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Abstract

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/qg 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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ama’aﬁm (2553) nua Lag UDIT (2555) agame (2557)
ALY (2551)
o ' AATIIU | unsFeLTUNS .
WIHABS | 1Y y NGN UAIIFH I
inlszih ) gy | gaude |
ﬂ’JHJ"lju NTU 10 4.77 6.44 7.58 0.24-16.83
pH - 6.5-8.5 7.41 7.31 6.22 4.4 -8.63
TDS mg/L <1,000 88 374.92 | 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
Chloride mg/L <250 9 - - 5-130
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TGRS (2553) nua Lag U5 (2555) | wazame (2557)
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L. , ANNATTIU 3 unIForTuNg )
WIS | HUE v HNga . QUAIIFHI
Unlszih 9ary | gauds
Fluoride mg/L <0.7 Tsiww 0.55 | 0.79 -
Iron mg/L <0.5 0.014 032 | 035 0.01-2.1
Manganese mg/L <0.3 0.002 0.11 0.16 -
Total TaTaily '
0 17 68.65 | 179.62 Taiwy
Chloroform 100 UA
Fecal Talail/ ,
0 <1.8 24.15 | 138.85 Taiwy
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/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
http://www.foodnetworksolution.com/wiki/word/1529/in-line-pasteurization
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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
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. v Uszansam
Y R . Ysuasial | ANUNTEANNIHUA . . )
UHALUN FUATIITLAY N13N199 TGS 91904
(mg/L) 7 2
U 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
HIAa 0UN0F NaAlO, 600 443.94 55 8.67
A [ Y] [y 4
Wealvy Yanda Ca0 i 986.4 196.8 o 736 oUITAU (2014)
QUAIIFHI
Na,CO, 800-1,000 349.64 64 9.5
Aluminum 1,000 808.86 18 6.8-4.4
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9 o & Y 91 @ A A a a o o 3% Y Y
ﬂ§$@1\3'§f\16’] Fl]H‘]J’LW]@\‘lclflﬁ'JiJﬂlliZUULNNLUiuLW@LWNﬂiZﬁW‘ﬁﬂ1W1uﬂ1§ﬂ’lFﬂ@u1ﬂi$ﬂ1QUl@

Y
=®

99U AUFUIIUITYVOI Deavenport et al. (2013) 1Funa lovousFusiunuszuuul Tu

1 v

Wawssulunmshdmingeds wamsanuimun Tilszansnimgad 97% lasensnaan
% ] % o
AMNNIzA1e1HI1A 9-13 mg/L as CaCO, Fadouilmiwou aunsoi 114 lugaamnssy
9/ Y & Y o A
nof gadmnssunszay I Wudu (Jsgmensensasisugy a1Un 61, 2524)
1 v A o w a o ] A o v ' 1
ualutlagiuiimsihiggainsssuana waaudsie lglunstiva loseuaieg lui

Tagldnalnlunisuamilaoulooon Deng and Ting. (2005) Anw1n1sldadn daulslae
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o a % an =®R a @ o = o @
nszIuMInT e Innedwe lswduvesnsaszaan Fuiludgaduniedinmlumsiida
Cu(ID) 1ag Cd(ID 91nMFANEINDI aANuawsalunisgasylessu Cull) nag Cd(

T o = o w o dy I A
A 1.70 1Az 1.87 mmol/g Fana lnlumsmsmaalanewiintl funisuan/asulossu
' o ' s e a
senin Tavgmiinuas Tsaeu (HH) veanylanduaiiueiia (-COOH)
2.4.3 NITUIUMTULAAINNIVTY (Membrane filtration)
o o 76 Y v ' o o 3
Jagiiunszurumswuusugminyszgny g luauratesg i wu n1stian
A A 3 A A ¥ o q Y Y Y a o 2 o
msaauuaniseluiay mMstennaseendntinga mMsm ndudulunaansaiuy nsm
Y %’ Y dy a ~ 9 Z, o Y a [ P =
Tfiwa lddaeadegaunidlasanudoud M lnnaaduinAIUNTZUIUM TN TUT]
A Ada 1 \ 33|
AUNNATUT NAU LAZTAWIANANIINTZVIUNITOU 1T UAY (Girard and Fukumoto, 2000)
JY A ) 9 =
FoAVDINTTUIUMSTWNILTY A avnsauenarsazaie lag lidealgasaiilunszuiunms
' 4 '
uilsgl awnsomidadedudlouldnua nagaithgesnmid
[ 1 [ I Y [
NANMITVRINTLUIUMTVOINTZUIUNMTIWUTUA TFANuT T uussdudu Ao
A Y <3 1 Y] @ ] A A
asazaenliznoudleas luanadnagiNsu Iagedou I UTLIAAO U1 11103910
HAR9YDIANNAUTLH IV Y (Trans membrane pressure, TMP) §7UA290aa18929N
wusunn 13 Gen1 Fmumn” vie “@rsazarodudu” audhazaeuazalgnazaie
1 A Y S A Y = 1 Aa 1 A
vduilszneuarems Tanavuaan ik w14 Fonan “«wediton” drui
° 9 J I A A a A o 1 dy Y 9
i 1 199)52 TeaioradliGmumn niomoeiiion ¥ioNId0IdIUIUOINUANUABINITVO
o 4 @ [ 1 o A <
n1511 11952 Toand msnsealaslsuumuszauaia laun szaululasHamssu (MF)
o a @ a o Aa o o I
pansNaws¥u (UF) W ludlawsyu (NF) uagood INFanunal (RO) Audu
2.4.3.1 lulnatlamsvu (MF)
a o <3 ~ 4 A ]
luTnsTamssu (Microfiltration: MF) iilunsguaunisildgensoailiunug
] U 1 1 d
WUYUIA 5-1000 nm A5 Uuen Tuanalva 19U @1509IUAY HIDOUNIAAN DONIIN
% [ d’ 9 ] 1 a d' d' Y o < ]
Yo uHa uUAUN1Fogizna1e 1-5 atm viavoudonsoei lgnuTaena i 151 Cellulose
I Y A o a Y o 1
acetate, Polysulfone L10& Polystyrene Wudu nszuaums lulasiamsyutenlsdmsuns
o w go’ 2 o w Y 1 ?,’ 1 o
iming msmdamsuuiuassMiuaungauyuuei waze1n 145w uNszUIUMNS
] d‘ 4 a [ 4 1a Y o W 9 501 dl
winierenisaanneandu Tag lutienldlumsiisannunszdrsluiiiiesninymnag

= ] o w S A A Y o & £) 9y
W?umuTﬂiﬁﬂJﬂ ﬂﬁllﬂJﬁTNTiﬂﬂ]ﬂﬂllﬂ@ﬂul!ﬂal“ﬂﬂﬂllaglluﬂulgﬁﬂuqﬂ i]”llﬂu@]@\ﬂslfﬂjzﬂjuﬂ”ﬁ

[

)3

1 9 1

DUIIMAY IFUMTAVTITNOALNDULAZ WAL N Tz aNTanlumsuena s v AN

[YIRRE



A o v 3 ) =
AT NN 2.6 ﬂ'lﬁﬂ'l%ﬂu'lﬂﬁ%ﬂ'l\‘lﬂﬂﬂﬂﬁlmﬂlﬂaﬂullﬂ@@1!

Comstock and Boyer,

Apell and Boyer, 2010

Pentamwa et al., 2011

Lazar et al., 2014

Arias-Paic et al., 2015

RERIN b N1 2014
7y y 7y y 7y y 7y y z gy y
SRILTR! 11900 SRILTR! 11000 IRTLTR! 11900 IRTLTR! 11990 SIRILTR! 119900
No¥ - 7.2-7.5 - 7.6 7.7 6.7 - 7.1 - 7-8 -
Aanuduy mg/L as
, 250-320 - 244 - - - - - 100-240 -
AN CaCo,
IGGIG L
mg/L - - - - - - 151.02 17.523 - -
looou
ANUNTEAN | mg/L as
2 300-440 9-13 275 112 440 246 - - 500 56
NINUA CaCo,
Famla mg/L 17-130 - 20.9 1.1 - - - - 18.8-116.8 -
- A200C resin (cation MIEX (Anion and cation
13U - Polystyrene foam Purolite C100E Amlaerlite 200C-Na
resin) + NF resin)
szansam
lumsman % 97 >55 44 91.98 >88

ANUNTZAN




17

2.4.3.2 dannams¥y (UF)
o a @ I 1 1
nszUIUMIoans Wamsyu idunszurumsuenats luanavuialve wu
s a A g A A % @ 1 Y
ADAADYA JAUNIO 11918 Hazd 150U NN TNIANATENIN 300-500,000 A1AAY (Da)
%’ [y d' 9 1 1 [ [ 4 =\
9091011 Taganuaunlglunisaaaisiumusueglurig 2-10 115 uaglvagngy
YOUNUILTU 2-10 nm FHAveudonsoan 197U Taena 11 19U Cellulose acetate, Polyacrylonitrile
I o a @ ° o A
1ag Polyester (HUAY nszuIUMIsanINamsFumuIcd M umsuenus oAUty
o o 4 o o 3 4 o 3 a £ o 3 I
Tsau msmidaneaases nisiiaiing msinildusgns vagmsvinima ld e (T
Y 9 [ a d'g ltg’ A dy d' a ?zl.l = 3/ =1 a A
au landsnulumsduszuund vaz luaunlaosiiunlumsaads danalidszansamly

o w a ?,I 1 o Yo a a
miﬂﬁmmmuuﬂﬁjﬂau%ﬁqqq ﬁiﬁguuﬁﬂmummuaﬂumﬂqmmﬂiimgazwm%ﬂim

2.4.3.3 uTlams¥u (NF)
A & < 9 9 o &
nszuaumsu Iudamssuuuusw Wunszuraumsnlsuseawdluns
CZ d‘ % g =S a < 1 1 o 9
Tumasulumsuenalgnazaleeanainiil ma lulagun Tudamsyuainlvygniun ey
o w @ y A . 9
n15A19alareniinlui1de (Mohammad, Othaman and Hilal et al., 2004) Y0@U04U1 U
I~ d A P ' \ 3 \ y v & ! P
Waasvuwuusy Ao ausolyaulugiaaianumilunsa-ars ldneaaua 3-8 uagldy
[ 9 " A Aad a = gl.: o [ 9
SR U BENITTIISAOE TUATINNIVTY DNNITINAMHNIETNNUNIT 1Ha11 Ty
1w a o A ad a o o
AMAYATIMNTTUNINNIBANTIN AT FUNNIUTY tagF IS dood ludamuusu ua 1 1d5y
a o Yo w @ %l 9 A = EA = g’: o w %7’
anuiionlumainnlgmaaTangmintazingzan osnnlanlsiege annInsmaaii
Yy 2 oy o ol v Y1 5 v .
ATLAAIINTZUIUNSH 63 Idausamsaiiinseaa1ia1d1 18 (Bergman, 1995) waz 'l
@ % ) A 9 o & 9 Yo o W g’/ Y 1 Y
mznuihnszdentannunszaege sulludesldsumsindaun lududunoudgu
: o o ) < &
WTU IHDAANTZYDUNMIUTY ToINUNTYAAULAZ MTLADNTNINVDUNNIUT WY Tag

' ' A o a A o o 3 ' o
daulvgudriszuvin Tuflamssuiidszantamlumsiniaiinszdeunnii 60% Aaa13n

=).

