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KUSUMA NAMSEETHAN : HARDNESS REMOVAL FROM WATER BY
MODIFIED STARCH COMBINED WITH ULTRAFILTRATION SYSTEM.

THESIS ADVISOR : ASST. PROF. PATCHARIN RACHO, Ph.D., 159 PP.

MODIFIED STARCH/ULTRAFILTRATION/PHOSPHATE MONOESTER

STARCH/ADSORBTION/HARDNESS

The modified starches is an attractive sorbent in this research that contains
abundant polysaccharides and are widely production in tapioca starch industry of
Thailand. Several researches shown that modified starches were effectives for cationic
removal by a chemisorption mechanism. The aims of this study were evaluation the
hardness removal by modified tapioca starch and it’s suitable operating conditions
when combined with an ultrafiltration process. Two main parts of the experiment were
set up and evaluated. Batch experiments were carried out to study the influencing of
various factors such as functional group of modified starch, pH, contact time, and
adsorbent concentration. The results showed that phosphate monoester starch achieved
the highest adsorption capacity that was about 1.4 eq/g at operating condition of 5
minutes, contact time and 10 g/L, modified starch concentration. The adsorption
mechanisms of hardness in water were following Freundlich isotherm and pseudo-
second order. These causes of functional group of phosphate monoester starch can be
exchanges with calcium or magnesium ions in hard water. Then, calcium and
magnesium ions can be replacement of hydrogen in the hydroxyl group in the glucose
units. After that, it can be formed a polydentate ligand that are stability compounds.
The next experiment, a continuous ultrafiltration process that combined with modified

starch adsorbent were evaluated. The highest removal efficiency of hardness were



found at an operating condition of permeate flux 25 L/m?.hr, permeate to retentate ratio
50:50 and 20% of absorbent reclamation. Moreover, this can be lower clogging than
the other conditions. The surface membrane clogging may cause of a small particulate

of phosphate monoester starch that causes of a large flux are losing.
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nflimes | wig | mnaigu HNQa , | auanynil
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AN NTU 10 4.77 6.44 | 7.58 0.24-16.83
pH - 6.5-8.5 7.41 731 | 622 4.4-8.63
TDS mg/L <1,000 88 37492 | 342.92 | 17.4-4,450
Total mg/L as <500 75.65 - - 6 - 400

Hardness CaCoO,

Nitrate mg/L <50 - 1.47 2.7 0-247.5
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Unlszih 99y | gauas
Fluoride mg/L <0.7 Tsiww 055 | 0.79 -
Chloride mg/L <250 9 - - 5-130
Tron mg/L <0.5 0.014 0.32 0.35 0.01-2.1
Manganese mg/L <0.3 0.002 0.11 0.16 -
Total TnTaily/ .
0 17 68.65 | 179.62 Tyinw
Chloroform 100 Ua
Fecal Talal/ .
0 <1.8 24.15 | 138.85 Tuwu
Chloroform 100 Ua
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http://www.foodnetworksolution.com/wiki/word/2943/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%88%E0%B8%B1%E0%B8%81%E0%B8%A3%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B8%AD%E0%B8%B8%E0%B8%9B%E0%B8%81%E0%B8%A3%E0%B8%93%E0%B9%8C%E0%B9%81%E0%B8%9B%E0%B8%A3%E0%B8%A3%E0%B8%B9%E0%B8%9B%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3-food-processing-equipment
http://www.foodnetworksolution.com/wiki/word/1997/food-contact-surface-%E0%B8%9E%E0%B8%B7%E0%B9%89%E0%B8%99%E0%B8%9C%E0%B8%B4%E0%B8%A7%E0%B8%AA%E0%B8%B1%E0%B8%A1%E0%B8%9C%E0%B8%B1%E0%B8%AA%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3
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http://www.foodnetworksolution.com/wiki/word/0528/thermal-processing-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%9B%E0%B8%A3%E0%B8%A3%E0%B8%B9%E0%B8%9B%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B8%94%E0%B9%89%E0%B8%A7%E0%B8%A2%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
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http://www.foodnetworksolution.com/wiki/word/0357/heat-exchanger-%E0%B8%AD%E0%B8%B8%E0%B8%9B%E0%B8%81%E0%B8%A3%E0%B8%93%E0%B9%8C%E0%B9%81%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%9B%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%99%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
http://www.foodnetworksolution.com/wiki/word/1978/micro-organism-%E0%B8%88%E0%B8%B8%E0%B8%A5%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C

A ] Aq ¥ A 1
M1319% 2.3 YSananheoun lsiogaann sy

11

Usz1anvaals911QAaHNIIH ananirfidesnism’/ton)
Tseauiies 20-30
Tsaauma linszilea 12-25
Tsanurnnszilos 6
Tsssauitonszilos 70
Tsanmudanseiles 20
Tssnmaidad (1 qn3) 5-15
Tseamai]ln 10-20
Tsaumlennii 20-140
1599 UHAANTZATY

Bonszay 30

N5ZAIEINGDY 40

NTZATHNIAY 500
Tseaunes

mihe 15-200

mlodansizgn 400-1,000
Tsanumaasausia 200-1,000
T5anunauthi 0.1-40
T5aumanndn 6-300
T5aumansin 400
T5a1u09iiiley 1,300
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(Mustapha et al., 2016)
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AN 2.4 MAnunszATImNzan sy Tssnugedmnssuiaazlsznm

T53014gAHN TN ANUNITAINIHUA (mg/L as CaCO,)
Iﬁ\N’]u’QﬁﬁWﬁﬂﬁiuﬂ1ﬁ13ﬂigﬂﬂQ 25-75
Iﬁ\?\ﬂ“@ﬁ'ﬁ’lﬁﬂﬁiuﬂﬁgﬂqy <50
Tsenugaamnssunonniig <135
Tsnugaevnssunei <20
901 [ <3
HIaLEu <50
YA 9 9oy H
u’]iaﬂ\um']ﬁﬂ@ﬁllulﬂu'] <10

11 : UseMANTENINATITUGY RUVN 61 (2524) 1azllseMANITZNITWYAAIMNTIY (2549)

2.4 MalulagNMIMIANNUNIZA

24.1 MIiANALNOU (Chemical precipitation)
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a5zt 30-35 mg/L as CaCO, (Qasim et al., 2000)
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A9 2.5 ﬂﬁfﬁ%ﬂ‘lj'lﬂigﬁ}Nﬁj’Jﬂﬂ'ﬁﬂﬂﬂgﬂ@u

. g 2 Uszansam
Y R . Ysuasial | ANUNTEANNIHUA . . . -
UHALUN FUATIITLAY N13N199 TGS 91904
(mg/L) 2 2
AU U190N (%)
Ca(OH), 100 85 9.2
Tehran Refinery 500 678 Zadghaffari and Asr (2013)
NaOH 18 97 10.8
Nissan WTP 200 352 226 36 10.25
Al-Karama WTP CaO 300 507 334 34 9.3 Nasser and Ali (2006)
Al-Wathba WTP 300 488 322 34 9.8
- CaO 90-120% 332 160 51.8 10.5 Dey st al., (2007)
NaAlO, + Na,CO, 600 121.6 87 8.8
HIA1a 0UN0F3 NaAlO, 600 443.94 55 8.67
A [ Y] [ [ L4
Weelvu ania Ca0 100 986.4 96,8 ) 736 oUITAU (2014)
QUAIIFHI
Na,CO, 800-1,000 349.64 64 9.5
Aluminum 1,000 808.86 18 6.8-4.4

€l
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< ~ 1 = A A A 1 A =\ d =R o Y
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A A A Y = 2 A Y 9
Usz@nSnmveusduanas Jedeslimsdunaninissu Tasldindouns (NaCl) iudu 8-15%
= & a o Y a Y A Ao Yy 9 J =
Falunszurumsiuanmsduszmhildinaiudeniaianududuvesnas lsdgads
40,000-150,000 ppm. (U.S Department of the Interior, 2002) &4 liiiinnzauNvzdosasgunas
¥ a o ¥ = o & 9 Y1 a o L A g9 o w
MI535091a aaumIngad1rnIsudsuduasldnienuiiuriaie lslunisiiiia
aol A d919/ d‘ = o [ A 1
BunaennIzuIuials msuannlasulessulianuainisalumsi saasdedudias
= v A (] 2,’ [ [ @ Aa 9y 9
sawdeTaneminieglugdazarer ua lumangnu arsazarenlanududuganng msg

2 A [ Y = ) & A ¥ A Y 1 = o 9 =3
ﬁulﬂﬁi’)\‘]ﬂ'lslslﬁnfl i’)ﬂ‘VNﬂﬂuﬂu“ﬁﬂﬂglﬂ]TQﬂigU'Juﬂ’]ﬁl!aﬂlﬂaflullﬂ@@u Y uaaung

Y
v o

MvaasuvIvaseeonaInii ideneunetlosiumsgaduludslfnser vinnmsnunau
1 9 d‘ = 1 = = a A o w Sol
s5unssu nd msldmsuandsulesowiissediuded Jiszansamlumstdaii
k) 4 1w 1 ' Y Y A S Y o o A
N3EANINNI 50% uadd ludnsaaamianunszaldiuaediala vininianainnw
Y o & Y 9 @ A 2 a A o v ¥ Y 14
nszangae Suiludealdsunuszuumusunomulssansnnlumshidainszaia g
4
FIYU AUFUAIUITEUDN Deavenport et al. (2013) 1dunalossusdusiniuszunur T
a o o w aol F) = = a A = [
Hawssulumstivaiingzan sanmsanymud Jisz@nTamgede 97% Tavawnsnaan
X 13 ¥ o
ANNIzA191¥11A0 9-13 mg/L as CaCO, Fadoiniluieou dunsni l) 14 lugaamnssu
Y Y g Y v A
nom gadmnssunszayla Wudu (Jsgmensznsasisugy a1uf 61, 2524)
1 v o~ o w a @ A Y o w
ualudagiulinisihiigaansssuana waaudsmeldlunsiidalesou
IS [

1 ¥ A
a199 Tuiih Tagldnalnlunisuanulaoulosou Deng and Ting. (2005) Anu1n131F9aTw @

o a o aa =< g @ o =
I,IJJ‘iIﬂEJﬂ§$‘]J'Juﬂ'liﬂ‘i'l‘l/\lﬁIﬂW’f]ﬁliJﬂUlilclﬁfu‘UﬁNﬂiﬂﬂ%ﬂﬁﬂ Gﬁﬁzﬂum@@mumwamwiu
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N1357199 Cu(Il) 1ag Cd(ID) NAITANYINDIN mmmmm“lumi@ﬂcﬁ’u"laaau Cu(Il) tag

[ = o o Y] dy I A
Cd(D) 1N 1.70 iag 1.87 mmol/g Fanalnlumsmsmdalanzminil Wumsuanlasy

U ] ] @ 14 a

looousznialavizminuaz Tsaou (H+) YoaryaAFUAITUBHA (-COOH)

243 AITUIUMSULAAINNIDTY (Membrane filtration)

] o o 1
ﬂ%wuﬂﬁzmumimmuiugﬂmmﬂ3$Qﬂy1%’1mmwmﬂqﬁ’m LU NS

q

o w 3 a A 3 A A ¥ o Y 9 9 a o J
ad msaausuanizaluiinay msuennasesnvindimga N1 lmandu lunannua
[ Y g 9 tﬂy a ~ " Y c', o Yy Aa ] a1
uy M ldiwa lddasaiegaunid lasanuioud i ldnaanuainiiunszuaumsmu
= Y a A Aada 1 A <3| £Y .
WTUNAUMUATUE DAY HAZITFIANANIINTLVIUNITOUS) 1] UAY (Girard and Fukumoto,
Y A "9 9 =
2000) ¥V9AVBINTTUIUMTINNIUTY AD ausanena1sazalslaslidesldarsialy
o v A & Y ) @ °
nszuaumsnlsgd ansadwadaludloulanua uazanhysinem
o ~ @ I v W
NANNTVDINTLVIUNTVBINTLUIUMTNLUTUN TFANuauiunsaTuaY
A ~ 9 < 1 [ 1Y @ d’
AomsazateNsznoualeas luana@naz s ulagodonssauduinaoudis
11099 1NHAA19YOIANUAUITZHININNILITY (Trans membrane pressure, TMP) @3UAIQNAZaAY
vgnuuUsuin 13 Sendn Smumn? wie “drsazaredudu’ diuaiiazatouazaign
1 ~ 9 S A Y A 1 a [l
azaeunduiliznoudems lwanaviamanirumsu l1a Soni1 aweiien” aau
A o 9 4 QA A a A g’/ 1 da@l (Y] 9
mh 1145z TemionniuSimumn wsemedion wionidoadIUTUOGIUAINADINITUDS
o 4 [ [ 1 [ a <
31 11952 Tewsd msnsedlaglsuumuszauaieg laun seaululasHamsdu (MF)
@ a o a ) a @ [ I Y
a5 Mamssy (UF) W ludlaw sy (NF) agood Iuganiunan (RO) tiuau
2.4.3.1 lulnaWlamsyu (MF)
_ —m . \ oy .
TuTasWams¥u (Microfiltration: MF) (Hlunszuiumsilfigensoahn
1 o @ (] 1 <3
NurugnguLIa 5-1,000 nm dmivuen Tuanalvg) 19y @15092Ua98 HT00YNIAIGNT
o v A 9 1 1 a A A Y v o []
PONIINVOIUNAT UTIVUAUN 1F0g5241719 1-5 atm vHAveGTonTOINIF U Taen 1) 5
I Y )\ v a 9
Cellulose acetate, Polysulfone 1@ Polystyrene Wudu nszuauns ulasHawmssuionly
o [ o @ %’ Qy o w {2 (] ?,’ 1 %
dmsumsthiaiing msmvedsuvauassNiuaunganuyuuesil taze1n lgsunuy
@ A 4 a [ 4 ra 9 o w 9 %I
ATzUIUMSHETNINBLERadInrans s 1as lideuldlunisiisaniunszaraluiin
A 1R ' o w = A A Y o & 9
iesnnnagnguaalveg 39 luamisomida losounaaFennazuuniidon1d suiludes

9y 4 1 Y 1 a J S A 2 a A
Gl%ﬂizﬂ’)uﬂﬁﬁui’)uﬂﬁﬂ !,GI)'uﬂﬁl@mﬁﬁﬂ’ﬂﬂ%ﬂ’t]ulm$W@aLN@iLﬁﬂLWNﬂi%ﬂﬂﬁﬂ1Wﬁluﬂ1i

LYNTITUDIUNNLUITY



A o o 3 Yy v A
AT NN 2.6 ﬂ'lﬁﬂ'l%ﬂu’lﬂﬁ%ﬂ’lﬂﬂ?ﬂﬂWﬁllaﬂlfl_laﬂullf)@@1!

Comstock and Boyer,
, Apell and Boyer, 2010 Pentamwa et al., 2011 Lazar et al., 2014 Arias-Paic et al., 2015
RERIVLH nUY 2014
2 v 3 2 v ¥ 2 v 3 2 v 3 2 v ¥
UV HIDDN UV HIDDN UV HIDDN UV HIDDN UV HUIDDN
W% - 7.2-7.5 - 7.6 7.7 6.7 - 7.1 - 7-8 -
, z mg/L as
RGRRESITE RN 250-320 - 244 = = - - - 100-240 -
CaCo,
AT
mg/L - - - - - - 151.02 17.523 - -
looou
ANVATTAN mg/L as
2 300-440 9-13 275 112 440 246 - - 500 56
NINUA CaCo,
aara mg/L 17-130 - 20.9 1.1 - - - - 18.8-116.8 -
- A200C resin (cation MIEX (Anion and cation
1TUU - Polystyrene foam Purolite C100E Amlaerlite 200C-Na
resin) + NF resin)
Useansnn
lumsiia % 97 >55 44 91.98 >88
ANVATEAN

91



17

2.43.2 sansamstu (UF)
o a o I
NIZUIUMIBanI NI T 1T UNTZUIUMITUENA TS Tulanauua
[ 1 J a A J %’ di A ?,’ Y] 1
Tvn) U Aoaaosd 3AUNITI 1Ma taza 13U NLIIMITN INanasening 300-500,000 A1a
% ?,‘ v A Y 1 ] ] 1 4 =1
Au (Da) 091N Taganuaun 1 lumsdeansrmumusueg Uy 2-10 115 taglivua
a d' d' Y o o ]
FWTUVBUNVIVTY 2-10 nm ¥ aveudensosn 1FiuTasna 11 15U Cellulose acetate,
. . <3| v a 0'1 o 2
Polyacrylonitrile 1482 Polyester U@ AszUIUMIBanI NI FUH LT IMTUNMTUEANT ©
A o w 4 o w g Qy o g a Q‘{ o %
muaunTuTsdu msmdaneaassa mahiaiing msiihliusgns wazmssini
9q Y I Y Y o a A o lay A ﬁl ~ Aa gj = gj =
wa T v e fudy ldwasnulumsauszuung vaz luauaassnunlumsands 9anal
a a o w a 901 Y 9 v =R Yo a
dszAnsnmlumsiivavanuildaeudiegs Togtiudslasuanuieulumagadivnssy
AT WIHINTTY
2.433 wluilams¥u (NF)
A & 3 ~Aq Y v &
AszUIUMI TuHam sy sy Ylunszudrumsnlsusaaunily
o A @ %’ =\ a ) 1 1 o 9
usavunaeulumsuendignazatgeanaintil ma lu Tagu Tudlawmssudiulvaigniimn
Y =S
Tunisiivalanzniinluiiude (Mohammad, Othaman and Hilal et al., 2004) Y9@v9311 11
a o 1 1 I~ [ g’; 1
Hawssumauusy ae ansaldaulugraanuiunsa-a1e 1dnieaaus 3-8 uazly
[} 1 a ad a gJ/ v A (%
HSIA UL 8NITIASaood TUTaINIIUTY OnNIdalauruIzaununi1sldaruly
1w =Y ) a ad a 1 1 [
AAQARIMNITUUINAI0AAT NI TFUINLTY uaz5 A5 dood Iudamuusu ua 11145y

v

4 4 S 1 1 = g’/ o Q ?)J
anuiionlumsinlgmide Tangminuaziiingza iiesaniiar l491ege Bnsiamsmisai
9 9 [
AsTA9AInTZUINNSH 6 luansamsmiinszaa1iiaidg 18 (Bergman, 1995) waz 'l
% %,' 9 A ) o Y Yo o w g: Y 1 9y
muznuihnsgaeaiannunszaege suludeldsumsiiaun lududunousgum
1 N R 1 < Y
WTU NEARNITZYDUNNIUTY ToanUNIsgAAULATMTI@ONTNINUDINNILT I Tag
1 ] 9 a o 2 a A o W %’ Y 1 [
daulvgudiszuvin Tudlamssuiilszaniamlumsiniaiinsgaauinnil 60% aaa1ing

2.7

=).

2.43.4 @valuTFafiUNaL (RO)

ad a % 1 <
AszuIUMIInsaeea Tuda 1dussaulumsuenasanes Faeuiso

9
a 2 o

a = 9 a a = Y A v A a a
Llﬂﬂﬁ1iﬂu715ﬁ@nﬂ°]5u@ l,l,aleﬂﬂﬁ1iﬂuu1/ﬁﬁ@l,ﬂ@ﬂ1/lﬂﬁlﬂﬂlﬂ @ﬂﬂ\?ﬂ\iilﬂi%ﬁ‘l/l‘ﬁﬂﬂ/\lﬂﬁ

Q

E 3 % v {
mvaleosulnildge Usz@niamues RO YIuognuussaun 1y (Ujang and Anderson et al.,

9
o v o

dy 1 19 Y a %} A =\ a A Y
1996) nszuumsiaiuluglalumsnaniingy Nilszansamwgalumsmiaiingzan Tag
A

7 1

1 Y Yo Y 'y Y1 o o 4 "
ﬁ'nﬂiﬂa@ﬂ1ﬂﬁ]13\lﬂi$@1\‘111’?@1?3\11@1@81%@]6\11‘]53’3%ﬂ‘]JiZ‘]J”U’]JT]Jﬂ@u‘] muimyn

1 (%) H 1 1 (%] 9Ol H
Uszansnnlunsashiauinnin 90% @3a13199 2.8 ue lumu AN IE AN AL
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o ¥ Y A Y g

g9 tiesnnaziiavzimamsgaauluszou ldie Sunugduinszannlanudududing

Y
A

J 1 X I 1 ' {2
uaz RO T ld9elumsninguizuuge Fudumldirenauala

' v

A 19
@m"lmnmﬂumiamu

a

=

) o { "y ?,‘ A o w A v =K " Yo a
ﬁ11’iiﬂiiﬂﬂ1uq¢]ﬁ1ﬂﬂiilﬁflhlllﬂ’E]Qﬂﬁlﬂ‘l/lW1uﬂ1i°]_l1ﬂﬂ‘l/lﬁ$@1@lﬂﬂuﬂ m”ln”lmummuau

E4
o

Y
Tumsihanlglumsihiarindeuayidnininszda (Cuda et al., 2006)

H 9 a o
A15199 2.7 ﬂ15ﬂ1ﬁ]ﬂu1ﬂi$ﬁjﬁ@%}’38ﬂ1§ﬂigﬁﬁuﬂ15u11u1/\lﬁmi°lfu

. TDS (mg/L) Total hardness szansamms
'3 A eo ¥y
LHANUN (mg/L as CaCO;) | NIAUINTLAN
(psi) 7 o | 2 7 o | 2
U HION U 2NGRII (%)
Lower Tamiami 110 420 140 260 80 69
Upper Florid 105 450 300 240 90 62.5
Surficial 105 360 90 255 50 80
Shallow wells 100 500 170 250 70 72
Ground water 145 - - 280 14 95

e Bergmam (1995) 11a¢ Bruggen et al., (2001)

d‘ o o aOJ a L o
ATNN 2.8 ﬂTiﬂﬁ]ﬂ“LHﬂ‘i%@S]JN@Q]}’JEIﬂﬁﬂi$°lJ’Juﬂﬁ’é]’é]t’fill“])’ﬁ'l,l,ﬂﬂwuﬂaﬂ

TDS (mg/L) Total hardness (mg/L as CaCO,) Color (CU)

v . AN G

uranay | 2 d & A 2 dsgansom | , , |
AU (pSi) HUUT HION HUV HIDON HUUT HIDON

(%)
Biscayne 130 480 35 310 20 93.5 65 <5
Shallow wells 155 480 285 230 130 43.5 75 <5
Floridan 110-120 910 230 310 30 90.3 - -

e Bergmam, (1995)

2.44  msvsenaaliluad

< : - L
Wunszurumsmanil lihasaailsualossuveslansiogly
9y ] ~ g}/ a o a g‘/
arsazarslredlugivessignviua Inauazinamasoandauluviue luanasaral a1u150
o w a 4 g}/ g o o
iialooou a15oouniin noaaoes sAUNINITHENOYNIA 1T uag TangWiineonan

@1sazalgld (Escobar et al., 2006; Emamjomeh and Sivakumar., 2009; Holt et al., 2002 {ta g
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o [ ti'd 9 9 Y] t:l 1 [~ ::'Q
Chou et al., 2009) Mz d1vTUdITazaeRlANuE VT uve Tangminfige ua liiluin ey
Id 2 o (B . Aa a
msziumsauldeandsaulihgann vazlisimaneadnge Felszansamlums
o W d? Y a 3’, adg Aq Y 1 v 9 o ~
i looou vz ¥uegiuriaveUIdan Insan 1y tazaua NANGTINAIY A9A15197 2.9
Qddyd a A o w ?,‘ Y =X . ' ra
Tag s ulilseansnwlumsminiiingza1agane 98.2% (Malakootian et al., 2010) ua lition
4 1 ] § 1 o I
Tunagaamnssy iesnniialdsengaunn Tiduynulumsiinia dudu
2.4.5  MIQAYY (Adsorption)
o [ 3 1 [ a 1
lutfagtiunszurumsaaguiunszurumsnldsuanuiionnoudagelu
) o w ] a 1 4 I { Aa A
TagtiulumsmiivalooouTane uaz Tangnwiinwiiaaee wWesnniluszuuidse@ninm
= = = gl./ o 1 o w Y1 A o
guaziiiddesnnge onnediansouendauvosnznouseon lliva ladie ieaunsoi
Tanzmiinu1asianaduun 19111 ld (Metal recovery) A1en3aM 1 (Desorption solution)
PONIINA13AATY (Bade et al., 2008; Cheng et al., 2009) Argaduniinig gaulutagiiu Taun
1 o o 4 A Aa d d I Y
grunutua lalaseiu unuiume waz Inawesdunsizw tJudu Nahetal. (2006)
° = 9 J v a s . . ' o Y Y=
MNMSANEINIAATUAZNIAIBMANDON 14@ (iron oxide) WU AINITDYATUAZN (IT) 1AD4
123 mg/g NF19AOFTT1I19 5-11 Faunnanuawsolunisgadualeauriiodnas
1 v o 7 o %’ J a I Y] ]
aunuiua El-Sayed (2010) Anpimsmidaanunszaisluih lngldnldenaraauiludgad
& oy vA Ao > Y (A ]
Faamnsngadu langaniitey 4 1agaInIu Rolence et al. (2014) Tlasnainnzaiwzni

@ d ¥ Y a

< , o s A o ¥ Yy o ,
LNW!ﬂuﬂWHﬂllilu@]Lﬁ@@ﬂ%Uu’lﬂﬁ3ﬂ’l§ﬁﬂlﬂi’l§iﬂ LAZUINTEANITINITIINYIA WU

v '
v [

° ~ . { 1 <
’Qfﬂﬁ@ 60% LIaE 55% N1UAAY NNLBDY 6.3 “?Ni]'lﬂﬁﬂfﬂ’)iﬂ TIUU

'
=1

UszansnImmsgasung

I @

Nl Ul s WaIAI9AFUIINTITUFIANINUY rﬁmﬂumﬁa@ﬁ'uuuclumfs%maﬂ@@
FUTINWN T@EnJiz?f‘n%mwiumag@Gﬁ’umﬁuaéﬁumﬁmmﬁa@ﬂcﬁu e szazaduia
qungil gy Suiulueudsed seaulolFuffuludzndludhedlunisfisani
nszdreluiiisza ieidunms195aeinsssumnaliinass Towinazfuiasde

