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s:]a a & d a a = 1
R $NIYARANII (adsorption) Wuszugiianmsganaialugnguseving

o s s

) &5 <l a a
feanusn uaziufavesingady msgafafaluszesn 3 81938QARARNIBUTININILAN

wIanaAil mamaawumﬁaunu'luﬂ‘s::mumiﬁﬁﬂﬁnﬁam‘sam%’msﬁmsmnnmsnﬁ
inMeRameisenmenmannniiaed 3], [4]

211  UsBANYeINIgady

magaduiintudousisswindianavesarsgaduiuiavesiagady Tneduunuse
Fananeendu 2 vila fie usameasuazusaall nsgaduauenseniiu 2 Yssian aw
ﬁﬁmﬁjaquﬂﬁqm’u‘lmmr}aﬂmmsgngm%’u’l&uuﬁwmﬁagﬂ-ﬁ’uﬁ’qﬁ

1. msgadunuunen (physisorption) Aen1sganieisnsgngadulivuiinvesis
o o = o <4 o s L2 g
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ﬂmwumﬂmnnmsﬂﬂwuwmamwa m'im%uwmmummwuuLmsmwummmwu way
unﬁﬂnnﬁmwuﬂiumwmw n13gaduTuie (monolayer adsorption)ranufeuvesnisga
Fuusznmil Jafiengandennufeuveinsgaduuuumeniw vieilrgandiainuiauuds
voamsmuuivlearsgnanduriiniug laiteendn 3 wi (4]

2.1.2 nalnvasnszurunsgainia

msmﬂmmmLﬂunsvmumsnnwanmsacmawsamsumuaawmﬂLanmavmﬂaq'lu
uﬂlwaquummmmianwmm Iﬂaﬂmsavmwsamimmaaa*ummanul.sun'n a15Qngn
gu mu‘umwumumLﬂummvﬂwaamswgnmmmmsﬂm'] Agadu msmmmmmumtﬂums
AARARUUTENINEUY (phase) mqqmmuamuv Ao vpavian fw wazvouds Faiilds
LUU T89W87-90487 Fe-Teaman Me-veauds wavveaan-veds Tneluiliaefinnsan
faanisuuy vauval-veduds (liquide3erd-solid Interface)



'lum'i@,mﬁmﬁ':'[maqammmsasmEJw‘%am'sumuaaﬂ%gnﬁﬁ'ﬂaanmnéma"‘lﬂ
Lmvmaﬂuumqmu Tmana‘vaemsmu‘l‘wtyﬂuLm.,aruaqnumma’lu‘lmwaqmqﬂwuauu
Wiesdhutieeitiuiinizegiinneuen mstewluanannhlumdagaduiiatildods
AUNATMEYN fl YAENAA mmwmwm‘[utana‘mummaauaumﬁ’limanamu'lmul,ﬂaauw
Tuinnzduegiusgadulaglunsinzinasiinssdudu (driving force) g 2 uuu fis N13gn
Funmemenm wagmsgadunaail (4]

2.1.3 anuasnsnlumgadu

s09Man19158 as.dnsnquel Azesnw Wiihnisnwaruansalunisgady
Tudeswetgunsnimunuuaiy sUR 2.1 wansliiuaududuvosasuafivildrgredu
yesasgadu nszuaveslvaiiiaivdrgredininedndedio uasgnansgadugaduient’y
wilinssuavedlvaiiazainesnanaeduinisdiuvaniie a)vLﬁu'lﬁziﬁmmv’u’u-z’imiawadwa
uawv%uqeammaﬁmummnaas] anadlumavnile arudiduilandiintuiEesq mavnile
WINGALNT5EUNTY LLaffJaalwawﬂmﬂauuawmmaﬂaauu

JLL

Concantrats

&
i;.
S
¥
=
L
B

Caturartsd Adporpt.on Frech
= 1
Zons —ons 1 Zons
@ c,
— —
In Cur
———————————————————— Fized Bed -——-———eemmmm—-

P v Y] [y)
UM 2.1 wansmnandutuneluredinivesasgadu [2)
mwmmmmuwuam‘lwmumsmmumaam'mwwuuwaammawvmnﬂuﬂﬂaqqm
usiseninustauaslouuiaas (mass transfer zone (MTZ)) wﬂumwaqaﬁmmuw

maamﬂﬂgn'sﬂ'mﬂ!uum'mwmuﬂmmmawmunm'quaauuﬂaaammamaamumﬂmq
mnmwﬂnaquammmmuwaaummmfﬂaumams'LUenm’mwuwmﬁmmanqmauaﬂma



lednanifuansgaduiianisdui msgaduesiBuanasuiimdelomnaaisey
Lﬂaau'lﬂmuﬂﬁmqms'lma'umnsvua%a‘lwa u.a~‘lqumm‘lmaaqumaanmnw%aqmmﬂ
#u Faazsuldananuduiussy mwmmwuwmanmnmnmqnunm aaziFundn nswl
wsAvg (breakthrough curve) Al 2.2 ‘Vl‘ii'NLUiﬂ‘lﬂiUﬂ'J'mmeuﬂVI’NE]aﬂ% Eumniuoy
Iuwam"m’mummwmwmm nsmusangiienaidondt Wugefiamannsavesansgn
eju'lun'ﬁﬂmma"ﬁuawmswmlﬂ '\1ﬂaumﬂmmmuﬂﬂwﬂsmmﬂaaawsnaww‘lmqqamma
dhwiinvesansgadu Taega t, uﬁmqmmwaamsLﬂaau'uaqmmwwu‘ummﬂmwmm
Wuduweonsennududuridrtinwviiu 0.05 99 t, u.amamqﬂLﬂaawaqmmmumanm
snluiiaduduvisendenududuuidafidwiatu 0.5 uasgn ty uanabiagaduddvesdn
QmuwmmLfau'uumaanmammwmumwmmmnu 1

ammnvsstugaduiimndidaussaniawmesanmsgaduinn mmwuwawu
gadusdaannninammuvearinnudislausnadisiale mimfmaamﬂmwwmﬂawu
geduinnniusaudelewnaavieli yirldlaeldaumsd 1 dofl

MTZ = : D(1 o
1 kW cg) (1)

de D Ao prumunuesiugedu (wms)

Cs fip Anuamnnsolunsgadusuusang

C, A mmiaansalunsgaduaudu

Xs A ssrnvasmduialuinudeleumnaas (euas 50)
MTZ fie Auvuvesuinmelawnadns (Wins)
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JUT 2.2 MsiAguMUAIBITUMIIIINULYBNRNTRATU [2]

dlevedlvaiilnaseniinruduiuvesafivguiuly visdlsnarinlumsiauvesneding
wmgnas asgadumsldunsiiuaniterhnduantdlmi mstuanwansgaduldlae
m'il.wuqmwnmaqﬁﬁﬂm*ﬁﬂim’lﬁlamrmwmlﬂ’lmnwaaaﬁmmmma‘laa’]snﬂmmuaan‘lﬂ
INAIVBIA5ATU msmmuamamaLuawaa'5vwﬂmummaqmimnmamﬂuwmmw
snnndr 2 ¥ lelvilidsediunsigniavhnuasaoud uassosiiuan [15]

2.1.4 Yssanansgagu

mmmuumnmawmafaummmu'ﬁaLmaaan"lmﬂu 3 ‘Ui"tmﬂ loun

1. sheadueiiunidsssuyii Ao W'Jﬁﬂ‘d‘uE}uuﬂ'ismLﬂﬂ‘U‘tJLE}\‘imﬁm'}ﬂﬁ‘i'ﬁJ?}'}W W
fumilenadu (activated clay) L‘quuammwauwﬂsunaumﬂaﬁﬂwnwaan'l*vm'zfawaﬂau
(5i0,) asusznavesnludustargiliiion (ALO,) wazasUszneussnladusaman (Fe,0,)
Hussruszneuiiddey wazensilarsusenevesnladuedlanydug 1wy ansusznousenlys
vaslaiion (Na,0)  @rsUsznausenlenvesuaaidsu (Ca0) @1sussnousenlonvasin-
wadon (,0) wavansusznausenledveauuniiiden (MgO) 1udu wieansusznaveenlun
yeasmelany 1wy asusznausenlenueieawedd (P,0s) Wudu

s

2. fhgadueliuniddaunsie fie mmmuaﬁuw‘%éﬁqLﬂiﬂvﬁﬁmﬁuuuuumﬁﬂsunau
fiAntumessssud s windanganmdu Giliga  gel) Naﬂauqumﬂmmm‘uu
(activated alumina) uaskanfnlutana (zeolite molecular  sieves) Fadundnuea
asusznevansUseneveenlenvesdiney niinaasuseneveanlenvedozgiiug ndnddns

Usznevusenlansuvasdineunasesgiililon muaiu



= &

3. dugady fefgaduiiduasianiagaisuseneudunidnngg dugaduil
Suundesmuuatintyssvesingy drugadunvseaniiudugaduinlunazduda
Twana dugaduiluiinssnnadiiequinng Tnssfandradindivunalugindt 1 wiluns
drudwdaluanasziivnalnsweadindagaduidnnit 1 uiluuns dugaduiaiisng
ajueu Fudussduseneuddiguesansuszneuduvigiluesduszneundn dwugadurnilyd
#i9q SenAnananansuseneudunid visansunagiincig Wu druiiu wvldl uas
nzanmzn i [4)

2.1.5 Uedbildemansznusionsgadu
T.ﬂam‘lﬂﬂ'svmumsmmuawavwLUumsﬂm«aumamaﬂwmmmsmmuagnu
Fnwnievaassitiendes Medetlatenemenmuanaiiniidvsnadensyuiumsnisgadu
wianiflgun
1. fuifuaglasiadisuesgngy i fuanasiRodamilsiinadeanuannse
maﬂuLanaﬁLﬁummmfﬁu’lumsmmwuuﬂa m'ma'm'1m’[um‘smﬂ%%vmmul,uawuﬂmmq
Tmanamﬂumm%mwu u,mamaLinmmmwmmm‘lmanamﬂumm%lmwmwamv
asmammmmm’tumsmm%\m Tnssadrevaegnuntiding dlvfituiiRaTiaaaunsety
m‘smmmwmu mﬁvmmmm‘lmana*ua&aﬁwanﬂﬂwmmimmLtﬂusmwaﬂmanmm
'mmu‘lﬂmsmmwnmmmu u,mm?Juqm‘iuLana11ma'r:mnnmmfaulua'amsmm‘lu‘luiwm

