£\

ol Umuﬁfﬁmﬁuauyﬁfﬁ
A
1309

U 1A 6 P~ 6 & > (<97
BRI G IR RIEY aumumaiavlumﬂumg]@eﬁu
Iuiwmﬁa@@sﬁu LLUUW@SVLWELW

(Adsorption Behavior of Montmorillonite Clay

in Fluidized Bed Column)
lag

(<97 ;A Qs cg’ a
NE.AT. TAUITIDH (’Jyjas"fma@) Nusdlnua

Qumﬁuf 2552



T TUNLAUN RSA480002
M mm’if{]"mﬁmwysfﬁ
1584

U a 6 a 6 = %2 %
mﬂ‘*nl,l,i@mwau@uasaiavl,u@Lﬂum@wu
1uszuu1aagwﬁ'mmuvxlgﬁ"l,@fﬁm
(Adsorption Behavior of Montmorillonite Clay

in Fluidized Bed Column)

Tay

a 6 o £

NA.AT. TABITIO AuadsIaa) eI lnua
RUNATIIAINTINLAN FIHNITIIAINTINFFGT

UAINLIFLN ﬂIuIaﬁqmﬁ . UATINTRIN

aﬁum&unu’i%’ Uimﬂﬁ%ﬁﬁfmmﬂamuaﬁfu mg;umu%% ¢

(anuAnluMsnuiLdueeside ani. dududesiudroianaly)



UNAAL
TWAlAIINT: RSA480002

zalasons: milfuihunauduaialalud (Montmorillonite) 1Hudgaduluszuuna

o a 6
(Z}WIT‘]JLL‘]J‘UWQE’JVL@%LU@

Fawnive: NEL A7, IAUITITH (‘313@5&5’&?7) Vasalnua
siTiaanTsaei amanmaonaluladgsuni
11 DAMAINGNAY A, FIUT 8.14089 LUATTEN
Insdnyl 081-8668463 In38n3 02-9020597

E-mail address: ratanawan@teacher.com

a v .;’; Jdv 6 dll = 6 a < = 6 a 6
NWIBATIRIAY Uz Lwaﬂﬂmﬂmﬂgmsmwga"[mwumaaLLi@uwauwamIa"Lu@
mﬂlu%ag}@sﬁ'u LLa:ﬁﬂ‘mmmmmmLLazﬁ'@ummﬂ"ﬁLLiaumauﬁua’%aIa"Lu@ﬁﬂuﬁag@sﬁ'ﬂm:uu
wegaduuuuWgdladiva ushuneuduaialaludiduaslminnegiivn-aine Haudalunigady
166 uaziiuizghuuldlusrumdddinegn dwivuitnuendusialaludnltlunuidotaziu
LLiauuam‘Tua’%aiavluﬁﬁﬁm‘sﬂ%’uﬂ@aqmauﬁ'@mao‘ﬁuﬁﬁaﬁmﬂm % HCI waz H,SO, tiNatvulsey
&ND mwsl,umsg]@f»ﬁ'ums INUIWN Ashapura Volclay 311@

a A & a & a & Aa o &
msmaaaLiumﬂmsqLn@uwauwasaiavlumﬂumwga"l,ﬂsmmmmumuﬂuﬂﬂmomﬂlu 4 cm
LLa:mwgwamamﬁﬁu 50 cm ﬁnLLiauﬁ“nm@LLa:ﬂ%mmsiNﬁ'umﬁ"anSVL@LSﬁ%'u@T’mﬁw Wi
é’fqLﬂ@;ﬂi’]ﬂgmitﬁwQEVL@Lsn%'umadLLiauLLaz@%Lﬂ@mﬂ"}mmL%’J@‘hqmaamnﬁwlg%vlmsnfu (Upe)

1 1A 6 a 6 a Aal < % 1 c; U
mnmwmad‘wmﬁLLi@u&lau@mamiﬂu@mmmm@ﬂgavlmmulumaammvl@ las@n U, N1bd31n

Ié/ Qs a =) W 1 v 1 1 { U
msmaaﬂwuﬂwm@LLa:ﬂsmcwuamwuslu%ag]mu wazazddasningr U, Akeannms
, , . o, X o
AWIMNNENNTIVEY Ergun  UWASRNNITVEY Riba UWAAILANEIBTEIINNVDILLALYUNLTWIALRE
ﬁmﬁfﬂmami’aummlumgwﬁ'ﬂ ﬁm%’umimmﬂﬁwaaLU@lumimaaaLﬁ@Lﬁ@WgE"Lwn"ﬁ'uﬁwa

(Y o o o . . A ' = o a a
ROANAINLANMNUIUNUTVAY  Richardson-Zaki mammsnmmmnmnq@mwaamsmwlgavl@
LB (U) WaTAITIANITVENEAIVBILA (n) NMINAaadle sudtauludualar nsnszanuen

~ { q, J [ et :’ {
°11a<1°11aaufumawaammlum@ﬁﬁmﬂmﬂmazﬂnuagJJmJamwmﬂmmaamﬁlﬂumimaaa

& . A & a & Q) e @ A a < a &

mnuumLLmuuaumasaiavlu@mLﬂu@]ugmsﬁUﬂi@aa;Jﬂmlmzuumuaﬂmwm\lga"l,mi
LWANUIN LLiauuauﬁua’%aIaM@TmmmﬁmnLfluéhg]wﬁ'um@%aﬁﬂaaﬂmm‘hvl,ﬁ Iwmami@@sﬁu

NIAHINAVDIUIAUNOUANDTA LA L6 LITUUNZWL N ﬁgﬂuuumig@fﬁmﬂmmu Langmuir Isotherm



e a a 1A a I&’ [ 1
LLa:mwmmsnlumi@mum@muﬂmaaLLmuuau@Tuasaiavl,u@l"lmwunzvlmuagﬂwmmami
A dauwanwgwﬁ'unm%aﬁﬂmaaLLiauwau@Tua’%aiavluéslmwuwQSVL@%L‘U@‘WMW AMURINITD

o a a =) =y J 1 a a % %]
msgmuﬂmmuﬂmadLLSﬂuwau@TaJasaiavl,uﬁa:wagﬂuﬂimmmaduwﬂumgmu AAIINT AR

v v AI v 1 |&/ et a
VNRIINSRNULNSAIMNLVNUDULINA WD DIRIIRERY LLG]VI,N%‘I/LT’ITIJ"IJMWWD BILIN

AAAN: Montmorillonite Clays; Fluidization; Adsorption; Humic Acid; Wastewater Treatment



Abstract

Project Code: RSA480002
Project Title: Adsorption Behaviour of Montmorillonite Clay in Fluidized Bed Column
Investigator: Asst.Prof. Ratanawan (Wibulswas) Kiattikomol, PhD

School of Chemical Engineering
Suranaree University of Technology, Nakorn Ratchasima 30000
Tel. 081-8668463 Fax 02-9020597

E-mail address: ratanawan@teacher.com

The thesis aim is to study the behaviors of Montmorillonite clays in a fluidized bed column
and to use Montmorillonite clays as an adsorbent in the fluidized bed system. Montmorillonite is
smectite clay mineral based on alumino-silicate structure. This clay is well known for its adsorption
properties, low price and availability throughout the world. Montmorillonite, modified by inorganic
acid (i.e. HCI and H,SO,), from Ashapura Volclay Itd., was employed as the bed material in this
research.

The behavior of Montmorillonite clay in the fluidized bed system was investigated in a
fluidized bed column with I.D. of 4 cm and height of 50 cm. Water was used as the fluidizing liquid.
Then, the minimum fluidization velocity (U:) was observed with different particle sizes and weights
of Montmorillonite. The experimental results showed that the fluidization of Montmorillonite in liquid
system was possible. The experimental U,; did not depend on particle sizes and weights of
Montmorillonite and it was lower than the calculated U, by Ergun and Riba equation because the
particle sizes in the fluidization process decreased with time. The void fraction of the bed strongly
depended on the clay particle sizes and weights. The terminal velocity (U;) and expansion index (n)
in the fluidized bed were well determined according to the Richard-Zaki correlation between the
superficial velocity of the feed stream and the void fraction of the bed. Dispersion in liquid, solid
phase and Bodenstein number (Bo) were found to depend on the liquid flow rates.

The adsorption of humic acid from aqueous solution by Montmorillonite was investigated in
fluidized bed and, for comparison, in batch mode. The results indicated that Montmorillonite could

be used as an adsorbent of humic acid from water. Batch adsorption experiments showed that the



adsorption isotherm fitted well with the Langmuir equation. The adsorption capacities did not
depend on the clay particle sizes. For the fluidized bed adsorption, the adsorption capacities
depended on the clay weights, flow rates and initial concentrations of solution but did not depend

on the clay particle sizes.

Keywords: Montmorillonite Clays; Fluidization; Adsorption; Humic Acid; Wastewater Treatment
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Humic substances

Mechanisms for the formation of soil humic substances
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2.4 NFZVIUMIQAYGY (Adsorption)
2.4.1 MUNNYBINIATY
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2.4.2 ﬁ?@ﬂ“fﬁj (Adsorbent)
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MMIUITVVAATUVDAUNAY
q = f(C, T, adsorbent, adsorbate) (2.3)

[l Y
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2.4.4 aumslelaiisunsgadu (Adsorption Isotherm Equations) 1u5zungadiy

VDA

'
~ v 9 o o

ﬂ?lﬂmﬂl@ﬂﬁl@lﬂazﬁTEJGI,UET”ISQS’JE“‘HEmﬂﬂﬂﬂCH‘]Jﬂ’JEJ@]TJ@@%‘]J W”Illgl}ﬁ]"lﬂﬁﬂﬂﬂilila

£l u u

]
1 U = % v % 9

a13lasdedndaignazareiivine lnnasazategngadueguudlgady uaziliuadagn

£l u u U

] ]
v A =

azaefigngaduNanzauganguuginiiziinnuduiusiuanududuvesaisazats

G

nazsmadigaduiladasli (McCabe, Smith, and Harriott, 2001) Ha@aeaaunsi (2.7)

_ (Co — Ce)v

e 2.7
m

We  q = UTnuagnaaduuuEmIvesdIgaFuNduanaInITgatl (mg/g)
Yy 9 A g
C, = ANUANVWTUAUVDINTAZAY (mg/l)
C. = ANuNTUVBIEmITazawNANganaINIRATY (mg/l)
v = smnasvesmsazane (1)
Y
m = MINYBIAIGAT (g)

2.4.4.1 Linear Adsorption Isotherm
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AUNTAIL
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C. = anududuvesdignazaeNauganainIsqady (mg/l)
4 ' v
K, = auilsansnisuanug (Distribution Coefficient) N30A1R9N Henry’s Law

(Henry’s Law Constant) (I/g)
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2.4.4.2 Langmuir Adsorption Isotherm
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b e (2.9)
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Y 9
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9 9 > = o o
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3EUIN C/q M C, AU (2.10)

(2.10)
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2.4.4.3 Freundlich Adsorption Isotherm
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1 A ad . Y 9 v o 1
mmﬂuﬁumﬂai%mmmm Freundlich ﬁ"liJ’]iﬂW’lllﬂI@fJﬂ’lf!"(fff!”Nﬂﬁ’W\lﬂTliJﬁiJWHﬁigﬂ'J'l\i

=< R ™y =L ~
A9NNITNUUD q AUADNNTNUUBDN Ce AMIUTUNITN (2.12)
1
log(q) = log(K;)+—1logC, (2.12)
n

2.4.4.4 BET Adsorption Isotherm
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a4 C/C, 2.13)
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A J {1 [ 4 '
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[ 2.14
C.-Cl a, a, 219
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2.5 vlgd laditua (Fluidized Bed)
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Aq Yo 1 a J Y Jd v ' 9y 9 dy ' A a
mgnldiigd laguanulsingmssiasnanndreduil msiznluvazima
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Wgd lassu oyninvedsnussyogluneszimsndoulvinszdanszaneludnyus

