNYIYDY

Osman San UagAmue(2009) [26] Iﬁﬁmﬁﬁﬂ‘tﬂﬂ'ﬁﬂ%’ﬁﬂ‘gﬂmasmauium‘lﬁu‘%qw%ﬁa&J

dl o a a o v L3
n3a(5M HCOWwedlaeznauludlulalunisadaisain lagn1sih 10 nfuveslaeznoulysysn
v ) a =y o aa a’ a y 1
andivansazatensalelasaassn 5 m USNms 200 fadans ngamail 75 °C Yuniuedna
e
Aolilas 500 aU/unit mnnwsﬂnmwmwmammamqima“maulm“wﬂsuﬂiamaﬂsmﬂunm 1
mimaxm’lﬁlmwuwmwmmuLmawnamﬂawaumn 189 m*/g \{hu 222 m /3 uiligani Ao

78.66 Wt%Si0, (@mnwwwmm:ﬁau’lumswamL%inﬁﬂmﬁgwgumsﬁ%ﬁmumﬂ:h 95 Wt%SiO,)

s

< Y o va N aa
uagiian 240 m‘[mwm’[ﬁ’lmmummusawsaa‘[maﬁﬁamqaqm AB 98.1 Wt%SIOmsngdmSu

9 U

ldudnasaiin

Zhang Jian wagpuz(2013) [27] 'l,mmﬂﬁﬁﬂwwamamsl,l,a“amasuadm'smmsammwaau
(MB)ma"l,mavmaulmmwﬂ,wua'awamaIdemaulaﬂia nled (NaOH) Tnansimseslneymenlus
L'%'mnﬂuﬂmaumamlwﬂﬂw’lu‘[mmaﬂamanlszm 5% ‘wazuvmu 100 °C 1Wuwan 2 thlanuite
A14m wutﬂauiuﬂuwwaamnuummﬂiamauaNmaumimmnlaaauLLavvanmw
gaumnl 105 °C mnuuiﬂa“mauiummmlulmunwsﬂsuﬂﬁLLavlmawmamlmmlmumiﬂiwia
waald Qmumwaauua wmwmummm‘lumimmsuwama(o JiuTuain 172mg/g W 181
me/g , Usgandnin(r) Y,uﬂﬁmwmwaauugtwmumn 8.6% Ju 90.75% wmmwwuloo
ppm LLazﬁuﬁﬁamﬁaauUQ Winguan 15.97 mz/g 1 31.35 mz/g (Awnsrzvisemaia BET)
MNNIFNYIRaManinIsgatuNUIdenadaty pseudo-second-order wagnszuIuNTYALY
QnAIUANMENITgAdUITATl mﬂmsmmlaisamauwm'uLmLuai(Langmun rduuszans
anWus(R)d11n4 1 am‘uan‘lmwnalﬂmmmmﬂuuuwuLﬂ&J'J(Monolayer) wazuand

mwannIalunsgaduiiaduugiiauna e 27.86 me/g malwmmmqw%muﬁa@m% IF
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mnmsﬁm-namwwamamsmsmmuwmmsvmumimmsszLUunsvmunﬁmmmmia'uu,av
WNATULeY AeduTanalegiilaes maulumﬁlmumiﬂiwﬂma‘[mmau‘lamaﬂlmeUummmum

Usy awamwamwﬂﬁmmszmumaauua

Myoung-Eun Lee uazAmz(2015) [28] lvihmsdnunmsgadulansmindman po®
wag Cu™ ﬁﬁag"lumfwt.ﬁaima’l%’ﬁ’uqm%’uﬂu suiuiuiadouseuuendaosnles (Mn;04-AC)
Inen1sinseu Mn;0,-AC 221553701 AC 1 nSu , manganese(lll)acetylacetonate 3.2 s
wag methy alcohol 46 ml wayasly bombImsw‘hﬁamq::mﬁa@m"ﬁnqm(Supercritical) i
gaunnil 280 °C A6 13 mPa (e 2 %ﬂmmnﬁ‘juﬁmmiamxﬂauLLazé’wmsnauﬁ'fasu.a
Musakazinay was9ntuAsAne Adsorption  kinetic Wudrdanndeaiu pseudo-
second-order 41111 pseudo-first-order stw'lﬁfhmmamﬁﬂums@ms&’u‘tné’tﬁmﬁ'umﬁ
Vna8s uagInn1sAnyl Adsorption isotherm wumasile Sangmunlieduuss ans
anius(rR) 1ilng 1 SwanldinalnnisgaduiiuuuuduiiisaMonolayer was v nig
AN TageEnlunsgadu Poll) , culiludude wlely ac \Wudagadu Ae 27.17 me/g
6.09 mg/g MNdeU LLa‘”LJJEﬂ?i Mn3O4/AC LU‘uG}’m{ﬂ‘dU A8 59.52 mg/g , 37.04 mg/g anuddU
muumuaﬂlﬂanﬂmuamﬁa‘(unﬁmmeﬁu P} wag culmindaasidiudy 22 uay 6.1 Wi
AW WAy Mn,O, aauu'AC  ilesqn Mn;0, - azlUteanmuf U asn s

o !}j’ a g =3 a < .
melusynianazvialiiuiaves A TUszgauuntuiafausdagamaluii (Electrostatic

interaction) AulavievinuinsnnTusie

Z. Al-Qodah wagmue(2007) [29] 16]‘1’1'Iﬂ’liﬂﬂ‘bﬂﬂ'1‘5@G]‘UULZJVI&&UU&(MB)GHUIG]E]“G\E]LI

IQJG]‘VIUTUU‘NWJEIﬂ’iﬂ‘daW’Jiﬂ(HZSO4)LLauﬂ’J msaumamels%w%mwlummms&’umﬁa auvg

a a

lasmsusuusslnagmenludiSuanih 30 nimmmumﬂﬂm’luﬂimamsﬂwamasqmmm 90°

a

C Wunm 6 dalaa vmqmnuuuﬂﬂnsaaummamamnauuavtququm 900 °C \Jutaan 3
2 Y ' YY) = v

Falug ‘-.]’1ﬂﬂﬁﬁﬂw'ﬁ]aﬂﬂﬁ(ﬂiﬂ'lig]ﬂ‘liUWU']’I?lE]ﬂﬂaadﬂU pseudo-second-order fiag91n i@
o o v = : o ¢
AmEusalunIgaduiiaunaQIlnddseiuntsaass vnnsdnwlelgwmenuianies

