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PACHAREEPORN SORASING : UTILIZATION OF PINEAPPLE WASTES
AS LOW-COST ADSORBENT FOR COLOR REMOVAL. THESIS ADVISOR :

ASST. PROF. JAREEYA YIMRATTANABOVORN, Ph.D., 176 PP.

ADSORPTION/ACTIVATED CARBON/LOW-COST ADSORBENT/PINEAPPLE

WASTE

Dyes are widely used as coloring agents in textile industries. They are harmful
to human being and hazardous to aquatic organisms when they are discharged into
receiving water. The numerous dye removal techniques, adsorption is the preferred
method and give the best results. However, its use is still limited because of high
production cost. To lower the cost of wastewater treatment, many researchers have
focused on finding alternative low-cost adsorbents. The aim of this work was to
evaluate the potential of crown pineapple waste as a low-cost adsorbent production by
using thermal activation in limited oxygen condition method, activation by using CO>
gas method and activation by zinc chloride method. The results showed the good
properties of the crown pineapple waste activated carbon which prepared by activation
with 20 % ZnCl; solution and heating at 500 °C for 60 min (C-20.60) and the one which
prepared by activated with CO; gas at temperature 800 °C for 60 min (P-800.60) are
999.36 and 754.84 m?/g of BET surface respectively. Both of samples were selected to
study adsorption experiments. The results showed the C-20.60 and P-800.60 samples
had the same optimum conditions for Basic Red 46 dye adsorption were initial
concentrations 20 mg/L, initial pH solution 7, agitation speed 150 rpm, and temperature
25 °C for both samples. However, they had difference contact time, 180 min for the

C-20.60 while 480 min for the P-800.60 sample. The adsorption kinetics data were



fit with the pseudo-second order model and the equilibrium data were fit with the
Langmuir isotherm model with maximum adsorption capacity of 138.89 mg/g for the
C-20.60 sample and 125.00 mg/g for the P-800.60 sample. In conclusion, the activated
carbon which prepared from crown pineapple waste is very effective low-cost adsorbent

production for dye removal.
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1 1 a 4 J 1 o
A1519% 2.2 FIUYTZNRUMUANLENAATIEHATNEIUA g ﬂlﬂﬂ%)ﬂﬂﬂgﬁﬂﬂzﬁﬂuﬁl\i

(@s1ind wa'lan, 2557)

aauilszney nlasn FIU dIuag HpU
T 85.8 84.9 85.9 88.6
Tlsau 4.4 4.1 5.4 3.2
i 1.5 1.2 1.4 1.3
ol 8.1 11.6 13.4 8.9
1yag lae 10.4 232 17.6 11.50
@lsag lag 15.0 24.7 26.5 14.10
aniu 1.7 2.67 2.8 0.7
it 49 5.4 7.6 3.8

J J [l < J Ao o
pentsznovlumaanaue At 2 arunddny
1) anuu aﬂﬁuﬁjﬂﬂfﬂuv\l’m Heterogenous Organic Polymeri]%f]ijﬂmclu
[ ] Aa a I
TaseadwvesiiarTagson q waglaa wazilesduaaglaavinnmsdesaars andimiu
d15U52novoz T5u1AN (Aromatic Compound) N11)52 N0 UA 1811 Methyl Group (-CH3),
] 1 A J 4 1 Jd v 1 dyd .
1 Hydrogxyl Group (-OH) ttaz @311y Phenolic vy MaA%uvaIilszgan (Negative
: o { o o Y . A ] ¥ Y
Charge) 39111 N9UW309A% U (Chelate or Adsorb) 11152910 (Cation) Nogluiir1a uay
a A a 1 1T a A < 1 o
antiuTagdnd liansoszylananiuiumsdsznovszinnla msig higunsommuea
9 A [} 9 g’/ dﬁl A a A 1 [l [ v A 1 I
Taseadrenminueuld Nethiiosninaniiueg ldegludnyazaife udazimziluaise
= A ] = Y ] 1 dﬁld 2 a v A =
FauogralguDuBIsznoualevuIeall As WilaIwsiwy (Phenyl Propane), 11992 %a
A A . 2 A A .
gUA (Syringyl Unit), W13 1-leasend Wila gUf (Para-Hydroxyphenyl Unit)
a o3| J K
2) 1iaglad (Hemicellulose) 1y InamesvoaranamuIae (Pentose)
Ao < Y = J a Y @
ianyasilu Heterogmous Tagilszneudre Indusanilsanatesiauisounu anyme
Y < Y ? o a o ' =
TassadruthuduasaiminTuanaveusiiag laaszdiniuyag laa vuiavesluanall
1 J Y
AW 30-50 I8 Hazloddszneunanie Xylen
] s { 4 a
3) 1waglad (Cellulose) iu Twanaan lsaitluaishfinnigalusssumna
< J v [ 0 { g
mszduaiulsgnovudszum 1 lu 3 vesdrudlsznovvesiisnanua Tagrinihiniu
o @ 4 1 ¥ I 1
Taseaswinnumiusadvesie wu e TdveiimagTamiudivdsenovlszuiw