HYIUARY Lazlinuantia luns 1and1evead (Thomson, 2000) (HDNOININNOUDNIL
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(Harriott, 2003)
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252 annzdmiungd lam iy (McCabe, Smith, and Harriott, 2001)
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2.5.4 Wgdlatuveseymadmgaduluszunveaial (Thommes, 1997)
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Minimum Fluidization Velocity : U_) #mn3nauan Idananuduiusuea Riba et al. (1978,

quoted in Thommes, 1997) Ao
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1999) HAAIANNANIWUT IAdaaunIsn (2.28) WUANUAUNUTTEHNUAYFIUFDII VD IUA
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(The Void Fraction of the Bed : €) NUANNITIVOIVDUKAT (The Superficial Velocity : U) 1@
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InU =InU, +nlng (2.29)
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(1_80)

L=L,
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(2.30)
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1w J o w Y A~ Y v o ' A o
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19 ¢, 1ag ¢ ADAUABAIUVDIVOILUINANUGAUUA L tag L, 49 ¢, = 1-€ (Chae, Yoon, and

Ryu, 2004; Lee, Kwon, and Ryu, 2006)

L_¢ 2.31)

)

Y tda A a ] Al J
2.5.5 falshfidnswasengAnssumsgaduluszuungd lagiuaveaiad
PIN3ZNAIVDIVBUHA?
@ a 4 2 Y <
MsnszaealvedveuralImeluszuugd ladiaszinegiunuiives
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Bo — (2.32)
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INAANVYBIBYNIA (The Particle Peclet Number : Pe ) ilo U,=Ule

Pe —_° P (2.33)

v o d 1

Tang 148 Fan (1990, quoted in Thommes, 1997) I@euennuduiusuaen

o Aa | oo ' ' =< 3 Y
AUAVNALANUDIDUNANNIWIUUASUANNHUULUUA (pp ?chluﬁlﬂ\i 1040 D9 1300 kg/m") ll'J

AaaUMITN (2.34)

-2.637
Pe, = 0.23(%] P (2.34)
|
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d‘ v o 4 v o J=R A o A
3519 2.12 Bo (dydnwaina) uay D, (Fyanvalny) 1A annaunisn (2.32), (2.33) uag

U ax,l

(2.34) fumanuEvesveurarilFlumsgaduluszuuvgdladiua doyams
MENNVBIAIYATY : D, = 274 pm, p, = 1,143 kg/m’, U, = 4.4X10”° m/s, n = 4.7)

(Thommes, 1997)

MINITUAIVBIVO TS
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mﬁmaaummmmgmﬂm@mmmﬁl“lummﬂumwm“lmﬂﬂmmumma
1 A [ a 4 [
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1 % 3 a ' J
VUMD FIUNITNTLAIVDIVB VTV T ua Ul
=\ = o Y A Y ] a 4
umiﬁﬂymmauuaammnumiwﬁmmaumﬂiumiumﬂnmmmﬂga"lw
1A Al Dibouni 182 Garside (1979, quoted in Thommes, 1997) fJ‘E‘]meiNﬁiJGUfJ\‘I’OHﬂMGLu
a 4 1 Y] 1 1 o [V 1
wgﬁ)”lﬂcmumnﬂumiﬂizﬂauﬂummmymummgmﬂmwawumuﬁ’auuﬁa DATITIUUDN
A 1A @ 3 A A 1 a 4
GuumaHmﬂﬂﬁmummﬂumgmﬂmmmaﬂm;fﬂLwmzmﬂazmmmﬂqaklﬂmm ag
[ a Q( o < g (Y 1 1 1 Q 1 1
AulseansNITNT ATV IV ILU Dax’p ﬁu@qﬂmﬁymu%mmwmmﬂ cdlﬁmmymu
1 Y
FOIINWNUDIUUA 0.7 %Glﬁjmiﬂizmﬂﬁi]q\i?m G'ﬁwaﬁ%mﬁauﬁ’u Kang et al. (1990, quoted in
{ &
Thommes, 1997) (48 Yutani et al. (1982, quoted in Thommes, 1997) ﬁLﬂl&éﬁﬂﬁl&ﬂﬁﬂi%W
@ o [ <3 { 1 1 1 [ ]
mqaqﬂmwsmmuﬁ’aﬁﬁmymu%mmwmmﬂ@gﬁlumqﬂaN (Dp = 1-6 mm, P, = 2,500

kg/m3 uazmydaummeumﬂﬁlwﬁmmu) ﬁm%’u%’agamm Van der Meer et al. (1984, quoted in
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A A 4 § o A 4 { <
Thommes, 1997) WUIA1 D, 1iNTUIHESAT M3 InavesveunauiuIu Neymavia@an
HASANUNLILUYBIBYNIANBENTT (Dp = 500720 pm, P, = 1,200-1,400 kg/m’) 1A Van der
v o Jdo [ { 1
Meer et al. Uag Kang et al. JAtruoanuduiusdvmsy b, Moz ldszmnaummswanvod

voudelumsgadu Taonud@usiusued Van der Meer et al. werAsdaausfi (2.35)

D, , =0.04.U"* (2.35)
uaxﬁumi‘ﬁ'ﬁuauaiﬂﬂ Kang et al. l,mmﬁmnmiﬁ (2.36)

D,., =2.97x107°- (U +U )*** (2.36)

ANNLANAIVBIADITUMITINAUAD Kang et al. 1FdmSuduiameal D, ioouniad
1 o 1 [ @ { 1 o a 4
YA 9] U dIU Van der Meer et al. Iam3inizaiealvoseymantymaaanuluvgs ladm

e

2.5.6 MsulanguayMInVewdaszinnra (Powders) N Tumsinangd ot ua e
Malag Geldart (Gupta and Sathiyamoorthy, 1999)
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(Gupta and Sathiyamoorthy, 1999)
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@319 3.1 VUIAY0IYUNIAN Mesh No.a 4 ) tazvuiaoymamasi 4 lunsnaans

Mesh No. YHIABUNA (mm) VHNABYNIANAY (mm)
18 1.00
0.80
30 0.60
0.51
40 0.425
0.34
60 0.25
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A A~ a 4
3.4.2 1n59de N UMInNTIVIATIZHAG q

3.42.1 1A309 Automatic Surface Analyzer iu ASAP 2010 U9 Micromeritics
A dy Aa 1a 4 a S X 1 A
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3423 1n504 X-ray Diffractrometer (XRD) j:u Bruker D 5005 System Won
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3424 1509 X-ray Fluorescence Spectrometer (XRF) ﬁq 1 ED 2000 U84 Oxford
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3.4.2.5 115097AN159ANAUIAN Spectronic 20 1B IANIIANAULAIVDY
IazaenNIAgINn
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3.43.2 NIASINAVINUTHN Fluka 3109

g’ A Aa o = = :j A I g}
3433 ‘LﬂﬂﬂJ@]i”liJTiTJVIEﬂaEJWIﬂIuIﬁEJQ’S“L!"I'E (U1auas1 une) 1w R.O.

a

(Reverse Osmosis) 1A1M511 191 (Conductivity) og1u313 11-17 pS/em Ngmwgil 28-29 °C
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! wa 1a 4 a s a a o
Vni"lﬂ‘ﬁ 3.2 ﬁ'ﬁJUﬁ‘ﬂNﬂWﬂﬂTW"U@\‘lL!ﬁﬂuﬂ@uﬁﬂﬂiﬂiaqu@ﬁﬂﬁﬁTﬂﬁl‘]Ji‘H‘Vl Ashapura Volclay

9119
Bulk Density (kg/m’) 1,300 — 1,900 | Micropore volume (cm’/g) | 0.010966
True Density (kg/ms) 1,385 % porosity 34
BET surface area (m2/g) 274.1669 % moisture 6
Pore diameter (A) 55.4475 pH 3
Particle size (mm) 0.25-1 Color light brown
Interlayer spacing (A) 15.764

d‘ < =} 091 Y 12 4 a s a a o
M3199 3.3 89RdszReuManll (% laenimiin) yeausauueuaNeIa la luannan IasusEn

Ashapura Volclay N4

Na,O 0.000 K,O 1.236
MgO 0.747 CaO 1.085
ALO, 11.468 TiO, 2.165
Sio, 71.139 Fe,O, 9.155
Loss of Ignition 3.005
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a 3 3’ 4 3’ ' a 4 3
3.5.1.6 Wailminieliihwiomsazare lnannduavesrongd ladiuadn
1 @ a J o 1% s I
gamuu uazlvasenaindmengd ladiua dmsuginseinldlumsneassi luawisold
A g v v ' o A v ) Y A 1a =
nseviannuaniadinnuauiasomuavuziinisnaaceld iesainusauazinigis

o a Y A A Y
ﬂigfl]’]fl"’umgw’]ﬂ’ljwﬂa@Q@’mlﬂ@ﬂ’ﬁ@ﬂﬂ’]\jﬂ’]ﬂiu!ﬂiﬂqnaqﬂ

Al o a d a d o
352 mynaaesngdlatuvensauneunneialaluduazmiimainsigaves
m‘jlﬁﬂﬂ’gaulﬂwf H (Minimum fluidization velocity : U )
12 4 a o a o
3.5.2.1 vssquiauneuauesalaluduuia 0.8 mm 1w 10 n3u asluwe
a 4
Wgd ladiua
a qa,;‘ 4 v 9 ~
3522 aadegilnsaimuiinven 3.5.1
9y
3.5.23 shmsiaguugliveairldlszanm 30 °C
d Y Yy Y

3524 swmanuguuaisudu 1niulioszausasims lvaveniidaua o

U 600 ml/min W OURDFUNAGNHUZNMITIAADUR IV AVAUAZETUAINNNGIVOUDANOAT
3 Y o K £ 1w :I ~ IS < g’ Y v
m3 liatiy q udniufinowa Famdasms Inaveshaunsanlasuiuanuiivenirlads
& g Ao qw a2 o S
paaalumsnen 3.1 Taganuiirvenihnim e ymansausuiinsaasudiiinuuane
~ 1 3 o a a o
Fondn aAnuEIdgaveImsnangd lawdu (U, )
= a J a I 1A
3525 ulaguvnaveansanueuduesalaluadn 2 A1Ae 0.51 1az 0.34 mm
Y 4 H
1A1MMINABITINUTUABUN 3.5.2.1-3.5.2.4 AUE WY
= a 1A o a & A Y A
3.5.2.6 navwlsmavewsauvoudueialaluaisududn 2 A1 fo 15 uag 20

b 9

AU 1A IINMINARDIFINNIUADUN 3.5.2.1-3.5.2.5 AIUAI9L

Y
%

4 1 3 a Y o a a 1
ﬂ1§1\1‘ﬁ 34 mmmummmummmﬁ G]i1ﬂ'liul1/iﬁl°lf\1ﬂiﬂ'lm@1\‘l 9

5ﬂi1ﬂ1ﬁulﬂﬁlsllﬂx‘11§1 ﬂ'J13J!§'JsllﬂQﬁ1 5ﬂ§1ﬂ1’511?‘i§1611931§1 ﬂ?]ﬂl!gﬂﬂl@\i{i1
(ml/min) (m/s) (ml/min) (m/s)
0 0.00000 250 0.00331
50 0.00066 300 0.00398
100 0.00133 400 0.00530
150 0.00199 500 0.00663
200 0.00265 600 0.00795
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A543 9 mnsganauatziludadiulaens i uA1INE1IVEINIUAUNAT (Light  Path
Y 4 '
Length) HazAMUduduve9a151iu 9 Auiunaiiaoad ua1saza1eazgnaiinianinm
Wuduluglvean15doar1u (Transmittance)  ¥30 AIN1TAANAUIUEAT (Absorbance :  Abs)

