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KETKANOK SAEUANG : ADSORPTION AND RECOVERY OF NICKEL
AND CHROMIUM FROM ELECTROPLATING WASTEWATER USING
ACTIVATED CARBON FROM WASTE RUBBER TIRES. THESIS

ADVISOR : ASST. PROF. SIRAPORN POTIVICHAYANON, Ph.D., 177 PP.

CARBON BLACK/ ACTIVATED CARBON/ ADSORPTION/ RECOVERY/

NICKEL/ CHROMIUM/ ELECTROPLATING WASTEWATER

The objectives of this research were to investigate the removal efficiency of
nickel and chromium in electroplating wastewater by activated carbon derived from
waste rubber tires. The waste rubber tires were activated by heating in which case the
activated carbon was studied the physicochemical properties by a field emission
scanning electron microscope (FE-SEM) with energy dispersive X-ray spectrometry
technique. The results showed the surface was regulated and the porous was increased
when compared with carbon black. The energy dispersive X-ray spectrometry spectrum
showed carbon -more than 80%. The texture of activated carbon was analyzed by
Brunauer Emmett Teller (BET) and found that the surface area and total pore volume
were improved to 149.74 m*/g and 1.05 cm®/g, respectively. The total pore volume
showed in mesoporous. The activated carbon adsorbed iodine solution up to 1,506.13
mg/g and density appears results revealed at 0.73 g/cm? which the property of activated
carbon was in Thai Industrial Standard. The optimum conditions of adsorption in mixed
aqueous solution containing 10 mg/I for each nickel and chromium were pH at 5, 30
min of contact time and 3 g of adsorbent dosage. These showed the activated carbon

adsorbed nickel and chromium more than 50% and 99.99% of efficiency, respectively.



In addition, this adsorption process could be proved by Langmuir model with correlation
coefficient of nickel and chromium at 0.94 and 0.99, respectively and then the activated
carbon was used to adsorb nickel and chromium in electroplating wastewater by dual
packed bed column system. It was found that the optimum flow rate was 0.5 ml/min
which adsorbed nickel and chromium more than 90% of efficiency. This activated
carbon could be reused after extraction using 1 M of nitric acid solution which nickel

and chromium could be recovered more than 80% of efficiency.
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2.1.3.2 MIANHAIINMIAN luaiudreas
2.1.3.3 MIANHAIINMIMIAFNUAIINTA
2.1.3.4 MyaNnaInInmsguiinma

2.1.3.5 myannasninmsyy Insdion

2.1.4 TUADUMIDUNTS

2 Y q Yaa & ~ axy o A Y Y
TupauMIpULHd 19I5mseu ey FumeuinaisIsalenune uuuliauion

o < § a o <
Taon1slFunavaduiwdomas nuuldarudouTlasnislanasaru it vimilu

< yan 2 & 3 9 v
QAEIHATINVUIALAND1TFITNITHINAA GavuaoullFszezimarluniseuuiy
a = g = a daf =3 A gj

lunszurumnanvesgaavng sugy lane Wt UFsNATLLS NN UNNTUAD UYDY

a Y a4 da X o & J o AR A ' o
NITUIUNTTHORN mmamﬂmuumsﬂmﬂauwﬂamﬁuﬂuazmimu SFINAITULLANAIINU

9
v Y

Y
eﬁuag VUUADULASNISUIUNIINAA

5
2.2 mmﬂmnqﬂmﬂnssu“gﬂaﬂz
¥ i 9 a o
undeaingadinssuygy TavgnududouTangwinludSumgs Seduiudesdinis
o o 1 ' = 9 ? a Aa ds! ' ' ] 9y ¥ Y D
janeulassgaaiadey und@simavuaIulyvgunnszuiunsal g lsinansna
Yy 9 o ¥ a [ 1 A a =
10 Tagnuanudutuyed lavgninlusi@eyy Tave diulngynoiinha Tasley uaznoi
4 A I Y A Ao I J ) = a a
wos (@15199 2.1) nlluduaenianuwiunianis wuaNwINIuves lasien wazinna
11NNgA (Lee, Song, Ryu, Park, Choi, and Lee, 2016) G9gaa11in3sugy Tanznuiins 14dinima
] H Y
aan 15 (NiCL) taginmadamla (Niso,) TumsguTany (15190 2.1) Tasinnannuluii
dolinaregunuilsznoudas Ni', Ni(OH)', Ni(OH),”, Ni(OH), 1182 Ni(OH),, (n51 153311
9ATINNTITY, 2548; Bansal et al., 2005; Gonsalvesh, Marinov, Gryglewicz, Carleer, and Yperman,

d% (Y I 1 %} = gx %} == | I 1 ] 1
2016) "lluf]Elﬂ’]Jfﬂﬂ’Nlllﬂuﬂi@@N"llfNuHﬁﬂuu mﬂuuasmmﬂ’nmﬂuﬂmmwgiu%w 2-8

u

v
a 1 = =

- 2

vgnutninaoglugdaues Ni (Gonsalvesh et al., 2016) uagnuinis 19 Iasliondsinden
a dgg = dy = ds! [ 1 I 1 " Y 901 A A
avuimsdutleouveslasenlunarsgdunvayuediunnnuiunsaais wunaiuael
1 I 1 9 1 = 1 3+ = 3 1 1 [
maNnuilunsaaetiosndt 3.6 Iasisnazedlugl ' minlAmanuunsaaannna 4 e
Wooni1 6.5 Tasilonvzeglugl Cr(OH)” 3o Cr(OH), (NT1 1599 IUGATINNTTH, 2548;

Guertin, Jacobs, and Avakian, 2005; Rich, 2007; Gupta et al., 2013)



~ Y o 2 o
M99 2.1 anuiuTuved Tanewiinlutihi@esnn Issnugaaivnssngu laviy

v Cr Cu Ni Cd Zn CN “
Hiag pH RANGE]
un./a. un./a. un./a. un./a. un./a. un./a.
uugeyulavigd 219 9325 3616 5094  N.D. N.D. 4.64  (Leeetal,
I~ 1
AN UNIAA 2016)
undeyulaviendl 401 1242 2.06 2234  ND. 19672  N.D.
layen Tug
Wndeyulave 560  0.19 12.94 5.82 0.03 N.D. N.D.  (Husain et
al., 2014)
Undeyulave 7-10 0.5 0.5 0.5 0.1 2 N.D.  (Babuetal,
2009)

a 1
Yianenyin N.D. (Not detected) 1111889 ATIVUATIZH 11N

3197 2.2 M3 lgmsnens lunszurumswanvesgaavnssuyy lang (nsuTseau

PANIMNTTU, 2548)

NSTUIUMS PSnanih laviginma  dnhanae dnhadamln  Tasien  neauna
yulavy (@au.u.) (nN.) Jsa(nn.) (nN.) (nN.) (nN.)
nauagu Tarzinina 031-1.50  1.16-1.74  0.20-0.53  0.60-4.62 N.D. N.D.
nauyuavziinfatas  033-1.50  1.06-2.84  033-8.62  0.30-721  0.93-2.09  N.D.
Tassiey
AU TareNoLa 1.08 1.07 0.18 0.17 2.06 1.03
uninataz lassiey
HaneHhn N.D. (Not detected) W80T A3I9ATIZH W
U
2.3 Javizin
Y d' 49} ?,’ = = a 9 [ é FY 1
Ta‘Vizwuﬂ‘mJmﬂﬂuiumLﬁﬂmﬂq@]ﬁmmswguTawsu‘wmﬂ%uwmﬂﬂu WIDIULAY

I a 1 4 A 9 2K A o 1 [ 49)
ﬂ'J"I?JL‘]JuWBﬁi’HJL‘lHEJLLaZfNLL'Jﬂa@iJ ﬁ]QﬂJﬂ”Iiﬂ"l‘VleﬂﬂﬂJ1@5§1U3$ﬂﬁﬂ1§ﬂulﬂ@uq\1fj:ﬂ

{ . ] a 4 Y]
(Maximum contaminant level) (9115199 2.3) ¥4 Tavgniinurariailse Tosivinlasylu

v ] 9
Ysmnafmiunzay nazunsiaduiviio 1850 udsuags Tasanuiluiviuiaiw

1 % v =S dl \ \ dy
LLG]ﬂG]”I\‘]ﬂI!ﬂQi”IEJﬂ%L@ﬂﬂﬂil%ﬂﬂ”li]@]@]lﬂu



10

2.3.1 #ha (Nickel)

a a g o A 1 {
inmnadluTangminildodnevnelugaamnssunuames Wi gaamnssu-
v Y

g Tanzuuy Ilih lumsanuas¥uau tagdiunauvourion uonnntdimuns lgdinma
A =) aldy a a a A 1 o o J
lugaamnssuniiows adon uazmaw Inifiyomas dninalinansznuasuyyduazdal
J Y a Aa o a < A
nolvinalsan1amIne 15ASEUUNMIBANINIT 15AaNzi5eden Isavaoataon
Y a 1 o <3 [ ¥ [
Tsaanuauladage Inaneszuulszan Wansvoudn asaauoNauEese Laz
1 Y Aa a = d‘ 1 1 A 9 d‘ o (% = U 9°l dy
neliinae1n1539eu 1o wansgnufiondiwanoduadeuidinnfe uvasiiduilon
Y
Tavgnin (Bhatnagar and Minocha, 2010; Ma, Gao, Sun, and Huang, 2015) RIGEEREL
9
gagmnssuyulangnudwiouiiniiadosay 5094 HaaniuAoans (Lee etal, 2016)
' Y
gadinssugy Tane Idtinnalumsndeuanuaaiedosiumsiansouves@iFuau dniia
= 4 o 3 o [ o 4 a a 1 1 = 1
Nara Ilauazeon ladiilusigosnszneunan sigaa lilavestinmadiulvagnasuiainms
ya [ o v A as . a Y a o A
519 1AAUAUNITINAUAUDINIT hard rock mining method HazMIAAMIIAUYDIN TN UKL
ug Fawu13ins195ininaluni13vi stainless steel $08a% 62.7, Nickel-base alloys $08ag 11.9,
Y Y
%Uiaﬂziﬁlﬂaz 9.7, alloy steels founs 9.0, foundry products founs 3.5, copper-base alloys 39¥

4 PN a A ad
ay 1.4 uazduq Jovay 1.8 Fefinmalannuansolunisfedianasey (Electronegativity:

EN) 101 1.8 (1nHY Wmﬂuﬁ’a, 2553)

2.3.2 Iastiien (Chromium)
I~ a A 4
TasdloufianumiduivgelinansznudodaiadounazquaInuyse wu'laly
RAAHNI TN TN 19U gaaKnI gL Tane gaamnIIuNlanytia gAaINNITUANIAT
Y o 9 a A A ' =) 3 v = ~ ]
areTary mssnpan Il nszuiumswaamanll Fwua uazddon Hludu Tasdouiignly
P a2 A 4 A A a o 1 a
lugaamnssuyu Tanguuwuiningdedwiloulasdioniesas 93.25 iadnSuaoans (Lee et
~ A as = J = +3
al., 2016) TasifleuNegamsssumaiaesginune lasarnaud Insifion (Cr”) nagianazn
J ~ +6 = o ~ ~ I a ' o =
raua Iasition (Cr') ¥9 tenwzaud Insdenlianuiuisganin lasiaudlnsfion uay
o = a d I o =~ y Y a ~ o
Tasraud Iasdisuaiuisaeend ladiilwanaz1aud Insdieon ldareasisenoudunid
= A 1 Y a <3 1 Y a Y 1 = 1
HaNITNUIN InseNAene 1N 15ANLISI No 1MNABINITN09539 UHANTENUABN TN
Y A
Jaane 1oa uagd (Li, Shen, Huang, Li, and Ye, 2014) 57404 Insdlonansatuitlouuas
2 v v A A s P ~ A ' 2w A
azauludunadould Tasdouiidse Teminouypdlulsunaimnzauuailuduasioiio
=~ 9y 9 =~ a1 =2 ad ..
UANMWANTUYI uazlaslonuA1nNaINITa 1UNI5AIBLaNATEY (Electronegativity: EN)

MR 1.6 (1HY WaBLAI, 2553)
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2.3.3 upauiiey (Cadmium)

= = 1A 9 < Y ' 7 Yo
unalisuiinaniznuaedunadon tazilusuneaegunwuyyd Tasuyudldsy
o ~ A 3 A & A = ~
durauaaisnNMIGUYAT AU 811113 wazihnluileuuaalioy Fwaaloyasoasa
1 I a [ dy A (=Y 1 o o
Tusrme iluiibaela emenszgnuesdIng Tnademsiaunszuulszam uazmswann
4
ANDIVDINITAIUATTA (Wang, Chen, Gao, Zhang, Wang, Zhou, Hu, Shi, and Tian, 2016)
= [ Y a Y = A 9 a Y zi} = 1 Y Aa
uaaioui IiinaeImsneude aauld azasandwiile uaz lunszamidenio o1aneliing
<3 A A @
wzisaaziialu'la (Lee, Laldawngliana, and Tiwari, 2012) uaaiiouiinuautianiuaiindrony
danz @ (Tiberg and Gustafsson, 2016) A0 DTZUUMIAIUDYNADATT Az sUTuldsu
Tasead19veeTUsAu WuIRAINRINTTUNINQATINNTTN IFU QAAIMATTUINLDINT tag

AINTTUNIMTABAT LAl eNa T azaylurie 4115

2.3.4 N3RS (Copper)

I o v o I 1 o Y]
Wusmermivesiiy mssududanoaaslasasuilulyldonude 185odudann
a A g z:iz:l g = .
M315 Inaevisnsothnineanasduileuluilsuiage (Gray and Eppinger, 2012) Noatag
I 4 A Aaa P v 0 ana [ EE a
Wueedlsznevvesdalmianazuypd suuanialgnsovesnsdunsizialulnaiiu uay
Y a a o Yy 1 ) 9 o

migadleoou Msus Inanowasnnmuldinldinanenszmizeims dld au la uag
[ a a I o 1 I o
nolinalinlainv1g (Lee et al., 2012) nosuauilulangminiiinnududuasioganin
1 @ 9 I a 4 [ o [
sumelasvzgnazanludy newasziuimiedudalulFnuanududugs wazdany
=\ o 9 1 1 a =} A 1 3
umsimeanaanldlugaanssuaiee) isu gaavnsugu lane Ulas@en wilowns iu

a A J

v <] T a
fu afm"liﬂmwmummmsagﬂﬂaﬂﬁmﬂ‘lﬁ’ﬁamaumﬂiuﬂu (Singha and Das, 2013)

a

2.3.5 12N (Lead)

o I a 1A a %}
mmﬁmwmﬂuquq ﬁwaﬂimumﬁmmé}@ummu U1 91n1A LL?I%?JHHETTJ

'
[ [

nansznuae la szunlszam uazszuugiquiu azmtdoyldediuwivatelugadivngsy

q

' A A a a A A PR~
LBU Q@ﬁ?ﬁﬂiﬁuuﬁ@ll@@ﬁ Q@ﬁqﬁﬂﬁﬁulcﬁi'luﬂ a WANTNN LLa$ﬁ1EJLﬂL‘]Jahl1/\|17\h1flﬂmzﬂ’JL‘lJu

9 9
dauilszne auiudanunsiuileougdwindonlulSuiags (Abbaszadeh, Alwi, Webb,

Ghasemi, and Muhamad, 2016)

2.3.6 ANz (Zinc)
[ = Y a J ) Y a = a A a
danzane linanansznudonszimze M3 InnaeIN1TeReu J908u Taiaea
e lsAN1aAIMIe HagdanyNTNanszNUABNITAANITABUAUDIVDITZ UL TAVIY

A v A

1 Y a 9 1 1 [ ¢ dli ] [ = 1
no 1HNABINITNDITI ANTI ﬁﬂﬂ%ﬁﬂﬂuﬂiziﬂ%uiuﬁﬂﬁ]@ﬂﬂ”liﬂf’JEJﬂﬂQﬂ‘Llﬂ"lSﬁﬂﬂi’f)usU@Q
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] o a g Ao d& A AaAa ' < ' a = 9
man wagdangmiusigninduvesdaildia wu (udiudsznevvesTdsau wulinisly
[ =S a A I 1 =\
dangdlugaainisuyulave MInaanourasanoad tazwutudrumau luasaiinag

dyw = Y v = % ' g
wennnlgInuum lsdinsaluTarnenay auu uaznamanves Joguunudymiurasi
9
Yuiloudinz@01ngaa1MnITuaA1eY 15U gaamnssImileans Mingaus waze1avhling
9 Y Y
asduilenlueime i ldau uazaznenluuuiiild (Malhotra, and Dawan, 2014; Hosseini,

Bringas, Tan, Ortiz, Ghahramani, and Shahmirzadi, 2016)

v Y
M519N 2.3 mmgmnﬂumﬁﬂm%uqaqﬂ (Maximum contaminant level: MCL) AIMSUANWY

I ] o
Wueuasieveslarieviin (Barakat, 2011)

TavigHiin anuiuny MCL (40./a.)
a o <3
As  ©1IPMIMIAINIY vei5 uaz IsAvaoniaen 0.050
1 5
ca Tsa'le uazAeuzisa 0.01
a A ] a Y A <
cr  1hafsye adauld e1deu Neudeuazuzis 0.05
Ccu @udeme Isaueu lundunazlsnladu 0.25
A v o A Y] A A o ' 3
Ni  Addesnay aauld Tsaveuiiainess lo uazeasneuzisa 0.20
v
Zn  ©IMITUATY 9INMINNTLUUTZAM taznIIern 0.80
Pb  auesveamsnluasss@ene Tinla szuv ladewd@en tazseuuilseam 0.006
Mg lsalvdesnay Tsa'la szuulvaiowden nagszuulsgam 0.00003

2.4 IFMIMIAarizHiiin

¥ 2 A ) o & ] o
mmmﬂqﬁamﬂﬁmg‘uTawmwmmmmm;@mmwu@ ﬂWLﬂuﬁﬂﬂWWUﬂ1iU1Uﬂﬂ%ﬂ
o w d' é = a9 [} 1 Aax =) 1 o % A o w 901
NN UIZ TN BIUHYITAIYNUY IﬂElLLG]ﬁ%’Jﬁ%%iJﬂ’JﬂJLﬂiﬂ%ﬁiJ@]@ﬂ1§U1Uﬂﬂ§6ﬂ1ﬁ]ﬂ‘Lﬂ
=) a9y Y =y 1 o ~ 2R o d Y A Jq Y ad o 1 =\
1Y UATUUDAUDLTYININNU (AT NN 2.4) ﬁ]\‘]%Hﬂuﬁﬂﬁlﬁ@ﬂiﬂﬂﬁlﬁlﬂgﬁh I7ANNA1IY
Ql dy
U

=
1Y IDYAA

2.4.1 MITIANBUUAZIINAZNOU (Coagulation and flocculation)
Y 3 amaa a A ]
MsasnaznoutazsIuaznewiuIsnNYseansnmw unszurumsnananin
' Y 9 o Y o Y a Y A ¥ Y S
YU ﬂﬁNﬁiJGl'HLGMﬂHLm’JﬂﬂﬂLﬂﬂﬂ1iﬁi1ﬂ@]$ﬂ@uﬂiﬂiﬁuﬁ$ﬂf]u TJNﬂixif)ﬁ]Gl‘]fﬁWilﬂiJ“b"JEl
9 o Aa 1 A 1 I 1 a
AINAZNOULAZIINAZNOU TIdeNUNanonszuIUNTAD AANMIUNTAAI UNIN IERTRLN

dd‘ 9 =3 [ A a [ an o w [ 9 Qddy
a5l vazdsualaneviinnToriavodlarigniin 35015098 larie N85
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o A 1 1 I 1 { .
asaauiums lurenanuilunsaaranna (Fu and Wang, 2011; Patil, Chavana, and

Oubagaranadin, 2016)

2.42 M3lFmsmiilumIsnnazneu (Precipitation)

9 ~ d aaAa Y ' Y A

mslgananil lunmsanaznewiluisnienldedaunivarelutin@sangaaivngsu
Y
UTLIANA19 INTIEATLUIUNITINY 1ATNTSUIUNTILINAASADULENITNY LFU NITLNA
@ % = 9 A o Y a Aaana a =
aznoulangninluindelaslymsaimiinamsanaznou Tuljaseimaneazneuiim
I~ [ 1 AAda FY 1Y) 1 I 1 A 4

anuilunsaaegandi 9.4 msalnden 1 lumsdiuamanuiunsaaisio leason lad uaz

#a'lWe (Fu et al., 2011; Patil et al., 2016)

2.4.3 msnanasulessu (Ion exchange)

'
v %’ = [}

as d' < o o a Y o =

Mmsuanasu leeswilunszuiunisiinianieamenin teuldiniaindend

o f I ~ 1 o . I v W
Tangmiintudlon dumsuanlasuszvig leosuves langminguilu loosuuin U@l

= = J ] a @ a’dg@l A @ 4 a

wanasu lessusuilulooouan @i 3FU 019FUATIZHUY HIOTUATIZHIINTTIUIA LA
= Aaa I 4 @ A J A Y a 1 ] I
Usgdainniluesndsznou dawlsilinademsuanilaou loooudiosdu wu annuiu
NIAAN QU AN TUENAUYe Tangwiin uazna1lumsduda (Fu et al., 2011; Patil et

al., 2016)

2.4.4 MINTDINUIEHDNTO (Membrane filtration)

=

] d' a 9 o Y ?,’ dsf ] d'
fﬂiﬂi’ﬂ\?WTL!LEI?Jﬂ‘i’é]\‘lu‘c’lllclclfﬁl,uﬂTi‘VHi‘Viu1ﬂmﬂ1Wﬂﬂlu NITNIOINTUIIDNT D

v ]
=< =

A5aza0 FuAIBenTeazinan1TMIadIsuanyNoglut Futensowrzligiive 19

ow

Y H
drsazateru ldunauesziuegiuAuReINs lumsaniiung uazdse@ninmndesns
Y
FBUNraesHaa180 U Ao Microfiltration, Ultrafiltration, Nano-filtration, Reverse osmosis Q1%
1 4 o w a o g Qy
Electrodialysis (Fuetal., 2011) ﬂ?iﬂﬁ@ﬂﬂ?ﬂlﬁ@ﬂi@\iﬁ"m1§Q1J1‘]Jﬂﬁ”li’f]uu‘ﬂdiﬂiuu”mﬂ LUag
o w < a A d o y a Y <
AIWITDNIVAVDILVIULVIUADY ﬁ"li‘].]ﬁ%ﬂ'f)'ﬂ@iﬂ/liﬂ Llagﬁ”lﬁW’Jﬂiaﬁzﬁuﬂiuuﬂﬁﬂqﬂ L‘]J‘Ll