9 g
50 1lof1dud uenvminduialusdveudulesu Fhe saogluagTaauigns Insead
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youwag laavzilsznouaie Tuana D-glucose H992IFONAUAINUTE Glycoside 11AZANET
. v d = ! X g ¢ =
Y04 19921/52n0UAIY D-glucose AILA 200 B4 2,500 W28 Gad1laTas ladivag lamiio
U ' I3 { A
vudiuaz ldaalaluTea uad1lalas ladiauiez 14 D-glucose auiavouxaglaado
] %’ % o a A Jd A U U 1 Y A
Tuazaeimazanhazaedunsdvsosaza1en19ooU A 11I0az 18 1AA 1UNTA 130
1 v 9 a =\ 1 4 a I 4
anun Iaseasnveuwaglaalusssumaszlnynisvenda (-COOH) useailsznou
[ A [ gz =KX o Y = ) A [ 4
aaalugii 2.4 dnivveih ldiwaglaaliqueniialumsuanulaouleseu mdunsizn
{ o aan a ) a [ 4 {
mﬁma@jammmﬂEﬂu"laaaum"lmﬂﬁmﬁcl,ﬂ’f’ﬂ;]ﬂﬁmaaﬂmmm wag laanannmainla
' 4 a J 3 w
Uszneudaeleasendiaglaa uazmjmsvenda 15 lesiSud Tdnvaziuns liazaeh
= wa =
Hgaauiialumsuani/asuleoou
é 1 =) = U =Wl 1 % % d'
FadrulsznoumunliveweudeduilssaliAanAANAINII 19N 2.1 ey
@ a 2 g a A a
inisznoudisaag laauazielwag laalulSuugs Taemmzwag lagdauilunedwesiina
A 1 [ a I Y 1 A
NSO NARNUYBING IAT (Glucose) tNAT U AT Ia3 19DV TATITNHAIN 9 NANWIID
{ I~ [ o Y 1
sanfdeulosoulda aunsoaaulswionss Anchor Group 11y Tuanavousag Taa 1@ dewa
9 e A @ 2 o [ 9 3
Idpuantalumsuann)aenlosouvesiaagau silinsulssdveweudeduilzsaliiu
a 4 s . ° o ' §y g a w o v d
Twaugnalsa (Polysaccharide) g1 unWannaoorl s Sunas s od1gaduIIdailu

= A 1 a [ ’q ¥ :3 a 4
smanillumaiuyanvesraanma g (51w wa'lan, 2557)

CH,OH Cl-120H CHQOH
0
”’SH \%\o N ¥
H OH H OH H o
OH

51U 2.4 dnvaz Tnseadvvouag Tae

223 msihvesdaduizsaliflFilse e

[ A 9

wwa I3 odagqmae Idamnsoi 1 lumszurumsgaamnssudu 9

L)

] o o I
18 1wy msudansemsasana®iain Wuduann1sAny1ved Upadhyay et al. (2010) 18

o = dl v o = [ 9 1 [ dy
‘Vnﬂﬁﬁﬂ'HTVIll‘VI’J“L!LﬂEJ’Jﬂllﬂﬁlﬂﬂl@ﬂlﬁﬂﬁ‘ﬂﬂgiﬂﬂ11muﬂ1uﬁ1ﬂ ] PNU
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1) msih lladaemsuseliau (Bromelain)
. < 4 a A A 9y U
Bromelain 1Y utou lasinusssuananinisnamisony lannaiuves
o 3’, o 9 A 1 dy a A o 9 9 Yo 3’, 1
dutlzsansly d1du visowa ualimsibnnigaiunu ddu uazmd lasumsasivdeuaua
Y
1 1Y Id
1l a. . 1894 (Devakate et al., 2009) tag Iasunisszunswsnluil a.a. 1891 Tag Marcano 1ilu
msananaduilzsaniiaivlsznevvealisiudu o srelumsilesdulsalvdednay,
A A . v 3 A v a Lo ¥
da1oau1dea (Bhuietal., 2009), @181500AN153UAv0NaALa0A 1A laslignTduds
o o 3 A o o ) I A v o q ¥ 3 A
MIIINAITUVBUNAAE@DA FNUIMTHAL Loy In Taindanuasasnih Iisadla@eauid
o w 4 < 9 g’/ = v A PN = =< o P4
Mdaasuzisala uenvnuluuselmudiiou laindesaarsTisauaarinla 141y
v A o ¢ & a
gaaMNI TN lumsniinitlodad naziluewsiasu (Maurer, 2001)
o a I
2) msih lwaeileniuea (Ethanol)
J a3 o A 9 a 9 v °
ueaneaod Wunasnunaunumiaulediumaassgna 193das1n160
' A o vy A X A = o Y P
iy voudedulzsalamuvulunelssynsium veudesanlssnuduilzsalalnsizgi
4 = [ A ] Aa o ~ Aa A A FY
ueanegoaNVeudedulz saie llmivayumskaaonuea Aash 2.3 gaunsen 1yl
MIHUNONUA 1Y Saccharomyces Cerevisiae L1812 Zymomonasmobilis (Ban-Koffi andHan, 1990)

mnsanaaemuealalszinaiosay 8 anveudeduilzialuma 48 ¥2 109 a1

Pretreating ACKagIad uazigiyag laa

M3 2.3 WaAs AT LeANDIRdINVBAAEAULIA (Upadhyay et al., 2010)

Organism Yield (% of theoretical values) Productivity (g/1/h) 21994
Z. mobilis 92.4 2.81 Tanaka et al., 1999
S. cerevisiae 92.5 3.75 Nigam, 1999
S. cerevisiae 86.3 42.8 Nigam, 2000

) I 1 o 4
3) maih Il ueraandanuasueu (Energy and Carbon Source)
a2 o v o A g a a2 J o W
voudedulzsaduinnilumsdsenovdunsd msnaaminsoanlsuu
= A 1 Y o Y a 1 o
voudeasla lasn1sdesdlronisuinuuylieenguluuigaaivnssuuranaiiily
o ) o . . @ a
Uszgnd 1815V Gas Generations (Mbuligwe and Kassenga, 2004) 911nn15 I5duilzsalumsnan
o= 9 . . . . . & a o A 9 ~
MU Iae 143201 Semi - Continuous Anaerobic Digestion FegnsonaamazIn e qAFAN