N Y £ o)l g D ey ) = 1 vy ) a a o
(Langmur)lAduussansanius(Rdlng 1 Bandnlddnalnnisgaduiaduugiaele
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¢ & Sy g W a o | &
svnauluiidunuutuiien (Monolayer) AAEsalunsgaduiaduugiiauna fe 100
A ¢ o ) ) v 2 ¢d
,66 Way 48 me/g Wialdlaogmanlusifiuiulgaiionse, Uiuussdreninuteu waslnesnasly e

LildSunisuSuusadusgadunugrsiu wazAmaNsngegalunisgadumiiaduugsiela

a

azmamluﬁﬁﬂ%’uﬂqqﬁmﬂmﬁa 1266 ,1282 Waz129.9 mg/g flgamadi 30, 40 uaz50°C

q

AUFIRU Lagannsdnmgammamaninsgadualiiearatuinsguduuan wulnsd
wmsgruuninuasndsdaszanasgiuduay Jnanldhnsgadunitaduugiglaeznalas

ﬁlé’%’umsﬂ%’uﬂ‘:;aﬁ’mmmﬂuﬂizmunﬁ@ﬂm’m%’au(endothermic)LLasLﬁm%madléf

A.Chaisena Wag K. Rangsriwatananon (2004) [30] Anwinaveen1suiuuslaeznay

v Vv A g o =Y ¥ U U ey =%
ludshanusaulaznsa  Tnansafilélunisnaassin 3 e silaas 6 M leunniadafasSa

a

(H,SO,) ,nsalalasaassn (HC) waznsalunsn (HNO5) ﬁqmmﬁﬁamazqmwﬂu 100 °C Wu

U u

a. o) L4 1 ael 5 el
quugilindng (reflux). 9nn1sfnvmuirgamgiflilunisin(Calcinedlnag soxludi 900,

o o ) Y a d LV | ¢ o o a o
1,000 wag1,100 °C ylAen1sldaullasdadiuase Si/Al LﬁﬂqLﬁﬂuaaIﬂawqquuqaqaﬂu

) a o

] A 4:: 1 ] 1 J a n‘d o v-&' -
AAIUYBI SVAL NINNIgA unvzdaranuiveslnereauludeamad 1,100 °C vhidiuia

Y

=’l"’ ) ¥ \:’l a ! U o a A
veslnazmeuludifoulu uaznavasnsuiulsdaensa 3 slanuinsedaiinn 6 M 7
a v ¢ - G o < a 2 VYo 1 § d
gamgilindng 100 “C vt liwnfigamad 1,100 °C Iidndauaas SizAl Mnigauaziviang
dmsunsihlldluiasesiudmiuasagaan (Catalyst supporter) uazanFu (Absorbent)

< daa v o o °
Luad‘\]’lﬂmfaﬂﬂﬁlﬂidaiﬂdaamgﬂuq\iLLasuad L%E]Uum

Wenbin Yu uazanug (2015) [31] levirnsfinyinisidSeuiteulszandnwnsgaduiun

Fuszwinadagedy lnevmeuludfiiiuntsviliuiavsmense (2M HC [Diatomite] AuUjAzen
Sitylation  laazaeuluditiiunisiiliuianidensa oM HQY Tnelduy flari du
Phenyltriethoxysilane [ PTES-Diatomiite ] W&1%1A1505719d0utandnuaigeinaila XRD,N,
adsorption-desorption ,DRIFT,NMR W&z XPS Na21nn150599@8 UNU11 Diatorite fin15Sn1S04

U 2 g 1 d a = a 1
mlassairauuuedugiu fgnsuauianarsuazaunalng) Weavinisanwnisaadululasiaunuin

Qs

1A% Silylation shilvidigduiignyurunanarianas fgwgusuan

o ol 4
LUBL3IUN Diatomite 14N
o

a

1 a dl! o y# Y a LY s a v o |
’lmymmmuasmluwummﬂuﬂimmwaammwamaq HavInwaila NMR - wandliiiudn
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o 1 3 % : = i : 4 4 o . :
FLU UV silanol [Si-OH] 1w Diatomite fu1nnan PTES-Diatomite tu®au1 Diatomite Lay
PTES-Ditatomite  111v1A15gaguLUUTY wudwﬁmi@mﬁuLLUUﬁuLﬁmLLas PTES-Diatomite i

Uszininmnisgaduivudulafinduasiddauaaldiand Jadunaunainding Phenyl u

oo ° 1 da o
WUN'J‘NLUUQWLLMUQ‘VILﬂﬂﬂTiQWUU

'3

Mohammad Irani kazaaz(2011) [32] laviansfnwinisgaduasinlutidedumnnesd

U & L3 d 1 a o) Ny d
muweslad lalalud uas laozaaulud Mnainuvdisssusiiludigady Taeanzd
o L < s o ! v o
mnzaudmiun1Imaasifen pH=6  NN1sAnYIsaddnin1IgeduNUIIdenAd ey

Double-exponential wagannisénwlelemenmsgadunuin nspadungiadeinesladuas

n( Y &

& %) [ [ ') & < ) 2, v 2
lalaludiiudigaduasnadasfunandes angmurimszlieduussandaniud R Tna1
uaznigadunznaniglaeznanludliuiigadudenndesiunsunds(Freundlichwsis Tien

[ = c°: o (4 2. £24 ;2 =3 20 ) ://
dudsgdndamius(R )uhlad1 Fsuanlsdinalnnisgeduduluuduiiier(Monolayer) uazann