[

waﬂunaqammmﬂmwlﬂm'mmmm‘lumiam%wsmaa

L2 1
A4 da o

o ) = < Ao o o Vo4
2. MNVBIAIYALY ‘LuﬂinmiuLaqami’hm@mjﬁlummuuu fiuiifnendutuile
P L - sg VY o L2
annanas duvihliarmaansdlumsgaduiindude witiluanamufgaduiignguannyg
ﬂg ﬂ]ﬁ L7 L l‘é} s ar @t
fufldlunsqrduarliiufuvanavesiagndy

| 4
L

ad L o P
3. auidd (polarity) maaT,uLaQammmmizﬂ,un’niﬂmfawzamaamammﬁm
Wintu wsnemsifiuamnuivieyialiaanansalunisasaneiisiy

o, auunsesnevesansazats Msn pH P9a5aLaBiiAeNI1 pHaee (PH of
zero point of the charge) Uuﬁ‘uﬁ'2‘!19aﬁ’ﬂﬂﬂﬁﬁwuaﬂﬂﬂis’«qmﬂ%a H' uasmiﬁ pH Y84
a15a2a183ANINAIT pHzec Uuﬁuﬁwmﬁmm%’ua"uamﬂsuqawm OH Tnedgadud

'iv'«qmn'uuwummmminmﬂﬂ‘[uLanaﬂaamiwﬂiuqau‘l.ﬂﬂ muumsg}ﬂ'ﬁuﬁuaunsmwnﬂ
Irluansavanedil pH suasilowia pH wﬂmﬂsmmﬂmumLmuuum‘[uwamaa Tuvnued
fgaduddenvssianddemua sudaldiluansazaneiil pH AR ilesanniluseiagasewing
Uszqauuuﬁuﬁwaaﬁmm%’u wazUsyquanuuluanavesddey uagnisan pH vivliuSunu
gadudnmngiivnlianas

5. gamglinszuauntsgaduiiunssuiummeninuieu (exothermic process)
muumsmuqqu Jehldinisgaduiivualiuiinlaanas winsgaduluveamartiunis

Wasuwasesguugiifiaeeinniileinveanaiiimaugandeugauinivaasives



Dogan WasAMy wuﬁmsLﬁ'uamwnﬁﬁﬂﬁﬂ?mmmm%’uﬁﬂmﬂvﬁﬁnﬁuﬁu @1 Dogan uay
AElABBUIBNAINNITNIAABIIN nmwuamwnum‘lwmsmmmsni qmﬁuﬁanﬁu wu Myue
anagean (alcoholic) A3uaiindn (carbonylic) wazHuedn (phenolic) maquuwumwaa
m'immum’lmnﬂusamqﬂnusvwnw:Jlﬂﬂsaﬂ'ua (OH) uumﬂﬂwnUUivqmnqumana
‘uaaﬁaaumwuﬂuanmnum'smuqmwnuﬁﬂwﬁuﬂs"ﬁwﬁmsmumma (mass transfer
coefficient) fifnfintusavhiius Sunamsgaduinwsiian gty [5]

21.6 sunsiieadesiunisgadu

nsvuaumsmsgadulfgniinsigigaeitnismendinmand elieyluguvesdsnis
ated1e wdhaumsnaiensliterrannsalinseimaadiisngg 1ddsmnasinneg
wenisdunmaihiuildlumsdnuniseenuuussuugedu Toedlfadeauns e
duflum st uaresuisinunzoyavesnsgadulivareaunis wintieminrldi
atnaunsuane 1dun Telaiifuveswiguday (Freundlich adsorption isotherm) wagleluifisy
Y9uauia3 (Langmuir adsorption isotherm)

o lalufiduvesmgunds

aumsﬁmwﬁumﬁ LﬂufmmsmnnﬁwwumamuaﬁmUamawmmwmw‘l}ﬂﬂu
iﬂuuumﬂuammaumﬂa (Empmcal equation) fmmwmﬂiuﬂamﬂuwuaunuamq
e Suluraidlonnanaveiiaunsvesyusiae mm‘maﬁmwauammnsumumi
gagudnilvg/ldedugnivsuaziiud ImUﬁumiﬂ51;61'1*6@1'131’1‘301,%146sﬂmﬂaumsw 2 il

(2)

(ST

= KC

2] =

UM 2.3 uamsaumsiBaduvedleluifuvemiyudie Taefl X/M Ao wnadsvesans
Qnﬂm%’umau'smmmqmu mammuiua-vmmsnnc;]mﬁumamammmmwwamavamﬂa
M Ce ﬂa mm'mnm‘uuﬁmmiauma*uaam'sgnmwwamauama uae A1 K uag 1/n WJu
ﬂ']FNVI A laern 1/n Wusaeiiiliimiosdia K umasdiiiiiming Tnembevesrn K duay
waqnwmmﬁm X/M uaz C, Mdluaumsveslelaiisy
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In (X/M) ¢

> InC.

sl 2.3 nymiEmInIdIRS I In(/M) uae (nC, [14]

i K lusunsvemyudas ssuandfiiiufisimmmannsadiduremnisgaduees
arsgngaduuufiavesdagadu daudr 1/n WWudfkansauudussusnsgadu (strength
of adsorption) Imslunifﬁ?lm K ﬁﬁwqamnq muamﬁaﬁwmmmmﬁa'l.um'iﬂm'ﬁ’u'uawm
msqnqwﬁuwm (X/M Sienitge) davlunsiifismualyien K uas ¢, fidnfinedl ledwes 1/n
fifindloanne a]ytLam'Lwmm']amwruaammmwmmmnmw avmm'ﬂuumv‘lmuaqnu
Awes C. Ylvinsmvesaunislolowisy i flanuduiiiauuiiasautunuauny x fiane
wui] wanslivhiuitenageduresasgngaduuifivesigeady iufiteuuudy
ndulaild (rreversible) daulunsdliian 1/n fidgaunng szuansliviudanailiudusees
wusglumsgadu fahs A1 X/m wsifanswasundasegiesaniaiielimsfinvioanatyes
A Ce

atalsinuaunisvesvsunae I:Jmmmﬁﬁ]»ﬁmﬂ*ﬁ'ﬂsu‘[ﬂfaﬂﬁﬁ"m%'unn=| AUBY

a1 d a

C, M#lumsvaaes nanie e C. Sirnffudussanisi 1 1 X/M ﬂwm'\wmwumunu
wnumﬂsmmmsgﬂmmmuwgnﬂm%’u fgaduiEmdngannsaiduds fr XM nﬂursuuﬁ'm
At iflern C, fiAniiiatiuvatngail a1 X/m m‘lmnmnmﬂaauuﬂm’lm (@einfinedt) Farfu 7
am'avwuuaumwaqﬂqumam-’lummm‘lﬁmmﬂnsumumiﬂmuwmmu‘lmanma‘lﬂ

sofulunmaaswadlelaiidy sufludesilidadesilifudy

o lalwisuveauhs
& a ' ° & o - - 5
vuasuionit  wudasimsgadusuutuiorluganad  (ideal  localized
monolayer mode)l ftaanjigunddty Aail

' o A @ v oo = " a 1 |
- wingdumisigngadussiuldifismilaluanawiniu visndnliiiinisgn

fnrufestuLien
ad dd v o w < o aa o ° '
q uwuwngnqmumncﬂmaqaﬂqng}ﬂwmmwawmumaq'lumuwumuuuau
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- asinagaduasiindnsnisiauagvgaesn Fednsimsiniiinnningns
mMvgaIuNsERatisangana (Bnsinsinviiunimgn)
- wdsulumsgaduiimwiiuluyng dumis

<4 o

uanmniﬁmanavmrmmw‘lummsnmaauma‘lvmamaaasws"m'}awwm s
Uﬁﬁ“mnu’lmanaauwaﬂ'lné’lm Tnoaumsleledisuvoauasths uandliluauns 4 dai

X _ (abe) o
M 1+bC,

:J v d = v o :’i) :‘ Py
wazannsawasuieglugUaumadaduladil Tnegun 2.4 uaninsmaunsiBady
vosleluiisuvasnanias deannsn 5

N~ Tal (5)

X /M

ol 1

JUil 2.4 nsmluansmmdRS s — 3(71\_‘1 uay Cq [14)

Tnofian X/M uazan C, Samamnewuienfvesuigliluneuusn A1 a uase b
\Jueaadl %a'luaumﬂa‘lmﬁ%maau,aa:fh:? A1 a Li"Jummﬁﬁuamﬂ'a"ma'mw'm’lumsmﬁ'u
guanvesansgneaduvuigadu muanvmuﬂaamiﬂmwu‘uwumm zhum b 9zUanIAn
waemwmms@mu (energy of adsorption) Tmﬂm b mumw@wumammmummwm
siustlumsgaiadidiigeu [14]
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2.2 fgadu
m‘sQﬂ%’mﬁumsasaum‘sgnqm%’uuuﬁwaaﬁqgmé‘i’uﬁaﬁntﬁwmu% fagaduisies
fifufinsumzanne ilelaunsagaduasgngaduldiviinannng fulufgaduladidnums
wmeiinssmeluitediuiiuiiiadunslinntulasiomaving iedagaduiiing
melunn widgaduiivnawinga Mgaduddiaumuivanas
vnha@ﬂﬁuﬁ"q‘lﬂﬁé’nwmmi‘lumqnanu.mﬁ"q uazussgiindagaduiiiinsiegnely

\,ﬁmﬁ"zgﬂ%’umd'\ﬁu rumnwiusesmbsgadusmuniiumiumuimiuvesianigadu
(solid density, P, AmmMUILUTBAindIgatu (adsorbent density, Pp) UazAIM
wu'luﬁwnm'ﬁguﬁm“m%'u (bulk density, Py) v'fmam‘!ugﬂﬁ 2.5 auvuiaEuUsEan
YBIMBATU el iweil

P €

QAR

SRR
SRR NSS
A2 LOPIN LRANE
‘ )
A
A A7) AN FA XA
B R AR LS AR

NP
or

uinsgadu Fusagatu

P ' i e ' ' o %) 1
Ul 2.5 anmnuiudssianeneg vesszuugadu desiuludiadgadunazsening
iadagadu [4]