1,682 wa./3u Tassumtiimugegaiooas 51 Rani and Nand (2004) 518911431ATNLANA1NUDA
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= o o Y a 9 = s 3’, 1 A A =
nlaenduizsaildnanaaniaFinnila1aaua 041 - 0.67 mgkg 15511 NTINUFID
fovaz 41 - 65
o a o . .
4 msrhlwaadlumsfsadden (Anti - Dyeing Agent)
1 A I A 1
gdounlFlugaamnssuameadulymasaunadon il unanidos
S o ] Y A 2 ¥4 ) A v w
Agaenusaveurnld disannisualumsnaivdedlulSnaunnntuaeunuanaany
1 1 Y] { [ 4 [ o
M3foud Manuas a1 1dsuneanunetumslelss Temivesduilysade ldduilzsa
I (Y ] 9 o A v a9 dgl an % ]
Wudrgadudunuanneydaddounugiu (unanug) nnasazareluiilasmsgaay
= o & 1 ] Y Y ]
(Hameed et al., 2009) Tusrsaudnatiunilanumludulzsagnlaniluaigaduasazats
wia1ya (Weng et al., 2009)
I
5) iluansidule (Fiber)
Y o Yo v av 1 9 A A
idulennmaduizsa ldsusisanunminiss Traduleesnessuan
o { A I 1
nlaenduizsaliduleenidesay 70.6 niagauauiialunsiuodunninduleomislu
a a 4 ay @ o A
Fewgisganwa lduelitla (Larrauri et al, 1997) Tuduilzsagnld lumsviidame luunalszina
o = 1 Aax a 4 o o a a
Tuemeas Tuean@eald (Tran, 2006) tagnDINITMIHAAERNTZAHEan larildseanTam
1 a 4 % AAA a ° -4 @ a 4
milendMskanenszaynualnnanand1nITesaz 40 TasUs BN UNANAAERNTLATY
[ [ [ g = = 9 [
duUgsa 2.1 NSU/ 100 N5Y (Sreenath et al., 1996) WonvnHEIAnw1DudU levesluduilzsalu
a a Jd A 9 9 A = [l YR A
mswaaneaweidi uaadulatiosnniidsinawag Taageueza liuns uaz ladneania
MIATIPALAZHANTZTNUVDITa # Pineapple Leaf Fiber - Reinforced Polyster 1WOW Fiber Loading,
1 A A o ' {2
Fiber Length, and Fiber Surface modification Wi 1au1iaanaveiganauzaniwsag laaiiu
AIUNANDY
6) M3 lUmdaTlanzyiin (Removal of Heavy Metals)
[ o 3 @ @ 1 a A
wuiaenndulzsanszfledlagminldiudgaduniidszdnsam
o w { a . . § o
Tumismiva lane N unyved He, Pb, Cu, Zn 1tae Ni (Senthilkumaar et al., 2000) 5189111H 8NV
] Y ]
M3nvalangniin WY Cr, Cu, Pb, Ni ag Zn mnmnaznouniluileu Tagldnsadasninldain
4
MININFUIARI81%051 A. niger (Daceraand Babel, 2008) Ha431nMIA9A TarizHiinnnmn
%’ a A z&l 1 o Y = %’ =
aznouidenuleutay wudnhlimneznouldnen Mg (Dacera etal., 2009) UUFHIIN
< < { o o . . X X k4
duilzsagnldiiluasnaunufidmsy Acinetobacter Haemolyticus #agn I4ieaanisiuilow

o3 IA3eNszUINYN (Zakaria et al., 2007)
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) I 4 .
7 m3i 193 uemsdad (As Animal Feed)
a v I ] 9 4 A
MakanennIdaInmeugaarinisy vl mslslseTeyannauman
Qy I o Jd ] a a Aa o
nannlssnugamnnssuiueisdalirisannuuIauAaue 1113 F19IN0A UG
L yyr 9 Y o < e o o o4 & A a &
e Idaiums ldulzsaidluomsdmsudainendss waenusnioiionazunuued
[ +| ~ ) 9 o [ [ 4 dy dy
gaa1rnssudulzsansziles Geniiswazlugnliiluermsdmivdadinardes
[ ] I =y o
(Tran A., 2006) M3 l¥duilzsauiaazduilzsaaunsalailuemsas uazaunsasiemis
vy g 0w L ¥ 2
e ladovay 50 Tugasmaunaiuad 15y AUy (Sruamisri S., 2007) Tums e msiRegnme

9 a o (] @ 1 Y (% Y 1 A 1 9
NOIDUITUIU 24 G]’JL“]JL!!'J@W 803U wmmawaaﬂmmﬁuﬂzmmezmmwnmiaaﬂ@

A ¥ v v
MINVUINUNUDITAT (Costa et al., 2007)

v v o d
23 DUNNNUA (Activated Carbon)
v v v d
231  iszanvesauniiue
1 v o Jd a =
23.1.1 DIUNUNUABUANIAZID8A (Powdered Activated Carbon, PAC)
< 1 1 4 1 1
Tagn lvinaveswan maziidurmuguina1eegszing 0.15 - 0.25
a A 2 9 ! 1 o [ ! o
Haawas swsanszneluilde ua liaansnthnduinld v Idvzgminn ¥ lugaamnssu
A A 9 [ = A = 1 dﬁl Aa [
Mg umsazats Wiovewal Mo niidadiuvesiuninelsuasun
1 v v Jd a <
23.12 munuudriaga (Pellet)
< 1 a :il = Y 1 L4 1 a A a
Tagn lowatiativzlvinadusiugudnanlimu 5 Jadmas
o sy o 9 o @ g9 a X o @ A
(dugns T1iw19,2558) gniiunlf lugaamnssumsiunalius gns lumsgaguunanse
A o q Yo o Agy ¥ a X A o o Y9 11w o oA A
Tovosensviomsiinliavihazaen ldudrusqnsvuinorinaumnlsIvg amnuiudaiiall
d Ee ] o o a £ o 9 o [} ]
wognld ludnivsgansohnduuiildus gnsuaziwnlgs: Tomilmildon Taeueld
2wy ldun
1 v o < o @ v o fa
1) UANTUALDDINARIOR (Compressed PAC) i uauiuiuaign
da! 9 o [ v o [ Y I3 ] A I <3 1 d’l [ A
YugUdremariwsnmnuiudnealiilumeis edlude swlszniimunzduminions e
[ [ A o 9 [ 1 9 1 1 [ o 4 A
qaguund 11o391ni119A1uAUANAT O (Pressure Drop) Hoen 10 1w uAlszInNDY
dy 1 v oA < a & o o Y a J 9 Y
uenMNHMueAsIlin T wsuFInage Nguh Idinaazeowuiosne
1 [ o 4 <] :
2) DIUNNUUALUULNAA (Granular Activated Carbon, GAC)@Q%%%
1 dl ) ) da! L% a
sUs e limiveu Yuegnuvuialumsvanaznszurumslumswaa Tasanuasnlu