Faunadou

2.5 nszmumsgﬂ&fu (Adsorption process)
251 nalnmsgadiy
MIYAFUNITONTAAAART (Adsorption) Funszuiumsinmsazaienioas

3 X 1 So’ Y a = a & A A
mJ’Juaﬂﬂmu”lmaﬂmaza”lﬂﬂgcluu”l Mﬂguummmmiaﬂwwmm Iﬂﬂﬂﬁ1ia$a1ﬂﬂﬁﬂﬁ1i

a

<] dyd J 9 U 3 Aa 3 A [
HUIUADYUUIAANULTYINIT A1TYNAAYU (Adsorbate) FIUVDIVINVHNT U IVVDIES

A= 1

{ v o a A £ I a v
NgnaAgusenI AN (Adsorbent) ﬂTSﬂﬂ@]ﬂW’Jaﬁ]glﬂi‘lﬂiiﬂﬂﬁﬂLL‘]J‘]JSSW’JN?(EHU%

£l U
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(Phase) 1195] NITNADIUE AD YBUHA (Liquid) M (Gas) 1AL VBT (Solid) Fai 1ANa

@ 4 @ 2% Y < Y <
UUY UBUNAINUVDINAI NIENUUDUWAI NIHFNUUDILUN UL VDI AINUUDILLUI Iﬂﬂ(lu

a A

{2 a @ <
NUILNNTAIDUANIZUVY VOUHAINUVOILTY (Liquid — Solid Interface) TUn159AAAHY

o

Y a ) %
TuanavesasazargnseasuvInanegniisaeennii uaz lilimezaneguuiaggadu

Twanavesasaulugazimzivegiu Anelulnssvesigagadunaziiiiesdiuios

P4

J g}/ d' Id’Q 1 901 [ v a K Y = =
IMUUNINZBYNHINIGUBN ﬂﬁﬂ'lfll‘ﬂilllﬁf]ﬁi]'lﬂlﬂ ]lﬂﬁiﬁﬁﬂ@,ﬂ“]fﬂlﬂﬂﬂlu]lﬂﬂUOQﬁll@;]ﬂi]\i

) ¥ Ay ' A A
nya @ﬂﬁu@ammmmu%ﬂmaQaium %maauammwTmaqamu“lwaulma@um"lﬂ

[

iMzivegnuiaagady Tnslun15in1zAaaeil Driving Force 88 2 U1 AD N15QAFUNI
AMEMW UAZNTAAFUNIVAN (1A% RATAINY, 2552)
252 dszanveamsgady

Tadedagy lumsvenytiaveanszuIUNMIQAFUILNITUININUTITAK Y

]
= % v A [

' | J o 7
igﬁﬂ%ﬂulaQﬁﬂﬂﬂﬂﬂ“ﬁﬂﬂﬂﬂ’)ﬂl@ﬂﬁ'ﬁﬂﬂ“ﬁﬂ gﬂliﬂgﬂlﬁaﬂ’)tﬂuu’iﬂll’)u!ﬂﬂﬁ’ﬂﬁﬁ (Van der

LU

o

I 1 { o a
Waals Forces) 9211 1Un159A4UN19n180IM (physical adsorption) tanwssgafienriilding

=1

WUB2IANT21919 1 anNaNgNeATUAURIVOIAITQATY (38191 N13AATUNINAL (chemical
adsorption) (1A% NATATLIY, 2552)
1) ms@ﬂci’f’mmmﬂmw (Physical adsorption)
2 9 Y
MIQATUHLUTAWITANALVVUA18FY (Multilayers) UUNUAIVDIAIAT
=< d ) (] 1 A o A Aa 45@1 1 =* 9 14 4
Fudumigaduodeouas lilwuszniinadu uarzfigadieus s 1ad (Van der
v v £
waals) ¥nazina luanizgurgiaig wazindsnumsgadud uenvniinisdounduves
Y Y
o a B <3 U (Y o %
msgaduasonadula Tastiuegnunundas o Iagase nINAIgATIIAZAIYN
AAHY
2) ﬂ1§gﬂ°l°fJU1’lN!ﬂﬁ (Chemical adsorption)
o O] A a éf Y 1 o Y v A @
msgadunuaiiunszuaumsiinaduuds i lvnsdaseedives
9 <3 A o dyd v A a o = J
Tassaswvewdadasu 1 Tasmsgadunuutiiunisgaduiuiwse inawusznilsz g

(2 [ [ (2 [

I 2 o a @ @ a
jg]ﬂclmfmmaﬂﬂ@clfmmmﬂuun’umwmmzm ﬁaﬁuﬂu%u@ﬂlmmgﬂ@@%mmwawﬁﬁ

@ o @ @ g { d @ @ a 9 ~ g 2
GU@\?@'J@@%‘UWa\iﬂ'liﬂﬂqfﬂ(’])'u"ll@\jiﬂlaQaﬁlﬂuﬁjgﬂ@ﬂmﬂﬂuW'JHH'ITHWEJQ"HHW]ﬂ'J

(Monolayer) (W W3LAZ Y3, 2547)



v Y
A1319% 2.9 MymImiinseaaiensuendle Iiiuad

Malakootian and Yousefi
- . ' Malakootian et al. (2010) Lietal. (2013) Kandasamy et al. (2016)
MWTIUNDT HUWY (2009)
1t 11990 U 11900 NETR 11900 RTLA 11990

v 2 mg/L as

ANUNTLANNINUA 300 5.4 797 391 1020 175 464 20.5
CaCo,

ANUYY NTU 3 - 66 3 - - - -
M3 Tl mS/cm 1.612 - 5.8 - - - - -
Nio¥ 8.1 10 8.35 8 52 - 7 10.1
JrezIal 1IN 60 9 45 60
ANUANANG \% 12 9 25 20
i Tiue Tua - Iron-rod electrode Ti/Ru0O2-1rO, Aluminum Sheet Aluminum Sheet
szansanlums
. o v % 98.2 51 82.84 95.6
AIANIIUNTZAN

IC



A o o 3 ) o
AT NN 2.10 NITNTVAUINTEANAIINTTAN Y

o ﬂ')']llﬂigf’?h\i AIUTINITD -
v o EL LA 4y . sreznm | QUNY )
19AH 5 Wio FuAY lumseasy | 5 ToTanou GANGR
31 FUWE (min) ()]
(mg/L) (mg/g)

Eicchornia Crassipes Ca (1D - 38.87 26.86

90 - - Kannan and Mani (2015)
carbon Mg (1) - 14.09 8.02
Polystyrene divinul Ca (I) 6 - 7.54

90 - Langmuir Fathy M. (2015)
benzene Mg (IT) 8 - 1.23
Sugar beet pulp Ca (I 8 927-1127 20.23 120 45 Langmuir Qin et al. (2015)
Activated (Melon Ca (D) 7 75 1.80 20 -

- Mustapha et al. (2016)

Husk) Mg (1) - 42 1.00 25 -
Phyllanthus emblica Ca (1D - 92.17 13.22

90 30 - Kannan and Mani (2014)
wood Mg (1) - 68.05 9.48
Cashewnut shell Total

9 1214.8 384 30 30 Frundlich Rolence C. (2016)

activated carbon hardness

C
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253 vaunamanimsgavy

v Y Y
ﬂTﬁﬂﬂ%UﬁWigﬂﬂﬂ%U%uﬂﬁﬁﬂﬂﬁgﬂﬂﬂﬁjﬂﬂﬂluﬂﬂuﬂWﬂLWﬁNWHGD'HGU’BNVlﬁa

[ [ o o

;4 9
U ITANAGY L!ﬁ%ﬂ'l3LLW31MIW5Q’Jﬁ'ﬂ@ﬂ"BUVlﬂﬂQﬁuW??ﬁﬂ@]ﬂ"lﬂ‘u ATUANAVVIUABUNIT

1 ?J A a dal 9 A I gj A o 4 A o @
UNT ﬂluﬁﬂuiﬂﬂlﬂﬂﬂlu%']:ﬂq@ﬂglﬂumu%@uﬂﬂ']ﬁu@%auwaﬁ']ﬁﬁﬁ NIVDATINITYATVUVDN

Y
[ v

J @ { A @ ] J @ <
JEUUYATUUU ﬁijnﬁﬁ]auwaﬁ']ﬁﬁﬁﬂ']ﬁﬂﬂcﬁﬂﬁuﬂuﬂuﬂﬂ1\1lLW5ﬁa1ﬂ ﬁ@ qUNITDATIGN

aana v W % @ < aan v W
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2.7.1.2 wildudvheaviialszgay
Ao utlaudrdzndsfgnaaudsiuszniaunidaie 2,6.6.6-
. g . Y R R ' P
Tetramethlpiperidine-l-oxly radical (TEMPO) Tnaiflagungiuuy —coo, nywemua, msven

a A A 1 - tﬂ' aol [ d'
A MIDNNY OH 1UBASAIYUN muﬁm“lugﬂ‘w 2.2

1) R-CH,0H + 2 I\II +H.,Q ——> 2 N + 2H" + R-COOH
|0| OH
2)2 +2H*+20Br° — 2 +2H,0 + 2 Br~
~| N
OH !
3) 2Br +2NacClo 2 OBr + 2 NacCl
4) R-COOH + NaCH R-COONa + H,0

1-4)R-CH,OH + 2 NaClO + NaOH ——— > R-COONa + 2H,0 +2 NaCl

s 22 Taseafrumaniivewdlslnavhesriialszgay

a a ¢
272 wiavewiduavhea
a J A g a I A A
D utliTuavheadenszuaumsmanil Wuudsuavheaaulvgatinng
a Y < {1 @ A A
naanaz s luszaugaarngsu Hundeimumsaanls lnseadwaronszuaumsmand 1
Y v
Haesia YU UYAveIasIAlN 1Y tazszaunsaauls (degree of substitution, DS) 15U
uilaleasen® Tnna (hydroxypropyl starch) t1lansoaae (cross-linked starch) tilauadineg
J = a <3| £y
(acetate starch) Liag nilamsuendiuna (carboxymethyl starch) Wuau
a J I o a { o
2) wildTwdAvheaniemeniwidunisiildifansdsunlaclaesi1d
< a : 1 @ o J
Tassa$ e luanameludiaudunamslasuntas ualdwadanuanuiou viendsnuea
a & ' o A 9 < Y a A
Wsonadesndvlsznounu e InssadeTuananieludantdsIdgnulaeunlasly auiia

[ Y
voautlafnlasuliusu udalunguil 18ud udandnand lud (pregelatinized starch) ifudu


http://www.foodnetworksolution.com/wiki/word/4174/cross-linked-starch
http://www.foodnetworksolution.com/wiki/word/3871/carboxymethyl-starch-%E0%B9%81%E0%B8%9B%E0%B9%89%E0%B8%87%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B5%E0%B9%80%E0%B8%A1%E0%B8%97%E0%B8%B4%E0%B8%A5
http://www.foodnetworksolution.com/wiki/word/4170/pregelatinized-starch-%E0%B9%81%E0%B8%9B%E0%B9%89%E0%B8%87%E0%B8%9E%E0%B8%A3%E0%B8%B5%E0%B9%80%E0%B8%88%E0%B8%B2%E0%B8%A5%E0%B8%B2%E0%B8%95%E0%B8%B4%E0%B9%84%E0%B8%99%E0%B8%8B%E0%B9%8C

d' QJ tﬂ'd 1 a a L% U %
AT NN 2.11 ﬂ%%ﬂ‘ﬂllWEW]’E]1J3$ﬁﬂﬁﬂ1Wﬂ15@ﬂ“ﬁUﬂlﬂﬂ’Jﬁﬂﬂﬂ%U

v L, szoznm | anududu _ | dszansam
o 3 3 e (mgl) | w T L Y 5 R
19U 19NAATY NIV qUNT IATY N1IAYY RENGN
¥ y (K)
W 1100 (hr) (g/em’) (%)
Coconut shell
Total hardness 864 52 12 4 0.16 303 94 Rolence et al. (2014)
acttivated carbon
Modified Ca (1) 264 162.2 38
3 4 0.005 278 Hassan et al. (2014)
Chitosan Mg (1) 84 33.6 58
Moringa Oleifera Total hardness 314-362 60-130 8 24 20 298 80 Fahmi et al. (2011)
Cu (I 203 44 78.3
Carboxymethyl Pb (1) 203 11.8 94.19
8 0.17 0.01 293 Kim and Lim (1999)
corn starch Cd (1) 194 1.9 99.02
Hg (1) 208 1.1 99.47
Cu (I 0.04-0.6 0-0.07 20-90
Crosslink starch Fe (1) 0.7-6.7 0.04-0.66 8 1 0.1 295 50-70 Sancey et al. (2011)
Zn (11 5-50 0.1-4.8 20-90

1€



M3NN 2.12 TAAQAFUNTITUIA

seed (absorption)

1381
L. 5 . N ANEI0luMIge Dy -
QAT 19NAATL pH uNa 5 UMAID 1D
U
(hr)
Coconut shell activated . o Rolence, Machunda, and Njau
Total Hardness 6.3 6 60% Lag 55% N1ua1a
Carbon (2014)
Natural pumices - 79% 1A% 51% Mua1AY
Ca (ID) ttaz Mg (I1) 6.0 Sepehr et al. (2013)
Modified pumices - 96% 1A 93% ANE1AL
Chemically modified cellulose 15.6 mg/g ag 13.5
(EMC) mg/g MUAAY
Ca (ID) Loz Mg (1) 5.5 Jinior, Gurgel, and Gil (2010)
46.1 mg/g 1lag 23.5 mg/g
Sugar cane bagasse (EMMB) - a
AN
Commercial polyacrylic acid 171.2 mg/g 1 193.6
Ca (I) stag Mg (IT) 6.3 24 .o Saeed et al. (2013)
hydrogel beads (absorption) mg/g N[N
Activated carbon from tamarind
Total hardness - 0.25 12.41%. Ruthairat (2014)
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273 waenlumsiaenuily
nszuaumsaaudsutlalutgiiu domiundanlsareiiniuni Taonis
{ o [ [l a 1 Y HPN ° [
unui ludmniany leasonda (-oH) Tulaseadvveands myiedsuideuihwiaanls
J ] 4 a ] - 1 a I [ {
1&un myn1suenda (-COOH) nyWomua (-P0,”) uagwyozil Tu (-NH,) 1iludu asa151ed
@ ] a ] S { 1% < ] L
2.13 naasaregeytiaventdls vagnylandunldlumsaanls Fngledduvondaaz
= Y o <3 a aa Y 1 4 a
aunsoveniud Iuvesdasuialumsinadfaserveantdeld wu myjasvenda vz
a aan Y <3 [l a a anan F o w =
malfnsen1asiaEa uaznyezil Tuvzinalgase 1ad Taslunsmidalesouunaidonuas
Fd
b4 <3 o %
punib@outiu madenudalszyan ArginldtuuaTdulumsinleseudszquanlaa lu
A ¢ & g o
msantdaenlFudaloaaTuTuemaed Fuiluudalszyay lumsmiannunszag
v
Tusinlszah
a J
274 wilduavhsamanil
a a 4 1 a A [ A J v '
yiavosutlsTuavhedudazyialinszuiunisaanlsnuana1anu 1y
a o an o 9 1 s A 1 [ = 1
NITUIUMIOONFIATY NIzUIUMTIEaNeINIATY Taglsnylansunuanaany sausas
[ 1 Y A d' a 1 A sol
nszuaumsaaulsdenaldguauiaveswdalasuldain@y wu anwuila nisazatei
I o o g
udu dwaaslusieazideadaae 11
1) uaiudlznashidgauls (non-modified starch) igasniaunil Ao

C,H,,0,, taziigas Inssadauaaalugii 2.3

CH,OH CH,OH CH,OH
—o0 —0 —0

1/ OH o— OH o—( oH L
OH OH OH

517 2.3 Tassafumaaiiveanidaiudilz v

U

]
=

v 9
2) utlaueuTimesn (amphoteric starch) Hluutlaiiinalszguinuazay Tavi
Uszguanveaufuiluilszguannnmmesiies oziiTu (tertairy amino) fludulna) nazilsey

a - 9 1 1 a 1 4 a I 9
avdsuununagnguloala nquutadn HazNauAITUBNFA (Xu et al., 2006) 11 UaY Tu
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gaamnssunszatbdonldudaonTvimesalunszuauns wet end 10%28 1Y retention
. 2 o 9 a . A 2 Ao ' 32, Y o
110¢ drainage FIM1 1¥HANAA (vield) NNV UBNIINUGIFIBAAA1 BOD v011913 il

HaRAedAdon Taodi Insead1edsgi 2.4

CH,OH

X0 oY
X =COOH %30 PO,” Y =NH,

g1 2.4 utlanonTwimesn

a a J .. I a Jd A
3) uilsezisitaneend lad (acetylated oxidize starch) (Huutla Tuavhedasiia
[ a ] J { a :;
ﬂizﬂqau gﬂﬂmgﬂﬁﬁ’wﬂizmums@@ﬂmﬂﬁvuﬁ’w"lﬂﬂﬂae"lam (hypochlorite) ﬁqmwgum
[e) g}/ a I o o . . k4 aa J
(28-3170) NUUNANTLUIUNTLOTINDT T WA U (esterification) AYDLLHAN ou la lasa
. . ' a 9 I A A 1
(acetic anhydride) Tuamazmﬂmuaﬂﬂuqmmﬂﬁnmmi W UATINUANUHHA 195U

9y A

= a <3| Y Y A
waa waaau 1uau uges laseainaengiln 2.5

o OH
CH,OH CH,OH
o o o)
OH o OH o OH
OH o) OH

A

g1 2.5 uihezFianoond lad



A I A
AT NN 2.13 Lﬂﬂ!"VlﬁlUﬂ'ﬁlﬁ@ﬂl!ﬂ\‘]

L A
- aa Tumsiaentdls
wiiauila — ——
Uszy | %DS | pHslurry nylandsn Ve Turana MIAADYWUD
1. Enzyme treated starch ﬂszﬂqa‘u - 3.5-5 OH 50-110 kilo Dalton Pyro conversion
2. Phosphate monoester ﬂizi]m_l 0.07% 4-6.5 PO43' 3-50 um Esterification
3. Hydroxypropyl starch laisids A - - CH(OH)CH,CH, 3-50 um Etherification
4. Starch sodium CH3(CH,),CHCH=CH,CHCH,C=
15 $UIN - - - Esterification
octenylsuccinate 0C=0
5. Carboxymethy starch szqau - - CH,-COOH - Etherification
6. Acetylate oxidized starch ﬂizi]qu - - CH,-C(=0)- - Esterification
7. Hydroxyethyl starch Vlijﬁﬂ‘izﬂ - = CH,-CH,-OH - Etherification
8. Oxidized starch 15 £3qy | 0.03% 5-7 C(O)OH 3-50 um Oxidation
9. Amino starch sz9un - 10.5-12 (CH,CH,),-NaCl - -
10. Cationic starch ﬂizi)jnﬂ - 4-6 CH,-N'(CH,),Cl - Cross linked
iszg | +0.31 COOH 130 PO,” (Acid) Phosphorylate
11. Amphoteric - -
uIn/ay | -0.89 118g NH, (Base) 1ag Oxidation

93
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a 4 Y] 1 Aann a %
4) utleondlad (oxidized starch) W3outlanansi ldnnlfizeroensadu
o Aaaa 1 o a 4 e . [
amsoasonldanmsilfnsersenitatdeivaiseond lad (oxidizing agent) 1dun
4 I
Tasaen'laTnas 159 (sodium hypochlorite) tipatien lalinae 15 (calcium hypochlorite) tag
Jd o . I U 1 @ <
o Tudlon lossama (ammonium persulfate) iludu Tasarulnajaetianuuzilulszaan
zﬂ' [] 14 a d‘ ]
119991NMYA15VONFA (Carboxyl Group, -COOH-) iuninedluTuanass luTaa (Amylose)
o v Q| ad 4 1 a 4
voautl lvulslantaduneasianInglad (Polyelectrolyte) Honant a13eend laduig
a A A = [ o Y [ = A 49! = gj v 1
sialnaauialunsaamdvesntleaaus sildudedauilsianuuanuiu 8ansdssae

[

v Y v
msagaunidlunil dewaldnauventdsdn Taseasaveantlasagii 2.6

CH,OH
(0}
oy Fn
Na——O O
B
™~

Na

g1/ 2.6 uleeand lad

5) uilavlealaluTueaines (phosphate monoester starch) 1T umsaauls Ty
193510 cmo 35 TiATu (esterification) uan12zAauRa (semi reaction) iHumsunuiivglans
onda (-OH) vuniieng Indluluanadisngeala (P=0(0H),) 11nlas Tnavema Tas
nsiiadnsered InSadu(phosphorylation) luannza1eldnaadusindaoama TuTu
CLVGH qwﬂmm%’nﬁqgﬂﬁ 2.7 (Thomas and Atwell, 1999) n15ANH1U84 Muhammad et al.
(1999) naassnaaudanoaa Ty Tweamasnnudaiud e wds wu nszurumswanudls
fisdite 6.0 ldszfumsunuiigaga wenmnifudmui msldanudunsa-siiiie
100 9.0 lduduiawuse msiouda (cross-linking) Yude

uilarloalaTuTueammesifuutlidauls i auiAvelszaay fanuwila

(% LY ]

d% ] A A I a v Aa P Y 1
qqélluﬁ'lﬂizﬂﬂﬂ'lillﬂuﬂ b\ ﬂ]&lm$£ﬂuﬂﬂﬁ“ﬁu1wl@ﬂiﬂ@ ﬂﬁ]fguummﬁlﬂuqﬁmwmiumm

Y
A

1 EX a =~ Y I Aa v A 4
WINVY IFU ATINNITNDINII mmmﬁl%clumiwamunﬂa NAALNT Y Gl‘]flﬂu@ﬂa“]f“ll‘l’lﬂl@ﬂi

9 o ¥ < A
sy m?f’umflﬂ_g i RGNV G| mmiﬂGl%’tﬂuﬁ”l’imummmmeﬁ}uﬁﬁﬂ Lsaﬂuqﬁﬁmﬂsm
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Y A 4 A < Y 1 Y < 1R
Niza1Y lHnaounszabienua NS Ivunnszay laniluaississanizlu
4 A g}/ dal A 9 Id A = v R o A
pensznouvesdsnaey netlitiesmeiuulillszgauleamnsatudatuasntidsey
s A vad 2 o o a v R AA 9
vInlussnlszneuaisiadonldnaslu d1nSunaanszayiuinfinuiow (thermal
g 1 14 [ a 4
recording paper) WonAHNUIM T 1Fudanoana Tulueamesnanduutledn veusnd
= 14 ¥ o @ o Y = Y
Tyideulaason laa wazi lugaamnssunndmsunszagnyn i ldnmiiegmisldau

= 2 vy s A £ = o
NUUTU (MAAUTIA AI509 Lag 1NeNa Vezrouuday, 2543)

o\ /ONa
>P\
c|) OH
CH, CH,OH
G} e
OH‘%i O_\OH
OH OH

sUi 2.7 uilaloala Tu Tueanes

[

oA 0 A o = A ' { <3|
Tagiiudimsiwidsndamlsmani Taemsununnyodwla e lmilu g

q

o o y A [ 1 = o Y a J 1
aau Tavizviin luiuae ausulunsanyInsgady Zn(i) doutlansoaasaneala wun
a I [ {
uﬂﬂmwwmﬂammmmiumi@ﬂmu Zn(11) 2.00 mmol/g NN1O%F 4 (Guo et al., 2009) LA
14 [ 1 o Y]
a3 ldutdaneamla asuuua Tumsgady Pb(ID) Wi ANuaITa lunisgasulanemin
o A~ 4 o & a =
10U 2.01 mmol/g NWIBY 5 Tﬂa”laicnmaiumi@wmﬂmmmgmmai (Guo et al., 2006) DN

g}} v A = a o 9 [ o a Y] d‘
nagalimsany e Tuavhoauldlumsgadulans minnatosia awaasluaisien 2.14

a A

m3gady Tanginlszyaesuan deutliTudvhodsiialszyan seliszaniamlunmsga
Y ] v

#1'1dgs Taemfitorduluajoglurie 67 yusgiusiavesnyleddunldluns Tuavhed

utls dauszeznardudanmuizanodluge 1-2 52 Tue guugil 20-30 oerusaITHod Iag

v < 9 A X A A ' @
@@]31&5311!ﬂ13?;]ﬂ°])"]Jﬂz!WN%uﬁ”ﬂJﬂ”ﬁlWNﬂlﬂﬂ@mﬁﬂﬂ LL@]"]dJﬂﬂfJﬁlﬂJﬁ"ljJ"liﬂiuﬂ”lﬁﬂﬂ“])“ﬂﬁlzaﬂaﬂ

Q U

~ a da! A A da! ~ Q(‘) g‘/ dy Aa a Id Aaana
MUNYUNYUFIVUUASISHAUNHUUNYUNYUATIA ‘VN‘L!LW’:T"I%ﬂ"liﬁ]ﬂﬁﬂﬂ?]tﬂuﬂaﬂimlmﬂ

v
v A

@ 4 Y] a o, I L
meanuson @udu aumansd, 2550) migadu TasldulaTuavheaneiludnmaudennila

A d' =\ Y1 [ Y a = = Y
Maule HBIINNIIANIYN ‘Vi"lllﬂﬁ”lfl Llazllllﬂi’)iﬁlﬂﬂﬂli’)ﬁlﬁﬂmﬂigﬂﬂﬂﬂﬂ?ﬂ