9
A o

A A Aq YA . 'S o 7 as o =
150N 1% Ao Spectronic 20 (Van1n3l 91324, 2545) WM TANAU
3.53.1 1938@150210NTATINANIATIUNLANUINYY 500 mg/l

= A a Aax Yy 9 1 A 1 1
3.53.2 1938081302 A18NIAFILANTANUIUIUAI ) Nog1UFI 0 -400 mg/l

Tagldanuduiusauaunisn G.1)

C\V, =GV, (3.1
4 y gy A g a a
o  C, = ANNINTUSUAUURIATATAINIAFTINANIATFIU (mg/l)
v, = 1Siasvesasazatonsagriininsgiuidesls (ml)
9 9 a a Ay
C, = ANUINIUVIAIIALAIBNTATINANADING (mg/l)

a a Aa { o
/331059891582 A19NTATINANABINTIAG N (ml)

<
Il

[}

3.53.3 MIMsianIganaunasdieinTed Spectronic 20 Taosududaani
fJTJﬂEd;u 400 nm

3534 timbauan wna lalufing (Cuvet) 189n@ Set Blank

3535 Masazaeningainfieion3Aanuduiuais q 1 Tan
Absorbance Tagndan1nns Saudaznsadosiniauns1 una uimaliazen udnaadie
asindiaae iz ia

3.53.6 1M1 Absorbance #i 149105 Iafianudusuvesnsadafind1a q 1
3190519119391 (Calibration Curve) Faaaadagii 3.2

3.5.3.7 13wé’faafim‘?is?faqmiﬁ’ﬂmﬁwmiﬁ'ﬂms@ﬂﬂﬁuum udufeununsl

AT AN UTUVDINTABIIA
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ANMVNVUVDIANTAZAY | Absorbance | ANMUNVUVDIAITAZAY | Absorbance
N15A33%A (mg/) N3n3INA (mg/)
0 0.000 150 1.060
25 0.176 175 1.240
50 0.358 200 1.409
75 0.536 250 1.755
100 0.699 300 2.114
125 0.884 400 2.781
3.0
25
y=0.007x
o 20
£ R’ =0.9998
) 1.5
s
2 10
0.5 |
0.0 T T T T
0 100 200 300 400 500

AMMANYHVDIAITALAIUNIADINA (mg/l)

ATIAsTIUANUF VTS ST A NuTLT U IEITaT 18N IAGIIANL

AMIAANAULLE (Absorbance) IAWH1IATY 400 nm

[ a A d a
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1 a J a J a Y]
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3544 Wi@1sazateNodaiuuuyInINITIanisaanauuad udliian
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A Y = o A Yy 9 a a
Absorbance ‘Wllﬂll'lﬂ/]EJ'IJﬂ‘]Jﬂi’W\lll’]G]ii’lu!WﬂW’lﬂTﬁJl"UNmu"U@\iﬂﬁﬂajuﬂiu’ﬁ'ﬁaga']ﬂ
Y A

3.5.4.5 MAMTNAADIEININIUADUN 3.5.4.1-3.5.4.4 e aguvUIAUDIT A

4 a I 1A
uaumaiaTa"lumaﬂ 2 199 0.51 tag 0.34 mm

(v a A a d a Al J
3.5.5 MINARBINIIATUNIABIIAAIENIAUNEUANEIala ludluszuLgdlatiua
vouHad
12 4 a o a o
3551 UssuIAuNOUANesala luduuIa 0.8 mm USwm 10 05y asluwe
a 4
Wgd ladiua
a qa,;‘ 4 v 9 ~
3.5.5.2 aadegilnsalaninten 3.5.1
3.5.53 1938a1502A18NTABINAANMTUTY 25 mg/l
3554 USudaiims lvavesdsazaieningidnil 50 ml/min
3.5.5.5 Junauleyazatensagilanduraivoymausaunielunengod-
4 & a a a 4 & o v
ladiua uazieensazarensndrla lnasensinvelgd lasiamnudiedann 9 15 ml wiow
z L= Y a % 1 09.:’ o w 1 Ay ¥ o Y 1a A
natiufinnar a1dsmasaaede 720 ml mimiuhaeded ldunih Ideusaunisnsz e
9 U
pglumszasanaznoulasne 13 1¥anaznou 48 411us ez a1 pH vesa1sazatenn 9 150

ml

3.55.6 W1@1TazatenogaIuuULININITIAnITAANAULAY HA211A1

U U

A

Absorbance 7 launiisuiunsvlinasgiuiemanuduIuvesnsagliialuasazais
Y Y v v
3.5.5.7 MIAITNAADIEININIUADUN 3.5.5.1-3.5.5.6 s asuvuiaveausau
4 a I A
WOUANDTA 1A lUADN 2 VUIAAD 0.51 1AL 0.34 mm
v Y v v
3.5.5.8 NINMSNAADIFINIUADUN 3.5.5.1-3.5.5.7 uslasudTuaveausau
4 a =) L= [
WoUANDTa la ludAon 2 M. 15 1az 20 A5
Y Y v
3.5.5.9 HINTNAADIFINNTUADUN 3.5.5.1-3.5.5.8 uASUTAT1AT IMavoq
1502a18NIAFIADN 2 AR 100 LA 150 ml/min
Y 9 v ]
3.5.5.10 11N1TNAADIFINIUIUADUN 3.5.5.1-3.5.5.9 uattasuauidudu

FUAUVDIAITAZA1BNTAGINADN 2 AIAD 50 1AL 100 me/l
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3.6.3 MIgadunsadlindIeusAauueuaneIalaludluszuvgdladiua

3.6.3.1 afunilanuduiussyninnududuvesnsadaiinvieoniy
USinasvesasazaensadafiavieesnazay e dins s uuunsgadunsadiinve s an
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7(%) = CC—_C x100% (3.2)
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o a a A d‘ [ 12 4 a 4
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a J A 1 A A a 1a J a J 1 @
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_ o 3.3
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Yy ¥ A g a A
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(=]

Yy 9 a A
=  ANUUINIUVNNTATINAVIDDN (mg/l)

YS1Na5U99a108 19 MAVIIAY 15 ml (0.015 1)

£ < A
Il

g‘ v Aa g
= WU UNTUAUVDUUA ()

A1AUNVDIAI0E19

e
Il

[ a A 1a 4 a
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vwtiwn VUIAVOI g 42 2INNINAADI
BUAY (NFW) HAY (mm) mU, U, (m/s) U, (m/s)
0.80 -5.88 0.00279 0.00133
10 0.51 -6.18 0.00207 0.00133
0.34 -6.10 0.00224 0.00133
0.80 -5.82 0.00297 0.00133
15 0.51 -6.08 0.00229 0.00133
0.34 -6.38 0.00170 0.00133
0.80 -6.26 0.00191 0.00133
20 0.51 -6.20 0.00203 0.00133
0.34 -6.25 0.00193 0.00133
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M3 4.2 M U Nlaninminaass uaza1 U A lannmsduia uazAnebauseeing

d‘ 9 o d’
YDAUUA (€) ﬂhlﬂﬂ']ﬂﬂ'lﬁﬂ'luﬂmﬂ'lﬂﬁﬂﬂ'ﬁﬂ (2.17)
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SudY (05) | u3aAY (mm) 10MS AUMIVDY | AUNMIVAY
GGRN Ergun Riba
0.80 0.00133 0.01351 0.00198 0.681
10 0.51 0.00133 0.00626 0.00127 0.662
0.34 0.00133 0.00220 0.00086 0.617
0.80 0.00133 0.01187 0.00198 0.655
15 0.51 0.00133 0.00547 0.00127 0.641
0.34 0.00133 0.00193 0.00086 0.599
0.80 0.00133 0.00968 0.00198 0.617
20 0.51 0.00133 0.00427 0.00127 0.604
0.34 0.00133 0.00125 0.00086 0.541
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Mastersizer D Ver. 2.15 Serial Number 33544-156 494 Malvern Instruments Ltd. tHo1i115au
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Result: Histogram Table
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ID: pt 0701/50 Run No: Measured: 4/6/107 9:53PM
File: PRASIT Rec. No: Analy sed: 4/6/107 9:53PM
Path: C:\SIZERS\DATA\ Source: Analy sed
Range: 300RF mm Beam: 2.40 mm Sampler: MS17 Obs": 15.0 %
Presentation: 30OHD Analy sis: Polydisperse Residual: 0.522 %
Modifications: None
Conc. = 0.0154 %Vol Density = 1.000 g/cm”3 S.S.A.= 1.1217 m”"2/g
Distribution: Volume D[4, 3] = 23.73 um D[3, 2] = 5.35 um
D(v, 0.1) = 2.73 um D(v, 0.5) = 18.92 um D(v, 0.9) = 48.19 um
Span = 2.403E+00 Uniformity = 8.167E-01
Size Volume Size Volume Size Volume Size Volume
(um) Under % (um) Under % (um) Under % (um) Under %
0.055 0.00 0.635 2.10 7.31 24.66 84.15 98.19
0.061 0.00 0.700 2.23 8.06 26.45 92.79 98.49
0.067 0.00 0.772 2.37 8.89 28.34 102.3 98.67
0.074 0.00 0.851 2.55 9.80 30.38 112.8 98.89
0.082 0.00 0.938 2.76 10.81 32.60 124.4 99.11
0.090 0.00 1.03 3.02 11.91 35.01 137.2 99.28
0.099 0.00 1.14 3.33 13.14 37.67 151.3 99.46
0.109 0.01 1.26 3.71 14.49 40.59 166.8 99.63
0.121 0.02 1.39 4.17 15.97 43.79 183.9 99.77
0.133 0.03 1.53 4.71 17.62 47.28 202.8 99.87
0.147 0.04 1.69 5.36 19.42 51.05 223.6 99.94
0.162 0.07 1.86 6.10 21.42 55.09 246.6 99.98
0.178 0.12 2.05 6.94 23.62 59.36 271.9 99.99
0.196 0.18 2.26 7.89 26.04 63.87 299.8 100.00
0.217 0.27 2.49 8.95 28.72 68.62 330.6 100.00
0.239 0.39 2.75 10.09 31.66 73.36 364.6 100.00
0.263 0.54 3.03 11.31 34.92 77.89 402.0 100.00
0.290 0.72 3.34 12.60 38.50 82.09 443.3 100.00
0.320 0.92 3.69 13.95 42.45 85.87 488.8 100.00
0.353 1.12 4.07 15.34 46.81 89.13 539.0 100.00
0.389 1.31 4.48 16.78 51.62 91.85 594.3 100.00
0.429 1.49 4.94 18.26 56.92 94.02 655.4 100.00
0.473 1.66 5.45 19.78 62.76 95.67 722.7 100.00
0.522 1.82 6.01 21.35 69.21 96.86 796.9 100.00
0.576 1.97 6.63 22.97 76.32 97.67 878.7 100.00
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91191 0.51 mm

Result: Histogram Table
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ID: pt 0702/50
File: PRASIT
Path: C:\SIZERS\DATA\

Run No:
Rec. No:

11
82

Measured: 4/6/107 9:58PM
Analy sed: 4/6/107 9:58PM
Source: Analy sed

Range: 300RF mm Beam: 2.40 mm Sampler: MS17 Obs': 12.5 %
Presentation: 30OHD Analy sis: Polydisperse Residual: 0.382 %
Modifications: None
Conc. = 0.0124 %Vol Density = 1.000 g/cm”3 S.S.A.= 1.1299 m”2/g
Distribution: Volume D[4, 3] = 24.08 um D[3, 2] = 5.31 um
D(v, 0.1) = 2.71 um D(v, 0.5) = 17.79 um D(v, 0.9) = 47.70 um
Span = 2.528E+00 Uniformity = 9.103E-01
Size Volume Size Volume Size Volume Size Volume
(um) Under % (um) Under % (um) Under % (um) Under %
0.055 0.00 0.635 2.02 7.31 25.55 84.15 97.38
0.061 0.00 0.700 2.15 8.06 27.47 92.79 97.64
0.067 0.00 0.772 2.29 8.89 29.51 102.3 97.81
0.074 0.00 0.851 2.46 9.80 31.71 112.8 98.06
0.082 0.00 0.938 2.67 10.81 34.10 124.4 98.33
0.090 0.00 1.03 2.93 11.91 36.70 137.2 98.57
0.099 0.01 1.14 3.23 13.14 39.54 151.3 98.83
0.109 0.01 1.26 3.61 14.49 42.64 166.8 99.10
0.121 0.02 1.39 4.07 15.97 46.00 183.9 99.36
0.133 0.03 1.53 4.63 17.62 49.61 202.8 99.58
0.147 0.05 1.69 5.28 19.42 53.47 223.6 99.76
0.162 0.08 1.86 6.04 21.42 57.54 246.6 99.88
0.178 0.13 2.05 6.91 23.62 61.78 271.9 99.94
0.196 0.19 2.26 7.89 26.04 66.18 299.8 99.98
0.217 0.28 2.49 8.98 28.72 70.74 330.6 100.00
0.239 0.40 2.75 10.17 31.66 75.21 364.6 100.00
0.263 0.55 3.03 11.44 34.92 79.40 402.0 100.00
0.290 0.72 3.34 12.79 38.50 83.23 443.3 100.00
0.320 0.90 3.69 14.20 42.45 86.62 488.8 100.00
0.353 1.09 4.07 15.66 46.81 89.50 539.0 100.00
0.389 1.27 4.48 17.18 51.62 91.88 594.3 100.00
0.429 1.44 4.94 18.74 56.92 93.77 655.4 100.00
0.473 1.60 5.45 20.35 62.76 95.20 722.7 100.00
0.522 1.75 6.01 22.01 69.21 96.22 796.9 100.00
0.576 1.89 6.63 23.74 76.32 96.93 878.7 100.00
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File: PRAS

ID: pt 0703/50

1T

Path: C:\SIZERS\DATA\

Run No: 18
Rec. No: 89

Measured: 4/6/107 10:09PM
Analy sed: 4/6/107 10:09PM
Source: Analy sed

Range: 300RF mm Beam: 2.40 mm Sampler: MS17 Obs': 14.7 %
Presentation: 30OHD Analy sis: Polydisperse Residual: 0.425 %
Modifications: None
Conc. = 0.0138 %Vol Density = 1.000 g/cm”3 S.S.A.= 1.2617 m”2/g
Distribution: Volume D[4, 3] = 24.33 um D[3, 2] = 4.76 um
D(v, 0.1) = 2.54 um D(v, 0.5) = 16.04 um D(v, 0.9) = 45.80 um
Span = 2.697E+00 U nif ormity = 1.076E+00
Size Volume Size Volume Size Volume Size Volume
(um) Under % (um) Under % (um) Under % (um) Under %
0.055 0.00 0.635 2.30 7.31 27.67 84.15 96.26
0.061 0.00 0.700 2.42 8.06 29.78 92.79 96.50
0.067 0.00 0.772 2.56 8.89 32.04 102.3 96.75
0.074 0.00 0.851 2.73 9.80 34.47 112.8 96.98
0.082 0.01 0.938 2.96 10.81 37.10 124.4 97.22
0.090 0.01 1.03 3.23 11.91 39.94 137.2 97.52
0.099 0.02 1.14 3.56 13.14 43.01 151.3 97.88
0.109 0.03 1.26 3.96 14.49 46.32 166.8 98.26
0.121 0.05 1.39 4.46 15.97 49.85 183.9 98.65
0.133 0.07 1.53 5.06 17.62 53.60 202.8 99.03
0.147 0.11 1.69 5.76 19.42 57.53 223.6 99.35
0.162 0.17 1.86 6.58 21.42 61.63 246.6 99.61
0.178 0.23 2.05 7.52 23.62 65.91 271.9 99.80
0.196 0.33 2.26 8.58 26.04 70.27 299.8 99.92
0.217 0.45 2.49 9.75 28.72 74.49 330.6 99.98
0.239 0.59 2.75 11.03 31.66 78.46 364.6 100.00
0.263 0.76 3.03 12.39 34.92 82.11 402.0 100.00
0.290 0.95 3.34 13.84 38.50 85.36 443.3 100.00
0.320 1.15 3.69 15.35 42.45 88.16 488.8 100.00
0.353 1.35 4.07 16.92 46.81 90.48 539.0 100.00
0.389 1.53 4.48 18.55 51.62 92.34 594.3 100.00
0.429 1.71 4.94 20.23 56.92 93.76 655.4 100.00
0.473 1.87 5.45 21.98 62.76 94.80 722.7 100.00
0.522 2.03 6.01 23.78 69.21 95.52 796.9 100.00
0.576 2.17 6.63 25.68 76.32 95.98 878.7 100.00
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Q (ml/min) U (m/s) L (cm)
D,=0.80 mm D,=0.51 mm D,=0.34 mm
W=10g |W=15g | W=20g |W=10g |[W=15g |W=20g |[W=10g [W=15g | W=20¢g

0 0.00000 1.80 2.50 3.00 1.70 2.40 2.90 1.50 2.15 2.50
50 0.00066 2.10 2.80 3.30 1.90 2.50 3.10 1.60 2.30 2.80
100 0.00133 2.30 2.90 3.80 2.10 2.80 3.50 1.90 2.50 3.20
150 0.00199 2.50 3.00 4.50 2.50 3.30 4.00 2.40 3.00 3.80
200 0.00265 2.80 3.10 6.00 3.50 4.00 5.50 3.00 5.00 5.50
300 0.00398 4.00 4.00 9.00 6.00 7.00 9.00 6.00 9.00 8.00
400 0.00530 8.00 6.00 14.00 9.00 13.00 15.00 10.00 13.00 14.00
500 0.00663 12.00 9.00 20.00 13.00 16.00 21.00 15.00 17.00 22.00
600 0.00795 18.00 15.00 24.00 20.00 20.00 25.00 19.00 23.00 26.00
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WQAFUIIAY 1 nSY uazlIuiesvesasazarensad MY 100 ml tag

Auuan)snuniagiingegauudgedulaaingili v

D, C, Absorbance C, q C/q 1/q,, q,
(mm) | (mg/) (mg/ (mg/g) (g (g/mg) | (mg/g)
0.80 0 0.000 0.000 0.000 - 0.0244 | 40.984
100 0.247 35.286 6.471 5.453
200 0.550 78.571 12.143 6.471
300 0.930 132.857 | 16.714 7.949
400 1.331 190.143 | 20.986 9.061
500 1.839 262714 | 23.729 11.072
0.51 0 0.000 0.000 0.000 - 0.0185 | 54.054
100 0.276 39.429 6.057 6.509
200 0.576 82.286 11.771 6.990
300 0.928 132.571 16.743 7918
400 1.288 184.000 | 21.600 8.519
500 1.804 257714 | 24.229 10.637
0.34 0 0.000 0.000 0.000 - 0.0186 | 53.76
100 0.258 36.857 6.314 5.837
200 0.643 91.857 10.814 8.494
300 0.995 142.143 15.786 9.005
400 1.324 189.143 | 21.086 8.970
500 1.797 256.714 | 24.329 10.552
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3 o a Aa Y] a a 18 4 a S 1 4
ﬂ1§1\1ﬁ .3 Nﬁﬂ'li@ﬂ"’]ﬂ“ﬂLm%]JiZﬁ‘Vl‘ﬁﬂ'lWﬂWi@ﬂ"]ﬁJﬂiﬂ8’33Jﬂ6U€J\1LL§ﬂu3JBuﬁﬂ@iﬁiﬁquﬁﬁﬂllﬂﬂﬂ%‘l 9 Lﬁﬁ] C, =100mg/l, Q =100 ml/min A%

W=15¢g

No. | V D, =0.80 mm D,=0.51 mm D, =0.34 mm n (%) Adsorption Capacity

(ml) | Time | Abs C Time | Abs C Time | Abs C 0.80 0.51 0.34 0.80 0.51 0.34

(min) (mg/l) | (min) (mg/l) | (min) (mg/1) mim mim mim mm mm mm

0 0 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 | 100.00 | 100.0 | 100.0 | 0.000 | 0.000 | 0.000

1 15 6.09 | 0.027 3.86 6.10 | 0.019 | 2.71 557 | 0.019 | 2.71 96.14 | 97.29 | 97.29 | 1.442 | 1.459 | 1.459

2 30 6.19 | 0.032 | 4.57 6.19 | 0.017 243 6.05 0.027 | 3.86 | 9543 | 97.57 | 96.14 | 1.431 | 1.464 | 1.442

3 45 6.28 0.049 | 7.00 6.28 0.017 | 2.43 6.14 | 0.040 5.71 93.00 | 97.57 | 94.29 | 1.395 | 1.464 | 1.414

4 60 6.37 0.166 | 23.71 6.37 0.026 | 3.71 6.24 | 0.103 | 14.71 | 76.29 | 96.29 | 8529 | 1.144 | 1.444 | 1.279

5 75 6.45 | 0223 | 31.86 | 646 | 0.070 | 10.00 | 6.34 | 0.228 | 32.57 | 68.14 | 90.00 | 67.43 | 1.022 | 1.350 | 1.011

6 90 6.52 | 0.242 | 3457 | 6.57 | 0.161 | 23.00 | 6.44 | 0261 | 37.29 | 6543 | 77.00 | 62.71 | 0.981 | 1.155 | 0.941

7 105 | 7.02 | 0.260 | 37.14 | 7.05 | 0.223 | 31.86 | 6.53 | 0.288 | 41.14 | 62.86 | 68.14 | 58.86 | 0.943 | 1.022 | 0.883

8 120 | 7.13 | 0.289 | 41.29 | 7.12 | 0.264 | 37.71 6.59 | 0.292 | 41.71 | 58.71 | 62.29 | 5829 | 0.881 | 0.934 | 0.874

9 135 | 7.21 0.304 | 43.43 720 | 0.288 | 41.14 | 7.09 | 0.300 | 42.86 | 56.57 | 58.86 | 57.14 | 0.849 | 0.883 | 0.857

10 | 150 | 7.31 0.324 | 46.29 7.29 0.295 | 42.14 7.17 0.314 | 44.86 | 53.71 | 57.86 | 55.14 | 0.806 | 0.868 | 0.827
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W =15 g (A0)

No. | V D,=0.80 mm D,=0.51 mm D, =0.34 mm n (%) Adsorption Capacity

(ml) | Time Abs C Time Abs C Time Abs C 0.80 0.51 0.34 0.80 0.51 0.34

(min) (mg/) | (min) (mg/) | (min) (mg/) min min min mi mim mim

11 | 165 | 7.41 0.325 | 46.43 7.39 0.309 | 44.14 7.26 0.332 | 4743 | 53.57 | 55.86 | 52.57 | 0.804 | 0.838 | 0.789

12 | 180 | 7.50 | 0.326 | 46.57 | 7.49 | 0311 | 4443 | 736 | 0334 | 47.71 | 53.43 | 55.57 | 52.29 | 0.801 | 0.834 | 0.784

13 | 195 | 7.57 | 0327 | 46.71 7.57 | 0326 | 46.57 | 745 | 0346 | 49.43 | 53.29 | 5343 | 50.57 | 0.799 | 0.801 | 0.759

14 | 210 | 8.07 | 0.330 | 47.14 | 8.04 | 0325 | 4643 | 7.54 | 0350 | 50.00 | 52.86 | 53.57 | 50.00 | 0.793 | 0.804 | 0.750

15 | 225 | 8.16 | 0.339 | 48.43 813 | 0338 | 48.29 | 8.03 | 0.356 | 50.86 | 51.57 | 51.71 | 49.14 | 0.774 | 0.776 | 0.737