A o [ ] ' [
ﬂﬁﬂi@ﬂﬂiﬂﬂﬂ“ﬁmlﬂ’dﬂfﬂzlmﬂ@]Nﬂui’]i’JﬂHlﬂ
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U 1Y Ly 4 a . .
23.13 MUAUTUAINADUNY (Surface Coating - Activated Carbon)
I 1 v o Ja A ) Aﬂl} Aa ) Yo ) A A a a
Lﬂuﬂ"luﬂllllu@‘WLﬁB‘V]N”Iuﬂ”lﬁﬂﬁﬂﬁﬂ"lwwuﬂﬂﬂﬂ‘ﬂfﬂclﬁﬂ‘].lff"lﬁ@jﬂ"]f‘]_l LW@LWNﬂﬁgﬁﬂ‘ﬁﬂTWGluﬂ"ﬁ

@

o A a o Y A Y a g
qady TasmsindourInuAuiuaA Iwa1Toue Taun dslsznouiFsdouvesTanzuiszinn
a 4 a A v I 9 ] 9 [ dy
MINBANDITVFHA ATA WI0A1 Wudu 1eld 2 nyu Al
1 v o d A I 1 v o A
D DUV UANADUDUNA (Impregnated Carbon) WUDIUANLUAN
a A A J 9 1 a ~ <
gnan Tuanaensetunsdas 1 TuTassadramu synin Tanzu newas Tasidioy waziman
I Y o q Y1 A A A .é’ Slwg//dd o 1 Qdy Y o
dhudu i ldondquanianaslumsandelsn 18 aniu Jedimsihowstiatinldnusz oy
3 A 2 a oo o 9 9 v @ A v
nsp luaseanseail dnnedaldlumsimhnmailesduudanynanmsaie
1 v o A Aa 4 Id 1 o
2) DUNNUUAAABUNDALNDT (Polymers Coated Carbon) Wuounu
o oA A Y N s A Aa Y o v = . .
Nudngindeuasasweames U rian i nu 1dn1939019 (Biocompatible Polymer)
9 a a = a o~ o A dyal =\ wa A Y a ]
Taglamataniey Fanoawesnazivunaeutaealauianes lumseen i asunariiamu
] gi o ;’i o 1 a 4 I o o W a o
T/ Idnimiv daiu Jaimsihowsiiaiinlailuiaggaduas vwie lovewnany wier s
< A A 1A S v .
dhuenTunszurumsweniaeaiizondn 3 Tume Wy (Hemoperfusion)
v v o Jd
232 anHLIATIAIIAVDIIIUNNNUA
1 Y d’é’: = 9 1 = o 4 1 v A v =
aufuuaul TnseaausuwReduuns Inid uaiinsiaissaduilusziioy
9 ] s y s a . A
doonimanuns lwd dsznouludresumiveuozaonluglves19uusu (Benzene Ring) 130
1 4 A 9 Y A o A [ a ) ~ v
NYUUBIAII UBUBZADNNT IATIaT AR 183 NN YUABIA Az DZABNILINANUTLIABIND
~ ] [ v ad ~Aq U a ) dy I a
on 3 ozaeu luuWus 1Y (Plane) Tuanvazaunsnudanasoun 1y lumsinanusziitlugnu
ad 1 g’/ o adg A A A =&
DIANATOU ANNENITEHINEZABNN Y TUFUUTENM 1.442 698A50N DIANATOUNHIADDNNIY
< a g 4 { & & A & % i o
Wulwdanasen szmasun lnanalasaadranand)ue Ty (Resonance) 1011119
9 =~ A ds! = ~ 1 g’/ I 4 4 ] 1
TA5985 19085 89U U 1598AM T 8252119 LS 9IRS 2188 (Van Der Waals) LA g LHY
SIVHNAY 3.354 090ATON MITAVAUKUG (Displacement) TUNANINUVUIUAVUHY (Layer) 92
a 1 4 g [ 3’, a 9 1 9 dy Y
MAd1E T IZUTAIURDT NAADOU ATUIZINATOUNNTBY (Defect) TuTnsead1a a gailladie
Y 1 v o 4’! (B a Y a Y Y
Tassad wvosnmnuiudazivegiuannz lumswaalaun gamgi vaznalumsTianuion
a 1 v 4
2321 Iaseadanmamennueadiounuiue
o ' { s ¢
lumsnszquaziliaunldnnmsmsve ludssuiinnungu
da! A =\ = 1 ] = 4 o Y a dy =
WINYY (HBINUMTGTeasdsenousenInsoIvoInanaIsuougngu i lvnanun

[ % a A [ 9

Y ' [
AdudauInIu Hremulszansnmmagadu msnszduiningeay fio msihlddanuwgu

Y
d‘ a v a

2 19 1 1R 1 v o J = 3
mﬂﬁuullucl%ﬂlmmmgclﬂmﬂmm NATUIANHUZAIVOIDIUA NN UA VT NUNN AN

4 1

o = 9 1 1Y 1 dy = 9J dy 1
JNFUUIUND HVUIRLTUATUFUINALUANA NN Y gw;ummu%zaam11'lﬂ1mum1mam

u
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v

g 0 [~{ =\ = ] :) [ 1 31/ ] 9
wiiuaeg luidluszidiou tazanudn luadwewe danvazvesglinvesgun iauwsovenla
] = = 9 PN 9 & 3’, I = o a
tuueu UNgNanyazilavanilalatanie veasuiluglaainsaduunsiavesgwy
v A Y3
auasAlvesgngueen 1Ay
1) Macropores 5 AilUDI3 W LNINAI W3 OIINU 1,000 - 2,000 DITATON
=Y ] 1 4 a 1 v ¥ 'Q A 1 [
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NAauMsn 2.1 we X, 11 1nd X uaz ¢, i lndsuitiaannsaden

nm ya @ A A o w o A
ﬁﬁJﬂ’liiﬁuhlﬂlﬂu ﬂ\ulﬁﬂ\icluf(ffuﬂ'ﬁﬂ 2.2 LIagauNITN 2.3 919U AU

C._& 1 22)

X~ X TRX '