AUMUIMINYBITERFYATY (D) WuautRarzvestagiludinuseneuddues
indagady wasTaquaniuinlaifne

aranuiuseasiaiagadu (0, Ae mnmumivsadiadigadudsusznseutae
Faquasudaiilinssegnieluian ieifuiuiiiasnzvesigaduliganniuaniadumng
P (Fanuoudaiilaiiinse)
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ammiusesiuiindagadu (p,) fe mmvimLLumlawmmmmmuwu's'sq'lu
wiwgadu ua.,aniaa'm5..,wmmmmmmuwusnlﬂwumﬂﬂwuu dindagadudandn
mmﬂuwwﬂws\mmwmnq finssdumziios s wislidlns

amumnsiresdinfagaduuisaniufuuiinsinsssnzvsadindgaduiiy
ufie Wediadgaduiidasduyiinasnswieuuaadadgadu viemnmquuesadad

L2

atuwinifu €, Armiuivresiagigadu Anumnuniveadiadgadu uazdndaulns

e-

e

s e < e e 1 e s nl
voufiadngaduisdiniuseeiu dwunsi 6

P = (1€, )p; (6)

Lﬁamsqtﬁﬂﬁ’mm%’ﬁluwiuaﬂﬂ%’mutﬁmim'jmmdmﬁmmaaﬁfmm%’u AN
vastudindgniuitussylumieiagadusenaniaulsfsunaunnveniindgadu wie
u:tJswumuammmwimmmawaivmwmﬂmﬂmeamansmmwawummmmmuwusw’lu
mheaaduiu Fondt “anumuueatudiadigadu (e,)" aunrsauduiuivssnim
wmu.uumaammmﬂmuuavmmwmuuwawummmﬂmwmw‘tumuwmmwuunumm
wpnvesduingagadu feaunsi 7

BA =1 -EL0P, (7)

Q‘.’/ e/ o CJ 1 @
aumquIeItudiadgaduiiussgiumhegadu (€,) A HATINTBIATMNGUT
Fudladagaduiivssglumbegadu (g,) fuarmmjurouiindigadu (€,) Mussylumiogn
s ar J ar a & 1 5 s d
Fuiinam AMuALTUGIENINNAMAUNTUINERY AENNIS 8

e =€ T(1-6,) €, 8

2.3 nsiaudanasugagadudnwizuuyivadiy
i::'uwmaauﬂ%mmamaaw%’ummnmﬂ%’uﬁmmsuuu‘lwaphu Ugnaumeniig
gadu wmamuauqmwnu whemuNdnsInsiva ua.mmmmﬂwmignmw 6, 15]
uam’lusﬂw 2.6 mnﬂﬂmuunuanvmvLﬁuiﬂmqnsuuaﬂwutaumuﬂuﬂnma D ‘Uii’\]m‘mﬂ
Fuitiiduwihugunanuade d, ua.xnumﬂmiuqa (30812) H miegaduussyigaduiithna
Wees 13 uasmfuaq"luw'wmuquqmuqm ilefpsmsmaaeutFinadugagadusime o
grungiiiuansnengamgiiusseaniaind mizeaiugunisiva (bilduandilugy) vl
mugusnsnsivavesvelvaluadhouiidimunll sasmiseTinseiarsgngadu (Lild
wanalilugy) fawihifiieseiuiinaasgngaduiilnasenainmiregaduasdudinua
Ainsesietedeiiles vievuihiiinseiviinamsgngaduiivasenainmissgaduuas



14

Qs ef = L9 ad g o 5 = @
Tufinuadiaszsiienudivinganuesssuuimgaduiy mmvadeudsinaaunagagueans
gngadudzuuulnariutuiagaduiiiuneud sl

L2 L 5 s s 4 1 !‘: o s
1. Yamudunaenmiugs (Aue1) vestuiigaduiievesivalvaiutuigady

v ow =
MEBNTINTINAAINNINY
2. funugnuwasvasiufigadu (€,) nyadaunuisuesrudniusiBaduny

ar =1 o =]
AUMIAMNAUARTDY 1UIN-1ALH (Blake-Kozeny) Asaun1sh 9

In (ﬁ d"’,) =—In (pd”dp) +In (E;O—(i%eb—)z) 9)

€,

o

H pv} Iz

ALY

Cot-

U187 (13|

&

v

aﬁ'iga';-.g':riu

@

Uil 2.6 AmidassssuuageUYRINMMInagadudIsgngATUILINEYBIN gAY
vadouwulnarnuduigaduvndeu 4]

2.4 ddau

Tnssadramaniivesluanaddentsenoudie 3 diufie Wuseaau (conjugated
double bonds) wuﬂgnsmmiamﬂﬂﬂuﬂai (chromophore) mmmfinmﬂauuaq‘lu-mw
ummu‘tmﬂwuﬂgnsmf‘ﬁuaum uwmmﬂumsuataﬂmawuﬂgnimmamw oolalasy
(auxochromes) nﬂuwwgnimwaumwumanmsaumun‘tuanwuﬁsnﬁauagnuwuﬁzﬂaau
warlvinnaudilumsay savhsamenssndaiaduiuse (bond) Audulouasiinasie
aandydvedasiimetiinstinied uaveslelaswhudenegiuiussradui 3 douiliFen
sauiu Tasluau (chromogen)

Afeniminanldlumséensieginunevaneyila msiizhddenlag uldlunisdeuli

1

vy ad & Ve o Ao Y 8 v oa I ) )
Anamiu wagnumwmmsdmmss'mm'umanuLau'lﬂ Famealunnninnissauclvesdnu
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ih Tasamnsoviliiinannzduiituld deluanavesddeuiinjoraoudegninlifGosiay
Tudnvaziiagvhlfiianisgaiin (substativity) fudilowdainiussBatuuiu enandrald
nAheq Fusansevivieussivilidgadaduidiuleld Aeustlslasiau (hydrogen bond)
usawuAedad (Van der Waals’ forces) ustlopau (lonic forces) wagiiuszlndau
(covalent bond) uswmuunfu-"lumwmmwaamwamimﬂmnuium'\a‘[uLanmmﬁaaunu
T:JLanammtau'laammaummmﬂs"naﬁlﬂmﬂu.sq 2 wintuly viendaftoraiiausaia 4 vila
Henmauiy dwsunsdanamaaiifesiiliiRansieinaliiian fe fuszlariauinisba
faveslmanaddeuiuluanaveaduly venaniinanusenseyimseiiussidagusne uay
vnavesdfifinarientsBafinvieiinansynusisnisdensdrunndie Wy m‘imanaﬂaqﬁaauaq
dnuazemnnivilaaziudesihadnlviudileldunnturiniu Susshlinsinddtu uie
§lananavesddorsidnvammuimariinmnunfanandimmeinng ashilinsfiadiinm
amganniy Failiud

mssnuneiiavesddeu fvareszuuimenu 1Wu Suunmuunasiilianunguiadl
aehilasseavdenisldon ssuvitldfuannlutlaqiu Wussuualdludvild (color index)
Fwdamumsldnusamsnail 2.1 il

d o = vV
#A15199 2.1 nsAuuUnUsennasau [6]

1 QA = v A o
Useinndday auiinenmuaziall wuleMmangauiud
dueBn (acid dye) Usvqavazaneiladdanlauiu luaouaudnd
amﬁﬁﬂﬂﬂuwﬁﬂ '6' W o da ] L L3
UszqauazaneunlmipedAnuiy LuapuYudn

(metal complex dye)

ddimilansnd (direct dye) Uszgavaranerhlandanlaiuiu iheianed
1 s’ =1 g R =
liazaner wieavanslaiey Tndeawmesly
dnawesa (disperse dye) nszneilueynianeanssd apuBLATAN
dnau \wagladesluna

d3ueniin (reactive dye) Usygavazarenldndantaiuniy thedanoavudnd
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2.5 ddonaiiauug

ddaniiduugiinein d-esiilulawiiassiilad (4-Aminodimethylaniline) v
1glnsiudalriazarslunsalslnsrasiniiaufizereendinduiuiesinnastsdesldifagun
2.7 uasAnaRveuiduug Fuandumsiai 2.2

| waal ¥ A
anseil 2.2 auadRddonmiauug (7]

200
-~
H3C. N 5 I'{l .CH3

gnslaseane CHs CI- CHs

3,7-Bis (Dimethylamino) -Phenothiazin-5-lum Chloride

gnslasdiana CigHieN3SCl
hsalindba 319.85 n3usialua
QAR 100-110 sIAnwaLdya (with decomposition)
NH, | |
{ ;
L 20,7,
/N\

P2 | a 2 ad
E‘U"ﬂ 2.7 ﬂiBU’JHﬂ’]‘iLﬂﬂﬁU@ﬁJL&MﬁUUQ [7]
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2.3.1 quaudanisgandiu
umau'uqL‘fluﬁaauﬂ‘qumnwuﬁ'namwae’lummnauwmﬁq’lum&mmmvﬂau

Uszanes 600 e 670 unluing anvmu‘uaqm‘ig}mnauuﬂwswaunuﬂmwmaq e HRIGE

ransenusnmsgadulnedagadu [10) Fuandumsed 2.3

= s ]
@1319% 2.3 guuinsganauikes [10]

U o ﬂ"
r . AduUszandussnmganiu
anuempaulunsgady

Ussiam (gnurafiadiuns/lua:
(ulung) -
LGURLINT)
MB+ (Solution) 664 95000
MBH2+ (Solution) 741 76000
(MB+)2 (Solution) 605 132000
(MB+)3 (Solution) 580 110000
MB+ (Adsorbed On Clay) 673 116000
MBH2+ (Adsorbed On Clay) 763 86000
(MB+)2 (Adsorbed On Clay) 596 80000
(MB+)3 (Adsorbed On Clay) 570 114000

