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Adsorption of heavy metal solution on rice husk ash (RHA)

and rubber wood ash (RWA)
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Abstract

Utilizations of rice husk ash (RHA) and rubber wood ash (RWA), an agricultural waste,
as an adsorbent for the adsorption of Ni(II), Cu(II) and Iron (III) ions from aqueous solution was
studied. Studies were carried out as a function of rotating speed, amount of dosage and contact
times. These raw material were calcined at the temperatures of 300 and 500°C for 1 h. Chemical
composition of RHA and RWA were characterized by X-ray fluorescent (XRF). Particle size and
specific surface area were observed by using Beckman Coulter. The RHA and RWA were
investigated in terms of morphology with scanning electron microscopy (SEM). Inductively
coupled plasma atomic emission spectrometer (ICP-AES) was used for the analysis of Ni(II),
Cu(II) and Fe(III) in aqueous solution.

The RWA is better adsorbing than RHA. The optimum temperature is 500°C. Optimum
conditions for Ni(II) and Cu(ll) ions removal were found to be adsorbent dosage 10 g/L,
equilibrium time 20 minutes (89-99% removal for RWA) and rotating speed 400 rpm. For Fe(III)

was found that tends to be high contact times.
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¢, WuanududugamousIdIgngasy
o s as
v duiSnesvesnigngad
o) s o
m 1HuNI9v93AI9A%Y

a a = ¥a
HINNTAUINANNISANAD ﬁ‘llﬂ‘iﬂﬂlﬂuulﬂkﬂu

C,-C )V
qe:( o e) (5)

m

A = o @ o A
e g Wudwouluavesdagngaduianizauga

=1 o o
c, flunnududuresdigngaduianizauga

d o d
1. Telmesumsgaduvesnasiios (Langmuir isotherm)
fu'leTsmeiuiauelas 198339 aufios (Irving Langmuir) 198 mFumsgaduny
¥

HUIAY) (monolayer adsorption) NaANNAFIU Av Tuanangngaruiisuiuiutueu uazll

AN (adsorption site) Tuuiwey Tasluidas Iuanavesdlgaduzgady uanaveeniga
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=) 4 i\ é‘l J o T A0 o 1 o IH' s
mu"lﬁ’twawﬁﬂmaqﬁmmu °luumazm;muwmﬂ’m%'ﬂmlmms@ﬂcﬁmmnuuﬂzﬂm vlllll
usensgnszwae luananegludumuslndnu

¢ s v o &
vinmsanu leTmmesuvesaulesnanizauga ansonaasnudunusuoa

%) a [~ w
msgaFumIazawuuRIvede Idaauns

X _0°%C,

] 6
4=~ 1+0C, o

& = o w o o @ o
e g uSnavesdigaduuudigadu win 1 nsu

o

X Winlunavesdagngadu

3 o o
m Wulsinudigady
a Wudwouluavesdgneadu

g Yy gy A
Cr= Lﬂummmmm'ummsazmuwam'szﬁuﬂﬂ

'
ar @ a

o 9 v ¥ a
HUUFUIAED
Q° HuFaueIn9naAFUBNA L UY

UG u

o 1 e a &
b Lﬂuﬂ'lﬂﬁﬂﬂﬂmﬁﬂlﬁ‘luﬁ"]

E] UG

] =] 1 X @ {
owaeansmsznin = uay C, wlddszi 6
m
X/ 4
/M

l

» Co

= v o d 1 .X o a d
71U 1.6 Anuduiussznin = uaz C, laverdvaumsnisgaduvesaaiios
m

(17111‘1: Cheremisinoff and Morresi, 1987)

<= e (7
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4 d ' C e w =1 1
dlowdeanslszrang — fu C, vz ldnswlidunssligadaununily @Lmzﬁmm
9.

at 1w 1 o {
Fum Emuﬁmiugﬂﬁ 7

C/q

g_-"8

14Q {
.

{ v w o v C o w
JUN 1.7 anuduiussendng —— uaz C, laverdvaunisnisgaduveuas
m

o] (171111: Cheremisinoff and Morresi, 1987)

% ‘lfﬂmma%um‘sqn%’ummﬂiaﬂﬁﬁv (Freundlich isotherm)
| ¢ e o da . il o o o
W leTamesuiiaualay Wiiad WsoeAay (Findly Freundlich) 1¥dmiunisgady
A da dy o b A da o 91 ¥
VUNUNHIN Iaiudw (rough surface) Tasuaaziuiinansgaduss lianauieuvesns
1 3 '
AAatUeenN WA wazlimssauiunaanldanudeuvesnsgadumnudidienu deide
da A J a o Y o = L 1=
yosaumsWsesaay Ao 195 uronmsgaduuuusuReinanuauge 14 14a
4 da { o
ninmsany le Tamesuveslsesnasianizauga awisanaaInNUFUR LT V0
o a < o
MsgaFUmsazawUuRIved lddauns
X

qe — . kCEI/ n (8)
m

A o3| o o o o @ o
We g WuiSuavesdgaduuudigad wiin 1 nfu
[ o Ly
X WuiSunavesdignaadi
o @ o
m Wuilsunudigady
o y g =
C, Auanurnduvesmsasmenan1izauga
g 1 o a &
k Humaanngumgiiniiag