1 __t 2 (2.3)
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a a ~ A = = Y A
BUNNIAGUNTN 2.8 NIA =0 D9t =t UBL g, = 0 D4 q, = q, 3¢ lAETUAITN 2.9
q, = q. (1-exp (-k;t)) (2.9)
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., 1ldentn Neutral Red 37.5mg/g | Han., 2008
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Mawes f11 Mean = SD UszaNsN N (%)
Aoutnszuy | waadhszuy Min - Max Mean + SD
COD (mg/L) 6585.6+ 0.2 5644.8 +2.6 2.38-14.28 7.6 +3.99
@ (Pt-Co) 1,003 700 11.96-30.23 18.58 +7.05
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C-20.60 P-800.60
Time C, X = (x/m) Time C, X = (x/m)
10 10.244 19.40 10 10.98 17.94
20 8.402 23.02 20 8.67 22.47
30 6.902 25.97 30 8.06 23.67
40 5.634 28.47 40 7.44 24.89
50 4.866 29.98 50 6.48 26.79
60 3.854 31.98 60 5.17 29.35
70 3.171 33.32 70 4.46 30.75
80 2.671 34.30 80 4.33 31.01
90 2.256 35.12 90 3.77 32.11
100 1.878 35.87 100 3.34 32.95
110 1.683 36.25 110 3.10 33.43
120 1.354 36.90 120 2.67 34.27
130 1.195 37.21 130 2.41 34.77
140 0.963 37.67 140 1.94 35.71
150 0.756 38.07 150 1.82 35.95
160 0.707 38.17 160 1.62 36.33
170 0.622 38.34 170 1.30 36.96
180 0.476 38.63 180 1.27 37.03
190 0.378 38.82 190 1.06 37.44
210 0.268 39.03 210 0.50 38.54
240 0.183 39.20 240 0.43 38.68
270 0.195 39.18 270 0.33 38.88
300 0.122 39.32 300 0.30 38.92
330 0.122 39.32 330 0.28 38.97
360 0.122 39.32 360 0.24 39.04
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C-20.60 P-800.60
Time C, X = (x/m) Time C, X = (x/m)
390 0.098 39.37 390 0.21 39.12
420 0.085 39.39 420 0.16 39.21
450 0.061 39.44 450 0.13 39.26
480 0.049 39.47 480 0.10 39.33
510 0.037 39.49 510 0.10 39.33
540 0.037 39.49 540 0.10 39.33
570 0.037 39.49 570 0.10 39.33
600 0.037 39.49 600 0.10 39.33
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M (mg) Abs n C, C, X X = (x/m) C/X log X log C,
1 2 3 nay
20 0.554 0.554 0.554 0.554 20.39 6.76 2.73 131.10 0.052 2.118 0.830
40 0.186 0.186 0.186 0.186 20.39 2.27 3.62 89.49 0.025 1.952 0.356
80 0.023 0.023 0.023 0.023 20.39 0.28 4.02 49.84 0.006 1.698 -0.552
100 0.008 0.008 0.008 0.008 20.39 0.10 4.06 40.38 0.002 1.606 -1.011
140 0.012 0.012 0.012 0.012 20.39 0.15 4.05 28.80 0.005 1.459 -0.835
180 0.016 0.016 0.016 0.016 20.39 0.20 4.04 22.35 0.009 1.349 -0.710
200 0.020 0.020 0.020 0.02 20.39 0.24 4.03 20.06 0.012 1.302 -0.613
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m (mg) Abs o C, C, X X = (x/m) C/X log X log C,
1 2 3 nay
20 0.713 0.713 0.713 0.713 20.39 8.70 2.34 115.22 0.075 2.062 0.939
40 0.273 0.273 0.273 0.273 20.39 3.33 3.41 83.84 0.040 1.923 0.522
80 0.042 0.042 0.042 0.042 20.39 0.51 3.98 49.45 0.010 1.694 -0.291
100 0.028 0.028 0.028 0.028 20.39 0.34 4.01 39.74 0.009 1.599 -0.467
140 0.022 0.022 0.022 0.022 20.39 0.27 4.02 28.60 0.009 1.456 -0.571
180 0.029 0.029 0.029 0.029 20.39 0.35 4.01 22.15 0.016 1.345 -0.451
200 0.071 0.071 0.071 0.071 20.39 0.87 3.90 19.46 0.045 1.289 -0.063
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na1 | dsnes | ¢, C, Abs %A A C, Abs ¥ B C, C, c/c, | c/c, | dan. | daa.
(W) hoen (mg/l) | ) 3 ey 1 ) 3 may | TMA | 4B | @A | ¥AB | YA A | ¥AB
20 51.0 1,003 | 0.210 | 0.210 | 0.210 | 0.210 | 0.204 | 0.204 | 0.204 | 0.204 | 700.00 | 680.00 0.70 0.70 0.30 0.30
40 50.0 1,003 | 0.219 | 0.219 | 0.219 | 0.219 | 0.238 | 0.238 | 0.238 | 0.238 | 730.00 | 793.33 | 0.73 0.82 | 027 | 0.18
60 51.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.242 | 0.242 | 0.242 | 0.242 | 746.67 | 806.67 | 0.74 | 083 | 026 | 0.17
80 52.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.243 | 0.243 | 0.243 | 0.243 | 746.67 | 810.00 | 0.74 | 0.84 | 026 | 0.16
100 50.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.246 | 0.246 | 0.246 | 0.246 | 746.67 | 820.00 | 0.74 | 0.85 | 026 | 0.15
120 51.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.246 | 0.246 | 0.246 | 0.246 | 746.67 | 820.00 | 0.74 | 0.85 | 026 | 0.15
140 50.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.248 | 0.248 | 0.248 | 0.248 | 746.67 | 826.67 | 0.74 | 086 | 026 | 0.14
160 50.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.248 | 0.248 | 0.248 | 0.248 | 746.67 | 826.67 | 0.74 | 086 | 026 | 0.14
180 50.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.249 | 0.249 | 0.249 | 0.249 | 746.67 | 830.00 | 0.74 | 0.86 | 026 | 0.14
240 150.0 1,003 | 0.224 | 0.224 | 0.224 | 0.224 | 0.249 | 0.249 | 0.249 | 0.249 | 746.67 | 830.00 | 0.74 | 086 | 026 | 0.14
300 150.0 1,003 | 0.255 | 0.255 | 0.255 | 0.255 { 0.250 | 0.250 | 0.250 | 0.250 | 850.00 | 866.67 | 0.85 | 0.90 | 0.15 | 0.10
360 150.0 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.250 | 0.250 | 0.250 | 0.250 | 883.33 | 893.33 | 0.88 | 092 | 0.12 | 0.08
420 151.0 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.250 | 0.250 | 0.250 | 0.250 | 883.33 | 893.33 | 0.88 | 0.92 | 0.12 | 0.08
480 151.0 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.250 | 0.250 | 0.250 | 0.250 | 883.33 | 893.33 | 0.88 | 0.92 | 0.12 | 0.08
540 150.0 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.260 | 0.260 | 0.260 | 0.260 | 883.33 | 893.33 | 0.88 | 0.92 | 0.12 | 0.08
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nat | Ysunes | C, C, Abs 49 A C, Abs %A B C, C, c/c, | c/c, | dan. | dan.
i) | theen | mer) | 1 2 3 | e | 1 2 3 mde | 1WA | ¥AB | A | ¥AB | ¥ A | 4AB
660 | 150.0 | 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 893.33 | 0.88 | 092 | 0.12 | 0.08
720 | 150.0 | 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 893.33 | 0.88 | 092 | 0.12 | 0.08
780 | 151.0 | 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 893.33 | 0.88 | 092 | 0.12 | 0.08
840 | 151.0 | 1,003 |0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 893.33 | 0.88 | 092 | 0.12 | 0.08
900 | 150.0 | 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 8733 | 0.88 | 090 | 0.12 | 0.10
960 | 152.0 | 1,003 | 0.265 | 0.265 | 0.265 | 0.265 | 0.268 | 0.268 | 0.268 | 0.268 | 883.33 | 8733 | 0.88 | 090 | 0.12 | 0.10
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Utilization of Pineapple Wastes as Low-Cost Adsorbent for Dye
Removal from Textile Wastewater