2.6 mgmmmuwnm

‘Milﬂﬂ‘ﬁ'uL‘UuﬂﬂQEJV!ET'lﬂEQE)ﬂ’ﬁ‘lJmmNWﬂ’JﬂMﬂ’J'mﬁ']ﬂm T,ﬂa'l,‘lﬂﬂsm'tJuﬂv'hiwaqmu
wutuatigagnihnldegnaunsvanslugaaimnssa Lummnwamm%ﬂsumwumaﬂﬂa
’s’i'l!J’liﬂiJE]ﬂlL‘UULLﬁ”‘{lﬂﬁ’i’NLﬂﬁ'}U uﬂﬂ'uma‘lun'}‘mwum mimnnmulmwau lnadgn
qxuwagma’lwammumLuumsmaau'ﬂ ‘mann'ﬁwmu'uamamwuwLumuo ﬂa‘lvtm'svl
ﬂutﬁau‘luamnammmmwam% ﬁ]’]ﬂu‘uaﬁiﬁ]ul‘lﬂﬂrilTL!W](ﬂﬂ‘ﬂ‘uLLﬁ“’Lﬂﬂﬂ‘ij’mﬂ’]‘iﬂﬂ‘UU‘Uu
'Luﬂaauu ammau,mmsﬂuaaﬂmrmaﬂmumqmumﬁau‘flumswummusqﬂﬁmmm fagu
‘Vl 2.8
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In flow

Adsorbent

Out flow

< o =
JUN 2.8 nagaduiuulunie 2]

o ol o

2.7 9Adeinedas

T A.71.2008 Runping Han uazanis ladanwinsgaduiianyalagldnevedudiui-
a € d o as (Y] a a I 4 1 e
Indliushgadu Tumegaduuuuiuails AdnmndunsamapH) wiiu 7.4 Anwilasnis

=i = ) o : @ WY iw v a aa ' =
Wisuiflsuiudsitinasiensgadu laundnsimsiva (5 8 uaz 12 faddnsseui) mm
WaduGuduveaiiduya (30 50 uagl00 Tadanseedns) wasmmgwswagadu (10 15
= i = o :‘l{ L2 ar

way 30 wuding) dsnAdeilldldnguijveslvida edu Tuerin (Thomas Adams-Bohart)

(Y] o [ o e O & o ] ' ar
gu tadu (Yoon-Nelson) uawiyn (Clark) Weusznaufiuandeluadell sasiudi ens
mslwa mududuvesuiiduya waznaugeveshgadudasenisgaduaisasanedion
wfduya

Tt A.A.2009 Md. Tamez Uddin wasanizlavinsfnuimsgaduvesaisasany
widuug Insldnsedluryuiiudgadu lunegadunuuiuniis lnsesfinuimansznusiieg
MnfUsTnafY U Anaigeeaun (5-10 iufiims) Shsnsiva (30-50 faddnseioui)
wazmudududufuuesuiiduug (100-300 fiadnsusiedns) Fgaduildasiinaundunans
(pH=0) nmMsAnvmut Vinauazdunauesnisgaduszanasdiesnsnnisivauazaau
Wududndueaniiuuginiu Insfidasnisinasiy asiibimsiameemegaduuuy
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= el & v v v w o o
LUALIANEA 'lumiﬁnmﬂsammﬂssqnm’huuwsaawaﬂwuanvmswﬂaaq tWOVIaNYMY
Qr -J = 4
gaefaudsmmingay dadulszlemilunseanwuunisnnasy [10]

130 A.1.2009 K. Vuayaraghavan wazane ladnwinsidnasussnevddeusiugea
(complex remazol) Tnel4tidosuazauiiu (G dwSuansazareiusaeylaifing
siouanansalunsgadu Fsandunsadisezeglugas 2 fs 10.7 mulinavewasis
fn1spadugegaves Udeniliy 415.4 510.3 3685 uaz 4530 findniirianiy ves ddfers
waATEs" (reactive black 5 (RB5)) Affesisuan?ividdy (reactive orange 16 (RO16)) Adiox3
wyead (remazol brilliant blue R (RBBR) wasddiou3iugaadiig (remazol brilliant
violet 5R (RBV)) mudiy famsefuthuiudiuiiu flanasdniles 150.8 197.4 178.3 uas
201.1 fiadndusionsy ve4 Adaususanivddn ddeusuaniividdy ddeuSuwnadin uasddons
weeadiisnuddu lunsdlvesitis dden Adsouantlszdninmwnisaniiann 100
Wehidud aolidouluramufiunsasilivinisuivaniwd 10.7 euiu 52 wWedidud
YoIn Y [11]

Tl A.6.2011 D.K. Mahmoud uagaaiz IiAnuiagadu (H-KFC) wSesmnaudu
Toveufidlaonnslinsalelaspaninaranduiu 3 a3 m'ﬂ'ﬁ'ﬂim‘ﬁaﬁﬂﬁﬁuﬁﬁﬁwm%
mmuawa’lwmsmmsﬁuaﬂamuwauuammuma Hadeiidnuildun mnududuSuduvesd
foudesiu Usinaigadu Arnuiunsadiwvesdisazats uasqamad Inewuiniinaw
WiduBuduvedddon 50 fiadndusiodns Amnudunsasmeniiiu 8.5 uﬂsmmwmwauua‘lm
quite 95 wefidudlaatiwiin fnsiesedgeaigavesteyaliiuudasiuasis 'Nquma-ﬁ

uaziminulelaiisn wuimslivwudasuauhsleludiy 'meaamaum‘um'uagamqﬂ il
u'mauamﬂmmamimqLﬂ‘ﬂmmUﬁumsﬂgnimaumwuamam (pseudo first order) uag
Ufisendusiudeaiioa (pseudo second order) wanslitiuinnsgadul meﬂwmaumm
msAinymaneslulauiindvesnsgadu wihmsgeduidiuliisegaaufeunasiniy
esiigaumiige [12]

T A.A.2013 wamsing uazane Idvimsinvinisgaduddeniduugieidonnais
| a ¢ o o v %oy a v
TngldinTeaufnsaluuung MUdenndieriiving 50 20 uagl2 Y o gumgiivies AW
Wudu 3 7 waw1o fladnfusdedns Tasvinisdinuszdvamnsgaduveaudennady 2
a a 4 5w v o = v v g
giln Aewdenndqeiinin wasidenndrednyn Fasiiulddddenndremia i
a o ad val 1 - v - v da
Uszansamnisgaduddeniituuglanndnuiennaievinyn uazvuinveaiennalehil
aun 12 Wy Siuszansamlunisgadula (2]

Tl 7.6.2010 sfadnn oyes Whnsinyianndgadulansminuazddeuiumuduiy
Tuddansin Tnews aumavmmmmsn’lumiﬂweﬂ;awmun nazdnnindeiidaasesity
mmgé"u‘luwuﬂamununummam'lﬂmnwuuauwsn‘lw PrvudosiiimnsuSuanm uay
gufusudiBansirlagiuusidnuie vuinveseyna (140-200 WY way 200-270 L)
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USinawessagadu (40 uaz100 nudedns) mmnduduvedavsminGudiu (40 uaz 80
fiadnsudodns) wavananduduvesddoudirviln wiliinduns (benefix red 58) (125 fiadin3y
1 = A o o e @ g o 14 ¥
wodms)  @aliihmsiauidgaduaintidriviudes laen1suivanmaienisudluans

lelasiouesesnles (H,0,) muldgamall 60 sarneadea e 24 lus uddween
[y 3 < < : - ¥ o f =
fehnduaunseirnudunsa-ashivasuuvas mminianeuiiguugil 100 8

= v a & 1 o o & v 14
wadod wdnivlulaganinudu nnisinymud dgaduaniiinanuees 200-270 Wy
o ar s aoa ’o’ et o = L2 s <

anunsaviinisgadulanevimesunsuaziifianmindelidanga luvasigadudldaign
| w w fd a Yy a ¢ ) val = ar @ Y o
aufufuindnldniiuweunsiledt 140-200 we annsagadudliangn gadulaveminla
'! ' o o o o = d A 1 t 4 n' 1

mng Tududunumswdadiaaduingdviuadug indeluvissiu wu vwses Ll

= @ o v c?d] et L 2 ar W
mauda annul Feialne Gides annsagniannliduigaduld [16]



UNN 3

Asn1saiiue

3.1 dngAuuazanadl
311 Waenndwih
3.1.2 dédpumiauug
3.1.3 thndu
3.1.4 asazarelafsulansenien (NaOH)
3.1.5 @1sazansninasdnn (CH40,)

3.2 in3aslauazgunsafitlélunivaaes
3.2.1 vIadTunsuun 1000 dadans
3.2.2 Unnesvun 1000 wag 500 Jadans
3.23 Lﬂ"?mqudwms (peristaltic pump)
3.2.4 waq}ﬂ%’uuumumﬁq
325 nssamuansiinuimannieulinnuiou (magnetic stirrers with heating)
3.2.6 Wiwannuans (magnetic)
327 iniesdsRdnea 4 duvis
328 m%"mi’mn'ﬁﬂﬂnﬁuuaq (UV-VIS spectrophotometer)
329 ARPIATIEEISHIEBUNsNSA (fourier transform infrared spectroscopy
(FTIR))
3.2.10 ndesganssmidiinaseuuuudingin (scanning electron microscope (SEM))



3.3 HHUATNNITNAGDY

- - o s - o Y o =5 v
[ wisudenndaeii } 'FJ‘SUU'::QWUN‘]‘UENLUﬁE)ﬂﬂﬂ'JEJ ]

——F[ hiviuuse }

= = ¥
[ wgUaIasagagal ]

Haderfnwilunsvuiunsgadu
- yunvedUaannals 12 20 uas 40 W
\ v o o v
ASEUILNTSARTU - ATLINYUYBsdBN 50 300 uas
Y
arsazaneddenann 600 daan3unaans
wWaenndslunenniy - AINGIUBINIQATU 5 8 way 15 wufluns
Bt - gnmsivavesansagalBiiauug 3 5
\_ VY uay 10 aaansneudin
- YSuugsituivesigadulviliannisnia
wazlud

/

<
<
v

[ <
1389 UV-VIS, SEM, FTIR ]

.
[ AU ]— )

\

v

ﬁwmmmm'mmmsn’lumsgm%’u ]

|
FUN 3.1 WUNWNNINAaBY



23

3.4 ABn1Maaaq
NNsAnwInIsUIuMseatuddennniudenndrelivuneulunmivaasedail

3.4.1 mswisufennday

o w ¥ w v g & v v o4 v oy o = <

ihndeiiludaahageinanuumnuaniiuis Wewrsuanhluunazdenluinies

1 1 o v & o - v A')l [ =
UM WasIRUHIUAZUNTIUIAANTGBINTT  ntidenndrenlaluiiigdeu (oven) ¥

a = [ ) 5 o = &' o
gamail 100 ssrigaides 1Wuan 24 4alus mmiwiulugenanadn uasamuauAMITULie
L2 ¥ L4 o/ a}