& 1 dd -
n Jumninngunginiie

g y 1 a L y
NnauMsveInsouaa e laasnisfiu (logarithm) 92 laaums
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logg, = log£ =logk + llog C, 9)
m n

4 I~ ¥ o H = d' 9 ar
iiondenansMsEn1e logX/m A logC, Ngungiinsiz lansiduasagadauny Y

Q

° ' o d ' o P
annsoimm k 18 uazanuduvesns iy 1n fawisamian lddwanaslugilin g

FuilumoonaloTmmosuvoansooaa

Logq,

l.ogk{
Log C

4 v ' X o
51 1.8 aAnuduiussenig logqe[log—] 1ag logC, lavofuaunIsniige
m

L4

“ﬁﬂﬂlﬂ&ﬂﬁﬂﬂﬁﬁ‘b‘ (‘ﬁm: Cheremisinoff and Morresi, 1987)

¢ ]
3. ﬂ'ﬂﬂ'l'iﬂ]‘iﬂﬂ"fi/‘ll‘llﬂﬁilglu’llﬂﬂi HBUINNT LA mmna% (Brunauer-Emlett

Teller equation: BET equation)
= = = ¢ a o o 4 ad ¢
Wuaunsitaus lag aamy VIHHIBDT, WID FIN LBUIUNN LATIDAITA INALADT

T ?J ° |1 I 4 @ = (13!0 o @ o a 3
AULUUNTTUT LD LFINDTHNITYATUVDILAINYT U—Iﬂigﬂﬂm ‘Hﬁ]ﬂﬁUﬂ’liﬂﬂ“ﬁuwlﬂﬂﬂuﬁlu

s

¥ ]
ANBUTMIGAFULVUNAIWTY (multilayer adsorption) 1A luianavenlgngasy luins

U
INABUNDENDATZUURIAIGATY
MINMSANYIAUNITVBS UFU0DT HBNUNNLAZINAIADS NAN1IZANRA A 1W15D

v w o a =1 w
HAAIANUAUNUTUDINTAANUAITASANY ‘]JUN'J“UENI.HNvlﬁ’ﬂQﬁHﬂ']i

F__ 1 +C—1(£J ao
n@’”—P) Bt o

do P Wuanuduloduiuesiigaduianizauga

P fluanuau ledudivesiigaduiigumgiivesmsgadu

ot

=~ P - s
n Wuilsnumsngngasunanuau p

u

o

= o P o ¥ a a o o
n_ L‘l]‘u‘Lr‘;ﬁﬂilm')Qﬂﬂﬂ“B“l.l“u’l!.‘iEJW]’JLL‘U‘U"])’HLWEJ'J“LIUN’J‘UEW]'JQGI"']ﬂJ

u

v o do

) 1 A A o o
C Wunnan NUANUTUNUS UWAINTUNTQATL Tﬂﬂ
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AH , —AH,
RT

& 2 Y o ' a o ¥ a
$Y13)] AHA lﬂuﬂ'ﬂlﬁau'ﬂﬂqﬂ‘ﬁﬂﬂcﬁﬂﬁﬁfﬁ'ﬂdﬂ’ﬁEﬂﬂﬂ’]'jﬂﬂ“ﬂﬂll‘uumulﬂﬂ?

C=exp (11)

3 ¥ !
AHL FuanuTouueIMIAIVUUY

R Slumasiveufs (8.314 1K .mol™)

o

<3| = o
T  Wlugungiduysel (K)

An, - An, = anwufougnivesmisgadu

A - a o o 1 P o P 3/

We@ounsmanuduiussening : A | —| ozldns
n(}; -P) Y

) ) 1 F1) o o o o 3";
UATIASTNITOMUIUNIAI C LA n, ]lﬂﬂ'l"ll.l‘])'ulmzﬂﬂﬂﬂﬂ‘ﬂﬂﬂ'}l{ﬁ'}ﬂﬁﬁ’lﬂuu

o 1 j Aa o 3 1
muammwuﬂmmmw"lﬂmnm n_

P/(n(P’-P))

n C

m
1/n c{
- p/p°

= v w o ' P P o o
31.]71 L9 ANUTAUWUTIEHIN ——G)o—)uaz P_a Iﬂﬂﬂ']ﬁﬂﬁuﬂ'l'iﬂ'liﬂﬂ"h"ﬂ
n s

YOIVFUDDT LUz (MM Cheremisinoff and Morresi, 1987)

Tawzniin
Tanzniin nuods Tavzhlnvezaonoyszning 23-92 meluaiui 4-7 veq
@ =3 < Vv A d a = =
71319519 langminlaniuziluvewds nduldsennilluveunarngungilnd)

wa w o W o 1
Auaudanamennyes Tanzmin fe W 1w 148 Tanwmiua miler ennsaddluuku

= o

18 vazazRouuas1dd duguavianmuniindagyeslanzmin Ae a1eondiadu

= -

” " ' [ g/ o ") 4 9 o
(oxidation number) lAnateA1 AU lanzvinleaawIsaNEsIWAINUAITOUN ATy
a g P | ' a 1A 4
a131)szneuiFadou (complex compound) lagiiddesniilanzdass lasmnizetiataiio