2.7
2.4.3.4 90@ ) NFANUNAL (RO)
A ad a 9 [ 1 =
AszuIUNSINSaeea ludd 1¥useaulumsuenaisnias Faa1u15auen

Y
a = v

a ~ 9 a a ~ Y A v A a A o w
a13ouUnId lannyiia nazuenaseliunidlamounnyiia onnadalidsz@niammaniia
%,‘ Y a A ds! "o o Aq Y .
lovouluinlags Usz@nsnimves RO Yuognunssaui 19 (Ujang and Anderson et al., 1996)
dyu ] 9\ a %‘A = a a o w %} 9
nszvaumsuaIulvyleluniswaninay ilszaniningeslunmsmiaiinizais lag
' Y Yo 9 vy v o o w A ' 1o A a
aunsnaamnnunszaelidagddlas lideddswnuszuutniaoug daulvaiidszans

[ @ { 1 1 @ %,’ { 4
Tumsihiiaunna 90% aas1ei 2.8 ua liingnnihngzdenlianuauduga ieen
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a @ Y1 =R o 3 Y Aa Y Y o N g9
%$Lﬂﬂﬂ13ﬂﬂﬂuﬁluﬁﬁﬂﬂqﬂ\ﬂﬂ UHNUIZHUUINTEANNUANNLUNVUAG 1ag RO lJﬂﬂf]f‘NfJ
2 G g1 ad A Ay Y o o o
Gll!ﬂ'lﬁﬂ')‘ﬂﬂuﬁ%‘ﬂ‘ﬂgﬂ %Qlﬂuﬂflslf‘l]'lfﬂ’]ﬁuL‘]Jaﬂﬂﬂlluﬂuﬂ'lﬂ‘ﬂﬂ'lﬁaﬂT]l!ﬁ'ﬁ’ii‘ﬂiﬁ\‘]\ﬂu
A 19y 2 A o o A v X " Yo a o Y
QﬂﬁTﬂﬂﬁﬁJ‘VﬂﬂJﬂ’éNﬂ'liu'l‘ﬂNWuﬂ'lﬁ‘U'l‘UWﬂﬁ%fJ'lﬂiJ'lﬂl!ﬂ %\‘lllﬂJllﬂﬁ‘Uﬂ'J'lﬂJufJ?JGluﬂ'lﬁlﬂiJ'lGl‘b'

Y Y
Tumsthiasindeuazmaniiingz@a (Cuda et al., 2006)

H 9 a o
A15199 2.7 ﬂ15ﬂ1ﬁ]ﬂu1ﬂi$ﬁlﬁ@%}’38ﬂ1§ﬂ§$ﬂ3uﬂ15u11u1/\lﬁmﬁ°lfu

. TDS (mg/L) Total hardness szansamms
'3 Auau o v ¥y
LHANUN (mg/L as CaCO3) NIVAUINITEAN
(psi) P 7 o | 2
U HILDON U 2NGRI] (%)
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

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

H E4
A15199 2.8 ﬂﬁﬂ?ﬂﬂﬁ”lﬂigﬁ}Nﬁ}’Jﬂﬂ”ﬁﬂSZ‘]J’J‘L!ﬂ”li@@ﬁill%ﬁlmﬂﬂuﬂﬁﬂ

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

VYA AN PPN

wanhey | /! e seamsam | , |
AU (pSi) HUU HION HUU HIDON UV HIDN

(%)
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)

2.4.4 mangnae i undl
3 : . ] [l
dunszurumamani IlihasazanlsualeosuveslanzNogluasazarsliog
42 a o a g o v
Tugivessighvauanauazifamaoengiauluviue Tuanasaal dsamialessy
a J g}/ ? o o
a15eouniin Aoaanes TIuNIMIuenay1n Uuiu uaz Tanewiinesnaindisazale 1a

(Escobar et al., 2006; Emamjomeh and Sivakumar., 2009; Holt et al., 2002 (g Chou et al., 2009)
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ax ,i’ ) o A A Yy 9 o A 1 1 & Aa I
'ﬁfnﬁ1!LW3J1$ﬁ"ﬁ’i5‘Uﬁ15a3anJVINﬂ')nJlﬂJiJﬂluﬂl@ﬂIaW%ﬁuﬂﬂgﬂ Lmllmﬂu‘wuﬂumﬂmﬂu

Y
A

A [ = (A 9 = a A o w
msaulasanadsau ldhgaunn uazlismanead g dszaninmlumsmialooou

2 ] g aa

[ a o ~ 9 1 o J1 9 [ - Qddyd
VNN VI HAVIVIDIAN INTAN 1F HazANANANITINAIY AIAT15199 2.9 1ae T Ul

U

a

Y 1 Ta
Uszansainlunmsfivaiiingzs@1ageda 98.2% (Malakootian et al., 2010) 1a lutign Ty
A a1 91 A 19 o w 9
MAgaamns sy esaniia lgaeiigann Tudunulumsihiia dudu
2.4.5 M3AAYY (Adsorption)
@ v g { [ a 1 @
Tuthpiunszurumsgaduidlunszuumsildsuanuisunoudragaludegiulu
o w o a 1 A I A a a =
nstdaloseulane uaz laneinwyiiaaien esniniluszuviiise@ninmganazl
= = g’/ % ! o w Y A ) [}
ResNINg BnNadieinsanendIuvoInzneuen e ldie wieaunsath lanswiin
A o Y Y v = 07 . .
yrdanauu 1 ingla (Metal recovery) AN Aso L (Desorption solution) 9NINNHT

QAT (Bade et al., 2008; Cheng et al., 2009) Aagad U135 151uludegaiu 1dun aunu

o J

A a J o J < Y o =
UUA Hlﬂi@]i“lﬂu UNUUUIRA LLaZIWﬁLN@ﬁﬁ@Lﬂﬁ’IZﬁ 11JuAY Nah et al. (2006) NMNITANYINIG
o v Y 3 < . . ' o Y YR A
ﬂﬂ%ﬂﬁgﬂﬁﬂﬁﬂlﬁaﬂ@ﬂﬂq‘ﬂfﬂ (iron oxide) WU FWIT0AAFTUASN? (D ulﬂﬂ\i 123 mg/g NP N
1 x 1 o a ' v o
ﬁl@‘b’ﬁﬁﬁn’m 5-11 ‘%QNWﬂﬂ'J']ﬂ'J”IiJﬁHﬂﬁﬂiﬂﬂ']ﬁﬂﬂ‘ﬁfﬂﬁjﬁﬂﬂuLﬁﬁfJ'JL!aZﬂ’]uﬂiJiJu@] El-Sayed

o w ¥ v a < @ o : o
(2010) Anwimsmiannunszasluilaeldnldenoraauiludigady Feansogadula

@

A A~ g Y (A ) S o ¢
NFANNLOY 4 LALNUY Rolence et al. (2014) th!fﬂﬁ@ﬂﬁﬂﬂﬂgﬁ13J$W3TJLN1L‘1JMEHMﬂ3J A

Y
% o =

4 [ Jd aol a 1 a a @ {
Lﬁ@ﬂﬂ%ﬂuTﬂi%ﬁTﬁﬁﬁminﬁ Lm%uTﬂig@%}NﬂTﬂ‘ﬁiﬁJ%W] WUN ﬂigﬁﬂ‘ﬁﬂTWﬂﬁﬂﬂ%’Uﬁﬂ

1
[ I

A A ° = = A ' < 1 v A o @
NFAND 60% LAE 55% AIUAIAU NNBY 6.3 HINNNATIN ﬂzmuaﬂuﬂﬁ]ﬂquuuﬂﬁwmuma

@ a 4 I Y 4 @ o
AAGUIIMNTITNTIANINNIY Lﬁmﬂumia@@unuiuma%mﬁ@@@muammwe T@]EJ

a a @ 2 "o a o o A v o a 9y
ﬂiZ’(,’f‘VI‘ﬁﬂTWEl,uﬂ']ii@@%’Uﬂgﬂluﬂgﬂﬂﬂﬂl@ﬂlﬂﬁﬁﬂﬂﬂcﬁﬂ WOY TTYSLINTTUNE U L‘]JUG]L!
v & a o dyd v

aaiuluaudsen ssaulalsuduiudlendaluarhea lunmsmaaanunszarsluiindseih

A [ a

I a ¢ I a A
oilumsldiagninsssunalifinals: Tenivaziluiasaeaunadoy

2.5 nszmumsg}ﬂcﬁfu (Adsorption process)
2.5.1 nalnmsgadiu

@ a A I [
ﬂTSﬂﬂ“ﬁUW%ﬂﬂWﬁﬂﬂﬁﬂW? (Adsorption) L‘]Juﬂigﬂ'JUﬂTiﬂﬂﬁTiagﬁTﬂW%@ﬁWﬁ

=

3 = [ %,‘ Y a = a A A
mJ’Juaaamu1mawmzawag1um “lwaguummmaﬁaﬂwwm IﬂﬂﬂﬁTiagﬁ"lflﬁiﬂﬁﬁ

v
AaAaAa

s A ' o ! < QA o
HYIUABEVHIALNTITENI 7139NAAYY (Adsorbate) AUV VINNA N uNIMIZIVVeIES
{ o 1 [ @ Aa A e I a 1
ﬁgﬂ@_}@%ﬁfﬁﬂmw 1999A%Y (Adsorbent) mi@,ﬂmmﬁi}zL‘]Jumsgmmmmmzmnamuz
' g A LW < 2 aywd
(Phase) 1199 INENTDIUL AD YOUKNAI (Liquid) N1 (Gas) LA UBILLUN (Solid) aall lana