J v

nsAnwgammaaansnsgadunuInszuIunsgadunsMmeomeslanifunssuiunsae
A5 BULASLARTULDY nszvIuMsgadunznsalalalud LLazlmazmauluﬁLﬂuﬂsxmumi@ﬂ
P a e 0 /7= & 1Y) ) v 1
AIUTBULASLANTULEY Uazainn1snaaesnuitileldlaenauludiludgaduaslian
W o ¢ I3 o w A=
ANETsagegalunsgadu sesawndelalalus uagmesladaiud iy uasiuifwela
s I3 2 2 2 0L e ¢
avmoulus lalalud uasiweslan fie 4.11 m/g 271 m’/g uar1.92 m /8 muanu(insien
v a v @ ' v oA '3 @ ) DR a o )
mewaila BET) muuwnaﬂlmwdﬂmazmaulumﬁumq}muwiwmﬂisawam‘wmmums

o

grdunzmludidyduniizvigege
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A5n15NAaa9

av & < o ) o ) - o v
nsvuielauladnuviieatunsgadulaneminandhidedunsevigaelnosn au-
. . ¢d 174 v a o ¥ o <€
lusi(diatomite) Inglnasmenludfidonldiduinsanisi Tnelusnsdetasvinisdnula.
c‘ ) ° @ v & a o . .
avnauluAnusulsslaenistluswandefludansasaiasn (H,SO, : Sulfuric acid)
LU'%‘&]ULﬁauﬁ'ulmasmauluﬁﬁ'lﬂé’%’umiﬂ'%’wqqiwﬁﬂssﬁw%mw’luﬂﬁ@msﬁ'ﬁ[awwﬂ'ﬂmmh
dodunsreiiluedls
| o) s v & o a v & a o ' a
adiulgslnaznauludmensadaiinsnua, loszmaulusiaiinfiunainuvasssuai
LLaalﬂasmauluﬁ%ﬁmﬁiﬁ%'umiﬂ%’uﬂiaaxgﬂﬁﬂlﬂmsaaaauLaﬂé'ﬂwnimqmamwuasmﬁé’w
a ! o & a (4 [ < g o v a & o G T o
MAUAANAIY UaTznanlunanvesiagadulaeldivaiiantsifenuusdisng (Xray
4 ¢ e [y ¢ v a
Diffractometer, XRD), h1vsaumasAusznauvessigiegnialulaasneyludsewmain
indisdnigoeisaleud (Xray  Fluorescence,XRE) ATINABUAN BULVBITHIUMILNF DY
gawsiﬂﬁ&ﬁnmauuwdmﬂ'i'mni'm (Scanning Electron Microscopy, SEM), a573d@aum
I & sy vo ) ¥ LY M Yo LY v A
mﬁhnﬂﬁuwadlmamauiumwlmunﬁﬂiuﬂqaumuazmiulmumsﬂsuﬂqamamsadﬁa
a ¢ Y s =
UATIEVEIIA88UNIIA (Fourier Transform  Infrared Spectroscopy (FT-IR)) uaziaSas
a ed da a @ o Yad dd o
WATEANUNEIVUIAFNTULAZ USHI9 03 gnuesigadulasl 435089 (Brunauer-
Emmett-Teller Method, BET)
nisvnasIvdeuleninualveslnavmenludings vrleezaeludfasuilnumeaay
n13gadu(Adsorption)asTansminaantidedaias w9t uagsinisiims1eiviuaasans
v o ) I a v a Y
- wuniigngadunslaeymayluiisaesniinlasnislfiedosernouinuoudeiniuaninsinls

fwas (Atomic Absorption Spectrophotometer, AAS)

a4 o
3.1 gunsaluaziaiasile

311 yaiATesuda

312 a3vidnd

3.1.3  mzdila (Crucible)

314 edestienuasiBon ¢ fuwmis Metller Toledo , ME-204E

3.1.5 Hotplate stirrer Moldel HTS-1003

3.16 Lﬂ"’i'aaﬂ‘samuuamm'mﬁu (Ultrafiltration) MILLIPORE , WP6122050
3.1.7  nI¥AIENIaUUET 42 Whatman |, Cat No.1442 090
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3.1.8 m19u (Oven) MEMMERT , Modell 100-800

3.1.9 @ (Furnace) Nabertherm

3.1.10 vU3udInms 100 ml, 250 ml wag 500 ml

3111 inSeuvguuudilae U Gallenkamp U3% Thai polymedic Useine

89ngu

3.2 d@15.A4

321 leezaouluduians uismandewndinen Sumeduduua i Uszinelvg
3.22  n3ndafian (H,S0,) PI1LU3qVE 98.0% U3 Saung (Uszwielve) 911w
323  msazarelan ()luimsn (PbINO,),) Ut 1000 ppm

3.24  @sazasunaiiou (1) luinsm (CAINOL),) 1wty 1000 ppm

325 whndy

326 Uwwmnlassy (deionized water)

3.2.7 _wriWuaay (paraffin oil)

3.3 in3aslialunsnsiadauiananua)

[

d =Y s < Y L% v =Y L &
3.3.1 msammswwmwmﬂuwaﬂ‘uaam@mu‘[ma’lmwﬂumm‘sLﬁa'JLuuﬂﬁLéﬂ%

(X-ray Diffractometer, XRD)

332 Lﬂ%’aﬁtﬂiwﬁaaﬁﬂwnawaaﬁﬂawaaﬁ’a@m%’dﬂa’l%’twﬂﬁﬂmﬁmﬁmzu%’aﬁ
Lﬁﬂﬂ?ﬁﬂawéaﬂaaﬂmmﬂm@aqﬁﬂixnau (X-ray Fluorescence, XRF)

333  nAesganssmididnaseunuudensae (Scanning Electron Microscope,

SEM)

= a ¢ da b=y o/ o Ve
334 MR IS UMRITIN AN UL USImsve g unaiigad Ul 143505

# (Brunauer-Emmett-Teller Method, BET)
3.35 m%’aaazmauﬁﬂu,awai‘w%’umﬂnimﬂﬂ‘[mﬁma% (Atomic  Absorption

Spectroscopy, AAS)
3.4 3m3usulyslaaznaulud

3.4.1 mseseulaaznaulys

1) Halaegneulusuiant 30 niusumw 2 Yo ussaasluasdila
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a

o A aQ o - A
2) ihlnezmenludviussyeglungiidaluin (Calcine) Tumunilgamai

350 asAgasdeaiduinan 3 alus

342 msuiulsslaszmauluddensadanasn (H,50,)

1) daunTeugaswandeagy 3.1

d o/ o)
JUN 3.1 msdnmieugainand

2) Wlasyaeulud 30 n3u Trunsan (Caldne) Tdasluwandunay 910ty
Wunsadaiiiadutdu 6 M fMudnsdiesidrevennal 1o : 10ml iam4dn
duavunazlanzeenlydui Wy Al,03,Na,0,Fe,0; 1usu