3199 2.14 mamsa laredroutsTudvhea

R ANNeI0lums
- 3 . . JLHZIM gUNYI } . -
wiiauila 1QNRANY | WD o o ToTamou AR 91994
dUNE (hr) o)
MIgaty | WUl
Crosslink Phosphate Zn (IT) 4 0.67 20 Langmuir 2.00 mmol/g Guo et al., 2009
Phosphate carbamate Pb (II) 5 0.4 20 Langmuir 2.01 mmol/g Guo et al., 2006
Amphoteric Cr (VD) 2.5 1 15 Langmuir 30.68 mg/g Xu et al., 2002
Amphoteric Cu (I1) 6 1 20 Freundlich 84.4 mg/g Feng et al., 2003
Amphoteric Zn (IT) 6 2 20 Langmuir 43.48 mg/g Cao et al., 2003
Amphoteric Pb (II) 4 1 20 Langmuir 152.74 mg/g Xu et al., 2005
Cd (ID) 9.88 mg/g
Ni (1) 22.63 mg/g
Oxidized 3.2 24 20 - Soto et al., 2014
Pb (II) 16.7 mg/g
Zn (IT) 10.25 mg/g
Oxidized Ca (ID) 8 0.4 30 Langmuir 1.561 mmol/g Chen and Wang., 2006
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{ o w a 4 1
A1319% 2.14 uaaamsmea lavzareudla Tuavhed (a9)

R ANNEINITD IUMS
R 5 . . 322101 QUNNN o -
il 1)NAALL IGE oo o ToTamon Ayl GANRN
HUNE (hr) o)
MIAtU | 1Y
Mn (IT) 24 %
Carboxymethyl Zn (IT) 7 8 25 Freundlich 62 % El-Hamshary et al., 2014
Cd (D 68 %
Cu (ID 29.4 mg/g
Amino 7 2 30 Langmuir Dong et al., 2010
Cr (VD) 12.5 mg/g

6¢
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v
% )
2.8 mnlunlumsuanuiliesnainiin
2.8.1 N19N39049 (Filtration)
1o & Y o w ] J 9
minsodlag liduiudesdivaanuiuosniou arenszuIums lauengia
% [ A A 19 9 = A A
FunazanaznouauIouudu 2 uuy Aensniesnsan lildasall vazmsnsosnsang
a A R A Y A 1 F kY IS 9
MIPNEITAN FINTLTUIUNITNTIATINTOA Ao aa1l¥d1eluaIuaiIsial Aneas e Lay
gj A 1 o Y o 9 o o w ]
Tuaouadla uamsnsesassilininsesdesiumsz lumsisaoumaaiey TudSuann
v [ 3’/ o [ % ] <3 1
FeazauognelurunsowazihlininsesgaduedesiaGga uaz liaunsaldanunuives
c;y/ Y 3 a A A 1 1A dy A A 9 c;y/ o
Funsod ldmulszd@nsnin iiesninmsnsesaulnainalunus naUMUIUYBIFUNTBIN
[ Y I~ v A o 4 o a v [
I¥sansesgaduisi (Tuaw dumanai, 2539) 39 1atimsiinszuiuma@nenasauiy
4 % o w I~ [ 4 a
NTZUIUNMINITO ADWAUITZUUNITNTOINTIIUMITIIADYNIAVOILIITUATIZHIINAUM
Y Y
Toau Gywa Red3vzynnn, 2552) Taewun maaueimanielusunsesszslisunsouna
@ 1 9 ] 9 g’/ 9 Ads! =2
M3ve1eal dewa lioyniaanuyuasorga ldnelurunseslauiniu Jsaans
Y Y
ALANVDIOYNANNNYULINUAMTNFUNTES 1Rt Insoeliongns I Fauuuiu anys 69
[ o 1 [ < [
NING uazame (2556) WU HINTDINTIBUVUNTOUTIFTOLENDUNIAAMNYUTA 96%
~ A v o %I . 9y = A %} v A < 1
luvagdamsonendiasuueainiu o 45% iosnneyniniidulivuia@nnin
[ ~ = =2 9 ~ [ %I v Y 1w Y
DUMANNVYY HazTaneININGd 9doIlMsUsvlequaimiinend1gainses Ale
4 4 1 L%
NIZUIUMIALAZIIMAZNOU 1RTIAIeIdDosnInYBIoyMAT nuReUgaINT0e Tag
[ A A 9 9 9) a A @ 2 49{ A Y
WU UL DINUANV UV UUDIAT AN UTZANTAINVDININTOUNVYY 11D WE DAV
y 1 1 1 ng [+]
msduiuanuoymai iy uazazauegmuvutazmeluresinvesrunses i lianm
1 ] Y
Wyuanad Funulsz@ninmmIsuuazmMsinzAnvetoynIanelusunses HazINs

J a J 1 1 {a g.}l o
ﬂiZQﬂﬁﬂ'limiJ@'lﬂ'lﬁ NUI FIWTDFIYAANITASTUUDID YN AN ﬁW?WﬁW%uﬂi@ﬁq@%}ﬂW

Y
Teansoldasniealdednaiidszansniwunau

282  MSA31953UATNOU (Coagulation-flocculation)
¥ a g e, < 1
MIsmazneudlemsaliitunszuaumsi lsusnuuiaeyna@nesnainiii
[ I { A I
iy uile esuviuase iWudu arsidenlsduaisialiaienznen (Coagulant) A
Polyaluminium chloride (PACI) & 154 (Aluminium Sulfate; Alum) Lgazﬂ,uﬁun (Calcium oxide)
Y = <} ¥ Y a ] o
Tasd Tuanavesoymalivuia@n azaieiiilaa msinanzneuveseynine lugwsom
J [ a a I (] 4 1

18 uadestlSuiyatlsz@nsamaesnissaaznonliiiluledrauysal Taoldarssaeli
a o 1 aa d 4 I 9
AANTTINAIVEIRZNOU 1Y TndoianIns lad (Polyelectrolyte) 1uAY (5UNgA NsHUNDY,

2551)
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Y < o Y A 3
ﬂ1§ﬁ§1\1“@353%@3ﬂf]ul’]JUﬂ'l§TI'lGlW§5]$ﬂﬁ]uﬁiﬂﬁWil!“lJ'Jua@ﬂ“UuWﬂLaﬂ
(R~ X 4
(Colloid) i’mmﬂmﬂummumumiwmﬁu HagaIu1sannnenoy Lﬁﬂﬂﬁ]'lﬂf]‘l;‘!ﬂ1ﬂsllf]ﬂﬁ'li
= | 1 A 7 v g v ]
pruaesiitizy lihaviludiulng Wesynamanivumuiunzsaniubiawise
v v 3 Vo & = o A o Y I
sawdnuiluazneuvinalvg auiuveimielszyveseynansom veyniailunaialag
Y
ﬂ'lﬁmiJﬁ?ﬁlﬂﬁﬁ%WﬂﬁZﬂ@u&ﬂﬂ'ﬂ ﬂﬁ%ﬂ?uﬂWﬁﬁ%}W\iﬁgﬂ@u (Coagulation) ¥a391nUULNA
Y
NIZUIUNTIINNU (Flocculation) lli'%}iJTﬂﬁuiﬂﬂﬂTﬁmNﬁWilﬂﬁi?Nﬂgﬂf’)u (Flocculants) ﬁNll‘]J
1 =< A W Y [ ~ v W ) [ 1 'dgg ~ 1 <
‘I)"JfJfJﬂWﬁ'f]%Uiﬂﬂqm@]gﬂ’QUWﬁ’JNﬁjﬂuHﬂN']%UL‘]JUﬂE]iJﬂZﬂ@uGlWiUUSUU i5an21 Waen (Floc)

Y
1R

A ' ga ¥ o 2 g I a gy Y a
Luﬂﬂgﬂ@uﬂﬁj‘hiﬁmﬂluﬂh‘Lﬂ‘ViLlﬂiﬂﬂ“lluﬂﬁ]%ﬂ'HJ']iﬂ@lﬂﬁ%ﬂ@uf]ﬂﬂﬁﬂﬂu']mﬂulﬂ FIF1T AU

g

oA o I d ) a 4
aauiamhwihndunsssadvazsmaznou ludunsnez@ulsuaioaie1dszauan

3 o Y A g

fl
A a o 9 0 A a Y
‘I/I!,ﬂmlu%“l/lWﬁumlﬂu@nﬁﬁmzﬂau (Coagulant) hlﬂﬂ']a1ﬂﬂ3$@au LUAZIUDANTITTUNIN

ds! a I Aa A 4 = I ~ [
uszinailuaznowwvesozgiitionleasen lad (AI(OH,)) Feaziiluiinizvetoynna1e
o Y A g 1] v Aan o 4 J = 1 ?;I
mihiidlumsuaznou (dFuiia Aelua Inyad, 2549) 39 liazaeiuazizanaznou
Y} oA g = ' 3 2 a
19 HAEIZHINNANALNOUNIZAUDITITHYIUADIA 199 WUz lalvguu agll
Aa A aa I 1 1 = =) 9 ~ 9 9}3’; 1 o
Usganianananuilunsaaaseaie 5-7 ¥al5uaarsdundesl¥iuazuana19ny
49! v W g KX o Y = ~ Y Y as
pon 1 Yunudnyuzvenui W ududesfSuangndesnisisnadoumsanaznou (Jar
a =1 [ J ~ 1 (9 9y A I~ T Aa = 9 =
Test) Tagmsanansail lusasiaiuiuanaiany udusunsniws2liny 11h udmlasu
3 @ Y = Y a A a
anua luiauniug Uszuna 5-20 wiiinazvgalinamsanaznou (lusa 3509, 2549)
Famsanazneualgasail wldinnaznou (Sludge) Srurumindesiidaae 1 dmsuiu
911 (Ca0) M3 Imdrulugjinzauniounuasdy e ldmsduazaznounaziuyn
[ 1 I 1 Y v ?;} 1 < 1 [ Yo a
dsumanuiunsaaradinuin dauaisdszneumanlugidaie luneslasuanuion
=\ 1 9 < A A 49! [ [l 1
MIZTIIAWNINNAITAN 1AZAZNDUVDAUNAN (Fe(OH),) MAATUDIEYNIA0Y lUNgw
a3y (lnena 3309, 2549)
2.8.3  dansams¥u Ultrafiltration (UF)
o a o I [ 1
NIzUIUMIDANs WA S 1unseuIunIsuenals luanavua v
s Aa 4 g 4 { aol Y] U %
AvBARDYA YAUNIE 1aa tazdIsouq NTMIn Tumnasenang 300-500,000 A1aAY (Da)
%’ [} { 1 1 1 1 J
pon91ni1 Tasanuaunldlumsdeasiummusueglugie 2-10 115 vagdivuragngu
YOUVVIUTY W30 Molecular weight cut-off (MWCO) 8¢ 1195949 1-300 kDa (Baker, 2000) A9
= ~ o a @ o A ~ Aa a
Jwaziven luasen 2.15 Tagnszuaunmsdanslamssy awsaaniunsngangilng

Y= 0w A A 9 Y = T
Vlﬂ ’1]\1!‘ﬁ1I1$’L‘TTHi‘]JL!,Elﬂ’c’ﬂi1/1’6)1%1,?(?]1]?(5]11/‘]!,1/‘]318?]’31“5@1!llﬂ LHU Tﬂmu L‘]Ju@“lu NITUIUNTT

Y o 1 Y o 9 Ty = =
VONLUULUITU Gl“lﬁ/‘lﬁQQTHGI,Uﬂ'IiL!EJﬂﬂ’E—JuaU'NGH LW§1$ﬁ13J'liﬂllﬂﬂulﬂiﬂflulllﬁf]\ilﬂﬁﬂumlﬁ S
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ausamdaasluileuldedratilsz@ansan vazdvinanziasa lTunladesnun 391450
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%1 = A [ gﬂ a 4 =)

11 Taelivuiavesgnuvesdonseslszana 0.1-0.001 um aiv uilsTuamhedazlivua

d‘ 1 1 1 1 A 1 [} [Y] a) @ Y Y =S c;y/
Twanaflugni ldannsormunsemumuyusuluszausanslamssulatioo dnnanis

a

A a @ a o a 4 ] I
mndszansnmszuudanslamssudient Tuavheam Idieauiesnaia naziluszuy
A Y 9 a "o Y I A Y o aq Y a 4
imlgnetios maauszun lidudou uaztlumsdenldiagansssunalinaise Tewd
1 a A Y
ludunndodunadon
2.8.3.1 Yayminaswanenszuiumsdans lams v
@ A 1 [ 4 v o [ a T
wavesdwlsndanadendansuazmannnuluszuudanlamssu
1 Ed
amnsoasiifadendinaneisz@niamvesszun Il
< 3 < . o s

1) ADULEUIATBU Twan sty (Concentration polarization, CP) 11l
mIazauved luananseounInveIalIgnazatsnAITve sy dawaliusnudanh
~ v g 2 a3 ¥ A ¥ 9 oq9 v 2 " e o
Hanududugaru inadlusumansevman shldanudumums lvagevu vagavandg
YosE1IaraIeanad aawalinuauliamsannuasueauuusunlasu 1l uaaunsaiinau

E { \ 1
agoala Taonmsldihyedrs viedSunlasusaiinis lvanazussduvnag (Fouling) dau
[ I { o o { o ! a 4
Tngprziluaunghdringnildaussonzveunmuswiasu i luianisanas iesn
[l 1 (Y4 a

ANNI0adINATZezeIADNITaRasveIdandnelonuaz 013 Isuveunmusy Taevh
A 1 4 <3 o ) A 2 =
ra9zuanannlangmsainoumassu Iwa lsdu iesnininaszinsdzauuas

) H
gaRuveIAlIgnazatensnaIviimaznelugnguvesuusu wag ldaunsadundula
1 9 =1 A & = [l ) Y [ =
dewaldwusulivinagwguitanas 39 ldamsaianuazeraldlasnisUsualaeu

a 1

A o A o A Y o 1 o Y 9y
FAUUUNIT IFU mimuamwmﬂﬁam@miﬂiUﬂamﬂu Llﬂfnlﬂﬁﬂﬂwﬂﬂ@ﬂﬂllﬂiﬂﬂﬂ'ﬁﬂlﬁb'

)

9
AFIATIIIY
@ Y o Y 9y v
2)  ANAY (Pressure) 33 UVNTBIABNLTUI T UAD I lH159A Y
¥ o H A <3 Y 1 o o A
i lumswanTuanaveuhmsemsazarsvinadn ldrmumusu ) uadmsuasazaion
Usznoudleas Tuanalnailelimsmuussauzildoymanansaz audanunia
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lﬂiulﬂuﬁnﬂ@!ﬂuﬂm@ﬂﬂ'ﬁ’q@ﬁu
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Q139N 2.15 NTLUIUMIDANT IV AR TFU

Ultrafiltration

Membrane Symmetric or Asymmetric
MWCO 10™10° Da
Driving force 2-10 bar
Separation principle Seiving mechanism
Separation goal - Solution

- Fractionation

- Concentration
Application - Analytical application

- Sterilisation (food and pharmaceuticals)
- Ultrapure water (semiconductors)

- Clarification (beverage)

31 : Kovasin (2002)

3) a1 lva manusasims luvalunisieuarsazarefiau
FAOAANINATE AUVDITT UMW TULAzNTgaan 18 deansarelunmsiua
(A
andla

a A v A

4) gl mamugurgiildldnggaiioninnanisvesan

yosgngulumuusu dwadodszansamlunmsuenaisazatonazeiaiio ynian ludesns
Awmusueen l1la

Y Y v o v o Y 9 =

5) ANty Mansulswamunuauiutume iz lussuun

Yy 9 A a Y A o Y a o Y Aa
ANUITLTUYR Tonmanazinamsae auninAILNLTUa5 07 1HIAAN T gaA WA 1Y
wsu'ld

= I 1 = 1 [ 4 v W

6) ey ANuiunsanvesaIsazalelnadovlangiazmInnn

A ' @ a o Y v & o 4 ~ 9 A ~ wa

yougounusan lamsyulaedraun amusuiuivzdoudenuuusuiguauiia

1 9
asouAgu lur iy UIdITazA1eMISIR0INTIEN DNIMNYENTDAINANTZNDADNS

= Y Y
azmﬂmmmsmimmmsuﬂﬂllﬂ
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@q ¥ [ a Q'J
2.8.3.2 mstlszannliszuvdansiflamsiulugamwnssy
o qQ ¥ Y 9 . 1 A a

1) M3 lEdudu (concentration) 15U gATINNTTUUN INONITHAR

¢ { 2 P s 3
Ts@und (whey) foglugdus IdmuanududuTdsaundlunmaungailunanass 1dan
a <3 ' o o 1 A ° o 9
NITHAAUENT (cheese) NoU1 TR IUIATOITZ 1Y (evaporator) naz i1 T iuds

(dehydration) A1etATeLR LN UElRY (spray drier)
Y

v . Y
2)  mslila (clarification) 151 mswamima ldwsiiala 1dun i
Y [
uolitla 1ihegu Taoldunumsmiowen (centrifuge)

a a s A o
3) ﬂ']iaﬂ‘]J'iﬁJ1mﬂauﬂ%ﬂlﬁ@ﬂ13ﬂuﬂu@1ﬂ13 LLa%“VI"IGlﬁ}@ﬂ’Hﬁ

o ¥ v

Y a Jd 4 4 1 J o
Uaoane Taonsouonyaunsd 1w wuaise daq sonnnnaeean 1w les dina ld

v v b4
% a2 Y Y v @

g E 1 ?}’ { %’ a
4)  MIVUAUINUALNTHANUITLDIA LFU Wnangudiuetayu
Y

v '
aS [ I

2 1 s 3
%1ﬂQﬁﬁ1WﬂiiM%uﬁ’Juiﬂﬂum ‘Ll'W'l\lel]']ﬂji\cl\cl'lu@'ﬁﬁ'lwﬂjillﬂjgﬂ'n&l Lﬂu@u ANATIT NN 2.7

&

a A @ a o o w 1 a 4
Llﬁﬂﬁﬁﬂ‘ﬂi$ﬁﬂ‘ﬁﬂ1‘wq@\1®aG’IiTV\IﬁIﬁ]561514LNNLUSHiUﬂ1§ﬂ1%ﬂﬂ’JﬂJﬂJ‘H ?r uazmiamﬁ‘ﬂmﬂ

a 1 o w 1 Y '
TITUYIA IﬂEJ‘Wll’N igﬁJ°]_IﬁnJﬁﬂﬂﬁ]ﬂﬂ’ﬂﬂquullﬂlﬂﬂﬂ’ﬂ 89%

Concentration polarization layer

—

Particle suspension @ ® (] /
° e o o g0 O/
A P )
o « ) o _ o
¢ % e®% %% o,
e o0 o - %o
1 l l l Membrane
\J
Permeate flux

| 1 2.8 Concentration polarization
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Concentration polarization layer
Cake layer

Particle suspension ° @ L o ®

)@ ek el L. . il i o
l l l I l Membrane
v

Permeate flux

gﬂﬁ 2.9 Cake layer

A1519% 2.16 NTZUIUNMTOANTINALATFUNULUTU

- MWCO 8 Uszansomn Dy -
BUAUNNIDIY N1INI1VA HHAID1393
(Da) (%)
10,000 AU 99 Glucina et al. (2000)
- AU 89 Kim et al. (2002)
o wsauw’%e‘f Korbutowicz et al.
3 30,000 L 80
R IZEA BITUYIN (2006)
Nawsvu 50,000 DOC 25 Zularisam et al. (2007)
a 73
5,000 IoUNTE Odra River (2008)
56
DITUBIN

2833 maindsyanimawlumsidannunszddliigiulunszuiums

NDTY
MIAUMNIANAITaANTIA9A TUNTEUIUMTINNILTY (micellar
enhanced ultrafiltration, MEUF) tagm151a1 Indiwes 1unszuiumsiuuiusy (polymer

] v Y
enhanced ultrafiltration, PEUF) siiesintlszansamlumsiidannunszaraldgey
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- Micellar enhanced ultrafiltration l¥ManmsnvIaliny lessuvsd
a a v o o a I 4 (Y
Tang daremsduaisaansifan 1sudrnusunadluluwad (micelle) HazsIudIny
Y
losouTlany vura'lessuTangdslugusuirld hisunsadummusueonli1d a15aa
usefaAINeul¥ae Sodium dodeyl sulfate (SDS), Linear alkylbenzene sulfonate (LAS) 4
. <3| 9

Sodium lauryl ether sulfate wWuau

- Polymer enhanced ultrafiltration 318 @ 1150 lunsiisalans1d
a = s A ¥ Y o o @ v g
NANMNUANYTUA Tﬂ‘(’JTWﬁLN@iWL@NaQqﬂ’ﬂzagﬁTﬁJUT Lgmwmimﬂ‘u"l@@@uiamwumﬂu
a Y d'd 1 é =\ g % J %’ %
ﬁWﬁﬂﬁ%ﬂfJUL‘b’\‘]cﬁ@uwNTNLﬁQﬁﬂIuWQGlWﬂJU %QNUW‘HUﬂTNLaflaiJ’]ﬂﬂ'Nu’]WUﬂIlllaflasllﬂ\i
A Y ] = [ [ a = P
ﬁ']ﬁﬁgﬁTfJﬂ!ﬂJilLUiu&@iJélﬁhlﬁﬁN']u ﬂ']ﬁﬁﬂ‘lsl']Tﬂflﬁ')uiﬁﬂ]JﬂuﬂWﬁﬁ']%uﬂ“U fNTWﬁLiJﬂTVI
mnzaylumanaasdszneudedouny looouvesTanemin TasansduTans (complexing
agents) Ald 1dun Polyethyleneimine (PEI), Carboxy methylcellulose 8¢ Poly ammonium
I
acrylate Fludu
Y

Yse@ninimnisiidalanzdae MEUF ag PEUF 4u0gnunis

= U d' & ) g \ 1 1
wonl¥ensaaussasiavie Indwes Ivmungiu Tanzidudlousgluni ualaoduluauda

9
o v a

= A A 9) YR~ a ~ @ Ady [
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U FUF U

2.8.3.4 m3lvuilamaalanzsdunuszuudanitlam sy

E4
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a S a 1 ]
uilaTudvhesndonleluauddell Hvuie Tuagasgluse 3-50 um
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A . o «gﬂ a J =
WIUYPBONT0IUTZUIW 0.1-0.001 um (Klodzinska, 2015) a41in uila Tuavhedaz Juuia
d' 1 1 1 1 A 1 [} (Y] a o Y Y = gJ/
Twananlvgn i luansormuniedumusuluszauoannilamssulaos dnnalu
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Wa@3%U (Chang et al., 2007; Kim and Lim, 1999) Tagnu1 JUszaniamlunisiisalessn
Y = o = = a s 1 Y
1A11nda 80% aaneaasluaisiei 2.17 Taelinsi@uans Tauonguaus 1wy PACI uazd1sdu
¥ A - ¢ 3 ¢ a a ¢ A A
Hudu mearsadosmuesdisneaasealazuyIUaos Ul MNUWANNOAOTINDINY
E4 1 3 1
dszanimulumsuon Tuanaveautleeanainiit1d41eau 15U polyethylencimine (PEI) tag
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a Qldda@’ ?,’ FIN) d? 1 Y a v Aa
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AT s H YT I uA YA (Bade et al., 2008) uaoe1a 13Aa1y Msiumweolenyl
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<3 4 o a I o a gj.; ] 4
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v
wnusueen ldunuiiidimeiten'la (Racho and Phalathip, 2014) Tun15Any1ve4
1 1 @ o 1 I~ 1 1 A Aa A
Bade et al., (2008) W91 M3anadveamIWanstes1951a157 dananomMsmNlszansninuea
[ a ) 9 a o w [}
szuuda-aslawmsdu Taemsldudaanloooiinlunmstiva Tangmin vuiagngumusy
= 1 9 4l v W ay @ A
100,000 Da HANUMNIZaNNIANIMT MR luwaduiusans lam sy iiieann uila
a A (] 1 = [BN] ] Y o g‘/
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YupvesIgady nianusutun ldnnsanlumsgaduveanunusy lunszuiuns
A A A Yy 9 = g A A J o v
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luifagiiu Imsiibensesdansiflamsduinldnuedraunivalslu
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As1iALNFe 9139 UNTH A1TOUUNIE LazAITUVIUADY (Cicek et al.. 1998) FITLUUSAAT
A o A A A o 1 dy 1 o ~ o dy o Y
Nawsvuilszansnmlunisiiaa1smaiiunnii 90% A4a15199 2.18 N9 3uiludoq
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Ansandenunmuenihaundeudigszuy daunsodinaniznuaelszdnsnnue sy
9 = a P a [} Y4 A
15Ul (Crozes et al., 1993) 59499513003 U Tumsdusz Y 151 Wans anudlums
o I A ]
$1adou vazanuau udu (Bourgous et al., 2000) ¥nan1zlumsduszuy limnzay
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pdwaliinanisgaauiAIvi Az FnguveuUUILTY WU Msnan1Ia9 tazMINanoU
o ¢ = o Y a A = ~
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ATTNWNN 2.17 mﬂmﬂﬂumﬁmﬂﬂ”la@auiamwuﬂﬁaumJﬂﬁxmumiaamMamwu

4 v v Ultrafiltration szansamn
R lovoun | anududu — . o -
%umsﬂa . e 2 MWCO ﬂjmﬁ’u wuﬁﬁ:} NLIDY 1uﬂ15ﬂ1ﬁ]ﬂ RENGN
1194 1ITUAU (ppm)
(Da) (bar) (m’) (%)
Cationic starch Cr (VD) 0.5 mM 100,000 2 0.0045 7 95 Baek et al., 2007
Pb (II) 99 99
Cu (ID) 30 90
Crosslink Carboxymethyl
Cd (1D 60 50,000 = = 5 83 Wang et al., 2011
corn starch
Zn (ID) 30 77
Ni (1) 30 52
Zn (ID) 90
Unmodified starch 5331 Pb (I 80 Nik-Sulaiman et al.,
10 10,000 1.5 = 7
Polyethylene glycol Cr (11D 85 2012
Cr (VD) 90
Racho and Phalathip,
Cationic starch Cr (VD 30 100,000 2 4.6 5 94
2014
Unmodified starch 5331 Zn (ID) 96 Baharuddin et al.,
10 10,000 1.5 0.0026 7
Polyethyleneimine Pb(II) 87 2015