Sa

5UA N UA15U52NBUBUNTE (organic compound) Taseunsoaioneagdiidialalaosiu

' ' o @ 1 L4 =
1231991115 waziuduaseauype (13199 3)
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3 = o A 1 L4
ﬂ151\1ﬁ 1.3 %uﬂﬂﬂQIﬂﬁsﬁuﬂ HAAINWU LAEHNANIENUADTUNIWUYHY

Tatizniin uHaInIn HOABTUMN szauneyanalAali
(ppm)
asny | MsmIadagNy a1siea | Maoaaudnury 0.02
té’ = @ o
1931 M3ngelang Haniasniay
upailion | maweuTave msyulang | vhaedu vosaaw 0.06
msmIadngiy o BN STUUNNIAY
i a o d
uuaaes  1sedfnsal | 0m1s lunszgn weids
Usugy
AzN? Tssnudhd  a1siida | vhawdu e sz 0.1
o =1 @ ' = a g o
Aagiy  adu  vielede | muauomis ludnih
L4 o - Vv !
sooua Msviuniles mawn | Iilyyiseu
21U
= A a A @ W o
umamia | maenlanz msduly | geaunSedunaezihay 0.26
g o A’ - = 1
Wdudemas  mswaa | szuulszamaiunan
o
lave  Wawvanuas
HuImTa
dsen | msmdadngiy uuames | hareszuudszam 0.01
[~ a =
QANINAITUNIEATY Wuwyae Tns Inwanaaw
dang@ | Tsanaw mawdanouvdes | levesdanz@nansou 15
M3y Tane vielszih Hamile Mmool szam
finfa | Tsaashusiman HAMIadnIay 013 0.02

A o -~ o
N3 098UA AL lany M

= 4 o
wsogynylal v

& o A
1A5091U52A Y LUAND

'3 o

gunsaimamsunnd uag

NUANT T

4 4
aauld ondou uzGely

Twsaayn

o 9

= o [ a a a
(Mu1: Alluri, HK., et al. 2007 u@g qumﬂ%mmmswﬂaau ‘Jlﬂ‘i'lzﬁ"}lﬂﬁlﬂ'lu

9AT1¥NTIUFood Amendment Regulations. 2011.)
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1.3 MINUMIUIITUNT S/ 5aUMA (Information) AREITEs
luauAmn3seiiizndnisnniioiiFeuiesvesmniiagimaaldud unay
uazid Iferamswazidrnniivaieg viewy Taamaeldlumsmivamsazarlanzmin
Yoil
mslidunanlumsmdalanzniin imsninsldidunay GUi 10) idda
Tavgminldun unaloy finfa uazdangd Tasihimsiinsnzdauianiamonimveud
UNAUNIIAUVUIADYAIA AMUIMUY AITNFY HAZVUIAVOIGATY FaTA1 150,47
Tunse, 104.9 ke/m’, 36.44m’g, 42.603A° MuARD dmTumsazate Tangminfiussouiia
pH 1523101 6 annsafisa Tanzmindiilu danzd dnfa uaz uaadon Saszutm 20, 40
waz 60 wodiFudmudidy TaoildU5maudunavlumsisaeylugag 7-10 niusodas 19

L= 5 a = o o s
e lugasy langyiin 100 19 (Vimal et al., 1999) DNNIgaMIfnEINIIAISA laneniinde

v 9 v

Az AredwnanTaoa pH vesdsazate lansmiinfimugauaensgaduiian 5.5 uaz 1%
3 ot ra £ ar S o o
Wwnavuluifsum 7-10 niuaedas e lumsgaduiszina 75 uin ansavhnmsgady

w s a3 d o @ '
Tanzmin 1864 97 oSisu (Tarun et al., 2009) MsAnEINTYATY Tanzniin Taun unaiioy
a A 4 o a
uaziinifia Aredwnay uazlimsAne le Tmmesuvesmsgaduuvunauissuazuuy
da [ 1 " = o '
WsevaarfSounuludnyuzaiee Tavar pH NiMuizauvean1sgasueglszuiu 5.5
2 =1 v 9 o a oA a ad =1 Y
(Vimal et al., 2009) M3ANYIN IFAWNAUNANA DT TNOAWBTADNDANBHAM U TAgNaY
sz Tuhdnsamiadsen TasmsuaudumaniinazlimsnsesTaguananariudai
H a oo i < i 1
mseuiigamgll 60 earuwaiBue wamsmialsenii Idifou 100 Wediduania pH szuia
= g { '
10 TagfinuiFalumsniud 400 seudoud w1l 20 UIH (Mohsen et al., 2011) 1151916
a a ¥ { g iy 1
upavlumsgadunewaslaemsinsizridie FTIR donfseudisudwnavidludin i ld
HIUMIazId N uNAIUMSIHINgUNYI 300 permaod uazyiimsgaduasazale
NOUAIUBITLUUNTA pH 581314 4-4.5 UsngIwaveadwnauiisiumswngungi 300
= a o Y dd o a4 g sy 1
paraltoa Insgaduasazatenouas 14t 98 nlesdug Tuvaziidunau lumums
o ¢ o &
WENITgadUaITaza1eneuad Idiies 53 1eSidug (M1iu (Woranan et al,, 2011)
4
LY aw oo d .
wennnidlnuITeanu M 1dwnavinmIalsendie7s leTe lail (Pengfei et al., 2011)
waz 18ims 1 unavudive langwin ldun unaiiow uazdane® (Vimal et al, 2008)
< . LY = ¢ Y s 7
aznauazson (Qingge et al., 2004) Tavldnguf le Tmmosuveansgaduuvuuaaiiosuas
da = [y 1 a ¥ o 92 o w a a 2 o e
wuuvsesaamloudeuludnuazaieg ansdalagnimsmiansaglinduilumsaiin

wu'ldluunaahmdunaslddundumsnevzsalaslfidwnavinmiadndae (Apichat et

al., 2010)
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x2d@ @427 15kV

]

