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Abstract

Chlorination is commonly used for disinfection in swimming pools. However, residues of
haloacetic acid (HAAs), classified as carcinogenic, are formed. Therefore, the aim of this research is
the removal of HAAs by adsorption on activated carbon from Dialium cochinchinensis shell (DSAC)
which were carbonized and activated with ZnCl at 450 °C. The DSAC was characterized in terms of
morphology (SEM), specific surface area, elemental composition and point of zero charge (pszc)'
Additionally, the initial concentration of synthetic HAAs (25 - 300 Cambria ¢ L) and the amount
of DSAC (0.1 - 0.6 g) and contact time were investigated. The results indicate that the kinetic of
adsorption is best fit by pseudo-second-order model. The Langmuir adsorption isotherm fits well,
with a maximum monolayer adsorption value of 312.50 pg g". Furthermore, DSAC could remove up

to 95.45% of HAAs from swimming pool water, making it an effective alternative adsorbent.

Keywords: Haloacetic acid; Adsorption; Activated carbon; Dialium cochinchinensis shell

1. unu Tms‘fuagjﬁu ansduvdsssumdluth (NOMs) aanw
miﬂmﬂfwL‘fJuMiaaﬂﬁwé’amaﬁ;:Jﬂuﬁﬂﬂ Junsewua (pH) Qquﬁ%aﬂﬁuﬂ wazUSunuAaeTY
Surey winsinsheiiAeradeliiAslsaauunld TN uaza1nn1sfinwves Lu et al. (4] wuiily
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suduegedeaiidesinsyuiunmsaidelseluasyine Nsswelsndwariliiin HAAS Wuwnnty
1 Tnenszurunsand@elsalutiinansds wu nns HAAs Usgnausie 5 wia laun nsatuly
Tanudou mslilelou nsaneznew wazmsidy  AaslskedfAn (MCAA) ninlanaslsuadfn (DCAA)
a1swdl [1] Sahnsruiunisendelseluaseineindi nanlnseaelsueTfn (TCAA) nsmlululusluuedin
fealdfe nsiiuraeTuteansUsznounasTudedn  (MBAA) waznsalalusluuedfn (DBAA) 1Ju
Fuasshidelsafiiussavanmlumssnidelsalas  asUszneviilifiduaznanaduleldten anunsn
azansenisly miolding wazlsnAngn usdeeals azaelnhléd wezAoudraaios uinudufiv
&onu nsaaelsasnenassuty Heatssunsy  ¥89 HAAs dwaliifnuziSenszimnetaane vie
avanetvhUfiSeiuasnaueasiuasliAsans  Neiedld wesdidwasieszuuduiug szuulva

AnAnsIInMsedelsa (disinfection by-products,  Vieulaiin uazszuuUsam [5-6] I@Sﬂizmumiﬁ'
DBPs) Feansiafinndnafiislunssuiumsanielse  feuldlunisfida HAAs Tuaszineth wu msats
naulueg) fe arsngulaseladinu (Trihalometh-  AgnBU-TIMAZNDU (Coagulation-flocculation) N3
anes, THMs) LLagajﬁﬂduﬂﬁﬂngaag%aﬂ (Halo- manmelelau (Ozonation) LLagﬂ']i@ﬂ%JUéj'lEJﬁhu

acetic acids, HAAs) Ingansnauildmduansionzids  Nuifus (Activated carbon) [7-8] 91n910348 7N
[2 - 3] 39 HAAs AR uasiUSnaunteeios  NIWUI1 ABN1saemzneu-sIunznauLasn3lY
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2.2.1 AnwIN1siATesAIgAtyU DSAC

ﬁwLﬂﬁaﬂgﬂwﬁﬁa”mazaml,azLLﬁaaﬁw%ﬁq
mumsauﬁgmmﬁ 120 °C (Junan 3 wy. wun
Tifawadnasuazdrgdunounsimlngasini
gl 450, 500 uaz 600 °C 1Junan 3 lus Tng
e Ju Muffle Furnace Ju XKL15 aglaaus
(Char) Tnganansatthutinanuun$adsldlusuan
Sorasnanandile (% Yield) Tneldaunisi (1)

