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# # 4589175520: MAJOR ENVIRONMENTAL SCIENCE

KEYWORD: BONE CHARCOAL/ HYDROXYAPATITE/ ADSORPTION/ REMOVAL/

HEAVY METAL/ LEAD/ ARSENIC '
SUCHADA SUTTIPIBOON: REMOVAL EFFICIENCY OF LEAD AND ARSENIC
FROM WASTEWATER BY BONE CHARCOAL. THESIS ADVISOR: ASSOC.

PROF. ORATHAI CHAVALPARIT, 148 pp. ISBN 974-17-6485-5

This study was conducted to determine the efficiency of heavy metals removal by bone
charcoal. Two heavy metals (lead and arsenic) were used in performing batch experiments. The aims
of batch experiments were to study effects of conditions for preparing bone charcoal (namely,
untreated bone, acid-pretreated bone, alkaline-pretreated bone and activated bone charcoal), times,
pH and amount of bone charcoal. Equilibrium studies have been analyzed using the Freundlich and
Langmuir isotherm equation. And the aim of lead removal efficiency from industrial wastewater
experiment was to study the efficiency of lead by bone charcoal for ensured that the final

concentration of lead in wastewater complied with the industrial wastewater standards.

The batch experiment results showed lead was effectively removed by bone charcoal and
lead removal efficiency was higher than arsenic. And, in term of initial pH.values showed the
removal efficiency is increased when the pH of wastewater increased. Considering the results of
conditions for preparing bone charcoal that alkaline-pretreated bone had more lead removal
efficiency than other bone charcoal, but, untreated bone was found to be the most appropriate bone
charcoal to be used in arsenic removal. These showed adsorption capacity of lead on bone charcoal
was 401.65 mg g'1 of bone charcoal (100% removal) at p 6, using 20 mg L' And adsorption
capacity of arsenic on bone charcoal was 1.22 mg g'1 of bone charcoal (13.76% removal) at pH 6,
using 1.0 g L. The mechanism of lead removal was adsorb lead ion by hydroxyapatite
(Ca,(PO,)(OH),) and formed structure of Ca-Pb phosphate hydroxide (Ca,Pb,(PO,)(OH),). The
adsorption isotherm for lead and arsenic fitted in the Frundlich isotherm. According to removai
efficiency of lead from industrial wastewater experiment’s results showed 94.33% of lead removal

by bone charcoal were achieved at initial concentration of 185 mg L" when using more than 50 mg

L.} of bone charcoal.
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Dasgupta, 1991)

QRAINAITTN Sngdunsie
Mining and Metallurgy As, Cd, Cr, Cu, Cn, Pb, Hg, Se, Zn
Paint and Dye Cd, Cr, Cu, Cn, Pb, Hg, Organics, Se
- | Pesticide As, Ci-hydrocarbons, Cn, Pb, Hg, Orgaﬁics, Zn
E1¢ctrica1 and Electronic Cu, Cl-hydrocarbons, Cn, Pb, Hg, Se
Printing and Duplicating As, Cr, Cu, Pb, Organics, Se
Electroplating-Metal Finishing Cd, Cr, Cu,Cn, Zn
Chemical Manufacturing Cl-hydrocarbons, Cr, Cu, Pb, Hg, Organics
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Explosives As, Cu, Pb, Hg
Rubber and Plastic Cl-hydrocarbons, Cn, Hg, Organics, Zn
.Battery ' Cd, Pb, Ag, Zn
Pharmaceutical As, Hg, Organics
Textile Cr, Cu, Organics
Petroleum and Coal As, Cl-hydrocarbons, Pb
Pulp and Paper Hg, Organics
Leather Cr, Organics
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high particles and | solids:
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organic organisms coprecipitates’
material
example Pb2+ PbHCO;, Pb-fulvic Pb-humic Pb-Fe(OH)J " Pb-organic Pb-clay,
Pb-EDTA acid acids Pb-MnO, solids PbCO;

1 [ 3/
L=t =1

14
uaﬂmﬂﬁmn’mﬂumauiuﬁ ‘V\ @Qﬂl'ﬁ AOUNIUALA NN 1T ﬁmaﬂﬁsui]ﬂﬁﬁﬁ@u
k4

1 Y o "
awazﬁum ﬂ?@ﬂ'}’/\im% mmwaim nAnNa Lﬂ“/]'!\‘léﬂlf ng%uﬂ%@%ﬁ%ﬂju{ﬂﬁﬁ']ﬂﬁﬂ%m3

=n.