P. Sorasing, P. Wirikitkhul and J. Yimrattanabovorn®

* School of Environmental Engineering, Institute of Engineering, Suranaree University of Technology,
111 University Ave., Muang District, Nakhon Ratchasima, 30000, Thailand
(E-mails: s.pachareepon@ gmail.com; maipensupa @ yahoo.com; chareeya@sut.ac.th)

Abstract

Dyes are widely used as colouring agents in textile industries. They are harmful to human being and
hazardous to aquatic organisms. The numerous dye removal techniques, adsorption is the preferred method
and give the best results. However, its use is still limited because of high operation cost. To lower the cost of
wastewater treatment, many researchers have focused on finding alternative low-cost adsorbents, The aim of
this work was to evaluate the potential of pineapple waste as a low-cost adsorbent production by using single
carbonization method, physical activation and chemical activation and apply to remove methylene blue (MB).
Batch experiments were conducted to study the effects of initial concentration of MB, contact time, agitation
speed and pH on MB adsorption. Equilibrium adsorption isotherms and kinetic were investigated. The results
showed the pineapple waste adsorbent which prepared by carbonization at 800 °C for 2 hrs has good
properties with high surface area of 483-738 m’g"’. Equilibrium data agreed well with Langmuir isotherm
model with adsorption capacity of 0.94-84.03 mg g-1. The suitability of optimum conditions for MB
adsorption are as 20 initial MB concentrations, contact time for 480 min, agitation speed 150 rpm and at pH 7.
The kinetic modelling study were found to follow the second order. The crown pineapple waste was found to
be very effective low cost adsorbent for dye removal from textile wastewater.

Keywords
Pineapple waste: Adsorbent; Dye removal: Methylene blue dye; Textile wastewater

INTRODUCTION

Dyes are widely used as colouring agents in textile industries. They are harmful to human being and
hazardous to aquatic organisms. To remove the synthetics dyes and their derivatives from
wastewater, various techniques exist such as chemical coagulation, precipitation, electroflotation,
adsorption on activated carbon (Maryam et al., 2016) have been applied to remove dyes from
wastewater. Among the numerous dye removal techniques, adsorption is the preferred method
adsorption process has emerged to be a highly efficient treatment method, in terms of its simplicity
of design, ease of operation, insensitivity to toxic substances, and superior ability for removing a
broad range of pollutants, even from the gaseous environment and give the best results. However,
its use is still limited because of high operation cost. To lower the cost of wastewater treatment,
many researchers have focused on finding alternative low-cost adsorbents. The agricultural waste is
an alternative material due to be available in large quantity. In previous researches, the agricultural
wastes oil palm, biomass fly ash, rice straw-derived char, rice husk and palm kernel fibre were
utilized as low-cost adsorbent to remove basic dye (Hameed et al., 2009). Recently, the pineapple
waste is considered as a potential low-cost adsorbent because: (1) it is abundantly available; (2) the
major constituents of pincapple waste are high cellulose and lignin and containing with 83% of
Fixed carbon (Pranav et al., 2016) (3) regeneration of this adsorbent may not be necessary. During
pineapple processing, the crown, stem peel leaves and core are removed as wastes for further
processing. This waste generally accounts for 50 %( w/w) of total pineapple weight (Ketnawa et al.,
2012). Therefore, waste disposal represents a growing problem since it is usually prone to microbial
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spoilage and it causes serious environmental problems. The utilization of waste would be an
innovation to handle the great deal of waste from processing. In view of these points, the potential
of using pineapple wastes which are cheaper and easily available as raw materials to produce low-
cost adsorbent, with high adsorption capacity, and offers interesting alternative to the conventional
approaches available for dye removal. Such uses of pineapple wastes are doubly beneficial, to
eliminate them from the environment and reduce solid-waste handling, which add some value to
these wastes and save on disposal costs. The aim of this work was to evaluate the potential of
pineapple waste as a low-cost adsorbent production by using single carbonization method, physical
activation and chemical activation and apply to remove methylene blue (MB). It is a common
cationic dye used in textile industries. The effects of initial dye concentration, contact time,
agitation speed and pH on MB adsorption were studied. Adsorption isotherms and Kkinetics
parameters were also calculated and discussed. Results of this study will be useful for using the
pineapple waste as an economic adsorbent for dye removal from textile wastewater.