AFTUIUNTNIEABNITAULUNIT (Barakat, 2011; Fu et al., 2011)

2.4.5 msthiamalniua (Electrochemical treatment)

o w { [ [ { 2 g}/ I
mathdamaInduail erdeesnuusu Iduaintaruinuazadray wumsadi

A YA Y A Aa = E A ~ vy 2
913ﬂ@uﬁluﬁ1iﬁ$a'lflﬂi’f]u'llﬁfliﬂﬂu']l EWHJIaﬁ$°ﬁuﬂlﬂu"UT]J'Jﬂﬂzlﬂﬁ@uﬂqﬂ@gﬁ\i"UQ'ﬁU"Uﬂﬂ

Y
=2 =

' o a ' . <
Lmullv\lﬁ”lmﬁmiﬁ}mﬂmﬁmmﬂﬂmm 138071 Electrocoagulation NTEUIUNITLLINUDILLU
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{ a 2 I a 3 a 3 ' .
w%mmmmﬁaeﬂuumum‘%mﬂuﬂewumumaﬂmﬂmm Gﬂﬂ’ﬂ Electro- flocculation (Fu

etal., 2011)

2.4.6 M3AAYY (Adsorption)

]
=~ a U % a

9
NMIgATuAD Midzanasnsonany lINNuAIAIgaduInanIsTuiuvesTuana
A13NYNAAFUVURIVOIAIGATY (38N “Adsorbate” HAZAIPATUITENI “Adsorbent” (Bansal
@ Y o v A a A J 9ol Qy o w A g a
et al., 2005) N3zUIUMIQAFUIFIUNIMTAT esounsdluim uagidaasalnduny
1 o v W A =} I 9 . Y] I
1wy drsivadag iy uazWuea Hudu (Patil et al., 2016) NzUIUMIQAFUITUNTZVIUNS
a A A J I A YA o
namenmuaziad iumandounveslessuainveurarguesds deul§isn1sgad
Y ) Y
Targminluinde msrzar 19101 uazdeaensdutiunms SnNIdIgAFUAINITOHEADIN
YOUTBNINMTNBAT VOUTGNINYATINNTIN LAZHAADINIANAVIINTTTNWIA (Barakat, 2011)

v

Y Y
ﬂﬁﬂﬂ“]ﬁJuuWU’JTﬁﬂWﬁLLﬂNﬂluﬂﬁﬂﬂ%Uﬂ“LJL’EN %u@gﬂ‘ﬂﬂﬁ]ﬁ]ﬂﬂﬁWﬂ@ﬂN I¥U ‘]J;]ﬁ‘lJW‘IJ‘ﬁGU’EN

[} (%3 [} 9

! a o a < o Woa & o & @ o
WduW'Jﬂ‘]Jﬁ'lﬁllaWE ﬁammmmiﬂumﬁ@ﬂmuﬂuﬂ?uaﬂﬂummmmﬂw’ﬁUﬂumaﬂﬂﬂﬁlm 01

U U LU

Y v '
U a2 o % a

Y] <3 l { 3 4
N nuansn lumsgaduazudasawnn i billva migadusziiuduliondaluana
' 9 9
YOIANTUANHINVUY HazTuagivvUIANaz 3151998 9e15uaNY (Bansal et al., 2005) d 1151
1Y I @ ~ 1 ] @ a %
na lnmsgaguiilumsnnaishedludisazale 150 a1519IUA08HNYAFUVUHIVDIAIGA
[ [\ a A @ = d‘ 9
FUMelugngu n5zUIUMIYAFUI 2 Fila ABNITYATUNIINIENIN ATBALTIEIAIBLTILIY
4 4 [ =\ ~ o =\ 1
w5 ad taznMIgasuNIuAl lagnsamiie1nniuszinlisznane Tuana (Marsh and
v Y v
Rodriguez-Reinoso, 2006; Cecen and Aktas, 2012) laglidunauuass10az0eaaatl (11WH 2.2)
4 4 A 4 S A 42
1. mamasuives Tuanavesasazate lldanuminunuiudnisindouniiog
Y
NAYU TAERIUNTZUIUMTUNT

1 a d 1 @ Jd v o 1 a d an 1
2. ﬂﬁLLW‘iNWu‘V\IE’IﬂJTJNGUENOTL!ﬂiJiJ‘LlG] ’JQﬂﬂﬂclﬁ_lfl]ZiLLW‘iNWH“V\IE’IJJUNI@’IEI’JﬁﬂﬁLLWi

9 1 v Y
GUENI?JL@f!a‘1/Ni$El$°I/INl,l,a$ﬂ1ilﬂﬁﬂuﬁéﬁu’6Elﬂﬂf]ﬁli1ﬂ1ill1’iﬁ

u

3. namsunsves Tuanarugesinelumsgadu Tasasazatomasuindigg gy

VDIAIAAN

9
4. YUADUNITAAG Lﬂﬂﬂ"liﬁ%}”lx‘lwu‘ﬁgSSW’JN@]’J@,QGBTJLLQSG]’JQﬂE]ﬂGBU
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Contaminant molecules

» ] » ] » : '
TUNDUN 1 TUNDUN 2 TUNDUN 3

MNA 2.2 ﬂahl,ﬂﬂﬁ@ﬂcl?ﬂ (MTUAIVANVANY, 2547)

%

2.4.6.1 Jadanianswalumsgadu

[

Tatediinanenisgaduilszneudlenatefatoalronu dadinnudinyae

9

Y
YseAnTmmmsgad Taglsieazivenaall (Cecen and Aktas, 2012; Arup and SenGupta, 2002;
Bansal et al., 2005)
dy AAa o v A o 1 dal A X X [y <
1. NUNHIVRIAIATY AddadIuVoINUHIFI1Flunsgad gnguvma@an

Y
YOIAIGAFUTINARDNITYAFUNINTY

2. ANBAULNNMININLAZIATIVDIAINAATY Aod1Aignaasu Tuanavuia
]

[

[l 9 ' < Y o 9 3 A o
Tngjrzawnsogngadu ladni Tuanavinadn uazivesignaadumiludeding

9

1 Y 4 % ~ |dglx Y 1 d’dg.lz o o Id o
aunuiudansngasy Tuanah luliva laana Tuanaiiad mndrgnaaduilu Tangwiin
y 99y

AR ] a 9y 9 o
mumuagfm%u@uaxmmmmuﬁuaﬂamwuﬂ
1 I J Aa 1A A
3. MANuduUnIaaN (pH) Tmaqam"laaauau UEAINNA pH g3 Tmaqa‘n

v ] Y 9
1leoounIn uaaINiin pH @1 MIgATUIZNUTUHT DA IUBEgN A1 pH Y0IAI9AT1UH5 0

Be

19NAATY NIz eliA pH 61 naasiifivSualessouuinifindudanade
anwemnsalumsgaduazanas tesnnifamsusiutuszniielosouninvesTangmiin
f'looouvesansazats “l,uﬂﬁ{i'nf‘i'uﬁluﬁaﬁumﬁa@ﬂcﬁu (Langmuir, 1997)

4. QU ﬁami@@cﬁmmﬁu%mﬁaqmwgﬁaﬂm M3z RATemseady

AomImeanudou (Exothermic)
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Y
5. gNTUVDIAIQATY ABNITAAFVIUAUFUI Bz VINAYRIgNTY TAgaz
[~ 14 4 <3 14
wyailu luTaswes (Micropores), 1 Iaswes (Mesopores) 1o 1iin 1aswes (Macropore)

;4 9 ;4
6. ANBUTNUAIMUAL ABNMIPATUTUADANEAUZNUAINIUATIVYDIAI9AT

2.4.6.2 lolsme3uvean139Adu (Isotherm adsorption)

4 [~ a [ 4 {
"lfJT“D'WIfJ33J5U’ENﬂﬁﬂﬂ%‘m‘ﬂuﬂﬁﬂ‘ﬁ‘iﬂﬂﬂﬁ@ﬂ“ﬁ‘ﬂLlazﬂﬁmﬁ@u%m@ﬂqﬂﬂﬂu
v A a a @ v A R 1 o W
Gueﬂamwuﬂﬂ"lﬂgmzmuummmm@,%uwﬁmamu@a GIf\iL‘]JUﬁ’J‘L!ﬁWﬂﬂﬂuﬂﬁ@ﬂﬂuUU
a 7 o Y a A A P = A

HAagIUANIIerIcUUNITAATY ﬂizﬂauquugiuma 2 Iulﬂﬁﬂuﬂilclcﬂiuﬂ"liﬁﬂﬂ"lﬂﬂ
Langmuir t48% Freundlich model (Gupta et al., 2013; Mousavi, Housseynifar, Jahed, and Dehghani,
2010)

2.4.6.2.1. vaaiiesloTaime3n (Langmuir isotherm)

A J s A 1 2 o dy a A g dy
uaqmai‘laMma5mamﬁ‘uwaﬂmmi@ﬂcﬁuuuwumw “lJ‘LlL‘LlE)

Y]

= [ = a A d' A o z:i ] A o ]
1A8INU (Gupta et al., 2013) UANUATIUAD Tmaqamﬂﬂwummaummuau HAZUA NN UN

LU ]

Mniueu Tasuaaz TuanavesasuaibazgnaaduuAIvesdIgady Iaifioan iad i
Y 1
Y (Monolayer) Tunaagdmmislimanuiouvesnmsgadumminumazasi liliusansei
1 A 1o ] Y v Yy A JA I dy
serInluananegdunialndny Yoavesaunisuauloiaouaunsnugiuainiso
wnldauldlugaandis nagannsonsiunsaadugega (Cecen et al., 2012; Bansal et al.,
. v oAy Y ° [ ~ A I A o
2005; Langmuir, 1997) Taga1#l laninmsmiuamauaasaunisi 1, 2 wie 3 iiluaingmiun
@ v J J v w = @ o [
afrnsmlanudniussznianududuves langminnulsmuvesdigngadunuaiga
o o [ 1 4 < o
Funiin 1 a5y (M 2.3) iiendaaldiiugaaugavesmsgady tazmsuaainsiiduasa

s J ~
VYDULAUNYT (NINN 2.4)

{ » Ce

MNA 2.3 ANUTURUTIENIN XM tag C,
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e dg

1/bQ, { R
C

MNA 2.4 ANNTWIUTIENIE C/Q HU C,

X QobC,
=—=——(1)
Q™ ~1+hbC,
Cc 1 C .1 1 1 1
et —— (23)
Q Qob Qo Q Qob Ce Qo

Yy 9 o
C, o AnudNTuUee Tarigniin (un./a.)
Q Ao ' lessulanzminigngaduuualgady (un./n.)
b A9 AIAINVOINAINUMIYATY (8./41.)
]

Q, Mo UsmmgegaveslanzniinaelTuiavesdrgagunnusy

=S

g (UN./N.)

q. Ao YSmuveIdIgneaduuudIgaty win 1 N3N (Wn./n.)

(% o

X A9 151av09al9naad un.)

u Y

m A9 U3uavedIaaTl (n.)

U

2.4.6.2.2 vlgudnlelameda (Freundlich isotherm)

] v
=~ | o

a 4 A 9 o [ [ dy a
vxlguﬂ%"laiqsmam ﬂ@i%ﬁ1ﬂiﬂﬂ15ﬂﬂcﬁﬂﬂuwuwﬂﬂ Yauuauo

Y
A A Aaa [

Taguaaziurrnmanisgaguz Idmnnudouvesnisgagueenutlunei nazlinissiw
A o dq v ) v 1w Y NIYY o & y H
Huarnldaiauiouvesmsgaduminuwdr3arenu unisgadunuovareyu
(Multilayer) (Cecen et al., 2012; Bansal et al., 2005; Langmuir, 1997) 9o1defo 19051u18n13599
o ¥ a = [J Y 1 Y 9 ¥ o J ' ]
FounuFuasInaNuauge 18 16a Tasafrensiduassanuduiussznineaidenyoq

@ [ : o =] = @ o @ 9
ﬂﬂWN!%ﬂsﬁ}umﬂﬁﬂﬂgﬂﬂﬂcﬁUﬁﬁﬂTJ%ﬁlﬂﬂﬁﬂ‘Uﬂ1aﬂﬂsU’€NﬂiiJ?ﬂ!ﬂJ@Qﬁ?Qﬂﬂﬂ“ﬁUUUﬂ’)ﬂﬂ“])'“]J
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Wiin 1 n3U 1INMIMUIAANENNIVINIUAY Asaumsh 4, 5 1ag 6 (MR 2.5) dedinane

Tuawnsonsumseadugaga’la (Langmuir, 1997)

Logq

Log ks {
Log Ce

4 v o ' [
MNA 2.5 ANVFUWUTTZHIN log g, N log C,

X I/n
Qe:E = KfCe (4)
Qe:Kf Cel/n (5)

1

logqe:logKf+ElogCe (6)

K, Ao A1nafinaasdennuainnio lumsgaguuesaagad (a/n.)
A 1 = = < [y 9y
n Ao MALALEAIDIANMTIsIMsgady (laainnsiw)
1 gOJ % U o d'

Q. fin Ysuudigngaduastimiinuesdigngaduianzauga (un./n.)
C, v MANUudUILYRIRIgNYATUNTA I ANAA (WN./A.)
q. A S mavesdIgngatuUAIgaF L win 1 NSy

(J o

X fio U5uaveedI9naty (un.)

Y G

m A9 US1NavoIdInasy (un.)

G

2.4.6.3 nalnmsgadiy
v A 7 9 A (J o = =
nalnnisgaduie msgaduaisid llununludigadumsziinsedaga
sErINEIUaNEA ATy na lnmsgadull 2 1Dy AeMIYATUNIINIEAIN (Physisorption)

v Y 9 1 9
1azMIYAFUMUAL (Chemisorption) MIgaFuNIdoIstatinavuile Tuanalusuveunad
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Y Y R A o A 2 = = a [ (% 4
!ﬂlﬂf‘laLL@ZﬂﬂﬁﬂﬂUW?ﬂlﬂﬁﬂl@\‘llﬁN “]N!‘]Jullﬁﬂﬂ\‘]@.ﬂUuW'JGII’ENGIJ@\‘]!HNL@H)’H%W@\?\‘HH%@u‘llfN

[

v Y
Tuanavedasned luveunad Us1eaz@eaadil (Marsh et al., 2006; Cecen et al., 2012)

2.4.6.3.1 ms@m«i‘fumamﬂmw (Physisorption)
[ a 4 4

MIPAFUNNMEAIWNADINLITUNIWABS AT (Van Der Waals force)
< A o o N Y A < A 1 = < ) =X A
Wunszuiunmsnaunay ldaeiiesnnduusiiseuunninuudusaios FunavInus

a 4 Id 1 { [ 1 ]

nszneuazusd lwihadaiiosmeiunsssgninluananaga Twanadidrenuua liadhs
WuBszAenU (1NBY Waoun1, 2553; Marsh et al., 2006; Cecen and Aktas, 2012) Tutanaveida

[ a Y

@ o 3 o & 1
aguazdaanny Tuanavesdigady 1umMsgAFINDUHA18%Y (Cecen et al., 2012) Aol

D
e e®

N

Pl Y
o 1 Y o % [ =

umaﬂmaqa%mﬁﬂuuiumqaﬁaﬂﬂwmauﬁm %']1!31!“1)’1!‘lJfJ\iﬂ”Iiﬁ]ﬂ"”If‘]J%Z‘lleﬁJﬂ’ﬂll

LU T]

ae

£

o o

induvesignaady dadedianlunsgadunismeninie msdaEesda MInszeAIvDs

g

Turanauag Mty

2.4.6.3.2 M39AFUMIAHN (Chemisorption)

[ v W

v a 9 Iy U Y
ﬂ’]ﬁﬂﬂ%ﬂﬂWﬁ!ﬂﬁ!ﬂﬂ%’]ﬂﬂ’]ﬁﬁ'i’]\‘iWu‘ﬁgmﬁﬁgﬁ'nii@'JQﬂﬂﬂ“]fUﬂﬂﬁq
v A o (% Y A o A a ds! < @ A g v W @
ﬂﬂcﬂﬂlﬂuﬂigﬂ'JUﬂ']iﬂWUﬂaUUl@fnﬂlu@\‘lﬂ']ﬂwu‘ﬁg‘ﬂLﬂﬂﬂlulﬂuwuﬁgﬂllﬂlﬁlli\i JUNUTSHU
Y Ja o 1 v =2 & @ A v g [ d A
ﬂ'gflﬂ'lisl"]fﬂlaﬂﬂﬁaUijﬂﬂucﬁﬁlﬂuwu‘ﬁglﬂﬂﬂlﬂquu ﬂ'ﬁﬂ@‘ﬂfﬂfﬂﬁlﬂullﬂﬂ%ulﬂﬂj (INHY WAy

a [l < v 4 {
1f2; Marsh et al., 2006; Cecen and Aktas, 2012) P1TINAF UMLK ANFININANTIAADUNVD

[
[ Y @ =

v Y 9
didnaTouULAZILTLIATINNMTTINAIVDIRIgAFURUAIgneRFy Fuiuszmiliiifatuiiizii

Y a ag o A a [ I o 4
1¥gunQN U (Cecen et al,, 2012) HazWUTENAANIQAGVIT UN UL TAIAUA (Arup and

SenGupta, 2002)

d' = Y A Y an o w v ?,’ =
M99 2.4 MsfSeuneudeaaztodeuedlsnsnen lane vin luiige

ad o U
MM
Y A v s % a
. Yo Yalae 919049
TavigHiin
] Y

Coagulation/ m ANNUYU LA Dewatering ATNOUINIAUY (Fuetal., 2011)
Flocculation

Precipitation  AUHUMTIG HAzAUUM inaazneutazia lFaelunsmsa  (Fuetal, 2011)

aznou Tutszansmmlumsmia

Tavizvrinnilsuad
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] Y
M99 2.4 MmaFeuneudeduazdodeunddsmanda lanzvinluinde (s9)

Ismsiaa
Y Y A Y a
. Voh volay 91909
Tanizwiin
Ton exchange  1ialdgq Usz@nsnmmsmisn Aunugs uazimavanyINM3 (Fuetal., 2011)
< a
I NISUIUNITIY regenerated L3
Membrane  Uszaniamgs ildmsall Td Aunumsduiiumsge msduriud1  (Barakat, 2011)
filtration navezyaroy
< v o £ Y o
Electrochemical N3317UM3390137 19asmlien  Aunuga uazlonasanug (Barakat, 2011)
treatment HARAZNOUTIDY
Adsorption IADNMITANUUNIT ATEUIUNST  INAVBAUTY (Fuetal., 2011)

AINTOMNUAYFI pH IanTa

9 5
AUNUAT

¢
2.5 419308UN

Jd dJ
2.5.1 o9nilsznavenssasua
s 9 a o P 4 < ) < Y] A
819308UAUTLNDUAIENITTTUIA e19dunTIZr asusunuan My mandu (wy
] £ I w s A o o ~
AMUUVITI HAZANUAIUMUUDIB19TDoUA) Faos uazFanoon laa (13199 2.5) 814
4 { o 4 1 a A ¥ a oy/
sosuanlgudrarusoninld1dlse Tosiild wiu nswantl Tasaeuvisomadluduaou
Y [
AINANNUTMS VO ULUAANATUIINNILUIUNMTHAN FIATSVOULLAATINTOH T IUAY
4 =S 1 =\ = =)
WA 18 (Williams, 2013) tagannsa 1¥gadu Tangminluinge Idodeiidsz@niam (Gupta

et al., 2012a; 2013b; Saleh et al., 2013; Karmacharya et al., 2016)

A3199 2.5 99A1)52NDVVOIBNTOIUG (Amari, Themelis, and Wernick 1999)

pafilszneu YouazTagiimiin
Styrene butadiene 62.1
Carbon black 31.0
Extender oil 1.9
Zinc oxide 1.9
Stearic acid 1.2
Sulfur 1.1

Accelerator 0.7
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Y J Y Y A 1 v

Tassadwessnsudlsznouaie aone1e Tnsedlunsenones Tuaes uduea

Y =Y Y A < v o 9 =\ 9 A v A o 9 Ao o
mluasunihenierliuiaianiensazveue inihiaeiune asnesiminiun
[ I 1 ~ ~ o Y ~ Y ~ a o FY o 9 ~

aun lvagadludrunmnigadmihndesiuduasiehazinany Taseens udnersimin
[l ~ o { A < @ o
Tdanudangu dluasunihersiinihinmuanundswazSuusenszunnuaz Toeiu

9 Y o o 9 A= gj 9 .
ulllﬁl?ifﬂx‘lc]ﬂ?ﬂ voveivrngadaensaestievesIngend (Dixon, 1996)

d Jd (Y]
2.5.2 NITUIUMINMS VU THd 1Y
4 4 v A a I
AszuumIasveu ludissunonis Inls lada (Chen, 2017; Cecen et al., 2012) 131

a A

1 9 9 d' = a A A a Y d' [] Yo
msgesaateasalonuiouluanizi lulivongnuvieloongnuiloaie liliiagauda
I 1 4 o a o 4
TWuagnaeilud luszniamsasveu lusdu sigeendinu Tulasiou lalasou damles

Pl s A 2 o ' 3 A A A

asmsuazlalasasuen amsszmenalat)uuna aIHVLYINHANNTZUIUNITAD

1 4 v 1
21UNTOBZADUAITUOU (Chen, 2017; Cecen et al., 2012; Bansal et al., 2005) FINDI1FWF UL

= Y 1 1 A A v R o a 9 ~ Y A A dy Aa A
Ysunadesdawansiszaninmlumsgadyu JeduiudeslinisnszquiNomunuiiiviog
o 9 9 9 Adq Y 9 A ' A

wiulumsgady vinldanuioulumsnszau guugiinldnizduilnasemamuilimasveq

U

INU (2NN 2.6) (Bansal et al., 2005; Chen, 2017)

[
[ a

4 (Y 4 4 @ 1
ﬂﬁ/‘lﬁ 2.6 msﬁ*ENmmaqﬂ1tm@u@zmmqquumimu"luwwmNc]