16 | 240 | 8.27 0.342 | 48.86 8.21 0.332 | 4743 8.12 0.366 | 52.29 | 51.14 | 52.57 | 47.71 | 0.767 | 0.789 | 0.716

17 | 255 | 8.40 0.354 | 50.57 8.30 0.343 | 49.00 8.21 0.372 | 53.14 | 49.43 | 51.00 | 46.86 | 0.741 | 0.765 | 0.703

18 | 270 | 8.47 0.366 | 52.29 8.39 0.344 | 49.14 830 | 0380 | 54.29 | 47.71 | 50.86 | 45.71 | 0.716 | 0.763 | 0.686

19 | 285 | 855 | 0375 | 53.57 | 849 | 0360 | 51.43 839 | 0383 | 54.71 | 46.43 | 4857 | 4529 | 0.696 | 0.729 | 0.679

20 | 300 | 9.06 | 0382 | 54.57 | 858 | 0370 | 52.86 | 8.49 | 0.403 | 57.57 | 4543 | 47.14 | 4243 | 0.681 | 0.707 | 0.636

21 | 315 | 9.15 | 0393 | 56.14 | 9.07 | 0.373 | 53.29 | 857 | 0.419 | 59.86 | 43.86 | 46.71 | 40.14 | 0.658 | 0.701 | 0.602

22 | 330 | 923 | 0393 | 56.14 | 9.17 | 0.389 | 55.57 | 9.06 | 0.413 | 59.00 | 43.86 | 44.43 | 41.00 | 0.658 | 0.666 | 0.615

23 | 345 | 9.32 0.403 | 57.57 9.28 0.397 | 56.71 9.16 | 0425 | 60.71 | 42.43 | 43.29 | 39.29 | 0.636 | 0.649 | 0.589

24 | 360 | 9.43 0.396 | 56.57 9.38 0.410 | 58.57 924 | 0418 | 59.71 | 43.43 | 4143 | 40.29 | 0.651 | 0.621 | 0.604
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W =15 g (A0)

No. | V D,=0.80 mm D,=0.51 mm D, =0.34 mm n (%) Adsorption Capacity

(ml) | Time Abs C Time Abs C Time Abs C 0.80 0.51 0.34 0.80 0.51 0.34

(min) (mg/) | (min) (mg/) | (min) (mg/) min min min mi mim mim

25 | 375 | 9.52 0.413 | 59.00 | 9.47 0.415 | 59.29 9.33 0.419 | 59.86 | 41.00 | 40.71 | 40.14 | 0.615 | 0.611 | 0.602

26 | 390 | 10.01 | 0.405 | 57.86 | 9.57 | 0411 | 58.71 9.42 | 0431 | 61.57 | 42.14 | 41.29 | 3843 | 0.632 | 0.619 | 0.576

27 | 405 | 10.08 | 0.421 | 60.14 | 10.07 | 0.423 | 6043 | 9.51 0.448 | 64.00 | 39.86 | 39.57 | 36.00 | 0.598 | 0.594 | 0.540

28 | 420 | 10.18 | 0.430 | 61.43 | 10.17 | 0.438 | 62.57 | 10.00 | 0.462 | 66.00 | 38.57 | 37.43 | 34.00 | 0.579 | 0.561 | 0.510

29 | 435 | 10.28 | 0.443 | 63.29 | 1027 | 0.446 | 63.71 | 10.11 | 0.462 | 66.00 | 36.71 | 36.29 | 34.00 | 0.551 | 0.544 | 0.510

30 | 450 | 10.37 | 0.465 | 66.43 | 10.37 | 0.453 | 64.71 | 10.20 | 0.467 | 66.71 | 33.57 | 35.29 | 33.29 | 0.504 | 0.529 | 0.499

31 | 465 | 10.47 | 0.463 | 66.14 | 10.46 | 0.464 | 66.29 | 10.30 | 0.474 | 67.71 | 33.86 | 33.71 | 32.29 | 0.508 | 0.506 | 0.484

32 | 480 | 10.57 | 0.463 | 66.14 | 10.54 | 0.464 | 66.29 | 10.40 | 0.475 | 67.86 | 33.86 | 33.71 | 32.14 | 0.508 | 0.506 | 0.482

33 | 495 | 11.06 | 0.462 | 66.00 | 11.02 | 0462 | 66.00 | 1048 | 0.485 | 69.29 | 34.00 | 34.00 | 30.71 | 0.510 | 0.510 | 0.461

34 | 510 | 11.17 | 0.475 | 67.86 | 11.11 | 0470 | 67.14 | 10.56 | 0.485 | 69.29 | 32.14 | 32.86 | 30.71 | 0.482 | 0.493 | 0.461

35 | 525 | 11.26 | 0.482 | 68.86 | 11.20 | 0475 | 67.86 | 11.04 | 0.486 | 69.43 | 31.14 | 32.14 | 30.57 | 0.467 | 0.482 | 0.459

36 | 540 | 11.37 | 0.478 | 6829 | 11.29 | 0463 | 66.14 | 11.14 | 0.492 | 70.29 | 31.71 | 33.86 | 29.71 | 0.476 | 0.508 | 0.446

37 | 555 | 11.47 | 0.500 | 71.43 | 11.39 | 0473 | 67.57 | 11.23 | 0.496 | 70.86 | 28.57 | 32.43 | 29.14 | 0.429 | 0.486 | 0.437

38 | 570 | 11.55 | 0.505 | 72.14 | 11.48 | 0.495 | 70.71 | 11.33 | 0.505 | 72.14 | 27.86 | 29.29 | 27.86 | 0.418 | 0.439 | 0.418
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W =15 g (A0)

No. | V D,=0.80 mm D,=0.51 mm D, =0.34 mm n (%) Adsorption Capacity

(ml) | Time Abs C Time Abs C Time Abs C 0.80 0.51 0.34 0.80 0.51 0.34

(min) (mg/) | (min) (mg/) | (min) (mg/) min min min mi mim mim

39 | 585 | 12.06 | 0.504 | 72.00 | 11.58 | 0.497 | 71.00 | 11.41 | 0.512 | 73.14 | 28.00 | 29.00 | 26.86 | 0.420 | 0.435 | 0.403

40 | 600 | 12.17 | 0.510 | 72.86 | 12.08 | 0.499 | 71.29 | 11.49 | 0.522 | 74.57 | 27.14 | 2871 | 25.43 | 0.407 | 0.431 | 0.381

41 | 615 | 12.25 | 0513 | 73.29 | 12.16 | 0.506 | 72.29 | 11.58 | 0.525 | 75.00 | 26.71 | 27.71 | 25.00 | 0.401 | 0.416 | 0.375

42 | 630 | 12.33 | 0.521 | 74.43 | 12.24 | 0.509 | 72.71 | 12.07 | 0.521 | 74.43 | 25.57 | 27.29 | 25.57 | 0.384 | 0.409 | 0.384

43 | 645 | 1242 | 0.528 | 7543 | 1232 | 0.505 | 72.14 | 12.17 | 0.525 | 75.00 | 24.57 | 27.86 | 25.00 | 0.369 | 0.418 | 0.375

44 | 660 | 12.53 | 0.525 | 75.00 | 12.40 | 0.508 | 72.57 | 12.25 | 0.531 | 75.86 | 25.00 | 27.43 | 24.14 | 0.375 | 0.411 | 0.362

45 | 675 | 13.04 | 0.530 | 75.71 | 12.48 | 0.509 | 72.71 | 12.34 | 0.537 | 76.71 | 24.29 | 27.29 | 23.29 | 0.364 | 0.409 | 0.349

46 | 690 | 13.15 | 0.536 | 76.57 | 12.56 | 0.513 | 73.29 | 12.43 | 0.541 | 77.29 | 23.43 | 26.71 | 22.71 | 0.351 | 0.401 | 0.341

47 | 705 | 13.24 | 0.530 | 75.71 | 13.06 | 0.514 | 7343 | 12.53 | 0.546 | 78.00 | 24.29 | 26.57 | 22.00 | 0.364 | 0.399 | 0.330

48 | 720 | 13.35 | 0.537 | 76.71 | 13.14 | 0.524 | 74.86 | 13.02 | 0.551 | 78.71 | 23.29 | 25.14 | 21.29 | 0.349 | 0377 | 0.319

Total (mg) 32.130 | 33.979 | 31.142

q, (mg/g) 2.142 | 2.265 | 2.076
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M319h A4 wansgaduLazsz@ninimmsgadunsagiinvesusauueuduesala ludniSuaeaie q e C, = 100 mg/l, Q = 100 ml/min Hag

Dp=0.51 mm

No. | V W=10¢g W=15¢g W=20¢g n (%) Adsorption Capacity

(ml) | Time | Abs C Time | Abs C Time | Abs C 10¢g 15¢ 20g 10¢g 15¢ 20g

(min) (mg/l) | (min) (mg/l) | (min) (mg/1)

0 0 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 | 100.00 | 100.00 | 100.00 | 0.000 | 0.000 | 0.000

1 15 6.10 | 0.071 | 10.14 | 6.10 | 0.019 | 2.71 632 | 0.020 | 2.86 | 89.86 | 97.29 | 97.14 | 1.348 | 1.459 | 1.457

2 30 6.17 | 0.127 | 18.14 | 6.19 | 0.017 | 2.43 642 | 0.015 | 2.14 81.86 | 97.57 | 97.86 | 1.228 | 1.464 | 1.468

3 45 6.25 | 0.290 | 41.43 | 6.28 | 0.017 | 243 6.50 | 0.021 3.00 | 58.57 | 97.57 | 97.00 | 0.879 | 1.464 | 1.455

4 60 6.34 | 0331 | 47.29 | 6.37 | 0.026 | 3.71 6.58 | 0.016 | 2.29 5271 | 96.29 | 97.71 | 0.791 | 1.444 | 1.466

5 75 6.43 | 0338 | 4829 | 6.46 | 0.070 | 10.00 | 7.07 | 0.021 | 3.00 | 51.71 | 90.00 | 97.00 | 0.776 | 1.350 | 1.455

6 90 6.52 | 0364 | 52.00 | 6.57 | 0.161 | 23.00 | 7.15 | 0.021 | 3.00 | 48.00 | 77.00 | 97.00 | 0.720 | 1.155 | 1.455

7 105 | 7.03 | 0380 | 5429 | 7.05 | 0.223 | 31.86 | 7.25 | 0.018 | 2.57 | 45.71 | 68.14 | 9743 | 0.686 | 1.022 | 1.461

8 120 | 7.13 | 0390 | 55.71 | 7.12 | 0.264 | 37.71 | 7.33 | 0.028 | 4.00 | 44.29 | 6229 | 96.00 | 0.664 | 0.934 | 1.440

9 135 | 7.23 | 0.404 | 57.71 720 | 0.288 | 41.14 | 742 | 0.028 | 4.00 | 42.29 | 58.86 | 96.00 | 0.634 | 0.883 | 1.440

10 | 150 | 7.32 | 0.422 | 60.29 | 7.29 | 0.295 | 42.14 | 7.50 | 0.040 | 5.71 39.71 | 57.86 | 9429 | 0.596 | 0.868 | 1.414

11 165 | 7.42 | 0428 | 61.14 | 7.39 | 0309 | 44.14 | 7.59 | 0.026 | 3.67 38.86 | 55.86 | 96.33 | 0.583 | 0.838 | 1.445
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D, =0.51 mm (s18)

No. | V W=10g W=15¢g W=20¢g n (%) Adsorption Capacity

(ml) | Time Abs C Time Abs C Time Abs C 10g 15¢g 20¢g 10g 15¢g 20¢g

(min) (mg/) | (min) (mg/) | (min) (mg/)