Hostumstuninoivlugrmunemnity wansieguil 3.2

£ -?V‘i""\
[ 7 .- )
g N
F— i
I"l ¢
- - L

waennaw AIALAA wenuuIA ULV Fagadu

d o or
35U 3.2 nsguaumsiniouimgadu

3.4.2 AswseNasasanedday
o P - Y Y o oy B liul B @ e
WIBLENTAZaeATIUNAIINTNTUEUAY 50 300 waz600 dadnsumansy 13U9INNTS
Fauituug 1in asazansddeumituugraaduiu 50 fadniunenty asfedduituug
0.1 n$u Twihndu 2000 faddns nduhluysulsunsiumausudsunns wasiluldeu

uanafazUi 3.3

] a
JUT 3.3 nssurumsineuansavatedgeniiauug

3.4.3 nszuruntsgaduddoumiitiuugainiudenndaeinia

° g = vl a v ' o = =

vdenndsihinseulingungiiiewnussylavegadunuuiuails aasil
Y VY ) a4 w et o =l =y
dnvausluaedinini vinuuleumsasarddonufituugndnmmsluansiiifidruuumes

(7] = = ] ar s e P~

redun] uazdleansazaneddoniiduugivarinuigaduluvegaduuuuiuniiands vinsiiv
O | . v ¢ o =l = = v Y v
fegrfisenuidiuvatgvesnedind deiuusililunisfnude vuindenndiginin
Uhinanddenndshin anudunsasnssealdenndieirit anududuvesasasaisddon
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s & A L7 J 1 ] = s
wardnsmslnavesarsasarsidon wednuiliiendwadeussansnmmsgaduiden
= A ar A
WU NMINARBIABINTHUIUNTRATUTTUARIIIZUT 3.4

Pr o v A & v 3w
Eﬂ“ 3.4 ﬂ‘isu’mﬂ’]‘Jﬂﬂ‘ﬁuﬁﬂaum'ﬂauvgmﬂtﬂﬂaﬂﬂa’m‘u’l’n

3.4.4 msangianudyduvesasazatedden

widerianispandutastasdnnamuBinaiivievesddousnnswinasgu ey
asazarpunsguddenlasldamudutulugae 1 6150 fadniusiedns Wharsazany
mmsgmﬁe'J’am‘f’i"Lc’fmnmim%'am‘hﬁﬂﬂ"]msamﬂﬁuuaﬂmEJmﬁﬁuvq%@ﬂﬂﬁuuﬁaﬁmmma
adusvanm 663 ualuns wnturdonnsmiszvineduduvesddon Gadniudedns)
furmsgandutaaiazeinnsaaeniansavansiildannnanaaenily fadnsganiu
W Fmnmemeamdstuanishamidalifndnnummduiureddenindsiag
amnsodnifuedidudnsgaduldangasdal

. anudufuredfonduty — Anududuzes
YSunmeanisgadu = . (6)

-

anududurpIEl ouFuFY

[t
]
-
=i,
)
-
o

[}
ol

3.5 \ATesilan1vMaaes

3.5.1 Ia3asianisganaunds

Hunaiiamslianesiasiaglivdnnisganduuasiieglutadansilaloianuaria
\DadaanuenaauUsEana 190 84 1000 wiluwns vesasiaditu ldud ansdundd
(organic compound)  @15Usznaul@isdiou (complex compound) wied1TRlUNGY
(inorganic compound) Iaehansietldluwanieind (quar) wdmeluunalng
uvdaridiauas arsfiegnnsgandued uisuasundnly uasiihigandusztineonundy
1A3e¥auas (photomultiplier tube) iwiasianasssmsiausinauasiioonan Taenis

-
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wndnfuliuavesuasnauganau ntuIZInIsUszIlanaltuailnasy Jandans
AU IENINAINSHANGTULEN UWasAIANEIAGY [19]

3.5.2 ndpsganssaidianaseuwuudingin

Tnondnnisvenadesasiiundsinindidnnseu (electron gun) Fohmiiivaaudes
Sidnnsauseni (primary electron) Ls'lawﬂ'mﬂummumanwsauuumaﬁnﬁlﬂﬂ'\q&‘] u,au
THhaudusiundnlviyi (electromagnetlc: lens) TAalBEnnsauTunnnsEnUTuIY Laziile
HidnasounnnITNUTUIAY mﬂaumsnim‘lmammmuuuvmq i dyanuandidnaseuly
%umqumaanm Bidnnseuilazvioundu (backscattered electron) niodlenddeyy
uaiazfuﬁmwgnﬁuiﬂatﬂ%:aamsaaa‘i’uuasuﬂamaLﬂuﬁm”muﬂmma‘l.ﬂﬁh Mntuazudafiuanly
ign [17]

353 ipsesiiasisiansduduriain

wdnnsvaaaiarinssiasiedurssmiumaianiildsunyssnanaes
a5uvid anseiiundd uastussiaillulnana sawiiannsavendaiunaessduseneuiiily
Tnanavesansnaniiegshingveiia lnevhmsnnaanisganduidduriavasitedei
adionen dadudnunizamed Immsﬁ'mm:sL%ual'\n%faﬁﬁuﬂmﬂmmmﬁaﬁwLﬁmsg}n
awluddumeselsums (nterferometer) Saszneudenszaniiannsondeuild nsvan
fingeadiui Tnevisaoshaandetuuasiu uasdusnuasdauiiugunsainsasiounds d13ed
Aswmiliasnzqinludinssaniinieey fud wagdnadanilsasayvioulufansyanitawnse
indouild ndrntuifidfezaviounnnsrannduinsuiuiifusnudaiafunindenty

@ & o &1 Y - < o
“ﬂqf\]'}ﬂuuﬁ"lLlﬁdﬂf-«l']ulﬂﬂﬁm']ﬂﬂrlﬂ Llaﬁlu“ﬂfjﬂﬂﬂgmﬂﬁ\‘]uukﬂiﬂﬂﬂiq'ﬂ?ﬂ [18]



|
unn 4

KANISNAABIUAZIATIZNANITNARDY

mAdeilAndeseiiinansenudenisgaduddomaiauug 1wy eoududuisudu
ypsasazateiiauug 50 300 uaw 600 fiadniuiedns Arugwedennaieluvegadu
58 way 15 Wwufluns vuavsadenndis 12 20 uay 40 Wy IngeSureravesiavasinan
NKANTIIAABIRY]

4.1 SnENLNINIBANILALNNAATIvaNIgATY

NNV 4.1 mem'sﬁnmiﬂsqammaqan'lﬂmaé'fmﬁqu'mawaamaannavau'm
mﬂﬂamqawssﬂuamnmautwuamnsm (SEM) Aifdawey 500 wag 5,000 Wi s
wuwm'naquJaannmauanwmum%vmmwuw Failidenndreilnnuawnsalunisgn
Fuddould

52400 15.0V x

= < v S v o a ' o w '
§UM 4.1 2w SEM weaidiennadgiinii a) Mesvens 500 W b) Masvens 5,000 v

9NgUT 4.2 avannsafinrsanlifednvuenaaiiveaudenndieirin ddey
wiiduug ua.,maannmwmumiq}ﬂwmsaumﬂﬁﬂamuwawa Famannmsiiasizilag
e diasesiansiedursian (FT-R) uandiiuiaiussuuiuiveadenndeluay
Fr91a9AFY (wavenumber) Dusiaieluiifie 3006.4 2923.6 2852.4 1732.1 1630.5 1036.3
waz 890.4 salwuinng deazuanifansdunuuiaveniusemlensenda (OH stretching)
msduuuuinesiussuoany (CH stretching) nsduuvudaveniussnsamivendan
(C=0 stretching) M3duuUUEavasiusEIOamMeS (COO anion stretching) msdunuuin
UpaWsEALR (CO stretching) WAy mswAbugUveeiiu (NH) suddudenstedl 4.1 [31)
Tneluiusznsaniuendan uasmilensenda duluiussilegludenndaes ssvimihimdn
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o w aal = 4 1 s v
Tunsidnansavareddenuiduug danaenidunsmveaudennieiiunsgadudden
aal € 1 &) - v ood v v oa = 2 a1
wiiauugeniuhilnduludennareindnundreiuianisiaasy (shifted) Taedivraay
d ar Y 1 =y 4
AAUMI 3412 2908.2 1697.1 1590 1011.5 uag 879.4 NoLYUNLUNS mngﬂw 4.3 ame
ar P~ d a a ' i [N
Snwasmaaiinnniaiosinseiansaedurisnse sewiulaindunsviveanndulidnuae
o 2 o ' o v oo v - o e [y -
maaiifadeiu wissiiuliiridunsmesaudoniiiunisusulmeansasangloidon
o P ' a a - ' o 1
lansenlydiivrsiavadu 1630.5 dalgufiung iian1sindsuvsstrnavaaudu 1637.6 v
a ! Y a = v a4 o X ' '
wuiwns onaduraunnisgesaansuuiuiivealdennaly duindulusswnitamaud
) ' A X a A I Yy doqu A 'Y
ansavanelva Inuseingg Reguuiiuivesdienndrori Wuavgivinlvildennase
g Qs d ’u’ vV o e o
idfinsgaduarsasaelavatgyssian Wissonuaennaleurilanwaed NIz YeInng
gadunuulitanzes lnsasazanefigaduls endasgraidu newns [22] lasidiey 23] as
wasdaned (241 venaniidsaansaldliufgaduasBunid wu ddeuuiiiuug [31]
ansusznauiluea udu [32]