(Hassler, 1974)
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d
2.5.3 msinlslagaenasoaun
@ = I A 2 ' ' 0 Iaq ¥
Jagtiutsmavezanensosuatlsuaunyu Tasdrulngaziiheasasuanld
1 @ ) g Jd o o
udr ldsnay demndinmswauniwnldlse Tond wu TlugaaivnssuFmud siouu auw
=) A o w A o a dy a A & ~ EY a dy a
A uazididyAe MIhIwaaFeINas (MW 2.7) Fanszuaumsnlslumsnanzonas
Aenszuaruns Inlslagalasldguugilunism 400-900 oesusaiod Tuaniaz 13
a A A a Y A o Y 14 @ a Ay v A Y o
ponFIIursoloongauloaeinldensasuddaisdr wandah laainmsmae i
v o Y v 4 A 4 < 9 & o~
Fovay 45 uNA308aY 20 1R300 10 HATNINAITUVOUNITOAITUBULIANIDYAY 25 HAl
= (R A J <3 o o 1 v o  Jq Y o 9
nMsAnEIIUHIensuounuanamsniuiuduniuduiud14lunisgaduld

(Williams, 2013) U3518a219890 91

o
msszgndldiiiaman 2%

M5ADN 6% /a9
mylszgnalimi

danay npau waz N sulenn 4%

TiseensRang vy 24% o . 2
nannmaiuilsgilon, iy

819 Az AU

Useiuns 8%

H €ae P oA
MW 2.7 Manvanazms 1952 Teaniane1asneuan 19187 (Amari et al.,1999)

d
2.5.3.1 MV HUVAA
s 3 A VAo Ay Y 1 v
ANTUDULUANND L“lliﬂﬁﬂ']“l/l”lQEMﬂﬂWﬂWH!‘UUﬂ@ﬂﬁﬁTUﬂWﬂiﬁﬂTﬁﬂ')‘UﬂN
g a o ,i’ (] 1 = ] 1 4
Lcnmwmﬂﬁzmﬂ”laimmiuaumﬂwumﬁﬂmﬂaumﬁ LHU ﬂ’quw’gmmu LINNGNUBIATTUOU
< Aa 1 I [ @ g
LUARATNNIZUIUMIHAALLINEN Tl 5 NQu @eTl (Donnet, Bansal, and Wang, 1993)
I a
1.1 Channel black ﬂﬁZU'Juﬂ'lﬁlﬂulﬂJ‘Uﬁ%UUﬂﬂ

v
a =

1.2 Furnace black N33 013 15guvgiige nszuiunsnlgfonszuiuns

U

Thermal-oxidative decomposition
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1.3 Acetylene black n3zuIumM T unvuszVUa TagnszuIun1snldne
N3ZUIUNTT Thermal decomposition

1.4 Lamp black n3zuumsdlunuuszuuia TaonszuImMs i 19 Thermal-
oxidative decomposition

1.5 Thermal black ﬂi%ﬂ?l&ﬂ?ﬁlﬂﬂ!tﬂﬂﬁ%ﬂﬂﬂﬂ Iﬂﬂﬂigﬂﬂuﬂ1§ﬁ1%}ﬁﬂ

NIEUIUNIT Thermal decomposition

A dJ d
2.5.3.2 fgmmnmmaeﬂ1ﬁueuuuﬁﬂﬂn’inﬂuﬂ

wa 7 = Ay ¥ A g
ﬂmﬁuﬂ@]ﬂlﬂiﬂ15‘]JEJ‘L!LL‘UEW]EJN§’Uﬂu@ﬂ1ﬂﬂ1ﬂﬂigﬂ’3uﬂ1ivt‘wTillaclffﬂﬂu

Y
a K

3 A A A a A = A dy a A J 3 A
GUE]\‘ILL"U\‘I‘VIL'Hﬁ@ﬂ1ﬂﬂ1§tW1LWﬂNﬁﬁﬂI@]iLafJ‘JJ'HiE]LG]fE]L‘WﬁQ (MTNN 2.6) ANTUBULUAANINAY

[ o o 1 [ AR L o @ o
NANINNITUIUNITIN ﬁHJTiﬂiﬂlﬂ‘lflTE]TL!ﬂ‘JJiJ‘LlﬂGl“L!ﬂ?iﬂﬂ“]ﬁJIﬁﬁ%ﬂuﬂqﬁllw51$ﬁﬂ13ﬂﬂu

o

I J v R oA Y Y A 1 o
Wuesndseneunan FINANUADAAADINUAUTNUAVDIDIUNNNUA

Y wa <
Vnﬁ‘l\‘i‘ﬁ 2.6 ﬂmﬁuwmmm%uammaﬂmﬂﬂwiﬂﬂuéf

wa

AUTNY Martinez et al., (2015)
&

ANUTU (%) 1.28
2y
VD1 (%) 14.58
1352118 (%) 6.92

14
AITUDU (%) 80.82

2.5.3.3 vilanduve s uiusiunIneasoaun

' v o 71 1a s L v A
ﬂmﬂuuum}mmﬁaauﬁmu“lmyamiwwwuﬂm%ummmm FTIR

U
v ¥
a

1 PR 9 o 1 v o Y <R A A I a
spectrophotometer mgjﬁm%umwammmuammJﬂJu@mNmim Cﬁﬁﬂwuwfllﬂuﬂﬁgﬂaﬂiﬂmﬂﬂ
' S 1 = Y ~ = ' A 2 o ]
inﬂ‘riyjﬁﬂﬂ%umm (Gupta et al., 2012) 5190LDYAAINITINN 2.7 Gﬁdﬁy‘ﬁdﬂ%umm ufnzmclﬁ

(AN IYA
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d' 1 x @ o
M1319N 2.7 ﬁyﬁﬂﬂ%uﬂl@ﬂﬂﬁﬂﬂ“ﬁﬂ

% 1 Y A v o ' Y a
A3A¥U MINTSAU ANNSNINAHUUYDI ‘ﬁﬁﬁﬂﬂ‘lﬁu 1ia391904

11399 FTIR (3.”)

g HNTEAUY 4000-500 - OH (NguVeIHu09) (Gupta et al., 2012)

NYITDBUA -C=0 (ﬂfjnmaqsaﬁgma§)

aumiud IHNZAU 4000-400 -0-H (ngu'leasen®a)  (Guptaetal., 2013)
J Y —_— 1 Pa

NYNIDIUR A8 N, -C=C (ﬂqmma"lﬂu)

J 4 a
- C=0 (NQUATUDNLR)
aumiud CALEELT 4000-400 - C-0 (ngumfuein) (Saleh et al., 2013)
1INONTDOUR - C=0 (NguASUDNTa)
-0-H (ngu'leasenda)
- C=c (nquueala)
auiud HINTZAU 4000-400 - OH (nguvoluea) (Karmacharya et
NNENTOIUA AN, - C=0 (NguASUDNTA) al., 2016)
J J a
- C-0 (NquUA3UBTD)
- C-H (nguuoanu

lalasasuon)

YY) d
2.6 MUNNNUA (Activated carbon)

P
v o d v A ' o 9 Yo v A

owuiwiud vinetamaihiagaumkiunszuIumsneniug Fui i iagavutiuligngu

q

a

dy ~ = 1 [ @ =y Y o 9
pagnunAIneluge gugulvumanazgdinannunazianyugadiouns Wd Taseadig
) H 7 A L A P < s
UsenvualeruvednIsuauoraaugviniasy Falaisuewiluesdlsznoy

o 4 a
Fouaz 88 lalasnuiovaz 0.5 lulasuiesas 0.5 Falasiosas 1 uazeonTauiosas
' v o ¢ A o 3 s o Y o
6-7 Tago1unuiuAvz AU ueanlsenouvan (Bansal et al., 2005) FIAITUDUAINITD
a ] [ A 9 1 P a 1 LYY S .
NARUTZAUDZAONYDITIIU 18 HyWanFURNUUURIVBIAIUANIUE 19 Carboxyl, Phenolic
hydroxyl, Quinonnoid, Normal lactone, Fluorescein-type lactone ts81& Carboxylic acid anhydride
I [ 1 4 wAa
iWludu (Bansal et al., 2005; Arup and SenGupta, 2002) (AI0 W 2.8 11AZA13197 2.8) AUANLA
|wwo'ddyad oalddyd'q [ élwwo’ o v A %
YO UANTUAAD NUHININFUIN THINUNAIAF UGS Faouiuiuaa s oMInnIogady
s A a A o A A o Y a ¥ A A a @
& nau drsounsguazaIsetunsd lmindeningaavinssuld iesniniudniuilszyay
=\

(COO’) (Bansal et al., 2005; Cecen et al., 2012) AaiaNLAveIn A NTUA Taona TN uNRAY

800-1,500 15 19AsABNS Y HazliUSunasgngu 0.2:0.6 gnunAtsuAATABNSY (Bansal et
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9
% °

= 1 [ 9 4 o = 9 gas [
al., 2005) "lNEHL!ﬂ?JiJuﬂﬁnJWiﬂ‘UﬁJﬂLHLﬁﬂﬁ]Wﬂ@.ﬂﬁ1ﬁﬂ33u1ﬂ1ﬂ81%3‘ﬁﬂ1ﬁﬂﬂﬁ]ﬁﬂ

Y
=

ANVENIIDVOINIQAFU TarigninTuadnUFHAYRIngALLAz a1z 1UNTQATY (Cecen
1 v v Ia o v a A 1 A A 4
etal., 2012) 1unNTUATINIINTAgAUNT 1A TannanazlUSuimun15Uoug (Bansal,
Donnet and Stoeckli, 1988) 11 912 Tna 1aendu 1aenuzni1n unavdn 1 ouiiv uas
= <3| 9 A a Ao o 1 v o d A
YoUTY 1 uAY (115199 2.9) Vo uFEMINIOIUANTUA 1FU YBUTHIINNTZUIUNITUD
a 2 ? o 1 A Y o 4 <
gaa NI sl Tas@ey tazgaavnssuiniurasay MagiunumsiamsveuuuanaInms
a 4 o 1 v W P =\ Aa A v A a 9
TnlsTagasesoouauiniluamiuiug sawollszansamlumsgaduiinnasesas 98

[ o a a L .
waz Iasleunuaznldszansnimuinnaiesas 80 (Gupta et al., 2012a; 2013b; Mousavi et

al., 2010; Bansal, Donnet, and Stoeckli, 1988)

HOOC  COOH 0C . CH=GH-COOH
HO

[§) “\(;/U\,;’(’
Il HO = Hp G HglC
0 HyCO

OCHy

iHy~GOOH
COOH

O,

~ ' s ' T 4
MNN 2.8 Wﬂuﬂﬂﬂsﬁuﬂlﬂﬁﬂ']uﬂﬂmuﬁ (Bansal et al., 2005)

o

d' 1 )
A1319N 2.8 1Tz YoM WINYY (Bansal, et al., 2005)

Sngavisimduemiuesiilsznon Thuszve s Wan 91999
Cellulose char Aromatic (C-H) (Studebaker et al., 1957)
Coal Aliphatic stretch (CH, & CH,) (Matsumura et al., 1976)
Carbon black Lactoneo (Garten et al., 1957)
Activated carbon Carbonyl (R-|O|C-R‘) (Donnet et al., 1993)
Pyrolyzed polymer Carbonyl (R-&-R’) - (Sherman et al., 1932)
Activated carbon stretch (C=0), carboxyl (R-g?-R‘) (Friedel et al., 1972)
Cellulose char stretch (C=0) (Studebaker et al., 1957)
Carbon black Lactone (Emmett et al., 1948)
Cellulose char stretch (C:oO) (Studebaker et al., 1957)
Channel black Carb(gyl (R-%I-R’) (Garten et al., 1957)

Il s
Carbonyl (R-C-R) 130 aromatic
Channel black (Gardner et al., 1996)
group (C-H)
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M5199 2.8 Wuszveanyilasu (Bansal, et al., 2005) (#0)
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a :54 d | J
ngAuntmivemduesniszneu

o vy dO
WuszvaaryWanyy

Y A
[RANGN

Activated carbon

Pyrolyzed polymer
Pyrolyzed polymer
Carbon black
Activated carbon
Cellulose char
Activated carbon
Activated carbon
Cellulose char

Channel black

Activated carbon

Channel black

Carbon black

Activated carbon

Aromatic structures (C-H) and
unconjugated carbonyl
Lactone
Lactone
T
Quinone ( UO
T
stretch (C=0), carboxyl (R-C-R)
Methylene (CH, )
O
Phenol ()@
vibration lactone (C-O-C)
Aromatic (C=0)
stretch (C-O)
adsorption (C-O) 130 phenoxy
adsorption
Condensed aromatic ring 130
H-bonded, conjungate\%carbonyl
O
Phenol () ©

stretch (C-O)

(Donnet et al., 1993)

(Bansal et al., 1980)
(Bansal et al., 1980)
(Emmett et al., 1948)
(Friedel et al., 1972)
(Studebaker et al., 1957)
(Friedel et al., 1972)
(Friedel et al., 1972)
(Studebaker et al., 1957)

(Gardner et al., 1996)

(Donnet et al., 1993)

(Boehm et al., 1959)

(Studebaker et al., 1957)

(Studebaker et al., 1957)

3199 2.9 anwasn lumsgad Taneniinvesdigadi (Barakat, 2011)

Y v

AU

ﬂ?ﬂllﬁnﬂiﬂcl‘i-!ﬂ"ﬁﬂﬂ“ifﬂ n./n.)

Pb Cd Zn

Cu Cr Ni

9
I Inauazunal
nlasndu

A v
nwaonuzwin

Y

AR
Ulva lactuca
Nostoc specie

Bacillus — bacterial biomass

456 493.7 4959
N.D. N.D. N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.
N.D. N.D. N.D.

93.5 N.D. N.D.

467 85.3 418

N.D. N.D. N.D.
N.D. N.D. 158
N.D. 3.65 N.D.
N.D. 0.79 N.D.
N.D. 1123  N.D.
N.D. N.D. N.D.

381 39.9 N.D.

A = m Yo =
HULTIA 1AT991 U8 N.D. (Not detected) ﬂiﬂﬂﬂ\?l’lllulﬂ“l/nﬂ1iﬁﬂ‘ﬂ1
- a



27

2.6.1 M3N33AM (Activation)

H) o ¢ < y A A X da q g~ 2
"‘uuGlE]uﬂiz‘u’sumsu1miuautmaﬂmmzq}umamuwumwﬂwugwgummm iag
Y
=

A a a @ a ] a @
mnszaninmlumsgadu Taedsmsnszduuiiailu 235 dail

1. M15NTLAUNIINIBNIN (Physical/Thermal activation) Av,stnulsza@nsniwlums

[ 9 a = A A 24 a 4
ﬂﬂ“ﬁﬂiﬂﬂi%@ﬂlﬁ{]u 800-1,000 DA LH QLY & & GluﬁﬂTJx“V]ﬁJLLﬂﬁf]@ﬂ“]illﬂﬁli LYY

U Q

v

4 o a aol Y I Y I A [ o
ﬂ'lﬁﬂﬂullﬂﬂ@ﬂll"lfﬂ aaﬂ%muuaz"lauﬂumﬁﬂixﬂu 1Wuau L‘]Jlllf‘l"ﬁLWiJgWEuGU@\?ﬂ']UﬂﬁJiJu@

Y
=<

& 44 X g < . & 4 4
FagnguRNNIUAIUINTUVUIAEN (Micropore) H3DUUIANAN (Mesopore) 1ABIWTUNINNUY
a ¢ o y A 9 Y Y =t b
NAINBLABNVDIAITVOUYNITIA18TATIATIUUBIAIIANUTOU TDAVDINITATEAUNI
A 1 v o = <3 o Y o Y 12 =\ 9 [ o
menmae munuiualgnguvaan mldgadulda lidasaiande lidludunsie
) o Y A A o 7 Y A
AuNU JoiTene Ta9gnIalmeNNI 1zABINNTEUIUMIANIZIIIZIE (Marsh et al., 2006;
Fu et al., 2011; Bansal et al., 2005; Pejman, Kit, Jiaxin, Huaimin, and Gordon, 2016; Chen, 2017 )
2. MINTLAUNINIAT (Chemical activation) AoMTANszANTAINMITAATY TN
1 1 a a J J 4 o 2
ldnsansenrs 1wy nsarledanoin Fedaaelsa Inunmdoulaasonled nsadansin uay
Jd o a v U ! o A ' ¥
Tanden laason lad siildirvesdrgaduiitszyay delanzwinnegluindelilszquon
o o @ ? a o a A a g '
winiimsgady lavgwinluiudeszsiildinanisuann)doudianaseusenite Tuanaves
MYNAATUNUAIV0IA AT UINAY A oAl TedAodzaIniazdleaon1siINITNaaa

Y a A v o I ~ v Y = 9 ° vq ¥ Y
YorFenon NN udNvIagngun lng dawalvidarsiaianaia Mldlynar lunmsaraunu

uazﬁ’unuiummﬁmqq (Fuet al., 2011; Bansal et al., 2005)

2.6.2 aNHAUTINTY

U v o J [ 1 . 1 4 1
suguvesmwuiuiiuautuilu 3 nauie Micropores HiduMIUgUINA19TDONI 2 1m
= ] 4 1 1 = ] 4 1
Mesopores mﬁ'umug{uﬂﬂmmgizmw 2-50 nm ey Macropores mﬁ'umuquanmmmﬂm
50 nm (Bansal et al., 2005; Cecen et al., 2012)
. = tﬂy A A 1 Aa I 9 dy AAa g’/ [
1. Micropores MWUVIW’J"U’HW@G],“HQJJ ﬂﬂlﬂuiﬂﬂﬁg 95 YUDINWUNNINIHUAVDIDTU

v o o 2 [ a < ] 1 a J
NUUUN mmmmm1uﬂ15@ﬂ%uf’fjuﬂumummmmimwy G?iwumﬁ'm”lﬂﬁmmumwmﬂ
Y

Tuanaves Micropores Ianuddny lunisgagumnigaiemoununguaus mazinum

v H ] v Y
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G]fmmmmx”laizmamaumuﬁuaﬂmm@aﬂm 2 W luuag

Y
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A A rTa 3 Y dy Aa @ 1 @
2. Mesopores MWUVIW'J"UHW@G]MQ‘J ﬂmﬂui@ﬂa% 5 UDINUNWNINIUA gnNAIvYNAIPA

v Ao I 1 aa a a aa a =} 1

Glf‘U‘VllJEW?utﬂu Mesopores 1% HANIIR BLNUUIA uazazﬂumamﬂﬂzmaﬁﬂ U UNIUY
4 =2 dd” Aa v o

AUINAN 2 93 50 ‘Ll"lI‘LlLll@]i UNUNNIFIFA 200 ATTIUNATADNTY
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3. Macropores lufianudagnumsgaguiiiesnindiuiiilumsgaduiios nun
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362 HAanTuADANT
a IS ! { o
2.3 WUy (Methylene blue) iiluansiIdanii Tuanavinanaraiunlsluns
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[ <3 1 o 3 1 {
3. AANULVLALATINITVAY (Hardness and abrasion number) WuaNuendInIy
1 1 o ] o J
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1 Y
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Transmission electron image (Egerton, 2007) cmmwm"lmmm”lugﬂuuumwuw (MNn 2.9)
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NN 2.9 SEM a0 1Uiuiiud (Kwiatkowski and Broniek, 2017)

[ dy Aa = Y y A a u'dy a
7. ANHULNUHT (Texture) ANHIAUNIT 1HIATOINATIZHNUAILASANUNFUYD
) A v
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d' wa o 1 v o
M1319N0 2.10 ﬂﬂ!ﬁuﬂﬂ‘ﬂ'}l’lﬂﬂlfJQQWHﬂNNuﬁ (Harry, 2001)

S ﬂmauﬂ’ﬁﬁ"ﬂﬂmmdmﬁuﬁuﬁ IEFL
Yo TanmoumagaduluTnsouiiquvigil -196 osnaiden 500-2,500 m’/g
l Pnasgwguvia@n vinana tazvuialva) 0.5-2.5 cm’/g
2 GALRRIIEN 50-100
3 Yswnand 1-20 Y%wt
4 szaumivouanszaan 15 35-125
5 A1leTodAu 500-1,200 mg/g
6 A luana 300-1,500 9adAON
7 AawgauSenuil 100 eruTaTEd 0.84-1.3 J/g-K
8 aninmiou 0.05-0.1 W/m-K

v o d
2.6.4 ﬂi:m‘nmmdmnuuuﬂ

2.6.4.1 01UANTUATZIANKI (Powdered activated carbon; PAC) N 1atdUH1Y

4 1 a A ' a a 1 { 4 4
AUINANTLHIN 0.015-0.025 YaaLuag ﬁmumﬁbmm 0.1 YaaLuag u,azwumﬁmmamau@

=S 9

1 v o Jd a = 1 4 < J
DIUNVUUATUANI 23-40 % mﬁ’uwmg{uﬂﬂamaﬂﬂ’n 10 "13J1mmmuaz 10-18 % WUNLE U

v

1 4 1 1 [ 1 ¥ Aa 1 = (%
Aiugudnanananii 74 lulaswas TdadaunuiiidelSuasuin dasimsgagugs

U

a

Y]

1 v o dy o o 3 J o 1 @
ausuiualszinniiaisnahiaiudsla (Cecen etal, 2012) uazwuinnisiauduiue

J o w @ 1 a A ¥ a a A
vinensaoud 1 1FlumsmhidaTansmin wu dnna Tududegaaivnssulsz@nsaimns
o v A g 1 v o dy o 93 1 o I
Mdafiodesas 98 munuiudlsznniamisagadu laiuas1nlunsi fixed bed 1ilu
awngih liiiaanuauaadiasedieguiliinamsandaly fixed beds (Bansal et al., 2005;

Y
Gupta et al., 2012) AUANLANINIBAINYDID AN 2 p81AI8TUAD ANUAIITDTUNS

¥y A

9
n30d lAuazANUMU LN Audularsanselanume luvkh ddgaduiusunses
d’ 1 o Y a dy (% v [ ?,’ Qy v o W ]
iesnnendwnai liimamsiuiloudigadu liduihnmasihia uazanuvuiumn
Y Y
HuAe WIaveIRIgaTUAelTuIAT szazna lunmsnsosuiulsuavesdigady anyuy

YIDMUANTUATANS (A13197 2.11)
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d' o 1 v o J A Y
3199 2.11 anazvosnuiuNuAdszn NNt lunesnaia (Hager et al., 1998)

mniines PACI  PAC2 PAC3 PAC4 PAC5  PAC6
aleTeRuimues (wn./n.) 800 1,199 600 900 1,000 550
aTuane 9 N.D. N.D. 14 18 N.D.
Ay (Govay) 5 3 5 10 10 4
ANURUUUYIING (P./AV. 5. 0.64 0.54 0.74 0.38 0.38 0.50
it ($ovaz) N.D. 6 N.D. 3-5 3-5 N.D.