12 | 180 | 7.52 0.447 | 63.86 | 7.49 | 0311 | 4443 8.07 0.068 9.71 36.14 | 55.57 | 90.29 | 0.542 | 0.834 | 1.354

13 | 195 | 8.00 | 0.464 | 66.29 | 7.57 | 0326 | 46.57 | 817 | 0.102 | 14.57 | 33.71 | 53.43 | 8543 | 0.506 | 0.801 | 1.281

14 | 210 | 8.09 | 0470 | 67.14 | 8.04 | 0.325 | 46.43 826 | 0.122 | 1743 | 32.86 | 53.57 | 82.57 | 0.493 | 0.804 | 1.239

15 | 225 | 8.17 | 0.474 | 67.71 813 | 0338 | 48.29 | 834 | 0.153 | 21.86 | 32.29 | 51.71 | 78.14 | 0.484 | 0.776 | 1.172

16 | 240 | 8.26 | 0.478 | 6829 | 8.2l 0.332 | 4743 842 | 0.151 | 21.57 | 31.71 | 52.57 | 78.43 | 0.476 | 0.789 | 1.176

17 | 255 | 834 | 0.488 | 69.71 830 | 0.343 | 49.00 8.51 0.172 | 24.57 | 30.29 | 51.00 | 7543 | 0.454 | 0.765 | 1.131

18 | 270 | 8.45 0.495 | 70.71 8.39 0.344 | 49.14 | 9.00 | 0.199 | 2843 | 29.29 | 50.86 | 71.57 | 0.439 | 0.763 | 1.074

19 | 285 | 8353 0.506 | 72.29 8.49 0.360 | 51.43 9.09 | 0221 | 31.57 | 27.71 | 48.57 | 6843 | 0416 | 0.729 | 1.026

20 | 300 | 9.01 0.515 | 73.57 | 858 | 0370 | 52.86 | 9.18 | 0.251 | 35.86 | 26.43 | 47.14 | 64.14 | 0.396 | 0.707 | 0.962

21 | 315 | 9.11 0.505 | 72.14 | 9.07 | 0373 | 5329 | 9.26 | 0.288 | 41.14 | 27.86 | 46.71 | 58.86 | 0.418 | 0.701 | 0.883

22 |1 330 | 9.20 | 0.509 | 72.71 9.17 | 0389 | 55,57 | 934 | 0306 | 43.71 | 27.29 | 44.43 | 56.29 | 0.409 | 0.666 | 0.844

23 | 345 | 929 | 0517 | 73.86 | 9.28 | 0.397 | 56.71 9.43 | 0.280 | 40.00 | 26.14 | 43.29 | 60.00 | 0.392 | 0.649 | 0.900

24 | 360 | 9.40 | 0.533 | 76.14 | 9.38 0.410 | 58.57 9.52 0.275 | 39.29 | 23.86 | 4143 | 60.71 | 0.358 | 0.621 | 0911

25 | 375 | 9.48 0.539 | 77.00 | 9.47 0.415 | 59.29 | 10.02 | 0.305 | 43.57 | 23.00 | 40.71 | 56.43 | 0.345 | 0.611 | 0.846
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D, =0.51 mm (1)

No. | V W=10g W=15¢g W=20¢g n (%) Adsorption Capacity

(ml) | Time Abs C Time Abs C Time Abs C 10g 15¢g 20¢g 10g 15¢g 20¢g

(min) (mg/) | (min) (mg/) | (min) (mg/)

26 | 390 | 9.56 | 0.537 | 76.71 9.57 0.411 | 58.71 | 10.10 | 0.343 | 49.00 | 23.29 | 41.29 | 51.00 | 0.349 | 0.619 | 0.765

27 | 405 | 10.05 | 0.542 | 77.43 | 10.07 | 0423 | 60.43 | 10.18 | 0312 | 44.57 | 22.57 | 39.57 | 55.43 | 0.339 | 0.594 | 0.831

28 | 420 | 10.14 | 0.549 | 78.43 | 10.17 | 0438 | 62.57 | 10.28 | 0.356 | 50.86 | 21.57 | 37.43 | 49.14 | 0.324 | 0.561 | 0.737

29 | 435 | 10.22 | 0.554 | 79.14 | 10.27 | 0.446 | 63.71 | 10.37 | 0.346 | 4943 | 20.86 | 36.29 | 50.57 | 0.313 | 0.544 | 0.759

30 | 450 | 1031 | 0.556 | 79.43 | 1037 | 0.453 | 64.71 | 1046 | 0367 | 52.43 | 20.57 | 35.29 | 47.57 | 0309 | 0.529 | 0.714

31 | 465 | 10.40 | 0.556 | 79.43 | 1046 | 0.464 | 66.29 | 10.55 | 0363 | 51.86 | 20.57 | 33.71 | 48.14 | 0.309 | 0.506 | 0.722

32 | 480 | 10.49 | 0.559 | 79.86 | 10.54 | 0.464 | 66.29 | 11.05 | 0367 | 52.43 | 20.14 | 33.71 | 47.57 | 0302 | 0.506 | 0.714

33 | 495 | 10.59 | 0571 | 81.57 | 11.02 | 0.462 | 66.00 | 11.14 | 0366 | 52.29 | 18.43 | 34.00 | 47.71 | 0.276 | 0.510 | 0.716

34 | 510 | 11.08 | 0.585 | 83.57 | 11.11 | 0470 | 67.14 | 11.23 | 0374 | 53.43 | 16.43 | 32.86 | 46.57 | 0.246 | 0.493 | 0.699

35 | 525 | 11.17 | 0.584 | 83.43 | 11.20 | 0475 | 67.86 | 11.32 | 0383 | 54.71 | 16.57 | 32.14 | 4529 | 0.249 | 0.482 | 0.679

36 | 540 | 11.27 | 0.589 | 84.14 | 11.29 | 0.463 | 66.14 | 11.41 | 0.345 | 49.29 | 15.86 | 33.86 | 50.71 | 0.238 | 0.508 | 0.761

37 | 555 | 11.36 | 0.598 | 85.43 | 11.39 | 0473 | 67.57 | 11.50 | 0.365 | 52.14 | 14.57 | 3243 | 47.86 | 0.219 | 0.486 | 0.718

38 | 570 | 11.46 | 0.595 | 85.00 | 11.48 | 0.495 | 70.71 | 11.59 | 0.399 | 57.00 | 15.00 | 29.29 | 43.00 | 0.225 | 0.439 | 0.645

39 | 585 | 11.56 | 0.600 | 85.71 | 11.58 | 0.497 | 71.00 | 12.08 | 0.403 | 57.57 | 14.29 | 29.00 | 42.43 | 0.214 | 0.435 | 0.636
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D, =0.51 mm (1)

No. | V W=10¢g W=15¢g W=20¢g n (%) Adsorption Capacity

(ml) | Time | Abs C Time | Abs C Time | Abs C 10g 15¢g 20¢ 10g 15¢g 20¢g

(min) (mg/1) | (min) (mg/1) | (min) (mg/l)

40 | 600 | 12.04 | 0.609 | 87.00 | 12.08 | 0.499 | 71.29 | 12.17 | 0.404 | 57.71 | 17.14 | 28.71 42.29 | 0.195 0.431 0.634

41 | 615 | 12.13 | 0.607 | 86.71 | 12.16 | 0.506 | 72.29 | 12.26 | 0.406 | 58.00 | 17.71 | 27.71 | 42.00 | 0.199 | 0.416 | 0.630

42 | 630 | 12.22 | 0.605 | 86.43 | 12.24 | 0.509 | 72.71 | 12.34 | 0.403 | 57.57 | 17.00 | 27.29 | 42.43 | 0.204 | 0.409 | 0.636

43 | 645 | 12.31 | 0.609 | 87.00 | 12.32 | 0.505 | 72.14 | 1243 | 0.395 | 5643 | 1743 | 27.86 | 43.57 | 0.195 | 0.418 | 0.654

44 | 660 | 12.40 | 0.613 | 87.57 | 12.40 | 0.508 | 72.57 | 12.52 | 0.423 | 60.43 | 15.57 | 27.43 | 39.57 | 0.186 | 0.411 0.594

45 | 675 | 12.49 | 0.614 | 87.71 | 12.48 | 0.509 | 72.71 | 13.00 | 0.427 | 61.00 | 16.29 | 27.29 | 39.00 | 0.184 | 0.409 | 0.585

46 | 690 | 12.58 | 0.613 | 87.57 | 12.56 | 0.513 | 73.29 | 13.09 | 0.427 | 61.00 | 16.14 | 26.71 39.00 | 0.186 | 0.401 0.585

47 | 705 | 13.07 | 0.617 | 88.14 | 13.06 | 0.514 | 73.43 | 13.17 | 0435 | 62.14 | 15.86 | 26.57 37.86 | 0.178 0.399 0.568

48 | 720 | 13.20 | 0.618 | 88.29 | 13.14 | 0.524 | 74.86 | 13.25 | 0.433 | 61.86 | 1529 | 25.14 | 38.14 | 0.176 | 0377 | 0.572

Total (mg) 20.646 | 33.979 | 46.310

q, (mg/g) 2.065 | 2265 | 2315
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W=15giag D,=0.51 mm

No. | V Q =50 ml/min Q =100 ml/min Q =150 ml/min n (%) Adsorption Capacity
(ml) | Time | Abs C Time | Abs C Time | Abs C 50 100 150 50 100 150
(min) (mg/l) | (min) (mg/l) | (min) (mg/) | ml/min | ml/min | ml/min | ml/min | ml/min | ml/min

0 0 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 100.00 | 100.00 | 100.00 | 0.000 0.000 0.000

1 15 | 12.14 | 0.015 | 2.14 6.10 | 0.019 | 2.71 3.52 | 0.029 | 4.14 97.86 97.29 95.86 1.468 1.459 1.438

2 30 | 12.34 | 0.016 | 2.29 6.19 | 0.017 | 243 3.58 [ 0.026 | 3.71 91.71 97.57 96.29 1.466 1.464 1.444

3 45 | 12.53 | 0.014 | 2.00 6.28 | 0.017 | 243 4.04 | 0.029 | 4.14 98.00 97.57 95.86 1.470 1.464 1.438

4 60 | 13.11 | 0.015 | 2.14 6.37 | 0.026 | 3.71 4.11 | 0.039 | 5.57 97.86 96.29 94.43 1.468 1.444 1.416

5 75 | 13.30 | 0.016 | 2.29 6.46 | 0.070 | 10.00 | 4.16 | 0.051 | 7.29 97.71 90.00 92.71 1.466 1.350 1.391

6 90 | 13.49 | 0.018 | 2.57 6.57 | 0.161 | 23.00 | 4.22 | 0.068 | 9.71 97.43 77.00 90.29 1.461 1.155 1.354

7 | 105 | 14.08 | 0.029 | 4.14 7.05 | 0223 | 31.86 | 4.28 | 0.103 | 14.71 95.86 68.14 85.29 1.438 1.022 1.279

8 | 120 | 1426 | 0.089 | 12.71 | 7.12 | 0.264 | 37.71 | 4.33 | 0.144 | 20.57 | 87.29 62.29 79.43 1.309 0.934 1.191

9 135 | 14.43 | 0.277 | 39.57 | 7.20 | 0.288 | 41.14 | 438 | 0.252 | 36.00 | 60.43 58.86 64.00 0.906 0.883 0.960

10 | 150 | 15.03 | 0.337 | 48.14 | 7.29 | 0.295 | 42.14 | 443 | 0.282 | 40.29 51.86 57.86 59.71 0.778 0.868 0.896

11 | 165 | 15.21 | 0.355 | 50.71 7.39 | 0309 | 44.14 | 449 | 0.291 | 41.57 49.29 55.86 58.43 0.739 0.838 0.876
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W =15gag D, =0.51 mm (s10)