3) drluiwandlinamiaufionmni 100 ssrwadsadiuing 24 Sl

4) WlunseaivuanmufufeAI aIns0anALRY LasdanenaudEth
Unrnlesuiigumgiivias 10 ASy

5) hazneuitlalusuilanmgfl 110 esrwadeadiuim 24 4alus

6) 13’1mznauﬁlé’mnmiaulmmﬁqamqﬁ 1,100 asangadeauiian 5
dalus

7) hlneznouludilaluduimingdondosts 4 sumiaitovileiug

NaNaR
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3.43 ABnaatsusisazatennsg1unzia (Pb) uazuaadivy (Cd)

1) Lm%auaﬁasawmmﬁmmﬁa (Pb) ety 1,23.4,5.6 way 7 ppm
U1 50 ml T,man‘]Lﬂmmsasawmmﬁgmmsﬁ"aL%’u%'u 1,000 ppm 31U 10 ml
deadlurindiuyinimg 100 ml 91nduiinisUsuiassensuitelal e
@1sarareInsgIunzAfiiALudy 100 ppm Mnundessdandilag T
Wransazansuasguazianududy 100 ppm U3u195 5,10,15,20,25,30 waz 35
ml fgadlurauiuuingg 500 ml wdvihnisusulsunsaetiinguy

2) wisuasavaneumsguuanion (Cd) Annududy 1,2,3,4,56 uag 7
ppm Usu1ms 50 ml lngthiunansazatenmsgiunandilsuidudu 1,000 ppm s1uu
10 ml gheadluraatiudiunns 100 ml aanduvinisusuliunssethnsuiely
liansasarennsgrutaaifiouiiiannududy 100 ppm 3ntuiiunieseinate
lasUiUnansazaaunsgiunaadlonniuidudu 100ppm USuns 5,10,15,20,25,30

wag 35 ml greaslurinusulsunns 500 mil udwinnsusuUSuIesemennay

3.44 nrsgaduvasasiiuulassaaulud

1
Q)

1) w3suansasaenzAIidalnudutuminiu 12,34 uag 5 ppm U3unsg
50 ml IneBnansavareunnsgiunzAududu 100 ppm 17 5,10.15,20 way 25 ml
dgadluanliudsnnns 500 ml vinisusudsuansdaetingy sty Tun
aﬁazmamxﬁ"aﬁ'tl%'ummuﬁ'u%’uﬁau%’aaLLé’adwmmﬂgUwﬁﬂ%mm 250 ml

2) si'f"alﬂazmauluﬁ%ﬁwﬂﬁ?un15ﬂ§uﬂqqLLé"s wazallaidslafléizunisusudse

) (7
W W

. i lé £ v
5 n3u ldaslurangruniiussyensazatangiavi 5 aanandudy

3) dranguruildlnesmouludleiunisusulsadnasdilailiSunas
2 ] d 1 ;% dl
Usuugslumehuueseavanduna 45 uiishaaud 180 rpm

o 1 v d o |
4) WansazangluriaguruiuinsewiigiaTansasuuvanAIEd U alen

winalaazaauludaen

& d A v

o A U o a '3 T2
5) mmiazmamnianLﬂ%ilLLa'ﬂ:dmwmsqmswwmﬂimmmzmmmaama

< a ) a s ¢ o Y o o
Lﬂiaﬂaﬁ‘;’ﬁlalli.lﬂLLSU‘U@%W‘UUE‘TLUﬂI‘VﬁIWIGﬂJWlai (AAS) %wnmimmzmwmmma

ARU 217 uluwns
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3.4.5 ansgaduvesuanlisnuulaaznaulud

A ¥ ¥ 1 L
1) wisuasazateuaafloundaududuviiiu 1,234 wag 5 ppm
U3u1ns 50 ml lngtilnansazansunsgiunandendudy 100 ppm 11 5,10,1520
wag 25 ml drgaslurinusul3unng 500 ml ¥insusuUsunsaeiingy nntu
a d IJ o V¥ E % < v £ 4 1 1 a
Uinansasansuaaillsnivivaududutouiosudt digamanguanuiung

250 ml
& &£ a J‘»L!Iu ) v a do Wy Yo [y
2) Filnaznouludadonlasuniruiudyuds waselandilailizunsususe

' 1%
) LY

L2 1 IA 224 v
5 n¥u ldasluninguanyiiussgansasananzing 5 anudiudy
o IIJ 1 fA Vo) ) v 4 M 2o
3) uvingluyinldleesneuludnlasunisuSuugnduas Silalldsuns
Y ' = ' v o
Ufuussluidruumeieswdnduna 45 uiisheninud 180 rpm

o I U A o/ A
a4) mmsasawalummgﬂswvgmnsaamam‘saaﬂiamuuamm'mmumaLwn

wealnazaauludasn
° o 2 [ ° o ¢ a al dy
5) ddrsazalginsedsanarluiinisiiesizvimuSinananieufivise

8/ dl =Y QII a [ d! o £y 4
menTaaznandnLaugasntuannslulafiwes (AAS) J9vnisiananileuft

A
AUYIAAY 228.8 Uilulung

3.5 MInsIvdauLananeal (Chatacterization)

3.5.1 Mlmssiansusndnuazadygiu

< ) o N 5 < 3% =
ﬂq’iﬂﬂ‘b‘qaﬂ‘lﬂmﬁiﬂi\‘iﬁ’i?\ﬁ/i'iaﬂ"]']1]LUUNﬁﬂ“UENlﬂE]Sﬂaﬂlﬂﬁ]ﬂﬁﬁlmiﬂﬂ X—ray
5 £ o & v o a@ ¢ L4 <2
Diffractometer Iﬂ?ﬂﬂﬁﬂaﬂﬂqiLaEl'JLUu?lE]\'l'i\TaLE]ﬂ"UﬂﬂﬂﬂiS‘VIU‘VIU'INaﬂ‘Ua\‘l

o 1] d ! o o (d v U v d
AIBENTYUANIAY man1Tiiaswsiildazgailuiisudugiudeyamasguie

spyInnnesAUIEnauvesansfisgelngld Cu KOy X-Ray Source n1swivun

wﬁﬂ*um”l,ma::ma:u’l,w‘fmmmﬁmamlﬁmﬂﬁ'lmmgqﬁaﬂmﬂ (Full Width of Half
Maximum, FWHM)
: : KA &
Crystalline Size (nm) = m aun1sv 3.1
2
la K Aa Unit Cell Geometry dependent constant