B S . i\ A
\ A A ;.”.vj'!: \ /7
\ - \ |2 ]
\ V 4 \—4% Iy ’ [ (*)3
\ ] { N‘\ f ‘ " y Jj «©
\ & Y, A
| 'S ~F N\ ¢
2 A 99 =0 -\
@ Sf'j 3] _*—} . /¥ vV
b X . [aN} “"‘! o
| 638 é . \! 'y =1 - i
® \ ) |'d = =~ Wasnnaaw
= 4 NED —i fa0)
c < o) o J=00
£ 3 a o = ) MB
7] —— 0 S p 4
L g 8 ,’ | = o
£ 2 | <, P \Waannany+MB
§/ =\ r~
i PN ¥ 0
N P et
o : S
i 83 — & %
— oo ]
< &
(32}

rrrvyrrrrrrrrjirrrryrrrrrgrrrvrrrrorTrrril

3900 3400 2900 2400 1900 1400 900 400

Wavenumbers (Ralguiiimns)

] o < a
U 4.2 FT-R spectrometer uansdnugmaniivesdennane ddeuiiauug
o v o o ac
waztUdenndreunsgaduifiauug
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)
S~
— - b2
= e L URDNNAY
(¥}
c
© o s CH3COOH
£ o <
™~ ool

g o~ 3 g a6y [es] e NaOH
& M @0 @~ D & ~
— — N o~ ™~ o 0
= - o & — 5 S

g o~ —

4 g ' S 4 (<o)

9 o —ot 0 =

“ o Y hedl T S

o oo N 52, o

o NN =i =

N 1 T " L LW
3900 3400 2900 2400 1900 1400 900 400

Wavenumbers (Aaigufinms)

< @ = A o
U7 4.3 FT-IR spectrometer uanswinumemaaiivesuiisnnaiy wWaenndiedngn
o aa v o as [y =
Uiulgsheansazaeninesdin uasifennaiefignuiuusmeasazargludion
lanvenlue

wavesusziioguuiiufivesuAenndislunsiastraaunay Miumsiwseilanld
indpsiiadinsisiansiduise ssuandiiuiisiussiinvaaudenndelundarsraay
adu Wudioluilite 3006.4 2923.6 2852.4 1732.1 1630.5 1036.3 uag 890.4 sioiwuRuNg
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2 50 me/l
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0 ST @R O F E T T Ta0 I E i % |
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0 1 2 3
log C,

42

] / / b)
g 3 ml/min
. 5 ml/min
- 10 mlU/min
T s Tl 11 LI L L L
0 2 q 6
log C,
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E 12 mesh
E 20 mesh
] 40 mesh
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aunIVUARY aumsuanias
FULuUMINAGDY 2 2
’ (R) (R)
WINVDINIPATU 12 LY 0.9970 0.9987
WINVDIRIRATU 20 LY 1 0.9332
WINYBIFINATU 40 LY 0.9631 0.994
adutuues MB 7 50 mg/l 0.9973 0.9987
aududuvas MB 7 300 mg/L 0.9993 0.9998
audiuduves MB 71 600 mg/t 1 1
' AUYIVBINIATY 5 cm 1 1
AIMGIUDIFIGATU 6 cm 1 1
ATMGIVBIIIYATU 8 cm 1 1
AUGAVBININATU 15 cm 1 1
dnasiviavss MB i 3 ml/min 1 1
Swnisivaves MB 71 5 mU/min 1 1
Ssmslvaves MB 4 10 mU/min 1 1
N3 0.9896 0.9979
tud N/A N/A

* N/A fi® not applicable (1wlabile)
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nsgaduilgeniniagadusiinduihinnfinsan Taeiideulvveansiinu iy anududu

vesdsavawdtouniduugduiu Sasnslva wazmnuge lndiduany
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APty AMYAwDY  USuums
. o . % dmsamslva L UL .
wilnvasigadu SuAY _ fnnd Qadu VULLR
(mL/min) !
(me/L) (cm) (mg/g)
Ay 50 5 4.5 112.995 M. Auta
Tetagu 50 5 4.5 69.980 (2013) [36)
ualuaneu Runping Han
- 50 8 10 125+5.48
Wung (2008) [9]
a & oa Jiyun Song
waannlads 60 10 8.5 134.2+48.4
(2010) (371
Waennaae 50 5 5 313.70 NI

i
wWaennaae 50 10 5 208.76 miAei
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= o L= v ar a aa i =
AMANUIN A : NITUVIUIRTBIUAaBNNAIY 12 mesh msIn1siva 10 laddnsneundii uas

ANGIVBINIPATY 5 LuURLINT

M15719 A.1 ANMULNTUISURUTBIANSaLapddRIIiaauUa 50 laansuneans

1an LIan . e an Lan Abs -
(min) (hr.) (min) (hr.)

1 0:1 0.12939 0.04817 360 6:0 1.09819 | 0.17699
5 0:5 0.31994 0.07301 430 7:10 1.14977 | 0.18381
10 0:10 0.36696 0.07914 480 8.0 1.17290 | 0.18687
20 0:20 0.41337 0.08519 540 9:0 0.70826 | 0.12542
25 0:25 0.42700 0.08696 600 10:0 0.91835 | 0.13695
30 0:30 0.53847 0.10149 660 11:0 097976 | 0.14422
40 0:40 0.58303 0.10730 720 12:0 1.01255 | 0.14809
50 0:50 0.60301 0.10991 780 13:0 1.13392 | 0.16244
60 1:0 0.64668 0.11560 840 14:0 1.40066 | 0.19397
70 1:10 0.67112 0.11879 900 15:0 1.42180 | 0.19647
80 1:20 0.67198 0.11890 960 16:0 1.50021 | 0.20007
90 1:30 0.70172 0.12277 1080 18:0 1.60089 | 0.21164
100 1:40 0.70364 0.12302 1140 19:0 1.80919 | 0.23559
110 1:50 0.73361 0.12693 1200 20:0 1.93832 | 0.25043
120 2:0 0.76206 0.13064 1320 22:0 2.10005 | 0.26902
140 2:20 0.77073 0.13177 1380 23:.0 217789 | 0.27797
160 2:40 0.81495 0.13754 1440 231 5.05468 | 0.62571
180 3.0 0.81914 0.13808 1500 25:0 5.40850 | 0.66752
200 3:20 0.82361 0.13866 1560 26:0 5.81590 | 0.71567
220 3:40 0.84446 0.14138 1620 27:0 6.06408 | 0.74500
240 4:0 0.84557 0.14358 1680 28:0 6.12500 | 0.75220
260 4:20 0.84792 0.14389 1740 29:0 6.34693 | 0.84409
280 4:40 0.91433 0.15268 1800 30:0 6.43425 | 0.85528
300 5:0 1.01668 0.16621 1860 31:0 6.49763 | 0.86340
330 5:30 1.01940 0.16657 1920 32:0 6.53423 | 0.86809




A1519 a.1 audutusudussasazareddeuuiiaauua

50 slaansusodns (o)

58

1an a0 = /c, L’Jz‘i'l 1181 - e/C,
(min) (hr.) (min) (hr.)

1980 33.0 6.59975 | 0.87649 2160 36:0 7.57015 | 1.00084
2040 34:0 6.97543 | 0.92463 2220 37:0 7.65588 | 1.01183
2100 35:.0 7.30670 | 0.96708 2280 38:0 7.81435 | 1.03214




a1519 A.2 manduduSuduresasazareddonwiiaduug 300 fiadniusedns

60

a0 1380 - c/C, 380 181 -~ /e
(min) | (hr) (min) | (hr)

1 0:1 5.12545 0.10369 460 7:40 36.87440 0.68096
5 0:5 10.82070 0.21376 ‘ 470 7:50 37.34195 0.68954
10 0:10 10.97970 0.21683 480 8:0 38.29215 0.70697
15 0:15 11.91505 0.23491 490 8:10 39.12885 0.72232
20 0:20 12.38255 0.24395 500 8:20 39.53810 0.72983
30 0:30 12.84165 0.25282 510 8:30 39.85930 0.73573
35 0:35 13.11690 0.25814 520 8:40 40.08015 0.73978
50 0:40 13.24325 0.26058 530 8:50 40.39605 0.74558
50 0:50 14.12925 0.27770 540 9.0 40.44645 0.74650
60 1:0 14.94705 0.29351 550 9:10 40.58260 0.74900
70 1:10 15.12460 0.29694 560 9:20 40.65510 0.75033
80 1:20 15.19865 0.29837 570 9:30 40.76210 0.75229
90 1:30 16.47180 0.32298 580 9:40 41.03865 0.75737
100 1.40 17.23115 0.33765 590 9:50 41.38290 0.76368
110 1:50 19.09105 0.37359 600 10:0 41.47155 0.76531
120 2:0 20.74190 0.40550 660 11:0 42.77005 0.78913
190 3:10 24.73700 0.48271 720 12:0 42.98320 0.79304
240 4:10 27.54660 0.53701 840 14:0 4498325 0.82974
280 4:40 29.75360 0.57966 900 15:0 47.47505 0.87867
340 5:40 31.38855 0.61126 960 16:0 48.67370 0.90075
360 6:10 33.62600 0.65450 1020 17:0 49.07960 0.90822
400 6:40 34.02815 0.66227 1080 18:0 49.82485 0.92195
430 7:10 35.55855 0.69185 1140 19:0 52.82100 0.97712
460 7:40 36.87440 0.68096 1200 20:0 56.27350 1.04070




A1579 A.3 AnududuSusuTesEsarateddeufiaauug 600 ladnFuneding
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a1 1280 A o /c, a1 | an - e/,
(min) (hr.) (min) | (hr)
0:1 11.00350 0.10930 55 0:55 66.38960 | 0.64769
3 0:3 20.71010 0.20365 60 1:5 68.07950 | 0.66412
5 0:5 26.46720 0.25961 70 1:10 69.08600 | 0.67390
i 0.7 30.51340 0.29895 80 1:20 71.03690 | 0.69286
9 0:9 34.46420 0.33735 90 1:30 76.56420 | 0.74659
11 0:11 36.01910 0.35247 100 1:40 76.91980 | 0.75005
13 0:13 38.73410 0.37886 120 | 2:10 80.15040 | 0.78145
15 0:15 42.71560 0.41756 150 2:40 83.27480 | 0.81182
20 0:20 44.43090 0.43423 210 3:30 94.10160 | 0.91707
25 0:25 50.62140 0.49441 240 4:0 99.04010 | 0.96507
30 0:30 52.72290 0.51484 300 5:0 102.61200 | 0.99980
35 0:35 55.18700 0.53879 360 6:0 106.11300 | 1.03383




62

AMARUIN A : Rrsandenndae 12 mesh pmnududuisuiuvesansazansdfonniiauug
600 fiadn3usiadns AImgevasingadu 5 lwufiums

M1519 A.4 snsIMsivia 3 Tadanseaui

83801

181

£381

L3817

min | () | P Vo | i | oy | A @G
3 0:3 0.36362 0.00533 100 1:40 23.39780 | 0.20869
6 0:6 0.78989 0.00909 120 2.0 26.72830 | 0.23809
9 0:9 1.00579 0.01100 240 4:0 43 54290 | 0.38654
12 0:12 2.95489 0.02821 300 5:0 53.39630 | 0.47353
15 0:15 3.81940 0.03584 360 6:0 59.15450 | 0.52437

25 0:25 5.26392 | 0.04859 420 7:0 66.84770 | 0.59229
30 0:30 7.03001 0.06418 480 8:0 70.04070 | 0.62048
40 0:40 10.10310 0.09132 540 9:0 70.92430 | 0.62828
50 0:50 10.52550 0.09504 600 10:0 78.73160 | 0.69720
60 1:0 11.23570 0.10131 660 11:0 81.05940 | 0.71776




#1519 A.5 snsnsivia 5 Tadansneui
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a0 AN Bl /. LI 1A . C/C
(min) (hr.) (min) (hr.)