ee

1l

€

=,

J

Lo ¥ dn 4 -
® aznhnhinimsuaMe jeseu (CO,")
& e = \ 2 & . 2
Taona 1 luumdnhsssumaAinidiulszneuves co,” duilousgals 41o719

v ¥
NADINAITAL ﬂ']EJ‘UENﬂ”I“}fﬂTS‘UEJullﬂ@@ﬂ‘lcﬁﬂclu@']ﬂﬁﬂ'ﬁﬂﬁw"lﬁ? w?ams”l%amwaumm“h

£

Tlauuuivestuyuih iifansyzazaisves co,” senut dewa ez ufaeu Tdeglugy

M 4 [
VDINLNINTUBIUR (PbCO,) ANTUNTT

P —» PbCO K =74x10" @1

3(s) sp

s CO3 @

2Pb”,+ CO”, + 20H — PbCO,, + Pb(OH),, K, = 12x10° (2.2)

Sp

(aq)

46.8

10 (2.3)

I

sp

3Pb7, + 200, + 20H —> Pb(CO)(OH),, K




eq ¥ Aar a o
® AzMIlINNIMNIDYUANAIIN

[

A = :‘ = 0 s 1 v £ g .ﬁ
summﬂwmmawmmwumﬂmamwmmagﬂzmumaﬂaﬁzwuﬂmmmm

a

)
[

aznaaie Tasnumem lumsazarsfdey luquiuly Wszuia 7-10) fnvdwa‘lﬁ’
anumuisalumsas msuwmmsﬂi ABUAZAIAAAY HALIAANITANATNDND BN

GIU’iiJ‘iJ@G@wﬂ’J‘l@Iﬂi@ﬂ'l“ﬁﬂ (Pb(OH) ) &

pH ~7-10

o 2+ - -15
Pb", + 20H,, — Pb(OH),, K,=12x10" 24)

& a d? :ly v o PRy .
Tae Pb(OH), iUl Sautlumsnlautansag zanuldheluanziifunsa

¥
Y

148ZA (amphoteric hydroxide) A1 ;V‘ pH < 6 1w pH > 11 Pb(OH), 2¢ay awaﬂusﬂ%m

Pb” az PH(OH),” AImaunIs 2.5 Uz 2.6 yenvInAdeansanumislszneuazia1é
N i = 1 & w 1 i 1 @ 4 Y

Tugilnndn1adn 151 Po(OH) w30 Ph(OH), uavewuludasidiufiuanaraiuludusgdy

1 A o/ i 4
ATNOTURITITAL MUTIAAIAIFUN 2.1

+ pH <6 +
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- H>11 .
Pb(OH),, + 2 OH s (PH(OH),) (2.6)
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Pb (OH)2Z"~
0.8 —
0.6 —
a
O.4 p—
Pb (OH)3
o.2—
o ]
4 [ 8 to 12 14
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5.7 (crystalline)
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613 °C (V.P. 1 atm)

88.5 cal/g

102 cal/g

0.082 cal/g (20°C)

4.7 X 10 in/C (20°C)
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2.4.2 DSTUIUMITBONTIATHUDLIANTY (oxidation and reduction)
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log(X/m) = logK + I/n logC, (2.23)
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Y ) (4 e i a. v'
Maeh 2.9 03RYsEnoUNAdUTAYBI0 IUNIZAMITINISAT Brimac 216 (Irvine WBY

Knowles, 1997)

p9AlszneU IET AL
carbon 9-11%
hydroxyapatite : 70-76%
calcium carbonate 7-9%
calcium sulphate 0.1-0.2%
iron-as Fe,O, <0.3%
moisture 5% max
total surface area 100 mz/g
pore size distribution 7.5-60,000 nm
pore volume 0.225 cmz/g

s A
leasondozwilag Ao unadouwomagluuunilanligas Tutana Ca,(PO,)(OH),
- o 1 VoW [~ i i L4 Y —~
uazfidnsidinees Ca : Py 167 Wlumsisznounguozwilad laelassadiwin
or = % L d' k% = 2+
dasoeR lugUnuuveusnes Inuoa (hexagonal system) #sznoulsuaniiey (Ca)