4
A8 ATTINYTIAAUVBY X-ray

>
P

= 1

By  AB AANUGININANYBIA

85 A8 Bragg angle
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| s 1]
A1LAIBUAITAIDYN

1) Wlaoznaulud 2 ndu (mnfeg1eiitos a1N1508AULLALINNFIBENLUY Zero

background ¢

2) dnndamuensinsgrainavawiiunnfienlasuinaimihvessiegede
a s o | day o v a4 w = 1 a 3 4
FIYUANLAND MDY NNANBDILNITIALILNAIVBINANDENBATY (random orientation)

winfaed1aluneay desinuazdnutidog e liiseu vuinfeusiog19U e

10 x 10 LRURALIAS

° ) ' ) o £ o ) s
3) Y1@1SAIDYNNLUILAT DY X—ray Diffractometer [Wans13@auLanansel

3.5.2 m3ATzvisInasAlsznay

nsfnyiesRlsynauniualivetarsdieinias  X-Ray Fluorescence
Spectrometry (XRF) 83fe Bruker AXS u SRS 3400 1{uiadaaflafllélunsiiasen
muTIasImerUssnauluanssagig lagorfiansiauiuiniedidndisdigentsa
st (X-Ray. Fluorescence) anUdagoenuiinsinesAtsznauudasaisluzns
fees USummesansfegeildie 0.005 ndy uasldnsavesn Boric acid) wiy
binder
n1swIBUEIR2289 (vladnuin)
1) Fse3 Boric Acid ( HsBO; ) wazlaazmauludimednsidiu 3 - 1
2) wansidslaadlunsnezing
3) Wina1sazany Acetone
4) unasmd 1y uidnwaedursazidon
5) wisiildashutdmiudnanssede udiduedessalalasan GRRrT
Usean 10 torr 1@ Ussunal 2 min)
6) \ileldifinansmedraudinmaanasinasaeansazats Alcohol
7) Fesinandinansiilédainiastininea

8) Unan3iee 1l LATas X-ray fluorescence spectrometer iiansiadau

Lendnual
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3.5.3 A5 LATISHNUNRA

a wa L L] aaa | a & A
BET 1JuitAnwanifvesiassuiisen wu VUIAFNTU UINMTFWTU AU

Radudag-niu lngendewaianisgadufinelulasiau wSe N, Adsorption Tmeld

A.

L

a o ' Qaa o v a a
Quantachrome Instruments Y3uamesiussufisenilife 100 fiadinsu Jrazgn
o v L 4 1 4 ol g AQ
unnlirwieudauvaaay (Out Gas) Migumgil 300 asrwaidea mAuTiiives

mssufizenlagldnisAuiasies BET (BET calculation method)

3.5.4 mylansidnuvusneduginevesaslusziugania

nmsnudnwusnednguivelaalindesganssmididnnseunuvdeinsin
(Scanning Electron Microscope, SEM) #annisAenistdaivasdiannseudasadiy
vuiluiifavesiedisiifesnisingien SuadlEnasoutuasylAnSuATATIA U
fethohlifldiinaseuvaaeenannfavesitedn dididnaseudindnazgnanata
uaznanadunmsnuasuivestiaga

N15A8UENTARa L9
< o | Py ° a v
1) esnlaevneuludidnvausimiumsaiunsaunludauy stub 1dias Tas

a 4 o/ [ :’1 1 ! < £ a o YU
weneuialiayniadssludnvassuiienldinigagy taliinisaiuia hlsiads

wazlitAnigwinis Charge up
o at ] A v [ 2/ ) a
2) ihansdredeinisnlinvdeuiendnvalinendesganssaididnaseunuuauny

3.5.5 n137AT ::ﬁmﬂ%mzum'nqwgngwuimamnuaamauumLa agaswIuEUn-

nsnlafimas (AAS)

< Iy o o o r-:] a o ) ¥
AnvnitevnUSnamynafigngadulaglnesmenlusiuiaiignusulsuduay

¢ a & 1 a o ; 5
lneyvnauludviaureinunassssuadiiani Adsorption isotherm 2aslnazmoy

P a d a 5
luaveassrdainSyuTy

: : (Co—-ce)xV i
Adsorption capacity (q.) = T aumsn 3.2
C0—cCe
Adsorption efficiency (Q) = (—CO—)xl()O aun157 3.3

g G fe anududuisuduvasansazateiiagne (me/L)
-] 2 } 2 A b 1

AB ATUIUVUNAURBYDIFTAZAUAIBE 19 (Me/L)
M fio USunauwassngaduild (o)

An USumsussansazanayvianum (ml)
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ASLASENEITADE1
° ) d v oy a
1) Wid@TazatgNInIgIunem (Pb) AUy 1,2,3,4,5,6 uaz 7 ppm Usuins 50

t:J v a v d . . d o
ml Messulaudinsizisendag Atomic adsorption spectrophotometer iwaii

£y &

NAUNTHUNT I NONIA T FUR LS WAnududuresaisavarsazle calibration
curve Ya9a15a¥alungn

o A v v
2) uasazargunsgiukaniion (Cd) faududy 1,2,3,456 Ua¥ 7 ppm

= | v a ¥ d‘ . .
31193 50 ml Mwseulfndinszvseindes Atomic adsorption spectrophoto -

o

4 o { o ¢ v v [
meter LWE]U']Nﬁ;J'TLGTJUUﬂ 5']WLWE]W']F]3']§JﬁﬂJWUﬁﬂUﬂquﬂJLGUNsUU%aQa'ﬁa 6‘5?1"'8'5.]3515]

calibration curve a83a15aza18uARLE

o Ql/ L . b4 f& 14 2 4
3) UIF18%878 e’ LLﬁELLﬂmLﬁ&JﬂJ Ma\i'ﬂqﬂﬂqﬁﬂﬂsd‘l.]ﬂ?ﬂlﬂaﬁmallll]m‘m AU LIV
a v v a v 9 & o o
LUAU 1,2,34 gy 5 ppm quﬁjq}?ﬂUjﬂquﬂq’]uL?JJJ‘UU‘U@QG]L’ﬂ’JLLa‘b’LLﬂﬂLﬂJEJlJVl

v = g ¢
\WdBsI81ATEY Atomic adsorption spectrophotometer

o 4 Y o 4 > 4 ql/ (g
4) dwanlamiuium Adsorption isotherm NIIAYUIDY asNIkazuaaen g4