4

vianewn N.D. (Not detected) 1899 1'1duas1eH

1 v w J
PAC (Powdered activated carbon) NUEDI DUAUITUATZIANRA

1 v o J <3 . A
2.6.42 0UNNTUAYTZINNINAA (Granular activated carbon; GAC) Huuialnajiile
=1 [} 1 Y ] 4 a o o A [ 1 1
Meunuounuiualszianpg dewillgadlevesdrsuiouna $19A0n15 Regenerated
[ X 1 1 zﬂl = U
v 1% IvunasiaunwadioMeunulsunnag (Bansal et al., 2005)
1 [ @ 4 1 a o
2.6.43 01UNNNUAYSTZIANUN (Extruded activated carbon; EAC) (NA311N1T U1
' v w Y A oA o Y 3 oY o A a
A nIeeaTam Iy nsuuunadusiiugudnaialszina 0.8-4.5 Naawas
o [ Y] [ 1 % c’z:' EY o w A o w gol = 1 ]
mnzdmiumsgasuunanunuiuanlylumsindanseminindsgaaivinssuaiulvg)
I~ < ?,’ =y = Y [
dulszininaauaziszmnme Tasmugluindegaarinssugy Tanewunins lgoiunu

@

7 ! =2 o A
Nu@lﬂ‘izm‘ﬂN\?lﬂﬂﬂ’ﬂﬂ‘igm‘mﬂﬁﬂ (ﬂ\‘l@ﬂiN‘ﬂ 2.12)

a Y1 o o & vy 3
M1919N 2.12 ﬂ’ligl,clfﬂ']iv!ﬂllilu@]ﬂ']\‘]@'luu'l (Burchell, 1999)

R EA I AP GAC (F1) PAC (F4)
ﬁ?ﬁll 4.5 13.6
dudeaammngsy 6.4 6.6
dudeuay 0.9 2.0
msvliaseuas 6.8 9.1
NTZUIUMIMIUAL 4.1 2.3
o113 13 DeAY T 0.9 3.9
& 2.0 0.3
Mileaus 1.6 25
Yhinena 0.9 2.3
AsITeu 1.4 0.9
Furia 0.7 0.4

¥ Tane 0.2 0.4

a
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U v o <3
HnWNEHA GAC Waf]ﬂﬁ\? ounuualszmnaa

PAC %1899 D uAuudYIsnNHg

U d A

2.7 szuvihvariuaeR o unuIuAr AN (Powdered activated carbon; PAC) Ju

o & AqY1 o o 2 a o v ¥ A A Yy o oA
N13VIUN igﬂﬂﬂiﬂfﬂWUﬂﬂJNu@%uﬂNQiuﬂT§1J11Jﬂu1LﬁﬂiJ1’if1185$1J1Jﬂ’Jﬂﬂu u

[

= &
J1YASIDYAANU

U v W o
2.7.1 STUVASNOUITI (Activated sludge process) M3 lsauiuiual sz luszuues

1 4 =1 a v A 1 v W 4 a 9
ABDULIN (ﬂTW‘ﬁ 2.11) Gl‘lﬁz‘lj‘]Ji]‘éi‘W‘lJllf‘lﬁmll’iﬂﬂ1ﬁ1ﬂflﬂﬂmllﬂ1ﬂ1ﬁ DIUNNNUAYNIANLUITSUD

o 3 A )

d‘ a [ c’é =Y 1 [ ] a’d’ YR [
N qmnmmﬁ“lugﬂmmﬁam FUTuaounuiuan lsuuegnuyHatazA NI NI UVDIANT

1]

a o a 901 { Y] 1 v W (Y <
Uany ﬁﬁ\?ﬂTﬂLﬂN@1ﬂ1ﬁL!i§l}3 mt%ﬂﬁgﬂwﬁuﬂumuﬂﬂmuﬁﬁ]zLi’ﬁ’g’fmﬂﬂmﬂﬂu UINUBDILLUN

U

< 1 A Aa o 1A o a3 ] 1 1
Llﬂlﬁuaﬂﬂﬁﬂlu1@!ﬁﬂﬂ31 20 Waansueoang inl,‘]Jug]}fNN'luﬂ?iﬂi@ﬁﬂﬁ]uﬂﬁﬁ]ﬂﬁ]ﬁ]ﬂﬂ?ﬂigﬂﬂ

2 4 ~ 2 A v o J 1y o & Y a
Llﬁgﬁgﬂ'ﬂuinﬂﬁ3'1JUi]$E]f‘l‘VNC?N@]giﬂﬂuﬂgﬂﬂﬂWUﬂWﬂﬂTﬂﬂNNu@Wﬁﬂ@gﬂ?ﬂ%ﬁﬂ“ﬂuﬁ@\uﬁu
1 v o Y Ao a A o 1 v v A Y Y
DIUNNUUALVITEUUNDUANDINIH !W’E'JﬁﬂHT]_Ell1ﬂ!ﬂ1uﬂﬂmu@ﬂ@]@ﬁi°]ﬂuigﬂﬂ (Cecen et al.,
2012)

a d
2.7.1.1 W131N!ﬂ9§§$ﬂﬂﬂ$ﬂﬂuﬁ'\‘i

v

a 4 2 1 ?;' = o %I
W’]i’lhlﬁﬂiﬂlﬂﬂﬁgﬂﬂﬁuﬂq il ﬂymmmmgﬁt’luazﬁﬁ}aﬂmu@mmﬂmmwm
S a o A
TN UTWWASIDYAAIU
1. Hydraulic Retention Time (HRT)
2. Sludge Retention Time (SRT)

3. Carbon dose

4. Carbon type
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Virgin Polyelectrolyte
Carbon Storage
Storage Settling
Filtration
Tank

=] (Optional)

\ 4
v

Waste

i

Contact-Aeration ZELRII
Jank —» Effluent

Carbon Recycle y
»

Thickener

Overflow

PACT® System Process

(Single Stage, Aerobic) fo/Regensration

or Disposal

MNAN 2.11 5UUAENDUITI (Activated sludge) (Cecen et al., 2012)

2.7.2. szuvih i ae Iy In N
2.7.2.1 szuudnasasadnuulyema

@ L U v v A @
Jaguiuiimsdszgna 19 arunuiuawsiianaiunis 1% Membrane bioreactor 1u

Q =

f‘Iﬁ‘UTUﬂLHLﬁEJ Tagnse muﬂmﬂummwmm fniEJ’OEJETEHEJVIN“B’JﬂTWﬁ'WNTiﬂGl auUn fj

~

A = A o w 2~ a ~ o w a vy
WiﬂLLUﬂﬂL§81Hﬂ1iU1U@ G]NiJﬂﬁLG]SJEﬂﬂWﬁGlu‘i%‘U“U ’i%ﬂ’ﬂu?ﬂlﬂiﬂﬂ1%ﬂﬁ1i@uﬂiﬂﬂ’q\1

autiumslugurgiamanineinia ningawig i la fifuTilae danadon1ssa Tnved
Y

v Y
nuafiFouazlsz@nsnImmsnisa NH,-N waz COD 2d1a9 uansilvinly PAC saudivay
sromudseaniainlunisnsesveunmusula vazifernudiaiuisonive 2-

' Y F4
methylisoborneol W yuSowaz 25 (Kim, Lee, Hwang, Cho, Kim, and Noh, 2014) 55 UUUA e

4
¥ A

o < 1 o so ¥ A
AUNTHAUT) (Rapid mix) VoI UANTUAN LU T e liiAan1siaia (1N383fNA gANTY
4 [ Aa A 0o w a o
T591, 2542) F0@ AvnszUIUMINE TszanTamlumstiniaasdunsgluszuy Yeide fe
ﬁ@qﬂﬂimﬂ%ﬂmqu wlddeasummumsuioonse

2.7.3. 33UVABANI (Column)

4
=S

[ ~ [ a J Yo w A o @
TLUUADAUU (INTYIANA @ﬂuﬁuii%u, 2542) ﬁ’lll’]iﬂcl"]fﬂ'mﬂWi@ﬂ’lﬂﬂiﬁﬁgﬁuﬂ

E]

¥ H 1
Tunindennmsgadudreaigasuuuunsnsed (Filter) (MR 2.12) AI9adUiTondN081971
A A . ] 1 v o 7 Ao dy 9 v Y 1 A 1 v v L2 J
iAo (Media) 151 oruiuiuduaznie auiteilldnsgadudlsounseouiuiug Fauiy

o w ?,‘ = = [ d' YA [ A U [ Y d a
nszurumMsiiat@enmenmtazial daulvgoiunlem 2 dnvazae ouduiudyiia

< 1 v v A o w
19 (Granular carbon) UAZDIUNUNUATUAN (Powderedcarbon)ﬂi]i]ﬁl LRGETR ammmvﬂu
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I o @

NIAAI 0AT1N15 e tWelszAnTammsgad Tarzriin neluaeduilyuvesdigady

v
(3 v A

2 4 @ [l [ 4 a o & @
UHaSFUNID Lﬁ@'ﬂ@\‘lﬂuﬂ15qmuL%ﬂﬂ?ﬂﬂ%ﬂﬂ@gﬂWﬂﬁluﬂﬂaNu VINITUIVINUINTUUDIAINA

U
3 XA
U

9 Y
Fulunodminiuiilszantnmgeiuiissuvosigadugeiuuaszezna lumaiiavz$1ag

a RS A v A Y] v ¥ a 1 ¥
ﬁ11”5ﬂl@u5$1|1|]1ﬂ7]QL!']J‘UG]@luf]\ulaghlllﬁ@lu'ﬁ]\jiﬂﬂﬁgurﬂﬂ53ﬂ@u@38ﬂqunﬁﬂ ﬂlllquu'l

d v

? a 4 ¥ [ 4 1 v o d
AU UIADT @@ﬁﬂﬂﬁvl‘ﬂa"]]@ﬂlﬂ ADANULASDIUNUNURN

}
[ > 3

Gl

(R

PNA 2.12 ﬁzumaﬁ’uﬁ (Zulfadhly, Mashitah, and Bhatia, 2001; Abollino,

Aceto, Malandrino, Sarzanini, and Mentasti, 2003)

v J v
2.7.3.1 ITVUADANULVUNIAAYD

dyd o 1 v @ o . v A
szuviiluszuumMsgeFURIeE UAITUAKLIUNMINT09 FITTVUMTYAT U
= Q da)
F108L1DIARN1
@ A I~ Y A 1 @ ) o [
Lszvugasuuuim asumslearuvseaiuduiualunisgaduans
dy ?,’ = ] = da{ (Y] Y 9 dy 1
Judloulwina@eluyisszeznamiicvuegiuanunyuvesssluilou viavesaiuga
% Y] Y] 1 1 19 5] d v :ﬂy 1 <3 A 3}/ =S
FU HarMITUAaIEHINounuIuanualsuwdleu uuailv 2 Uy Ae LUVTURBUIABILAY
uu Tvaauiu
@ 1 A A 3 A A o w %} = =Y
2. szvugaguuu lvadeiies Aniduntenlunsiiaiudedsumuin
[~
uuadlu 3
g’/ = dy ?,’ 1 ] g’; 1 (%
2.1) UUFUAI (Fixed bed) 32UUH1E192 1Ma1AUUAIA A IUFUDIUNY

]
v A [

1 = a o g’/ g‘/ J ' v o !
UaANDY Uﬁ%\15]3Lﬂﬂﬂ"lif]ﬂglfﬂﬁ]”lﬂﬂfu‘]J‘LlaQ%Hﬁ"l\ﬁl@ﬂﬂ”ll!ﬂlmuﬁ (ﬂTWﬁ 2.13)
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i

3
U19DN

= ¥ = .
NINN 2.13 LUUBUATI (Fixed bed)

v ] H 9 Pl Y
2.2) LUUFUIAABUN (Moving bed) zuuH 11indes lvavundoununs
d' % [ a 9 [ g a A <'> 1 dal 1 [} o [}
nasudigaruusnuiuns szuuidszaninmaiuane uaszuuil iz audumstinia
?:J =S a 9% o a {
Hude deulslumsuenuna lalasmsveuvealsaanudl Tas@en (A 1w 2.14)

v 9 g
DUV H19DN

P

2N U

M 9 ] [
MNA 2.14 LUBTUAAOUN (Moving bed)

2 a v o 2gv? o ) <
2.3) Lm‘uwWQeﬂ"lw (Fluidized bed) izﬂﬂlﬂﬂﬂﬂLﬁﬂhlﬁﬂﬂ]uﬂﬁﬂﬂ’JTNﬁ’J
~ Y v o Ida 4 dyd v Y 1 g’/ 3 Y
wmﬂwaiwmuﬂwummmmmuaaﬂmmﬂ@ 381J‘]J°L!3Jf"lﬂﬂﬁl”lflf;’fﬁﬂ’ﬂl!ﬂﬁ‘]ﬂ!@]iﬁ UDA
o ¥ J U v o d < J
ﬁi’)ﬁ'”lll15E]‘]Ji']Jﬂ%ﬂ”lﬂlu”llﬁﬂllﬂmsﬁl”lllﬁﬂ”lﬂﬂ’ﬂ LLﬁgﬁTNTiﬂI%ﬂTUﬂNNU@]ﬂJHTﬂLﬂﬂﬂ’J”Illgf (™

712.15)
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1

y v
UV

i 2.15 nuudulgdalad (Fluidized bed)

a 4 [ 4 [
2.7.3.2 NITUADTISVUADANUUVUNIINAYD

o

o [ 4 A 4 { a
Tuszuumsagaduuuuldaeaind mlwesndwg lumsauszuy

9

Y v W o o v Jd A 9
ﬂigﬂﬂﬂﬂﬁﬂ TEYLIINTUNT mmqwmmgﬂ%ﬂuﬂaamu @‘ﬁﬂ'lﬂiﬂﬂﬂ']iiﬂfﬁllﬂ'lﬁ
Y
fage 1)1l
(Metcalf and Eddy, 2004)

%4
EBRT=—

=Y 4
V A9 15uasvesmsvenluszuy (m)
Q A0 80313 Wia (m’/h)

EBRT fio Empty bed residence time (h)

M3197 2.13 M5 ilines szuDABANITIHUUMI AT

=) U Qd a
(1NFYIANA Qﬂuﬁuii%ﬁ, 2542; Hager et al., 1998)
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MNTNe5 M

YUIAYDIDTUGAH Mesh

v

FUUDIDTUAALY 195 (50%)

Mszms lva ALY/ (A5.3.177)
v =1

AN wif

Y 9 =

8031 lnadou S IRUACERTRTRN))

(~ 14 { Y 1]
5uamiveundoanis ATN/A1.Y.
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v d [
2.7.3.3 Yo@At0I oI5z UUADANINLUNIRATY

a ~ J a

Y A o w A ) Y 1 1
Joffio @ 1W1501UAa 1 o UNT Az @1THUNII A sTUDdIeAENIS
oA (7 ~ 9 o 9 n 9y 9 A a [ 1
autiums dananilsannsothunlslui’la doide Aoszuvo1nfinnNUAUaAaIUIEI
o { 1 v o 1 o
(Pressure drop 139 Head loss) 52 Uum3sgasui ldammniuduuunsidondodoniani (@119

n2.14)

a Y~ Y a an o Y 1w o &
M990 2.14 m@ﬂllagﬂlﬂlﬁﬂ"u@\??ﬁﬂ’liellﬂ\iigllll@ﬂcﬁllﬂaﬂﬂ']uﬂlllluﬁuﬂﬂwq (PAC)

(Edzwald, 2011)

IBMsvesszvUgady  Vod Vo

Intake seoznaduiay 1¥agaduises
HAZMIHTNAUA

Rapid mix mInauiud Feduiusiuszezna  saimsgaduanasdsumssunau
U MInMsanaznen szoznaduiady

o Y Y 2 ' v o J
mlddeunudSunamunuiua

Filter inlet NAUNBINDAIHTUMIYATUID PAC mmzﬁq@aaﬂmﬂ%umm

HUANIANTAVEL PAC PAC gni11anIe Head loss
Slurry contactor msnauiudEen TiRamssumy  e1mizdeannieuazfanay
preceding rapid mix INNITANACNOU

a 4 Y y
2.8 MIINTILH] N 1INAIEAIBI Atomic absorption spectroscopy (AAS)

A I A A Aa 4 Y 9 oA [l
1AT93 AAS L‘]Jum‘immmmﬁwmmmmummTamwunwagiugﬂmaazma%aau
(% A d‘ o L] 1 1 1 d' Y a %
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. . . a dy 9 o Y o 1 v 3
1. Flame atomization technique matatlsnszuiumsimldaisaediauandntuoznou
fenlad 1yl
Y
2. Flameless technique/ non flame atomization technique mﬂuﬂﬁi%}ﬂi zmumsv‘iﬂﬁ’a 19

@ 1 v 3 o a
meduaawiuiuezaoylddsanuiounnnszua liihlasannsamvuagungivesns

= 1 [ d' 1 1Y 9
LN"IZJﬂW]NﬂH‘V]L’JﬂW]Nﬂu]lﬂ
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. . . { (% 1 @ a ! 1 o
3. Hydride generation technique N38iNaNsAI0eaana1a1833% 1 uaz2 1i'ld 3es1uiludes
1935 nsuandd luyssemandsianinesndiau et un1ssINAIT UV NTIAUYD
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2 4 a { { I ]
4. Cold vapor generation technique 1535129 519U HananInlasulniule 1ddwe
X U a 4 {
¥ launmsinneisenniivsinaniss
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29nlszneUveunIEg AAS
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' { o 3 !
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4
3. TuTulasunes (Monochromater)
= 4
4. ana g (Detector)
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a ¢ = o ~
ASTUIUMIAATITHINeazReanane i
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Tdanseassluoimeld 3ennasun

I~ H < a I | a
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2 fluorescence
S radiation

NN 2.16 X-ray fluorescence (Helmut Fischer, 1.1).4))
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=\ @ ] Y v A s A 1" o A a 9 I 1 0o A w A
1]11!@1'3@81\‘11@ 3Qﬁlﬂﬂcﬁﬂﬂﬁﬁ‘ﬂ1ﬂllﬁﬁ\‘lﬂTLuﬂLLﬁQ"BUIﬂﬁﬁﬁi’)u ﬁWNTiﬂiGﬁlﬂullﬁﬁﬂﬂHuﬂﬁﬁﬁ

J Y a A o A Y Y =R a o Jq 9 a . .

Lf]ﬂ“h'@')fllﬂﬂuﬂﬂ’liLi@\?ﬁﬂﬁl@ﬂ%’llﬂ G]N\ﬂuﬂ%ﬂul@ﬁlﬂfﬁ/]ﬂ‘lv!ﬂ Micro-X-ray Fluorescene (Micro
XRF) spectroscopy & 5 UUAUAVIUTIAZADIUNAADIN 6b AD1TUITOUAIFUTIATATOU

J a L4 a A 1 v o J
(DIANITUHITU) Gluﬂﬁ"JLﬂi']%“l’i‘l’i'l‘ﬁ'lﬁ]umﬂallﬁ%Iﬂ‘ilﬁﬂNGlu@]'J’f]EJ'Nﬂ'luﬂiJlluﬁﬂ'lﬂEﬂ\ﬁﬂfluﬁ

d‘ ] Y 9 o A = [ dyd d'
NHIUNITAAF VLA TEUVANAYILTI BLO Uausznauasilne ®Mmn 2.17)

1. Absorber 182 beam shutter 1M adlae 1duasduTasassuriu 1 dianil

Neavl

]
v A o Y A

I o o @ [ 1% v I ad
2. Shielding wall ‘Wumumanused snhntdesduli1dssdurumnannednnudianaseu
20NNINBUDNUTIN 1DINAADY
Id o a a [ o
3. Beryllium window 1 uddnseaassulasaseu lasazliuasdulnsasouludused

J 1 1 g’/
BNFHIUNIUU
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Beam
Ton pump shu:ter DXL
Absorber end stn.
Source :

§ ——

w

d‘ ! o A L!'
MIA 2.17 3 U52NBVVOITTVUANABILAIN 6

o = < o A a ' o o A J o o 9
seuvdnasaaan 6 iuszuvauaswuassulasasouludiunasanusimeons dmsuly
= ° Y =) ~
ﬁ1uclu53uuﬁa1u1/maax‘lmu’su 238101 ﬂigﬂﬁ)u@’nﬂaﬂ']uw{ﬂaﬂﬂﬂ BL6a Deep X-ray
lithography (DXL) tlae o D1UNAaIN BL6b Micro X-ray Fluorescene (Micro XRF) 11199910
Aa o Y o = =\ [ =
\311!3%8]1@1/]'lﬂ'liﬁﬂ‘}:l'llﬂw'lgigﬂﬂﬁﬂ'lu‘ﬂﬂfl'ﬁ]\? BL6b TﬂElfcmuﬂizﬂaummizuuﬁmuwﬂam

[

. ~ = 2
Micro XRF 510021089091
s o W [l {
a011inAned Micro XRF 1lsznoudegnsaliddny 4 dau (1 2.18) Yszneudae

d o @ v W J A . a 2 1 .
1. auddmsu lWnasedensyila Polycapillary lens 109998 UUTE VY Alignment stage
A Y 1 ) [ 1 o v S 4
Ll!ﬂ\i‘ﬂ?ﬂ@]ﬂ\iﬂﬁﬂ’ﬂmmufJ”IEj:QGl‘l!ﬂTi”]Ji‘]Jg‘]JiNLLﬁZﬂJHWﬂﬂJ@QﬁTLLﬁQﬂJ?NSQﬁL?Jﬂ“]J’VINWHLﬁHﬁ

23UUAI8819 1A8TZUY Polycapillary lens Yaa@a1il 6b a1unsa Inldadweaaliivuna 30 um

2. ndedluTasalay (CCD microscope) FAMSUMTATIVEDVLALNTIADNUTNINUVDY

Mod1anagding e TaegnaasianiniuinnnasvedsiednoutaznaInTia

v R o [l = @ A Y I
3.3 UVIVIAAIDYY (Sample stage) FIVSHYNUVULIAADUAIYISUUVNUBLADINUAIY
9 F4 ]
ameammmmuﬁmﬁ T@]fJﬁ')@fJ'lQi]%Qﬂ')%?1ul!u3@ﬂﬂ1ﬂﬂﬂﬁ1llﬁﬂ J8UY Stage ﬁmmamﬁau
@ [ 9 da! d‘ 9 = o 4
A20819 TULUIFIBVIILAZT LAY L‘W@Glclfcluﬂ"liﬁﬂkl"Iﬂ"liﬂix"l]"lflﬂﬁslli’)ﬂ‘ﬁ"lﬂﬂﬂﬂﬂigﬂ@ﬂﬂl@\?