1%
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2.83.6 MIMANNALDIADNITDUNMIVITU
A o a I = a [ v oA =
Wemmseuszvuiuszoznamilszinamndngnanas Fauaaa
¥ 3 = A A a o . & a Y A&
Tdmudamsiionse unuIUTUIRANTQAAY (Fouling) NIUUFIMI BN oAz Mg lugwyu
A KX o I 9 o A A 9/:3‘ = A YA o
voudonsed W uludeamanuazeraonsouunsy e lvigensealianinnlndineany
d‘ 1 zﬂ' Lﬂ' A 9 9 thﬂl ) zﬂ'
wonseeluiuniiga taziodaoigms lFaualelsimmnzan Tasmsmanudzeiabo
ko ] I an v A an . < o
ATOUNMUTUNY utieeamily 2 35Han Av (1) 35N19N18AN (Physical Method) 111113911
v v ] Y
anuazeai lgnisasunlasan1iznsiinu gy Msnens1ng lna msyasudzan
Y
a ° o . <3 a .
201NN HIAIA8M03111 N15a19NAY (Back Washing) 1 uAU (2) 35n104A% (Chemical
3 P A o A ' ' < S I Y @ a
Method) 11un15 1¥asaiiianuazeragonsed u nia a19 ouleid Wudu (Fau 352
[ 4 = = [ g
Sarnuun, 2543) Taglisieazdoanail
as 9 [ Y @ A Y 9
1. A%n1amenin lsuannislunisdranduniansediadou
A 9 A A Y] A ' A o
(Backwash) 1o 1 s Neguniiviveudonsouuuusurigaoen 1 i5u msmiusasinis
=< 2 A Aa Y A 1 @ Y [ & 1 g’/
Iva FovzmuusuRounAIviugeniod uAszaaMIdzauIazMsganu laszauniluniiu
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ua lemnsomaaasnazavedlugonseanuusu ldnua Besuiludesiinnuazeindie
Imaniias 1
Aas = = ] YA A
2. 35 mand asaie1se 1iunsnlasunlaimianmenin Tagors
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o 4 o @ o a . {q o
MIRegaauNeIAl 1iAdd 82a18 1NAN1IHQABN (Desorption) Hioa1TtANN 1401991

Aana @ o 1 a a a a I :
Ufnsenuasgadu wu manalalas laga manaasdszneuddon iWudu Feasaiin

9 Y 1 I 4 =R A ] Ay I 9 A = o Lg 1
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M3 2.18 MIAUsEUusans awmsulumsmiaaeuiou

Yszandam | vuag 4 PR ., | Back
. MWCO | guuuums yUaIEe | WUNHI | Flux ITuau -
Removal Feed Permeate lumsmaa Nn3ju wash RESRN
(Da) Tva N504 (m?) (L/m>.h)
(%) (um) (min)
ANVYL Fan et al.
14-80 0.7-4 95 0.05 - dead-end PAN 45 - -
(NTU) (2016)
ANVYU
110 0.15 99.8
(NTU) Ravazzini et al.
- - crossflow PVDF 0.073 120 1
TSS (mg/L) 63 - 100 (2005)
COD (mg/L) 218 138 36.7
ANVYL
2.05 0.07 96.6
(NTU) Yu and
0.03 = crossflow PVDF 0.025 20 1
TSS (mg/L) 472 - 100 Graham, (2015)
Al (mg/L) 0.083 0.072 13.2
Zn (I1)
10 34 66 Baharuddin and
(mg/L)
- 10,000 crossflow polysulfone | 0.0026 - - Sulaiman,
Pb(1D)
10 0.4 96 (2014)
(mg/L)

0s
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M3 2.18 MIAUsEUusans awmsulumsmiaaeuiou (919)

seansnm | vag 4 P Ly
. o MWCO qﬁl‘l]!.l‘Ull YUALYD WHUNKNY | Flux ISUAU | Backwash Y -
Removal Feed Permeate Tumsmaa NIU ) R RENRN
(Da) m3lua N304 (m) (L/m’.h) (min)
(%) (um)

ANVYU (NTU) | 240 0.96 99.6

COD (mg/L) 19.3 2.56 86.7 stainless Bergamasco et al.

0.1 - crossflow - - -

TSS (mg/L) 1332 39.96 97 steel (2011)

TDS (mg/L) 228 63.84 72

COD (mg/L) 71.28 33.44 73

polyethersu
TSS (mg/L) 68 13 90 - 100,000 | crossflow 0.1 130 - Yap et al. (2013)
Ifone

ANNYU (NTU) | 81 4.83 96

COD (mg/L) 235 5.6 97.6

Jadhao and
TSS (mg/L) 365 0.55 99.8 0.1 - crossflow | polyamide 0.5 20 -
Dawande, (2012)
TDS (mg/L) 575 1.73 99.7

IS



M519N 2.19 dag lumsiauszuugans amssu

4 gduuums | MWCO | Wuiiiy | TMP Flux Flow rate | 32820a1aU | P13311AY -
IONITI D ) ) RENRN
Ina (kDa) (m°) (kPa) (L/m’.h) (L/h) 52U (day) dvo1n
- DI water Huang et al.
Polyvinylamine | Cross flow 10 0.00145 0.2 170-190 0.25 6
and HC1 (2015)
Kinieczny et al.
PES Cross flow - 0.556 0.8 200-210 111-117 0.25 -
(2009)
Neubrand et al.
PES Dead end 150 45 0.05 70 3150 2 - DI water
(2010)
- DI water,
Bourgeous et al.
Polysulfone Cross flow 100 7.9 21-72 108-180 853-1422 - Chlorine and
(2001)
Citric acid
- DI water,
NacCloO, Falsanisi et al.
Polysulfone Cross flow - 50 - 140 7000 1
NaOH and | (2009)
HC1
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[ = . . 9 = a v A .
ATZUIUNIAALTNMAUAT (chemical modified) TaglduilaTmAsy sonmiladadiug (Sodium
aa a o 4
octenylsuccinate) uiliezdnianoond lad (Acetylate oxidize) nazutlaloala TuTueanos
A o 4 o w (% ] . I
(Phosphate monoester) 91NUTHN A9IUNHYATIMNTTN 100 Taniaunss s Fuduuda
Y '
Uszgauniauwiia A130oas52aUNISUNUN (degree of substitution, DS) M1 0.02, 0.05
o U % = d' A % [ s
1ag 0.08 Aa1e Y aesroaziealua1sed 3.1 Taspaaiavewdidimsaaulsaziia
A A 49! [ ] ~ A 49! [l Y ~ ldy
ANuntauyy tagnuNaszaumsunuivensngevu dwwaliidandadivualuagvu
Y . 9 wa = ~
@18 (Sitohy and Ramadan, 2001) tazaleaaauiaventelszyay Jeawnsananilasu
[ 901 J ¥ a [
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A A a J
M15199 3.1 auauinvowddduavea

rHautl vylandu DS (%) YHIA (um)
utlaT@on sonmiladndiug R-C,,H,,O,Na 0.02 15
uilsezFitanoond lad R-COCH, 0.05 50-500
uflarleava TuTuemaes P=0(OH), 0.08 3-50
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33 Fannasluuns
2 Y o_ v Y 1 A a
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C y .
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a saq a FNY 1A vy 3 < H .
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moldannzgungines 25.00+ 2.0°C agili 3.3
=2 a A Y Yy Y a d
34 ﬂ15ﬂﬂ‘]ﬁ|1ﬂ§$ﬁﬂﬁﬂTan5ﬂ1ﬂﬂﬂ31Nﬂ§$ﬂ1ﬁﬂjﬂ!!ﬂ\‘ljﬂ~lﬂw1ﬂﬂ
a A o w a 4 ¥
nsanm1lszd@nininnisdidaniiunszarsarontdeTuavhealuiilsgih
o a o A 1 o w g
WIMSANB IS AT NIMANTENUABNITMITAUINTZA19AI0YANARDINLLNE (Batch
[ 4 Y
Reactors) tiovan iz anlumsfisaiingzan Tagimsdne (1) Hansznuvesny
Jd v 1 v W
WINFu (2) #ansznuYeIAIieY (3) NANTENUVBITLZIATURT (4) HanTzNUANNTULTY
a s ° 4 o o o =
youtleTuarhes (5) tuuiiaesaaunasaninIsgaAsy (6) LuUTIaesaugamsgady Taol
~ o oy (2
s1eazReamsAnyInae 111l
d a d
34.1  nsAnywansznunylansuvenialuavhen
] ] a 4 a
Tumsfnyimansznvvoanyleddu dsznoulUdreudsTuavhea 3 wiia
1 = a v A aa a 4
Taun uilalafon soamiadagiua (Sodium octenylsuccinate) 11190z Fhanoond lad
14 o
(Acetylate oxidize) tazuilanoanaTuIuoaaos (Phosphate monoester) 1WFeuisunuuils
[ Y
Hudnlzvasi lirunisaauis (non-modified) Taald1Suramils 1.0 n§u Avtiidae619 200

aa A v o @ a9 ¥ A VoA <
A0ANT NITYLLIANTUNT 24 GII'JINQ oluﬁmazmuguqquuwm Tﬂﬂclmﬂimlﬁum NAINULTI

)

50U 150 rpm (Chen and Wang, 2006) A431882100AA1519% 3.2

A = 1 Jd o a J
$13190 3.2 ﬂﬁﬁﬂ‘]&l”lﬂﬁﬂi%ﬂﬂ‘ll@ﬂﬁﬁ;ljﬁﬂﬂ%uﬂlﬂﬂllﬁﬂiﬂﬂw1ﬂﬂ

Y
- Yl srezATUNe Ysunani
wiavoanila y . o
(n3Y) (mim) A9 (ml)
uilalan@en epamilasasiua 1.0 24 200
Aaa a o
uiliosEnanosnd lad 1.0 24 200
4

uilaloala Ty Tueanos 1.0 24 200
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3.4.2  msulsuldeudiey
S 1 H 1 1 a = o %
MMIANEINANTENUN¥V0IRI08 1N dINaaszansnnlunissia
k) ) = A A ~ %’ a 9 a 4 @ 1
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=) aol U 1 =) an H U (%] 1
1S9 79619 200 Naaans vazuilsilasuszeznardudalusie 5-300 win luaning



59

a 4 ] { < o
aunuguuaiines Tagldiasowudr MA11W15950U 150 rpm (Chen and Wang, 2006) 14

= =
FUDLIDYANIT N 3.3

M13197 3.3 MsfAnpImanszNUveiiesAelszANTNIMMIgAFUAINNTZAI

. utlaTu@vhes JLEZIATUHT v .
Nioxs 5 . 511979819 (ml)
(P3W) (1)
5.5 1.0 5-300 200
NBFUFITUHA 1.0 5-300 200

3.43  msulsAuszaznaauna
MMsAnYINanIENVYeesraznaduiaaslszansamnlunismaaniny

Y v
a3z TaglFlSunamtdaluavhed 1.0 0§y dollsuaniigie1 200 Hadaasuazulsilasy

A

v W ] a 1 { <
sroznaduda luge 3-720 wii Tuanzaiuguaungiivos TaglHaseaud) InwEa

50U 150 rpm (Chen and Wang, 2006) A451882100AA15197 3.4

M15199 3.4 MIANYIMANTENDVBITZEz A NAAADIZANENINNITAATUAINNTZAI

QJ v = %’ Q 1
PANITNAADY FLYTIANFUNE (UIN) 1331118079819 (ml)

3,5,6,9,10, 12, 15, 18, 20, 21, 24,

25,27, 30, 33, 36, 39, 60, 120, 180,
1-29 200
240, 300, 360, 420, 480, 540, 600,

660, 720

3.4.4  mamlsAufSinameanls
= v Y o 9 = [} LY d' g’/
1My UKD 3.4.2 M 19N DT ZeLNANFURTNHNIT TN 1IN U
o =Y a g Aa A o w g l
mmsanudSunaveaidlaTudrhedaodszansnmlumssisatiinizdrs Tasuilslasu
=Y a A ] o 1 =Y %, @ 1 A Aaa
UsmnaveadaTuanea lurie 1.0-5.0 5y a1l uasiindg19e19 200 Haaans luaniig
a 9 9 d' L] d' <3 o
AIUANYUH YU DI TasldiATovd1 1A2141593591 150 rpm (Rolence et al., 2014) @4

= =
FYALDYANITINN 3.5
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A = a S 1 A A o w
M1319N 3.5 ﬂTiﬁﬂ‘]el"l‘]JQiiﬂﬂ!GUfN!LﬂQIlJﬂV‘hEJﬂVINWaﬂﬁx‘ﬂ‘ﬂﬂ@‘ﬂﬁzﬁ“l/l‘ﬁﬂ']WﬂWﬁﬂW%ﬂﬂ’JﬁJ

NITAN
FANINAAD Ysmaveuils (g) Buanhdesrs (mi)
1 1.0 200
2 1.5 200
3 2.0 200
4 2.5 200
5 3.0 200
6 3.5 200
7 4.0 200
8 45 200
9 5.0 200

° d
3.4.5  wyudaedvaUnafaIans
o 4 . . . vt
f‘ﬂiﬁﬂ‘l&l']LLL]JL]JFl]’la'OQ"l]auWﬁﬁ']ﬁmi (Kinetic modehng) ﬂlaiﬂﬁ@ﬂ%umamﬂﬂ

Tuavhoaielidrladanalnlumsgady Failumsaelouniaszninashgnaaduuay

v

o o o o J aaan g’/ ~
aannsl I@EJTI'Iﬂ'IiﬁﬂH']GlHLLUUFﬂ'la@Q 2 Ly ﬁfl Ll'IJ‘Uiﬂﬁf]\‘iﬂﬁuWﬁﬁ1ﬁ@ﬁﬂJﬂQﬂ§]ﬂiﬂ1ﬂluﬂ

a9

=

[ o 4 Aaan g.’; ~
YU (Pseudo first order) ANAUNIT (3.1) uamm‘umaaqﬂauwamﬁmmmﬂgﬂiﬂwu‘ﬂﬁm

v
S 1

(Pseudo second order) A4ANNIT (3.2) T@mmuﬂ"maw‘?mamuu&méuuauagm M
nszuaumsgaiiui §ATeniion (Pseudo chemical reaction) FagufiumsAnELUTIADS
i]auwamm‘i'mmﬂﬁﬁ%mﬁuﬁwﬁuﬁ&m wazduiiaeuiion AuA15ANYIVET Dong et .
(2010) Lta2 Cheng et al. (2009) AINAIAY TagiinuazBoadaii

1 Y H
LL‘]J‘]Jﬁi”IﬁﬂQﬁ'llf‘lﬁﬂl&ﬂﬂﬁﬁﬂl‘ﬁﬂh maguuﬁumgmﬁmms@musummsgﬂ

[

49; Aa R~ =2 .. . ! b
AATUUUNUNT i’fﬁ]ﬂﬂ“IﬁJL‘]J‘LlNﬁiJ”I%”Iﬂl!ﬂﬂﬁﬁ]ﬂ“l’ﬂﬂﬂﬂ”l (electrostatic interaction) 3XHIINHNI

Y
v K [ o ]

angaduny Tuanavesansgnaasy lasdnsinmsgasuanunudmialumsnalgnsen

Wwy

YoIiaggadunda lugnaseunsos awnsaleuaums lanail

log (qe — q¢) = logqe — —=—t (3.1)

2.303
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o g vueda anuasalumsgaduauNTEAIe 1 NA1ANY ([Haansu/niy)
q. 18D AnuasalumsgaduANuNsEA 1 gaauga (aaniu/mniw)
= ' A o < ana v o A A
k, ¥11803 A1AINgas el Rasenduaun 1 (un’) uag
= A FY Y =
t wede narlag Alylumsgedy (un)
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HUVTIADIAUNIOUALAOAUNEN AWLHUUANUAFIUNI MIGAFUURIIIYN
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[
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AaURATo (active site) a3 uTIIuMIgagFUIUBAUSATIMIIAR AT o MaaTivenaln

[

] Z’J A a dil = Y cgl
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= Y] A o 1Y o
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Tuavhed Menuudiass 3 uuusiass laun tuusiaesvesasiies (Langmuir Model) Tag
WauNIMIEnIA 1/g, N 1/C, AIaNNIs (3.3) 1UUT1009909W3UAT%Y (Freundlich Model)
WU IMI£1I19 log q, M log C, AIAUMT (3.4) HAZHUUTIABINITYAGUVDUNUAY (Temkin

[ 9
Isotherm) TA8tUeUNTINTENIN q, NV In C, Ad@uMIN (3.5) Iavlisrvazidonaail

o
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npuiiaeveaiies APGUUANNATIU Ao TuANaveIEITYNAATY 92

amsgasuVuE lud s iiueuvesTaggadu Tasndsnulumsgaduazminunn
Y

a { a o I o U : a o
990U NUINanTgady HunsgaduIUDFURGY (monolayer) FIvzNAMITATUN AT

9
Lﬂumu“lmuj (Evanglou, 1998) ennsaieulusdaumaduaseldasi

1 1 1 1

Je - dm dmKL Ce

(3.3)
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(Cheng et al., 2009) @smdeonlugiaumsiduasaldasi
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d‘ = v a o d' 9
A1519% 3.6 S1wazveavosan amssun l¥lunmsnaaes (Ultra-Flo Pte Ltd.)

an¥uzYeIdanI ATy AaIANLIA
ﬁﬁ@ (Manufacterer) Ultra-Flo
34 (Model) BT-420
okl Y{!L?sf} U1y (Fiber Material) Hydrophilic PAN
p| Juvyusu (Configuration) Hollow fiber (Out-to-In)
Recovery 100% (Dead End Filtration)
YUIRUNNLDTU 4" diameter x 20" length
UYUIA Housing 6" diameter x 24" length
fuiiveamuTy 4.6 m’
Faaimin Tumnafifniuas (MWCO) (i) 100,000
Framiitewi 15 3-9
FregungiilFa <50°C
Product turbidity <0.1 NTU
8951013 1va (@ 1 bar) + 1.4 m’/h (City water)

3.6 msAnEIasNzImzanlumMsauszUUszUUan I atms v u TInnumla

d
Tuavhea
o a (% a o = d‘ a 9 1
MMsauszuusaniamssu Tasanyimsulsaasuaniigmsaussuy laun
d‘ a (Y] 4 d‘ [ 1 a L= = [}
msulsulagumeiiendans mamlsnasudadiumeiionaeTmumn MsvyuieuIag
AAFUNAUNN1HIU 1agMIANYINAVEIAITNOAZNOUADNITAR YD UNNIUTY 1T 197 14
1 a o U Y a Aa A o w 9 A A
MWINmeI Nz ey daralinalszansamgeagalunsmaanunszae tazimoda
a 4 g
oM IFuveumusuldmunzanlumsuenuda Tuavheasonaini
Y] a v d
3.6.1 waveamsulsiuwaienlanas
H [ a % 4 4 {
lumsanuimsulsalasuaunweiitenians evannzimuzauluns
a [ a o o w g 1 [ a 4
Puszuusaas lamssulumamsaanunizareluiinilszahiwduutda Tuavhed Tasns

{ [ a % o T w [ 1 a 1
wilsulasuaunelenldns M10U 20 25 uaz 30 L/m>hr lagldonsidiumoiionasim

WNNNINY 50:50 (Mozia and Tomaszewska, 2004) A95188208AA15199 3.7
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d‘ o a v J
A1519% 3.7 MsuilsAume e nwanss

arstouth vilszah
moditenldnd (L/m”hr) 20 25 30
813173 Iva (L/min) 3.06 3.84 4.60
JLYZIAUAUTZUY awnuneiienidndanas 60%

3.6.2  #WavaamsumlsAudaadIvmaiienaomnumn
= (Y] 1 a [ o’d‘ [ a
1ANTAAEINISHlSAUA N N nNanE MMy IzauADNITIAY
Y

[ a o o a o A @ a 1
szuvoasan lams sy Yunelennansnmuneauulsdudadiuiuneiionaosin

NN N 25:75 50:50 Az 75:25 aduaadluansien 3.8

A1519% 3.8 msulsiudadivmeltonaesmumn

astoudn F28LNAUAUITZUY YAAIUINOUBNADTLNUNN
N o 25:75
y umUNeNenands
Wlszih 50:50
anag 60%
75125

U o

3.63  wWansznumMshyuiguIagaadunavinlyluszuy

Y
Y A o

Y ' 1 a v J (% 1 a G
mﬂmiﬁﬂyﬂum%ﬂauwmu aunedenlangiasdaaIunouenaos

d' o =2 a =S [ (% a 4
NUNNNIRUIETY ﬂ?ﬂTiﬁﬂHWﬂWimui&’U‘iJﬂW'iTT?g“LJL’JEJH’Jﬁﬂ@ﬂ%ﬂllﬂﬂiuﬂwiﬂﬂ Tu

Y )
FATNAIU 20% 30% LAY 50% voduiTmumnnduin ]l luszuy Wodnyianuansalums

[

9 a -4 =~ @ a = s
a9 llﬂ’ﬂllﬂi%ﬂNﬂlﬂ\‘]LLﬂ\‘lINﬂWTﬂﬂ LLE’ISL‘IGEJ‘]JMEJ‘]Jﬂ’]Jﬂ"Iilﬂuigﬂﬂiﬂﬂ%\mﬂﬁﬁﬂul’lﬂu

@

o & = @ [ Y] 9 I 9 dy @
agaat FamsnyusuTaggadunaumnlsnulussuy Wumsaaaunulumsseiagge
o I @ ] a 4
1 wazilums lbanuiaagaduldinase Temigega

3.6.4 wammmsﬁamnawiamsqﬂﬁmmmmmu

o

' A A Y A = a s A Y 9 "o
ﬁ13ﬂ8ﬂ$ﬂﬂuﬂlﬁ@ﬂﬁl‘]§ o Twaaan Nﬂﬁ’t]vliﬂ (PAC]) NANUVUUU ININY

£

o =1 i v J a [
20 ppm (Yun, 2012) Tagazinmsifseumevszoznainmansanaslumsiauszuvoansi

@ @

a o { a a 4 [l Aa a J o a
Nawsvunimaan Inasaitiunas lsd vaz ludmaduIndeaiiunas 15a MINTAUTEUL
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J a v J : 1 a o oA @ {
aunIuneiienildndanat 60% FenuweiitendndnanaidaidinIsgaAtYoUNUTUN
a 49! = ' Y A ~ J Y a
avy TaglumsAnyIved Yun (2012) W1 N3 14/5u1a PACI 91 20 ppm nol¥itnan1sga
dutonseumuususans lawmsduiioondins 145 ua PACI#1 8 ppm
Y o
3.65  MINNINANNALDIANMUITY
MIPARUIBONTOUNVIUTY NAVINATALAVVOITTHIDOYNIANAIMT NG B
A = Y [4 2 o g Yy o
Melugnguveabense sy dadna lnaanganas 33 uudesimsmanuazein
dl ) v A o d‘ = 3’, gd 1%
[BONTOUNNILITY AT UITINANNTZDIABNTBUNNIUTUTUMIANEIATIN AB (1) AN
y .
MmsAuszUDIUAINeNENanal 60% nsd1uihanuazo NI UA e az01a A
guuniives ed weyninvesudutazoynina1e NdzauoguurIMiIuNILTUD DN
o 3 o Y v A o o ¥ ¥ oA & a A
NA991INUY (2) 11IN1381980U (back wash) 1NOMTATUIANYTBBYNIANALTUVUF DN O
2 ¥ o Y 3 9 Y 9 o 2 a = o v 2 [
onn5e 1 1@ Taemsdewnhazeradinediuaseduiuiumedion ¥evzihldihamsoau
2 o A ¥ o Yy 9 3 a
FagaauesnanBonsedla Tagiiimsarsdoriumal 2 uil (Bourgeous et al., 2001)
o £ % \J (%
37 WansZNUMSMIANNNNIZANIINIUYUUI-Tsa ey
= v 9 o Y =3 [ A
ninmsane luiide 3.4.3 uag 3.4.4 M ldmsudeszeznaduda nazUSuauls
a o’d' g’/ o =2 A a a o 9
Tuavheammuzay U umMsAnINamulszaniaimnismaannunszaialu
4 1] 1
inlszihiwnunszuaumsayuua-Teawes ivonfsuavesuud Teauesiitiunzdau
Tunmsiivannunszan TashinmsAneiaesdaulaun (1) msmlsldeuanududuves)u
. a J (2
- Tyaer taz (2) msnlsuldouanududuveailiTuavhes dreganaasuuuns a9

] 9
ueraaluzilin 3.5 Tasliswazioamsany asee 1l

< 4
717 3.5 ganaasauunz lumannlsunafuv Teawernmnzay
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371 msfSnanluvn-leawesiiisnzas
= -d' y 9 ' ' o
AneimsualslasunnuduTuuea 11 1urI9 60-200 ppm 31N TN
a [ 3’/ o ’o’ v ] 1 =) a Aaa
1O 40 ppm 1A8ITNITNAADA Jar test HaI9 1IN UUI NG 08198 U aT e 200 Hadans
o a A o w ?,‘ { a s [
mmsanelszaniamlumshidmimizan Agnnzarge ldudaTuared 2.0 n5y
v o 1 A ' 2 o '
sraznaduda 5 Wi Newngiivied e1RI8ANITITOU 150 rpm AI5180BEAAT197 3.9

Q U

A =2 Yy 9 A A 1 a A o
$1319N 3.9 ﬂ1§f”fﬂ‘]&ﬂﬂf]']3J!fUiJ‘llusU@\ﬁJuu"U']’JVIlJWﬁﬂi$‘VI‘U§IfJ‘1J3$ﬁ‘W‘ﬁﬂﬂ"lﬂ'lﬁﬂ"lﬂﬂﬂ'ﬂﬂ