< <
dUNIT 3.2 azdunisn 3.3

3.5.6 ms"‘amﬁ:ﬁmmjﬁaﬁﬁwadﬂazmaﬂmﬁﬁ'wLﬂfiaaﬁaﬁmﬁzﬁaﬁﬁwﬁu

Wsa (Fourier Transform Infrared Spectroscopy ,FT-IR)

Lﬂ'%'anmaai“mamﬂiwsaini’lﬂﬁé"uLLUUé‘uWﬁLim Wunidlumaiamaguinfrared
Spectroscopic ﬁﬁﬂss?m‘émw‘lunﬁamuaﬂismwuaqmiﬁuw%'é Mselluniduasiussind
lu‘lmaqaswﬁamminuanu‘%mmaﬂﬁ‘dsznauﬁﬁag’l,uhLaqamaaaﬁwauﬁ’aaa"mﬁlﬁmm
il lun1smsanaeuietisstdegwlszana 0.005 NYU W IUANANAY KBr AT binder
mﬂﬁguﬁﬂﬂé’mlﬁﬂmwimamuNtﬁaﬁﬂﬂmi'saaawgﬁaﬁ%’wfalﬂ

NISLATBUEITA9814

1. leezmaulus Ussunm 0.005 n¥u wruamawiy Kar iy binder

2: mnﬁ;ﬂﬂﬂé’mlﬁtﬂuLLw'unasJUNé’uam‘%’aqé’m‘la‘lmﬁﬂ

3, ﬁ'la'l‘if?haa"mmmaaaum\jﬁaﬁ%’uﬁwm%m Fourier transform infrared

sprectrophotometer
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NAN15ILUAZN1TBAUT I8N

muﬁiiaﬁﬁﬂmnﬂiﬂmﬁuiauwﬁ’niuﬁuﬁaﬁqLﬂﬂ silngldlnaznonludanumds
ﬁswmﬁLLa::"Lﬂa“ma;ﬂumwﬂauﬂmmaﬂimamin Lwaﬂnummauuwmmvauwam‘lums
antu NENTIVInRBILas AT IT NN 1SMAREuUse anLTy 3 dqy Tuduusn A HAYDIFI R
@uw‘lmwmmaaﬁﬁm'nﬁua $9MMN13UTuUTIEnsadaiagha duflasadunisiasiey
A ﬂ‘wmyLLa“muamumaammmu‘[mamsamsnkuﬂanﬂzsueuaammevummwmﬂn'ﬁ

&
@mﬂauwﬁauwﬁwm (FT-IR), n153iasay wm’mmuwan‘uaammﬂfdumal,wﬂuﬂLammwm

18

=

JvdLang (XRD), Gli?ﬁ]ﬁa‘uadﬂﬂivﬂE]‘UVI'NLﬂiJ‘(JENGI’JG]WUUWJEJLaﬂ?jL’iEJWaaaLiaL‘UUﬂ (XRF)
ﬂ'mmﬂwammmwa1LwammmaumﬂwaammmumaLwﬂuﬂ (SEM), tazn1siasizy

Wufian VUINFUTU uay Usmmiwwwamaﬂmummﬁ BET muammamumiﬁnwﬂﬂm
WaunN1InAgy ﬁﬂwwaﬁuawmmswsuua wu‘wm‘aaammmuwnmammmu‘[awuumLaw

LAY manamimmu loeldaunisves Langmuir wazFreundlich

4.1 wamIdsulgeagaduy

4.1.1 wamsﬂ%’w?alﬂamau'lm‘n’é’wnsm‘faﬁﬁﬂ(HZso,;)

£
Qv o

Im‘wﬂuaf-aaulﬁ’fﬁwmsﬂ%”uﬂﬂlmawmauimﬂmlﬁﬂﬂavmaulummmmaa
5IINYIA muuﬂauuﬂmazmaulumm‘i,m'xtﬂumawiuﬂiqlmaumamlmmamrﬂ
Faia3n (H,S0q) 1udiu 6Mm vlazuvmu 100 °C Jutar 24 fTa LLazmIUme
aauull 1100 °C Lwaﬂwmaaﬂlwwaa‘[awvmwumaaﬂu NOIINTUABUYDINS
mvalavzasnlan vliiminveslags ma:flumwlwaamumsﬂwﬂﬁuaam'ﬂ,ﬂ

maulmﬂaummiﬂswﬁ deduanlusesazvosnandniliussata o1 40 ¢
wanslun13nedl 4.1 Tnelnas mau’LumwmumiUsUUmLaa wuldnuasvedlaazna-
lmmawmmaqLﬂm"meamLUmuu”LulﬂmmiLUaauLLUammaaN’lﬂ defidnuaizidueg
a%aamaw*nmuaunuiﬂa~mau‘lumnaummiUiuUsa Fa9rnenBToveseaintiias
A [30] mmﬁwa'n.n'1waqmﬂﬂmmlmaumaulmwamwmm laozaaulad
mm'mLUaauLUuaﬂumwwsaﬁmamaaumaﬁmma o9 InesAYsEnauTaLvEns
aa”lulmavmau‘lummaauLUumaﬂaaﬂ‘l‘m (Fe,05) dulnaznouludilmudusdsag

Wudvdy Wulnes soouludittinunwilidasonisudovus
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o Y a a3 o 3 o
P3N 4.1 Sesasnandnvaslaesnaslud wariumsUsuusensauasadoy

Uwnansiay dwhansngs
Sample Uiuuse Uil % Yield
(g) (9)
Diatomite 25.0010 22.8528 91.4000 ‘J