- vleawla (PO,") uazvy leasend (OH) uaasgns Inseadiedagiil 2.10

sifi210  gaslassadieweslonsendezmlnd (Aoki, 1991 Srefialugugsiy, 2537)
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Metal (mg As/g C) Compound ‘Molar Ratio
Exp. Comp.
None . 2.40 & - -
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Ca (CN) 7.7 1.60 Ca,(AsO,), 0.57 0.67
Co 8.0 2.51 Co,(AsO,),.8H,0 1.20 0.67
Cu 6.0 5.79 Cu,AsO,0OH 2.30 .50
Mg 9.0 1.88 Mg,(AsO,),.10H,0 1.10 0.67
Ni 8.0 2,80 Ni,(AsO,),.8H,0 2.50 - 0.67
Pb 6.5 3.19 Pb(AsO,),Cl 1.40 3.00
Fe (1) 5.0 3.69 Fe,(AsO,), 2.00 | 0.67
Fe (1II) 5.0 4.53 FeAsO,xFe(OH), 3.50 {x+1)
Fe (1) 2.0 2.03 FeAsO,.xH,0 1.70 1.00
Zn 8.0 2.56 Zn,AsO,OH 1.90 0.50
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(mg/g)
hydrous Fe oxide with poloacrylamine 43.00
molybdate-impregnates chitosan beads (MICB) 37.47
chemviron F-400 GAC 20.22
Cu™- impregnated Chemviron F-400 GAC 17.23
activated alumina 11.24-23.97
Y (III)- impregnated alumina 14.45
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(7)) | pH, C, pH, C. pH, o pH, C,
10 6.13 N.D. 6.04 ND. | 611 | 0.078 551 N.D.
20 6.18 N.D. 6.14 N.D. 6.20 ND. | 558 N.D.
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1 = aan [ 4 a ' - T ’
ﬂﬁN‘ﬁ -4 Was‘l’@\‘il,']aﬂ|!1uﬂ1ﬁlﬂﬂﬁ§]ﬂ§U1ﬂ1§@,ﬂ°}fﬂa'lilq;11lﬂ ﬁ'gﬂﬂ’luﬂﬁgﬁﬂaﬂ']?ﬁfﬁjq 4

Y . b4 v
Siaie1u 1.0 nfwansiuds M uduE udnSy 5

I ANITOY pr. C, Yoremoval x/m
(%"ﬂm)
24 GORPER 6.23 7.333 28.46 2.917
GORRH 6.15 8.233 19.71 2.020
AN 3 6.31 7.900 22.93 2.350
AN 4 5.17 7.783 24.07 2.467
48 an1Y 1 6.41 6.417 37.40 3.833
TN 2 6.36 7.683 25.04 2.567
a4 3 6.25 7.450 27.32 2.800
AN 4 5.99 7.026 31.45 3.224
C, — anududuvesesiwinfimie @adnsudas)
pH, - fueminFendimmanes
%removal = 3pEAZMIRINA
x/m = A0 IUMIARFUYBINIUNTEAN (TAAnNTY As/NTNaTUNIZYN)
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§ a a o w o = 1 { a ¥ 1Y
mswn -5 dszAnimmmsiidaeisaindleaunszgnanie 1 USumaiu 1.0 ¥/

1

=% U [

¥ 1 1 b4
dnstude Taoldnmlumefnliser 48 91 Tus HeminGoGududia q

‘pH, C, pH, C, C, %removalp "/oxb'emo‘vala Yremoval | Xx/m
4 1065 | 6.74 | 10.480 | 9.410 1.55 10.21 11.60 1.07
5 | 1065 | 689 | 10435 | 9310 1.97 10.78 12.54 1.13
6 10.65 | 7.00 | 10.400 | 9.180 2.30 11.73 1376 | 122
7 10.65 | 7.37 | 10290 | 9.250 3.33 10.11 13.10 1.04
o
C, - aududuveserdirinGudu @adnfudns)
C, = anudutuvosorsinfimie Tnoliifud wnszgn dadnsuaas
C, = anududuveserdsinfimas @adnu/an)
pH, - femiFusudy
pH, - fewindundimsnan