%Yield = x100 (1)

2
M]
log M, uay M, A thwiindengnviiiou
NSLHT UAEVAINN
thenuwsiilsisevasnandnunniigeanunly
aziBuauaztilusousinupzunsailevuin 140-170
mesh size kagiddnsrUIUNIINTEAUMLAL LHBN
14 zncl ussiaiflunisnagdu Tnelddnandon

ARICRE ) ZnCl, W 10 1.5 Wwian 30 wdl wae
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wniigaumgdl 450 °C Wunan 30, 60, 90 uag 120
Wi Ingldianisn Su Muffle Furnace Ju XKL15 819
Frethndunaneasau pH Wiy 7 iy
ouflgamgdl 120 °C 1Junan 3 Hilus axldl dy

(YRS

Auiug DSAC thluAnwiAmdnvauENIINIBA WAL
AnwIN1sgadu HAAS

2.2.2 Anvinaianyalzvasiagady DSAC

dugninenvesgaduliasigieig Scan-
ning electron microscope (SEM) §1 Quanta 400,
FEI Bn51evi09AUsenauvesst C H N O wagiinee
Elemental Analyzer Ju FLASH EA 112 uagvitu
AId N RAENINITEANERIVBITNTY M8 Surface
Area and Porosity Analyzer iq"u ASAP2460, Mi-
cromeritics a AugiaTesiionenmans umiivede
devauesung Imewnmelng tneuiinasinne
ansadalagldsuuuvaunisves Branauer,
Emmett, and Teller (BET) [20] uonand sl
yn1smaUsziuiafiduaud (pH_) 75
N3 pH drift [21] Tae38nadta Wnsgedu DSAC
0.10 ¢ asluansazate NaCl Wudu 0.1 Tuand ¥
pH 19 9 (2 - 12) 50 mL thlUwehiloamaiives
Juran 24 $lus nses DSAC oan adn pH e
nFsannsagn nduiluBsunsmuansaa
dusifussewing pH (udu(pH) wag pH gavine (pH)
Taguszaiiudugudvosingedu DSAC anansam

@

lnangadnvensldunssisnaafunsvdunse
pH. = pH (1unse 45 Been)

2.2.3 AnwIN159ATY HAAs SuATIZHULA2
gAYU DSAC

W3pnansazatduaszet HAAs Tngldih
ndudiflansazarenauvesnsalulunaslsosdin
(MCAA) nInlamaslsez@fn (DCAA) nsnlaspasls
23RN (TCAA) AUINTU 25 - 300 pg L-1 lag
T8 US.EPA, 552.2 [22] sl H SO, Na SO, uaz

surrogate standard (2,3-dibromopropionic acid)
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(GC/MS analysis) [23] Wnldasnansivunnsgiu
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wuung (batch) lngmsiisdngadu DSAC 0.1 g a9
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fouuagndsnsgeduluauTna HAAs ivde Tng
ﬁy’qﬁmmLﬁﬁwﬁuﬁauLLawé’qmiﬂm%’ummmﬁﬂmm
19NN IMUIAIFIUKETIINAIANNTLTUNDULAE
naan1sgaguainsainluAIamIUTINUNITeR
Hu () wavesiuinisgaduvassgadu DSAC
Feaumsil (2) wag (3) muddtu [24] 2niiu viins
ARt 3 AS1 LitoBusukANYIARBIAIFLEY

Vc-C)
9= (2)
€, C)
%adsorbed = C (3)
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dle €, uaz C, Ao Pududues HAAs
(ug L) o 9nEudu uazqnauna muadu ¥ feo
Usinmsesansazans (L) uay w Aetutinuesd
AngU DSAC (g)

fiail IxAnundadeiidmanoniagndy HAAs
UUFIRAdy DSAC Usenaudie BvEnavednan
(0- 12 hr) eraduduBusiues HAAS (25 - 300 pg L)
uazUSIusIgadu (0.1 - 0.6 o fillunszuaunis
ARy