4.2 m'ﬁmmzﬁqmé’nvwzuazqmam}‘ﬁwmﬁ";@ﬂifu

42 wan’ls'“uﬁs'lzﬁwﬁﬁaﬁﬁwmﬁmﬂ%’ummm&iaﬁﬁumﬂua ‘Us‘uﬂsamanm
Iﬂan'1saLﬁswmmsmnausaﬁauﬂsmm (Fourier Transform infrared spectroscopy
#39 FT-IR)

mﬁLﬂ‘i’wwwuﬁdﬂ?juwadm’mmu IﬂElﬂ"!‘i?Lﬂi’l“"lﬁﬂ’li@lﬂﬂawj\iﬁauwﬂL‘iﬂ
(Fourier-Transform Infrared spectroscopy 39 FT-IR) wmmmmu Tuthsiauady

(Wave numbers) 4000 & 400 cm’ LLamg“U'Vl 4.1

40 -

35 — £
4 { l'“
ATl
30 b l‘ ’ i i
Wi ) ;
& 254 o g P A
S (- B2 ! . A !f}‘ 3
(& 1Y i mizr € S e g
'IE;-: 20 _ ww*"“'"k—‘l‘.‘L Dl 'Y ‘\\‘}I‘( | ! |
X 4 Wil
{
© 15 ~ (h) ” ' N lf 1
== of e A =9 L \'“\ / ;(3 i
oy ) ai 3 ~\ { g
o 10 ~ ‘;& H 3 \E g | ,_7 g
y & \g_ :;‘ .‘5 \f
5 \Y/ Y
1 ~
=
0 T T T T T T 0 e
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

A s ! < ) g ¥
3UN 4.1 awnns FT-R wadlmasmeulud (a) VINUNANSTIUIR (bl un1suudgesiaensa

13U 4.1 Lflunmﬂ%'autﬁammunnié'uwaalmazmaulum AlFanunds
FITUAWUAL wﬂiuﬂiamanimamin AIUAIAY WULmUﬂwsauwaaledaﬁuaa(silanol)
mﬂﬁngmlma“mamlummmmaaﬁﬁmmua ziSuugaraense Tnefiaandu ~3610
cm wﬂmmumsawaawuﬁv SiO-H swmulmﬂﬂavmaulumwmumsﬂsuﬂﬂ A3e

nIndanIsnIzivusy ﬁmﬂmﬂ,ma“maulm“luﬁﬁm'm Waeiuaun1Tdu ~3450-
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3458 cm’, ~1636 cm '’ dunsduluanaveseoraifewninmdy
Andusazfitaunsdy ~2920 cm” avifiunsdunes C-H, fununtsdu ~1200 cm’
Wunisduveariuse Si-0, TIuaUASEL ~790 - 1090 e’ Wukaunsduvesiuse
Si-0-Si, Muaumsdugesiusy ~618 cm™ Wukaunsduresiuss 0-5-0 waziuay
138 ~472 cm” szifuuaunisduvesitusy S-O-Al [30] Fsannsonanldiale
asmauluﬁﬁgnﬂ%’uﬂqaG’haniﬂ‘lﬂﬁgnnimv‘hma“[ﬂ'sqa%"mmaLﬂﬁl,ﬁ'aamﬂﬁu.a*umi
é’umaamjﬁaﬁfvmﬁauﬁ'ﬁlmamaulm‘fﬁé“ﬂu"té’%’umaﬂ%’uﬂw

Fe91nguil 4.1 AunsnsiuteuauniuLazns LN gUuuUmMsduTasla

Y] o
azmaulus lasnis19il 4.2

o ) ° & ¢ dy v ' a
A9 4.2 LLﬂUﬂqsaULLagﬂ']i"i]"LLUﬂEULLUUﬂ']iaumﬂ\ilﬂagﬂalﬂ,uﬂ Wlﬂ'ﬂ')ﬂuﬂa\?ﬁ'ﬁil}‘lﬂm

d o b YU a a
waznUsuugsmensadanin

uaUN15dL ()
lnazmouludainumas laezmaulususuuss Assignment
F3ULR AIENIA

3610 3610 maduuuudavnvas SIO-H
3458 3450 MsdusuuBana O-H (uanati)
2920 2920 nsdunuudaunes C-H,
1636 1636 nsdunuulfise OH (uanati)
1200 1200 nmduwUuiavaas SO
1090 1090 nMsdukuuBanavas Si-0-Si
790 790 nsduuuulAseeras Si-0-Si
618 618 nsduuuulAsauas 0-5-0
472 472 nsdunuulfeuas S-O-Al

4.2.2 Nan'1s"‘aLﬂsﬂzﬁmwufluwé'nmaeﬁqgwﬁumnLmeiwi'swﬁuazu%’w@eé’w

Y & o’ g . . =
nsnlagmadalieiuuvesFididng (X-Ray Diffraction %3a XRD)

wadiansidenuuisdiond (XRD) Wuwedeildlumsinseilasamie

) v o ) & W Y
ﬂ'JTNLﬁUNaﬂ“IJa@aWi AIAYLATBY X—ray Diffractometer UanaInU XRD Uﬂﬁﬁaﬁuau
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lassaanevesansiiduangils Inefleuiulassaiamdnuinsguresarnivg Indles
¢ 2 o ed o & adaa 2, ¢ @ P
amaulumLiJusuIa”Lamw,nWumammﬁﬁmjmmamLUuamUssﬂawaﬂ AN
1 5 o) 1 a v A 1 U d =34 2
viuutuAdiliamnsaesurelasainiudusuredlnezneuludly awine s
aa o P o oA 3 laa <o v o ] o a £
gannazignsiniinilounune S0, uATAn1nLlATIas19NLAnE N T UNa18 YR Tia
v o = v o o ) = : s 5
IﬂsaaﬁamﬂuwanLLa::Imqainmﬂuaamgm LU quartz, tridymite, cristobalite
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Wa G = muuTuYedansazalean (1) lunse,waaiioy (1) luisse nauUN139au (mg/l)

Ce = AMUINLUYBIENTAZAN AR (In) lumm,mmﬁam () Tumse ué’amsgm%u (mg/l)
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o Uy g ' a o o v & o a
1 wan'1sﬁnmnﬁgwumzn'amﬂ"l,mazmau’luﬂmmmaasﬁuwLLaszsuﬂgamanswaw'ﬁn

o v i Py ' a 9 )
A1310 A1 Jeyasneqiildnnnismeseddlaesmeuludanundisssumnilunsgadunsyaly