MATERIAL AND METHOD

Preparation of adsorbent

The pineapple crown waste was washed with tap water and oven-dried 24 h. at 70 °C. The dried
samples were cut into smaller pieces of irregular (average length of 2 cm). Three methods of
adsorbent preparation methods were used in this study. The dried samples were carbonized at 350
°C and 500 °C, then screened to obtain a particle size range of 1.18-0.25 mm after that they were
activated. (1) By physical activation the carbonized samples were activated by CO, at temperatures
800 °C for 2 h in a horizontal tubular furnace (CTF 12/75/700/201, Carbolite, UK.) as shown in
Figure 1. Samples” were named as P-350.800 and P-500.800. (2) By chemical activation, the
carbonized samples were activated by ZnCla._with a ratio of 1:1 (pineapple waste biomass: ZnCl,)
and left to immersed for 24 h at room temperature with occasional stirring using glass rod and were
dried at 110 °C for 24 hrs followed by carbonization at 500 °C for | h (furnace). The sample was
washed with distilled water to remove residual ZnCl; and dried at 100 °C for 24 h prior to further
use. Samples were named as CH-350.ZnCl; and CH-500.ZnCl,. (3) By single carbonization, the
dried samples were carbonized in furnace at 800 °C for 2 and 3 h without activation process. They
were passed through a 10 — 60 mesh sieves and washed with distilled water to remove any
impurities prior and dried at 105 °C for 24 h prior to further use. Samples were named as C-800.2h
and C-800.3 h.

Batch studies of adsorption

Batch adsorption experiments were performed as a function of varied MB initial dye concentrations
in range of 1-20 mg/L, varied contact time in range of 30-480 min, varied agitation speed in range
of 100-300 rpm and varied pH in range of 2-12 on MB adsorption capacity were studied. The
conditions of each batch experiment were shown in Table 1. The concentrations of MB in the
supernatant solutions before and after, the filtrated MB concentrations were measured with
spectrophotometer (GENESYS ™20, USA) at 600 nm.

Figure 1. Scheme of activated carbon synthesized from pineapple crown charcoal by physical
activation
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Table 1. The conditions of batch experiments to test the effect of factors on the MB adsorption

Factor Experiment
Contact time Agitation speed pH Initial concentration
Size (mm) 0.25-1.18 0.25-1.18 0.25-1.18 0.25-1.18
Mass (g) 0.1 0.1 0.1 0.1
Temperature (°C) ambient ambient Ambient ambient
Volume of MB solution 200 200 200 200
(ml)
. . 60, 120, 180,240,
Contact time (min) 300,360.420.480 540,600 480 480 480
- 100, 150,200,
Agitation speed (rpm) 150 250. 300 150 150
2.4,6.8,
PH 7 7 10,12 7
Initial concentration (mg/l) 20 20 20 5,8,10,12,14,16,18,20

Adsorption Isotherm

Adsorption experiments were carried out to evaluate the adsorption performance. The samples were
varied 0.05, 0.08, 0.1, 0.2 and 0.4 g/200 mL of MB solution in 250 mL Erlenmeyer flasks, with the
initial MB concentration 20 mg/L, solution range pH 10-12 and at ambient temperature. They were
mixed using the shaker at constant agitation speed in range of 200-250 rpm.for 480 minutes.

Adsorption kinetics

For interpretation of adsorption kinetics, 200 mL MB solution with initial concentration 20 mg/L
were withdrawn at different time intervals and the concentration of MB were similarly measured
until the equilibrium was reached.

RESULTS AND DISCUSSION

Characterization of pineapple adsorbent samples

The results of prepared adsorbent properties were shown in Table 2. The BET surface area of
adsorbent samples was calculated from the isotherms by using the Brunauer, Emmett and Teller
(BET) equation. It was found the samples which were prepared by single carbonization method had
the higher surface area in range of 483-738 mZ/g than the samples were prepared by physical
activation in range of 514-531 m”/g and chemical activation method 2.89-2.38 m%g respectively.
The pineapple waste adsorbent which prepared by carbonization at 800 hrs showed the good
properties to be as adsorbent with high surface area while physical activation method by CO2 with
higher temperature is an alternative interesting choice to increase surface area of pineapple waste.
The mean pore diameter of samples which activated by physical and single carbonization are in
range of 1.7991-1.8598 nm and 1.888-1.9663 nm respectively. They are very near 2.0 nm indicating
a great development of micropores base on the classification adopted by IUPAC: micropore (<2
nm), mesopre (2-50 nm) and macropore (>50 nm).

Table 2. Activation condition and characteristics of pineapple waste adsorbent
Mean pore dimeter

Preparation method Sample name Sper (m” g) Vi(em' g™

(nm)
Physical activation P-350.800 531 122.10 1.8598
P-500.800 514 118.29 1.7991
Single Carbonization C-800.2h 738 169.74 1.9663
C-800.3h 483 111.12 1.8828
Chemical activation CH-350.ZnCl, 2.38 0.5459 9.2559
CH-500.ZnCl, 2.89 0.6638 6.0738
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Meanwhile, the samples which activated by chemical had mean pore diameter in range of 06.0738-
9.2559 nm that indicated of mesopore. Pore size distribution is a very important property of
adsorbents because the difference in the pore size affects the adsorption capacity for molecules of
different size and shape, and also this is one of the eriteria by which carbon adsorbents are selected
for particular application (Xiao et al., 2012).

Effect of factors on the MB adsorption
Batch experiments were carried out to examine the effect of contact time, initial MB concentrations,
agitation speed and pH on the adsorption capacity of MB.

Effect of initial concentration. The result of different initial MB concentration versus amount of MB
absorbed per gram of pineapple waste adsorbent (q.) was shown in Figure 2a to study their effect on
adsorption capacity. It is clear that increasing the initial MB concentration, causes an increasing of
ge particularly in C-800.2h and C-800.3h samples. Increasing initial MB concentrations from 5 to
20 mg/L increased the loading capacity of pineapple adsorbent from 9.3 to 38.7 mg/g for C-800 and
2h. The initial concentration provides an important driving force to overcome all mass transfer
resistance of the dye between the aqueous and solid phases. Hence a higher initial concentration of
dye will enhance the adsorption process (Chan,2015).