517 1.10 (a) gulidunay (b) Anwnuminvessanniiogludunay (Mun: Yue,

G

C.etal. 2011)

awv AL 3

Y Y ¥ o o 9

mslid e lumsmdalansnin OuITenany1enlszneuNIIdIUNIEN N

o =) - P r
voud1 133613 (Dongmin et al., 2010) 83nUsznouMauAll (M15197 4-5) uag (3U7 11) dnvae
voud lnremsiaywanazumnz g lell, 2550) 18T0u3denland lfnannlumsgady
a a @ o a d 4
msazawiinhadamauazlimsfayvaumanivesmsgaduuuunasiiosuazuuusovea
dasnfSomnevludnvazaien Taglauud lforawis ldmnigungi 600°C udniudn
aana1n lriuazunsavuia 53 luasouudniudr lforams ldusluasazaronsaluasn
w4 %2 Tug udwhmsdSua pH Ideglusig 6.8-6.9 udahmsdrseymandrenldudeh

=Y 3/ o a1 o ar = s w L
gaungil 60°C udnheymanidiunsevldiimsgaduaisazasiinnadamaniniy

g 9 ! =

1 o s = o =
Wuduaee uazluvazihmsgadun 1iinsniu lddelaelsuldliqungil 300 wiu 4
& [ = a o 9/ 3 9 Y2
#2109 wan1snaansueInIsgaduaIsazareinnadamadiod lderans1 1409 80
s d o Y o o T T
oS ¥ud (Shameem et al, 2000) DaNadalarudr lderawisuviuiuauduiug

(Srinivasakannan et al., 2004) @ﬂ%'umiazmtmamm (Helen et al., 2005)

M3 1.4 usisznevveud life1amis d1e XRD

FUAVDAULLT (%) i lfenamis
una'lasd (Caco,) 88.24
unaidoulansen laa (Ca(OH),)* 5.52
Wosinan (Mgo) 5.29
I3 o
91519 1ud (K,S0,) 0.52
unaisuoAHALDITA (Ca (P B )(B,0,)* 0.40

+ Humsisznoumaniininulwd ldorans Gun: aywanazumezglal, 2550)
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1

4 ° o vy
wonnnid Ideramrsudr lusensnansaihingasuaisazaieneuaidnaie

= = 3 =

Tasmsrinenudangamgil 80°C MeduudnhwIuarIuAZINTIVYIA 355-500 luAseu

wdnhweit 18 T nauduansiad19iia pH Tugae 2-9 udnh ligadumsaozaronewaslay
1 o o o |4

TianuE50u 500 soudeMH LAWIMsARENAUManiveInIsgaT UL IaiioSuas

nuuvseeAamSouifion(Wan Neah et al., 2008)

= o = y Yy
M5 1N 1.5 fNﬂ'1_]53ﬂE]‘UTINlﬂiJ“UﬂQlﬂ'lk!.ﬂﬁ‘uuﬁglﬂ’lulﬂﬂ'mw'15'1

misilszney Punavesnsdszney (%)
MgO | Na,0 | ALO, | SiO, |K,0 | CaO | Fe,0, | P,0, | LOI* | 87984

@wnay | 0.17 | 0.09 | 042 | 7844 | 146|045 | 0.19 | - |18.68 | (Dongmin
etal., 2010)

Tl 350 | - | 026 | 152 | 152 1.52| 0.26 | 1.86 | 32.82 | (Aywauaz

eNNI5 TRERETE
gled,
2550)

* LOI: Loss on ignition

sl lsioug lumsmdalangniin msAnwinmniuayTagiuianzatuzninm
v o ' v o A o o w Y o = g
anaiutuiuiuamehimsmdamsazals TaneninAodansd (Amuda et al., 2007) DANY
dalfildenuzninidmdeandda laneminlasiimsdsua pH daoasniivig 3 $21u9
udiimseuniguvgll 80°C udni ldavuialdfivualugae (0246- 0074 wu) udanirly
miamsazareTanzminnamsnaasanuinldenuzninainanidszansnmlumsga
o @ e J +2 +2 +2 +2 2 i =
Fuasazans laneniindadll cu” >Pb” > cd” >2Zn” >Ni (Francisco et al., 2010) MSANEN
msgagumisazats TanzmindioildendunamsnaassldwaiinisgaduasazarsTans
v d o + + 3+ + 24 A )
wintluasii cu™ , cd”, Pb”, zn” Ay Nit' UAINMISQATUAD 77.60, 76.57, 218.34, 49.85
uaz 15.45 daaniuaeniy Taoldiarlumsgadu 20 uIfl (Liang et al., 2010) Msiuden
o o o o o A w =1 g o 9 °
arlennnszurumsulsgddile Samdadmyu NAausniewwdauaziiied leeanuds 1y