4 ] a a 9 =
g luUsNUNABINIANY

4. 3200%3959F o dontineaed BL6b 92 1913wl Si(drift) detector #4351 Energy

resolution N 160 eV &1 @11 US Mn-Kq line
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= N

Pfjlyr.:‘mllmy Iu“

Sample

MNN 2.18 F91UNAADI Micro X-ray

[

E4 [
MNUITedeInITAIINIRIEHsIginmanas TaseuignagaduuunuiuiudeIn

9
[ Y

4 =S =R o a a = ] a A [ I
GNIDYUA mumﬁmslml,ﬂﬂmmmﬁmumﬂauazTmmau FIVLLNANITLIDITIALONBENAN

I

' H k4
WAINUAIN3199 2.15 J1nvvatlaasuvesdieganisignidesriazilsinginyuia

WAWIUAIAITNNNA1ITAY (LUINY X) AIUANINGIVOIRNA (LNYY) azuaaIdas I

@ 1

@ 4 PR R A Y Y I
VDIA YY1 X-ray Fluorescene counts mﬂ‘mﬁ]’ﬂﬂﬂﬂizﬂﬂ‘]J‘VIiJ‘U‘LM’JEJfJN mmmﬂuMmW‘u

@ o

=3 Aa 1 T A a J
miﬁmmmmmqmagiu ADYNNNINTAUAIICH

M3199 2.15 Amaanungnilaaildos (Dziunikowski, 1989)

519) KQ, KQ, K,
unna (Ni, 28) 7,478.15 7,460.89 8,264.66
Tasi5ieu (Cr, 24) 5.414.72 5,405.509 5,946.71

2.10 M3 larizHINNaUAH (Recovery)

v =

A o w 2w <3| < 9 = Y o =R
H9991INNIIMIRvRUTEdUAT18na1N T ssIAudmAYNgAaIMNITHADIAILADY
. = Y 1 2 A a Y 1 [ A =
(Akcil et al.,, 2015) WIBLINUATBUTINNAINVoz YDA IULAITUBUATIBI1BIDINTNT
Y v Y
PYuilouTanewiinlulsmnaguazismsdisavesdenuilouTanzminina1es uavin
) 1 ya %’ ya a i o [ g’/ o LY
i ldsnavendwwaldquuazildqunanisiuilouTangmin daiumsi Tanewiin

A a A J

o P vy 9y =t o J X AY AY A 1 o
ﬂa‘Ull11%1‘”11?1'Jflfnii"lfﬁ"lﬁLﬂllﬁﬁi’]ﬂauﬂiﬂGlUﬂigU?uﬂ]iﬂﬁﬂa"l') BINUDAUDLTIAIINU

9

v ) Y
(M13199 2.16) WUNITM T IFa Tl Ta NN AU eI T uIUM s 1¥szeznardu lu

aw d"d A Y = ° @ =)
Nuvetdvaenlsasellumsi langviinnauny



d' Y A Y o [ v A .
9199 2.16 YoAuazY9IFev09nNIUIUMII lareniinnauau (Akcil et al., 2015)
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NITUIUNT

Y A
uaiael

Chemical leaching, Thermal treatment,

Other traditional process for metal extraction

Bioleaching (Bacterial and fungal leaching) FuiiastuFunadon

OUAT1Y

) H Y o -
aszIuMmslgnady  ldndsnuganavesde

AFAULUMTUIU

ax o Ly [ = = A = 9 = [ d'
My lavgniinnauaunveuderison nveude 1¥asla1eny (M3 19N 2.17) Wy

umsl¥nsa iy nsaluain (HNO,), lalasaaesn (HCI), nsavlosiin (HCOOH), nsagaysn

(H,S0,) #azn3sAveFAn (CH,COOH) A19n 1% 151 Tadoulansenled (NaOH) iag

TnunaFoulaason lad (KOH) tazinae 5y Tsdouaaslsa (NaCl) uas Inunaidounao

156 ke Wudy TunmsirTanzmiinnduAY (Lata, Singh, and Samadder, 2015; Bansal et al.,

e dy a A <3 @ 1 A = a A
2005) Vlﬁuﬂiﬂ"luﬁﬁﬂllﬂ’nulﬁiﬂzﬁllchllﬂTiHJuﬁ']ﬁﬁﬂﬂlﬂﬂﬂT] Lu@ﬁ%TﬂMﬂﬁ%ﬁ“ﬂ‘ﬁﬂTWiuﬂTﬁ

o A a U @ o 4 o
iinnanaz Ingileueananauiuliud lasosas 98 uag 70 MuUEIAY (Gupta et al., 2012;

Sarkar, 2002)

M3199 2.17 sl e sanan lglumsii langmiinaduay (Akeil et al., 2015)

TatnizHinigninauau (Yowt)

asanag

Ni Cr
Na,CO,+H,0, 65 N.D.
10% NaOH, pH 8.8 20 N.D.
10% NaOH, pH 8.4 10 N.D.
NaOH (Ist stage) H,SO, (2 nd stage) 98 N.D.
NaOH (Ist stage) H,SO, (2 nd stage) 92 N.D.
NaOH roasting (1st stage) H,SO, leaching (2 nd stage) 98.2 N.D.
KHSO, fusion + water extraction 90 N.D.
Aqueous NH, + NH,CO, + H,0, 80 N.D.
Citric acid 85 N.D.
Oxalic acid + H,0 65 N.D.
0.01 N NaOH, NaHCO,, Na,CO, N.D. 111-115
0.1 M HNO, and EDTA N.D. 80
NaOH and BaCl, N.D. 99.9-100

a r'd ]
1A N.D. (Not detected) HUN8DI UATIZH LWy
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k4

=1 v v o d R
2.11 Mmsuamnuesounuiiua (Regeneration)

G

v J

tg 1 @ I ] 91 v o A Aa
ﬂ157‘lu1{‘lﬁﬁﬂ1wsllﬂ\‘]fnuﬂuuuﬂ dumseaatsunaums lgounuiuaazanveudeni

Y
adl v A

Y ;4
mstuidlouasuaiisvie lanzwin maduanmuiailu 3 354

as S A o = [ 1 v A ,i’ ,i’
1. 33maal aorhasmumautuaunuiuaninstuileou esiuieuazgn
a o 1 v o 4 H ]
20N lAF00NNA AV UA 8131977 19 1951 NaOH, NaOCl, H202 tiag HCI

v P
a A Y 9 v A

v
2. 3%5anudou Ao 35U 3 TunoudIeiuAe MIszve lovaarinlngd 100 seruwaTea
PUAMSUDUNMUATAIN Bl QUMDY 800 DIAITALTEE agMInszqumMTindingugl

L]

3241719 800-950 DI ALT A

a (%) 4 I o a L
3. 35w Ao 19A UMD Multiple heat furnace Iaglfunasou ivoilludloend ladlu

v A ° Y o o =R o I Y A v
N1INITAU L‘Ll@\‘li]'lﬂﬂ'liLN'Ii]?dTl'lGl,Wﬂ'ﬁU@uéU@Qﬁ’Jfﬂﬂcﬁﬂﬁﬂa\‘ii]\ﬁ]'llfﬂu@]ﬁ]ﬂhﬂ'liﬂigﬂu

v v

2.12 N1ﬂ§§1uﬂ3‘]Jﬂ%lﬂ15§$1ﬂﬂ‘lj1ﬁﬁiﬂﬂQﬂﬁTﬁﬂﬁﬁN ‘aﬂNQﬂiﬂﬂﬂiiﬁl astun

ﬂi%ﬂ@ﬂﬂ]i@ﬂﬁ]ﬂﬂﬁﬁu

A Y] 901 Qy ~ 1 1 A Y 1 o & Y Al v A %’ [
Luﬂ\‘iflﬂﬂﬂﬁ]ﬂqUuuTﬂﬁﬂgﬂﬂﬁﬂﬂq@’NLnﬂﬁ@N W‘1J'Zﬂfl]M‘]JHGI’EN?JﬂWﬂ%Hﬂﬂ!ﬂTWUT@fJN

MNZ AN FIPNMUUAMIANNIATTIUANHIEMM LA A3 2.18

i 9 Y
msan 2.18 N1ATTUAIUANNITISUWUIVNINGATINNTIN UANYATIHNITY wazalsenou

NIYATIHINITY (‘]JizﬂTﬁﬂiSVﬁ’Nﬂg‘WEﬂﬂi‘ﬁ53%%1&!@3%%0@5@%, 2559)

v

A HRMA NI ANATFIY Rl EREEY
& ' A o & ' H
1. anuiunsavazae  5.5-9.0 nseelannuilunsataza1eveeiin
(pH) (pH meter) NHANNazBoa lidnI1 0.1 v
a ' a 4 o A o ° 3 o '
2. gUNQA (temperature) T3t 40 °C zﬂ%aaﬂqmwgu AUVUSNINMINUAIDYN

=3 A g an a d
3. & (color) 300 Ao 1o 510a91 1o (ADMI method)
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v Yy 9
A3197 2.18 HINTFIUAIUANMITTIZUWUIMNIINGATINNTTY UANYATINNITY wazaliznou

MIQATHNTTN (U3EMANTE NS NNTNINTFITUTIALAZ WA, 2559) (D)

- H ada d
At ABASFIN IIZH

< ¥ 2 7 ' o A o
4. YDV A UINNTUA (1) NFATTUILAUNAN G?E]Q"lll 53&1’?EJGI’JE]EJNﬁﬂiﬂQN1u(§l'JfJfJ'NﬂinglEJufgl}'J (glass fiber
. . a A Aa o 1 a . Y A a ~ <
(total dissolved solids “Vidﬁ’f] 1N 3,000 HAANTUADANT disk) HAZDUUMINGUWAN 180 DIAUKDLFYE Wunan
~ v ¥ da oy <
TDS) (2) NTUTZVWAILHAIUINUA 086191708 1 32139
< ¥ 2 a '
VDU AWUINIH VAN UNI
A A o 1 a ' <
3,000 HaNITUADAAT ATUDILUN
[ ¥ R4
avaimanualuiineanezseune
YY a1 a ] o
"lﬂmammmummwmumazmﬂ

[ =

a AR ]
u1mwmmag1mmam1uu"lu

v Y
°

1NU 5,000 HaANTUADANST

< 2 ' a A a o 1A \
5. VDIV VIUADYNINTUA "lmnu 50 Haansuavang ﬂiﬂQN1uﬂi$ﬂ1Eﬂi’l’Niﬂllﬁl’J (glass fiber filter disk) LLag
= a < '
(total suspended solids) BULLﬁQWQmWQM 103-105 ’E]Qﬂ%“]fﬁl%ﬂﬁ L‘l.]u!]ﬁTl’]ﬂN

o 1 9714

a

P " a A a o 1A oo A 3 o
6. UI@?\ (biochemical oxygen "lmﬂu 20 HAANINADANT VUAIBINNYUNHY 20 ﬂﬂﬂ%“]fﬁl%ﬂﬁ L‘].]Ll!]ﬁ1 59U
a 1w ' A ¥ A Is A
demand) ﬂﬂﬁ@ﬂuuﬁ%ﬁ1?]1@8ﬂ“]ﬂ%uﬁzﬁ']ﬂu']ﬁ"m'fﬁlm‘l“ﬁﬂiuﬂ
A w aa ag
‘Nm%u (azide modification) wfsmmummu@mﬂimﬂ

(membrane electrode)

7. M% 107 (chemical oxygen itAY 120 laaniuneans govaalasld Inunaidonlalnsmue (potassium
demand) dichromate)

@ 4 T a a a o 1A a a =Y
8. afa 1Wl@ (sulfide) Tsithu 1 adnsudodns loTalamn3n (iodometric method) H303BINNAUQ

(methylene blue method)
s . 1A A a o 1 A < . . v Y ax = . .
9. lwsen'lud (cyanide) TyiiAu 0.2 aanSunedans nAaU (distillation) LAZHNTIVIAAWWITINYVUA (colorimetric

method) 130875 flow injection analysis

H Ta a a 3 T a 3 a
10. isiunag lvsiu (fatoil - ‘hiifu 5 TadnSudeans ananemAina liquid-liquid extraction 138 soxhlet
v v
and grease) extraction A28 vaz gL mITRve 1Y
waz Ty
4 =) 4 " a Aa a o 1A an A =
11. Wiosunadlad Taithu 1 Hadnsudoans A5NYVA (colorimetric method)
(formaldehyde)
12. @15U52neviluea Taithu 1 adnsudedns AAY (distillation) HAzA3133AAEITINEVT (colorimetric
(phenol) method)
A A 1a A Aa o 1 a L. . A an A A . .
13. DT UDATE (free TRy 1 Jaansusdoans Tauasn (titrimetric method) H39TINYUT (colorimetric
chlorine) method)
o w [ A v Y [ 93 ) .
14. 1INNVAATAFNHBLUASTAY foans2 lainy M Insulansivia (gas-chromatographic method)
(pesticide)
< X Va A a o 1 a P .
15. AU (total kjedahl 13iPu 100 Tadnsudoans 1wam¥a (kjeldahl)

nitrogen)
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v Yy 9
A3197 2.18 HINTFIUAIUANMITTIZUWUIMNIINGATINNTTY UANYATINNITY wazaliznou

MIQATHNITH (UTEMANTENI NNTNINTTITUFIALAZ FUNATN, 2559) (D)

ArHUMNI

AMMINTGIU

ada J
IHIUAIICH

16. Taneniin

(1) d9n2d (Zn)

a g I3
2) Tnsdiowdnaiuaun

(hexavalent chromium)

3) Tasdeoylasraun
(trivalent chromium)

(4) @59y (As)

(5) N9YLLAY (Cu)

(6) Uson (Hg)

(7) upaian (Cd)

(8) wuisey (Ba)

(9) FaLiew (Se)

(10) Az# (Pb)

Tyitvu 5 Tadnunedans

Taithu 0.25 Taansuneans

T3iPu 0.75 Hadansudedas

T3iPu 0.25 Hadnsudednas

T3iiPu 2.0 iadnsudedng

Taitu 0.005 Taansunoans

Taithu 0.03 Haansuneans

ThiPu 1 Tadnsurodans

T5ifu 0.02 HadnFudeans

Thitvu 0.2 Taansudedns

1 @ [l k) . . . g
#088a18A10619A28NTA (acid digestion) taziavifSua lane
Y Ay a @ = . .
Aeiteznoninuousentu dilnIasmans (atomic absorption
spectrometry: AAS) W3 ItouanAnadwNana1au (inductively
coupled plasma)

P . . A an o v v a
INYVT (colorimetric method) H30IFANALAZATIVIAAIVOZADUIA

o = . . )
wovsoHFualnuAA3 (atomic absorption spectrometry: AAS) ©3
an o v Y ada o A Ao A o .
IBanaLazAIINIANeIToUANN AN AN ana1du (inductively
coupled plasma)

)

MUIUMINAIE A1V InsiTon Neruany Tasleuanyen

o
auUn
ozaauiateurenFuamlnIas W Tnwaas (atomic absorption

a o @

spectrophotometry) ¥iia la'lasdlnuiueisdu (hydride generation)
H3oIsouAnNvadNana1au (inductively coupled plasma)
8008a19A10819928n39 (acid digestion) tagial3 s Tangaae
DADNNALOUFRNFUIUNUAAT (atomic absorption spectrometry:
AAS) WiedrousnRaAmHanaran (inductively coupled plasma)

o 14 a o
Tnaanlesezaouiinuouwensudiln Inswaas (cold vapor

. | A Aas J o a
atomic absorption spectrometry) 13071 lnaarutlesezaonin

o =
wgamsmwm anlnlasweas (cold vapor atomic fluorescence
A Aada o A (Ao A . .

spectrometry) rseIsouANNHARINaNA TN (inductively
coupled plasma)

' o a1y . N . 3 Y
#088a18A10819A28n39 (acid digestion) tazinLsua lanzaoe
araoNIALIULINFUIUNUAAT (atomic absorption spectrometry:

A AdA o A (RAw A . .
AAS) HsasouanNasnNana1au (inductively coupled
plasma)

' o a1y Sy . 3 Y
#088A18A10819A28n3A (acid digestion) LazinLsua Tanzaoe
ozaoNLALOUFINFUEUNUAAT (atomic absorption spectrometry:

A AdA o A (No A . .
AAS) #3975 0UANNHAAWHana1aIN (inductively coupled
plasma)
ozaoulaueusoFUAIINNAAT (atomic absorption spectrometry)

a

o @ ada [
riiala'lasdlnuimelsdu (hydride generation) Wi auaAnAN

anwwanaleu (inductively coupled plasma)
| o oy Sy . 3 Y
J00ea10A20619A28NTA (acid digestion) taginlsua Tavizaae
ozaoudateUredudn IawnanAs (atomic absorption

v A

A axda = a . .
spectrometry: AAS) 30150 UANTWARWWANA T (inductively

coupled plasma)



UNN 3

AaA o a\ =X
IO UHUNIFIIVEY
Aa o gd o w A a = sol = Aadn [
NuATsUANYIMIMIatnmanas Insienluindeninlssnugy Tans Tagsmagady
9 1 Y] @ oA Y a d =R o A a =
Ao uan laainnszurums lnlslagasesosud dnwinisuiitinnauas Iasiiesy
v A o 1 [ o 4 9 o’%’ <R K 9 4 <
pauay vaznsiiounuvuau lelsy Teruis 2u09AAE101 1FAIT U ULLAADIN
a 'd o 1 v W o v A a =\ 9
nszuaums s lagdenssosuauhaunuiud lunsgady dnnauas Inslenalesz Uy
<3 @ 4 1 o a s a a
UNALIAABANILDUF (Dual packed bed column) Tagiin1sias1zimIANUdUTUvRITnAa
= 1 [Y] [ = a a o w A a = é
waz InsennoutaziaImsgasy tasAnwlseansmmlumsmaatinfanas Inslioy &9

v W

A Aad o a a dy
UIATNITANUUNITIVYAIU

3.1 1n309iaaza NN IFIHM IV

. ] (. .
3.1.1 nsesdonazginsaiilFlumsfnunide (a15190 3.1)

H 4 o a o
M3199 3.1 1Aegiiouazglnsain 1y lumsdve

d' A d d‘ 4 |
mimmuaxqﬂnim Eﬂ’iﬂ/éu

1. Lﬂ%@ﬂfﬂﬂﬁﬂﬂﬂammﬁEllm@%lﬁm Analytik jena/nova AA
(Atomic absorption spectroscopy: AAS)

2. m’%aﬁmiwﬁﬁuﬁmazmmwgumaﬁﬁ@ Bel-Japan/Bel sorp mini 11
(Brunauer, Emmett and teller: BET)

3. m’%mmuwan (Shaker) New Brunswich scientific/ Ecella E5

platform shaker

4. m%mmua 1 anudou (Hot plate stirrer) Heidolph/MR Hei. Standard
5. Lmzmqmwgﬁq 3 (Muffle Furnace) CARBOLITE/ Control 201
6. 499U (Hood) FLEXLAB/HF9-04

7. w50e5amnuiiunsaag Consort/C562

( Multi parameter analyzer )




Y 4 oA awv J
M3199 3.1 1A3egilouazgUnsain ¥ lumsive (Ao)
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m‘%mﬁmmzqﬂnm‘i ﬁ'ﬁa/éu

8. m‘%aﬁﬂmwmju (Turbidimeter) HACH/2100Q

9. NABIYANTIADIANATOUULUADINTIA Carl Zeiss/AURIGA
(Field Emission Scanning Electron Microscopy: FE-SEM)

10. §oUNH (Hot air oven) Memmert/UE500

11. C{lz}@ﬂﬂ’ﬂll%u (Desiccator) WEIFO/VERSION

12. m%"m@f?mw%aﬂ (Analytical balance) 2 AN Precisa/XT1200C

13. 1399790z 1D80 (Analytical balance) 4 AN

14. 1A30IAIUANOATING 1MAUDIUDAHAT (Peristaltic pump)

Sartorius/NSC-TISI-TIS 17025

ATTO/C-2110

3.1.2 MSANNIF UM ANV (113197 3.2)

919N 3.2 aaain g lunsive

asindl gasluana ddo/lszmaduan

1. nsaluasn (Nitric acid) HNO, Ajax Finechem/ Australia
2. 9170 YNINTT RIRIGIGE (Nickel standard solution) Ni(NO,), Merck KGaA/Germany
3. 3azaeNInTgIu 1ATIeN (Chromium standard

Cr(NO,), Merck KGaA/Germany

solution)

4. lalasiouleseon la@ (Hydrogen peroxide) H,0, Chem-supply/Australia
5.nsalalasnae3in (Hydrochloric acid) HCI Merck KGaA/Germany
6. ﬂiﬂ%ﬁ“l(ﬁﬂ (Sulfuric acid) H,SO, Merck KGaA/Germany
7. Twden laason lod (Sodium hydroxide) NaOH Carlo Erba Reagent/ Italy
8. loToAu (Iodine) L Carlo Erba Reagent/ Italy
9. TRen'15 Todaa (Sodium thiosulfate) Na,S,0; Carlo Erba Reagent/ Italy
10. luTaswuvan (Liquid nitrogen) N, -
11. leasFudamla (Hydrazine sulfate) HN,0,S Carlo Erba Reagent/ Italy
12 1gnaunnaueas 1

CH, )N Riedel-de-Haen/ Germany

(Hexamethylene tetramine)
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YY) Jd
3.2 MIAIYHNUNHITUA

[ ~ o

Aq ¥ 1 v o JA s s Ay Y a o
E‘TﬂVII‘]fLG]iEJlJ‘I/]'IﬂWUﬂlIlIHG]ﬂ@ f’ﬂﬁJ@‘L!l,!,llaﬂ'lﬂllﬂi]"lﬂﬂ§$1J’Juﬂ1§]l‘1/\l1§ula“]5’ﬁﬂﬁﬁﬂﬂuﬁ