ATTAS
YAMINARDY | ANUATNTUVDIY U (ppm) ANV UV T¥A DY (ppm)
1 60 40
2 70 40
3 80 40
4 90 40
5 100 40
6 200 40

e
372 wansznuvesnndnduvewildlnavhaalunszuiumsiuun-luawey
vinmsane luaden 3.7.1 sz ldnswdanududuvesy uun-Tea
~ 1 9 g’/ ) ) = A Yy 9
sornminzaylumsaaminnunszag Mnhuiimsninsulsdeuanududu
a J a J 1 {
yoautleTuavhea Tagldamduduvends Tuarhealusie 10-50 gL anizaiugu

QUNNUNOI AI318aBIANTIN 3.10

q QU

s A

d’ = = a 1 a A o @
#1319 3.10 ﬂﬁﬁﬂkﬂﬂilﬂﬂ!ﬂlﬂﬁuﬂ\iIM@WTEJ@‘VI?JWaﬂi%‘lﬂ‘ﬂ@]’ﬂﬂi%ﬁ‘ﬂ‘ﬁﬂ”lwf‘lﬁfﬂ’ﬂﬂﬂ’lﬂu

v
NITAN

Y 9 9 9 Y 9
YANII mmmmummﬂjumn ANUUINTUVDI TFA DY ﬂ’NiJ!,"lliJ"llu"UfNL!ﬂQ

EGEN (ppm) (ppm) Tudvhed (/L)

1 40 10

1NMIANEN 3.7.1
2 40 20
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A = a s 1 a a o o
#1319 3.10 ﬂTiﬁﬂ‘H"l‘]JQiiﬂﬂ!GUEJ\T!L‘ﬂQINWV‘hEJﬂVlﬂJWaﬂi%“ﬂ‘ﬂ@]ﬂﬂi%ﬁﬂ‘ﬁﬂWWfnﬁﬂ']ﬂﬂﬂ')'m

N3ZA (910)

gams | anududuvesfurn | anwduduveslvauey | anududuveanls
NADDY (ppm) (ppm) Tuavhes (g/L)

3 40 30

4 1INMIANYI 3.7.1 40 40

5 40 50

a 4 Z’
3.8 NITAAIISHAUNNH

Y
o

a v a 4 @ aol a @
QWH'J%EJﬁW'IﬂWi'JLﬂinﬁﬂmaﬂ‘ng‘1/1WQﬂWEJﬂWWLLag‘V'H\HﬂﬁGUEIQUﬁjﬁg‘]J'I 1INy
= = [ a 4 I [ 9 1
maluladgsuis lnsutansinsizrvoonugesdiu Taun (1) ganaaeuuung (Batch
o a o a 4 y o 1 @ - J '
experiments) NINITAUATICHNITINADIUDIUIAIDYIN @\“Iﬁ ATTHNINAN l,mm%n !Lllﬂfll,éljft’lil
~ < ] 9 % = a g Y a v
DY VDIULLUIASATY AITHYU ANUNTEANTINNA uazcﬂ’ﬁm L‘]JUWL! uag (2) MeUITUUDA-
a o @ 9 a o o w Y o a o a 4
Glfl"l‘i/\l'ﬁmﬁs]fuiﬂhﬂ'iJﬂ?iiﬂfl!ﬂ\?IllﬂV\I'lflﬂillﬂ?iﬂﬁ]@ﬂﬂ'lhﬂigﬂ'lﬂ NINITAUATICUNTITIULOD T
' v A 1A < ¥ ' Y ¥ =~ a2 a3 £y
AN AU ATWBY VBILUNASATIUT ATUYU ATNUNTSANNINYNA uazcﬂaﬂ Lﬂumu Iﬂﬁlclu
a o = o ) < @ l % a a J X o
ﬂﬁmuizuuaamwdamwu NININUAIDY N UUNDULIDNUIUATISHIN 15 ‘L!'lﬁ GTN‘V]'I
a L4 4 c ]
NTAATIEHAUNINUINIY Standard Methods for Examination of Water and Wastewater (APHA
% a 4 a, a o v %’ (J T [ {
et al., 2005) ‘%QWW?HJW]@? LLﬁS’;’J%ﬂTi?LﬂﬁWgﬁﬂmﬁﬂEmg511@\‘]141@'3@81\1 muﬁmﬂlumiwﬁ

3.11 (Yu and Graham, 2015)

H a J A, a 4 [} 2,'
MINN 3.1 WNUR5HazIs lumMsIneHauanyuz

Wnes FEMIIATIZT MIANHN
ANINAY Indicator Method FLANAADAULUNY
UAAIF YL EDTA titration FLANAADIUULNE
LN T EDTA titration FANAADIVUNE
. FLANAADILULNG 1DY
NLDY pH Meter - o - .
MIAUTTVUO AR Nam vy




69

Y

A a 4 as a 4 Y] ° [
137190 3.11 W131NL¢I@3L£@33‘ﬁ1uﬂ153lﬂ31$‘1’iﬂﬂ!aﬂ]&lﬂ!$u1 (919)

2 y YANAADILVUNE LA
VOIVIaE YN TDS meter - o
f‘l"lﬁLﬂuﬁg‘U‘UfJﬂﬂﬁ'W\lﬂMTD'u
, PANAADILVUNE LA
ANUYU Turbidity meter - . - o
f‘l"lﬁLﬂuﬁg‘U‘UfJﬂﬂﬁ'W\lﬂMTD'u
v 2 YANAADILVUNE L
ANUNTLANNIHUA EDTA titration - L.
ﬂTﬁLﬂL!i%‘]J‘]JfJaﬂTW\IﬂMTD'u
s o~ FANAADILUUNG LA
% 109 Closed reflux (Titration) - . N .
mimuizumammlamwu
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Watassu TasAnwinyglenvuvuizaslunisdidaniunszais Udszaninimuay
o w 4 v
ANE 30 luMIMIAAINNTZAI LAZMIANEINAUNAMEATNITAATULAZ TUAAN1TAN
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U §91/52n0UA (1) MIANHIMNNUABINURANTZNUADNIIMTAUINTEANAIIEANAADY
A = o Yy 9 a o
uuung eAnIAwd NI lunisgaguaanunszadlondauawied nalnnis
a aana < a Aaana o w o w
malfnseuazanuiimanadjnserlunmsiivannunizdis 2) msdneinstdaniu
9 90’ 1 [ [ af ] a 1 d‘ d‘ a
sz luiilszihsunuszuusansilamssy Taonsiaussuuasiiiod nelsziliy
Aa A 4 o w 1 [ a J
Uszansnmvosszuumonisuunusulumsmsannunsd1asmsums guile Tuavhed
=< [ d‘d 1 a a a [ =Y )
HazAnE1IeNUNANTLNUABYTEANTAINNISIAUTLVVUBITE UV aN T 1 NaasHU tag (3)
= o w 9 9 = d [ =1
msfnEIWansznUYeIMsmiIanNunszaraeuils uareas iy uun-Teawes Tasll

a2 =2 v A:glJ
i”lfJﬁZL@fJWIJ@Qﬂ']iﬁﬂ‘lsﬂﬂ\‘]ﬁ@umu

v
o A

(% =

4.1 ANHUSNINNEYNINUASMIUANVIIUIAD
= dy ) %’ d‘ A a (% = = d'

Tumsfneiimniniilsgivin ern1smsede 5 umameraoma Tulaggsuis 1o
a d o = dy Y ?,’ 1 A a
AATIZHANY U NNMEMNLaznuailibesauveailizi Tusiudeungainieu w.a.

A v 4 1 ?:I s d‘ a g [ dy =
2560 — 1ARUNNAINUT W.¢. 2561 Taswudn Wszahlinunasyoanslimesaiee agil Ari-

1T @ . 1 ] J a aol a a g’/
1% 111U 7.50 Fano10g lunuailnduesiiteminauIINGITNIIA A1AUNTLANNIHNA
IR 103.89 mg/L as CaCO, AATNAN 1MIAD 77.87 mg/L. as CaCO; ANUANTUYDILAAIFOY
wazuuniiiFeou looou M1NU 74.67 mg/L as CaCO, 11ag 30.67 mg/L as CaCO, MUEIAY 1Ay
AT ToA MM 22.78 mg/L AIUAAITI0a208ATUAITIN 4.1 FIQUENHULNNMENINIAL
= ¥ A o a L= ] 4 J a
Mundve9lszlniin1sansiesyd iariwnanasgiuvesnisilszihaiugiinin
[ 1 4 g [
(WHO., 2011) gunsoih 11991 1aa-u5 1na 18 uads lumungauie ldgaamnssinireou
1 g Aq Y = 9 Y 1 a
vtszian wu i ldlulssnugeamnisunszay awnsalininnunszaela laimnu 50
%’ Aq 9 a Y =

mg/L as CaCO, 11 lunszuiunmsnaaveslssnugadimnssuendon amsaninim

1 a a o 1
nizae 14 laithu 20 mg/L as CaCO, taznizurumsnanulszinniuiludesniuauaini
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Y g Y1 o 1 3 dqw Y 9 ¥ o QY A Y o
nszaa it N wu hnldlundeduler suiludeslinnnunszdiedind 10 mgL
as CaCO, (Altret Performance Chemical Gujarat Pvt Ltd.) 119991nANNATE A9 dINaf02 U

9 a = v ] o Y a A Y 9 ¥ =2 o & A

anwiou inamsgadendsauniu shlddsedninmvesndodn lorhanas Sesuilun
: : . 2

wwdesaannnunszanlidins Wmmnzaunih ld ¥l ugaamnssuiseunislsyan

so 'l (Mustapha et al., 2016)

H 9
A15190N 4.1 anvazneamenImLasmMuaivesitlseih

Wimes Aunge S.D.
Wiow 7.50 0.20
mmmzﬁ'wﬁ”wm (mg/L as CaCO,) 103.89 5.11
ANNAN (mg/L) 77.87 8.54
uAAIFeN (mg/L as CaCO,) 74.67 4.62
HuNHIFeN (mg/L as CaCO,) 30.67 2.31
ANUYU (NTU) 0.36 0.15
youTaaza1orh (mg/L) 219.47 52.96
¥ of (mg/L) 22.78 17.71

a3udi 1 : msfn¥luganaasnuuny (Batch Experiments)

d v a J o W
42  wansznuvesnWIntuveanlaluanhealumsiivannunszag

3 =2 o w Y Y a PR a A
Vl'lﬂ'lﬁﬁﬂ}!'lﬂj'lllﬁnﬂﬁﬂGlUﬂ'liﬂ'lﬂﬂﬂ'J'liJﬂ5$ﬂ10ﬂ38l!ﬂﬁjuﬂw18ﬂﬂﬁﬁﬂﬂ 3 BUA IND

Anwrpiinvearydansuvesudaudvhoantiszaniamlumsanninnunsyaralu

=

¥ ! a I A a o o w
ilszahldmnzaunga dszdenutsluavhediiessia@eni lidnyimsiivani
Y 1 Y 1 Y a o a o
nszalninlszihdreganaaenuung srunumsiauszuudanlamssu Taouils
a 4 g’/ A o 9 =1 . . . Y A
Tuavheans 3 yiagnaaulsAI8NIzUIUNITNIAUAY (Chemical modification) AIYAITUNUT
] J v ! ' o % 9 v : a a s
wMandunuanarsnululnseadwvesluiudilznds Feriavowdsluavhean 141y
= v = A o A . . s o
NITANEN ‘]Jizﬂ’e)‘]Jﬂ’JEJ LL‘ﬂQT"ﬂﬂﬂEﬂJ DOAUNUANAYIUA (Sodium octenylsuccmate) umgjﬁmﬁvu
Id =1 a v aa 4 Aaa A 4
iuTmAeneommiia dagin noulalasa (R-C,H,,0,Na) uiliozFianeond lad (Acetylate
' o d ] aa P
oxidize) Hinglansuiunyez¥aa (R-cocH,) nazuilavloammaluTuodiaes (Phosphate

Y

monoester) Hyanduilumngloala (P=0(0H),) nanisanymu ullarlealaTuTue
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J a A o w ¥ '

amaoitdszaninmgegalunmsmivannunszdaluiidszih Tasaaainnunszaialu
9 Vo v
1113211910 103.89 mg/L as CaCO, tMADININD 61.67 mg/L as CaCO, FlANUAIMITAIUMS

o ' v 1 a v A aa a 4
qadrve il umiy 4.23 eq/g dauntlalmdoy soamiladnsiua tazuiliez3ianoons lad
ANTNAAATINNUNTLANINAD 85.00 mg/L as CaCO, LAY 66.67 mg/L as CaCO, AUa1aL Ty
UANUENITa luMIgAFUIMINY 1.90 1ag 3.73 eq/g MuAIAY Aduaad a1 4.2 uaz gl
A ] 9 o w 9y Y a PR a a
4.1 i Tdunalnmsmisaanunsgardeudsluavheansauria o1anana lnn

=~ A A [ a dy d‘Q a 4
nmenn laguaaiFouuazuuniiideon losouainisodvusnununaive st Tudod
. = IS Y A a 9 =) =) 1

(Baharuddin et al., 2015) taziinnuiu ) Idgeiozinamsgagunanil Taslinauininngs

a « J 1 a < a I VA
wodudnA1lsa 2 ngu Ao oz lulad uazes luTamnau deez luTamnAwilu Teshlinmsuan

a g 7 = < d‘

HYLIEY (70-80%) YoaweaLdnalsa (Hoover, 2001) Tefiananiluli/Ianvz gapdeTnsead
a a Aana 1] o 1 ] &J Aa
wn TasmsnalgnsennuleosuvesTane ludwmiisaeg vunuivesTuanauds (Eilers,

1936; Chabot and Hood, 1976)

{ Aa A o w a J
13190 4.2 Uszansnmmamaaanunszaadloutle Tuavhea

R .. A ANUNIZANNINUA | Removal Adsorption
yriautla Tuavhea
(mg/L as CaCO,) Efficiency (%) | capacity (eq/g)
uila To@en opamiasaBiua 85.00 = 8.66 18.27 1.90
uilvezEnaneend lad 66.67 + 2.89 35.58 3.73
utlaoala TuTuemaos 61.67 +7.64 40.38 423

uilaeanaTuTwemassiiluutelszaan daulsdrenszurumsmani Tasms
unuinglsndudeamlani i IuTaseafavewduiudulevas e Tinlumsiulesou
= A A 4 g’/ A [ o @ So' 9
uaaFeunazuunibdouvowniaoadaly Tuemaostin Woudadudaduiinsz e
Taou ludumisveanylassurlomalulassadraudaloana T Tueanesaz naaeon

1A

Y = A A 3 9 A A <3 Aaad 1w
"lﬂ\ﬂﬂ me%mammﬂu!,cmu"laaau1uu1ﬂﬁ$ﬂ1qwuﬂ1maﬂimmmmw (EN) tm1nu 1.0
o w & A 1 = AN ad Aaad [ Y
iuag 1.2 guanau mumqqmﬂmmau‘laaau AUMBIAN INTIUNIAIN 111N 0.9 (Allen and
{ o 1 1 Jd v @ U
Knight, 1992) ﬁ]gm’ﬁllﬂLmuﬁ"lumzmuwyjﬁaﬂmm\laﬁwm nieasasuduu Tiudaea
(% a QJ = . . = d’d ' ' v é IS
dudseansnisiaon (selective coefficient) "lJfNIG]ﬂﬂﬁlll NUAUNINY 2.0 FILAQLBYIULAES

UUAHGBeNTAIAY 5.2 1ag 3.3 MUAIRY (Metcalf and Eddy, 2003) ¥ 1dunagen leeuias
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50 5.0
e Adsorption capacity (eq/g)

40 1 Removal Efficiency (%)

R

- 4.0

AR

LMY

e
]

\Q\\\

A\

30 A - 3.0

20 A - 20

Hardness Removal (%)

10 A - 1.0

(6/ba) Aj1oedes vo uondiospy

AN

0.0
Sodium octenylsuccinate Acetylaed oxidize Phosphate monoester

Modified starch

A a A 1 Y g’/ a 4
3‘1J“I/I 4.1 1J§$fﬂ/]‘ﬁﬂW‘ILLa$ﬂ?']iJfﬂllﬁﬂﬂluﬂ']ﬁiﬁ]ﬂ“b’ﬂﬂ??llﬂﬁ%ﬂ']\‘l“l/lQﬁﬂﬂﬂl@ﬁllﬂﬁiﬂﬂﬂ”lﬂﬂ

uunfiFeu loouamnsori ldunund i Is@ey losoululassafrsvendanomla
J @ g a aan ] a
TuTwemans 14 nasainiuuud Tduna lnlunisifalfnservzegluglvesnisiia
a a a a 4
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1.0 7.12 £0.02 85.33+1.15 0.23+£0.00 | 44.00£2.00 362.00 +2.00
1.5 7.03 +£0.01 80.00 £ 0.00 0.16 £0.01 | 32.00+2.00 420.33 +£3.06
2.0 6.98 £ 0.01 76.00 = 0.00 0.15+£0.00 | 56.00+0.00 460.00 = 1.00
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First order Second order
Qe (exp) 2 2
R k, (min™) Q, (cal) R k, (g/mg.min) Q, (cal)
7.6 0.9696 0.0106 3.79 0.9922 9.63x10” 7.15

47  aNAAMIQAYY

P ¢ v @ Y & 0w
ﬂ?iﬁﬂ]&ﬂl’lﬂiﬂﬁmﬂﬁﬂﬂ'ﬁﬂﬂ%’ﬂ L‘]JHGUE)M“QWLQWUﬁﬂ'ﬁ‘ﬂﬂﬁ$N1ﬂlﬂ31hﬁ1h1301uﬂ13

QAT B U1ITDLNUBNNHUZUPINITAAFUNIUATHIDNIINEAIN Fe0TUeANUFNWUT

' o 1 1 g o a J o

i%‘l’i’lNﬂ?ﬁJﬂi%ﬁ}%‘]ﬁQﬂﬂﬂ"lﬁﬂ@]@‘l’iuﬂfJ“LH‘I’i“LJﬂ‘lJfNL!‘ﬂ\iTllﬂWTﬂﬂﬂUﬂﬂTNL%ﬂJ%}uﬂlﬂ\iﬂ’NN
9 H H 1 Y

ﬂﬁ$ﬁ1ﬁﬂﬁﬂhﬂﬂlﬁaﬂﬂg NANNICAUAR Qmwgmm‘ﬁ Gluﬂ'lﬁﬁﬂ‘lﬁ'lu ﬁ'lﬂ'li%ﬂﬁﬂﬂﬁﬂ@aﬂ'lﬁ@ﬂ

v 9 o A J . o a .

FUAIYUUVINADIVDILANUNYT (Langmuir Isotherm) LLﬁ%LL‘]J‘]Ji]'IﬁENﬂJfNV\I?Uﬂ"H (Freudlich

Isotherm)
o J 2’; ' a o a
HUUTIA090IaUNes AR UUANNATIY AD TUIANAVDIAITYNATY IZNANITYA
FUUUA lud i UINE U UYDIIARAATY TasNa1 U IuNITgAFUILIMAUNNYAVD Y
a A a o < @ 24 = ] a o a g
VINUNNANTGAFY 1T UN1TYAFVUVFUIAY (monolayer) FIVZNANITAATUNIUATI] U

daulng) (Evanglou, 1988) dmnsneulugilaumaduasqlaaail

1 1 1 1

Je - dm dmKL Ce

(4.3)

v
=

=} =2 v 1 v o A A o 1 o
e q vuedy snumsngnaaduaeliunuvesiaggad (Naaniuneniy)
= A o A a A o 1 [
q, 803 Snumsignaadumnnnga Aaaniudeniu)
1 { [ [ 1 { Jd a 1 a a o
K, M11809 AAaNNaaInuedmsgady viemnsiveaauiios (dasaoiiaansy)
C, vt anuduTuveIiIgngatuNduga (Taaniuaeans)

9 9
a v

o a 1 o [ Y =< @ @ I Y
ll'ﬂ'ﬂﬂ’l'ﬁ@\iwguﬂ"ﬁ PNDYUUTUUATIUIN ﬂﬂﬂﬂ@ﬂcﬁﬂﬂglm']ulﬂﬂﬂﬂﬂﬂulﬂu"]fu

u U U

¥
A

. :ﬂy a @ o A :ﬂy Aa (J v A (] = [
(multilayer) UUNUAIUDIAINAY u,ummﬂwummmamagﬂmunmm"lmﬂmuammﬂu
v 9 o ' a a o v o 1
(heterogeneous surface) Wa\NﬂﬂuﬂTﬁﬁiNW‘L!‘ﬁ$"UfNLLGI’ﬁ%Uillmlﬂﬂwu‘ﬁgﬂlflﬁ’lﬁﬂ@'ﬂcﬂﬂﬁ’E]

Y [ Y | ] @ Y a Blg}z o
migﬂ@@mn"lmmﬂuuazu,ﬂu”lﬂasmﬂigmam ﬁ?ﬂ?iﬂi%@ﬁﬂ?ﬂqﬂﬂﬂﬂﬁ@ﬂcﬁﬂ‘1/]1\‘1ﬂ18ﬂ11/‘|



&7

[ [

I ] 1o w
uagniunll uazszaunsaaduiiulledialidine (Cheng et al., 2009) amrsndioulugy

P
Yo A

aumatdunselaaail
logqe = %logce + log Kk (4.4)

d' = 1 d' a a Aa o 1 [
o K, gl mmmmﬂgu% (VaanIuaonNIy)

= 1 ~ A A a = Yy 9 1%
n HUIYIN ﬂWﬂ\?VIGIJ@\W\I?uW]f‘VIfJ‘ﬁ‘]J']fJﬂ\‘iﬂ’J"liJlelﬁJ‘llu‘U@\iﬂ']i@lﬂclﬁ_l

o J o o I'4
uuusaed lo lgmesuvsinmamsannunizan laslsuifaloaa TuTuoaaos

d’ = o A J 1 [ 1Y 9 [ ] 4 9
Woesunsmuuuiiassueuauiiossering 1/g, nu f 1/C, 3¢ ldanuduiusuuumduass

[

{ o 9 v o o w
muﬁﬂﬂugﬂﬁ 4.11 MUTDATUIUNT g, Lae K, Vl,ﬂﬁﬂﬂi]ﬂ@ﬂuﬂu y UASAITUYU MuaIal
1 o a £ o v J 2 T o @ A A A o
AmMaulseansanaunns (R7) minu 0.8790 aataaa lua15199 4.10 Tuvagniioweunsiw
° a ' o Y v o & D) o =
LL'LI'Ui]'Iﬁ’ENﬂIE]\W\IEH@%i%W'J'N log q, N log C, %”l@mmmlwummmﬁumq muﬁmﬂlugﬂ‘n
' Y (Y 1 Y 1 @ J
4.12 4101791171 K, llﬂi]'lﬂi]ﬂ@]ﬂuﬂu yUASHTIAN nhlﬂﬁ]'lﬂﬂ'lﬂ'g'lMﬂfueU't’]\“Iﬂi'W\l ?Jﬂ'l
Y a a'{ 1Y o 4 2 [ Y 4 a
ﬁllﬂﬁgﬁ%‘ﬁﬁ'ﬂﬁuw%‘ﬁ (RY) iU 0.9142 Iﬂﬂﬂ’)'liJQﬂ@lE]\iﬂJﬂ\?llﬁlicﬁlﬂﬂﬂJ NWITTUIIINNIT
~ 1w a £ v o 2. A Y A A ' 1 o a £
nFeunsumdulsz@nsandunms (R Nanulndifes 1 nige wud arduilszans

v v a A0 9

4 9 1 4 S 7 a
awﬁuwmmaﬂaimmaimmuw;suw Mﬂu"llﬂﬂﬁ 1 3J1ﬂﬂ’ﬂU],E)T°])'mEJiiJLL‘U‘lJLmQLZJEJ‘i RANINL]

Y H
A A

Y v A a é] A a o o [ dy = [ [
1&91 magadunmavuilosnniunmvesdrgady liilluiemernin naznasnulums
a$rnuszveanazyinuueigaaatuaedisgnaadu luminy Taoauuagiuueinisea
o Yy v A 4 Y o A =
FuanunszandrentaTuaned nuaTidumsgaduerviiosninmsuanilasu losouves
[ o T ] J o
uaatFeuuazuunibdounu Taaey ludwnianglandunomalulaseadavouils
o Y A Y A ~ A A v A
wasniu Juwaldui losouunaouuazunnihi@onauisardn lunuilalasouly
aumiiany lensondaluniizeng Inavesnlaludnudon Jehldnadsnulumsinanuse
] ¥ ]
uaazusow iy tezlennsanar n< 1 (I/n> 1) aunsnesuie 141 vsnaiuiives
@ v A ~ Y @ 1 1 3 o
agagulsinamniiv ldlumsgadu udedialsia augamsgadn Tansszyaeauin
Y a g [ 9 o o A J &R a Y1 3
aoutlsTudahes aaulvgazaeandesiunuuiiaosweauiios s uieldiniumsga
[ = é a 9 1 1 ] J v a J o
Fumanl Fufavnnmsadeiuszsznanglenduve il TuavheanuTanz sz qaes
a I a g’/ a { I
van manalluaisdsznoudedou saunaunana lnnsuantlasuilszy Wudu (Guo etal,
1 o (% 4 a 1 [ { o
2009; Chen and Wang., 2006) @113 UauNsHauNes MINNTAUIA q, LazA1 K, NAIUIN

Y 1 1 a c'g‘/ Al Aa = 1 v A a d% n Y3 [
Vlﬂ WUIATNIUEAD TNITDINAINADY G]N‘Vilﬂilﬂ’ﬂu’ﬂﬂﬁﬁ]@“]ﬂﬂﬂLﬂ@"lluulllUlmﬂuﬂﬁ@ﬂ“]ﬂﬂ



88

gﬂ =S =l =4 1 ~ o a % 9
FUIAYD Wﬁ@ﬁﬂJﬂTﬁLLa\HllfJﬁuliJ!lel'13ﬁiJ‘VI‘ﬂ%uTNTfJﬁUTﬂﬂﬁulﬂﬂTﬁ@ﬂ“ﬁﬂﬂ?'lllﬂﬁ%ﬂ'l\ﬂl@ﬂllﬂﬂ

a 4
Tuavhea
0.6
y = 138.75x - 1.4012
05 R2 = 0.8790
0.4
So03 e
—
0.2
0.1
0.0
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y = 4.5602x - 8.1919
R2=0.9142