3 < a v
ansazawian () luwsm neldan1isfigumgiivies

Wil AULTNTY thinla ANULLNTY | AmEnunsaly | UssBvisnwly
nougadu | ewmeulusi() | wdsgedy n3gady » N30T (%)
(ppm) (ppm) (mg/g)
1 1 5.0002 0.0960 0.0090 90.40
2 2 5.0002 0.2680 0.0173 86.60
3 5] 5.0000 0.5325 0.0247 82.25
q 4 5.0002 0.7730 0.0323 80.68
5 5 5.0002 0.9245 0.0408 81.51

4 v ! d v fd g ¥ L Q:}
A1997 A2 mauﬂamq‘]mlmnﬂmiwmaaﬂ‘z’flﬂawauiummﬂwﬂqqmansm‘lums@mwmgm’lu

v A a v
a1sazateian (1) luwse Ineldanefauvniveas

9 Y

RT ALTNYU thminla AIUANTY | AwEsnsaly | UszdvEanly
nougadu | ozmaulud(e) |  wdigndy n3gagy nIRAgu (%)
(ppm) (Pppm) (mg/g)
1 ] 5.0008 0.0220 0.0098 97.80
2 2 5.0002 0.0310 0.0197 98.45
3 3 5.0003 0.1050 0.0289 96.50
q q 5.0000 0.1650 0.0384 95.87
5 5 5.0002 0.2570 0.0474 94.86
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2 Namsﬁnmm'sgﬁﬁuuﬂﬂLﬁzm61":EJ'lﬁazmau‘luﬁmnLmziaﬁisumEuazﬁﬂ%’umyﬁ'qanm

s a

Fansn

< v ! Y s ' a @
A15797 A3 wagamq‘]wlmmnmiwmaaﬂ‘z’ﬂmasmamimmnLmaaﬁﬁuﬁmﬂuﬂﬁ@ﬂsu‘uu,ﬂmLﬁazﬂu

o v

a I o
ansazarsieadian (1) luwse Ima‘l‘zjam'swammwaa

9

u

W29 ALINTY dwdnle | Aowdudunds ANEIN1Ialy | UsednSawly
rougadu | ewmeulud(e) | gadu (ppm) nIgady MIALY (%)
(ppm) (mg/g)
1 1 5.0001 0.0050 0.0099 99.50
2 2 5.0002 0.0150 0.0199 99.25
3 5 5.0000 0.0280 0.0297 99.07
q 4 5.0000 0.0560 0.0394 98.60
5 5 5.0001 0.2890 0.0471 94.22

< v i Y sd o > @ =
A3 NN A4 mayjam:ﬂvﬂ,mmﬂm'swmaaq’lfmﬂa:ﬁmaulmwﬂi'uﬂqamansm’lumi@m%mmmmuiu

=l 174 4 a YV
drsazansieadey (1) luwse Ima“lmamawqmmwaa

Y

W09l ALY vminle ALY | Amanansaly | UseAviawly
fougndu | ewpoulud(e) | wdgady n1InAdy n1snAgu (%)
(ppm) (ppm) (mg/g)

] 1 5.0000 0.0010 0.0099 99.90

2 2 5.0002 0.0050 0.0199 99.75

3 3 5.0001 0.0060 0.0299 99.80

q q 5.0000 0.0100 0.0399 99.75

5 D 5.0001 0.0550 0.0495 98.90
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1.n'1ﬁmi'lsv?wuﬁﬁwaa‘lﬂazmau‘lnﬁﬁw BET

Sample weight :0.0517 g.
Adsbate (DRP) : Nitrogen
Outgas Temp 2300 °C
Analysis Time : 335 5 min

¥

: NITROGEN
(=35
Outgas Time : 18.1 hrs.

Analysis gas

Bath Temp.

d v =3 & AQ s
A3 L Yagarnmsitaseiiuinlnesnolys

2.3294e-01

Volume [cc/g] STP

4.4538

1/ (W (Po/P) -1))

5.455E+01

2.5874e-01

4.9999

5.586E+01

2.8326e-01

5.6222

3.0798e-01

Area
Slope
Y - Intercept
Correlation Coefficient
@

I

5.624E+01

4.184E+01 m” /g
3.727E401
4.595E401
0.982615
1.811E+00
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SURFACE AREA DATA
Multipoint BET
Langmuir Surface Area
t-Method External Surface Area
t-Method Micro Pore Surface Area

PORE VOLUME DATA
Total Pore Volume for pores with Diameter
less than 31642.8 & at P/Po = 0.99940
t-Method Micro Pore Volume

PORE SIZE DATA A

average Pore Diameter

4.184E+01 m” /g
-1.384E+01 m” /8
1.904E+01 m’ /g
2.281E+01.m” /g

2.843E-02 cc/g
-3.991E-04 cc/g

2.718E+01 A
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2.n'rsfams'lzﬁwuwmwaa‘lﬂazmaaﬂusi’wmun’nﬂﬁuﬂgaé\’qanmwaw'ﬁn A7y BET

Sample weight :0.0364 ¢. Analysis gas  : NITROGEN
Adsbate (DRP) : Nitrogen Bath Temp. :77.35
Outgas Temp. : 300 °C Outgas Time : 11.6 hrs.
Analysis Time : 267.9 min

o v a ¢ da o 9
A13197 92 °uayamnmﬁmﬁwwuwmlﬂamanluﬁwmumﬁhwqa

L P/Po Volume [cc/g] STP 1/ (W ((Po/P) -1))

L 1.5791e-01 2.9391 5.105E401
1.8330e-01 3.4837 5.155E4+01
2.0824e-01 4.0008 5.260E+01

Area = 4.533E+01 m” /g
Slope = 3.071E+01
Y - Intercept = 4.611F+01

Correlation Coefficient 0.978516
(3 = 1.666E+00
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SURFACE AREA DATA
Multipoint BET 4.533E+01 m’/g
Langmuir Surface Area -3.903E+01 mz/g
t-Method External Surface Area 2.656E+01 mz/g
t-Method Micro Pore Surface Area 1.878E+01 mz/g
PORE VOLUME DATA
Total Pore Volume for pores with Diameter
less than 31642.8 A at P/Po = 0.99940 3.848E-02 cc/g
t-Method Micro Pore Volume -1.618E-03 cc/g
PORE SIZE DATA A
average Pore Diameter 3.396E+01 A
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