[

a A = Y a 4 g’l = = dy
ﬂTﬂQﬁﬁTWﬂﬁillWaﬁTJTG\ﬂaflllﬂ?ﬂﬂﬁgﬂ'JUﬂWﬁ]lWIihlaclfﬁﬂTQﬁﬂﬂu@] VYUADUNTATIN UAIU
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3 4 6.17240.007 0.071 36.5040.068  6.693£0.017 0.061 3114£0.179  6.610 0.062 32.00 6.674+0.013  0.061 313440.136  6.6520.029 0.061+0.001 31.57+0.296
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10 4 6278£0.060 0.034+0.001 35.4140.622 5.906+0.211 0.038+0.002 39.24+2.170  6.062+0.086 0.037+0.001 37.64+0.887 5.982+0.040 0.037 38.46+0.407 6.157+0.076 0.036+0.001 36.66+0.782
5 3.546+0.195 0.062+0.002 63.5142.001 4.4671.961 0.053£0.020 54.04+20.177 5.868+0.126 0.039+0.001 39.63+1.292 570040272 0.040£0.003 41.40+2.797 5.833+0.040 0.039 39.99+0.407
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@n/a) @0/ @n/a) @00 @n/a) @0/ @n/a) w0/ @n/a)  @n/n)
2 5.148£0.990 0.081:0.020 43.9210.784 5.129+1.012 0.081£0.020 44.13=11.019 2.65120.314 0.1310.006 71.12+3.421 1.830+0.223 0.147+0.005 80.06+2.423 1.60+1.085 0.1520.022 82.60=11.814
3 4 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99
5 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99 N.D. 0.184 >99.99
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2 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99
10 4 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99
5 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99 N.D. 0.092 >99.99
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40 53.244+0.283  11.71+£0.329  38.48+5.777 0.02+0.034 1.27+0.423 14.484+2.646
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ANy szansmnmsihtaiinmha (Gevas) Uszansmunmsihtialasiien Gevay)
MI9819 . . . - - -
' 0.5%a.A0M  1NaANN  LSuaANN 0.5uaANN TaaAann 15 waanm
(1 9)
56 9.9740.542 6.60+0.128 40.84+9.377 0.02+0.031 2.11+0.260 32.04+5.469
72 9.29+0.159 9.64+0.112 11.65+0.253 0.14+0.272 2.43+0.133 0.61+£0.156
96 6.05+0.207 6.05+0.344 0.08+0.131 2.304+0.194 5.72+0.060 0.5240.175
120 4.33+£0.200 6.594+0.130 1.88+0.113 2.04+0.304 6.06+0.334 0.454+0.035
144 1.73+0.295 6.27+0.240 2.69+2.338 3.09+0.577 6.06+0.582 0.12+0.560
168 2.30+0.360 10.07+0.338 1.22+0.100 2.58+0.358 6.697+0.305 0.93+0.239
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X-rays Fluorescence counts

A9819 — »
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a J 1 a A [ 4
0.5 HadansAouIn Waﬂ']ﬁﬁﬂ‘klﬂ“l‘ﬂ'ﬂﬂﬁgﬁ‘ﬂ‘ﬁﬂ']“WfniU']‘Uﬂuﬂlﬂﬁﬂ385$UULLWﬂLUﬂﬂ@aNu

a A v

Y '
nuugidszaninmuinnidesas 99.99 Tuszeznardudancud 4, 8, 16 1ag 24 42 Tuausn
1 =) a 27} = -d' o L+7) g}J -dy QU % 1 =\ =) Q‘
Tag'lunwuiinmalukudeneonainszuuiinig Mativainszeznaiadnanlszansmniey
1 a A o @ =) 19 v o A
anad taznwuNlszansammsiinia lasdleuunninsosas 99.99 luszeznadunan 4 ag
o A a A o o ' ~ y o =
8 ¥ 1u3 1z sz ANTNINGUANIHAININNIAIAINATD (15199 4.13) TasrudeynTanzll
aNuutusuduyainnataz Tnsmeuiny 41.115 tag 151.070 Haansudaoans auaiay
< I 0o w A a =\ 9 19 A [
pazaziu Idnszuuamnsothiatinnauas Indiow ldgegaunniidesas 90.00 imllounu

(15197 4.14)

d' a a = ~ o 1 v o Jd
M13149N 4.13 ﬁmmuﬂmauaﬂﬂsmawgﬂ@ﬂwuumuﬂmum

STUSIAUNY Hinha n./n.) Tasidlea (n./0.)

fMoeng o I B o L.

: oMl ARAaNI2 sTUD* AaM 1 AOBNI 2 sTUD*

(#29)
0 N.D. N.D. N.D. N.D. N.D. N.D.
4 1.287+0.053  0.769+0.001 2.056 7.00540.016  0.549+0.016 7.554
8 2.023+0.004  0.037+0.010 2.060 1.73340.524  5.826+0.528 7.554
16 1.903+0.003  0.153+0.003 2.060 1.960£0.062 ~ 5.515£0.069  7.474+0.011
24 2.056 0.153 2.060 1.92140.046 ~ 3.21740.023  5.163£0.013
40 1.989+0.007  0.053+0.013  2.042+0.007  2.121£0.049  2.830+0.072  4.950+0.027
56 1.310£0.011  0.015+0.016 = 1.325+0.007 2.108+0.042  2.514+0.040  4.622+0.051
72 0.126+£0.023  0.062+0.021 0.187+0.016  2.156+0.058  0.798+0.031 2.954+0.033
96 0.100+£0.023 0.016+0.017 0.116+0.009 2.084+0.099  0.937+0.071 3.021+0.070
120 0.167+0.013  0.014+0.014 0.140+0.014  1.396+0.075  0.728+0.094  2.124:0.042
144 0.156+0.015 0.012£0.019 0.1474#0.019  1.359+0.023  0.750+0.087  2.109+0.092
168 0.155+0.536  0.025+0.008  0.179+0.08  0.298+0.093  1.782+0.121  2.080+0.038

HN@LHiN * Wl]'lflﬁ\? 5$Uﬂllﬁﬂlﬂﬂﬂﬂﬁuﬁllﬂﬂﬁ
- a U
N.D. (Not detected) Vflﬂﬂﬁ\‘l ﬂ’J"IiJLﬁlsl}iJ"IQJIHQJ@\‘lIaﬁgﬁﬁﬂﬁTﬂjT%ﬂﬁi']ﬁﬂ (<0.01 un./a.)
a P 3 ' a Ay ¥
- Waﬂ15Ulﬂ518ﬂ%&tﬁﬂﬂlu@niNLﬂu%laﬂ”llﬂaEJ (Average) 1/]1@]5]1ﬂﬂ”|51/lﬂf1@\1 (Mean+SD) 11!

dd’ 1 n Y J 1 1 1 1 d'
ﬂiilW]iJNﬂﬂu@”IiNllﬂJ]lﬂLLﬁﬂQﬂW SD Llﬁﬂ\i’ﬂllwNﬂ??ﬂ!t@]ﬂ@ﬂﬁ]ﬂﬂﬂ%ﬂﬂEJ



d‘ = a a o v A a =
M3197 4.14 1Wseumeuilseansnmmsihiadnnauas Ingdiey

finifa Tnsifian
EEES -
< ) . STVLIALIAND AN
U v 3 v v [ v
nauny AN 1 AOANY 2 FTVVUWAIIARDANUIDUR foaNY 1 AOANY 2 ,
v uuug
130819 =
Yy a a Yy a a Yy A a vy A a vy A a v v a a
Galgy dszanBammn  anadindy dszEnBawm anwdndu dssEnEow anmdadu dssEnEaw anwmdadu dssanBaw anandadiv dss@niam
@n./a.) Gosay) @n./a.) Gouay) @n./a.) Gouay) @n./a.) (Bowaz) @n./a.) (Gowaz) @n.Ja.) Gosay)
0 41.115+0.259 0.24+0.225 41.115+0.259 N.D. 41.115+0.259 0.24+0.225 151.067+0.244 N.D. 151.067+0.244 N.D. 151.067+0.244 N.D.
4 15.375+0.022  62.61+0.053 N.D. >99.99 N.D. >99.99 10.978+0.324 94.60+0.125 N.D. >99.99 N.D. >99.99
8 0.655+0.088 98.41+£0.214 N.D. >99.99 N.D. >99.99 116.408+10.479  22.94+6.936 N.D. >99.99 N.D. >99.99
16 3.052+0.055 92.58+0.135 N.D. >99.99 N.D. >99.99 111.878+1.237 25.94+0.819 1.587+0.219 98.58+0.208 1.587+0.219 98.95+0.145
24 N.D. >99.99 N.D. >99.99 N.D. >99.99 112.649+0.929 25.43+0.615 47.818+0.255 57.60+0.349 47.818+0.255 68.35+0.169
40 1.327+0.135 96.77+0.329 0.271£0.144  78.82+12.665  0.271+0.144 99.34+0.350 108.654+0.984 28.08+0.651 52.063+0.535 52.08+0.860 52.063+0.535 65.54+0.354
56 14.915+0.211  63.72+0.513 14.624+0.136 1.95+2.131 14.624+0.136  64.43+0.332 108.903+0.839 27.91+0.555 58.633+1.026 46.16+0.744 58.633+1.026 61.19+0.679
72 38.596+0.453 6.13+1.103 37.366+0.328 3.18+0.178 37.366+0.328 9.12+0.799 107.957+1.166 28.54+0.772 91.991+0.669 14.79+0.440 91.991+0.669 39.11+0.443
96 39.112+0.465 4.87+1.131 38.799+0.182 0.79+0.838 38.799+0.182 5.63+0.442 109.390+1.978 27.59+1.310 90.659+1.405 17.12£1.100 90.659+1.405 39.99+0.930

120 37.784+0.266 8.10+0.646 38.322+0.277 0.74+0.709 38.322+0.277 6.79+0.673 123.151+1.507 18.48+0.997 108.593+0.838 11.80+1.403 108.593+0.838  28.12+0.555
144 37.000+0.304 7.58+0.739 38.166+0.378 0.64+0.992 38.166+0.378 7.17+0.920 123.894+0.467 17.9940.309  108.900+1.840  12.10+1.406 108.900+1.840  27.92+1.218

168 38.020+0.221 7.53+0.536 37.528+0.160 1.26+0.366 37.528+0.160 8.72+0.390 145.110+1.853 3.95+1.226 109.473+£0.754  24.55+1.373 109.473+£0.754  27.54+0.499

1eYie N.D. (Not detected) NI ANUEUTHYB TangrindinTasna (<0.01 un./a.)
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a P I 1 a A F)
-wamsaasrnuaadlumsuiunanunae (Average) VIMIQQTﬂﬂTTﬂﬂﬁf’N (Mean£SD)
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=2 % d' o .Aa A = v A
4.5.3 wamsﬂnmmmnﬂﬂmmmﬁlunﬁmumnauazimmﬂunnuw

o 1 v W 4 S v A a %’

o unududnIneNInsuaniumIgaguinmauas Ilnsenlutudoyy Tave
13110 3 nFu adasreasana lasmonldasazarenialuasnanuudy 0.1 uaz 1 Ty

4 = 4 Y 9 J
a15 uavarsazare lmdoy laasen leannududu 1 Tuais (0.1 M HNO,, 1 M HNO,, 0.1 M
?,‘ { [ 1 I [ [
NaOH) 1indequ Tanz n1dAnuignlsulntisanuilunsadiamniny 5 Taslianududuves
a a =\ %’ = A 9 1 (% a a (% 1 a
Unnavaz TaslenTutiudeyuTanzTuaumIny 136.094 uaz 211.641 NaaniuAoans
o = 1 A A 9y 9 4
AUFINY HANITANEINDINAITASAIIAIA IUATNNANWTUTY 0.1, 1 Tuais vazensazaly
o J o A a Y

Tadey laasen loannududu 0.1 Twars ansarhiamanduau ldsesas 90.64, 96.50 taz
2.17 Muaay Faausnininnanaunu 1a15una 4.127, 4382 uag 3.074 Yaansuaensu

aday uazi lasleundunu 183 eeay 28.50, 99.32 LAz 4.52 AUEIA1 Tag Tnsougniin

aavAu 1d1Suna 3.878, 7.028 LAz 3.638 Haansuaonsy aud e (113199 4.15) (MANLIN B.)

M99 4.15 Uszansmmmai langminnduaudlensaaig

Y . dszganEmumsinlarz WRanadangwiin
. nsazanedilyana \ - 4 .
TangHiin . HinnaUAY ngnindunau
Tavizniin Y
(Gowaz) (n./0.)

0.1 M HNO, 90.64:£0.049 4.127
Hnina 1M HNO, 96.50+0.133 4.382
0.1M NaOH 2.17+0.151 3.074
0.1 M HNO, 28.50+0.331 3.878
Tasiion 1M HNO, 99.3240.052 7.028
0.1 M NaOH 4.52+0.090 3.638

a A J 1 A Ay Y
HUYLTHIA - Wﬁﬂ153lﬂ518ﬂ‘ﬂLLﬁﬂQiHﬁ?iWﬂlﬂuWﬁﬂuﬂﬂﬂ (Average) ‘1/]1@%1ﬂﬂ13‘ﬂﬂa’ﬂﬂ
- @

(Mean+SD) Tunsainunaa lumsialulduaasar sp uaasn lulianuuananuesninge

3 1 a o A a
Naﬂ"liﬁﬂ]el"luﬁﬂQiﬁlﬂﬂ??ﬁ1ia$a”Iflﬂﬁﬂlluﬁiﬂ grsaitnnanas Iasilow
v A YA Aa a 1 = 4 a A
ﬂaﬂﬂuklﬂllﬂizﬁ‘Vl‘ﬁﬂTW3J1ﬂﬂ31ﬁ"l§ﬁ$ﬁ181“]ﬂﬂﬂN]lﬁlﬂiﬂﬂll"]fﬂ Iﬂﬂﬁﬁﬁga"lflﬂﬁﬂlluﬁiﬂll
a A A da! A Yy 9 A da! [ g‘/ a A
UseANTAIWNVYWLDA NNV UINNYY muumiazmﬂﬂsﬂllumﬂummmmmuiums

W TaneniinnauAY (Singh and Lee, 2016) 11aZ3101UIT8UB9 Gupta et al. (2012) 11ag Sarkar



97

1 a o A a = v A U I 9 S Y [l =\
(2002) WUINTAIUATNAINITaHANaLaL TASIN NN VAN IUN NN UA laoE19d
Uszaninamilszuadosas 98.00 uaz 70.00 auaay (Headrensy laneniinnduALN
1 v o Jdo o 9 1 A g R Y v o A I
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o Y a o a 1 v A A Y
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=2 d‘ a 1 Y% (% 1 +. d' 1 (%
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o [ A 1 v o d o
TangminlumsugetunAvesaunuiud dowali looouveslaneniinvgaoon (Lata et al.,
= 9 Y a a A ] so’ = ]
2015; Zhou and Hynes, 2011) 91nm3sany1d3autininaneglusiudeyulavizevszoglugy
2+ o & a a A = a J v o IS 2+
Ni’" (Gonsalvesh et al., 2016) A9t UTNMANGNAIDDNIINAIVRIN AN UAR DAL U Ni* uag
H 1 %I =S 1 v 1
Taseunazatsog lundsyyTavze1avzeglugl cr(on)™ 130 Cr(OH),” %3011 looou
o 3 ~ ~ ° o A A ¥ a
nigeuilulosouuinveslasitisuionazgninduay (Gupta et al., 2013) 1o1n1i nT oy
@ 1 I 1 LY 1 1 v W P o o
Tangzgnliuldiimanuilunsaaianiny pH 5 tagwuNausuiuandumsi Tangmin
Y
navAuudresnth 114l unseadu Tane niin 1donA33 (Gupta et al,, 2012) MIANBINS
o o [ = U d‘ a [ [y o A 1 [ ] 4
W laneninnauAY WUNEI5aLa1eNNANNSENALD 1aneHINNAL ANIINDIUA NN UA
o o a a 4 a a a =\ o 1
o 11155 Tewi lumamaivd 1@ Wesnnannsanaatinnanas Tasdeusivmiie1d
= an a A an = 9 = Jd o Y a
#433013MaNTNa183T Tagannsan I nuns lsasazare Twaen laasen laa vi1liinag
é a = 4 Y 1Y
ATZUIUNTANAZADY FanzneuinaIn lossuvedlasasnlaasen laa (OH) Junylossy
Aa a . a I . I <3 v 1 a
yoalinna (Ni') inafluaznou (Ni(OH,),) Hanmziiluveads naznszuiumsdinelving
drsazareni lessuveslasiion (Cro,”) Fawnsaihfinnauas Iasieu lUsmielalu
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Carbon black

Spectrum processing !
No peaks omitted

Processing opticn : All elements analyzed (Normalised)
Number of iterations = 4

Standard

C CaCO3 1-Jun-1668 12200 AM
C Si02 1-Jun-1893 12:00 AM
Si S¥02 1-Jun-1598 12:00 AM
S FeS2 1-Jun-1989 12:00 AM
Zn Zn 1-Jun-1968 12:00 AM

Elem... Weight% Atomic%
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Totals 100.CO
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Carbon black &S/2017 3:34.01 PM

Spectrum processing
No peaks omitted

Processing coticn : All elements analyzed (Normalised)
Number of iterations = 3

Standard

C CaCO3 1-Jun-1699 12200 AM
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Zn Zn 1-Jun-1969 12200 AM
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Totals 100.00
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Spectrum processing
No peaks omitted

Processing cotion | All elements analyzed (Normaised)
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1608 12200 AM
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Carbon black 2017 3:34:44 PM

Spectrum processing
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 3

Standard

C CaCO3 1-Jun-1698 12200 AM
C SO2 1-Jun-18989 12.00 AM
Si Si02 1-Jun-1590 12:00 AM
S FeS2 1-Jun-1969 1200 AM
Zn Zn 1-Jun-1869 12:00 AM

Zr Zr 1-Jun-1986 12:00 AM

Elem... Weight% Atomic%
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Carbon black

Spectrum processing ©
No peaks omitted

Processing cption : All elements analyzed (Normalised)
Number of iterations = 4

Standard

C CalCO03 1-Jun-1693 1200 AM
© Si0O2 1-Jun-1698 1200 AM
Si S02 1-Jun-1998 12:00 AM
Zn  Zn 1-Jun-196Q 12:00 AM

Zr Zr 1-Jun-1985 12:00 AM

Mo Mo 1-Jun-1986 12:00 AM

m

em... Weight% Atomic%

CcK 8575 ©04.72

oK 3.87 3.21

Si K 1.47 0.70

ZnL 1.63 0.29

ZrL 341 0.50

Mo L 357 0.48

Totals 100.00
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Activated carbon 3600 PM

Spectrum processing |
Peak possibly ometted - 1,020 keV/

Processing coticn | All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCo3 1-Jun-1668 12200 AM
© Si02 1-Jun-18938 1200 AM
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o
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Activated carbon

Spectrum processing
No peaks cmitted

Processing cption © All elements analyzed (Normalsed)
Number of iterations = 3

Standard

C CaCO0O3 1-Jun-1660 1200 AM
©C Si02 1-Jun-18938 1200 AM
Si Si0Z 1-Jun-1995 12:00 AM
S FeS2 1-Jun-198€ 12:00 AM
Zn Zn 1-Jun-1989 12:00 AM

Pt Pt 1-Jun-19286 12:00 AM

Elem... Weight% Atomic%

CK 78.12 87.60
oK 10.12 8.75
SIK 369 1.98
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Zn L 264 0.5¢
Pt M 540 0.38
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Comment:

o 2 - 8 8 10 12 14 18 18
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Spectrum processing
No peaks omitted

Processing option - All elements analyzed (Normalised)
Number of ferations = 4

Standard :

C CaCO3 1-Jun-1000 12:00 AM
O Si02 1-Jun-1900 12:00 AM
S FeS2 1-Jun-1080 12:00 AM
Zn  Zn 1-Jun-1966 12:00 AM
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Elem. .. Weight% Atomec®
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g;( ggg 32: Spectrum 3
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Activated carbon

Spectrum processing -
Na peaks omitted

Processing coticn )| elements anaiyzed (Normalised)
MNumber of iterations = 3

Standard

C CaC03 1-Jun-1698 1200 AM
C SiO2 1-Jun-1699 1200 AM

S FeS2 1-Jun-18292 12:00 AM
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Elem... Weight%% Atomic®
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Comment:
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Activated carbon

Spectrum processing
No peaks emitted

Processing opticn © All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1800 12200 AM
O SiOZ2 1-Jun-1893 12200 AM

S FeS2 1-Jun-1989 12:00 AM
Zn  Zn 1-Jun-1968Q 12:00 AM

Pt Pt 1-Jun-1286 12:00 AM

Elem... Weight% Atomic%%

CK 75 .84 ©4.22

O K 364 3.14

SK 3.37 1.49

Zn L 1.24 0.28

PtM 11.20 0.88

Totals 100.00
; 2p™m L Eectron image 1
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BEL Japan, Inc.

Belsorp Adsorption/Desorption Data Analysis Software - Ver 6.1.0.4
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BET-Plot

Adsorptive N2

Adsorption temperature 77 [K]

S Activated carbon2.DAT

Activated carbon2

Ketkanok

degas 300 degee C6 h

Leak amount 1.803Pa/min

17/11/08

Date of measurement

[g]

0.1239

Sample weight

29:01:59

Time of measurement

[kPa]

99.021

Saturated vapor pressure

[m2g1]

1.4974E+02

9 s BT

[cm3(5TP) g 1]

34.403

[em3 g-1]

1.0478

Total pore volume( p/p;=0.990)

-3.1128E+03

[nm]

27.990

Mean pore diameter
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BEEL Japan, Inc.

Belsorp Adsorption/Desorption Data Analysis Software - WVer 6.1.0.4

0.045

(d-"d)p; d

0.5

0.45

0.4

s
o)

o

W)

0.15

0.1

0.05

rip

BET-Plot

Adsorptive M2

Adsorption temperature 77 [K]

i@ carbon black.DAT

carbon black
Ketkanok

degas 300 degee C6 h

Leak amount 1.889Pa/min

17/09/08
24:11:26

Date of measurement

[g]

0.1449

Sample weight

Time of measurement

[kPa]

99.189

Saturated vapor pressure

[m2g1]

5.8368E+01

2 s BeT

[em3(5TP) g 1]

13.410

[em3 g1]

0.5442

Total pore volume( p/p,=0.990)

135.74

[nm]

37.296

Mean pore diameter
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M3197 2.1 MMsganauua luan1IznMIgaFuRLANA 1Y

ETLY fintha Tastiian
UMY ANI3QANAUNE I (Abs) ANSQANAUNE I (Abs)
v Pt . . . . | . . . . .
. 30 W 60 WA 90 W1 120 150 ¥ 30 117 60 # 90 Wi 120 150 ¥
(M)
0.690+0.008  0.694+0.005 0.666+0.005 0.662+0.011  0.667+0.004  0.622+0.105 0.631+0.107  0.305+0.033  0.2144+0.024  0.297+0.115
3 2 0.692+0.008  0.704+0.005  0.668+0.005 0.672+0.011  0.666+0.004  0.589+0.105 0.576+0.107 0.295+0.033  0.168+0.024  0.137+0.115
0.678+0.008  0.698+0.005  0.675+0.005 0.684+0.011  0.659+0.004 0.426+0.105 0.424+0.107 0.243+0.033  0.200+0.024  0.074+0.115
!ﬂéﬂ 0.687+0.008  0.699+0.005 0.670+0.005 0.673+0.011  0.664+0.004 0.546+0.105 0.544+0.107 0.281+0.033  0.194+0.024  0.169+0.115
0.540+£0.001  0.588+0.002 0.579 0.586+0.001  0.585+0.003 N.D. N.D. N.D. N.D. N.D.
3 4 0.541+£0.001  0.586%0.002 0.579 0.584+0.001  0.583+0.003 N.D. N.D. N.D. N.D. N.D.
0.541+£0.001  0.585%0.002 0.579 0.584+0.001  0.580+0.003 N.D. N.D. N.D. N.D. N.D.
!ﬂéﬂ 0.541+£0.001  0.586%0.002 0.579 0.585+0.001  0.583+0.003 ND N.D. N.D. N.D. N.D.
0.415+0.023  0.441+£0.009 0.419+0.020 0.403+£0.029 0.335+0.064 N.D. N.D. N.D. N.D. N.D.
3 5 0.450+0.023  0.457+0.009  0.458+0.020  0.420+0.029 0.450+0.064 N.D. N.D. N.D. N.D. N.D.
0.408+0.023  0.441+0.009  0.436+0.020  0.460+0.029 0.442+0.064 N.D. N.D. N.D. N.D. N.D.
!‘ﬂéﬂ 0.42440.023  0.446+0.009  0.438+0.020 0.428+0.029 0.409+0.064 N.D. N.D. N.D. N.D. N.D.