1.84 1.86 1.88 1.90 1.92 1.94
log Ce

1 4.12 augamsgaduanunszaevesutlaloaalu Tuemass (Freundlich)
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Freundlich model

Langmiur Freundlich
q,, (mg/g) K, (L/mg) R’ K. (mg/g)*(L/g) n R’
-0.71 -0.01 0.8790 6.43x10” 0.22 0.9142
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AUR = —— =0 e (4.6)
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pH 7.46 0.20
TDS (mg/L) 233.50 29.57
COD (mg/L) 18.98 7.89
Turbidity (NTU) 0.63 0.20
Hardness (meq/L) 3.31 0.16
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FY WHITHLLIATINITYAAUTINI Llﬁ'ﬂfﬂﬂhlﬁﬂgnll ANMITUYUNIIUITAAATUNAVNINTEUY

a 1 Y Yy 9 o Y A dil o Y a A
ll’lﬂlﬂuhlﬂ %zﬁ\‘lNasl‘wﬂ:nmsummeumaﬁﬂﬂﬂcﬁuqu\‘mm WTiﬁﬂTLW@NL@‘WaﬂaQ LUBDNATINNIT

= £

9 H [
m@miﬁzﬁmmeumﬂw%%mﬁ’ﬂﬁmﬁummmmummmu (Kilduff et al., 2004) N5

% 1 v

a o 2 a o v oA 9 A =

WYUABUTAYYATY 1117 50% UNANIsgAaL IaI3In91 7 20% 1az 30% AU 4.15 ¥4

o o ] 4 AAa § [l o <3 1 o
A9ANROINUUTIAUAIUTUNAIVO LWL TUNanaus Uiy Taguaaalfifiuii usedunas

v [ Y

ol nNianad 1HeINININTZUUINNIDTUNAANTYAAUFITY (Hortono and Wenten, 2005)
nan1sane1lszantamlumsiidanunsza1esIuAUNIsIANITUUE AR
Wawsdu Wi msvyuleuigagasy mny 20% Juszansnmlumsmitaanunsza
48.24% wazin Ny a lumMsmInnNNNTEA1e 1.37 eq/g Aaandlumstei 4.16 Tagns
WYUAeU 19110 30% Hag 50% HUszANTAIMNITAITAAIIUNTZAI 1T 44.12% Haz

r v Y
41.76% auaay e Tageaduluszvumugeiu Uszansamlumsmisannunszaislu
[] Y A a A 35 a Y a 4
seuyliildanas ifesnrn mstnamsazauidunavesiiviuusuvesutlaTuavhed
' a a 1 a o %’ c'o
denalinnuenusalumsiaansdszneudadouszrnautla luavheduas losouluiiim
(Baharuddin et al, 2015) $9a0AAA0IRVMIANYIVOL Back et al. (2007) Wi Uszansanlu
o w Y Y Y v ? a A -
msmdalaswalildaaas winanuauduvewllszauanluiBmummaziiumnniun
A 1AL ABAAADINUNITANYIVDY Baharuddin et al. (2015) MMIANYINIAIA Zn amn uag
a o @ [ o o 1 4 a
Pb(I)) AENBAINDSIINAVNTEUIUMTEanT AT TY Taenudn oAy uTUYeINea
S A ds@l a A o w @ A o a o a s A

wostuIY Uszaniamlumsmanlavzrinanas LaziiommMs AT IEHNITNNDTOUY

[ ~ v 1 1 { (] ] [l 1 < %’ 1
AR1319N 4.17 WU ANY UANRABDY 1UTIN 6.93-6.94 dIUAIVDILTIATABULALAE 1o
A maweg 11Uy 511.75-802.22 mg/L 1A 52.30-83.11 mg/L MUa1AY HazAINNNYY INAUDEY
1u%19 0.26-0.73 NTU &awam1sAny1aeanaodnunIsAnyIN1sgad uueamiiusy 1agn1s

) [

WYUAeUIARAATY 110D 20% HszaniamlumsMiannunizangaga Laginan1iga
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v 1

v Y9 < 1A = 1A = A )
‘Hul,ﬂ‘]ﬂ iamneﬂwmmNazawuazﬂwiaﬂuaﬂmmmwuunau 30% itag 50% LUaUINA

=< aa 9 . 1 1A a <3 ¥ 1
ﬂ"li?fﬂielﬂﬂ%ﬂﬁ@ﬂi/l”lﬂﬁﬂ@]IﬂEJ‘l“If Paired T-Test WU ﬂ?"]fi’f)ﬂ ANVDULUIDSANYUT ATAITY
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(p-value < 0.05) @aumifitoy lifinnuuanaenuedelived1Ayn19ada (p-value > 0.05)

9
v @

= A a a o o A "o Y a
ANUU 11!ﬂ15ﬁﬂy1uﬁl\ua'E]ﬂﬂ15W3}|ulﬁﬂu3ﬁﬂ@jﬂ“ﬁuwlﬁﬂ1$ﬁn NINY 20% VBIUITINUINN

=

weldlumsnyidaly uazileiimaSeuieudszansnmlumsmiannunszdraves
Ay 1A = Y o = ] = o o A
sruun lulimsvyuieuiagadulunisaneidium uazmsvyuiouiaggasui 20%
) =2 =) o w Y Y v A
TagnsaeamsaniiaNuamnsalumsmiannunszaelndifeanu as 1.32 eq/g 1oy 1.37
) 9

eq/g mudey Woihdeya llviimsnadeunieadalaeld Paired T-Test N Medodoya
9

HANANNUBI NN IAYNADA (p-value < 0.05) DANINTHYUNGUTAAAATU IMNIAY 20%
Y I

awnsodaszezinaImMsgaduveuuysu Iduuiu iesnn msnyuiouiaggadu dwa

Y A o = X A Aa 9 = 2 Aa
Ifszuiionsims lvangeu usadeunmmi s ulinniu aamsazanvewilani
Yo su18a (Wenten, 1999) damaldszuuniimsvyuiiouiaggadu ity 20% daeg

9 9 1 Ld' = = [ 3
ﬂ"l'iﬂl,G]N"lule’[’)\‘iL‘JJ‘JJ!,‘]J'iu”lﬂEJTJHTMﬂ’NﬁmJ“UVIHinJﬂ"l'iﬁiz!unflu’Jﬁﬂﬂﬂ“ﬁﬂ

A a A o w Y 9 a g @ @
131940 4.16 ﬂi%ﬁ%‘ﬁﬂ?‘wﬂ15ﬂ1§]ﬂﬂ'ﬂllﬂ§$ﬂ'l\°lﬂ'JfJLLﬂ\‘]IﬂJﬂV\I'IEJﬂiﬂhﬂﬂigﬂﬂﬂaﬂﬁ'l

Wamsru
Hardness (meq/L) Adsorption capacity
Recycle (%) : 3 Efficiency (%)
PN AUNAY (eq/g)
20 1.60-1.90 1.76+0.09 48.24 1.37
30 1.80-2.10 1.90£0.10 44.12 1.25
50 1.70-2.10 1.98+0.12 41.76 1.18

A H a o a < @ Y a J
A1TNN 4.17 AUNINUIDDN GI,‘L!ﬂWﬁLﬂu‘iZ‘U‘U’ﬂﬁ@]i'W‘lam‘i‘]ﬂé‘iﬁllﬂ’]Jﬂ'l'ii“l)’LLﬂ\?TiJﬂV\hEl@

Recycle pH TDS (mg/L) COD (mg/L) Turbidity (NTU)
(%) SN Aunde 329 Aunde S'eN Aunde 39 Aunde
20 6.827.05 | 6.93£0.07 | 225-655 | 511.75+113 | 33.74-89.98 523041753 | 0.16-1.08 | 0.38+0.24
30 6.80-7.08 | 6.94£0.07 | 275-745 | 523.68£120 | 56.24-89.98 75.78+8.82 0.14-1.05 | 0.26+0.20
50 6.88-7.03 | 6.93£0.04 | 610-955 | 802.22485.9 | 44.99-101.23 83.11£1640 | 0.19-1.27 | 0.7340.35
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J \} QU
412 WANITNUYBIAITNOASNOUADNITAAAUVDIUNNIUTH
= 2 a Y . . ~ y 9 o ' )
msAneItiaen s PACI (Polyaluminum chloride) NANUAUNUN (N1OU 20 ppm FINNU
maauszuudan I lamssuiiimsvyuieuiaggadunauiiunlussuy iy 20% Ha
= ! 9 ! ' Y a o yda dal a
msfneImuN myldmsneaznoudawalimuuswianmsgadu 1w Taameiionanad
60% maluszezinan 65 w1 aagi 4.16 1WeanIn Manyuisuiaggasunaunluszuy v
a s A 2 U 1 v W
TanuauduveantdsTudavhoamuniu dawaldasneaznou (PACH 1h lsuiu Tuana
a d o 'y x {
youtlsTuavhea sl Tuanavesuthlioyniavualnaiu (Peter, 2001) Favura Turanah
H Y
Tng) iamsazauiAmhve s Uy waziamsgaaunielugnguveuuuysu 1@
TuTomaseu denalidauweiitonanad (Cho et al., 2000) MIAUTZUVIINAUMI IFa15n0
2 o Y a % ya ' ~ (=) Aa 1 ] )
aznou v ldinansgaanlaizinszuun lulinmaduaisneaznou ua luneasanudy
J 1 v J 4 a

TunsAnEIv99 Xia et al. (2007) WU AvlanGvounNIITUADE AN IWBLMSIANETT

1 o g 1 1 U a Q'J %
Coagulant aTuszuy Aewsinhdulmdhgszuudansillamssu Fanszurumslauengia
Fuvrzreiiindiseouniiniazyioannisgaauveunuiiulaonae (Bouchard et al., 2001;

Guigui et al., 2002)
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517 4.16 Myanasvounoilion WelMIANAITNOAL NOUIAZHYUIIUIAYATU 20%



102

= a A o W 9 d’ = [ = d‘ ]
wamsanlszansamlumsmivannunszas owfFeufeudumsaneiFuin
WU Msasneazneudinalidszaninmlunsmianunszaieanadain 48.24%
A =~ o Y a d A Y
Moo 43.55% uazanuannie lumsmsannunszaeveantls Tuavhed Saunidy 1.23
[ d' di 1 1 Y = 1
eq/g Aanaaalua1ingi 4.18 ilesnnasneagnoudinaldvuia luanavewudladivuia vy
4 [
Yu nazonawwalijluuvveslassadudadaeull dewaldmsinaaislsznouFadou
Y =)
voautanazlosouluinunaldana (Bertolini, 2010; Aratani et al., 1983) HAN1TANY
a o A o y 1 1 { [l [ 1 < ¥
WSRO TOUY) LAAIAINITIN 4.19 WU AITIOY IRABDY11UFI 6.92 AI1UBINTIAZA U
ez Tof mageg1ugI9 608.50 mg/L 1oz 55.12 mg/L MUaIAY 1agAInNYY Inagag 1ugIa

0.56 NTU

A a A o w 4 a g @ @
AN1319N 4.18 ‘]Ji?.iﬁ‘i/]‘ﬁﬂW‘Wﬂ'liﬂ'li]ﬂﬂﬂ]'lllﬂigﬂ'l\‘iﬂl@ﬂl,ﬂﬂIiJﬂ‘V\hEJﬂi’HJﬂ‘UiZII‘]J’E]ﬁG]i'I

Wamsru
Hardness (meq/L) Adsorption
Conditions ; A Efficiency (%)
BN AUNAY capacity (eq/g)
PACI 20 ppm 1.70-2.20 1.92+0.13 43.53 1.23

d’ %,’ a [ a ) 1 [ 9 a o
119190 4.19 AUNINUIDDN Gl,umsmui:uuaamwwamwumuﬂumﬂmﬂqvaxhsm

pH TDS (mg/L) COD (mg/L) Turbidity (NTU)
Condition . 2 . L , L . I
PN AN[Y PN AUNAY YN AnNQY PN ALY
PACI 20
6.82-7.04 6.92+0.06 440-690 608.50+72.41 33.74-67.49 55.12+7.87 0.25-0.88 0.56+0.21
ppm

dauil 3 mansznuntsidaanunszdies i Jeauey
Mnsanuidszaniamlumsmsannunsedredsutaoalalulueanes

sanunsanaznoualeuur Teaines Tagsiinisdnyl 2 dau Tdun (1) Anyins

uﬂirﬂﬁaummmﬁ'ui’ummﬁ,umn uaz (2) Anvmsulasuanududuveautlaoavla Ty Ty

[T

¢ = 2
DALINDT I@ﬂwaﬂ’liﬁﬂﬂnlﬁﬂﬂ@\?u
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413 nsmfSnanuun-leamesimanzay

msudslasuanududuvesuui 60-200 ppm ag Tsauos 40 ppm AU 19

=

14 [ 1 sol % 1 A Aaa [ o 1
LLﬂQW@ﬁLW@]TNIHL@ﬁLﬁ@i 2.0 NSUADUIAI0E 200 Hadans NIzELIATUARE 5 U WUN

=

Y
AUMNIINAINIANAZNOUAINTZUIUMIY U1 — Tawes Weldnnududurea)uuii
d' A 49! 1 9 gl.: = a A o W 9 A d? d'
UL manunseanauaiisanas Uszaniamlumsmsananunsedaiiviu fanu
Y
U U1 19110 80 ppm Tlsz@niamlunisassinnunszdeananuaIn 103.89 me/L
2 Y 1 o Q 1
as CaCO, 1119 68.00 mg/L as CaCO, ¥idaaniuiidIed1aumiannunszarede laens
9 a < ' ' Y ¥ ' Y
TdudaTudvhes wu @1W1500AAIANINNTEANNIMLARDIINNTZVIUMTANAZ NDURIBLU
A A o A 2 A Yy 9
¥12-TgA 1o 1ManLiiod 48.00 mg/L as CaCO, anaaaluzii 4.17 Flinnududuvos
unaFou looowmaoogniny 44.00 mg/L as CaCO, nazuunilion looounaunaong 4.00
e ¥

y Yy v 2 2 o
mg/L as CaCO3 Lﬁ@ﬂ'ﬂ’lllm]llellusll@QﬁJJUE’U'I'JLWNQ'Q"ﬁu 1N1nY 200 ppm ﬂmﬂ1wu1wa\1@ﬂmﬂau

Y P
=X 9 EA

Y o vy ¥ A A A
A281 117-TrA 1oy VAIAINNIEANNINVANNGIVUAIY NI HIInMaNT w12 Ty
= { a o v o I (% ]
Psmaiunmune s liunadon loseusuainyleasenloa losou nduueglugll
=~ s 2 o q Y1 P ¥ 2, o
Yosesazate unadeu laasen loa (CaOH,) e ldmanunszdvesitgadiu dmsy
Y [
AUNNHAINTANAZNOURIYY UV TAmey Arfitesvaiteglug 9.55-11.12 Woiva
4 1 1 1 1 [ { 4
aroutlaloaaTuTwemaos nud mfileranaseglurig 6.94-7.15 ag17 4.18 1iieg91n
] ) a Ja { @
wansulu Tnssaswaewdsluavheamansuann)asu loesunuunaGeunazuuntidon
1] . ¥ ' J a I
neglui nazdaesTdsaousenuininlnssad wvewdloda TuTuedaes maiilu
a < ' a
a1silsznouFadoulugives polydentate ligands 921D osHAZUTINTININNIINITLAA
monodentate ligands (Wang et al., 2011) USuaived Tisaeunaeseonun 3 lviariiey
& = A A Y 9 Y 2 = Y !
anad FI91NNIANEIL 1@BNANMANTUYUYIY 110D 80 ppm Funanzaunez lglunsann

Y
anunszaluiinlszihiunumslgudaleaa Tu Tuemaos Tumisanuidaly
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12

10

pH
[e2]

Tuavhea

Hardness removal (%)

B
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= N N =

100

= Bnl @
fewnhndinsanaznouaIe1uu1I- a1y

= Bnl @ o o
WemimaimsmsasseualomvlaTuTwemans

N
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a a o w ' @ a o
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1 %‘ [ 9 1 ] 9 a 4
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A ¥ o oo o Yy ¥ a s
AT NN 4.20 ﬂﬂ!ﬂWWl&'l‘Via\iﬂWﬂﬂ’JHJﬂﬁ%ﬂ'lﬂﬂ’)ﬂﬂ”u‘ll'l’J-T“]fﬂHLﬂ‘H uazuﬂﬂmwmﬂ

AU AundoAUN NI AundsnunwiraInsmiadoud
= o a p Total
a13nu HadNacNBU Il]ﬂ‘]/\hﬁlﬂ
Removal
Hardness Hardness Calcium Magnesium
Ca(OH), | Na,CO, Efficiency
pH (mg/Las | pH | (mg/L as (mg/L as (mg/L as
(ppm) | (ppm) (%)
CaCO,) CaCO,) | CaCoO,) CaCoO,)
60 40 9.55 88 7.10 68 60 8 34.62
70 40 9.84 84 7.00 60 56 4 42.31
80 40 9.90 68 6.94 48 44 4 53.85
90 40 10.16 64 6.99 46 44 2 55.77
100 40 10.17 64 6.97 48 0 48 53.85
200 40 11.12 120 7.15 100 82 18 3.85

Yy Y a J
4.14  wansznuvasnNMINTuvasluavheal unszuIumIYuuI-lea ey
= Y A Yy 9
ANHINTZUIUNMIANAZNDUAIIYUV1I-THA 10T NANMIVTUYUU1D 80 mg/L tag
Z,‘ v Y = 9 A 1
Tara e 40 mg/L Tasnamniinyannaznauaey]uud Teauey IA1nnunizamaood
li' % ld' =S a =)
1 70.40 mg/L as CaCO, Anaadlumsian 421 Tasiuvriuas Tsames Nilszanimwlums
o w [ 4 A =Y J {
MIAANUNTZAIUNINY 32.30% tiptuifSuannududuveaianoala Tu Twoaaos n
' o v F) =W
10-50 g/L WU anuamsalumsmsaanunseasveduilaeamla Tu Tueanesinianas
d’ Ay d' [ v [ 1 J v = A A
09910 Nunlumsdudasuszraudaloaa Ty Tuweaaes nuLAaFsuLaz HUN T
?,’ a @ v @ 9 =] o Y o w 9
Teoouluiin imamsdudaduld inade mldanuaimnsalumsdidaniunszaieanad
a 4 [ d' é [ ] d o =
(Chen and Wang, 2006; 1nInd Hagae,2008) A43UN 4.19 FIduiUTAUNITANYING
d‘ =Y o .d' 1 4 A =Y 2
wilslaeudSunaudsdoala TuTuoaaos luns@nuinsIum Womulsuanidegediu
o w 4 o a 4 J ..
ANNA 11T lUMIAITANIINNTZA9aAaY 1H9INITAATITHan1NA1 (Total Alkalinity)
1 A Yy 9 a S A é’ 1 = A ,3 [l 1
wu eanuiduduvoanda Tuavhesimuiu anwarslaunuiiuod1usaq 12.00-350.70
X [ [ [ gl.z ~ I~ 1
mg/L as CaCO; FINAININANAINNUNTEANNIHUANINAD (Total Hardness) taaaliifiuai
g [P=] 9) A 1 1 A 1 9 o
Tuninlszahlifisianunsgaennsmaosdae uaazivaonglugdvesnnunszd1esing g
1 g‘/ A A 1A @ o o 9 a L4 9 = = 1
Wiy saziennsanmiitesrasnismsaalondsTuaniedsaudae wua lafiewog
1 é 9y 3 1 1 g A [ 4
Tug9 6.70-7.205aaa¥iwiua jilvesdnmarsluiundesgluglvoslumsveuan

looou (HCO,) Wudiulng)
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A ) a o A P 901 @ o v 9 a Al %
HeIMINATIEH M TImesduq veuimdamsmsaseuilaluavhedsuduns
1 [ [ 1 1 1 I %} 1
ANAZNBEUAI8Y U1 WU IAranugueglugag 0.33-2.02 NTU A1vesudsazaionl og
1 v [l 4 ?,’ <
Tu¥29 387.67-1,228.33 mg/L Famrutnaainiasgiunilsei (WHO., 2011) ¥991nna
= 1A Y 9 a o =\ Aa A o w F)
Msanen nuNRaNuEutuve e Tudvhed 20 gL TUseantamlumsmdaanunszang
E4 y 1 U [ y 4 1 U
Tuinlszih Idmmngauiige mi 60.29% aaaasluaisiei 4.22 deldiwivifuinny

1A 80 ppm taz T¥ALOFANMTNYY 40 ppm

i 4
A5 4.21 ﬂmmwumawﬂmﬂauﬁ’wﬂ"umn—%muw

ANt uaTIAll AN AIANAZ NOU
Total
Total Hardness Calcium Magnesium
Ca(OH), | Na,CO, Alkalinity
pH (mg/L as (mg/L as (mg/L as
(ppm) (ppm) (mg/L as
CaCO,) CaCoO,) CaCo,)
CaCoO,)
80 40 10.40 70.40 51.20 41.60 28.80
1.2
S 1
g
2 08
[s5
53
2706
S
=
2 04
< =
0.2
0
0 10 20 30 40 50 60

Phosphate monoester (g/L)

51 4.19 arwannsalumsgaduveutdsTuavhed armdudu 10-50 g/L
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' = H @ o v Y a J
ﬂnﬂﬁﬂﬂ‘mﬂTWHW‘Hﬁﬂﬂ1§ﬂ1ﬂﬂﬂ’3€llLﬂﬂIﬂJﬂW1ﬂﬂ

AN Total
v v Total Total
IRTRRTAY] , Absorption Removal
Alkalinity Hardness ANVYU TDS
voauls pH capacity Efficiency
(mg/L as (mg/L as (NTU) (mg/L)
(g/L) (eq/g) (%)
CaCo0,) CaCo0,)
10 120.0 49.3 7.21 0.33 387.67 1.06 52.60
20 160.0 41.3 6.837 0.65 584.33 0.73 60.29
30 220.0 41.3 6.77 0.91 828.67 0.49 60.29
40 277.3 42.6 6.74 1.34 1,065.67 0.35 59.04
50 350.7 453 6.74 2.02 1,228.33 0.25 56.44




UNN 5

=
agilwansanmn

o w %’ a g 1Y
anmsanenlumsmaannunszdralninlszah Taelduds Tuavheasauiu
a o = o = Y o dy
MsAUIzUUdan WAy aunsoagUnamsanulagail
(D) miﬁﬂyﬂwgﬂmaamwﬂz (Batch Experiments)
1 J v a 4 { 1 o w sol
nnmsaneyiansuvewdiTuavhesniinaaenisdisannunszanluinlszah

v
I~ A

1 4 a A o W
wun udaleaaluTuemass Juszaninmlumsdidannunszareldanga awdae
aa a 4 = a v A 9 o w
uflvozgianoond lad uazuilelgdey spamilagadiua TasuulIriunalanmsmdaniiu
9 a 4 2’_, a a 9 ~ = a A
nszamaveauils Tuavhedanseusila o1amanamsumuiveuaaGouuazuun o
o [l [l Jd v a d A a A o ]
Tooouludumisvesngiasduveslalugvhon nseormnaninmsunuiludumislens
a ] a A o w a 4
engalumitevesng Inaueautls nazilszganinmlumsmiannunszasvedsTuaed
[ ds! [ 1 Lﬂ' ] J v a ) 9 1Y 2’, o
dauegnuamsunuivgiendu (Ds) et luavhesonale vasnnduihudaleda
14 [ @ ;Y 2 o [ 1 1
TuTueamesuiimsAnuszeznmdudduazUSiuaigagunmimzay Taewna utl
4 1 ﬂo’
WoalaTuTueames euisnaamnunsza1auiingizi191n 103.89 mg/L asCaCoO, W
AU 76.00 mg/L asCaCO, Taslin11ud 11150 1un13f19an1INNTLA19 1A 1.40 eq/g N
v o A = Yy 9 A 1w [ 1A =\
syeznadudan 5w wazanududuudaimingay miny 10 nSuaeans Taeslinalnlu
o v 9 9 o @ @ [ = 4 Y]
MIMIAAINNTZANAIBIAUNAMAATMTAATUOUAUTDUToN taz Tolmne Sunsgady
a 9 [ A a a =
puurgudy nua ldumsgadueiniiosnn inansuandsuleseuvesnaadounas
A A o ] J o < o =} . . o
uuni@eununyledsuveuls Guilunisaaduniuad (chemisorption) Tagnaaaulunis
a [y 1 a 1 1 (% = % £ d‘ A d%’ 1 Y
manuszuaazus N ividu MIaRansanyl syoznadudalnuiy szaanald
a A o w 2 4 a 4 o ann [
Uszansnmlumsmidannunszaegeaiuaie esn uilaTuavhed aansashilgnserdy