0 A +—o—1
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(a) (b)

Figure 2. Effect of initial concentration (a) and contact time (b) on MB adsorption of pineapple
waste adsorbent

Effect of contact time. The results of different contact time versus amount of q. were shown in Fig.
2(b) to study their effect on adsorption capacity of pineapple waste adsorbent. Adsorption of MB
was rapid in first of 10-480 minutes minutes and after 480 minutes amount MB absorbed was
gradually increased with the prolongation of contact time and almost constant. Therefore, for batch
experiments 480 minutes equilibrium time was used.

Effect of pH. The results of different pH values versus amount of MB absorbed per gram of (qe)
was shown in Fig.3a to study their effect on adsorption capacity. The maximum q. was found to be
at pH 6 and 10. The increasing of pH from 2 to 12 causes inconsequential in the adsorption capacity
of pineapple waste adsorbent. The results indicated that pH seemed not affect the sorption in any
wise and these finding is in good agreement with the previous findings (Krishni, 2013). Therefore,
the following studies were performed at pH 7.0-8.0 because of initial MB solution had initial pH in
range of 7-8.

Effect of agitation speed. Effect of agitation speed on MB adsorption of pineapple waste adsorbent
was investigated with five different agitation speeds and the results are given in Figure 3(c).
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Amount of adsorbed MB were in the similarly range of each agitation speed. Therefore, for batch
experiments, 150 agitation speed was used.

(c) (d)
Figure 3. Effect of agitation speed (c) and pH (d) on MB adsorption of pineapple waste adsorbent

Adsorption Kkinetics model

Adsorption kinetics is a critical tool in the investigation of adsorption mechanism. Therefore, the
utilizing commonly used kinetic models, zero order, first order and second order were used to
describe the adsorption process. The results of adsorption kinetics showed MB adsorption on all
prepared adsorbent of pinecapple waste are described by second order model with correlation
coefficient (Rz) in range of 0.9538-0.9952 as shown in Figure4 and Table 3.

30 5 0,30 Second Order
Zero order 15 First Order
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#CH-500 ZaCP2 4 CH-500 ZaC12 C-800.2n uCH-500 ZaC12 4CH-350 ZaCL12 +C-800.2n
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Figure 4. Adsorption kinetic models of MB onto pineapple waste adsorbent; zero order kinetic
model (a), first order kinetic model (b) and second order kinetic model (c)

Table 3. Adsorption kinetic parameters for the adsorption of MB

g o Zero Order First Order Second Order
Activated Carbon (°C) K Y K Ty K Y
P-350.800 0.0239 0.9939 0.0009 0.9888 -0.0002 0.9538
P-500.800 0.0232 0.9844 0.0008 0.9952 -0.0001 0.9824
CH-350.ZnCl, 0.0045 0.9752 0.0001 0.9791 -0.000001 0.9825
CH-500.ZnCl, 0.0130 0.9650 0.0004 0.9813 -0.000001 0.9911
C-800.2h 0.0273 0.8772 0.0016 0.9856 -0.0006 0.9862
C-800.3h 0.0169 0.9848 0.0005 0.9943 -0.000008 0.9952

Adsorption isotherms

Langmuir and Freundlich isotherms are widely recognized and have been successfully applied to
defining many adsorption equilibriums and evaluate adsorption equilibrium of MB from aqueous
solutions. Isotherm coefficients of both model are given in Table 4. By comparing these two
isotherm models, it can be seen that the data fitted better to Langmuir model with a high correlation
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coefficient value in range of 0.9274-0.9928 whereas R” of Freundlich in range of 0.3896-0.8003.
Maximum adsorption capacity was found 84.03 mg/g for sample of C-800.2h which was prepared
by using single carbonization at 800 °C for 2 hrs without activation. They were higher than the
samples which were prepared by physical and chemical activation samples and the AC of this study.

190
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Y150 *=T 090 /
oo 0.70 '
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o s c 10 5 20 LogCe
3 " "2
#P-350800 P.500800 C-8002 C-8003 » C-2002 -0
XCH-350.ZaCl2 0 AC +CH-500.ZaCl2 AC #CH-500 ZaCL

a b
Figure 5. Langmuir (a) and Freundlich (b) isotherm for MB adsorption onto pineapple waste
adsorbent

Table 4. Constants of Langmuir and Freundlich isotherm of MB adsorption by pineapple waste
adsorbent

Langmuir constant Freundlich constants
Preparation method ~ Sample name Qrmax K. R? K N R?
(mgg') (Lmg") (mgg)

Physical activation P-350.800 22,72 0.984 0.9922 11.860 4277  0.7429

) P-500.800 35.58 0.544 0.9431 13.993 3.025  0.7534

Single C-800.2h 84.03 0.832 0.9274 27.164 2848  0.6442

Carbonization C-800.3h 16.80 2.902 0.9896 13.668 7.524  0.3896
CH-

. - 350.ZnCl, 21.27 0.041 0.9928 1.235 1326 0.7315
Chemical activation CH-

500.ZnCl, 0.94 0.376 0.9520 1.009 1.245  0.7129

AC 27.17 0.028 0.9483 1.096 1.103  0.8003

*Todine number of commercial AC =1,015.30 (mg/g)

And It was found higher when to compare with the other adsorbent samples which were reported in
the previous studies, orange peel 7.3 mg/g (Anastopoulo et al., 2017), and oak sawdust and rice
husk 29.94 and 40.60 mg/g respectively (Sulyman et al., 2016). These results indicated that the
pineapple waste is candidate for using as an economic adsorbent for dye removal from textile
wastewater.

CONCLUSION

The results revealed the potential of pineapple, an agricultural waste material, to be a low-cost
adsorbent for removing methylene blue dye from aqueous solutions. The pineapple waste adsorbent
which prepared by carbonization at 800 °C for 2 hrs showed the good properties to be as adsorbent
with high surface area while physical activation method by CO; with higher temperature is an
alternative interesting choice to increase surface area of pineapple waste. Equilibrium data agreed
well with Langmuir isotherm model with adsorption capacity of 0.94-84.03 mg g, The suitability
of optimum conditions for MB adsorption are as 20 initial MB concentrations, contact time for 480
min, agitation speed 150 rpm and at pH 7. The kinetic modelling study were found to follow the
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second order. The crown pineapple waste was found to be very effective low-cost adsorbent for dye
removal from textile wastewater.
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