HaNeuria N.D. (Not detected) MU0 ATIZH luny
- a

a P Id v A Ay v A A v n vy ' ' =
-Wﬁﬂ”li'llﬂi?gﬁﬁ%uﬁﬂ\i‘lu?‘lTi"l\u‘]JUWﬁﬂ"lmﬁfJ (Average) ‘Vlllﬂil”lﬂﬂ"li‘ﬂﬂai’)\i (Mean£SD) 11!ﬂiﬂ!‘1/]‘]J1\1ﬂ"|11!ﬁ"|51\1hlh]lﬂllﬁﬂ\‘lﬂ"l SD LLﬁﬂ\‘I'J"IlliJiJﬂ’J”IIJ

HANANNVDIAUNDY
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M99 2.1 Mmsganaunasluanzmsgaguiuana e (ao)

ETLY fintha Tastiian
UMY ANI3QANAUNE I (Abs) ANSQANAUNE I (Abs)
v Pt . . . . | . . . . .
. 30 W 60 WA 90 W1 120 150 ¥ 30 117 60 # 90 Wi 120 150 ¥
(M)
0.687+0.005  0.654+0.020 0.672+0.09 0.684+0.003  0.667+£0.004  0.698+0.013 0.579+0.016  0.54440.023  0.5444+0.061 0.426+0.009
5 2 0.691+0.005  0.683+0.020 0.684+0.09 0.685+0.003  0.666+0.004 0.716+0.013 0.611£0.016  0.5344+0.023  0.489+0.061  0.440+0.009
0.696+0.005  0.693+0.020 0.690+0.09 0.680+0.003  0.660+0.004 0.724+0.013  0.598+0.016 0.501+0.023  0.423+0.061  0.424+0.009
!ﬂéﬂ 0.691+0.005 0.677+0.020 0.682+0.09 0.683+0.003  0.664+0.004 0.713+£0.013  0.596+0.016  0.526+0.023  0.485+0.061  0.430+0.009
0.607+£0.002  0.608+0.002 0.614+0.004 0.610+0.001  0.568+0.002 N.D. N.D. N.D. N.D. N.D.
5 4 0.610+0.002  0.604+0.002 0.612+0.004 0.611+0.001  0.567+0.002 N.D. N.D. N.D. N.D. N.D.
0.610+£0.002  0.605+0.002  0.607+0.004  0.609+0.001  0.570+0.002 N.D. N.D. N.D. N.D. N.D.
!ﬂéﬂ 0.610+£0.002  0.606+0.002 0.611+0.004 0.610+0.001  0.568+0.002 N.D. N.D. N.D. N.D. N.D.
0.339+0.611 0.3344+0.03 0.329+0.014  0.323+0.030 0.331+0.026  0.002+0.001  0.002+0.001  0.003£0.001  0.002+0.001  0.003+0.001
5 5 0.3224+0.611 0.3434+0.03 0.340+0.014  0.322+0.030 0.316+0.026  0.001+0.001  0.001£0.001  0.002+0.001  0.002+0.001  0.002+0.001
0.2394+0.611 0.290+0.03 0.313+£0.014  0.270+0.030  0.281+0.026  0.002+0.001  0.002+0.001  0.003£0.001  0.003+0.001  0.002+0.001
!‘ﬂéﬂ 0.300+0.611 0.32240.03 0.327+0.014  0.305+0.030  0.309+0.026  0.002+0.001 = 0.002+0.001  0.003£0.001  0.002+0.001  0.002+0.001

HaNeuria N.D. (Not detected) MU0 ATIZH luny
- a

a P Id v A Ay v A A v n vy ' ' =
-Wﬁﬂ”li'llﬂi?gﬁﬁ%uﬁﬂ\i‘lu?‘lTi"l\u‘]JUWﬁﬂ"lmﬁfJ (Average) ‘Vlllﬂil”lﬂﬂ"li‘ﬂﬂai’)\i (Mean£SD) 11!ﬂiﬂ!‘1/]‘]J1\1ﬂ"|11!ﬁ"|51\1hlh]lﬂllﬁﬂ\‘lﬂ"l SD LLﬁﬂ\‘I'J"IlliJiJﬂ’J”IIJ
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M99 2.1 Mmsganaunasluanzmsgaguiuana e (ao)

fintha Tasiia
PSanasumuiug : ” . S
N pH AINIRANAUIEI (Abs) A1N15QANAUNEI (Abs)
(% 30 60 119 90 w1 120 W19 150 119 300 60 90wA 12090 150 M

0.553+0.022  0.566£0.017  0.551£0.007  0.519+0.059  0.540+0.017  N.D. N.D. N.D. N.D. N.D.
10 2 0.59740.022  0.581£0.017  0.544+0.007  0.452+0.059  0.572+0.017  N.D. N.D. N.D. N.D. N.D.
0.574+0.022  0.599+0.017  0.557+0.007  0.569+0.059  0.565+0.017  N.D. N.D. N.D. N.D. N.D.
g 0.575£0.022  0.582+0.017  0.551£0.007  0.513£0.059  0.559+0.017 ND N.D. N.D. N.D. N.D.
0.544+0.005  0.528+0.019  0.524+0.008  0.528+0.004  0.54740.007  N.D. N.D. N.D. N.D. N.D.
10 4 0.55440.005 0.528+0.019  0.530£0.008  0.52240.004  0.536+0.007  N.D. N.D. N.D. N.D. N.D.
0.55240.005  0.496+0.019  0.539+£0.008  0.522+0.004  0.535+0.007  N.D. N.D. N.D. N.D. N.D.
!ﬂéﬂ 0.550+0.005 0.517+0.019 0.531+0.008 0.524+0.004 0.539+0.007 N.D. N.D. N.D. N.D. N.D.
0.31240.017  0.193£0.172  0.503£0.011  0.508+0.024  0.507+0.004  N.D. N.D. N.D. N.D. N.D.
10 5 032740017  0.494+0.172  0.525£0.011  0.517+0.024  0.513+0.004  N.D. N.D. N.D. N.D. N.D.
0.293+0.017  0.487+0.172  0.514+0.011  0.47240.024  0.513+0.004  N.D. N.D. N.D. N.D. N.D.
1nae 0.31120.017  0.391£0.172  0.514+0.011  0.499+0.024  0.511+0.004  N.D. N.D. N.D. N.D. N.D.

Hiaentia N.D. (Not detected) ¥L19D AATIZH 1N

=

a P a3 1 ~ ~ 9 ~ 1 n Y [ 1 (=4
-Hamsaanzinuaaslumruiunaninge (Average) 1 1891nMI5NAABY (Mean=SD) Tunsainuea luaisialilauaasa Sp wanei lusinny

HANANNVDIAUNDY

Iv1
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ﬂ151\‘i‘ﬁ 9.2 ulﬂi“ﬁlﬂ@ii]‘ll’f)\iﬂﬁﬂﬂcﬁﬂuﬂlﬂa

147

U | ?:’ = A A Yy Y Y Y d' 4’
TRLIANIVRTG ] MMIPANAUNET  ANMUVNUY mmwmumg”]u ﬂ%mmmq'“lu
Fuasz (Abs) (}n./a.) MUANTUA (MN/a) 9 1HANITUA (NN,
0.101+0.031 1.150+0.348 3.850+0.348 0.128+0.012
Smg/1 0.070+0.031 0.796+0.348 4.204+0.348 0.140+0.012
0.040+0.031 0.454+0.348 4.546+0.348 0.1524+0.012
nae 0.070+0.031 0.800+0.348 4.200+0.348 0.140+0.012
0.075+0.002 0.857+0.028 0.066+0.028 0.7524+0.001
10mg/1 0.076+0.002 0.865+0.028 0.060+0.028 0.681+0.001
0.080+0.002 0.910+0.028 0.057+0.028 0.648+0.001
maﬂ 0.0774+0.002 0.877+0.028 0.061+0.028 0.6934+0.001
0.06591+0.005 0.752+0.053 22.485+0.531 0.750+0.018
30mg/1 0.0597+0.005 0.681+0.053 23.193+0.531 0.773+0.018
0.05679+0.005 0.648+0.053 23.525+0.531 0.784+0.018
nae 0.0608+0.005 0.693+0.053 23.067+0.531 0.769+0.018
0.137+0.003 15.576+0.380 34.4244+0.380 1.148+0.013
50mg/l
u , 0.13140.003 14.920+0.380 35.080+0.380 1.169+0.013
(199919 10 1M1)
0.13740.003 15.582+0.380 34.419+0.380 1.147+0.013
maﬂ 0.1354+0.003 15.359+0.380 34.6414+0.380 1.155+0.013
0.2474+0.001 28.268+0.134 71.732+0.001 2.3391+0.047
100mg/1
- , 0.246+0.001 28.057+1.403 71.943+0.001 2.398+0.047
(1399719 10 1)
0.246+0.001 28.019+1.403 71.981+0.001 2.399+0.047
nay 0.247+0.001 28.115+1.403 71.885+0.001 2.396+0.047
0.714+0.015 81.405+1.672 118.60+1.672 3.9534+0.056
200mg/1
- , 0.739+0.015 84.298+1.672 115.702+1.672 3.857+0.056
(139919 10 1M1)
0.739+0.015 84.305+1.672 115.704+1.672 3.857+0.056
maﬂ 0.731+0.015 83.336+1.672 116.664+1.672 3.889+0.056
0.918+0.001 136.107+0.149 113.893+0.149 3.796+0.005
250mg/1
“ , 0.920+0.001 136.300+0.115 113.700+0.115 3.790+0.005
(19219 13 1)
0.920+0.001 136.401+0.115 113.599+0.115 3.787+0.005
nay 0.919+0.001 136.269+0.115 113.731+0.115 3.791+0.005
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dwednings  mmsganay amndade anudnduiegly  Ylnadegludu
dansz Uer3(Abs) (n./a) aufTuaA (un./a.) Muiud (un.n.)
-0.012+0.001 -0.112+0.004 5.112+0.004 0.170
Smg/l -0.012+0.001 -0.116+0.004 5.116+0.004 0.171
-0.011+0.001 -0.108+0.004 5.108+0.004 0.170
mae 0+0.001 -0.112+0.004 5.112+0.004 0.170
-0.014 -0.134+0.004 10.134+0.004 0.338
10mg/1 -0.014 -0.133+0.004 10.133+0.004 0.338
-0.014 -0.127+0.004 10.12740.004 0.338
mae -0.014 -0.131+0.004 10.13140.004 0.338
-0.015+0.001 -0.139+0.013 31.388+0.132 1.046+0.004
30mg/1 -0.012+0.001 -0.112+0.013 31.124+0.132 1.038+0.004
-0.013+0.001 -0.126+£0.013 31.255+0.132 1.042+0.004
mae -0.014+0.001 -0.126+0.013 31.256+0.132 1.042+0.004
0.034 3.236+0.014 46.764+0.014 1.559
50mg/1
“ . 0.034 3.208+0.014 46.792+0.014 1.560
(99919 10 1911)
0.034 3.226+0.014 46.774+0.014 1.559
mae 0.034 3.223+0.014 46.777+0.014 1.559
0.164 15.433+0.002 84.567+0.002 2.819
100mg/1
“ . 0.164 15.429+0.002 84.571+0.002 2.819
(99919 10 1%11)
0.164 15.430+0.002 84.57040.002 2.819
mae 0.164 15.431+0.002 84.569+0.002 2.819
0.845+0.022 79.753+£2.034 120.247+2.034 4.008+0.068
200mg/1
“ . 0.804+0.022 75.804+2.034 124.196+2.034 4.140+0.068
(99919 10 1911)
0.833+0.022 78.627+2.034 121.373£2.034 4.046+0.068
mae 0.827+0.022 78.061+2.034 121.939+2.034 4.065+0.068




d' J o = 1
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deelainds  mmsganau andndy anwdnduiiegly  WSinadieglueu
duasgH UE(Abs) (un./a.) aufuTuA (un./a.) Muaiue (un./n.)
1.102+0.329 103.991+31.001 146.009+31.001 4.867+1.034
250mg/1
“ . 1.212+0.329 114.292+31.001 135.708+31.001 4.524+1.034
(139919 10 1N1)
1.718+0.329 162.104+31.001 87.896+31.001 2.930+1.034
nae 1.344+0.329 126.796+31.001 123.204+31.001 4.107+1.034

a 4 1
¥3NA N.D. (Not detected) HU18DI UATIZH 1N

a S 2 ' A Ay v
-wamsasIgrnuaa luasuiuraninae (Average) n'ldanmnaans (Mean£SD) 1u

A A 1 n Y J 1 (= J J A
ﬂim‘ﬂ‘]ﬂ\‘lﬂﬂuﬁ151\‘11%]‘1@]“’5@\1?11 SD LL’d@N'ﬂUliJiJﬂ’JHJ!LG]ﬂGﬂ\‘]"UE]\‘IﬂWLﬂaEJ
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v 9
Ms19h 2.4 AmsganauuasazanududuvoIms anyimsgaduluindeyy Tavs

o Hnlna Tasiieaw
szgzalumsduia » — . » —
- AMMIGANAUIAS ANNYNUY AMMIGANAUIAS ANNYNVY
)

(Abs) un./a.) (Abs) un./a.)
0.590+0.001 76.785+0.117 1.599+0.003 190.178+0.374
0.588+0.001 76.579+0.117 1.602+0.003 190.499+0.374

Control
1.598+0.003 189.976+0.374
0.590+0.001 76.780+0.117
1.595+0.003 189.608+0.374
nay 0.589+ 0.001 76.715+£0.117 1.599+0.003 190.065+ 0.374
0.500+0.007 65.155+0.879 1.599+0.006 190.083+0.733
0.50240.007 65.345+0.879 1.597+0.006 189.893+0 .733
30
1.587+0.006 188.656+ 0.733
0.5134+0.007 66.763+0.879
1.600+0.006 190.285+0.733
m'ﬁs 0.505+0.007 65.754+0.879 1.596+0.006 189.730+0.733
0.583+0.004 75.876+0.564 1.592+0.005 189.310+0.638
0.585+0.004 76.158+0.564 1.596+0.005 189.727+0.638
Control
1.603+0.005 190.606+0.638
0.591+0.004 76.962+0.564
1.603+0.005 190.559+ 0.638
1nag 0.586+0.004 76.332+0.564 1.598+0.005 190.051+ 0.638
0.513+£0.004 66.811+0.552 1.573+0.004 187.075+0.476
0.521+0.004 67.866+0.552 1.567+0.004 186.266+0.476
60
1.565+0.004 186.088+0.476
0.515+0.004 67.056+0.552
1.572+0.004 186.885+0.476
!ﬂaﬂ 0.516+0.004 67.2441+0.552 1.569+0.004 186.579+0.476
0.573+0.004 74.612+0.549 1.592+0.005 189.310+0.638
0.575+0.004 74.898+0.549 1.596+0.005 189.727+0.638
Control
1.603+0.005 190.606+0.638
0.581+0.004 75.673+0.549
1.603+0.005 190.559+0.638
!‘ﬂaﬂ 0.577+0.004 75.061+£0.549 1.598+0.005 190.051+0.638
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~ ! A v 9 = o Y a .
M3INN N4 ﬂ1ﬂ'l3i:]ﬂﬂaullﬁﬂuﬂgﬂ’ﬂﬂlﬂm‘uuﬂl@\iﬂ15ﬁﬂB1ﬂ1§ﬂﬂ“ﬁU1uu1lﬁﬂG§UIaﬁ% (99)

o Hnina Tasiien
szaznalumsauia ” — . ” —
- MMsganausas  AMUNTN  mmsganauuas  AdndNdY
(1)

(Abs) un./a.) (Abs) un./a.)
0.510+0.003 66.456+0.370 1.555+0.007 184.840+0.767
0.5144+0.003 66.875+0.370 1.568+0.007 186.385+0.767

90
1.564+0.007 185.993+0.767
0.516+0.003 67.194+0.370
1.555+0.007 184.947+0.767
mﬁﬂ 0.513+0.003 66.842+0.370 1.560+0.007 185.541+0.767
0.580+0.001 75.501+0.179 1.587+.004 188.728+0.490
0.578+0.001 75.191+0.179 1.597+.004 189.917+0.490
Control
1.593+.004 189.406+0.490
0.580+0.001 75.503+0.179
1.592+.004 189.239+0.490
!ﬂaﬂ 0.579+0.001 75.398+0.179 1.592+.004 189.322+0.490
0.502+0.002 65.378+0.260 1.528+0.011 181.724+1.283
0.505+0.002 65.753+0.260 1.550+0.011 184.3524+1.283
120
1.543+0.011 183.496+1.283
0.506+0.002 65.878+0.260
1.552+0.011 184.530+1.283
mﬁﬂ 0.504+0.002 65.669+0.260 1.544+0.011 183.526+1.283
0.573+0.002 74.646+0.196 1.599+0.003 190.178+0.374
0.576+0.002 74.956+0.196 1.602+0.003 190.499+0.374
Control
1.598+0.003 189.976+0.374
0.576+0.002 75.008+0.196
1.595+0.003 189.608+0.374
!‘ﬂaﬂ 0.575+0.002 74.870+0.196 1.599+0.003 190.065+0.374
0.509+0.001 66.303+0.173 1.424+0.009 169.370+1.023
0.512+0.001 66.620+0.173 1.423+0.009 169.156+1.023
150
1.420+0.009 168.859+1.023
0.51135+0.001 66.58+0.173
1.439+0.009 171.130+1.023
!‘ﬂafl 0.511£0.001 66.502+0.173 1.427+0.009 169.628+1.023
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M99 2.5 AMsganauLEveIMsanEIN T Tanzniinnauau

Tavigniin asazawiilfaiaTangmin ANITYANAULLEI (Abs)

0.914:£0.001

0.1 M HNO, 0.9150.001

0.915:0.001

inde 0.915+0.001

0.978+0.001

R IM HNO, 0.980:0.001
Hiniha

0.979:£0.001

i 0.9790.001

0.008:0.001

0.1M NaOH 0.0070.001

0.007:£0.001

i 0.0080.001

0.318+0.004

0.1 M HNO, 0.324:£0.004

0.317:0.004

inde 0.319:0.004

0.981:£0.001

IM HNO, 0.980:£0.001
T3ty

0.981:0.001

nde 0.981:0.001

0.0400.001

0.1 M NaOH 0.042:£0.001

0.041:£0.001

a
nay

0.041+0.001




M519h 2.6 AINTGANAUUAIEIMIANYIOATINT TnaiinzauTumsthiatinfanas Tasidioy

MNsgANaUNEIvRIHnDa (Abs) Mmnsganaunaaveslnsiiien (Abs)
RaNAUMIBEa (FI1N9) 0.5 1.0 1.5 0.5 1.0 15
(}a./117) (31a./47) (Ma./47) (3a./417) (31a./47) (31a./47)
0.986+0.002 1.000 0.960 1.700+0.007 1.770+0.010 1.690
0.983+0.002 1.000 0.960 1.71440.007 1.770+0.010 1.700
0
1.708+0.007 1.760+0.010 1.700
0.983+0.002 1.000 0.960
1.714+0.007 1.760+0.010 1.700
nae 0.986+0.002 1.000 0.960 1.709+0.007 1.760+0.010 1.700
0.022 0.020 0.030 N.D. N.D. 0.060+0.010
0.022 0.020 0.030 N.D. N.D. 0.080+0.010
0-4
N.D. N.D. 0.070+0.010
0.022 0.020 0.030
N.D. N.D. 0.0800.010
Y 0.022 0.020 0.030 N.D. N.D. 0.070£0.010
0.016+0.001 0.010 N.D. N.D. 1.470+0.010 1.800+0.008
0.014+0.001 0.010 N.D. N.D. 1.480+0.010 1.630+0.008
4-8
N.D. 1.480+0.010 1.660+0.008
0.015+0.001 0.010 N.D.
N.D. 1.460+0.010 1.650+0.008
nae 0.016+0.001 0.010 N.D. N.D. 1.470+0.010 1.680+0.008
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M519h 2.6 AMsgAnauLaIveIMIANEIATINT lnafiinzaulumsihiatdnnaras Tasidioy (o)

& U \ Q'J
naNfUAINEN (FI1319)

v A a A
MNIRANAUUAIVIIUNING (Abs)

Mmnsganaunasvedlnsidien (Abs)