- A A Y gy 2 . v A Y (A
"l@@i’]uuﬂamﬂllLLazLLﬂJﬂUL“D'EJ?J(IUH"I"lﬂﬂJ"IﬂﬂJU LL@]GLU‘VI"N@IiQﬂU"U"I?J Lll'f)llﬂ?ﬁi“lfﬂill”lﬂ!“‘ﬂ\i

a s A X ' v o w ) A 44 & 0o q ¥
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, Removal | Absorption
- - y ANNYU Total Hardness
wilaudaTudvhed TDS (mg/L) COD (mg/L) Efficiency capacity
(NTU) (mg/L as CaCO,)
(%) (eq/g)
wlalsRen ooamiia
. A 0.21 £0.04 243.33£17.56 37.33428.38 85.00 £ 8.66 18.27 1.90
SEAKIUA
wlosFiian
R 0.51 £0.12 336.67+7.64 128.00+17.44 66.67 £2.89 35.58 3.73
200 lach
uifarloanlaTuTue
Py 0.29 £0.08 446.67+£20.21 40.00+17.44 61.67 £7.64 40.38 4.23
N7
A 7 o o v Y ﬂ a I A
ANTINN N.2 AUNINWHINAINTIINIVAAIYLL QIN@V\IWEJWV] WY 5.5
v LA ¥ o o v Y a s
ﬂ1LﬂafJﬂil!ﬂ"quTﬂaﬂﬂTiﬂWﬂﬂﬂﬂﬂLLﬂﬂIﬂﬂw1ﬂﬂ
contact ,
Hardness (mg/L ANNYU Absorption % Removal
time (min) COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
5 84.00 £0.00 0.20 £ 0.01 60.00 £=2.00 865.33 £0.58 1.00 19.23
10 82.00 £ 0.00 0.22 £0.01 6.00 + 0.00 880.33 £0.58 1.10 21.15
15 82.00 £0.00 0.16+£0.01 32.00 £0.00 877.33 £2.51 1.10 21.15
20 82.00 £2.00 0.12 £ 0.01 32.00 +2.00 878.33 £0.58 1.20 23.08
25 80.00 £ 0.00 0.13 £0.02 40.00 + 2.00 875.00 + 1.00 1.20 23.08
30 80.00 £ 0.00 0.12 +0.01 36.00 = 0.00 855.00 = 1.00 1.20 23.08
60 84.00 £ 0.00 0.29 £ 0.01 8.00 £ 0.00 787.33 £2.51 1.00 19.23
120 82.00 £2.00 0.42 £ 0.01 28.00 +2.00 753.33 £0.58 1.10 21.15
180 80.00 £ 0.00 0.25 +0.00 16.00 = 2.00 785.33 £0.58 1.20 23.08
240 80.00 + 0.00 0.59 £ 0.01 28.00 £2.00 763.33 +£0.58 1.20 23.08
300 80.00 £ 0.00 0.60 £0.01 28.00 +2.00 748.33 £ 0.58 1.20 23.08
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A y o o v ¥ a s
ﬂ1LﬂﬁﬂﬂmﬂTW‘LI']‘Hﬁ\?ﬂ']iﬂ'ﬁ]ﬂﬂ?]ﬂllﬂ\ﬂilﬂ‘l/\hﬂﬂ
contact time , Absorption
) Hardness (mg/L ANUYU % Removal
(min) COD (mg/L) TDS (mg/L) capacity
as CaCO,) (NTU) Efficiency
(eq/g)

5 86.00 £ 0.00 0.36 +0.00 36.00 +2.00 750.33 £0.58 0.90 17.31
10 86.00 +2.00 0.39+0.02 36.00 =£2.00 783.33 +£0.58 0.90 17.31
15 84.00 £0.00 0.72+£0.01 44.00 +0.00 738.00 =+ 1.00 1.00 19.23
20 86.00 +0.00 0.43 +£0.01 32.00 £2.00 755.33 £0.58 0.90 17.31
25 86.00 £ 0.00 0.42 +£0.01 44.00 +0.00 595.33 +£0.58 0.90 17.31
30 84.00 £ 0.00 0.69 £0.01 40.00 +2.00 745.00 +0.00 1.00 19.23
60 84.00 £0.00 0.23+0.01 36.00 = 0.00 653.00 +2.00 1.00 19.23
120 80.00 £ 0.00 0.21 £0.02 28.00 = 0.00 635.00 +0.00 1.20 23.08
180 76.00 £2.00 0.64 +£0.01 36.00 = 2.00 670.00 + 0.00 1.40 26.92
240 76.00 £ 0.00 0.22 £0.01 40.00 + 2.00 570.33 £0.58 1.40 26.92
300 74.00 £ 0.00 0.19+0.01 44.00 + 2.00 563.33 +£0.58 1.50 28.85

A v @ =} 4
ATNN N.4 NANTENVUDITEYSLINTUNE 3-720 UIN ﬂl@ﬂilﬂﬂﬂﬂﬁlﬂ@INIul@ﬁm@i

Aundeqan i mdansfisadaoudaTudvhod
REATAP L '
o o - Hardness (mg/L AINYU Adsorption % Removal
qura () ' COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
3 90.00 + 0.00 1.96 +0.03 30.00 +2.00 400.00 £ 2.00 1.40 13.46
5 86.00 + 0.00 0.26 £0.01 36.00 +2.00 305.33 +3.06 1.80 17.31
6 87.33 £1.15 1.67 £0.02 20.00 £2.00 362.00+2.00 1.70 16.35
9 87.33 £1.15 1.15£0.03 18.00 £ 0.00 353.00 +2.00 1.70 16.35
10 86.00 + 0.00 0.36 £0.01 36.00 = 4.00 483.00 £ 2.00 1.80 17.31
12 86.00 + 0.00 2.12 £0.02 30.00 £4.00 447.00 £ 2.00 1.80 17.31
15 85.33 £ 1.15 1.86 +0.03 14.67 £3.05 243.33 £0.58 1.90 18.27
18 86.00 £ 0.00 2.14 £0.02 32.67 +£3.05 370.33 £ 0.58 1.80 17.31
20 86.00 + 0.00 0.33 +£0.01 32.00+0.00 | 55533 +£0.58 1.80 17.31
21 86.00 £ 0.00 1.57 £0.01 22.67 +£3.05 337.00 +2.00 1.80 17.31
24 86.00 £ 0.00 1.77 £0.02 34.67 +£3.05 307.00 +2.00 1.80 17.31
25 86.00 + 0.00 0.39 £0.01 | 44.00+2.00 | 495.00+0.00 1.80 17.31
27 82.00 £ 0.00 2.18 £0.01 30.00 +2.00 450.00 £ 2.00 2.20 21.15
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A v ~ 4 1
A15190 1.4 HANTENUVBITZEZNAFUNE 3-720 1A veautlaleavla Tu Tueaaes (40)

AndegammimdansisadaoudaTudvhos
32821001 ,
v o = Hardness (mg/L ANUYU Adsorption % Removal
TUHT (UIN) : COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
30 81.00 £0.00 2.43+0.03 18.00 + 0.00 282.00 +4.00 2.30 22.12
33 80.00 £ 0.00 1.75£0.03 32.67+3.05 297.00 £ 0.00 2.40 23.08
36 80.00 = 0.00 2.46 £0.02 22.67 +3.05 342.00 +2.00 2.40 23.08
39 79.33 £1.15 2.61 £0.01 28.00 +2.00 295.00 £ 0.00 2.50 24.04
60 76.00 = 0.00 1.214+0.01 16.00 +2.00 583.00 + 1.00 2.80 26.92
120 75.33 £1.15 2.344+0.01 11.00 +2.30 513.00 +1.00 2.87 27.56
180 71.33 £1.15 1.89 +£0.01 11.33 £2.30 566.33 +0.58 3.33 32.05
240 69.33 £1.15 1.91 +£0.00 11.33+2.30 373.33 +£3.06 3.47 33.33
300 68.00 + 0.00 1.77 £ 0.01 36.67 +3.05 390.00 +1.00 3.60 34.62
360 69.33 +£1.15 1.09 +£0.01 42.67 £3.05 458.00 +0.00 3.47 33.33
420 68.00 = 0.00 0.97 +£0.01 42.67 +3.05 397.33 £ 0.58 3.60 34.62
480 67.33 +£1.15 1.07 £ 0.02 52.67 +3.05 428.33 £0.58 3.73 35.90
540 68.00 = 0.00 1.12 +£0.00 32.00 +2.00 430.33 £0.58 3.60 34.62
600 66.00 = 0.00 1.39+0.01 32.00 +2.00 443.33 £0.58 3.80 36.54
660 66.00 + 0.00 1.15+0.02 16.00 +2.00 402.00 £ 2.00 3.80 36.54
720 67.33 £1.15 0.97 £0.01 42.67 +3.05 472.00 £ 2.00 3.73 35.90

A13199 1.5 HANTENUVDITLEZIATURE 3-720 119 voauila lurumsaauals

' A S o o v ¥ a s
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3382190 '
. o ~ Hardness (mg/L AUYU Adsorption % Removal
durar (i) COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
3 104.00 + 0.00 4.38 +£0.01 44.00 +2.00 295.00 +2.00 0.00 0.00
5 104.00 + 0.00 2.45 £0.01 36.00 +2.00 265.00 + 1.00 0.00 0.00
6 104.00 + 0.00 4.59 £0.03 40.00 = 0.00 270.00 + 1.00 0.00 0.00
9 103.33 £ 1.15 3.13+0.03 44.00 £4.00 282.00 + 1.00 0.10 0.96
10 103.33 £ 1.15 2.10£0.00 40.00 +2.00 293.00 +2.00 0.10 0.96
12 103.33 £ 1.15 3.84 £0.01 36.00 +2.00 300.00 +2.00 0.10 0.96
15 103.33 £ 1.15 2.99 +0.00 40.00 +2.00 302.00 +2.00 0.10 0.96
18 103.33+1.15 3.27+0.00 40.00 = 0.00 342.00 + 1.00 0.10 0.96
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A151990 1.5 HANTENUVDITEZATUNT 3-720 117 veautlelurmumsaauils (@)

Aundsnummimdanisisadaontlaudvhos
302191 i
. o ~ Hardness (mg/L ANNYU Adsorption % Removal
AUNE (UIN) COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
20 103.33 £ 1.15 2.28 £0.03 40.00 £ 0.00 302.33 +3.06 0.10 0.96
21 103.33 +1.15 3.34 £0.00 32.00 +4.00 322.33 +0.58 0.10 0.96
24 102.00 + 0.00 3.73 £0.03 20.00 +2.00 305.00 +2.00 0.20 1.92
25 103.33 +1.15 3.21 +£0.00 36.00 +2.00 310.00 +2.00 0.10 0.96
27 103.33 £ 1.15 3.42 4+0.03 26.67+£3.05 343.00 +4.00 0.10 0.96
30 103.33 £ 1.15 3.74 £0.02 48.00 £ 0.00 343.00 + 0.00 0.10 0.96
33 103.33 £ 1.15 3.02 £0.01 36.67 £3.05 320.00 + 1.00 0.10 0.96
36 103.33 £ 1.15 421 £0.01 40.00 +2.00 298.00 £ 1.00 0.10 0.96
39 103.33 £ 1.15 3.42+0.03 42.67£3.05 333.00 + 0.00 0.10 0.96
60 101.33 £ 1.15 1.72 £0.00 64.00 = 2.00 525.00 +0.00 0.30 2.88
120 101.33 £ 1.15 2.15+0.00 48.00 +2.00 385.00 + 1.00 0.30 2.88
180 101.33 £ 1.15 0.85 +£0.01 32.00 +2.00 205.33 £0.58 0.30 2.88
240 101.33 +1.15 0.84 £0.02 48.00 +2.00 355.00 +2.00 0.30 2.88
300 101.33 +1.15 3.09 £0.01 32.00 = 0.00 225.00 £2.00 0.30 2.88
360 101.33 £ 1.15 0.89 +0.00 48.00 +2.00 250.33 £0.58 0.30 2.88
420 101.33 +1.15 1.15 £0.01 48.00 +2.00 225.00 £ 0.00 0.30 2.88
480 101.33 + 1.15 1.26 £0.01 32.00 +2.00 230.00 £ 0.00 0.30 2.88
540 101.33 £ 1.15 1.35 £0.01 32.00 +£4.00 225.00 £ 2.00 0.30 2.88
600 101.33 £ 1.15 1.49 +0.00 32.00 +0.00 180.00 +2.00 0.30 2.88
660 101.33 £ 1.15 1.65 +0.01 32.00 = 0.00 185.00 +2.00 0.30 2.88
720 9733+ 1.15 0.81+0.00 32.00 +0.00 165.33 £0.58 0.70 6.73
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AuamiAThmashsadoutaludvhos
Usnaunle Hardness , Absorption | Removal
9 ANUYY
(n3%) pH (mg/L as COD (mg/L) TDS (mg/L) capacity efficient
(NTU)
CaCoO,) (eq/g) (%)
1.0 7.12 +£0.02 8533+ 1.15 0.23+£0.00 | 44.00+2.00 [ 362.00+2.00 1.90 18.27
1.5 7.03 +£0.01 80.00 + 0.00 0.16 £ 0.01 32.00 +2.00 | 420.33 +3.06 1.60 23.08
2.0 6.98 £0.01 76.00 + 0.00 0.15 +0.00 56.00 £0.00 | 460.00 +1.00 1.40 26.92
2.5 6.92+0.01 77.33 +£1.15 0.14 +0.01 56.00 +£2.00 | 555.33+0.58 1.08 25.96
3.0 6.89 £0.00 74.00 + 0.00 0.15+0.02 52.00 +2.00 | 687.00+1.00 1.00 28.85
35 6.86 +£0.00 72.00 + 0.00 0.18 +0.02 88.00 +£0.00 | 810.00 +2.00 0.91 30.77
4.0 6.82+£0.00 72.00 + 0.00 0.24 £0.02 72.00 £2.00 | 840.00 +0.00 0.80 30.77
4.5 6.80+£0.01 72.00 £ 0.00 0.45+0.01 88.00 +£0.00 | 1050.33 £0.58 0.71 30.77
5.0 6.69 £0.01 72.00 £ 0.00 0.43 +0.00 68.00 £0.00 | 1232.33 +£3.06 0.64 30.77
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Calcium
Hardness Removal Hardness Total Magnesium | A4 Absorption | Removal
Ca(OH), | Na,CO, (mg/L . TDS
pH (mg/L as Efficiency pH (mg/L as | Alkalinity (mg/L as YU capacity | Efficiency
(ppm) | (ppm) as (mg/L)
CaCoO,) (%) CaCoO,) (mg/L) CaCoO,) (NTU) (eq/g) (%)
CaCO,)
60 40 9.55 88.00 15.38 7.10 68.00 128.80 60.00 8.00 0.77 382.00 1.00 34.62
70 40 9.84 84.00 19.23 7.00 60.00 115.00 56.00 4.00 0.12 376.33 1.20 42.31
80 40 9.90 68.00 34.62 6.94 48.00 105.80 44.00 4.00 0.43 369.33 1.00 53.85
90 40 10.16 64.00 38.46 6.99 46.00 101.20 44.00 2.00 0.60 363.67 0.90 55.77
100 40 10.17 64.00 38.46 6.97 48.00 101.20 0.00 48.00 0.53 362.00 0.80 53.85
200 40 11.12 120.00 0.00 7.15 100.00 128.80 82.00 18.00 0.80 378.33 1.00 3.85

6¢Cl
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ATTNN N.8 ﬂ‘ﬂ!ﬂTW1!114@\‘lfﬂﬁl!‘llﬁlfllaﬂuﬂ']'lﬂJlelliJleulefJ\‘]Llﬂ\ﬂiJﬂV‘thﬂ i'JllﬂUﬂ']3§Iﬂﬂ$ﬂ@uﬂﬂﬂﬂ”u‘llTJ-I“])'ﬂ"lll’OGIf

1 A 2 o o v 9 a 4
mmaﬂﬂmmwmmQmﬁmﬁmmmgﬂﬂmvhﬂﬂ

fAI1Y Total Total
— v CH Non-CH Calcium | Magnesium . Absorption
MITANHYY | LVUUUUDY | Alkalinity | Hardness AITNYU TDS
(mg/Las | (mg/Las | (mg/L as (mg/L as pH capacity
il (g/L) | (mg/Las | (mg/L as (NTU) (mg/L)
CaCO,) | CaCoO,) CaCo,) CaCo,) (eq/g)
CaCO3) | CaCO,
1 10 120.00 49.30 49.30 0 17.30 32.00 7.21 0.33 387.67 1.06
2 20 160.00 41.30 41.30 0 16.00 25.30 6.87 0.65 584.33 0.73
3 30 220.00 41.30 41.30 0 0.00 41.30 6.77 0.91 828.67 0.49
4 40 277.30 42.60 42.60 0 0.00 42.60 6.74 1.34 1,065.67 0.35
5 50 350.70 45.30 45.30 0 0.00 45.30 6.74 2.02 1,228.33 0.25

0¢I
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A ° = ~q Y =2
3190 a.1 Mawvlina)uun-Tyawey nlglumsanwn

M3MIANNNTEANAIBYUUI- Ta oy 3110 (mg/L as CaCO,)
4 4
1. m5vou laeon lua 0
2. 1Juv17 (Total alkalinity) 82.8
3. Juvn (Mg Ndesfvnenn - 40) 0
4. 1uvn 20
Ay Usmmyuynndesld 102.8
5. T@119% (non-CH) 104 - 82.8=21.2
aaiusua Twa e rndeels (non-CH + 40 -
S oy ) 21.2+40-30 =312
ANUNIZANNABINT 1N AD)

. 7 7 o
NBIHe - MANNNTTANNNAUDI1T211 19117 104 mg/L as CaCo,
AAUNTLANTING1 (CH) M11U 82.8 mg/L as CaCO,

AANUATEAI9D12T (non-CH) 1M11U 21.2 mg/L as CaCO,

anududuvesurnnlilumsivannunszdis =102.8 mg/L as CaCO,
= (0.1028/50) (56/2)

=57.57 mg/L as CaO

anududuveeTsaern 1 lumsmiannunizaly  =31.2 mg/L as CaCo,
= (0.0312/50) x (107/2)

=33.38 mg/L as Na,CO,
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A o o w Y 4
AT NN 7.2 ﬂ'liﬂTl!']ﬂ!ﬂ'JnJﬁﬁJ'liﬂalLlﬂTiﬂ1i]ﬂﬂ??ﬂﬂi%ﬂN"UﬂQLLﬂx‘lW@ﬁ!WﬁIlliutﬂﬁlﬁﬂi

3 quaniahwashdadoutlaIuavhod
W (n51)
C, C,C, Efficiency (%) q. (eg/g)
1.0 85 19 18.27 1.90
1.5 80 24 23.08 1.60
2.0 86 28 26.92 1.40
2.5 77 27 25.96 1.08
3.0 74 30 28.85 1.00
3.5 72 32 30.77 0.91
4.0 72 32 30.77 0.80
4.5 72 32 30.77 0.71
5.0 72 32 30.77 0.64
wnewg ;. C, Ao AnuindutingzaEud Y 1N 104 mg/L as CaCO,
C, Ao AN UIINTZANALNAD (mg/L as CaCO,)
A o w 9

q.ND ANUAINITDIUMIAITAANUNITZAN (eq/g)

v Ao YSunaveninlszih minu oz L

w e Ysunavesutla Tudvhed
Efficency = (%) x 100

Co
e (104—85) < 100
104
= 18.27 %

((CO_ Ce)XV)
q. = — ) +2
w
(104-85)x0.2
- — ) +2

= 1.9 eq/g
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sEezMTUNE (W17) q, (mg/g) q, (mg/g) log q.- q, t/q,
3 7.20 2.80 0.643 1.07
5 7.20 3.60 0.556 1.39
6 7.20 3.40 0.580 1.76
9 7.20 3.40 0.580 2.65
10 7.20 3.60 0.556 278
12 7.20 3.60 0.556 333
15 7.20 3.80 0.531 3.95
18 7.20 3.60 0.556 5.00
20 7.20 3.60 0.556 5.56
21 7.20 3.60 0.556 5.83
24 7.20 3.60 0.556 6.67
25 7.20 3.60 0.556 6.94
27 7.20 4.40 0.447 6.14
30 7.20 4.60 0415 6.52
33 7.20 4.80 0.380 6.88
36 7.20 4.80 0.380 7.50
39 7.20 5.00 0.342 7.80
60 7.20 5.60 0.204 10.71
120 7.20 5.73 0.166 20.93
180 7.20 6.67 -0.273 27.00

240 7.20 6.93 -0.574 34.62
300 7.20 7.20 -14.574 41.67
360 7.20 6.93 -0.574 51.92
420 7.20 7.20 -14.574 5833
480 7.20 7.47 i ld'la 64.29
540 7.20 7.20 -14.574 75.00
600 7.20 7.60 RGN 78.95
660 7.20 7.60 RGN 86.84
720 7.20 7.47 A l'ld 96.43
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Ysunawtla (n$u) C, 1/C, log C, q 1/q, log q,
1.0 85 0.012 1.929 3.8 0.263 0.580
1.5 80 0.013 1.903 3.2 0.313 0.505
2.0 76 0.013 1.881 2.8 0.357 0.447
2.5 77 0.013 1.886 22 0.463 0.334
3.0 74 0.014 1.869 2.0 0.500 0.301
3.5 72 0.014 1.857 1.8 0.556 0.255
4.0 72 0.014 1.857 1.6 0.625 0.204
45 72 0.014 1.857 1.4 0.714 0.146
5.0 72 0.014 1.857 13 0.769 0.114
wnewg . C, Ao aAnmnduduvesnaminssdeiimaeediiannzauga (mg/L as CaCO,)

q. o ANNENIaTUMIgAFUANUNIEANNAN I TNAA (mg/g)

q, Ao aAnuannsalumsiisannunseas o na1lag (mg/g)

A = =
t 719 52821981 1UMIANEN (W)
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3TN

Pressure (bar)

Permeate

v
ﬂmﬂ"lWli']ﬂﬂﬂi]']ﬂiz‘U“U

- ANUYY AMUNTZAN
(Um) In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 3.0 3.0 1.60 6.1 86.4 692 0.25 108
20 2.9 2.9 1.50 6.25 124.8 991 0.29 112
35 2.9 1.5 1.25 6.25 105.6 1110 1.25 112
50 2.9 0.8 0.90 6.26 96.0 1150 0.89 100
65 2.9 0.7 0.68 6.25 105.6 1000 0.81 104
70 3.0 3.0 1.50 6.24 105.6 1287 1.12 104
85 2.9 2.0 1.30 6.23 115.2 1071 1.35 104
90 2.9 1.1 1.00 6.27 105.6 1201 0.75 108
105 2.9 0.8 0.90 6.3 115.2 939 0.84 94
120 2.9 0.7 0.65 6.33 96.0 947 0.97 88
125 3.0 3.0 1.50 6.3 105.6 601 0.13 106
140 2.9 2.9 1.40 6.44 105.6 708 0.24 90
155 2.9 2.8 1.30 6.4 96.0 1059 1.16 92
160 2.9 1.6 1.10 6.25 134.4 973 1.06 106
175 2.9 0.9 0.62 6.24 134.4 1091 0.98 100
180 3.0 3.0 1.50 6.26 105.6 829 0.45 108
195 2.9 2.6 1.40 6.32 115.2 943 0.79 100
210 2.9 1.6 1.20 6.34 96.0 950 0.75 100
225 2.9 1.3 1.00 6.35 86.4 1112 0.85 92
240 2.9 0.9 0.67 6.36 105.6 956 0.95 100
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Pressure (bar)

v
ﬂmﬂ"lWli']E)f)ﬂi]']ﬂiz‘U“U

T8I Permeate ; "
- ANYU ANUNTITAN
(Um) In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.9 2.9 1.90 6.40 57.6 610 0.14 98

20 2.9 2.7 1.80 6.43 38.4 661 0.18 88

35 2.9 2.6 1.70 6.42 38.4 732 0.38 88

50 2.9 1.6 1.40 6.34 76.8 733 0.86 96

65 2.9 1.1 1.00 6.34 48.0 832 0.92 90

80 2.9 0.7 0.80 6.30 67.2 802 0.82 90

85 2.9 2.9 1.90 6.32 48.0 833 0.16 100
90 2.9 2.7 1.80 6.33 67.2 846 0.28 96
105 2.9 1.4 1.40 6.33 76.8 840 0.43 88
120 2.85 1.1 1.10 6.33 96.0 850 0.58 88
135 2.85 0.8 1.00 6.34 86.4 884 0.61 88
150 2.85 0.7 0.80 6.34 67.2 895 1.07 88
155 2.9 2.9 1.90 6.39 67.2 891 0.15 92
170 2.85 2.6 1.80 6.30 76.8 969 0.85 98
185 2.85 1.5 1.40 6.50 48.0 984 0.92 72
190 2.85 1.0 1.00 6.32 76.8 930 1.12 92
205 2.85 0.8 0.90 6.34 86.4 965 0.95 88
215 2.85 0.6 0.80 6.30 76.8 963 0.85 88
220 2.9 2.9 1.90 6.35 86.4 608 0.18 96
235 2.85 1.8 1.50 6.28 76.8 760 0.76 96
250 2.85 0.9 1.00 6.33 86.4 888 0.84 92
265 2.85 0.7 0.90 6.38 105.6 906 0.96 84
280 2.8 0.6 0.80 6.57 48.0 955 1.02 76
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Pressure (bar)

v
ﬂmﬂ"lWli']ﬂﬂﬂi]']ﬂiz‘U“U

LTI Permeate ; "
- ANYU ANUNITAN
1 (1N In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.8 2.5 2.30 6.37 48.0 629 0.17 88