%removalp = %J’E)Uﬁg’,ﬂ'ﬁf“:']%ﬂzﬂﬂﬂ"{i@ﬂ@&’ﬂﬂu

BUazNIIMIa lAuN13aasL

I

% removal_

i

BHAZN15A1IA LAUNITANAZNBUT M

I

Y
9
b
% removal, 9

x/m = ANNmIII0 lUMIgATUvBInIUNIEgN (Hadniy AsnTuounTzen)
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A19190 v-1  Waveum Mz and@msun1sAny lo lameumsgaduazni 42061y

1 v b4 ]
nsggnan1Izh 3 USuw 5 Tadnfwanstinde Remivdosuduny 6

M pH, C, C, % removal, x/m
(*i'f"‘ﬂm)
0.10 6.30 7.649 4.284 55.46 672.9
0.20 6.22 7.649 4.189 56.45 691.9
0.30 6.11 7.649 4,135 57.01 702.7
0.40 6.14 7.649 3.153 67.22 899.1
0.50 6.09 7.649 2.399 75.06 1049.9
1.00 6.16 7.649 2.104 78.13 1108.9
2.00 6.08 7.649 2.610 72.87 1007.7
3.00 6.11 7.649 2.604 72.93 1008.9
4.00 6.02 7.649 2.227 76.85 1084.3
5.00 6.04 7.649 1.760 81.70 1177.7
6.00 6.05 7.649 1.721 82.11 1185.5
8,00 6.01 7.649 1.453 84.89 1239.1
10.00 6.02 7.649 1274 86.75 1274.9
12.00 6.07 7.649 1.038 89.21 1322.1
18.00 6.01 7.649 1.040 89.19 1321.7
24.00 6.01 7.649 0.667 93.07 1396.3 -




f
pH;
% removal

X/m

anududuvewnssmanl fudier @adnfudas)
aududuvenziifinie (Hadnsuwans)
FuemiEondsninaans

fosazmsfiion

ANMNAINIT0 IUNITGATUVRINIUNTEYN (HAaBnTY Pb/niy

f11NTEAN)
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A1519f v-2 wavosa Mg andmiunsing lo lmmounisgadunz i A2y
nsrgnanEii 3 Usue 7 fadndwAnstind fiowiidoduduriiy 6
fam pH, C, C, % removal X
@)
0.10 5.95 7.649 4811 47.18 405.4
0.20 5.98 7.649 2609 71.35 720.0
0.30 5.96 7.649 2599 71.46 721.4
0.40 6.01 7.649 2.153 76.36 785.1
0.50 6.03 7.649 1.874 79.42 825.0
1.00 6.04 7.649 1.604 82.39 - 863.6
2.00 5.99 7.649 2.847 68.74 686.0
3.00 5.98 7.649 0.986 89.17 951.9
4.00 6.1 7.649 0.415 95.44 1033.4
5.00 6.02 7.649 0.702 92.29 992.4
6.00 6.04 7.649 0.446 95.10 1029.0
8.00 5.98 7.649 0.349 96.17 1042.9
10.00 6.04 7.649 0.208 97.72 1063.0
12.00 6.04 7.649 0.100 98.90 1078.4
18.00 6.03 7.649 0.083 99.09 1080.9
24.00 6.04 7.649 0.088 99.03 1080.1
1l

C, - anududuvesmeimdasuiies @adniu/das)

C, = anududuvesnsiafimie @adnswdes)

pH, - fewihidondimsmanes

%removal = 3ouarmIfiin

x/m = AT IUN1TRAFUVDI0IUNTEYN (HaAnTy Po/nTy

UNTEQN)
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% removal, |

a1 pH, C, C, X
(Falug)
0.10 6.30 7.649 2.812 70.81 483.7
0.20 6.22 7.649 1.891 80.37 575.8
0.30 6.03 7.649 1.547 83.94 610.2
0.40 6.11 7.649 0.941 90.23 670.8
0.50 6.09 7.649 1.025 89.36 - 662.4
1.00 6.06 7.649 0.927 90.38 672.2
2.00 5.98 7.649 1.342 86.07 630.7
3.00 6.07 7.649 0.761 92.10 688.8
4.00 6.15 7.649 0.495 94.86 715.4
5.00 6.23 7.649 0.204 97.88 744.5
6.00 6.17 7.649 0.075 99.22 757.4
8.00 6.15 7.649 0.099 98.97 755.0
10.00 6.16 7.649 0.050 99.48 759.9
12.00 6.12 7.649 0.048 99.50 760.1
18.00 6.12 7.649 0.060 99.38 758.9
24.00 6.02 7.649 0.025 99.74 762.4
1o