1 0:1 5.91662 0.05442 240 4:0 73.04840 | 0.64783
5 0:5 9.15663 0.08306 300 5:0 80.83110 | 0.71663
10 0:10 10.84300 0.09797 330 5:30 81.05250 | 0.71858
15 0:15 13.19030 0.11872 360 6:0 81.40160 | 0.72167
20 0:20 14.87230 0.13359 390 6:30 84.57210 | 0.74969
25 0:25 17.40130 0.15594 420 7:0 89.08670 | 0.78960
30 0:30 21.14290 0.18901 450 7:30 90.56540 | 0.80267
40 0:40 24.07610 0.21494 480 8:0 92.99000 | 0.82410
50 0:50 29.81630 0.26568 540 9:0 95.13050 | 0.84302
60 1:0 34.53720 0.30741 7 600 10:0 96.69940 | 0.85689
70 1:10 43.51880 0.38680 660 11:0 101.69200 | 0.90102
80 1:20 48.78710 0.43337 720 12:0 104.58800 | 0.92662
90 1:30 50.03900 0.44444 780 13:0 106.35000 | 0.94220
120 2:0 54.26900 0.48183 840 14:0 106.54500 | 0.94392
180 3:0 68.30520 0.60590 900 15:0 112.04400 | 0.99253




M15149 A.6 BnsINsiva 10 dadanseoun
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tIan

LIa"

1380

k381

(min) | (hr) Abs “Co ) min) | (hr) Abs /e
1 0:1 11.00350 0.10930 55 0:55 66.38960 | 0.64769
3 0:3 20.71010 0.20365 60 1:5 68.07950 | 0.66412
5 0:5 26.46720 0.25961 70 1:10 69.08600 | 0.67390
7 0:7 30.51340 0.29895 80 1:20 71.03690 | 0.69286
9 0:9 34.46420 0.33735 90 1:30 76.56420 | 0.74659

11 0:11 36.01910 0.35247 100 1:40 76.91980 | 0.75005
13 0:13 38.73410 0.37886 120 2:10 80.15040 | 0.783145
15 0:15 42.71560 0.41756 180 2:40 83.27480 | 0.81182
20 0:20 44.43090 0.43423 210 3:30 94.10160 | 0.91707
25 0:25 50.62140 0.49441 240 4:0 99.04010 | 0.96507
30 0:30 52.72290 7 0.51484 300 5:0 102.61200 | 0.99980
35 0:35 55.18700 0.53879 360 6:0 106.11300 | 1.03383
a5 0:45 60.28500 0.58835




AANUWIN A : ANTaNTUIATBWgAdy 12 mesh dnsmsiva 3 fiaddassaunt

65

[ ) v ac a a o 1_a
uab"ﬂ']"ml.‘ﬂll‘lmlﬁllmu‘ﬂa\'}ﬁ'ﬁﬁSﬁqﬂaﬂﬂumﬂﬁqu 600 HUaan3iunaans

A1 A.7 ANUGIVBWIPATU 5 Louilng

118 381 Abs C/C, L8 Lan Abs C/C.
(min) | (hr.) (min) (hr.)
3 0:3 0.02955 0.00238 120 2:0 5339630 | 0.47353
6 0:6 0.03819 0.00246 240 4.0 59.15450 | 0.52437
9 0:9 0.05264 0.00258 300 5:0 66.84770 | 0.59229
12 0:12 7.03001 0.06418 360 6:0 70.04070 | 0.62048
15 0:15 10.10310 0.09132 420 7:0 70.92430 | 0.62828
25 0:25 10.52550 0.09504 480 8:0 78.73160 | 0.69720
30 0:30 11.23570 0.10131 540 9:0 78.98940 | 0.69948
40 0:40 15.55870 0.13948 600 10:0 81.05940 | 0.71776
50 0:50 23.39780 0.20869 660 11:0 85.14740 | 0.75385
60 1:0 26.72830 0.23809 720 12:0 97.05370 | 0.85896
80 1:20 36.36230 0.32315 780 13:0 100.57900 | 0.88875
100 1:40 43.54290 0.38654




M1979 A.8 ANUZITBITIYATU 8 LYuRLLAS
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I.'Ji?'] a0 sk c/C, Ian 131 A C/Cs

(min) | (hr) (min) (hr)
4 0:4 0.27353 | 0.00449 150 2:30 0.87801 | 0.00977
8 0:8 0.14384 | 0.00336 180 3:0 5.03873 | 0.04614
12 0:12 0.15711 | 0.00347 240 4:0 5.61549 | 0.05118
16 0:16 0.15796 | 0.00348 300 5.0 9.24676 | 0.08293
20 0:20 0.15906 | 0.00349 360 6:0 10.31920 | 0.09230
24 0:24 0.14344 | 0.00335 480 8:0 9.76029 | 0.08742
28 0:28 0.13055 | 0.00324 600 10:0 19.67320 | 0.17407
32 0:32 0.13291 | 0.00326 660 11:0 26.05610 | 0.22986
36 0:36 0.14105 | 0.00333 720 12:0 36.20580 | 0.31858
40 0:40 0.16180 | 0.00351 780 13:0 48.78080 | 0.42850
44 0:44 0.13693 | 0.00330 840 14:0 52.86610 | 0.46421
48 0:48 0.15479 | 0.00345 900 15:0 58.79770 | 0.51606
52 0:52 0.17202 | 0.00360 960 16:0 63.89930 | 0.56065
56 0:56 0.14977 | 0.00341 1080 18:0 69.98510 | 0.61385
60 1:0 0.21704 | 0.00400 1140 19:0 69.48220 | 0.60945
90 1:30 0.21279 | 0.00396 1200 20:0 66.88070 | 0.58671
120 2:0 0.66224 | 0.00789




A1 A.9 AMNIGIUBINRATY 15 Loudluns
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1an an B /G an a1 A /s
(min) (hr.) (min) (hr.)

1 0:1 0.00000 | 0.00240 360 6:0 0.06749 | 0.00307
5 0:5 0.00000 | 0.00240 420 7:0 0.07308 | 0.00313
10 0:10 0.00000 | 0.00240 480 8:0 0.10360 | 0.00343
15 0:15 0.00000 | 0.00240 540 9:0 0.25914 | 0.00499
20 0:20 0.00000 | 0.00240 600 10:0 0.66889 | 0.00908
25 0:25 0.00000 | 0.00240 660 11:0 0.97480 | 0.01213
20 0:30 0.00000 } 0.00240 720 12:0 1.00000 | 0.01238
35 0:35 0.00000 | 0.00240 780 13:0 1.13000 | 0.01368
40 0:40 0.00000 | 0.00240 840 14:0 1.10000 | 0.01338
45 0:45 0.00000 | 0.00240 900 15:.0 5.67000 | 0.05902
50 0:50 0.00000 | 0.00240 1020 17:0 7.55103 | 0.07781
55 0:55 0.00000 | 0.00240 1080 18:0 8.02355 | 0.08253
60 1:0 0.00000 | 0.00240 1140 19:0 8.95423 | 0.09182
90 1:30 0.00000 | 0.00240 1200 20:.0 12.16900 { 0.12393
120 2:0 0.00000 | 0.00240 1260 21:0 19.70600 | 0.19920
150 2:30 0.00000 [ 0.00240 1380 23:0 32.73130 | 0.32929
180 3.0 0.00000 | 0.00240 1440 24:0 34.40460 | 0.34600
240 4:0 0.05109 | 0.00291 1500 25:0 42.50020 | 0.42685
300 oy 0.05960 | 0.00299 1560 26:0 42.20610 | 0.42391




aaruan A : mudiduGuiuresmsagsaieddeuuiiauug 50 adniuiedns

n1519 A.10 YIAYBINYATY 12 mesh

dmsmsiva 5 faddnsiounil Augevesigadu 5 lwuiums
\Wiennaevyua 12 mesh

68

L3801

1387

1381

I8

(min) (hr.) i G (min) (hr.) Abs &G
1 0:1 0.09331 | 0.03502 | 2580 43:0 | 0.79337 | 0.10261
10 0:10 0.11781 | 0.03759 2640 44:0 0.74211 | 0.09752
20 0:20 0.14103 | 0.04003 2700 45:0 0.72174 | 0.09550
30 0:30 0.11903 | 0.03772 2760 46:0 1.02096 | 0.12521
60 1:0 0.09622 | 0.03532 2820 47:0 1.28365 | 0.15129
120 2:0 0.05425 | 0.03091 2880 48:0 1.49445 | 0.17222
180 3:0 0.04713 | 0.03017 2940 49:0 1.40755 | 0.16360
240 4:0 0.06351 | 0.03189 3180 5310 1.41352 | 0.16419
300 5:@ 0.04937 | 0.03040 3240 54:0 2.35208 | 0.25738
600 10:0 0.13263 | 0.03914 3300 55:0 237602 | 0.25976
660 11:0 0.08977 ; 0.03464 | 3360 56:0 2.04200 | 0.26631
1200 20:0 0.10916 | 0.03668 3420 57:0 2.73895 | 0.29579
1260 21:0 0.14574 | 0.04052 3900 65:0 291937 | 0.31371
1320 22:0 0.06000 | 0.03152 3960 66:0 3.13163 | 0.33478
1380 23:0 0.10389 | 0.03613 4020 67:0 3.38123 | 0.35956
1440 24:0 0.12000 | 0.03762 4080 68:0 3.715322 | 0.39650
1500 25:0 | 0.16500 | 0.04254 | 4140 69:0 | 3.87620 | 0.40871
1560 26:0 0.15270 { 0.04125 4200 70:0 413722 | 0.43463
1800 30:0 0.31065 | 0.05784 4260 71:0 4.13523 | 0.43443
1860 31.0 0.31570 | 0.05837 4320 72:0 4.10787 | 0.43171
1920 32:.0 0.38730 | 0.06589 4380 73:0 4.32167 | 0.45294
2040 34:0 0.30352 | 0.05709 4500 75:0 4.42500 | 0.46320
2100 35:0 0.56780 | 0.08485 4560 76:0 459167 | 0.47975
2520 42:0 | 0.72968 | 0.09629 | 4620 77:0 | 4.63833 | 0.48438