20 2.75 1.5 1.30 6.38 67.2 694 0.25 94

35 2.75 0.8 1.20 6.40 76.8 700 0.31 84

50 2.75 0.7 1.15 6.45 115.2 740 0.85 80

65 2.75 0.6 1.00 6.41 67.2 760 1.15 88

70 2.75 2.5 2.30 6.38 57.6 728 0.55 92

85 2.75 1.3 1.30 6.29 86.4 1009 1.05 96
100 2.75 0.5 1.10 6.27 105.6 1033 1.12 100
115 2.75 0.3 1.00 6.25 96.0 1289 1.17 96
120 2.75 2.5 2.30 6.25 76.8 898 0.88 100
135 2.75 0.6 1.25 6.27 86.4 1102 0.98 100
150 2.75 0.4 1.00 6.28 105.6 1103 0.92 100
165 2.75 0.3 0.90 6.26 96.0 1015 1.15 100
170 2.75 2.5 2.30 6.30 105.6 798 0.34 96
185 2.75 0.7 1.20 6.37 86.4 834 0.24 96
200 2.75 0.5 1.00 6.37 76.8 848 0.38 92
215 2.75 0.4 0.90 6.37 105.6 1029 0.56 92
220 2.75 2.5 2.30 6.33 67.2 804 0.38 88
235 2.75 17} 1.40 6.34 67.2 807 0.35 88
250 2.75 0.5 1.00 6.39 86.4 871 0.46 88
265 2.75 0.3 0.90 6.40 76.8 969 0.92 92
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Pressure (bar) ﬂmmwﬁmaﬂmmzuu
YT Permeate - "
- ANNYU ANUNTTAN
(W) In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.8 2.8 1.0 7.04 95.2 322 0.72 115
20 2.8 2.8 1.0 7.01 92.0 652 0.58 115
35 2.8 2.8 0.9 7.00 92.0 686 0.43 115
50 2.8 2.8 0.9 7.06 92.0 617 0.43 115
65 2.8 2.8 0.9 7.06 79.3 579 0.37 100
80 2.8 2.8 0.9 7.13 88.8 576 0.49 100
95 2.8 2.7 0.9 7.10 82.5 539 0.58 100
110 2.8 2.5 0.9 7.11 73.0 526 0.48 95
125 2.8 2.3 0.9 7.13 69.8 494 0.45 95
140 2.8 2.15 0.8 7.15 66.6 497 0.41 100
155 2.8 2 0.8 7.17 82.5 513 0.35 100
170 2.8 1.8 0.7 7.17 66.6 512 0.32 90
185 2.8 1.6 0.6 7.18 82.5 515 0.41 95
200 2.8 1.45 0.6 7.18 69.8 517 0.45 100
215 2.8 1.3 0.5 7.21 66.6 528 0.61 90
230 2.8 1.1 0.5 7.23 69.8 530 0.51 85
245 2.8 1.0 0.4 7.12 79.3 578 0.64 90
250 2.8 2.8 1.0 7.20 95.2 645 0.44 90
265 2.8 2.8 1.0 7.21 88.8 623 0.56 95
280 2.8 2.8 1.0 7.23 95.2 615 0.61 90
295 2.8 2.7 0.9 7.19 88.8 683 0.58 90
310 2.8 2.6 0.8 7.18 88.8 614 0.71 90
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Pressure (bar) ﬂmmwﬁmanmﬂizuu
YT Permeate ; "
- ANYU ANUNITAN
(Um) In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.8 2.8 1.9 6.96 57.6 692 0.41 110
20 2.8 2.8 1.9 6.85 96.0 943 0.85 105
35 2.8 1.9 1.3 6.86 76.8 939 0.48 100
50 2.8 1.2 1.2 6.87 96.0 883 0.37 90

65 2.8 0.9 1.1 6.91 76.8 816 0.42 90

80 2.8 0.6 0.8 6.93 86.4 807 0.74 90

85 2.8 2.8 1.9 6.88 76.8 788 0.59 95
100 2.8 2.7 1.9 6.79 96.0 657 0.78 95
115 2.8 1.8 1.4 6.80 76.8 719 0.86 90
130 2.8 1.2 1.2 6.81 76.8 805 0.45 90
145 2.8 0.9 1.0 6.81 57.6 775 0.59 85
160 2.8 0.7 0.8 6.80 57.6 692 0.72 90
165 2.8 2.8 1.9 6.86 76.8 846 0.81 90
180 2.8 2.7 1.7 6.84 76.8 795 0.59 90
195 2.8 1.3 1.2 6.87 57.6 659 0.67 85
210 2.8 1.0 1.1 6.86 67.2 774 0.58 90
225 2.8 0.9 0.9 6.80 57.6 879 0.77 90
240 2.8 0.7 0.8 6.79 48.0 775 0.52 85
245 2.8 2.8 1.9 6.81 67.2 790 0.86 90
260 2.8 2.0 1.6 6.78 76.8 805 0.84 85
275 2.8 1.0 1.2 6.80 57.6 754 0.97 85
290 2.8 0.8 0.9 6.79 48.0 783 0.45 80
305 2.8 0.5 0.8 6.78 48 689 0.5 85




A1519N 9.6 mamsulslasudaaiumeiienaes NN m IMINY 75:25

145

Pressure (bar)

v
ﬂmﬂ"lWli']E)f)ﬂi]']ﬂiz‘U“U

YT Permeate ; "
- ANYU ANUNITAN
(Um) In Out (L/min) pH COD (mg/L) TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.8 2.8 2.8 6.65 115.2 1021 1.18 100.0
20 2.8 2.8 2.6 6.72 76.8 827 1.28 100.0
35 2.8 0.7 1.4 6.84 96.0 833 1.06 102.5
50 2.8 0.5 1.1 6.86 96.0 767 1.26 100.0
65 2.8 0.3 1.0 6.89 86.4 761 1.14 105.0
70 2.8 2.8 2.8 6.85 86.4 961 0.51 107.5
85 2.8 1.6 2.2 6.85 76.8 808 0.58 105.0
100 2.8 0.8 1.5 6.85 115.2 826 0.65 102.5
115 2.8 0.5 1.2 6.88 76.8 794 0.38 100.0
130 2.8 0.3 1.0 6.92 76.8 775 0.37 100.0
135 2.8 2.7 2.8 6.88 76.8 802 0.49 105.0
150 2.8 1.8 2.3 6.85 57.6 804 0.91 110.0
165 2.8 0.7 1.4 6.78 86.4 819 1.23 105.0
180 2.8 0.4 1.1 6.75 115.2 975 1.3 110.0
195 2.8 0.3 1.0 6.80 115.2 1003 1.12 112.5
200 2.8 2.7 2.8 6.65 115.2 1025 0.6 117.5
215 2.8 0.8 1.6 6.66 1579/ 1067 0.89 110.0
230 2.8 0.4 1.1 6.66 115.2 975 0.36 110.0
245 2.8 0.2 0.8 6.67 115.2 929 0.34 112.5
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Pressure (bar)

£
ﬂmﬂ']Wﬁ"lE]E]ﬂi]"lﬂiz“U‘U

T8I Permeate , v
- AITNYU ANUNITAN
(Um) In Out (L/min) pH COD (mg/L) TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.9 2.9 1.9 7.05 56.2 225 0.22 90

20 2.9 2.6 1.8 7.02 56.2 320 0.27 90

35 2.9 1.6 1.4 6.98 56.2 355 0.16 85

50 2.9 1.1 1.2 6.97 45.0 445 0.20 80

65 2.9 0.9 1.0 6.95 33.7 625 0.21 85

80 2.9 0.6 1.0 6.95 33.7 635 0.18 80

95 2.9 0.4 0.8 7.00 33.7 545 0.21 85
100 2.9 2.9 1.9 7.03 45.0 355 0.38 85
115 2.9 2.7 1.8 6.93 45.0 625 0.53 90
130 2.9 1.4 1.2 6.90 45.0 655 0.51 85
145 2.9 0.9 1.0 6.89 33.7 545 0.37 95
160 2.9 0.7 1.0 6.86 56.2 555 1.08 95
175 2.9 0.6 0.9 6.86 67.5 540 0.93 85
190 2.9 0.4 0.8 7.00 90.0 555 0.45 85
195 2.9 2.9 1.9 6.82 90.0 565 0.59 90
210 2.9 2.6 1.6 6.83 78.7 545 0.25 90
225 2.9 1.2 1.1 6.89 33.7 485 0.30 95
240 2.9 0.9 1.0 6.90 33.7 615 0.32 85
255 2.9 0.6 0.9 6.85 56.2 510 0.23 85
270 2.9 0.4 0.8 6.91 56.2 535 0.32 90
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Pressure (bar) ﬂmmwﬁmaﬂmmzuu
YT Permeate , v
“ ANNYU ANUNITAN
() In Out (L/min) pH COD (mg/L) | TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.9 2.9 1.9 7.08 67.5 330 1.05 100
20 2.9 2.9 1.8 7.00 67.5 520 0.16 100
35 2.9 2.7 1.7 6.98 56.2 745 0.22 105
50 2.9 2.0 1.2 6.98 78.7 625 0.47 95

65 2.9 1.1 1.2 6.97 78.7 525 0.25 100
80 2.9 0.7 1.0 6.97 67.5 635 0.23 90

95 2.9 0.4 0.8 6.97 78.7 595 0.22 90
100 2.9 2.9 1.9 7.05 67.5 605 0.15 90
115 2.9 2.8 1.5 6.99 78.7 535 0.30 90
130 2.9 2.6 1.4 6.97 90.0 545 0.20 90
145 2.9 1.8 1.3 6.97 90.0 620 0.17 90
160 2.9 1.4 1.2 6.93 78.7 620 0.19 95
175 2.9 0.8 1.0 6.85 78.7 615 0.33 100
190 2.9 0.4 0.8 6.80 90.0 535 0.16 100
195 2.9 2.9 1.9 6.93 78.7 275 0.21 100
210 2.9 1.9 1.5 6.92 67.5 325 0.15 100
225 2.9 1.2 1.3 6.91 78.7 420 0.17 90
240 2.9 0.9 1.0 6.88 78.7 425 0.14 90
255 2.9 0.5 0.8 6.80 67.5 455 0.20 90
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Pressure (bar)

v
ﬂmﬂ"lWli']ﬂﬂﬂi]']ﬂiz‘U“U

JLysIM Permeate , v
“ ANNYU ANUNITAN
(W) In Out (L/min) pH COD (mg/L) TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.9 2.9 1.9 7.03 90.0 825 0.81 100
20 2.9 2.8 1.8 7.02 45.0 610 0.19 100
35 2.9 2.4 1.8 6.97 78.7 635 0.38 100
50 2.9 1.4 1.3 6.93 78.7 815 1.27 105
65 2.9 0.9 1.0 6.88 101.2 925 1.22 105
80 2.9 0.5 0.8 6.89 101.2 830 1.15 100
85 2.9 2.9 1.9 6.95 90.0 820 0.39 105
100 2.9 1.7 1.4 6.93 101.2 815 1.04 105
115 2.9 1.1 1.2 6.90 101.2 815 0.49 100
130 2.9 0.7 1.0 6.90 90.0 955 1.06 100
145 2.9 0.5 0.9 6.89 78.7 915 1.14 105
160 2.9 0.4 0.8 6.90 78.7 815 0.57 100
165 2.9 2.9 1.9 6.92 90.0 715 0.27 100
180 2.9 2.8 1.8 6.92 90.0 820 0.29 100
195 2.9 1.9 1.6 6.92 90.0 830 0.87 90
210 2.9 1.4 1.3 6.92 67.5 730 0.45 85
225 2.9 1.1 1.1 6.91 78.7 785 0.71 85
240 2.9 0.9 0.9 6.90 45.0 785 0.81 95
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Pressure (bar)
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(Um) In Out (L/min) pH COD (mg/L) TDS (mg/L)
(NTU) (mg/L as CaCO,)

5 2.9 2.9 1.9 6.88 33.7 490 0.28 110
20 2.9 2.6 1.8 6.86 56.2 440 0.47 100
35 2.8 1.6 1.8 6.84 56.2 550 0.59 110
50 2.8 1.2 1.2 6.82 45.0 600 0.48 95

65 2.8 0.7 0.8 6.91 56.2 650 0.52 90

70 2.9 2.9 1.9 6.96 56.2 680 0.68 100
85 2.8 2.6 1.9 7.01 56.2 620 0.73 90
100 2.8 1.2 1.2 6.94 56.2 670 0.25 90
115 2.8 1.0 0.9 6.95 45.0 690 0.27 95
130 2.8 0.6 0.8 6.95 56.2 690 0.27 100
135 2.9 2.9 1.9 6.98 56.2 660 0.73 100
150 2.9 2.7 1.9 6.98 56.2 680 0.84 100
165 2.8 1.4 1.3 6.91 56.2 680 0.83 90
180 2.8 1.1 0.9 6.93 56.2 600 0.87 95
195 2.8 0.6 0.8 6.91 56.2 620 0.88 90
200 2.9 2.9 1.9 6.87 56.2 590 0.62 90
215 2.8 2.7 1.9 6.87 45.0 620 0.63 100
230 2.8 2.1 1.6 6.88 67.5 620 0.53 95
245 2.8 1.1 0.9 6.97 67.5 540 0.44 90
260 2.8 0.4 0.8 7.04 67.5 4380 0.32 85
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Abstract: This is a preliminary study for hardness removal via modified starch combined with an
ultrafiltration process that provides on high effluence quality and low cost. footprint and
environmental impact treatment. This studied on potential of chemisorption process using modified
starch as absorbents for hardness removal. Four modified tapioca starches were selected for
evaluation that includes of oxidize starch, di-starch phosphate, hydroxyphophyl starch and
phosphate monoester as well as non-modified tapioca starch too. Phosphate monoester starch
achieved the highest efficiency about 98.2% of hardness removal within the adsorption capacity
about 18 mg-hardness removed/g-starch. The modified starch had capable to reduced total hardness
from 350.5 mg/L as CaCO; to 6.3 mg/L as CaCO; from water. However, the modified starch is an
organic matter its can be contaminates in water. Then. a coagulation-flocculation processes were
applied for starch colloidal destabilization and floes by aluminum chloride (PAC) and cationic
polymer for starch separation. After that process, turbidity was less than 1 NTU in the effluents.
However. the total dissolved solids were increased that may be cause of some starch was solutes.
These should be having a future treatment for particulate removal and cutoff the soluble starch in
water likes an ultrafiltration process.

Introduction

Caletum and magnesium salts are the most abundant species of water hardness, with a
profile dependent on the geological characteristics of each region. Industries might have to spend
money to soften their water as hard water can damage equipment by scaling such as piping, valves
and pump.  Also, the problem that can occur are mainly scaling which reduce efficiency on water
heaters, boiler. cooling towers and many other processes. Lime soda and ion exchange are the
presently processes used to remove total hardness from water. The lime soda process is now
obsolete and high treatment footprint requirement. Moreover, the effluent of this process are
contains about 30 mg/L as CaCO: of total hardness that caused by lime adjustment [1] that not
sufficient quality for industries. Ion exchange is a popular method for hardness removal for
industries because of low footprint and high effluence quality. Strongly acidic cation exchange
resins used in the sodium form for remove water hardness. The softening units, when loaded with
these cation, are then regenerated with sodium chloride that caused of very high salinity wastewater
so water treatment must be treated further are wasteful costs and high salinity wastewater caused
dissolve oxygen is lower impact on the aquatic systems. That must consider environmentally
appropriate and cost effective brine concentrate management and disposal.

Tapioca starch is one of the most abundant polysaccharides found in nature and is widely
utilized in various fields of Thailand’s industry. Due to the complex structure of native starch it is
insoluble in most organic solvents and needs modification prior utilization. Ionic liquids, modern
green chemistry alternatives for common solvents were used as reaction media in starch
modifieation. Several researches shown chemisorption processes are effectives for cationic remowval
with modified starch as an absorbent [2. 3. 4]. As low-cost and available mains industries of
Thailand, modified tapioca starch-based products have been attractive as chelating agents for
hardness removal from water. The influencing of starch types and mass were determined in this
study. As well as the potential of starch separation from the water was evaluated too.
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Material and Methods

Adsorbents

Four commercial modified starches were products of a factory in Nakhon Ratchasima,
Thailand. That included of di-starch phosphate, oxidized starch. hydroxyphophyl starch and
phosphate monoester starch. As well as, unmodified tapioca starch was evaluated. too.

Groundhvarer sample

The groundwater was sampling from a campus of Suranaree University of Technology. The
groundwater was sampled about 10 liters and kept at the room temperature during the period of
experiments. The initial parameters were analyzed that including of pH. total hardness, turbidity,
total dissolve solid (TDS) and chemical oxygen demand (COD) as shown in Table 1.

Table 1 Ground water characteristics

) i Total Hardness N . DS CcoD
Sample water (mg/L 25 CaCOs) Turbadity (NTU) (mg/L) (mg/L)
Groundwater 3505 0.044 572 213

Sorption experiments

Sorption studies were performed by batch technique at room temperature. A suitable cross
linkage of modified starch was investigated by adding 1 g of starch in 100 ml of the groundwater
and subjecting the mixtures to continuous shaking at 200 rpm and 24 hours of a contact time. Then,
the suitable modified starch was selected for the optimum starch dosing study. That experiment was
set up via varying the modified starch quantification with values of 1.5, 3.0, 4.5, 6.0. 7.0, 8.0, 9.0
and 10.0 g in 150 ml of the groundwater. Overall solutions were filtrated through 0.45 pm,
Whatman. And. the concentration of total hardness. turbidity. total dissolves solid and COD in
filtered water were evaluated.

Coagulation and flocculation experiments

Tar test experiments were set-up for suspended and colloidal starches separation after the
sorption processes. The coagulation operates about via rapid mixing 1 min (150 rpm). After that. a
cationic polymer was added as a floceulants and slow mixing about 30 min (40 rpm) and 30
minutes of setting. Then, the supernatants were taken for chemical analyzed.

Results and discussion

Influencing of modified staveh on hardness removal.

Overall results shown the phosphate monoester starch had the highest efficiency about 53.41%
of hardness removal as details in Table 2. These had evident from several previous researches for
metal removal via sorbed on modified starch. The Ca® and Mg”" ions can be complexed reveals
that its stability corresponds closely to the expectations based on the Ca(R-PO:) or Mg(R-PO;3) as
well as Pb™ ions in previous study [5]. However. the stability of metal on absorbent was depending
on the basicity of the PO;”. Moreover, a phosphate monoester starch had higher efficiencies than
the other modified starches. These can be explained by an absorption capacity and removal
efficiency were depended on degree of substitution in functional group (DS). electronegativity and
rate of the reaction that will be evaluated in future study.

Table 2 Influencing of starch types

Types of starch 1.0 g/ Efficiencies Capacities
Groundwater 100'ml Average (%5) SD. Average (mg/L) SD.
None modified tapioca starch 1.74 3.96 0.61 0.40
Di-Starch Phosphate 10.50 6.03 3.68 0.60
Omidize Starch 15.58 10.46 546 1.05
Hydroxypropyl Starch 913 226 320 0.23
Phosphate monoester Starch 5341 1393 18.72 139
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Influencing of starch concentration.

As a phosphate monoester starch had the highest hardness removal efficiency that was selected
for the sufficient dosing evaluation. Overall results showed that the hardness removal were
inereased when the starch mass increases. The highest efficiency was found about 98% of hardness
removal at 10 g-starch dosing. This can be removed the total hardness from 350.5 mg /L as CaCO3
to 6.3 mg/L as CaCO3 in the effluents. This concentration was achieved supplies for the industry
processes as soft water. However, COD and TDS in the effluents were inecreased. These may be
cause by some starch can be solute in water.

Table 3 Influencing of sorbent mass

Phosphate monoester Total Hardness Turbidity TDS CoD
(z) Hardness (mg/L as CaCO;3) Efficient (%) (NTU) (mg/L) (mg/L)
15 1824 47.96 0.642 1.158 1227
3.0 107.2 6941 1.179 1447 160.0
4.5 65.6 81.28 0.545 1.805 1333
6.0 368 89.50 2223 176.0
7.0 174 95.04 11,403 853
8.0 9.5 97.29 12,053 112.0
9.0 79 97.74 13,420 1173
100 6.3 98.20 14,530 1387

Separation Techniques

- Coagulation and flocculation processes.

Coagulation-flocculation is a conventional pre-treatment method used to separate the
suspended and some dissolved compounds from water. Polyaluminum chloride (PAC) was a
coagulant and cationic polymer (CP) as a floceulant. Overall results shown these were too effectives

for turbidity removal that lower than 1 NTU as details in Table 3. Total hardness removal was
inereased when PAC or CP is increased. However, the hardness removal was lower than the
previous study this caused of the less of adsorption contact time in this experiments. Two main the
treatment problems were the increasing of COD and TDS coneentration in the effluent. These may
be caused of some starch can be solutes in water [6]. These should be having a future treatment for
particulate remowval and cutoff the soluble starch in water likes an ultrafiltration process.

Table 4 Results of total hardness and turbidity from jar test method when adding PAC at 25°C

Conditions g h“gg‘gé;‘!;mg L3 Turbidity (NTD) COD (mg/L) DS (me'L)
PAC CP Average S.D. Average 5.D. Average S.D. Average S.D.
] 0.5 177 2.36 0.567 0.02 146 0 2,618 28.96
10 0.5 112 2.36 0.097 0 122 8.96 2468 6.24
20 0.5 65 4.08 0.087 0 119 7.7 2510 10.80
30 0.5 62 2.36 0.27 0.04 122 8.96 2.558 27.18
40 0.5 53 6.24 0.197 0.02 128 0 2.567 12.47
50 0.5 40 4.08 0.060 0.01 73 14.70 2437 2248
0 0.1 222 236 0.077 0.01 91 0 2,670 32.66
] 0.2 208 2.36 0.227 0.02 97 249 2572 2248
] 03 83 312 0.213 0.02 97 249 2,573 15.46
0 04 50 3.16 0.167 0.01 97 849 2.573 12.47
] 0.5 63 312 0353 0.01 103 249 2,627 20.55
] 1. 75 4.08 0417 0.01 97 249 2,638 8.50
Groundwater 332 0 0.620 0.01 9 0 702 8.50

- Potential of Modified Starch-Enhanced Ultrafiltration
In order to separate the heavy metal ions sorbed by modified starch or other sorption materials,
an ultrafiltration (UF) technique can be used in several research. UF 1s a membrane filtration
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technique where the low-pressure (<10 bar) separation process is based on size exclusion or particle
capture. The pore size of ultrafiltration membranes is approximately between 2 and 100 nm that
larger than the size of (hydrated) metal ions dissolved in water to be purified. Therefore,
ultrafiltration membrane will reduce COD and TDS for system. In order to prevent the metal ions
from passing through the membrane and to obtain high removal efficiency of metal ions polymer-
enhanced ultrafiltration (PEUF) can be used. PEUF utilizes water-soluble polymers for the binding
of metal 10ns from the water phase. The molecular weight of the formed complex 1s higher than the
molecular weight cut-off of the membrane. In cased of modified starch, it had molecule size in
range of 5-30 micron. Therefore. the complex will be retained in the ultrafiltration cell. After the
filtration process, the retentate can be treated in order to separate metal ions from the polymer and
to reuse the polymeric agent. PEUF technique has several advantages including the high removal
efficiency and binding selectivity of metal ions resulting in highly concentrated metal concentrates
for reuse [7].

Conclusion

A phosphate monoester starch was effective for hardness removal in water as lower than
10 mg/L as CaCOj in the effluents. Coagulation-flocculation processes were effective for starch
colloidal destabilization and flocs as the turbidity was lower than 1 NTU. However. the modified
starch is an organic matter its can be contaminates in water. The total dissolved solids and chemical
oxygen demand were inereased in the effluents that should be having a future treatment for
particulate removal and cutoff the soluble starch in water likes an ultrafiltration process.

Reference

[1] Qasim S. R.. Motley E. M., and Zhu G. Water Works Engineering. Chiang. Patel and Yerby.
Inc., Dallas, Texas. (2000)

[2] Sancey B.. Trunfio G.. Charles J.. Minary J.F.. and Gavoille S. Heavy metal removal form
industrial effluents by sorption in eross-linked starch: Chemical study and impact on water
toxicity. Emvironmental Management, 92, p. 765-772. (2011)

[3] Kim B. S.. and Lim S. T. Removal of heavy metal ions from water by cross-linked
carboxymethyl corn starch. Carbohvdratre Polymers, 39 (3). p. 217-223, (1999)

[4] Dong N. T.. An N. T., Thien D. T.. and Doung P. L. Adsorption of Hg(Il} from aqueous
solution using carboxymethyl glucomannan derivative. Natural Polyviner, 50 (4), p. 515-520.

(2012)

[5] Da-Costa C. P.. and Sigel H. Stabilities of complexes formed between lead(Il) and simple
phosphonate or phosphate monoester ligands including some pyrimidine-nucleoside 5'-
monophosphates (CMP™~, UMP”", dTMP"). Biological Inorganic Chemisty., 4. p. 508-514,
(1999)

[6] Irfan M., Butt T.. Imtiaz N., Abbas N., and Khan R. A., et al. The remowval of COD TSS and
colour of black liquor by coagulation—{flocculation process at optimized pH settling and
dosing rate. Arabian Jowrnal of Chemistry. (2013)

[7] Beak K.. Yang J. S.. and Yang. J. W. Cationic Starch Enhanced Ultrafiltration for Nutrient
Removal. Intemational Conference on Wastewater Treatment for Nutrient Removal and Reuse
2004. Asian Institute of Technology. Thailand. (2004)



sz IAgvay

UNAINGNT WINT DY Aol oTuf 12 unT1AN W.A.2534 o SaMTAvOULAY
i amsAnssRuTTEeuAnY1In 59 eunAuuATINeNds sunoiileq saniave Ay
Tuilmsdnm 2552 nazduSemsanuszaulsyanainnausinemans auisuad
umInerasvouuny Tulln1sdnu 2556 uaz lahAnuideszaulS g Inlullnsdny
2558 Tag laTunumsAnyInnuiaInUAIsUen (OROG)

dohnudeluszauS yan Tn18dnvnaziseluiade “maiudsz@ndam
ssuvdanslamsdulumsmsannunszdedreuda Tudvhes” luszniamdednuIg
wouwsuaziauenauite 144013049 “Hardness Removal from Water by Modified
Starch” THITUFUNUIIVINITTLAVUIUIBIA 2016 Sth International Conference on Material

Science and Engineering Technology (ICMSET 2016)



	1.หน้าปกภาษาไทย.pdf
	2.หน้าปกภาษาอังกฤษ.pdf
	3.หน้าอนุมัติ.pdf
	4.บทคัดย่อ.pdf
	5.กิตติกรรมประกาศ.pdf
	6.สารบัญ.pdf
	7.คำอธิบายสัญลักษณ์และคำย่อ.pdf
	8.บทที่ 1 และ บทที่  2.pdf
	9.บทที่ 3.pdf
	10.บทที่ 4.pdf
	11.บทที่ 5.pdf
	12.รายการอ้างอิง.pdf
	13.ภาคผนวก ก.pdf
	14.ภาคผนวก ข.pdf
	15.ภาคผนวก ค.pdf
	16.ภาคผนวก ง.pdf
	17.ภาคผนวก จ.pdf
	18.ภาคผนวก ฉ.pdf
	19.ประวัติผู้เขียน.pdf