@ 2] @ %) o <3 v <
UUY YBAUNAINUUDIUYATI NIFNUUBDILNAI NIHENUUDILUN LA UBIUNAINUUDILLUN I@UGI,H
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{ X a [ <3 . . . a A
ﬁﬁﬂzwma'mﬁqmwwuuu YU AINVUDILUY (Liquid — Solid Interface) Gluﬂ'l'if:]ﬂ@]ﬂwﬂl

Y ] U Y
TmaQammmiazmw‘%mimauaaagﬂm%ﬂaeﬂmﬂm uaz'lﬂ!,ﬂwmaguum@@ﬂ%u

o

Twanavesasaulvgrzimzivedny Ainelulnssvesiageagunaziifiesaiuios
Y

1 g}/ d' ld'a 1 %’ [ % a X 9 = =
miuiimzedgiiineuen msnem lumnanni llviigagagumnadu ldsudaugai
) 2 Ay , A ~
wga o aduaanuaNIuves Tanalui azmasdosnsiz Tuanadiulvapndoui i
imMzivegnuiaggasy Taglun1sinizAnazll Driving Force 88 2 U1 D N13QATUNI
AN HASNIAATUNIUAN (1A% RATAIIY, 2552)
2.5.2 Uszianveamsgady
adedraglunsuensiinueInszuIUMTHATUIZNIITUININLTIBANUEITENIN
{ [ v A Y] $ I 14 4
TuanafgnaasunuAIueIEsgasy Smssdamitonilunsaunuaeinad (Van der Waals

< o . . "y = A o g Ya o A
Forces) %mﬂuﬂ”ﬁﬂﬂ%’ﬂﬂ%iﬂ’]ﬂﬂ’]w (phySICal adsorptlon) LW]Q”ILL?Qﬂﬂlﬂu&?ﬂftﬁlﬂﬂwu‘ﬁgmﬂ

v
= % v A

3211719 TuanNangNgATUNUHIVRIAITQATY (F8NI1 N13ATUNIUAL (chemical adsorption)

LAY

(1 NATATIY, 2552)
1) ﬂﬁ(ﬂﬂ"ifﬂ‘ﬂ]dmﬂfﬂw (Physical adsorption)

£4 9 ¥
NIQAFUUUVUTINITAUNALL VUK AYB (Multilayers) uuﬁummmmcﬂﬂ%u

o

é I~ @ 1 1 A A 49! 1 = 9 4 o
G]NL“]J‘I!ﬂ15§:]W‘If‘]JE]EJN’EJE]uLLa$UliJiJ‘WU‘ﬁSﬁLﬂiJLﬂWUH HAVSANRAAIYLULTILIULAD T IO (Van der

v v Y
Y a Aa o [ o o = 9 o
waals) Mﬂﬂmﬂ@iuﬁmazqﬂmnumq LLaZﬁWﬁﬁﬁ’luﬂ’]ﬁ@ﬂ%ﬂ@’] HONIINUNITIBDUNAVUBI

U

Y
= 1

Y
@ a @ < 1 @ [ (3
mi@@%ummmm@ﬁuw I@EJGU‘HfJQﬂ‘ﬂﬂ’NllLHNLLﬁ\‘]GUEJQLL?QﬁQ@@i%’HUN@’J@W]f‘ljlmgﬁﬂgﬂ
AAF
2) msgﬂﬁf’umamﬁ (Chemical adsorption)
o A A a dil Y 1o ) v A o
ﬂTSf}ﬂ"’]ﬁJ‘ﬂNlﬂi\llﬂuﬂigﬂ’JuﬂTSﬂLﬂﬂ‘U‘LlL!ﬁ?lluﬂTGLﬁﬂTiﬂﬂliﬂQ@]’Jﬂli’)\i

< ! 9 ! = o {a a ) 1
Tassa¥wvewdadasu 1l Tasmsgadunuuiilunisgadunuiuse nawuszniise g

@ o [ % o

I 2 o a o ) a
ﬁﬂﬂeﬂunumaﬂﬂﬂ%mmmﬂmm‘umwwmwm ﬁﬂ%uﬂﬂ%uﬂﬂlﬂﬁ@?gﬂﬂﬂ‘ﬂfﬂllagﬂﬁﬁﬁj']

U u

o [ [ [ gj/ A g (X [ a Y A A g’/ =
ﬂl@ﬁﬁﬁﬂﬂ"ﬂﬂﬁﬁQﬂ’]ﬁf}ﬂ%’ﬂ“ﬁuﬂ]ﬂ\iiulﬁﬂﬁﬂlﬂu@]?ﬂﬂﬂﬂ%’ﬂﬂuW'JTT‘H’]‘JJLWUQGD'HL@EJ'J

Q U

(Monolayer) (WWsLLAZ YN, 2547)



v Y
13190 2.9 MImsanszanaensuendle Iiiuad

Malakootian and Yousefi
- . Malakootian et al. (2010) Lietal. (2013) Kandasamy et al. (2016)
WITIUNDT HUY (2009)
YRTLTA 11990 YRTLTA 111990 i 1990 IRTEA 11990

y 2 mg/L as

ANUNTITANNINUA 300 5.4 797 391 1020 175 464 20.5
CaCo,

ANV NTU 3 - 66 3 - - - -
s Tl mS/cm 1.612 - 5.8 - - - - -
Niow 8.1 10 8.35 8 5.2 - 7 10.1
F2e0A1 UIN 60 9 45 60
ANUANANG \Y% 12 9 25 20
7 T ue Tua - Iron-rod electrode Ti/Ru0O2-IrO, Aluminum Sheet Aluminum Sheet
szansomlums
. o v % 98.2 51 82.84 95.6
AIANINNTZAN




A o v 3 9 Y o
AT NN 2.10 NIINIAUINTZANAIYNTTYATY

mmmzﬁ’w ANUTINITD -
L 5 o4 o, w sreznal | QUNQU Yy -
AQAtL AQngaty | ey iU lumseasy | . ToTanow 91994
TUWT (min) ()
(mg/L) (mg/g)

Eicchornia Crassipes Ca (1D - 38.87 26.86

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

90 - Langmuir Fathy M. (2015)
benzene Mg (IT) 8 - 1.23
Sugar beet pulp Ca (1D 8 927-1127 20.23 120 45 Langmuir Qin et al. (2015)
Activated (Melon Ca (1D 7 75 1.8 20 -

- Mustapha et al. (2016)

Husk) Mg (I1) - 42 1 25 -
Phyllanthus emblica Ca (ID - 92.17 13.22

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

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

activated carbon hardness
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2.5.3 9aunamaninsgady

=

Y Y
ms@@cﬁumsgﬂsﬂM‘U%uwmﬂszﬂauﬁ’wmumummwsmu%umm”lwasam

[ o o

;4 9
Taggadu uaznsuns uTnseiaggady ldinuiiTageady mudiauduaounIsuns
2 Aa X Y A I g A o s A o @
Guumu1@‘mﬂwuuGlﬂ‘inqmzLﬂmmmummwumauwamﬁm HNIDVAIINITAAYUUDITSUU
Vv
o 9 4

o {a @ ] ' @ < aan
AAFUUU ﬁllﬂ15§]ﬁuWﬁﬁ'lﬁ¢]5ﬂ1§f‘]ﬂ"lﬁJﬁ‘L!EJllﬂL!@EJNLL‘WiWaWJ ﬁ’i) ﬁllﬂ15@¢]5'll5’3ﬂgﬂ58'l

Y

v v [ % U =

Sudunilafion (pseudo first order model) LAz ANMIBATIS A3 NSUAUTOUTEU (pseudo
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http://www.foodnetworksolution.com/wiki/word/3361/%E0%B9%81%E0%B8%9B%E0%B9%89%E0%B8%87%E0%B8%82%E0%B9%89%E0%B8%B2%E0%B8%A7%E0%B9%80%E0%B8%88%E0%B9%89%E0%B8%B2
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1) R-CH,OH + 2 : +H,O0 —> 2 N + 2H* + R-COOH
g I
2)2 +2H*+20Br° —— 2 +2H,0 + 2 Br-
+
'T N
L L'
3) 2Br +2NacClO 2 OBr ™+ 2 NaCl

4) R-COOH + NaOH R-COONa + H;0

v

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

v
=

g1 2.2 Tassadremaniiveudls Tuavhessiialszqay

2.7.2 siiaveantlalaudvhes
1. uflaTudvhesgrenszuammsmanil Sundaludvheddulvaiiing
waauas 1 luszdueaamnssy iHuudefishumsdauds Tnsearedrenssurumsmandi 1
waowiia AusUsAves TR 1Y uazsERUMs Rl (degree of substitution, DS) 1T
- uildleasend Inia (hydroxypropyl starch)
- uilinsoanas (cross-linked starch)
- uilaedime (acetate starch)
- uileamsuendiuiia (carboxymethyl starch) 1P uAY
2. udaludvheaniamenin iumsilfidanisnldeundaslasild
TnserduTumanameludandufamsdeundas naldmainuaudon viendnuead
wiondeseg1ailszneuiu e lassadre luanameludiauda1dgnifdenndaslyl auid
vowdladnAen ey udalunguil 16un
- uflan5ea1@ 1ueh (pregelatinized starch)
- Granular cold water soluble starch
- Annealing starch
- Heat treatment starch