3 3 ar '
g’lﬁﬂ'lﬂ'l'ﬂ]ﬁgﬁfﬂﬂ mﬂLLﬂﬂuuﬂzuniﬂuﬂﬂmﬂunm 33U 1_]@]11;7,7;131‘55@] 50“@?’30@]3“1’]5\3

'
=

= = g o d: 1
v 250 - 850 Tunseu udnhleuiigungil 105 ssrurados swhminasd wiuily 3
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au waazdnnh lddsuanmdomsenuisigaumgil 105 esmraidoa, nsadaysnidudy
Tudadaunsadarfin : ndendlo iy 1 : 1.8 udreungumgil 160 BsrIEAT LAz 105
@ o @ 1
parsaimed Funa 6 $2lue uazarsazatslxaoy leason lad 0.25 uesuealudadiu
= 4 4 - o [ ) 9 dl a
yosmsarae lxdeoy leasen laed 0.25 uosuea : uldend1le A 1 : 1.8 udrouNgumngil
J v H 1] o d‘ s v
105 eeruraee aunsznaimiinasinuldend1 loRdFuanmdlunsadanimdudu
o o = ) A d o d 1 A A o 3 A
annsofmdalanzunadionldgege fie 88.75 wlefibud aaufenldendlouds uazulaen
fMlendSuanmndremsazarvaradin lavzuaadion 1@ luuana1any Ao 84.45 Lag 83.75
d o o o W o = ) @ a a w
wodidua mwddy (Jszain uaz Ty, 2547) BnnsdalimsAnendseaninmlumsqadu
msmﬁwmuﬂﬁaﬂﬁmﬂ Iﬂﬂﬁnymﬁﬁnﬂﬁﬁ?misﬂ:iwmiazawmﬂ(ﬂ) Tuwmsanany
[WuUA199 A9 0.500 mol/l, 0.250 mol/l, 0.125 mol/l, 0.062 mol/, 0.031 mol/l, 0.016 mol/, 0.008
mol/l, 0.004 mol/, 0.002mol/1, 0.001 mol/ LA 0.0005 mol/l MUFIAY AUAITazaw T uneaidon
4 Yy g :’, = a a L & -~ LY
ToTelannnududu 1 mol1 iniufnysz@nsnmlumsgagumsaznivea/doniiga
=] a - ] o g Y] - @ o Yy 9
TasAny1lsz@nsmmmsgaguaisaznivesiiananlasniigananududuves
1 ar s 1 l:;. g o
gsazaraa() lumsamudududag iy meanduimunzauvesiaianmlaen
e lumsgadumsaemszoznaimangay uazdnuinisulsgildendaga T 15lums
AaTUAISAZAT WU Msinl§asesgrninmsazaiseadn lumsany arsazatldua
= d a = -
mxoulolelad Hanznoudvaoeananududy 0.500 moll, 0.250 moll, 0.125 mol/l,
v
0.062mol/, 0.031 mol/l, 0.016 mol/, 0.008 mol/l, 0.004 mol/ LLAZ 0.002 mol/l LAZUITNADIN
A ™ w & v Y v
nlaenligaaunsagaduamsaznnnaisazatvian (1D lumsaldnanududu 0.008
1 1 1 g o
mol/l, 0.004 mol/ 18% 0.002 mol/l luons1aIuIzHINEITAZA LA (II)"lumimﬂamﬂﬂmm
A @ o o @ P
nlaeniiage 1y 10: 12,10 : 5 uaz 10 : 2 TaeSasmuddu Tuszeznar 15 win aauns
uﬂsgﬂmﬁaﬂﬂmﬂ"L‘]J“lﬁi’f"luﬂﬁvg}m"{umwzﬁa wuhmsiuiumaiannzauiiga @mun
3y [l
uazAme, 2546) wonnilidaliniseadnivasinernumsldiagdinlanigadulansmin
ol :
(United States Patent 5,626,765,1997) Tdvindendauloni luazatiwazvsoldendu1sn
- ~ o o o Y < ) —
(tannin) Mwwanmusagady laneninuazihmsdiumanuilunsaaealsasazaion
I~ aa 9 - | s a =Y o« - 9
Huasniin AN 53T N3 o5 ANFINNIYE (United States Patent 5,460,791,1995) ‘14 14
nldendulsnlunisgaduTanzminldun gisillon  (uranium) MoiSoY (thorium) o
(curium) DT T e (americium) mﬂglﬁﬂu (neptunium) agN2 (lead) nAAL oY (cadmium)
TA315io3 (chromium) 158N (mercury) M@0 (iron) tazasduqRlldmnauvosmsainla

1 1 -7 1 :‘ T 1 (-7
naM AensUIUMSEasaaeLazNsUSumANuElun AN Y
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s é aw
1.4 Jagilszaenvedlasimsive

1
A o

a a 1
1 finmvuIAeyMn garginm s veudwnauuazid lifuewsiimhundludiunay
nanlumsgagu lanzmin
2 fnwledediuaianuilunse avvesszuy Wsuandild narlunisqadu
asazae lanzmin
1 L) Y LY o 9 ] Y Y
3 asdeumANuNduvesmsazatw Tangniinnanngadudlndunauuazid 1