\ - anududuvesnzdamdlfuiior @adndudnas)

C, - anududuvewmziafinie @odnsuans)

pH, - feminFondsminaans

% removal

x/m

ouaznsiin

ANUTIVITOIUNIIGAFUVBIRIUNTEYN (HaanTu Pu/nTu

01UATERN)
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M919A v-4  wavesnamuizaudmsumsanyile lumennisgadunyna dasa1y

T b4 3 '
nIEgNaN1IEh 3 USua 20 Hadnsu/Gasdnde Aewdufusuduiiy 6

am pH, C, C, % remaval, X
@ 1a9)
0.10 6.57 7.649 0.213 97.79 371.8
0.20 6.10 7.649 0.150 98.44 375.0
0.30 6.16 7.649 0213 97.79 3718
0.40 6.26 7.649 0.230 97.61 371.0
0.50 6.31 7.649 0.141 98.54 375.4
1.00 6.16 7.649 0.205 97.87 . 372.2
2.00 6.31 7.649 0.292 96.97 367.9
3.00 6.00 7.649 0.045 99.53 380.2
4.00 6.22 7.649 0.073 99.24 378.8
500 6.28 7.649 0.063 99.35 379.3
6.00 6.15 7.649 0.038 99.61 380.6
8.00 6.12 7.649 0.060 99.38 379.5
10.00 6.24 7.649 0.000 100.00 382.5
12.00 6.26 7.649 0.028 99.71 381.1
18.00 6.36 7.649 0.088 99.09 378.1
24.00 6.03 7.649 0.000 100.00 382.5
i
C, - mududuvsmsiavsadiuiies @adnfidns)
C, - anududuvewzifimie @adniu/das)
pH, ~ feninfeninismanes
%removal = 30UaZNIINIIA
x/m = ANNEINIT0IUNITgATUVRINIUNTERN (HadnTy Po/NT Y

DIUNTLYN)
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Msui -5 waveswImmmuizaudmiunsAny lelmneunisgaduazng daoa1u

] ¥ ¥ 3 o
nsganan1zil 3 Ysuim 50 Hadniwaastiude meninfesuduwiiiue

| pH, C, C, Y% removal, X
(é’ﬂw)
0.10 6.40 7.649 N.D. 100.00 153.0
0.20 649 7.649 N.D. 100.00 153.0
0.30 6.49 7.649 N.D. 100.00 153.0
0.40 6.60 7.649 N.D. 100.00 153.0
0.50 6.50 7.649 N.D. 100.00 153.0
1.00 6.63 7.649 ~ ND. 100.00 153.0
2.00 6.55 7.649 N.D. 100.00 153.0
3.00 6.45 7.649 N.D. 100.00 153.0
4.00 6.41 7.649 N.D. 100.00 153.0
5.00 6.42 7.649 N.D. 100.00 153.0
6.00 6.74 7.649 N.D. 100.00 1530
8.00 6.53  7.649 N.D. 100.00 153.0
10.00 6.58 7.649 N.D. 100.00 153.0
12.00 6.84 7.649 N.D. 100.00 153.0
18.00 6.80 7.649 N.D. 100.00 153.0
24.00 6.75 7.649 N.D. 100.00 153.0
e

C, — anududuvosmeiandalsufies @adniu/da)

& - anududuvesnsiaiimie Gadnfudns

pH, — fenhidundiminaaes

%removal = 508RYNITRINA

x/m = ANNEINITDIUNITQAFUVDINIUNTEAN (NadnTy Ph/nTu

DIUNTEYN)
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v 3 ¥ v
sEqnan1eh 3 USuiw 100 Hadnsw/aastiudy Nowivdusuduniny 6