71579 .10 YUAYRIINATU 12 mesh (sip)
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L'JE-YI 1381 Abs C/Co 1381 L3an Abs C/Cy
(min) (hr.) (min) (hr)

4680 78:0 4.70167 | 0.49067 7020 117:0 6.20593 | 0.63330
4740 79:0 4.88167 | 0.50854 7080 118:0 6.49365 | 0.66157
4800 80:0 4.88668 | 0.50904 7140 119:0 6.57118 | 0.66919
4860 81:0 5.02635 | 0.51741 7440 124:0 6.80000 | 0.69349
5280 88:0 5.00532 | 0.51535 7500 125:0 6.77000 | 0.69053
5400 90:0 5.21632 | 0.53608 7620 127:0 6.81333 | 0.69480
5460 91:0 5.24143 ) 0.53854 8400 140:0 7.46667 | 0.75916
5520 92:0 5.35032 | 0.54924 8520 142:0 7.59000 | 0.77130
5580 93:.0 5.34543 | 0.54876 8700 145:0 7.82833 | 0.79478
5820 97:0 5.35107 | 0.54932 8820 147:0 8.07167 | 0.81875
6000 100:0 5.48883 | 0.56285 9000 150:0 8.47018 | 0.85801
6060 101:0 5.45162 | 0.55919 9660 161:0 8.53940 | 0.86482
6120 102:0 5.39783 | 0.55391 9780 163:0 8.73862 | 0.88445
6180 103:0 554202 | 0.56808 9840 164:0 9.68507 | 091763
6240 104:0 5.81333 | 0.59473 9900 165:0 10.52123 | 0.99494
6840 114:0 5.89757 | 0.60301 9960 166:0 10.60017 | 1.00224
6900 115:0 6.16575 | 0.62936 10020 167:0 10.65067 | 1.00691
6960 116:0 6.24930 | 0.63756 10080 168:0 10.67067 | 1.00876




719149 A.11 YWINUBNIRATY 20 mesh

70

I.'Jf-i’\ 187 Abs c/C. L’J?-YI 380 nisg C/C,
(min) (hr.) (min) (hr.)

1 0:1 0.00156 | 0.02774 4500 75:0 356078 | 0.40378
30 0:30 0.00107 | 0.02768 4560 76:0 3.96348 | 0.44656
60 1:0 0.00091 | 0.02766 4680 78:0 4.05333 | 0.45610
120 2:0 0.00415 | 0.02804 4800 80:0 4.14883 | 0.46625
360 6:0 0.00502 | 0.02814 4920 82:0 4.42017 | 0.49507
420 7:0 0.00536 | 0.02817 5040 84:0 4.42683 | 0.49578
120 12:0 0.01081 | 0.02880 5160 86:0 455817 | 0.50973
780 13:0 0.01046 | 0.02876 5280 88:0 4.89568 | 0.54559

1080 18:0 0.05011 | 0.03331 5400 90:0 5.30503 | 0.58908
1140 19:0 0.05689 | 0.03409 5520 92:0 579672 | 0.64131
1440 24:0 0.04680 | 0.03293 5640 94:0 5.84167 | 0.64608
1500 25:.0 0.13190 | 0.04270 5760 96:0 5.93300 | 0.65579
1800 30:0 0.13429 | 0.04297 5880 98:0 6.08187 | 0.67160
1860 31:0 0.27465 | 0.05908 6000 100:0 6.22583 | 0.68690
2160 36:0 0.34002 | 0.06659 6120 102:0 6.46087 | 0.71186
2220 370 0.45066 | 0.07929 6240 104:0 6.73793 | 0.74130
2520 42:0 0.46346 | 0.08076 6360 106:0 7.30317 | 0.80134
2580 43:0 0.57445 | 0.08653 6480 108:0 7.60327 | 0.83322
2880 48:0 0.58535 | 0.08769 6600 110:0 7.80667 | 0.85483
2940 49:0 0.69649 | 0.09950 6720 112:0 7.89850 | 0.86459
3240 54:0 1.58162 | 0.19353 6840 114:0 8.12333 | 0.88847
3300 55:0 1.79902 | 0.21662 6960 116:0 8.40733 | 0.91864
3960 66:0 2.54054 | 0.29540 7080 118:0 8.57763 | 0.93673
4020 67:0 280578 | 0.32357 7200 120:0 8.78973 | 0.95927
4140 69:0 2.96387 | 0.34037 7320 122:0 8.91282 | 0.97234
4260 71:0 3.24288 | 0.37001 7440 124:0 9.05035 | 0.98695
4320 72:0 3.46394 | 0.39349 7560 126:0 9.45350 | 1.02978




#1919 A.12 NAYINIRAYFU 40 mesh

Fal

L’Ja-‘] 1380 - c/c. L’}E‘i’l 1IN A c/C,
(min) (hr.) (min) (hr.)
1 0:1 0.04586 | 0.03668 1500 25:.0 -0.00600 | 0.02267
6 0:6 0.01375 | 0.03256 1560 26:0 -0.01020 | 0.02227
12 0:12 0.01152 | 0.03228 1620 27:0 -0.00950 | 0.02233
18 0:18 0.00887 | 0.03194 1680 28:0 -0.00960 | 0.02232
24 0:24 0.00846 | 0.03189 1740 29:0 -0.00730 | 0.02255
27 0:27 0.01162 | 0.03229 1980 33.0 -0.00600 | 0.02267
20 0:30 0.00780 | 0.03180 2040 34:0 0.02150 | 0.02630
40 0:40 0.00768 | 0.03178 2100 35:0 0.06559 | 0.02961
50 0:50 0.0031077‘ 70.03120 2160 36:0 0.06160 | 0.02922
60 1:0 0.00340 | 0.03124 2640 44:0 0.09170 | 0.02974
90 1:30 0.00210 | 0.03107 2760 46:0 0.17720 | 0.03741
120 2.0 0.00270 | 0.03115 2880 48:0 0.29480 | 0.04795
150 2:30 0.00390 | 0.03130 2940 49:0 0.35120 | 0.05301
180 3:0 0.00280 | 0.03116 3000 50:0 0.39720 | 0.05713
210 3:30 0.00320 | 0.03121 3060 51:0 0.32203 | 0.05039
240 4:0 0.00230 | 0.03110 3120 52:0 0.37028 | 0.05472
300 5:0 0.00090 | 0.03092 3180 53:0 0.64437 | 0.07929
480 8:0 0.00340 | 0.03124 3420 570 0.62918 | 0.07792
720 12:0 0.00610 | 0.03158 3480 58:0 0.66371 | 0.08102
780 13:.0 0.00610 | 0.02237 3540 59:0 0.78105 | 0.09154
840 14:0 0.00990 | 0.02271 3600 60:0 0.86651 | 0.09920
960 16:0 0.00160 | 0.02196 3840 64:0 0.92056 | 0.12246
1080 18:0 -0.00730 | 0.02115 3960 66:0 1.01310 | 0.13222
1140 19:0 | -0.00990 | 0.02091 4020 67:0 1.36308 | 0.16915
1200 20:0 -0.01090 | 0.02082 4200 70:0 1.76805 | 0.21188
1260 21:0 | -0.00990 | 0.02091 4320 72:0 226655 | 0.26447
1380 23:.0 | -0.01200 | 0.02072 4440 74:0 243100 | 0.28182
1440 24:0 | -0.01140 | 0.02078 4500 75:.0 2.42888 | 0.28160




A1919 A.12 avewIgadu 40 mesh (se)

12

L2381 L3817 Abs C/Co l’]f_ﬂ b3 Abs C/Ce
(min) (hr.) (min) (hr.)

4560 76:0 3.91550 | 0.43845 5520 92:0 5.41320 | 0.69779
4800 80:0 3.89382 | 0.43616 5700 95:0 5.84833 | 0.75149
4860 81:0 3.92192 | 0.43913 5880 98:0 6.40727 | 0.82048
4980 83:0 3.94190 | 0.44124 6000 100:0 6.53442 | 0.83618
5040 84:0 3.89385 | 0.51025 6120 102:0 6.86333 | 0.87678
5340 89.0 4.34860 | 0.56638 6240 104:0 7.77333 | 0.98910
5400 90:0 506187 | 0.65442 6300 105:0 7.84500 | 0.99794
5460 91:0 537970 | 0.69365 6420 107:0 8.08333 | 1.02736
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1. A5a31ensMNNTg1Y (calibration curve)
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292.45 meg/g
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- YU 12 mesh 9zilidurtugudnans (D) = 0.00168 WA

- mmmilavesnsazaneddeuaiiduug smsliidmumilaviiu
() = 0.001 Alaniuvang x JuW

- amugwasigaduluvegadunuundis (L) = 0.05 ums

- milvespedunl (1) = 0.0075 NS

- minvesiagadu (W) = 0.004 Alan3u

- Sarmslvavesdfennifiauug (Q) = 8.3333x10° gnunriumssiedun
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- AruuWuYBsesasateddeaiituug (p) = 950 AlaniuregnuiAnung

- ﬂumw14'1u1iuﬂao%g14ﬁ'aﬁ‘]m%’v p,= 457.17 AlaniuregnuiAniang

- AIATAMUTBTLUIIIgAS &, = 0.4 (35]
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