No. | V Q =50 ml/min Q =100 ml/min Q =150 ml/min n (%) Adsorption Capacity
(ml) | Time | Abs C Time | Abs C Time | Abs C 50 100 150 50 100 150
(min) (mg/) | (min) (mg/l) | (min) (mg/) | ml/min | mI/min | ml/min | ml/min | ml/min | ml/min

12 | 180 | 1541 | 0.381 | 54.43 749 | 0311 | 44.43 | 4.55 | 0.304 | 43.43 45.57 55.57 56.57 0.684 0.834 0.849

13 | 195 | 16.01 | 0.387 | 55.29 | 7.57 | 0.326 | 46.57 | 5.01 | 0.309 | 44.14 | 44.71 53.43 55.86 0.671 0.801 0.838

14 | 210 | 16.21 | 0.408 | 58.29 | 8.04 | 0.325 | 4643 | 5.07 | 0.310 | 4429 | 41.71 53.57 55.71 0.626 0.804 0.836

15 | 225 | 16.38 | 0.410 | 58.57 | 8.13 | 0.338 | 48.29 | 5.14 | 0.314 | 4486 | 4143 51.71 55.14 0.621 0.776 0.827

16 | 240 | 16.56 | 0.431 | 61.57 | 8.21 | 0.332 | 4743 | 5.19 | 0317 | 4529 | 3843 52.57 54.71 0.576 0.789 0.821

17 | 255 | 17.12 | 0.441 | 63.00 | 830 | 0.343 | 49.00 | 5.25 | 0.319 | 45.57 37.00 51.00 54.43 0.555 0.765 0.816

18 | 270 | 17.29 | 0.443 | 63.29 | 839 | 0344 | 49.14 | 531 | 0.322 | 46.00 | 36.71 50.86 54.00 0.551 0.763 0.810

19 | 285 | 17.45 | 0454 | 64.86 | 849 | 0360 | 51.43 | 5.37 | 0.324 | 46.29 35.14 48.57 53.71 0.527 0.729 0.806

20 | 300 | 18.04 | 0.471 | 67.29 | 8.58 | 0.370 | 52.86 | 5.43 | 0.334 | 47.71 32.71 47.14 52.29 0.491 0.707 0.784

21 | 315 | 1824 | 0477 | 68.14 | 9.07 | 0373 | 53.29 | 549 | 0335 | 47.86 | 31.86 | 46.71 52.14 0.478 0.701 0.782

22 | 330 | 18.44 | 0473 | 67.57 | 9.17 | 0.389 | 55.57 | 5.55 | 0347 | 49.57 | 3243 44.43 50.43 0.486 0.666 0.756

23 | 345 | 19.02 | 0.486 | 69.43 | 9.28 | 0.397 | 56.71 | 6.01 | 0.349 | 49.86 | 30.57 43.29 50.14 0.459 0.649 0.752

24 | 360 | 19.20 | 0.492 | 70.29 | 9.38 | 0.410 | 58.57 | 6.07 | 0.348 | 49.71 29.71 41.43 50.29 0.446 0.621 0.754

25 | 375 | 19.38 | 0475 | 67.86 | 9.47 | 0.415 | 59.29 | 6.14 | 0.355 | 50.71 32.14 40.71 49.29 0.482 0.611 0.739
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W =15gag D, =0.51 mm (s10)

No. | V Q =50 ml/min Q =100 ml/min Q =150 ml/min n (%) Adsorption Capacity
(ml) | Time | Abs C Time | Abs C Time | Abs C 50 100 150 50 100 150
(min) (mg/) | (min) (mg/l) | (min) (mg/) | ml/min | mI/min | ml/min | ml/min | ml/min | ml/min

26 | 390 | 19.56 | 0.465 | 66.43 | 9.57 | 0.411 | 5871 | 6.20 | 0.359 | 51.29 33.57 41.29 48.71 0.504 0.619 0.731

27 | 405 | 20.15 | 0.469 | 67.00 | 10.07 | 0.423 | 60.43 | 6.25 | 0.356 | 50.86 | 33.00 39.57 | 49.14 0.495 0.594 0.737

28 | 420 | 2031 | 0471 | 67.29 | 10.17 | 0.438 | 62.57 | 6.31 | 0.359 | 51.29 | 32.71 37.43 48.71 0.491 0.561 0.731

29 | 435 | 20.50 | 0.501 | 71.57 | 10.27 | 0.446 | 63.71 | 6.37 | 0.364 | 52.00 | 28.43 36.29 | 48.00 0.426 0.544 0.720

30 | 450 | 21.05 | 0.525 | 75.00 | 1037 | 0.453 | 64.71 | 6.43 | 0.365 | 52.14 | 25.00 3529 | 47.86 0.375 0.529 0.718

31 | 465 | 21.24 | 0.528 | 75.43 | 10.46 | 0.464 | 66.29 | 6.50 | 0.371 | 53.00 | 24.57 33.71 47.00 0.369 0.506 0.705

32 | 480 | 21.44 | 0.524 | 74.86 | 10.54 | 0.464 | 66.29 | 6.55 | 0376 | 53.71 25.14 33.71 46.29 0.377 0.506 0.694

33 | 495 | 22.01 | 0.533 | 76.14 | 11.02 | 0.462 | 66.00 | 7.00 | 0.376 | 53.71 23.86 34.00 46.29 0.358 0.510 0.694

34 | 510 | 22.24 | 0.534 | 76.29 | 11.11 | 0.470 | 67.14 | 7.05 | 0.388 | 55.43 | 23.71 32.86 | 44.57 0.356 0.493 0.669

35 | 525 | 22.41 | 0.524 | 7486 | 11.20 | 0.475 | 67.86 | 7.12 | 0.400 | 57.14 | 25.14 32.14 | 42.86 0.377 0.482 0.643

36 | 540 | 23.06 | 0.524 | 74.86 | 11.29 | 0.463 | 66.14 | 7.17 | 0.403 | 57.57 | 25.14 33.86 | 42.43 0.377 0.508 0.636

37 | 555 | 2327 | 0.547 | 78.14 | 11.39 | 0473 | 67.57 | 7.23 | 0.408 | 5829 | 21.86 3243 41.71 0.328 0.486 0.626

38 | 570 | 23.43 | 0.562 | 80.29 | 11.48 | 0.495 | 70.71 | 7.30 | 0.413 | 59.00 19.71 29.29 41.00 0.296 0.439 0.615

39 | 585 | 23.59 | 0.568 | 81.14 | 11.58 | 0.497 | 71.00 | 7.35 | 0.414 | 59.14 18.86 29.00 40.86 0.283 0.435 0.613




4 o a A [ a a 1a J a A 1 4
ﬂTi'Nﬁ .5 WaﬂTﬁﬂﬂ“BUlLagﬂﬁgﬁ‘ﬂ‘ﬁﬂTWﬂTiﬂﬂ"]f‘Uﬂﬁﬂ‘6'31]f‘l"’U’ENLliﬂu3J’f]u@]3J’f)3aI'ﬂVlu@]ﬁﬂﬁiWﬂ"lillﬁﬁ‘lJ’f)\iﬁ'ﬁa%a']ﬂ?‘n\i 9 L‘ﬁ’t’) C, =100 mg/l,

W =15gag D, =0.51 mm (s10)

No. | V Q =50 ml/min Q =100 ml/min Q =150 ml/min n (%) Adsorption Capacity
(ml) | Time | Abs C Time | Abs C Time | Abs C 50 100 150 50 100 150
(min) (mg/) | (min) (mg/l) | (min) (mg/) | ml/min | mI/min | ml/min | ml/min | ml/min | ml/min

40 | 600 | 24.17 | 0.562 | 80.29 | 12.08 | 0.499 | 71.29 | 7.41 | 0.419 | 59.86 19.71 28.71 40.14 0.296 0.431 0.602

41 | 615 | 2436 | 0.570 | 81.43 | 12.16 | 0.506 | 72.29 | 7.47 | 0.426 | 60.86 18.57 27.71 39.14 0.279 0.416 0.587

42 | 630 | 24.53 | 0.582 | 83.14 | 12.24 | 0.509 | 72.71 | 7.54 | 0.445 | 63.57 16.86 | 27.29 36.43 0.253 0.409 0.546

43 | 645 | 25.13 | 0.587 | 83.86 | 12.32 | 0.505 | 72.14 | 8.07 | 0.449 | 64.14 16.14 | 27.86 35.86 0.242 0.418 0.538

Total (mg) 28.101 | 31.982 | 36.660

q, (mg/g) 1.873 | 2.132 | 2.444
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ml/min, W =20 g ita2 D, = 0.51 mm

No. | V C,=25mg/l C,=50 mg/l C,=100 mg/l n (%) Adsorption Capacity
(ml) | Time Abs C Time Abs C Time Abs C 25 50 100 25 50 100
(min) (mg/l) | (min) (mg/l) | (min) (mg/) | mg/l mg/1 mg/1 mg/1 mg/1 mg/1

0 0 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 0.00 | 0.000 | 0.00 | 100.00 | 100.00 | 100.00 | 0.000 | 0.000 | 0.000

1 15 537 | 0.006 | 0.86 547 | 0.011 1.57 632 | 0.020 | 2.86 | 96.57 | 96.86 | 97.14 | 0.362 | 0.726 | 1.457

2 30 546 | 0.006 | 0.86 5.55 0.006 | 0.86 6.42 | 0.015 2.14 | 96.57 | 98.29 | 97.86 | 0.362 | 0.737 | 1.468

3 45 5.54 | 0.006 | 0.86 6.05 0.008 1.14 6.50 | 0.021 3.00 | 96.57 | 97.71 | 97.00 | 0.362 | 0.733 | 1.455

4 60 6.03 0.007 1.00 6.14 | 0.010 1.43 6.58 0.016 | 2.29 | 96.00 | 97.14 | 97.71 | 0.360 | 0.729 | 1.466

5 75 6.10 | 0.007 1.00 6.23 | 0.014 | 2.00 7.07 | 0.021 3.00 | 96.00 | 96.00 | 97.00 | 0.360 | 0.720 | 1.455

6 90 6.18 | 0.009 1.29 6.31 0.019 | 2.71 7.15 | 0.021 3.00 | 94.86 | 94.57 | 97.00 | 0.356 | 0.709 | 1.455

7 105 | 6.27 | 0.008 1.14 6.40 | 0.027 | 3.86 7.25 | 0.018 | 2.57 | 9543 | 92.29 | 97.43 | 0.358 | 0.692 | 1.461

8 120 | 6.36 | 0.004 | 0.57 6.48 | 0.031 443 733 | 0.028 | 4.00 | 97.71 | 91.14 | 96.00 | 0.366 | 0.684 | 1.440

9 135 | 6.43 0.007 1.00 6.58 0.030 | 4.29 7.42 0.028 | 4.00 | 96.00 | 91.43 | 96.00 | 0.360 | 0.686 | 1.440

10 | 150 | 6.51 0.008 1.14 7.06 | 0.035 5.00 7.50 | 0.040 | 5.71 95.43 | 90.00 | 94.29 | 0.358 | 0.675 | 1.414

11 | 165 | 6.59 | 0.012 1.71 7.16 | 0.036 | 5.14 7.59 | 0.026 | 3.67 93.14 | 89.71 | 96.33 | 0.349 | 0.673 | 1.445
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ml/min, W =20 g 18 D, = 0.51 mm (¢®)

No. | V C,=25mg/l C,=50 mg/l C,=100 mg/l n (%) Adsorption Capacity
(ml) | Time Abs C Time Abs C Time Abs C 25 50 100 25 50 100
(min) (mg/) | (min) (mg/) | (min) (mg/) | mg/l mg/1 mg/1 mg/1 mg/1 mg/1

12 | 180 | 7.07 0.012 1.71 724 | 0.036 | 5.14 8.07 0.068 9.71 93.14 | 89.71 | 90.29 | 0.349 | 0.673 | 1.354