nm pH, C, C, % removal, X
(‘fs"ﬂm)
0.10 6.61 7.649 N.D. 100.00 76.5
0.20 6.67 7.649 N.D. 100.00 76.5
0.30 6.65 7.649 N.D. 100.00 76.5
0.40 6.68 7.649 N.D. 100.060 76.5
0.50 6.68 7.649 N.D, 100.00 76.5
1.00 6.71 7.649 N.D. 100.00 76.5 .
2.00 6.76 7.649 N.D. 100.00 76.5
3.00 6.75 7.649 N.D. 100.00 76.5
400 6.71 7.649 N.D. 100.00 76.5
5.00 6.73 7.649 N.D. 106.00 76.5
6.00 6.78 7.649 N.D. 100.00 76.5
8.00 6.78 7.649 N.D. 100.00 76.5
10.00 6.74 7.649 N.D. 100.00 76.5
12.00 6.88 7.649 N.D. 100.00 76.5
18.00 6.93 7.649 N.D. 100.00 76.5
24.00 6.99 7.649 N.D. 100.00- 76.5
hE

C, = anududuvesnsimdalfufies @adniu/das)

C; = anududuvesmsiafimie @adnswdny)

pH, - fevihidundimsnanes

% removal = 3BHAZAIRINA o

x/m = AnumN1salunsgAaduYeInIuNTEan (Jaansy Pb/ﬂ.ﬂ__’.;_

21UNTEYN)
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A15198 v-7 Namsﬁﬂywvlaicvmaumm@mm A7 #08IUn5Y anEn1Izi 3 YTnmee g
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C, C, X m X LogC, | LogX 1/X 1/C, T,
7649 | 1921 | 5728 | 0005 [1145.500 0.284 | 3.059 | 0.001 | 0521 | 24
7.649 | 1.167 | 6482 | 0.007 |926.000| 0.067 | 2.967 | 0.001 | 0.857 | 12
7.649 | 0.682 | 6.967 0.01 |696.700 | -0.166 | 2.843 0.001 1.466 8
7.649 | 0.116 | 7.533 | 002 |376.650| -0.936 | 2.576 | 0.003 | 8.621 6
7.649 - - 0.05 - - - - - -
7.649 - - 0.10 - 5 2 ; - ]

e
o = armduduvessiasudu @adindudng)
= anudiudy YpenzifanIaz zauqa (Hadniw/ans)
x = anuutuYe amﬁ’;‘ﬁ'gﬂﬁ 199 (Hadnsu/ans)
= ﬂ?mmdmnsz@ﬂ(ﬂé”w/ﬁmﬁynﬁv)
X = ANumIelunIgauYeImIunIEgn (Nadniu PhnTNa1unTen)

d' 3 1] a’/ Loy
= NMVIgEMISTNgD (¥ 1u9)
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3 pH, C, C, % removal x/m
(Ta)
1.00 | 7.0 10.230 . 9.819 7.72 0.822
3.00 7.0 10.230 9,732 8.53 0.996
6.00 7.0 10.230 9.627 9.52 : 1.206
12.00 - 7.0 10.230 9.588 9.89 1.284
24.00 7.0 10.230 9.81% 7.72 0.822
48.00 7.0 10.230 9.696 8.87 1.068
72.00 7.47 10.230 9.37% 11.85 1.702
o

C, = anududuvesersminral Sunes (Tadnsu/ans)

C, - anududuvssersiaiinfimie @Gadniudas)

pH, - fiemiudendsmsmanes

%removal = 3088¥NIAIA

x/m = anuaINITaluNITaFuYeInIuNTEgn (Nafniy As/nsy

2IUNTLAN)
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AT -9
ﬂ'sz@ﬂﬁmazﬁ [ 5181 1.0 nfAnsthide ﬁawﬁyuﬁaﬁuﬁ’mﬁﬁu;_6
1Im pH, 'Cb C; % removal x/m
(%"ﬂm)
1.00 7.15 10.230 - 9.337 12.25 0.893
3.00 7.33 10.230 9.169 13.83 1.061
6.00 7.14 10.230 9.269 12.89 0.961
12.00 7.36 10.230 D22 12.86 0.958
24.00 7.55 10.230 9.116 14.32 1.114
48.00 7.38 10.230 9.059 14.86 1.171
72.60 7.20 10.230 9.245 13.11 0.985
iilo
C, = anudinduveserfisiiondelfuiies Hadnsudas)
C, — anududuvesersiiinfimie @adnsuaas)
pH, - fewhidonimsmaass