- Mechanical milling starch


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' U tﬂ'd ! a a 0} % 0}
AT NN 2.11 ‘ﬂ%%EJ‘V]?JNﬁﬂﬂﬂixﬁVI‘ﬁﬂWWﬂﬁﬂﬂ"lﬁJ‘ll@\i’Jﬁﬂﬂﬂ"lﬁJ

s . sEeza | ANUUTY _ | dsz@nsam
o 5 . UIM10819 (mg/L) . 1. Y. QUUHY . -
1YY 19NAATY NIOY qUNT 19U N13AYY RENGRN
7 3 (K)
W W00 (hr) (g/em’) (%)
Coconut shell
Total hardness 864 52 12 4 0.16 303 94 Rolence et al. (2014)
acttivated carbon
Ca (1D 264 162.2 38
Modified Chitosan 3 4 0.005 278 Hassan et al. (2014)
Mg (II) 84 33.6 58
Moringa Oleifera Total hardness 314-362 60-130 8 24 20 298 80 Fahmi et al. (2011)
Cu (ID 203 44 78.3
Carboxymethy! Pb (II) 203 11.8 94.19
8 0.17 0.01 293 Kim and Lim (1999)
corn starch Cd (I1) 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 (II) 0.7-6.7 0.04-0.66 8 1 0.1 295 50-70 Sancey et al. (2011)
Zn (ID) 5-50 0.1-4.8 20-90




M3NN 2.12 FAAQAFUNNTITUIA
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119 119 NAATL pH - | ANUAI0 TUMIgAT UNA991909
AUNE (hr)
Coconut shell activated Y e Rolence, Machunda, and Njau
Total Hardness 6.3 6 60% LT 55% Muaiay
Carbon (2014)
Natural pumices = 79% 1Ay 51% ANa1AL
Ca (ID iaz Mg (I1) 6.0 Sepehr et al. (2013)
Modified pumices - 96% 1AL 93% ANAIAY
15.6 mg/g uag 13.5 mg/g
Chemically modified cellulose (EMC) p v o
AU
Ca (I) stae Mg (IT) 5.5 Jinior, Gurgel, and Gil (2010)
46.1 mg/g 1iag 23.5 mg/g
Sugar cane bagasse (EMMB) 2 .
AT
Commercial polyacrylic acid hydrogel 171.2 mg/g tlae 193.6 mg/g
Ca (ID) Loz Mg (1) 6.3 24 L. Saeed et al. (2013)
beads (absorption) ANy
Activated carbon from tamarind seed
Total hardness - 0.25 12.41%. Ruthairat (2014)

(absorption)
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J A
2.7.3 naunlumstaonuile
Y o a o (Y Y an 5 A
nszvaumsaandsudalulagiu deuhwndaudsdiedtmunll Taomsunuinlu
o [ [ a ] L { A o [ 1 ] 4
dwiany laasenda (-oH) Tulassadreveanils wylendundeuinndauls 1dun vyjans
A 1 - ] a I [ {
vonda (-COOH) wyoava (-P0,”") nazwyjozdTu (-NH,) Hludu dea1519h 2.13 uaag
@ 1 a [} ' { [ X ] v
aredartiaveuils uazngiansunldlumsaauls Famjlsnsuvewdazamisovenia
Y @ <3 a aa Y 1 4 a Aa ana 9 <3
un uvesdasisr lumsinalnseweutl 1 wu vimivenda aunalfnsenlasiaba
1 a a aan Y Y o = A A g’; A
uaznyozd Tuazmalgnsenladn TaslumsmialosouuaadeuuazuuniiFoniu msiden
< o [ f
uflatlszgan vz ldiuunTidulumstuleseuilszauan1da lumsdnuiiisudenlduils
S =R Q o w ¥
WoawlaTuTwomand Fuiuutllszaan lumsivaanunszaeluinlszih
a d
2.7.4 wilala@vhaamani
a a o 1 a A @ ~ ' @ 1
wiiave il Tuavheauaazyialnszuiumsaauls Nuana1anu 15U nszUIUNg
a < an & 9 1 s A J @ = [
PONTIATY NIzVIUMIBANOITAYY Taglsryilanyunuanaany Fauaaznszuiums
o 1 wa { a 1 7 g o
aaulsdanaldguauifvesndalasuldanindy wu anuwila msazateninitudu a
Y
uerasluseazidoanae 111
1) utlaiudlgnas hidgauls (non-modified starch) Jigasniunil fio C,,H,0,, Haziligas

Tassardrauaaslugili 2.3

CH,OH CH,OH CH,OH
—o0 —o0 ——0

1/ oH 0— OH o— OH |
OH OH OH

517 2.3 Tassadumaaiiveantaiudlzvdaa

U

9
A o

a I ! {
2) uflawonTnlimesn (amphoteric starch) 1untaniinglszyuanuazay Tasflsey
< J a I 1 1
vanvoandfailulszquanvinmesifies oziiTu (tertairy amino) 1iluaiulvg uaziszyau
a { 1 1 a 1 4 a
Henunundrengulemia nquuada taznanaSuenda (Xu, Wang, Wu, Wang, and Li,

3 a a 4 1
2006) iudu lugaamnssunszawieonldutlaonTlimesalunszuiuns wet end os7e



A X A
AT NN 2.13 Lﬂﬂ!"VlﬁlUﬂ'ﬁlﬁ@ﬂl!ﬂﬂ

L A
- naa Tumsiaendls
wiiauila — ——
529 %DS | pH slurry nylandn v luana MINADYNUS
1. Enzyme treated starch 15 AN 1] - 3.5-5 OH 50-110 kilo Dalton Pyro conversion
2. Phosphate monoester 13 €y | 0.07% 4-6.5 PO43' 3-50 um Esterification
3. Hydroxypropyl starch hlijflﬂisi] - - 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 15 EANabl - - CH,-COOH - Etherification
6. Acetylate oxidized starch ﬂizfga‘u - - CH,-C(=0)- - Esterification
7. Hydroxyethyl starch llﬁﬁ‘ﬂi%i]q - = CH,-CH,-OH - Etherification
8. Oxidized starch ﬂizfga‘u 0.03% 5-7 C(0)OH 3-50 um Oxidation
9. Amino starch Uszqun - 10.5-12 (CH,CH,),-NaCl - -
10. Cationic starch 15 £UIN - 4-6 CH,-N"(CH,),Cl - Cross linked
15 A +0.31 COOH %750 PO43’ (Acid) Phosphorylate
11. Amphoteric - -
uIn/ay | -0.89 118g NH, (Base) uag Oxidation
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e

1 v ' Y
1M retention 1A drainage H9¥1 1HHANAR (yield) IINZIIU UBNIINTUTIFIAARAT BOD U9
v

< o I 1A o {
e hlddunadaedunadon TaeliTnseadeasgli 2.4

CH,OH

XO (0)4
X = COOH %30 PO,” Y =NH,

i 2.4 uilaeu Twlimesn

a a 4 < a J A
3) uilvezisitanoond lad (acetylated oxidize starch) Lﬂuuﬂﬂmvhamuﬂﬂiz@au
[ a &) 4 1 a :a
gﬂ@@ggﬂiﬁ’aﬂﬂi$UQUﬂ1iaaﬂmﬂﬁvuﬁ"m"lﬂﬂﬂaa”l’mn (hypochlorite) ﬁqmwgum (28-31°C)
g’/ a A A o ana 4
NUUNANTEUIUNITLOAINDTI WIATY (esterification) #ruezdan uoulalasa (acetic

1 A < A 1 {
anhydride) Tugazaelaoionldlugaaivnisuerms Wuasiiuanunila 151 1wad

a & ¥ A Y o A
LRIAAIAU !“]J’L!G]L! Nq@iiﬂﬁﬂﬁﬁ?d@\?ﬂgﬂﬂ 2.5

O\/OH
X CH,OH CH,OH
o0 0 0
OH S OH 5 OH
OH o} OH

d‘ Aaa a 4
AN 2.5 uilesananeond lad

a L4 a 4 [ { aan
4) utlaeondlad (oxidized starch) nifvoond lad wioutsdaulsn ldvinlasen
a &% a A = 9 o aaa 1 [ a 4
poNFIATU dwsonan Wiowson ldsnnisiilgnserseninaieiuaiseendlad

(oxidizing agent) 1dun Tan@enlalnae 159 (sodium hypochlorite) unasson lalinae 5w
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d o 3 [
(calcium hypochlorite) ttazuon TaHew osFamla (ammonium persulfate) 1Wuaw uilsdauls

[

Y an a o ' ] = I A ] 4 a

A smseendadu IasduIngszlianuzidulszyay iiesnnnyariuenda (Carboxyl
{ 1 o wa g

Group, -COOH-) NunsnegluTuanaos luTad (Amylose) voandla virldudsfiauiiaiune

aa d 4 2 a 4 a A A 1A
amaﬂimllaﬂ (Polyelectrolyte) UBNINNU ﬁ?i@@ﬂ%qﬂ“ﬁUWQ%UQNﬂmﬁﬁJUﬂﬂluﬂﬁﬁﬂﬂ”lﬁsllf)\‘i

o a A

] Y Y v
uilagauals s lduidedaualsianuurimuay danadiiemasagauns e lunils aanalinau

q

4 H
vowilsaauy Tnseadravewdedsgii 2.6

CH,OH
o)
i
Na——O O
bl
L%

511 2.6 uilvoondlad

4 I @ A,
5) utfaloalaTuTueaines (phosphate monoester starch) 1iunsaaudls Tas 1435
da A o : I 1 1 a
PANDT 3 WAFU (esterification) Tuaniznausia (semi reaction) Lﬂuﬂmmuﬁwﬂamaﬂ%
(-0H) vunideng IndluTuanadengweaa (P=0(0H),) 910 las Twavemalasns
a aaa o 1 a @ J
inalfnsermlea S iadu(phosphorylation) TuannzaislanansmaiutaommaluTuod
4 [ 1 9 o
103 gAsIns9a319@931N 2.7 (Thomas and Atwell, 1999) Tasd11ina1UNIATFIU
a @ J '
HansuAgAa NIy (2535) oyana i 1§ lugaainnssue s ldun eoln- Inls- wielas
Tnarloamla Taelidsuaveaaandralunde'ld lumuieeas 0.4 M3AnY1v09 Muhammad
a 4 v o [ J
et al. (1999) naasswaautlaoala TuTueamoesnnudaiudlends wuan nszuaums
a A1 A o 9y [ A g’; [ U 9 I v
paautlanmiiey 6.0 MldszaAumsunuigega vonanuudimumn msldanuiunia-ag
Aa ' o Y a Y A 9 . . d%l Y 1 Y
NeruInna1 9.0 s ldudufawusen1s¥oudy (cross-linking) YuA28 TagA1zAUN1S
S Y 9 Y
unungayuiudwaliuuaves Tuanautleluaju (Sitohy and Ramadan, 2001)
s o H an ]
utlaloaa TuTueamediluuildanshtiauiavesiszyan Tanunilagaruay