YNNI

1.5 vauruAvadlasansian

1 Y [ a & o w

=2 o 9 Vv 3 3
WU UANEINMTUUDUNA VLD lﬂ’lvlilﬂ'mw']i']u']'l"lﬂﬂu'JﬂﬂﬂU IWauINIIAEIIas Y

q 9

o o ar a wa a o o
Tanzwiin lasmsiringaunmagouaniianianoniniaz Iinsizvesnlszneumani

-‘-“I’ £ . { ° ' o o = o ow 1 1

iesdu ez lgnszuiunmsdunsign laelimsudsdudaulsaien 1aun W5uand
= " o J a o o o

gangi lumsmn manwdunsa a9 narlumsgady uaziih ldvinsqaduaisazats

o a a =
Im‘izﬁuﬂﬁﬂ TS UNND NDILAY LASLHAN

1.6 Yszlaminmanaglisy

<3| ) ' ' o { o '
Lo flunwamsadwssuuysanmsmuyanunes Jaqmae 190 ds 1 1819 sz Toand
nnmngamunIsudIuazgamnassu ldenami
<3| o o CY g = d' o § 4 1
2. Wunwamemstamsuazmisihdadndenimsazatslangminilaeug
Aunnden
< o w 2 3 1’1’; J =
3. lumsmidananedwradenyed lssnuntlumsasiunidinavvezuas

UaNIIIENN0INA
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2.3 TUABUMIIDY
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4 a a 4 1 o
Lﬂ%ﬂﬁﬂﬂ'\iﬂizm\ﬂlmﬂuﬂ’lﬂﬁ]’lﬂLLﬁdLm“h'E)S Beckman Coulter 31 Mastersizer 2000 Version
3.1
- AMMNWUIMUUITY (True  Density) IAAI0IATOS Stereopycnometer
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= ' [ 4 '
- Anuilunsa-a13 (pH) 39A201A509 pH meter 34 Cyber Scan 510
= 's 9 . 2 o v A i s
-MITUATIEHNNNANINIOY (Thermal Analysis) FIIAAIULATON Differential
Thermal Analyzer j"lnl PerkinElmer, DTA7 L2504 Thermogravimetric Analyzer ;'u
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- asyHausuazassenoumuniivesingAy A10iA503 X-Ray Diffraction
34 Philips X’Pert MPD Ua¥ X-Ray Fluorescence ~XRF 3 Philips PW2400

- fnunTnsead199001Av093AAY (Microstructure) A20ndBadDIgANTIAY
Bidnas DUULVADINT A (Scanning Electron Microscope) ju JSM- 5800LV, JEOL

- Fawnnududuvesasazais Tangmiin 42601504 Inductively Coupled

Plasma Atomic Emission Spectrometer (ICP-AES) g'u Perkin-Elmer, 4300 DV
2.3.2 minageuaNMiNTuvesmsazmelanzHiin
M39A%Y (Adsorption)

MIYAGUUBIMITAS DY

0 Ci =C
gATMIAUIN %Removal = —2——x100.........oceen..n. (1)
G
2 - o
1o %Removal = osiFuAnsgadu (%)
c, = ANuENIUYBIEITazAIwISUAY  (mg/L)

g = anududuvesasazaoiauga (mg/lL)
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ez VUIADYNIA (luasou)
Bunay i Idenaws
10 15.16 10.00
20 30.20 17.38
30 46.17 22.90
40 70.28 30.10
50 111.56 35.43
60 140.38 40.12
70 316.23 52.41
80 478.31 68.18
90 1083.51 84.53

3.2 HAANNHHINNUDIA (True Density)

é 1 1) = = 5 1 ' 1 @ 1
FIAAVUAUMUUITIVOUNTUANITDIUNAINAUNINY ﬁ’JHLﬁ"I!.LﬂﬂULmS

18019 NUMILLLI AT 2.67 1A 2.45 NTU/AY.9Y. MUY (115190 3.3)

A13197 3.3 ANUNUIUUDT

agay AMANUNUNUUIT (NFN/AV.H.)
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iunay 2.68 2.66 2.67 0.005
e lifenamsn 2.48 2.44 2.45 0.002
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A13197 3.4 A1 pH VIA5AZAY

¥iiavediag A1 pH
fIaza1eiinna (Ni) 6
a138zaeNa LA (Cu) 6
msazaeiinfagadudiudunan (Ni+RHA) 7
msazaretinifagadudiod ldorawist (Ni+RWA) 10
msazaenenIgaFuRIdunaL (Cu+RHA) 7
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4 o = [ =
M3199 3.5 paRlszneumuniivesingay

msisznen UnaY (%) o 1399 (%)
Ca0 0.84 48.24
si0, 67.88 1.52
K,0 4.20 8.44
MgO 1.76 3.50
P,0, 5.08 1.86
SO, 0.36 1.28
ALO, 0.58 0.26
Fe,0, 047 0.26
Rb,0 0.04 .
MnO 0.23 :
MnO, ’ 1.42
Cl - 0.30
SrO = 0.10
gTﬁﬁﬂﬁQfQﬂ’lﬂ (LOI) 18.56 32.82
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Abstract

An attempt at of this study was to use the rubber wood ash (RWA), an
agricultural waste, as an adsorbent for the adsorption of Ni(Il) and Cu(Il) ions from
aqueous solution. Studies were carried out as a function of rotating speed, amount of
dosage and contact times. RWA is found to be a suitable adsorbent for the adsorption
of nickel and copper ions. The RWA were investigated in terms of morphology and
chemical composition using scanning electron microscopy (SEM) and X-ray
fluorescence (XRF) techniques. Optimum conditions for Ni(II) and Cu(Il) ions
removal were found to be adsorbent dosage of 10 g/L, 20 minutes equilibrium time
and rotating speed of 400 rpm.