% removal

x/m

Fovaznmsmida

anuauIsalumsgaFuvesniunszgn (Ia8nsu Aynsy

1UNILYN)
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1M pH, C, C, % removal x/m
(‘i‘s"ﬂm)
1.00 7.57 10.230 8.456 20.53 0.591':.
3.00 7.4 10.230 8.134 23.55 0.699
6.00 7.70 10.230 7.201 32.32 1.010
12.00 7.74 10.230 7.165 32.66 1.022
24.00 7.68 10.230 7237 31.98 0.998
48.00 7.65 10.230 7.130 32.99 1.033
72.00 7.44 10.230 7.237 31.98 0.998
tilo

C, - anududuvesofiriandefufiey @adniudas

C, - anududuveserfiaiinfimde Madniudns)

pH, - fuemihiFundimsnanes

% removal

x/m

1l

founzmsniin

ANNEINIT0 IUNITRATUVBINIUNTEYN (HaAnTy Av/nTY

aUNTEYN)
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1M pH; C, C; % removal %/m
@)

1.00 7.70 10.230 6.452 39.36 0.756

3.00 7.61 10.230 6.254 41.22 0.795

6.00 7.88 10.230 6.241 41.34 0.798

12.00 7.88 10.230 6.037 43.26 0.839

24.00 7.94 10.230 5.915 44.41 0.863

48.00 7.85 10.230 5.863 44.90 0.873

72.00 7.51 10.230 5.884 44.70 0.869

C, anudutuvesosivilnndslSufiey @adniwany)

C, anududuvesersiyinfimie (Hadndwans)

pH, fomindondimananes

%removal = 300aznISHIIA

x/m anuasalumisgaduvesniunszen (aansy Asnu

GRITLEE0)
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0 pH, C, C, % removal x/m
(%”ﬂm)
1.00 7.72 10.230 5.810 49.66 0.442
3.00 7.55 10.230 5.538 52.01 0.469
6.00 7.60 10.230 5.504 5231 0.473
12.00 7.56 10.230 5371 53.46 0.486
24.00 7.72 10.230 5.236 54.63 0.499
48.00 7.83 10.230 5.235 54.64 0.500
72.00 7.70 10.230 5.233 54.65 0.500
(il

C, - anududuvesssiinndelsufies @adniudns)

C, - anududuvesorsiminfimie Gadniuans)

pH, - femindendimineass

% removal

x/m

fouazn1Ifiie

ANuAINITalunITgaFuveIaIunszn (1adnsy As/nsu

21UNTYN)
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£3a pH, C, C, % removal x/m
(‘f;’ﬂm)
1.00 8.30 9.963 3.733 67.65 0.208
3.00 '8.31 9.963 3.702 67.92 0.209
6.00 8.43 9.963 3.512 - 69.57 0.215
12.00 8.26 9.963 3.292 71.47 0.222
24.00 8.30 9.963 3.280 71.58 0.223
48.00 7.99 9.963 3.221 72.09 0.225
72.00 7.74 9.963 3.215 72.14 0.225
o

C, = anududuvesorfiidnndaSufiey Gadadwdns)

C, - anududuvesersisinfimte [@adniw/ans)

pH, - fewmhidondimsmanes

% removal

x/m

Jovaznismida

AUFINITO )

21UNTEYN)

UNIIPATUYDINIUNTEYN (FAanTN As/ATY
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nIzan@A1IEh 1 YTuIm 50 nTw/Ansindy Aewindusuauminy 6

nm pH, C, C, % removal /m
('i'f"ﬂm)
1.00 8.38 9.963 2497 76.67 0.149
3.00 8.40 9.963 2478 76.85 0.150
6.00 8.40 9.963 2.474 76.89 0.150
12.00 8.39 9.963 2.474 76.89 0.150
24.00 8.29 9.963 2472 76.90 0.150
48.00 8.04 9.963 2473 76.90 0.150
©72.00 8.23 9.963 2.470 76.92 0.159
il
C, = anudutuvessiandaliuiies @Gadnfu/anT)
o - anududuvesersiainfimie @adnsu/bas)
pH, - femiidondinisneaes