(Y

[ A A I a v Aa P @ o 9 v
JTAUNIUNUN Y ﬂymmﬂuauacﬂ“l%lmaw@ ﬂﬁ]iguummﬁl%clu’q@ﬁmﬂﬁmm@]mfmm

a v A

1 9 a Qy = Y I d o @
U RATIMNITUDINIT ﬂ’li]’lﬁﬂﬁl,‘]fcluﬂ'lﬁwaﬂmuﬂﬂﬁ NWARANLNT Gl“]flﬂuf]ﬂacﬁw'lfllﬂﬂﬁﬁ'lﬁﬁﬂ



37

3 & A
idumey meeuud awsolnduarsmiuanuanuduniia nazlugadivnssunszaiy
4 2 < ' g ' J
THiadeunszmuioiuaNnuudase lvunnszay Iduessedame luesnisenouves
A ¥y A A v & A A = v = o A
a1snaou nethilesaraiuutdeaniidsgaaviearuisaivianuarsnidszquanlu
s A vad L o o a v = Ao v .
panlsenouasAaey lAAg Y dMTUNaanTEATBTUNINTAIM3 oY (thermal recording
e 1 4 o a 4
paper) HonnalnuMs sutlaoama TuTweameswaununilsdy veousnd Tadenlaas
@ ¥ 0w o q ¥ A ¥ A K
onlwa wazi lugaamnssundmivnszawgnin shldnaliongnisldaunuivay

J ¥ a @
(Nd1a59A f3500 LAz 1Nona Yoz rouvny, 2543)

O\ /ONa
/P\
T OH
CH, CH,OH
——O ——O
| /oH o—( OH |
OH OH

Ui 2.7 udwleanlaTu Twemaes

9 o { o { 1 4 Y I [ @
TapiuiimsiwdaidaudsmaniiTasnmsununnyeaa e lHiluidagadu
] 9o’ [ ] [ 9 a o 1
Tanzminlwinde avsulumsdninisgady zadn Meutinseddeaoama wu uile
a . o A~
Tuavheatianwawnsnlun1sgadu Zadr 2.00 mmol/g NTIOY 4 (Guo et al., 2009) wazns 14
J Y 1 o o 1w
uffaoala mivuwe Tumsgasn Pon wu anwawzn lunisgadu Targwiin miny
A @ o g a2 2 oA
2.01 mmol/g Nite% 5 TagleTmmosumsgaduiilunnunauiios (Guo et al., 2006) BNNIGI
= a J FY o o a [ A
msanudTuavhesunldlumsgaduTanzminvaleytia awaasluniiied 2.14 miga
o o a J a a A o
FuTanzninidszyaosuan aeutlsTuavheasiinlszyay azlidszansamlumsgadyla
1 U ] ] 1 2 "o a 1 s A a J
g9 Tasmfitesanulnaoglusie 6-7 yusgnusiavesnyleansunldluns Tuaveanda
U v W { ] ] @ a = o <
AIszezMTURA NNz aNegTUYI9 1-2 $I 119 N 20-30 BIAUTAITE TA8DN315?
' Y v l
lumsgaduazmuruaumsiiuyegargl uavannuasolumsgaduIzanasnIui
a Z a0 A 2 A Ao y 2 a a d Aaaa
QUMYN IV ULz ITLAUNNIUNg UMY TF1a3 NIws1zMIgaaarudulgnisuuuniy

& A % 4 @ a o, I . {
Anwdou (Iudu Ammanai, 2550) msgaguTaslduilsTuanesnoidludnmadenniieh

' A =) Pl T Y a = a2 9
mau% HBIINNIIANIPN ‘Vi”lllﬂﬁ”lﬂ Llazllllﬂ’f)clmﬂﬂﬁll’mlﬁfl%1ﬂi$‘]J‘]J’f)ﬂﬂ’JEl



13199 2.14 mamsa laredoutl s Tudvheoa

- ﬂ')ﬁJﬁ"liﬂiﬂGluﬂ'lﬁ
A o o 4 32821301 UNHY . -
wiiauila agnaady | Wey | 5 ToTanow AV GRNGR
quNe (hr) ()
MIgATU | 1Y
Crosslink Phosphate Zn (I1) 4 0.67 20 Langmuir 2.00 mmol/g Guo et al., 2009
Phosphate
Pb (II) 5 0.4 20 Langmuir 2.01 mmol/g Guo et al., 2006
carbamate
Amphoteric Cr (VD 2.5 1 15 Langmuir 30.68 mg/g Xu et al., 2002
Amphoteric Cu (IT) 6 1 20 Freundlich 84.4 mg/g Feng et al., 2003
Amphoteric Zn (II) 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 (I1) 9.88 mg/g
Ni (1) 22.63 mg/g
Oxidized 3.2 24 20 1 Soto et al., 2014
Pb (II) 16.7 mg/g
Zn (1) 10.25 mg/g
Oxidized Ca (1D 8 0.4 30 Langmuir 1.561 mmol/g Chen and Wang., 2006




1 o w a 4 1
A1319% 2.14 uaaamsmoa lavzalreutlaTuavhed (a9)

- mmmmm“luma
A o o - I2821901 UNHY o -
wiiauila AINNAAYL WY V. o loTanow ATl RRNGN
quwe (hr) ()]
MIgATU | 1Y
Mn (II) 24 %
Carboxymethyl Zn (IT) 7 8 25 Freundlich 62 % El-Hamshary et al., 2014
Cd (1) 68 %
Cu (1) 29.4 mg/g
Amino 7 2 30 Langmuir Dong et al., 2010
Cr (VD) 12.5 mg/g




40

v
9 o
2.8 wnuulumsuenuilsesnainii
2.8.1 NM19n384 (Filtration)
1o & 9 o w 1 1 [ @
ﬂ'lﬁﬂﬁ@\iiﬂEJVIJJ%TLﬂuﬂﬂQﬂW%ﬂﬂQWNﬂu@@ﬂﬂ@u ﬂ')flﬂﬁ%‘ll']uﬂ'lﬁiﬂll,@ﬂf‘]mslfullaﬁ
g A A 19 ¥ ~ A a
ﬁﬂﬁgﬂﬂuﬁ'lll'ﬁﬂuﬂﬂlﬂu 2 1y ﬂ@ﬂ?iﬂi@\i@i\‘]‘ﬂ]lllblﬂfa'ﬁmll LAZNIINIDIATIINUNITLIAY
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2.8.2 MIAI19TINALNOU (Coagulation-flocculation)

9 a3 Aq ¥ < % ]

M3smaznoualsaIsnliunszuiumsnlsuenuinaoynIA@anoon 1N 15U
3 Aa 3

uils msuviuaes Hudu ashfienldiuasaliadanzneu (Coagulant) A® Polyaluminium
chloride (PACI) &y (Aluminium Sulfate; Alum) uazﬁjumn (Calcium oxide) Tasd Tuia fna

=\ I 3 Y a 1 o Y 19
ypoymMalivuiaan azateirlaa maiiaaznouvesoynInaz luausnila uadeq

[ Aa A I ] o 1 a

YFulyalszaninmvesmssvaznonldiiluledeauysel Tasldarssreldinanis

@ ' adg I
suAIveInznau 1wy InasianInslad (Polyelectrolyte) HudM (FUNOA NIHUNDY, 2551)
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A1319N 2.15 NTLUIUMITDAATINAATFU

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)
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Concentration polarization layer
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0 9, @ o0 0ge0 o/

=
2
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Permeate flux

3 19 2.8 Concentration polarization

Concentration polarization layer
Cake layer

Particle suspension ° .L ® ®

T 1 ] e

gﬂﬁ 2.9 Cake layer
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A1319N 2.16 NTLUIUMIDANT IV AATFULNILITY

- MWCO . Uszaniam Y -
BHUANNIUIY N1INI1DNA HURAND N
(Da) (%)
10,000 ANUYU 99 Glucina et al. (2000)
- ANVYY 89 Kim et al. (2002)
a15ou ‘I/l%g Korbutowicz et al.
3 30,000 - 80
DAMNTI TITUYIA (2006)
Nawmssu 50,000 DOC 25 Zularisam et al. (2007)
@ 73
5,000 IoUNTE Odra River (2008)
56
TITUBIR

2.8.3.3 matninszansmwlumsmdannunszaaligaunlunszuiums
DY

MSINUNITIANEITAALTIAIAIIUNTEUIUNITINULUTY (micellar enhanced

a = 4
ultrafiltration, MEUF) HAgMSIANITNANO5 IUNTZUIUNITINUIUT U (polymer enhanced
. A 2 a A o w Y Y .3

ultrafiltration, PEUF) tieiiiu)szansamlumsmanannunszaaligay

- Micellar enhanced ultrafiltration 1¥%ann15tNuyuIaldnylesouves

a a v v W a < 4 v W
Tave aremsanarsaausadand Wsudinuawnaduluaad (micelle) 1agsIuaaIny

Y
looouTlany vuialosoulanzdlnagyuaui v liawsadnnusueen 1118 a15aa
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. I 9