Key word: Adsorption/ Heavy metal/ Removal/ Rubber wood ash (RWA)

1. Introduction

The presence of heavy metals in aqueous water streams has become a problem
due to their harmful effects on human health. It is recognized that finding methods for
removal of heavy metals from aqueous water is of great importance. Nickel and
copper are among the heavy metals affecting the environment.
Nickel and copper, are element which have been widely used in many products for
consumer, industrial, military, transport/acrospace, marine and architectural
applications. However, these can be regarded as a longstanding environmental
contaminant. It has been reported that excessive intake of copper by humans may lead
to severe mucosal irritation, hepatic and renal damage, capillary damage,
gastrointestinal irritation and central nervous system irritation (Larous et al., 2005).
Nickel and copper can be removed by precipitation as nickel and copper hydroxide
but this method is only efficient at high pH value. Other conventional methods which
have been employed to remove nickel and copper in wastewater include ion-
exchange, membrane separation, electrochemical treatment, reverse osmosis and
solvent extraction (Cheung et al., 1997). All these methods are generally expensive;
therefore itis important to search for a low-cost method which is effective and
economic. Adsorption technique is much preferred for removal of heavy metals
because of its efficiency and low cost. The use of activated carbon (AC) as an
adsorbent has now been regarded as a major process for wastewater treatment.
However, due to high cost and about 10-15% loss during AC regeneration, non-
conventional and cheap adsorbents like waste tea leaves (Tee et al., 1998), sago waste
(Quek et al., 1998), peanut hulls (Brown et al., 2000), hazel nut shell (Cimino et al.,
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2000),saw dust (Sukla et al., 2002), neem bark (Naiya et al., 2008), chitin beads (Zhou
et al., 2004), thermally treated rice husk ash (Doner et al., 2004), waste banana,
orange peels (Annadurai et al., 2003), cocoa shells (Meunier et al., 2003), tree fern
(Ho et al., 2003), coffee residue (Boonamnuayvitaya et al., 2004), rice husk (Chuah et
al., 2005; Feng et al., 2004), palm kernel fibre (Ho et al., 2005), olive stone waste
(Fiol et al., 2006), grape stalk (Martinez et al., 2006), coir (Quek et al., 1998; Conrad
et al., 2007), tea waste (Amarasinghe et al., 2007), bagasse fly ash (Gupta et al., 1998;
Gupta et al., 2004), etc. have been used as alternative adsorbents.

Rubber wood is wood from the Para rubber tree (Hevea brasiliensis). There
are extensive plantations with these trees in Southeast Asia. For instance, the
traditional practice was to burn the tree at the end of its latex-producing cycle. Rubber
wood is used only after it completes its latex producing cycle, generally when it is 25-
30 years old. When the latex yields become extremely low, the trees are then felled,
and new ones are usually planted. It can also be used as fuel, either in a furnace,
generator, or with a steam boiler powered. It may also be smelted into charcoal, with
that fuel being used where appropriate. Rubber wood ash (RWA) is an abundant
agricultural waste, accounting for about of the annual gross rubber wood ash, 217
million metric tons in Thailand (Office of agricultural economics, Thailand, 2013).
Due to growing concern with environment pollution, and the need to conserve energy
and resources, efforts have been made to burn rubber wood under controlled
temperature and atmosphere as supplementary cement material.

The main purpose of this paper is to study the removal of nickel and copper
ions by using adsorption and to determine the ability of RWA to remove of nickel and
copper ions from aqueous solution. Also effects of adsorbent dosage, contact time and
the rotating speed variation are investigated.

2. Experimental

All the chemical reagent used in the experiments were of analytical grade.
Aqueous solutions of Ni(II) and Cu(ll) ions were prepared from Ni(NO;), and
CH3COO0;Cu, respectively. Deionized water was used throughout the study.

2.1. Rubber wood ash treatment and analysis

Rubber wood ash is a by-product generally obtained from steam boiler and a solid
obtained after burning of rubber wood. The morphology of RWA particles was
investigated with the scanning electron microscope (SEM; JEOL JSM-5800LV).
Particle size distribution of RWA were characterized by Beckman Coulter
(Mastersizer 2000 Version 5.1). The specific surface area of the adsorbent was
determined by Brunauer-Emmett-Teller (BET) method. X-ray fluorescence (XRF)
analysis was carried out to determine chemical compositions of RWA. The RWA was
supplied by the Songkhla region (South of Thailand). Samples of RWA were heated
at the temperature of 500°C with the holding time of 1 h under a heating rate of
10°C/min.

2.2. Batch adsorption experiment

A 100 mL of solution were added to the beaker containing of the desired
adsorbent. At the end of predetermined time intervals, the concentration of Ni(II) and
Cu(Il) was determined. All experiments were carried out three time and the adsorbed
nickel and copper ions concentrations given were the means of duplicate experimental
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results. Experimental variables considered were initial concentration of Ni(II) and
Cu(IT) 50 ppm; contact time between RWA with Ni(II) and Cu(II) ion solution 5-25
min; dosage of RWA was between 0.6-1.2 g/100 mL. Inductively coupled plasma
atomic emission spectrometer (ICP -AES) was used for the analysis of Ni(II) and
Cu(Il) in aqueous solution. An aqueous solution of nickel and copper ions (the
concentration of solution was 50 ppm), rotating time 15 min and amount of RWA 1
2/100 mL were used to study the effect of rotating speed on the sorption.