NndvEnavesmlilunsgaduiiluaiig
FULUUIAUAMENTN1IYATUIHDAARDININFULUY
Talngfuammsudiunsfinufiser fadsuuuy
saumansinfvesnsgaduiidenldde UfATen
Susunilaiien [25) uay UiiSendusuasaiion [26]
ASANNTS (4) Uag (5) MuaRy
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Aaust 7= 0 9udia 7 = £ wazdaust g = 0 uflag, = g,
lPAUNSEUATIAIANNIST (6) wag (7) AuaRU

In(q,-q,)=1Inq,-kt (6)
t 1

—_— +
4 kg 4

t (7)

e g, 48z g, Ao Usinmumsgaduvesih
Andu  Lanla 9 way o auna (ug g7) muddu
k, uay k2ﬁaﬂ'wmﬁé’mwaﬂﬂﬁﬁ%mﬁuﬁwﬁﬂLﬁsm
(min-1) wagUfisendudvasiiey (ug" min™)
AUAIAY

wenaInil ndviswavesruuduSudy
Wideyaluasaguuuuinesmnspadunueainisves
waadles [27] waraun15venludy [28] Asauns
(8) waz (9) muasu

qu'lbce
EENTYe) ®
q.= KF Ce 1/n (9)

IagUaunis (8) uag (9) iluaunisidunss
I¢iwsamnnsil (10) uae (11)

c 1

C
= 4+ —= (10)
g,

b 4,

log g,=log K.+ % logC,  (11)

We ¢ Ao YSUIanIInduaeaanuuty
m U LV |
Wl (pg ¢) b AD AAIIMINENUYBINTAAYY
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2.24 Frenmsien HAAs veshlugszesh

Fnsneasatuieaute 2.2.3 lnowdsu
9nansazans HAAs dauasedt Wuthannassineth
YBIUMINYIRYNISARIMAITIF I ALLAT Lay
i lUmAUTI HAAs feuwagnaansgaduuu
Aty DSAC wavAwinilesiiuinisnndugadn
el Usunas DSAC fiwmnsaiiu 0.1 - 0.6 ¢

3. Wan133BUaIIAl
3.1 NAYDINITLATIULATAMENBULYIIRIQATY
DSAC

a

MnMIveasuilewdongnuiiigamad
450, 500 uag 600 °C ldeu$ Fawuirdunsd
Wil 450 °C T¥osaznanandilsl (% Yield) Ao
Sowaz 62.43, 60.45 kA 55.32 AIUAISU ALIUIN
oriwgamgiilunisiuidu 500 wag 600 °C wui

Usunadesasnandnilianatumiaziusunanduin

a

gy sy gaumginmingalunsiinluauide

Yo

f3adu 450 °C uavlinanlunisiwn 3 Halue 1y
anmefivngauiiagyinlilddunsanudengnus
(DSAQ) findoudmiunmansziusie ZnC siold
lunsguunsnsgdume ZnCl2 Tidnsndu
dwsie ZnCL 1 : 1.5 Tothwidn uagyiinis
nszdulnsnsenfigamnd 450 °C iunan 30, 60,
90 wag 120 Wil Maauduiudanidengnud
(DSAC) Mianmesing 9 wasihlunwiandnuagmg
nmenn tnglinanisnaassiauandly Table 1
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Table 1  Influences of activation time and physical properties of DSAC

Physical properties Activation time (min)
30 60 90 120
% Yield 32.44 28.99 24.33 22.78
Specific Surface area (m”g¢™) 319.45 449.24 645.98 756.72
Micropore volume (cm® g™*) 0.17 0.19 0.38 0.43
Average pore size (nm) 25.45 18.84 14.56 13.51

v ' v
a o o

MnA1SprazNandn?lauey DSAC WU WMUARITWzINER fie 756.72 m” ' viaildu
b

€

v Al

NIIUAUATIRUNTITUN T WAL IUIATDITNTY
il

=) 3.