Sodium lauryl ether sulfate wWuau

- Polymer enhanced ultrafiltration Haduaivisalunisiivalangld

a = PPN ?,’ Y o @ [ I~
wannateyila lag Indweinauaslvzazareni udrwuarsiunylessuTanenindu
a 9 Aa = g v 1 501 v
d1sdszneurasound Tuanavuialvg Falimiinluanawinnanihvin luanaves
~ Y ] = 1 [~ a = oA

drsazarewinusueenln lvariu msane lagduIvapdlunsmivtiavesInamesh
minganlumsinaesyseneudatouny lossuvesTaneniin Tagansdulans (complexing
agents) 214 Taun Polyethyleneimine (PEI), Carboxy methylcellulose 4812 Poly ammonium

[
acrylate Fudu
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wiiauile o oy MWCO | anuau | wunry | ey Tumsia 91994
man [SUAY (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 (1) 60 50,000 = - 5 83 Wang et al., 2011
corn starch
Zn (1) 30 77
Ni (1D 30 52
Zn (ID) 90
Unmodified starch 53411 Pb (IT) 80 Nik-Sulaiman et al.,
10 10,000 1.5 \ 7
Polyethylene glycol Cr (111) 85 2012
Cr (VD) 90
Racho and Phalathip,
Cationic starch Cr (VD) 30 100,000 2 4.6 5 94
2014
Unmodified starch SI4A1 Zn (1) 96 Baharuddin et al.,
10 10,000 1.5 0.0026 7
Polyethyleneimine Pb(II) 87 2015
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A a o A & o o A &
AITIN 2.18 mimuﬁzuueaﬁﬂmmwiumﬁmﬂﬂmﬂmﬂeu

szanimw | vu1ag 4 PR o Back
. MWCO | jilunums YUALED | WUNHD | Flux 15uAY v -
Removal Feed Permeate lumsma N3U wash RENGN
(Da) Tvia N304 (m’) (L/m>.h)
(%) (um) (min)
ANVYY Fan et al.
14-80 0.7-4 95 0.05 - dead-end PAN 45 - -
(NTU) (2016)
ANVYY
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
ANUYY
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 (1)
10 34 66 Baharuddin and
(mg/L)
- 10,000 crossflow polysulfone | 0.0026 - - Sulaiman,
Pb(1I)
10 0.4 96 (2014)
(mg/L)




A a o A & o o A & !
AT NN 2.18 mimuﬁzuueaﬁﬂmmwiumﬁmﬂﬂmﬂmﬂeu (99)

Useansam | vuiag 4 PR 2
. Mwco | giuuy ¥ | WUNHI | Flux (34AY | Backwash v -
Removal Feed Permeate lumsma Nnju ) s RENGN
(Da) My lva N304 (m?) (L/m>.h) (min)
(%) (um)
ANUYU (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
polyethersul
TSS (mg/L) 68 13 90 - 100,000 crossflow 0.1 130 - Yap et al. (2013)
fone
ANYY (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




MINN 2.19 a1 IumMsaUsZUUoans am sy

4 jUnuums | MwCo | Wuiidy | TMP Flux Flow rate | 3%8200uAU | A13111ANY v -
NRIERN ) ) RENRN
Iva (kDa) (m’) (kPa) (L/m’.h) (L/h) 52UV (day) 2019
- 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,
NaCloO, Falsanisi et al.
Polysulfone Cross flow - 50 4 140 7000 1
NaOH and | (2009)
HCI
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A15ANEINIUNITANYIIVUITINAAD (Experimental Research) Tﬂﬂumﬂmu
) v A @ Y o = . . )
F)endansumsaaul 1L IUNIININUTLNIUAN (Chemical modified) 1Aun 11l

a v A aa a 4
TaiReon eomniladndiua (Sodium octenylsuccinate) uilvezdnianoond lad (Acetylate
4 4 o w

oxidize) uazudavloalaluTueaaas (Phosphate monoester) tWONA1IAAINATEA1TU
E4 ' o @ PN < = 1] = A P
Wilszahsawnuszuveansilamssu Taensany1lseneuale (1) MsANEINITINNDS AT

o 3 )

HANTZNUABNITAIIAUINTEANAIIYANAADIDUNE (Batch Experiments) tNONITN1IZ N
o v ¥ 9 o = ' 5 a A
mingaulumsmisaiinizas Taevhimsanywansznuvesryiansuveuds Tuavoani]
Uszaninmlumsmiiannunszdreldanga uazidonyiavewihnilsz@aninmanga
A 9 = [ = 1A [ 4
e ldlumsinuidali nsAnyInansznu VoAl HANTENUVOIT I I TURT
Yy 9 a g =< a o w 1 9 1 o
pansznuaANuTNTuvendsTuavhed (2) MIANBINTALTZDUMIAAIAINNTZAN NN
Y o o A = ) s ' a A a
szUUdanslams sy 1eAn YIS MBI NUNansznUAellszaNnTMWUeINsIAuszUY Tag
o = v 4 9 A = A ' a
MNIANYIANUAMUNMUIETUAUVBATDNTDAUNWIVITY MIANYIHavEINsusi)asununel
[ 4 = A o 1 a 1A = [ o
endns Msfnylsnldsudaaiumelenassmunn #HavedINIsHUNIUIT9ATY
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M9AINTZAI TIUIU 100 8A5 AN ANgurgies e ldlunmsAnyimsitimesidawa
v o @ Y Y a 4 a aan o
nsznuaemMImIannunszaalontaluavied vazna lnlunmsimalfiser uazviins
a d o ¥ 1 3’,
UATIZHANHAULNIINMENNLALNIUATITIAY 1A1A ANATEA1ININUA (Total Hardness)

¥ ) = = =S
YWY Iaza18n (TDS) ANNAYU (Turbidity) Wy (pH) agd lod (COD) tag (2) MIANHING
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o a J 4 < a v J o a
Taoase uaz‘mmﬁnﬂa@Qmuiz‘ummﬁ@wuﬂﬁzmtwamwwaﬂ%ﬂm 60% %Qﬂ?ﬂWﬁlﬂu

FLUVEANMTNARDI In

U/ U

32 Ja9eady
a a o 9 %‘ 9 a 4
msanulszansainnsnivaanunszaraluiinszi dreutfaTuavhedan
v = . . 9 = a v A .
ATLUIUMIAAULITNAUAT (chemical modified) TaelduilaTmAey oonmiiadagiug (Sodium
Aaa a 4 14
octenylsuccinate) 1111992 F5NaN00nT 1A (Acetylate oxidize) tazuilavoamaTuTuomaos
A o 4 o w [ o < I
(Phosphate monoester) 11AUTHN AIIUNHYATIMNTTY T10A V9 TaunsTwdu Fuiluuils
Y v
Uszgaunsmusila imiooazszaumIunui (degree of substitution, DS) 111U 0.02 0.05
18 0.08 MUEIAY A9T10azIBoAluA15199 3.1 Tasguantiavewirainsaaulsoziia
A A g [ @ ~ ~ da! 1 Y ~ ldy
ANuntauyy tagnuNaszaumsununventsngvu dewaliidandadivunalugyu
Y . 9 A 2 A
@19 (Sitohy and Ramadan, 2001) azaeaaaniiaventelszgay Teeusouanlaou
Y] ?:I 4 4 o @
lovounulanzilszyaosnanluinlaa (ndmsed disoa uaz inoga Yezaeuainy, 2543)
o g’/ awv dy 9 Aa 3 o ] ao' 4
agiu Tuamdvell Judenlduds Tuavheaiilusgaduanunszareluihilszih esend
1 = 9 (] 9 I a ~A J [}
mgn v ludlszme Ine Iinsldauedisndeeng wazidlumsdunidamnsodosdals

[

2 v
a3l ldlumszahtaluiundsnay uaesrelsiay mslFuilluavhemidluian

L)

A9 o o A = Ad oqy dyy ) v
AT YIUUDINNAND LLﬂQNﬂJHTﬂﬂHﬂTﬂV]Lﬁﬂ Vlﬂﬁllflﬂ@@ﬂiﬂﬂuflﬂﬂ”lﬂ ADNDIAYISUUNIT O
= a A @ gJ/ = gd £ A [ a\ o 9
Nﬂigﬁﬂ‘ﬁﬂTWgQ a9t TunsAnpIie 1952 0 Ve INT D UNUTHOANT 1N AIATTUTINAIY
4 A Aa a a o g
Lﬁ@LWMﬂigﬁ‘Vl‘ﬁﬂTWSluﬂﬁLLEJﬂLLﬂQIJJﬂV‘thﬂ@@ﬂﬁnﬂlﬂ

d‘ L7 a J
3197 3.1 puaniavesdaTuavhea

yiiauilq wylandu DS (%) VU (um)
il TRon oonmiladndiug R-C,,H,;O,Na 0.02 15
uflvozFnaneend lad R-COCH, 0.05 50-500
uflevloanvlaTuTwomned P=0(OH), 0.08 3-50
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3.3 ¥ANAaLIMUUNE
2 Y o_ v Y 3 A a
nmainaaosvudulunsidaniunszdrelmirdszil Taadenyiinvouidenn
M3AnEIN 3.3 Ndszaninmmsmidannunszareluidssi @z aniga Tae
a P 9 a 4 9 = 9 g’z <3 ’.f ]
windmesnlFlumsinsizd laun ey ANunTzA19nIMua YoIuitaza1elil AU
= S 9 < o 1 %’ A A a [ = =)
wazdloa udu Taanudied1aiinlszl o 01a15nTe9ue 5 urIIngIaema lulaggsuis

molaan1zguuginies 25.0 +2.0°C A9317 3.3

QU

= a A o LY v a 4
34 fn‘iﬁﬂ‘lsl1’i.]'igﬁTIﬁfﬂwfniﬂ]ﬂﬂﬂ')nlﬂ§$ﬂ1ﬂﬂﬂﬂllﬂﬂiuﬂ7\l1ﬂﬂ
a a o w a 4 g
Msane1dszansninnianivanaunszaraaleutdaTuanedlurindszi
H 1 o % 901
WIMsANEIMIS I ne NNANTZNUABNITAITANINTZA19A0¥ANARDILUDNE (Batch
' 1 Y 1
Reactors) tov1an 1z inzaylumsisaiingzan Tagiimsfny (1) Hansznuveny
d v 1 [ o
WINFU (2) HANTZNUVDIANLDY (3) HANTENUVDITLHLIANTUNE (4) HANTZNUANUAUTU
a 4 o 4 Y o [ =
youtlsTudahes (5) LuuiiaesraunasmansnIsaAsy (6) LUUTIAIAUgaNIRATY Taod
= = v 1 dy
J1882PeANMIANEIAIAD 11l
d a d
3.4.1 msfnywansznuniansuve udala@vheg
] d U a 4 a 1
TunmsAnymansznuvesnylansu UsznonTiarentdsTuavhed 3 atia Taun uila
= a v A Aaa a 4
To1Aey opANHATAFIUA (Sodium octenylsuccinate) uilaezdntanaond lad (Acetylate
J [ v o [
oxidize) taznilaoala Ty Tueano3 (Phosphate monoester) (Fsueununtlaiudlevad
{ (BN} o =Y o [ Eol o [l A aa {
 laisumsaauals (non-modified) Tasld/suanils 1.0 n5u Av1i1d9819 200 Hadans N

v W & Ay 9 A VoA <
TLYTINTTUNT 24 615’3111\1 1“ﬁﬂ13$ﬂ3ﬂﬂﬂ@ﬂ!ﬁﬂﬂﬁﬂq Iﬂﬂiﬂﬂﬂﬁﬂ\jlﬂlﬂ’] NAITULIIITIOU 150