3. Results and discussion
3.1 Properties of RWA
SEM micrographs of the RWA indicated that the surface was highly irregular
and porous in nature is shown in Fig. 1. Chemical composition of RWA and specific
surface area are given in Table 1. The CaO was found to be the main content in RWA.
The particle size distributions generated were characterized using Dsp, which is the
50% passing size in the cumulative distribution. The particle size distribution in Fig. 2
shows that the original RWA presents a reasonably wide range of particle sizes, the
RWA present values of D5 between 35.4 um.

AT, Y

B

EM Images of RWA at 500X (left), 1000X (middle) and 3500X (right).

r

B
Figure 1

Table 1 The chemical compositions (%) with X-ray fluorescence analysis and some
roperties of RWA

CaO SiOz Kzo MgO P205 SO3 A1203 F6203 MIIOz Cl SrO | LOI*

48.24 | 1.52 {844 |3.50 | 1.86 [ 1.28 026 [026 |1.42 |0.30]0.10|32.82

Specific surface area: 42 m”/g

* LOI — loss on ignition.
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Figure 2 Particle size distribution of the RWA.
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3.2 Influence of rotating speed

The rotating speed of the magnetic mixer for the sorption of nickel and copper
ions onto sorbent was optimized at the range of 200 to 600 rpm. The results are shown
in Fig. 3. The removal of nickel and copper ions increases with every increment in the
rotating speedup to 400 rpm, thereafter a decrease is observed. The decrease in
sorption of nickel and copper ions at very high speed may be due to the over agitation
of the sorbate ions in the sorption vessel, as a result repulsion forces predominate on
the sorptive sites on the sorbent surface, which ultimately reduce the attraction
between sorbate and sorbent (Blinova et al.,2007). Therefore, 400 rpm was selected as
an optimized rotating speed for further sorption studies.

100.00
99.80
9
z 99.60 -
3
[*]
9940
-*]
= :
2 9920 -
E .
£ .
=7
99.00
98.80 + f . ,
200 300 400 500 600

Rotating speed (rpm)

Figure 3 The effect of rotating speed on the removal efficiency of: (a) Ni(II) and (b)
Cu(II) (with the initial concentration, pH, contact time, volume of solution and
amount of adsorbent was 50 mg/L, 7, 15 min, 100 mL and 1 g, respectively).

3.3 Influence of sorbent dosage

The removal percentage of nickel and copper ions was studied by varying the
adsorbent (RWA) dose between 0.6, 0.8, 1.0 and 1.2 g at nickel and copper ions
concentration of 50 mg/L. Results are presented in Fig. 4. The Ni(II) and Cu(II)
removal efficiency increases up to an optimum dosage beyond which the removal
efficiency does not change. This result was anticipated because for a fixed initial
solute concentration, increasing adsorbent doses provides greater surface area and
more adsorption sites, whereas the adsorbed metal ions quantity per unit weight of the
sorbent decreased by increasing the magnetic beads quantity. At very low adsorbent
concentration, the absorbent surfaces become saturated with the metal ions and the
residual metal ion concentration in the solution was high.
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Figure 4 The effect of adsorbent dosage on the removal efficiency of: (a) Ni(Il) and
(b) Cu(II) (the initial concentration, rotating speed, pH, contact time and volume of
solution was 50 mg/L, 400 rpm, 7, 15 min and 100 mL, respectively).

3.4 Effect of contact time

Fig. 5 shows the effect of contact time on sorption of nickel and copper ions
by RWA. For these cases, initial nickel and copper ions concentration was 50 mg/L
and pH of 7 was used for nickel and copper solution. Also RWA dose of 1 g added in
100 mL and pH of 10 were used. For Ni(II) and Cu(II) sorption rate reaches up to
99.86% and 99.44%, respectively, when contact time was 20 min, and then little
change of sorption rate was observed. This result revealed that adsorption of nickel
and copper was fast and the equilibrium was achieved after 20 min of contact time.
Taking into account these results, a contact time of 20 min was chosen for further
experiments.

10000 ——————

a

99.90 / )

99.80

X

99.70 -

99.60 -

(b)

Removal efficiency (%)

99.50 -

99.40 + : :
5 10 15 20 25

Time (min)
Figure 5 The effect of contact time on the removal efficiency of: (a) Ni(II) and (b)
Cu(II) (the initial concentration, rotating speed, pH, volume of solution and amount of
adsorbent was 50 mg/L, 400 rpm, 7, 100 mL and 1 g, respectively).
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4. Conclusions

In this research can be summarized that an agricultural waste, rubber wood
ash, was found to be a suitable adsorbent for the adsorption of nickel and copper ions
from aqueous water. Optimum conditions for nickel and copper ions removal were
found to be adsorbent dosage of 10 g/L, equilibrium time 20 min and rotating time
400 rpm. Adsorption capability of RWA for nickel and copper ions are considerably
higher and faster, respectively, than many other methods.
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