13 | 195 | 7.15 | 0.016 | 2.29 733 | 0.034 | 4.86 817 | 0.102 | 14.57 | 90.86 | 90.29 | 85.43 | 0.341 | 0.677 | 1.281

14 | 210 | 7.23 | 0.015 | 2.14 7.41 0.035 | 5.00 826 | 0.122 | 17.43 | 91.43 | 90.00 | 82.57 | 0.343 | 0.675 | 1.239

15 | 225 | 7.32 | 0.018 | 2.57 7.50 | 0.053 | 7.57 834 | 0.153 | 21.86 | 89.71 | 84.86 | 78.14 | 0.336 | 0.636 | 1.172

16 | 240 | 7.41 0.021 3.00 7.58 | 0.067 | 9.57 842 | 0.151 | 21.57 | 88.00 | 80.86 | 78.43 | 0.330 | 0.606 | 1.176

17 | 255 | 7.50 | 0.023 3.29 8.09 0.074 | 10.57 8.51 0.172 | 24.57 | 86.86 | 78.86 | 7543 | 0.326 | 0.591 | 1.131

18 | 270 | 7.58 0.030 | 4.29 8.17 0.085 | 12.14 9.00 0.199 | 2843 | 82.86 | 75.71 | 71.57 | 0.311 | 0.568 | 1.074

19 | 285 | 8.07 0.050 | 7.14 826 | 0.091 | 13.00 | 9.09 | 0.221 | 31.57 | 71.43 | 74.00 | 68.43 | 0.268 | 0.555 | 1.026

20 | 300 | 816 | 0.052 | 7.43 834 | 0.119 | 17.00 | 9.18 | 0.251 | 35.86 | 70.29 | 66.00 | 64.14 | 0.264 | 0.495 | 0.962

21 | 315 | 825 | 0.051 7.29 842 | 0.122 | 1743 | 9.26 | 0.288 | 41.14 | 70.86 | 65.14 | 58.86 | 0.266 | 0.489 | 0.883

22 | 330 | 833 | 0.051 7.29 8.51 0.125 | 17.86 | 9.34 | 0.306 | 43.71 | 70.86 | 64.29 | 56.29 | 0.266 | 0.482 | 0.844

23 | 345 | 843 | 0.043 | 6.14 9.00 | 0.126 | 18.00 | 9.43 | 0.280 | 40.00 | 75.43 | 64.00 | 60.00 | 0.283 | 0.480 | 0.900

24 | 360 | 8.1 0.048 6.86 9.09 0.127 | 18.19 9.52 | 0275 | 39.29 | 72.57 | 63.63 | 60.71 | 0.272 | 0.477 | 0911

25 | 375 | 9.00 | 0.048 6.86 9.18 0.129 | 1843 | 10.02 | 0.305 | 43.57 | 72.57 | 63.14 | 56.43 | 0.272 | 0.474 | 0.846
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ml/min, W =20 g 18 D, = 0.51 mm (¢®)

No. | V C,=25mg/l C,=50 mg/l C,=100 mg/l n (%) Adsorption Capacity
(ml) | Time Abs C Time Abs C Time Abs C 25 50 100 25 50 100
(min) (mg/) | (min) (mg/) | (min) (mg/) | mg/l mg/1 mg/1 mg/1 mg/1 mg/1

26 | 390 | 9.09 | 0.051 7.29 9.27 0.129 | 1843 | 10.10 | 0.343 | 49.00 | 70.86 | 63.14 | 51.00 | 0.266 | 0.474 | 0.765

27 | 405 | 9.18 | 0.051 7.29 936 | 0.131 | 18.71 | 10.18 | 0312 | 44.57 | 70.86 | 62.57 | 5543 | 0.266 | 0.469 | 0.831

28 | 420 | 9.26 | 0.051 7.29 9.44 | 0.131 | 18.71 | 10.28 | 0.356 | 50.86 | 70.86 | 62.57 | 49.14 | 0.266 | 0.469 | 0.737

29 | 435 | 935 | 0.048 | 6.86 9.53 | 0.135 | 19.29 | 1037 | 0346 | 49.43 | 72.57 | 61.43 | 50.57 | 0.272 | 0.461 | 0.759

30 | 450 | 944 | 0.044 | 6.29 10.03 | 0.137 | 19.57 | 10.46 | 0.367 | 52.43 | 74.86 | 60.86 | 47.57 | 0.281 | 0.456 | 0.714

31 | 465 | 9.52 0.041 5.86 10.12 | 0.135 | 19.29 | 10.55 | 0363 | 51.86 | 76.57 | 61.43 | 48.14 | 0.287 | 0.461 | 0.722

32 | 480 | 10.00 | 0.046 6.57 10.22 | 0.138 | 19.71 | 11.05 | 0367 | 52.43 | 73.71 | 60.57 | 47.57 | 0.276 | 0.454 | 0.714

33 | 495 | 10.09 | 0.045 6.43 10.31 | 0.139 | 19.86 | 11.14 | 0366 | 52.29 | 74.29 | 60.29 | 47.71 | 0.279 | 0.452 | 0.716

34 | 510 | 10.18 | 0.043 | 6.14 10.39 | 0.142 | 20.29 | 11.23 | 0.374 | 5343 | 7543 | 5943 | 46.57 | 0.283 | 0.446 | 0.699

35 | 525 | 10.26 | 0.042 | 6.00 1048 | 0.145 | 20.71 | 11.32 | 0.383 | 54.71 | 76.00 | 58.57 | 4529 | 0.285 | 0.439 | 0.679

36 | 540 | 10.34 | 0.047 | 6.71 10.57 | 0.143 | 20.43 | 11.41 | 0.345 | 49.29 | 73.14 | 59.14 | 50.71 | 0.274 | 0.444 | 0.761

37 | 555 | 1044 | 0.055 | 7.86 11.06 | 0.144 | 20.57 | 11.50 | 0.365 | 52.14 | 68.57 | 58.86 | 47.86 | 0.257 | 0.441 | 0.718

38 | 570 | 10.52 | 0.056 8.00 11.15 | 0.155 | 22.14 | 11.59 | 0.399 | 57.00 | 68.00 | 55.71 | 43.00 | 0.255 | 0.418 | 0.645

39 | 585 | 11.00 | 0.059 8.43 11.24 | 0.158 | 22.57 | 12.08 | 0.403 | 57.57 | 66.29 | 54.86 | 42.43 | 0.249 | 0.411 | 0.636
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ml/min, W =20 g 18 D, = 0.51 mm (¢®)

No. | V C,=25mg/l C,=50 mg/l C,=100 mg/l n (%) Adsorption Capacity
(ml) | Time Abs C Time Abs C Time Abs C 25 50 100 25 50 100
(min) (mg/) | (min) (mg/) | (min) (mg/) | mg/l mg/l mg/1 mg/1 mg/1 mg/1

40 | 600 | 11.08 | 0.061 8.71 11.31 | 0.154 | 22.00 | 12.17 | 0.404 | 57.71 | 65.14 | 56.00 | 42.29 | 0.244 | 0.420 | 0.634

41 | 615 | 11.16 | 0.063 | 9.00 11.39 | 0.164 | 23.43 | 12.26 | 0.406 | 58.00 | 64.00 | 53.14 | 42.00 | 0.240 | 0.399 | 0.630

42 | 630 | 11.24 | 0.061 8.71 11.47 | 0.165 | 23.57 | 1234 | 0403 | 57.57 | 65.14 | 52.86 | 4243 | 0.244 | 0.396 | 0.636

43 | 645 | 11.32 | 0.066 | 9.43 11.55 | 0.168 | 24.00 | 12.43 | 0.395 | 5643 | 62.29 | 52.00 | 43.57 | 0.234 | 0.390 | 0.654

44 | 660 | 11.42 | 0.069 | 9.86 12.03 | 0.168 | 24.00 | 12.52 | 0.423 | 60.43 | 60.57 | 52.00 | 39.57 | 0.227 | 0.390 | 0.594

45 | 675 | 11.50 | 0.073 | 10.43 | 12.12 | 0.178 | 25.43 | 13.00 | 0.427 | 61.00 | 58.29 | 49.14 | 39.00 | 0.219 | 0.369 | 0.585

46 | 690 | 12.00 | 0.085 | 12.14 | 12.22 | 0.185 | 26.43 | 13.09 | 0.427 | 61.00 | 51.43 | 47.14 | 39.00 | 0.193 | 0.354 | 0.585

47 | 705 | 12.09 | 0.089 | 12.71 | 12.31 | 0.181 | 25.86 | 13.17 | 0.435 | 62.14 | 49.14 | 48.29 | 37.86 | 0.184 | 0.362 | 0.568

48 | 720 | 12.28 | 0.083 | 11.86 | 12.41 | 0.182 | 26.00 | 13.25 | 0.433 | 61.86 | 52.57 | 48.00 | 38.14 | 0.197 | 0.360 | 0.572

Total (mg) 13.956 | 25.377 | 46.310

q, (mg/g) 0.698 | 1.269 | 2.315
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H 1 (Y o { 12 4 a o 1 4
Vﬂi'l\‘iﬁ .7 A1 pH mmmiazmwaams@,ﬂcﬁuﬁmummmuiﬂummmsaia"lummq 9 Lﬁ’f]

C,=100 mg/l, Q=100 mlI/min lag W=15¢g

No. \% pH KN
(ml) Dp =0.80 mm Dp =0.51 mm Dp =0.34 mm

0 0 6.99 6.99 6.99 AUAAT L
1 15 3.97 3.96 3.94

11 165 4.09 4.02 4.05

21 | 315 4.16 4.09 4.15

31 465 4.26 4.26 4.26

41 615 4.32 433 4.32

o (% 2 a d a daq ¥ o Y [V o
n.4.2 mmuﬂﬁmmmmummJ'e)uwmsaia"lumﬁlmﬂumgmmmNnu

H 1 @ o i (a 1a 4 a J 4
ﬂTi'Nﬁ .8 711 pH GIJENﬁ'lﬁagﬁ']ﬂﬁaﬁﬂ'lﬁﬂﬂ“h"llﬁ‘l]iiﬂm‘l]@ﬂLlﬁﬂuuﬂuﬁuﬂﬁaiﬁqu@m"lﬂ 9 L‘ﬁ’ﬂ

C, =100 mg/l, Q = 100 ml/min tia¢ D, =0.51 mm

No. \% pH KN
(ml) W=10g W=15¢g W=20g

0 0 6.9 6.99 6.99 AoUQALY
1 15 4.03 3.96 3.98

11 165 4.13 4.02 4.04

21 | 315 4.25 4.09 4.11

31 | 465 4.37 4.26 4.12

41 | 615 4.46 4.33 421
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M3197 A.9 A1 pH YOIA15ATAIININTYAFUNINTINS IHavesaisazareigngady a1

9 1iip C, = 100 mg/l, W = 15 g 1ag D, = 0.51 mm

No. \% pH KUY
(ml) Q =50 ml/min Q =100 ml/min Q =150 ml/min

0 0 6.99 6.99 6.99 AoUgAt
1 15 3.95 3.96 4.00

11 165 3.97 4.02 4.03

21 315 4.07 4.09 4.10

31 465 422 4.26 4.24

41 615 4.36 4.33 4.39

A.4.4 MMSUANMTNTUENAUYRIITazABNYNYAT UMY

M319fi A.10 A1 pH vosensazalenainsgaduianududusuduvesasazateiignead

A4 7] 118 Q = 100 ml/min, W =20 g 1Az D, = 0.51 mm

No. \% pH HNYLYi
(ml) C,=25mg/l C,=50 mg/l C,=100 mg/l

0 0 6.57 6.67 6.99 NUAATY
1 15 4.02 4.08 3.98

11 165 4.17 4.11 4.04

21 315 4.19 4.19 4.11

31 465 4.25 4.24 4.12

41 615 427 4.28 421
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