Q

.

rpm (Chen and Wang, 2006) AI51082108AA15197 3.2
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Y
- Vsl srezATUNe Ysuani
wiinvoanila y . o
(N5Y) @2 139) #20814 (ml)
uitla Tm@en epamilasasiua 1.0 24 200
Aaa a 4
uilezdnanosnd lad 1.0 24 200
utlaloaa TuTuemnos 1.0 24 200
uilaiudlzvaan ludumsdaa
1.0 24 200
1as

N1INA[BNLIVUNG

' 7o
waﬂimmawyﬂa NYU

msuilslasuszezinm

aune

msuilsilasuiiior

¢ v
IUNIMAAINIRATY

mausilasulinand

Tudavhea

AUYIMIAATY

q’ = a a o w %} kY
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31N 3.3 gamsnaaeuuny

3.4.2  msulsuldeudiey
Y 1] H 1 1 =\ =) o Q
MINMTANYINANTZ NN FUD IR 108 19N dINaalszanTninlunsfidanu
9 o = d‘d =\ ?,' a Y A a J I [
A5zA19 TagriimsAnEINNLY 5.5 HaziewL1555N¥1e 1515w Tuarea 1.0 Sy ¢e
=) ?,’ (% 1 a A d' % % 1 =S
15u1aiaa0819 200 Naaaas uazuilslasuszeznandudaluyig 5-300 N luaniig
a 4 1 ~ < [
AUANgUHIes TaeldinTeuudr NA21W15259 150 rpm (Chen and Wang, 2006) 14
~ ~
F198L1989M15197 3.3

Mms19hl 3.3 MsAnyIwansznUvesiilIRelszANTMMMIgaTUANUNTZA1

. utaTudvhed FLHZIATNEHD v . .
oy ! 2 31190118798619 (ml)
(NFW) (119)
5.5 1.0 5-300 200
WeWFIINIA 1.0 5-300 200

343  msulsAuszaznaduia
MMIANEINANIENVVeITz ez A duiaaslszaniamlumsfidaniunszdia
2 a 4 [ J =) %I (% 1 Aa aa {
TagldsuautdaTudvhed 1.0 sy ded3uiaindaed1 200 aaansuazuilslasy
v @ ] =1 a9y ¥y A oA <3
srozIaduNe 19 3-720 W1N Tuaaizaluguaungived laglmaseauvel 152

501 150 rpm (Chen and Wang, 2006) #431882108AA13197 3.4
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M5190 3.4 MFANHINANTZNUVDITZIZNMTUATADUTZANTNIMMIATUAIINNTZAS

y 1
Sua1a19e19 (ml)

240, 300, 360, 420, 480, 540, 600,

660, 720

YANIINADDI JTOTIATUNT (U1)
3,5,6,9,10,12, 15, 18, 20, 21, 24,
25,217, 30, 33, 36, 39, 60, 120, 180,
1-29 200

3.4.4  mamlsdufSunameantls

= v Y o Y = [ v A 3’;
11MsANEI U U0 3.4.3 M l¥nsvdeszesnaduAgNMuIZay 91N 1Y

[ a A o w goJ {
mmsanufSunavesialuavheaaedszansoinlumsmiatiinszas Tasulsasu

1 [ [ = %’ @ ] Aa aa
WSuavesutdaTuavhealusae 1.0-5.0 05U a3 110311620819 200 Taaaas luanine

a gy Y A oA < o
ATUANRUNHUYI DI Iﬂﬂﬁlﬂﬂﬂi@ﬁl‘ufﬂ NAIULIITOU 150 rpm (Rolence et al., 2014) @4

= <
TNYASLBYANTIT NN 3.5

4' =* a a S A 1 a A o w
13130 3.5 ﬂTiﬁﬂ‘H1ﬂ§ﬂ1mﬂlaﬁllﬂﬁihﬂw18@ﬂi\lWﬁﬂ‘i$ﬂﬂ@]@ﬂizﬁﬂ‘ﬁﬂﬂ/\lﬂ1iﬂ1%ﬂﬂ’nn

ATTAN
PANITNAQD USuaeanil (2) ﬂ?mmﬁﬁm&hq (ml)
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 4.5 200
9 5.0 200
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3.4.5 !!Uﬂ‘i‘i1ﬁ®ﬁ%ﬁu7‘lﬂﬁ1ﬁﬂ%
o 4 o a <
MsAnBWUUTIaeIaUNamaA3 (Kinetic modeling) voamsgadguvo il Tuavod

A 9y 9 = o 2 g 1 J A o o o
o lidrladenalnlumsgadu suilunmsaeTouuiaszninmsignagasuuaz Yaagady

=

o o o 4 aaa g‘./
Iﬂﬂ%1ﬂ1ﬁﬁﬂﬂ11ullﬂﬂﬂ1ﬂ@\1 2 Uy ﬁ@ LLUU%Wa@ﬂ%auWﬁﬁWﬁﬁiﬂlﬁNﬂ&]ﬂifﬂﬂlu‘lﬂ U

R

@ ° 14 aan g {
(Pseudo first order) A9ANNIT (3.1) LL@SL!.‘]J‘1JmafN%auwaﬁWﬁﬂiﬂlﬂﬂﬂgﬂiﬂﬁluﬁﬁﬂﬂ (Pseudo

v
S 1

9 9
second order) ANTUNIT (3.2) IﬂﬂLL‘U‘U%']ﬁﬂﬁﬂﬂﬁﬂﬂllﬂﬂﬂﬁﬂg‘ﬂut’m@ﬂWﬂ NMNITUIUNTTAN
v aan = . . 2 o A = o 4
Glf‘]JL‘]JuﬂgﬂiEﬂWlEJll (Pseudo chemical reaction) SIAUUUNITANHILUUIIADIAUNAAIANT

Y H v Y H
ﬂl@ﬂﬂaﬂiﬂ'ﬁ]uﬂ‘ﬂﬁflm&h wazvuNaouny Gl'l?Jﬂ'lﬁﬁﬂH'l"Uﬂ\? Dong et al. (2010) tta2 Cheng

[

Y
et al. (2009) MUMIAY laslsigazidoandll

' P '
LL‘]J‘]J‘iﬁa’f)\‘iﬁllﬂ"li’f)uﬂ‘ﬂﬁﬁﬂlﬁﬂu GIQ’BJQ‘UL!ﬁiJiJﬂﬂ?Mﬁ’ﬂﬂﬁﬂﬂ“]fUﬂl@\iﬁﬁQﬂf:]ﬂ“]ﬁJ

Y
A A [ % 3

3 1 a
vuiuArTaagaduilunaninnussaagama i (electrostatic interaction) 321313/ Targ

q
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Y
gadunuTuanavedsgnaasy Iaednsinisgatuay
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e lumsinalnseves
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U v A o

Y
agaauNnge lignaseunses AU laaall

K
log (qe —q0) = logge — ot G.1)

o q nete Anamnsn lumsgasuANNIZAIN B 1A1A19Y (MaanTu/nsu)
q. MUEe ANNENTa TuMIaaFuANUNIEAN o Yaauga (Hadnsu/niy)
=2 A o < aca o o oA g
k, #1803 AIAINIAI 1 IeRATBUAIN 1 (11N)) tag
= d' EY @ =1
tvngdanarlas nlylumsgady (uin)
d' u
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(active site) ’ﬂmniﬂumigﬂmuﬁuaﬂﬂuamimﬁm ﬂaﬂﬁfJ']‘Vl'l\uﬂﬁle'l’)\‘]ﬂﬁ"lﬂﬂ'lﬁﬂﬂ“ﬁU

U

9
[ [

A a dy = Y dy
nmuannayuluszuy ﬁ”lﬂJ”ISﬂL“]JEJ‘L!ﬁ%Jﬂ"ISnlﬂ JU

t 1

t
— + — 3.2
ac  Kaq2 ' qe (32)
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3.4.6  UUUIIRRIENAANIANY
o 4 o o Y
msfnyIaugamsgadunie “loTmmeiumagadu” Tasunudiaosauganisgady
AWNT00TUIeINgANTTUMsgATUIEzMUINLTEANEAMMIgATUANUNTEA vl
a 4 1 o U ¥ a s
Tuavhea TumsinpilhmsnaaeuauganisgasuanunszatnveillagldutaTuavhes
Y o o Y 1 o A Jd . =
AMeuUTIaed 3 uuuTaed laun 1uUsIaeIvenauiies (Langmuir Model) Tagi@gunsivl
3$1INAN 1/, DU 1/C, A9aUNI5 (3.3) HDUT1003v09W§UAAY (Freundlich Model) 11N 319
FENIN log q, N log C, AIAUNT (3.4) uazu‘uuﬁmmmigﬂcﬁmmmuﬁu (Temkin Isotherm)
= 1 % ol d' = = o dal
TageunsmMsening g, M In C, A3aumsi 3.5) laglistgazioenail

o ) ll a o a
UUVINADIVDIULANNYT mﬂguuﬁumgm f‘d]ﬂ Tmaqaﬂlmﬁﬁgﬂgﬂmu WINANIIAA

@

FUUUA IU IR U UY0ITTRAATY Tasna1a1ulun19aFuILININUNNIAVD

a A a @ < Y & = a o A d
UIIUNINANITAAY LﬂuﬂWﬁﬂﬂ%ULlUU‘b’ulﬂﬂﬂ (monolayer) “])’Q%ZLﬂﬂﬂWiﬂﬂ“]ﬂﬂ“VlNlﬂiJLﬂu