% removal

x/m

founzmafiin

AnumIIolunsgaFuvessiunsean (Jadniy Asnsy

ARITLEE )
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I pH, C, C, % removal ¥m
(F2l19)
1.00 8.56 9.963 2.128 80.12 0.078
3.00 8.46 9.963 2.129 80.11 0.078
6.00 8.46 9.963 2.131 80.09 0.078
12.00 8.50 9.963 2.129 80.11 0.078
24.00 8.39 9.963 2.130 80.10 0.078
48.00 8.41 9.963 2.128 80.12 0.078
72.00 8.50 9.963 2.126 80.14 0.078
&
1o
¥ 9 d o [ o et A a o oA
C, = anuuduveseTwinualTuiey Wadniwaas)
¥y 9 ¢ a & A a o oo
C, - anuNYuYBeITinmae (Nadniu/ans)
pH, = WoriuFenaInInenss
%removal = $o80¥N1IRIIA
x/m = ANAINII0IUNITAAT VYR IUNTEAN (HadnTu As/nT

a1unTEGN)
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C, C, X m X LogC, | LogX VX 1/C, T,
10.236 - - 0.5 - - - - - -
10.230 - - 1.0 - - - - - -
10.230 | 7.237 | 2.993 3.0 0.998 0.860 | -0.001 1.002 0.138 72
10.230 | 5.863 | 4367 5.0 0.873 | 0.768 | -0.059 | 1.145 | 0.171 48
10.230 | 5.236 | 4.994 10.0 0499 | 0719 | -0.302 | 2002 | 0.191 24
9.963 3292 | 6.671 30.0 0222 | 0517 | -0.653 | 4.497 | 0304 12
9.963 2.478 | 7.485 50.0 0.150 | 0394 | -0.825 | 6.680 | 0.404 3
9.963 2,128 | 7835 100.0 | 0.078 0328 | -1.106 | 12.763 | 0470 1

e

Y 4 i g a a v oA
ANUYUUHUDIDITFUNTUAU (UARNTN/BNT)

d =% 4 a a o a
anutuduvesesinNanizauga Hadniw/das)

o _ o a a v ooa

YT, A |
ANVIBUYUYBIBTIFUANDNN1A (URANTU/ART)

LY

-

b 4
] =

YTunmaunszgn (NFu/aastinae)
ANUTINITD IUMIPATUYDINTIUNTERN (HABNTH As/NTNINTZQN)

= g ) v ¥ouns
E?ﬁ?%&ﬁl?gﬁﬁ?ﬁ]%ﬁﬁhﬂﬁ (B2149)
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M

E C=001 | C=002 | C=003" E | C=0.01 | C=002 | C = 0.3
300 3.766 3.300 2.835 1550 0.72% 0639 | 0.549 |
350 3.228 2.829 2.430 1600 - 0.706 0.619 ' 0.531 _
400 2.824 2.457 2.126 1650 0.684 0.600 0.515 v
450 2.510 2.200 1.890 1760 0.664 0.582 0.500
500 2.259 1.980 1.701 1750 0.645 0.566 v 0.486
550 2.054 1.800 1.546 1860 0.628 0.550 0.472
600 1.883 1.650 1.417 1850 0.610 0.535 0.460
650 1.738 1.523 1.308 1960 0.594 0.521 0.447
700 1.614 1.414 1.215 1950 0.579 0.508 0.436
750 1.506 1.320 1.134 2000 0.565 0;495 0.425
800 1.412 1.237 1.063 2050 0.551 0.483 0.415
850 1.329 1.164 1.0060 2100 0.538 0.471 0.405
900 1.255 1.100 0.945 2150 0.525 0.4560 0.396
850 1.189 1.042 0.895 2200 : 0.513 0.450 0.388
1000 1.130 0.990 0.850 2250 0.502 0.440 0.378
1050 1.076 0.943 0.810 2300 0.491 0.430 0.370
1100 1.027 0.900 G.773 2350 0.481 0.421 0.362
1150 0.982 0.861 0.739 2400 0.471 0.412 0.354
1200 0.941 0.825 0.709 2450 0.461 - 0.404 0.347
1250 0.904 0.792 0.680 2500 0.452 0.396 0.340
1300 0.869 0.761 0.654 2550 0.443 0.388 0.333
1350 0.837 0.733 0.630 2660 0.434 0.381 0.327
1460 0.807 0.707 0.607 2650 0.426 0.374 0.321
1450 0.779 0.683 0.586 2700 0418 0.367 0.315
1500 0.753 0.666 0.567 2750 0.411 0.360 0.309
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