0.5 1.0 1.5 0.5 1.0 1.5
(}a./117) (31a./47) (Ma./411) (3a./417) (3a./47) Ma./4N)
0.005+0.001 0.010 0.260£0.010 1.163+0.007 1.770+0.010 1.5500.010
0.004+0.001 0.010 0.270+0.010 1.166+0.007 1.770+0.010 1.5800.010
8-16
1.157+0.007 1.780+0.010 1.570+0.010
0.005+0.001 0.010 0.270£0.010
1.1740.007 1.760+0.010 1.580+0.010
nae 0.0050.001 0.010 0.26040.010 1.165+0.007 1.770+0.010 1.570+0.010
0.014+0.004 0.460 0.52040.010 1.708+0.004 1.760+0.010 1.370+0.030
0.013£0.004 0.470 0.530+0.010 1.7020.004 1.760+0.010 1.430+0.030
16-24
1.710+0.004 1.770+0.010 1.4400.030
0.007£0.004 0.460 0.53040.010
1.710+0.004 1.750+0.010 1.4400.030
may 0.014+0.004 0.460 0.520+0.010 1.708+0.004 1.760+0.010 1.42040.030
0.459+0.003 0.880 0.530+0.006 1.771+0.004 1.7404+0.010 1.51040.040
0.463+0.003 0.890 0.6200.006 1.764+0.004 1.740+0.010 1.400+0.040
24-40
1.7740.004 1.730+0.010 1.440+0.040
0.465+0.003 0.890 0.630+0.006
1.769+0.004 1.750+0.010 1.460+0.040
nay 0.459:0.003 0.880 0.53040.006 1.7700.004 1.740+0.010 1.450+0.040
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M519h 2.6 AMsgAnauLaIveIMIANEIATINT lnafiinzaulumsihiatdnnaras Tasidioy (o)

& U \ Q'J
naNfUAINEN (FI1319)

d A a A
ANIAANAUUTIVBIUNING (Abs)

mnsganaunasvedlnsidien (Abs)

0.5 1.0 1.5 0.5 1.0 1.5
(}a./117) (3a./417) (3a./An) (3a./41) (3a./47) Ma./4N)
0.884+0.005 0.940 0.360+0.007 1.770+0.004 1.730 1.070+0.100
0.892+0.005 0.940 0.480+0.007 1.772+0.004 1.730 1.200+0.100
40-56
1.7620.004 1.720 1.280+0.100
0.894+0.005 0.930 0.490+0.007
1.7730.004 1.720 1.280+0.100
nae 0.884+0.005 0.940 0.360+0.007 1.769+0.004 1.730 1.2100.100
0.899:0.002 0.910 0.900 1.773+0.008 1.720 1.760
0.896+0.002 0.900 0.890 1.767+0.008 1.720 1.770
56-72
1.773+0.008 1.720 1.770
0.896+0.002 0.910 0.890
1.755+0.008 1.720 1.770
may 0.899+0.002 0910 0.900 1.767+0.008 1.720 1.770
0.928+0.002 0.950 1.010 1.726+0.003 1.660 1.770
0.9280.002 0.940 1.010 1.725+0.003 1.660 1.770
72-96
1.728+0.003 1.660 1.770
0.931+0.002 0.940 1.010
1.720+0.003 1.660 1.770
nae 0.928+0.002 0.950 1.010 1.725+0.003 1.660 1.770
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M519h 2.6 AMsgAnauLaIveIMIANEIATINT lnafiinzaulumsihiatdnnaras Tasidioy (o)

Mnsganauuaavestinba (Abs) mnsganaunasvedlnsidien (Abs)
NaNHUAILEN (FI19) 0.5 1.0 15 0.5 1.0 15
(}a./117) (31a./47) (3a./4A) (3a./41) a./4N) 3a./4N)
0.945+0.002 0.930 0.990 1.728+0.005 1.650+0.010 1.770
0.948+0.002 0.940 0.990 1.737+0.005 1.650+0.010 1.770
96-120
1.727+0.005 1.660+0.010 1.770
0.944+0.002 0.940 0.990
1.724+0.005 1.670+0.010 1.770
nagY 0.9450.002 0.930 0.990 1.729+0.005 1.660+0.010 1.770
0.968:0.003 0.940 0.970 1.7230.010 1.650+0.010 1.780
0.974+0.003 0.940 0.970 1.705+0.010 1.660+0.010 1.790
120-144
1.713+0.010 1.670+0.010 1.790
0.9730.003 0.940 0.970
1.701£0.010 1.650+0.010 1.790
mae 0.968+0.003 0.940 0.970 1.7114+0.010 1.660+0.010 1.790
0.963+0.004 0.900 1.000 1.710+0.006 1.630+0.010 1.740
0.9650.004 0.900 1.000 1.720+0.006 1.640+0.010 1.740
144-168
1.000 1.724+0.006 1.650+0.010 1.740
0.970+0.004 0.910
1.000 1.723+0.006 1.640+0.010 1.750
nagY 0.9630.004 0.900 1.000 1.719+0.006 1.640+0.010 1.740
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ABSTRACT
The objectives of this research were to investigate physicochemical properties
of activated carbon denved from waste rubber tires or carbon black and the
optimum conditions of mekel and chrommun adsorption. The physicochemucal
properties were structure morphology, texture, and adsorption capacity. The
structure morphology and compositional analysis were observed by a field
enussion scanmng electron mucroscope with energy dispersive X-ray
fluorescence spectrometer. The results showed the porous structure of
activated carbon was changed and increased when compated with carbon
black. The.energy dispersive X-ray fluorescence spectiiun showed carbon
more than 80%. Brnauer Emunett Teller has characterized the textural
property of activated carbon It was found that surface area and total pore
volume were improved to 149.74 m*/g and 1.05 em?¥g, respectively. This total
pore volume was in mesoporous. The adsorption capacity can be studied by
1odine mimber and density appears. lodine number results showed activated
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carbon absorbed 1odine solution up to 1,506 mg/g and density appears results
revealed at 0. 73 g/cm’®. After that, the optimum conditions were studied with

mixed aqueous solution contammng 10 mg/l of nickel and 10 mgl of
chromium, pH 5, 30 mun of contact ime and 3 g of adsorbent dosage. Nickel
and chrommun were absorbed more than 50% and 99.99% of efficiency,
respectively, In addition, this adsorption process could be proved by Langmmur

model with correlation coefficient of nickel and chromium at 0.94 and 0.99,

respectively.

Keywords: Carbon black, Activated carbon, Adsorption, Waste mbber tires,

Heavy metals

INTRODUCTION

The rapid development of Thaland
mdustry has led to problems of water
pollution because water 1s important
for process productions. Industral
wastewater plating 1s one of the key
factors duz to it has heavy metals
contamunation. The important toxic
metals are N1, Cr, Cd, Pb and Zn, etc.
Nickel and chromum are the best to
use for electroplating industry which
are foxic to human’s health and the
environment. ( Gonsalvesh et al,
2016)  Heavy metal toxicity aftects
the nervous system, lungs, kidney
and liver (Lata etal , 2014). Different
methods were used to wastewater
adsorption

treatinent.  However,

method 1s considered as an efficient
and umversal method of wastewater
reatment with the gudelines of
WHO and EPA_ This 1s because of its
cost effectiveness and easy to manage
(Fuand Wang, 2011),

Waste rubber tires have been a major
disposal problem. Some of tires were
took up to landfill spaces and
pyrolysis  process m  mdustry
{ Wilhams, 2013;-Saleh and Gupta,
2014) . -Recently; waste rubber tire
from pyrolysis process 1s  an
altemmative that 1t was used as an
absorbent because waste rubber tires
are low costs and lugh amount of

carbon wlich were called actvated

V-2
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carbon (Williams, 2013, Hadi et al
2016; Saleh and Gupta, 2014) after
either physical or chemical activation
methods.

Consequently, the waste rubber tire 1s
an interesting source of raw materials
for the preparaion of activated
carbon ( Gupta et al., 2013) which 1t
has been applied to wastewater
treatment in the adsorption of heavy
( Gupta et al, 2013;
and Amarasinghe,
2013; Salehetal.,2013; Acosta etal..
2016)

metals

Karmarathne

The objectives of the present study
investigate the

property  of
activated carbon. The physical

were fo

physicochemucal

properties were included morphology
and texture. The chenucal property
were included 1odine mumber and
and opthnnun
condition of mickel and chromum

adsorption

density.  appears

METHODOLOGY

1 Preparation of adsorbent
Activated carbon was prepared from
waste mbber tires via pyrolysis of
petroleum tire industry. It was called
catbon black. Carbon black was
treated with 6% of hydrogen peroxide
solution to oxidize organic at 60°C
for 24 hrs. Then, it was washed with
deiomized water and dried at 105°C
for 4 hrs. The dried material was
activated at 900°C for 2 hrs by
heating 1n muffle fumnace
(CARBOLITE/Control 201), cooled
in desiceator and stored in desiceator.
The matenal was treated with 1 M of
hydrochlone solution to remove the
ash content and washed with
deionmized water and dried at 105°C
and then cooled in desiccator. The
final product was called activated
carbon (Gupta et al., 2012).

2 Physicochemical properties

2.1 Physical properties

Morphelogy

The morphology of adsorbent was
studied by a field emission scanmng
electron mucroscope (FE-SEM, Carl

Zeiss, AURIGA) with  energy

V-3
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dispersive  X-ray  spectroscopy
(EDX) for compositional analysis. It
was analyzed the composition
presented 1n carbon black and
activated carbon (Gupta et al., 2012).
Texture

The surface area and pore volume of
the adsorbents were determuned by
N2 gas adsorption
-196 °C (77 K). The adsorption and
desorption 1sotherms were studied
with Brunauer Emmett Teller (BET,
Bel sorp mum 11, Bel-Japan, Japan).
The carbon black and activated
carbon  were  degassed ~ for
6 hrs at 300 °C (Gonsalvesh et al,
2016) and analyzed for 24 hrs,

isotherm at

2.2 Chemical properties

Adsorption capacity:

Todine number

The activated carbon was dred at
105°C for 1 hr and weighed 0.5 g in
each Erlenmever flask Then, 10 ml
of 5% HCI solution was added and
boiled for 30 sec The sample flasks
were added with 100 ml of 0.1 N
1odine solution and shaken for 30 sec.
All samples were filtered with filter
paper No. 42. After that, 50 ml of the

sampler was taken in a flask and
titrated with 0.1 N sodium thiosulfate
solution, added a few drop of the
starch soluon  and
continned  the  ttraton  with
0.1 N sodium thiosulfate solution
Record the volume of sodium
thiosulfate used (ASTM, 1986). The

expenment was donz in trniplicate.

indicator

Density appears

The carbon black and activated
carbon were placed in each cylinder,
tapped several tunes until constant
volume at 1 em® and then weighed.
These was calculated as the ratio of
the weight sample to its volume and
expressaed in g/cm® (Baccar et al,
2009).

3 Optimum conditions

The Erlenmeyer flasks containing 3,
S and 10 g of activated carbon were
added to 100 ml of imixed aqueous
solutions contaming 10 mg/l of
mickel and 10:mg/1 of chromium and
the pH was adjust to 2, 4 and 5 with |
M NaOH and | M H2SO4 solution
and shaken for 30, 60, 90, 120 and
150 min at 150 rpm, All experiments

were conducted at room temperatwre.
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The final was analyzed by atomic

absorption  spectroscopy  (AAS,
analytik jena, nova AA).

The removal efficiency of nickel and
chromium were calculated by Eq. (1)
(Mousawi et al , 2010)
%Removal = ((Ci-Ce)/Ci)=<100) (1)
Where C; and C, are the mnitial and
equilibnum concentrations i mg/l.
respectively, The mckel and
chromium adsorption capacity Qe
(mg/g) was calculated by Eq. (2)
(Gonsalvesh et al, 2016,
Kanmarathne and Amarasinghe,
2013)

Qe=((CrC/W)~V) (2)
Where V is the volume of solution in
L. W is the weight of adsorbent in g.

4 Adsorption isotherm

The adsorphion isotherm  was
performed with different
concentrations at 5, 10, 30, 50, 100,
200 and 250 mg/1 of mixed aqueons
under  the
the  previous

solutions optimum
conditons  from
expeniments. These studies were
controlled at room temperature.
Batch isotherm expenments using

100 ml of mixed aqueous solutions

were done in Erlenmeyer flask and
shaken at 150 rpm for 30 min of a
contact time. All samples were
analyzed for concentration of mckel
and chrommum by AAS to study
Langmuur and Freundlich 1sothenmn,

Langmuir isotherm was calculated
by Eq. (3) (Mousaw1 et al., 2010
Karmacharya et al., 2016).

Ce/Q = (1/(Qa*b)) + (Ce/Qu) (3)
Where C. 1s the equilibrum
concentration (mg/1), Q is the amount
of heavy metals sorbed, b is the
sorption constant which is related to
the affinity of the sorbate to the
sorbent (Img), Qo is the maximum
sorption capacity (mg/g).
Freundlich isotherm was calculated
by Eq. (4,5 or 6) (Mousavi et al,
2010; Kanmacharya et al., 2016).

g xm & KCM™ (4)
Qe = K™ (5)
or, 10gqge =logKs+1/nlogCe  (6)

Where Keand n are the Freundlich
constants related to the adsorption
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capacity and adsorption intensity,
respectively. The intercept and the
slope of the linear plot of Inqe versus
InC. at given experunental conditions
provide the values of K¢ and 1/n,
respectively,

5. Chemicals
All  chemucals used (HNO,,
NIi(NOs)2 Cr(NOs);, H:0:;, HCI,

H2SO4, NaOH, Iz, Na2S:03, HalN204S
and CsH2Ns) were analytical grade.
Solutions  were  prepared by
dissolving the corresponding reagent
mn distilled water All expenments

were done in tnplicate

RESULTS AND DISCUSSION

1 Physical properties

Morphology

The FE-SEM was ecmployed to
visualize carbon black and activated
carbens morphology and porous
structure (Gupta et al., 2012, 2013).
The image exlubits two distinct
morphologies, One “of the carbon
black are large porous structure and
unregulated, as presented in Figure |
that there are organmc substances on
the surface which effect to adsorption

(Willlams, 2013) and activated
carbons are small porous structure
when compared with carbon black
(Figure 2). Tlis may be due to the
activated carbons developed by
heating from the preparation that
made the pore structural changes in
the adsorbent. Consequently, the
porous structure of activated carbon
was increased after the activation
which was related wath the property
of adsorbent. In addition, an EDX
analysis  was used to analyze
component of the carbon black and
activated carbon as shown in
Table 1, It was presented the main
components of carbon, oxygen,
sulfur whereas there was not nickel
and chromium (Figure 3). These
results also showed more than 80% of
dormnant carbon that corresponds to
the properties of the raw matenals for
activated carbon production (Gupta
et al., 2012, Wilhams, 2013) which
generally activated carbon from
waste tubber tires have in the range
of 70-90% of carbon components
(Gupta et al., 2012, 2013. Saleh and

Dammaliki, 2016)
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Figure 2 FE-SEM image of Activated carbon 20000 kx

Table 1 Energy dispersive X-ray analysis (EDX) quantitative microanal ysis
of carbon black and activated carbon

Absorbents

c 0 S
101 25

i
>
[}

e |

Activated carbon 8351 468

)
(=}
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Figure 3 Example of EDX 1mage, carbon black (a) and activated carbon (b)

Texture

The carbon black and activated
carbon were analyzed by BET. The
parameters of BET were sumimanzed
in Table 2. The results were presented
about increasing surface area and
total pore volume of activated carbon
after activation when compare with
carbon black and then refer to the

adsorption: was- increased when the

surface area and total pore volume
were also increased ( Saleh and
Danmaliki, 2016, Williams, 2013)
The mean pore diameter of activated
catbon was called mesoporous
becanse the value is in the range of
20-50 mm which i1s swtable for
adsorption liquud phase (Bansal efal.,

2005).
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Table 2 Physical properties of the adsorbent

Total pore Pore
Adsorbents Sm;f;c;g)am volume diameter
(em’/g) (nm)
Carbon black 58.37 0.54 3730
Activated 149,74 1.05 27.99
carbon
2 Chemical properties Density appears
Adsorption capacity The density appears 1s one of the
Todine number properties in the standard values.

The 1odine number of carbon black
and  activated cartbon  were
summanzed 1n Table 3. It revealed
that the activated carbon was in the
standard wvalues which presented
more than 600 mg/g ( Munstry of
industry, Thai industrial standards
mstitute, 2004)  Consequently, the
activated carbon has many small
porous ( Baccar et al., 2009) and
adspiption  fends  to
(Printhorn, 2008) because the atomic
structure of aetivated carbon was
destroyed by heating that 1t was
causing space or
(Hadi et al , 2016),

ncrease

porous

The density appears of activated
carbon showed the decreasing value
as shown m Table 3 because the
atomic structire was destroyed by
heating (Hadi et al , 2016; Williams,
2013). Furthermore, the adsorption
will increase with the density appears
decrease (Chuachan, 2013). When
compared with the standard values 1in
the range of 0.2-0.75 g / cm’, it was
also found that the activated carbon
was m Thailland’s standard (Minstry
of industry, That mdustrial standards
institute,  2004). In addition, the
general commercial activated carbon
has a range density appears of
0.38-0.74 g/em®, Consequently, the

activated carbon from waste rubber
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fires also has density appears sinmlar  treatment dye, organic matter and

to commercial activated carbon. heavy metals in wastewater (Saleh
Therefore, this activated carbon can  and Gupta, 2014; Acostaetal , 2016).

be produced as an adsorbent for

Table 3 Adsorption capacity
Todine number Density appears
Absorbents 2
(mg/g) (g/emy’)
Carbon black 371.84 0.80
Activated 1.506.13 0.73
carbon
3 Optimum conditions (H" or HiO") which mcrease with
Effect of pH decreasing of pH (Langmur, 1997)
The pH is one of the important factors  and also is lugh as compared with

These
expenments were carmed out at pH 2,
4 and 5 i mixed aqueous selution
contaiming 10 mg/l of N1 and 10 mg/1
of Cr. The optimum pH for
adsorption was 5 because Ni and Cr
can be adsorbed on the surface of
activated carbon which some of the
efficiency was more than 50% and
99.99%, ‘1espectively (Table 4), It
may be due to the proten of solution

for adsorption process.

ions of mickel (N1**)(Gupta et al,
2013)and chromium (Cr*', Cr(OH)*
or Cr(OH);')(Gonsalvesh et al,
2016)at pH 2 and 4. It competed 1n
binding during adsorption with ions
of metals for surface active sites of
the adsorbent wluch has negative
charge (Bansal et al, 2005,
Gonsalvesh et al 2016, Saleh et al,
2013; Gupta-et al, 2013; Langmuur,
1997)
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Table 4 Adsorption of nickel and chromuum

Heavy Final concentration Removal
metals L after adsorption (mg/l) efficiency (%)
2 7.84+0.09 19.36+0 89
Ni 4 6.17£0.01 36.50+0.07
5 4.84=0.26 50.17+2.64
2 5.1520.99 43.92+1 .08
Cr 4 N.D. 100+0.00
5 N.D. 100+0.00
N.D. 1s heavy metal concentration are lower than detection lumit
(<0.01 mg/1)
Effect of contact time depend on the adsorbent dosage and

The effect of contact time were
studied at 30, 60, 90, 120 and 150
mn. The activated carbon at 3g counld
effectively adsorb N1 and Cr within
the first 30 min with more than 50%
and  99.99%  of
respectively. This rapid uptake can be

efficiency,

explamed by the creation of more
active sites on the swface of the
achvated carbon by the activation
process -dunng preparation  of
achvated carbon fiom waste rubber
fires, After 30 mun, the removal
efficiency was stable which the
activated carbon could not adsorb
mickel and chromium. Furthermore,
the optimum contact tume mught

also the concentration of heavy
metals in solution ( Karmacharya et
al, 2016; Gupta et al., 2013)

Effect of adsorbent dosage

The removal efliciency of nickel was
increased when the adsorbent dosage
increased from 3 to 5 g (Figure 4) due
to the resulting in more surface area
to adsarb (Cecen et al . 2012; Bansal
et al., 2005) and stable when the
activated carbon was mereased from
51010 g because the adsorption into
the equulibnum state. The removal
efficiency of Cr was very lugh that
presented more than 99.99% in all
expenments and showed the removal
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efficiency was not different because
3 g of activated carbon may be almost
adsorb Cr due to having more surface
area. The activated carbon could
adsorb Cr better thanNiat 3, Sand 10

100
80
60

Removal efficiency (%)
=8 8

3 §

g However, the optmum of
adsorbent dosage at 3 g was used for
further expeniment for 1sotherm study

to reduce the use of activated carbon.

I Vicke!

o Chromium

~@~Nickel

10 =@ Chromium

Activated carbon dosage (g)

Figure 4 Effect of adsorbent dosage on the amount of Ni, Cr adsorbed on the
activated carbon. (conditions: contact hme = 30 min, and Ni and Cr

concentration = 10 mg/1)

4 Adsorption isotherm
The equilibrium

1sotherms of Ni and Cr onto the
activated carbon adsorbent were
investigated with  the different
concentrations at 5, 10, 30, 50, 100,
200 and 250 mg/l m mixed aqueous

adsorption

solution under the optimum condition
at pH 5 m presence of 3 g of
adsorbent and 30 mun of contact time.
The mmportant reason of the analysis

of adsorption system was explanation
with  Langmuir and Freundlich
adsorptionmodels (Gonsalvesh et al
2016). The results of their linear
regressions as presented in Table 5.
The correlation  coefficients (R?)
obtained from the plots of Langmuir
(1/qevs 1/Ce) as show in Fig. 5 and 6.
These revealed that the adsorption
was the best fit in Langmur
adsorption model with R*. Therefore,
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Ni and Cr was adsorbed onto the
activated  carbon  surface by
The  Langmur
1sotherm can be explamned i four
assumptions which include
1 adsorption occurs at a definite site

homogeneous.

on the surface, 2 one site can bind
only one molecule of solution, 3 the
energy of adsorption all site is the
same and 4 1t have no forces of
interacton (Cecen et al., 2012

Bansal et al, 2005, Langimur, 1997).

Table 5 The values of conelation coefficient in vanous 1sotherm

Langmuir isotherm Freundlich isotherm
Heavy & = =
metals R? 1/n R?
(mg/g)  (Vmg) (g/mg)
Nickel 43956 0.0508 09414 03902 04845 07713
Chromium 4.1000 13897 09938 04793 05058 07416
40
/.
3 y=02275x + 4.4768 _—
:‘ r o JRE=09114
o KT
0 20 40 80 100 120 140

C, (mg/ly

Figure 5 Langmir adsorption isotherm of Ni
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40
y = 0.2439x +0.1755
g 20 R’ = 0.993
=
w0
20 0 20 40 60 80 100 120 140
-20
c, (mg/h)

Figure 6 Langnmur adsorption 1sotherm of Cr

CONCLUSIONS

The activated carbon prepared from
waste rubber tires were developed for
nickel and chromium adsorption in
synthetic wastewater to study the
physicochemical properties and the
optimum conditions. The activated
carbon has properties according to
the standard  The  optiimun
parameters revealed at pH 5, 30 mun
of contact time and 3 g of activated
carbon dosage. The adsorption
1sotherm was Langmuir isotherm. In
additros, the removal efficiencies of
nickel and ‘Chronuum -were more
than 50% and 99.99%; respectively

under the optunum  conditions.
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