Y v < = VY
ﬁﬂ']’)%ﬂ'ﬁﬂi%ﬁu@’l&lﬂ'ﬁm']L‘U‘LlL’)ﬁ"l 30 W Tisee

<

avNaHANLNTIgR Ao Seway 3244 warwudiuiiin  IWuladuddgidwaiunssuiunisgaduanseng

o

Sumgvesufuuferiadadutiudofuney  suluGinseelaesdinde Tnsauinswiuaszgn
msnsedu ileshensnsvdustie ZnCl dusilil  wsoenifu 3 nqudted swguaunidn (2 nm) wunn
autRlumsAahdums uazansUseneudu  fleglu nans (2 - 50 nm) wazwwalug) @nnd1 50 nm)
Tnssaiaeadengnvdluvasifimssnnssduldd  [30] annsanisvaassmudn DSAC Svunmgnyuiads
warmislfgamnigeudeiudailiAnmgwde 13 - 25 nm dadudugnguauanasdenaiieed
Yoshswadnifetu 29 lunuideiiaderlid  UssAvsamlunsgedunsaeilaosdnnld

fusiudandengnudildinanlunisin 120w 9INN1TIATIERAUFIVINGIINAINAY
(DSAQ) TneArfiufiindnmzannsavldaintels  SEM (Figure 1) wuimUSinasnuuiiniiuiives
wenvesnsgaduuAalulasiouiigumgll 77 K91 DSAC annndnanus (Char) fisslaiiunsnsedu
kAP i zrest g e fedu SadunsBusuiimaiiansnseduieanaiad

45.54 m” ¢ uaz DSAC i ndunal 120 it Wi saudunismranansainyuinagnulidagaduls

Figure 1  SEM image of (a) Char (x5000) and (b) DSAC (x5000)
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MFAATIINBIAUTENDUSINYBY Char Lae
DSAC Tvinanauandly Table 2 91nNANTIATIEN
wuin Char SiUSinasdesavasueu 62.43 Fannnin
DSAC @afiiiles Sovas 56.78 usatiavifiuinUsunm

Y8 DSAC 9wtoendn Char uanedn DSAC i
lanrafianaglulaiugniuvesasusuniely
Weenin Char [31]

Table 2 Elemental compositions of Char and DSAC
Elemental compositions, wt%
Sample
C H N O Ash
Char 62.43 3.61 0.02 29.20 4.74
DSAC 56.78 4.10 0.03 36.71 2.38

A1 pH NUszaiuiulugud (PH_) &30
mlalaensleis pH drift method lnensimaguans
/i pH gavie (pH) Wewiisuiu pH Budu (pH) 4

levessgadu Char wag DSAC q9fipH = pH, AFie
A PH. Fanudnen pHpze Y8Iigadu Char uaz
DSAC fawvinfu 9 way 7 auaau (Figure 2)

12 -
10 -
8 _
T
o 6 -
4 _
2 _
0 T T T T T
0 2 4 6 8 10 12
pH;
Figure 2  Point of zero charge (pszc) of Char and DSAC
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4.2 NavaIMsANEINIIAAGU HAAs Uuudlgadu
DSAC

NaveIdNsHaveInAtuarAd T tuISY
FuveINIIRRdU HAAS 1 50 uaz 100 pg L vy
fgadu DSAC (Figure 3) 91NHANTTNAABINUIT
YSunaumsgadu HAAs \Aintusgeoiiiowazii
ulutlusd 2 - 3 wasasiiludilusdl 4 Fowandli
Wiwdnszuaunsgadulidigannzaunauds fa
thu nanildlunszuiumsgadu HAAs vushgadu
DSAC fmanzando 6 92l o gaumgil 30 °C way

pH = 5 ﬁgqﬁﬁaam%'u DSAC Sdnwarfiuiaduay
fipH w7 Fsenansngadunsnenlaszdin
pH=5 fduuinld TneuSuawes DSAC fldAe
0.10 ¢ wenvndadanarfidwmasonszuiunis
gadund SmuimnududuEusues HAAs dad
NasleUSINANSEATUIRLAY NUANU Sy
wlsiulagnssiuUSinanisaady dlesheilonu
Wttty Tuanaves HAAs Aiftuturilsilena
flazifndunsizensewineiignazats HAAs wawsn
Andu DSAC [31]