[
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dmlug) (Evanglou, 1998) asameulugilaumsiduaseldaail
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Recovery 100% (Dead End Filtration)
YUIRUNNLYTU 4" diameter x 20" length
YU Housing 6" diameter x 24" length
Auffveanmm sy 4.6 m’
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3.6.4 NAYDIE1INONZNOUADNITOAAHUDUNNIUTH
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[ Y . 1 ] 4 a g a a 19
1% 19117 7.50 FD 010 lunuRUnAvefiteIADIINTITUIIA AIAIIUNTZANNIHNA
WA 103.89 mg/L as CaCO, AATNAN 1NN 77.87 mg/L as CaCO, ANUINTUYDILAAIFo
nazuuniiFeou looou 111U 74.67 mg/L as CaCO, 11aZ 30.67 mg/L as CaCO, AMNEIA 1Az
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1 a a o 1
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UARIFEY (mg/L as CaCO,) 74.67 4.62
LUNITN (mg/L as CaCO,) 30.67 231
ANV (NTU) 0.36 0.15
maméﬁmzmmﬁ (mg/L) 219.47 52.96
¥Tof (mg/L) 22.78 17.71
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A = 9 o w Y Y a PR a a
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a g 7 = < {
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a a aan v [ ! ! dy a
wn Tasmainalfnsennuleosuves Tang ludumiisaieg vunuivesTuanautls (Eilers,
1936; Chabot and Hood, 1976)
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(mg/L as CaCO,) Efficiency (%) | capacity (eq/g)
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utlaloaa T luemaod 61.67+7.64 40.38 423




50 >
=z Adsorption capacity (eq/g)

40 Removal Efficiency (%)

SR
5

AN

F 4.0

{~l

¥

30 1 F 3.0

20 F 20

Hardness Removal (%)

10 A F 1.0

(6/ba) An1oedes eo uondiospy

A\

0.0
Sodium octenylsuccinate Acetylaed oxidize Phosphate monoester

Modified starch

H a A o 9 g’/ a 4
E‘]Jﬁ 4.1 ‘]Jizﬁ"]/]‘ﬁﬂTWl,l,aZﬂ'JHJﬁ'Hﬂii‘IGlHﬂﬁ@ﬂ%"ﬂﬂ'ﬂllﬂ§$ﬂ1\°|‘1/1\‘IWJJWU@\HL“E[\?I?J@V\IRJ@

Jd I o
uflaodla TuTuwemansiJunudalizgan daulsdrenszurumamanil Tagns
{ ] o o @ o [ x [
unuhngilenduneamai 1) luTassaswewdaiudilzvas Faualinlumssuleoou
= a A 14 gja A [ % [ %’ 9
upasdeuuazuynideuveudanamla TuTweames iy loutladudaduiiinsedie
o ] (] < o 14
Tydeuludwmisuesngilenduremalu TnssaiudaloanlaTuTwodaos 1z ngaoen
Y = a A ?p’ FY A1 ad aad [
1ade uaameunazuuntimen looau luiiinszaaninio@n Insiumala (EN) 19100 1.0
owédl 1 = AN Aad Aaad 1w
uag 1.2 muday Felagana lyden looou Nlav@n InsunIAA 19100 0.9 (Allen and
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51 4.3 nalnm3sdulessuTanzilszaaeavinveanilimsvendiuniia (Wang et al., 2011)
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ANUYU (NTU) COD (mg/L) TDS (mg/L)

5.5 0.28 £0.18 28.55115.13 824.45 £ 56.11

MBITUTIA (7.5) 0.41£0.20 37.8215.17 678.06 = 80.36
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(Rolence et al., 2016; Dogan et al., 2009)
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Crosslink Chen and Wang.,
Ca (1D 8 18 2 eq/g
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supply company
Dowex IR100 Dow Chemical
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resin company
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Permeate pH TDS (mg/L) COD (mg/L) Turbidity (NTU)

¥ AN %29 AN 329 ANNAY ¥4 ANNDY
Retentage

25:75 7.00-7.23 7.14+0.07 322-686 561.86+76.18 66.61-95.16 82.04+9.85 0.32-0.72 0.51+0.11

50:50 6.78-6.96 6.84+0.05 657-943 785.43+77.36 48.00-96.00 70.12+11.78 0.37-0.97 0.64+0.17

75:25 6.65-6.92 6.79+0.09 761-1,067 882.74+100.50 57.60-115.20 95.49+18.55 0.34-1.30 0.82+0.35
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Hamsd
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
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Recycle pH TDS (mg/L) COD (mg/L) Turbidity (NTU)
(%) SN Aunde 329 Aunde 3729 Aunde ¥4 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 83.1141640 | 0.19-1.27 | 0.7340.35
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GluﬂWiﬁﬂ‘H'l"’UEN Xia et al. (2007) WU mwaﬂwmmmmuﬂaﬂqaﬂm Lﬁf’)ﬁﬂWﬁLﬁNﬁWﬁ

' ] %‘ ' [ ) o %
Coagulant asluszuy ﬂeummmu“lmsﬁ’mizumamwhmwu %Qﬂﬁxﬂﬁuﬂﬁiﬂu@ﬂf‘]m

Y

FuIzFOMIAFIToOUNNALAZTIDAANTYAR UYL TU IADNA18 (Bouchard et al., 2001;
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sy
Hardness (meq/L) Adsorption
Conditions ; — Efficiency (%)
P AURQY capacity (eq/g)
PACI 20 ppm 1.70-2.20 1.92+0.13 43.53 1.23
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pH TDS (mg/L) COD (mg/L) Turbidity (NTU)
Condition . 3 . X . 3 ; 3
YN ARQY YN AUNAY YN ARQY BN RNQY
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
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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,) CaCo0,)
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
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contact ,
) ) Hardness (mg/L ANUYU 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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) 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
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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
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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 +0.00 555.33 +£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
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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 1.21 £0.01 16.00 = 2.00 583.00 + 1.00 2.80 26.92
120 75.33 £1.15 2.34+£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
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v o “ Hardness (mg/L ANNYY Adsorption % Removal
dude (i) COD (mg/L) TDS (mg/L)
as CaCO,) (NTU) capacity (eq/g) Efficiency
3 104.00 + 0.00 438 +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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v 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+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 4.21 £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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Usnane Hardness , Absorption | Removal
v ANVYU
(n3w) pH (mg/L as COD (mg/L) TDS (mg/L) capacity efficient
(NTU)
CaCO,) (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
L5 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 7733+ 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
3.5 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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a3y
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)
CaCo,) (%) 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
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fAI1Y Total Total
- v 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
uila (g/L) | (mg/Las | (mg/L as (NTU) (mg/L)
CaCo0,) CaCo,) CaCo,) CaCo,) (eq/g)
CaCO03) CaCoO,)
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
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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 CaCOj 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 inereased 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

Calcium 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 sealing such as piping, valves
and pump. Also, the problem that can oceur 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 m various fields of Thailand’s industry. Due to the complex structure of native starch it 1s
insoluble in most organic solvents and needs modification prior utilization. Ionie liquids, modern
green chemistry alternatives for common solvents were used as reaction media in starch
modification. Several researches shown chemisorption processes are effectives for cationic removal
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 tapioea starch was evaluated. too.

Groundhvater 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 [ 1] . DS coD
Sample water (mg/L 25 CaCOs) Turbidaty (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

Jar 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 flocculants 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 stavch 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;™ Morcover. 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 (%) 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 3.20 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 inereases. 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 increased. These may be
cause by some starch can be solute in water.

Table 3 Influencing of sorbent mass

Phosphate monoester Total Hardness Turbidity DS COD
(@ Hardness (mg/L as CaCOs) Efficient (%) (NTU) (mg/L) (mg/L)
15 1824 47.96 0.643 1.158 1227
3.0 1072 6941 1.447 160.0
4.5 65.6 81.28 1.805 1333
6.0 36.8 89.50 2,223 176.0
7.0 174 11,403 853
8.0 95 12,053 112.0
9.0 79 13,420 1173
10.0 6.3 14,530 138.7

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 floeculant. Overall results shown these were too effectives
for turbidity removal that lower than 1 NTU as details in Table 3. Total hardness removal was
increased 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 concentration 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 removal 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

C?Ef;‘j‘jl T }mgg‘ga{'mg Las |\ Turbidity (vTU) COD (mg/L) DS (me/L)
PAC CP Average S.D. Average S.D. Average S.D. Average S.D.
0 0.5 177 2.36 0.567 0.02 146 0 2.618 28.96
10 0.5 112 236 0.097 0 122 8.96 2.468 6.24
20 05 65 4.08 0.087 0 119 7.76 2510 10.80
30 0.5 62 2.36 0.270 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
30 0.3 40 4.08 0.060 0.01 73 14.70 2437 2248
0 0.1 222 2.36 0.077 0.01 91 0 2.670 32.66
0 0.2 208 236 0.227 0.02 97 3.49 2.572 22.48
0 03 83 312 0.213 0.02 97 8.49 2573 15.46
0 0.4 50 8.16 0.167 0.01 97 8.49 2.573 12.47
0 0.5 63 312 0.353 0.01 103 8.49 2.627 20.55
0 1.0 75 4.08 0417 0.01 97 8.49 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 is 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 1ons
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 1ons from the water phase. The molecular weight of the formed complex is 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 CaCO; in the effluents. Coagulation-flocculation processes were effective for starch
colloidal destabilization and floes 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 increased in the effluents that should be having a future treatment for
particulate removal and cutoff the soluble starch in water likes an ultrafiltration process.
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