120
=100 A
g f.i.ic--.}.oo{a-v-cv-cv{v-ct-ct-ci.cooo.ooo-{
= -
= 80 - N
=
=
¥
2 60 A
2
=
= 40
g r —— 50 pg/L
E
< 20 cooBees 100 pg/L

U T T T T T T
0 2 4 6 8 10 12 14
time (h)
Figure 3  Effect of contact time and initial HAAs concentration (50 and 100 pg L) on DSAC at 30°C and pH 5.0

INNITANYIVAUAIANSTUBINITANT Y
TnidenldaunsufAsordusunilaion (Pseu-
do-first-order) wazUfjisendusuaeaiioy (Pseu-
do-second-order) (Figure 4) WU 9aUAEASUDY
mMIgatuaennTeINaNNM IS eduiuae ey
lesshuaunsiimananudunss (R?) gean 0.98
dlnd 1 wansliduhnispeduiianiuliuzina

70

andutioenitUsunasignaaduuin [31] uenanil
nNTdunTIdsamnsofuINAIAINSnTIved
mMaiinUjiseuaziusunansgadu (g) wun
fin g, YBINTIMARDIUALAT g, Aldannsduam
naun1suizendudvassitsuiialnaifesiu

fanandly Table 3
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(a)
2.5

2.0 A ~

1.5 A

log(q.-q,)

1.0 A
#50 pg/L

05 4 ®1o0 kel

0.0 r T r T
0 50 100 150 200 250
time (min)

®) 14

/L
12 50 pg

=100 pe/L

-
-
-

t/q;

-
-
-

0 200 400 600 800
time (min)

Figure 4  Pseudo-first-order (a) and pseudo-second-order models (b) for HAAs (50 and 100 pg L) adsorption
on DSAC at 30°C and pH 5.0
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Table 3  Kinetic parameters in pseudo-first-order (a) and pseudo-second-order models (b) for HAAs (50, and
100 ug L™) adsorption on DSAC at 30°C and pH 5.0
Pseudo-first-order Pseudo-second-order
C q (exp)
0 e
: k 2 k 2
(Mgl (neg") . r R .. 2 R
(nggh (x10 min™) (nggh) (x10®)
(min™) (ug g* min™)
50 59.96 7.01 6.40 0.98 67.11 252 0.98
100 94.74 10.59 8.70 0.88 108.11 1.22 0.97

KUUTIRRIVBINIAAGYU HAAS UUMAATU
DSAC flgamgil 30 °C WAy pH = 5.0 (Figure 5)
wandliiuin msgaduaenndesnunuudtaeinis
anduvesaudles esandiaeududunss (R)
0.98 lnalAgs 1 1INNTUUTIRBINTAATUVBIN
JuAY wandliiudl n1sgedu HAAs Wunsgedu
wuiuier uenaniifioduin Usinumagady

HAAs g3an (gm) ALANNITVDIUATYT WU q,
fidwiniu 312,50 pe ¢! Fadunistiusuin Pttt
DSAC fiusAvsaw Snvaleidsuiieuifusagadu
MnLaenuzni1 (GAC) Tusuideues Phongthon,
et al. iwudagedu DSAC Tidn ¢ gend1 GAC
Faflen q,, Wity 44.05 pg ¢ slauanslu Table 4

Table 4 Isotherm parameters of Langmuir and Freundlich models for HAAs (50 and 100 pg L™)
adsorption on DSAC at 30°C and pH 5.0
Langmuir Freundlich Ref.
Adsorbent q, b R KF n R
(Meg)  (Lpgh (nggh
DSAC 312.50 0.01 0.98 2.81 0.65 0.99 This study
GAC (Coconut shell) 44.05 0.06 0.98 - - - [13]
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Figure 5
DSAC at 30°C and pH 5.0
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Adsorption isotherm fits of (a) Langmuir, (b) Freundlich for HAAs (50 and 100 g L™) adsorption on
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Effect of dose for HAAs adsorption on DSAC at 30°C and pH 5.0
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