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Abstract

This research was studied on a utilization of sludge as an adsorbent by comparing the adsorption efficiencies

and phenomena obtained with reactive a,l]d basic dyes. An activated sludge from wastewatff heatment system and

commercial-grade powder activated carbon were used as adsorbents. Effect of surface treatment by acid and base on

dye adsorption capacities was studied including the effect of nonionic surfactant. The results showed that the

adsorption kinetic rate was fitted to pseudo-second order. The reactive dye had more potential to be adsorbed after

using basic treatment on activated carbon and also on sludge as adsorbents. Moreover, the basic dye had the highest

adsorption efficiency obtained with acid heatment on activated carbon, whereas, sludge had the highest basic dye

adsorption efficiency after acid heatm€nt. It was found that sludge and activated carbon treated by acid solution had

lower pHpzc: that can increased adsorption capacities ofbasic dye. On contrary, sludge and activated carbon treated by

basic solution had higher pHlzc: that can increased adsorption capacities of reactive dye. The Langrnuir isotherm

.- .1del was well described for dye adsorption. Moreover, the presence of nonionic surfactani (TX-100) could affect to

adsorption efficiencies ofbasic and reactive dyes on activated carbon by decreasing adsorption efficiency to 26 and l'1

percent respectively. While, reactive and basic dyes adsorption on sludge in the presence of nonionic surfactant

(TX-100) were decreasing approximately 4 and 37 percent, respectively.

Keywords : Adsorption; sludge; activated carbon; reactive dyes; basic dyes; surfactanl

rrae eir{ nv fi r.ra1i1'l#arl:jsr't o I a r:en'i'uril6 uu1ilrfieUTIU-I

!^o,'.tu\nre
ulrdrJdfl o1r dTu'l: 00nn10fr lon?un:uu?un15

6r' u u r ' C t u u ?d
oo,xu Iou t.ro1ufllJ ua ll9ltuo{n1nnTunrl u9lu

i, -loa,'oirn'rd{ as frT ts'n10tunt:1'lu1'{flnl 91.!uun{ ln
e Y .i u 4 oe' j ,

n t: f, nu 1n u n x lrl{ o11 lxdE tY a 0 lryn r{"1 1lt4 l.l I ultd v

&ad
:1fl10nu1r1iud1:9tqryu a[[mu0'tun usMnlu

lotrfinurrl:sfirr^nrunr:nofrr d{ o rfiafi d'nnr:
A q u ddnu$rur1n i0rJll zuanon'l:qfiryuTlJuogn

,er',
dnlv,trrloa 0 I0.1: !llu 0fl uorv tn: { d: 1'l11 I Ifl ]fl n',l}l

ua v r.l lfl fi li'r t o.: dr s q qd! [ta s drr q n qo "i'u : :l ri.r

r) u A tt u . q9
n r 5 n5 3 0udr: o o qrrry{ n t: fl : vstu dt: 9lnsu11'l Ifi

t1!l

n'r'llr dr rJ1 : 0'lu n r : q fl d'u q{ fi u uio l t rn n r : rfi r: fi u fr

-3fl' launT:L1 I1l r.l?lrfi1'ru r0r t1 tunl:8ficru lnlu
d, aoa du a a , 4

rrarr unlS fl'10 fio u11: u?flqfi:0ouu115 u'lflqnl.idi ry'l

rfl u a r : rJ u rdo u o o n i r nu;r?il d ri r ri r?rii q o'fi r dl
9'

nttntu0t1.td150firyuT1.:tn t0ufl 1: n tg 0lu fl'l u n: fl

J-i,i rn,J
1 l : s 0 uufi u r.r'rfr r a uu 

-h.l 
d { ns d.l zuafl 0 tJt u dYlt R l lt

lunr:qndr

In a.:rui'fi'oni.rfi ovlitnr:fi nurlnalda6'srt

o1n:sxud lfrrliltdoqrtutrl u nt nourd.:fitio urrdr
dt d A . r- , d A "i a

lJlrilu d1:qoryr r o {s1ndao0a {flatlruud.lll r}1ao

3 " - .' . u, . t r. - < <
T.r 0 1 n : v x ! I tx fl u lrci u I a g u'l sl o'l u 1 t]J nl n n ry{ ld u

' drr o o s t o d I u qy
nr l{,0'lu lunlSnnnt: o{uunliu1dafl0Ra LT [Y

" d d' a d cY t

drvSl rrl lu dr:Ft oryu 0':r unT:u'tRd1J:JT tYll:g l0Yu
veeayj

rua v t v ?r unnl l,tn t0 tun'l:0 Fr n ISdafi t 0fl fi'lu ry{

^-ii rui,i'ufi nsf rn1:Hnurr 5ortfiourJ:sfinfrnrnlu
q o d, a 49 ot 9t u J

nl5 fi1dOii80u5uo fl11l',{ unvdu0lJ[udn tf]u t'udaa0

" - 3. d u
fl r n : 3 u u i 1 u o u 1l ri ul l-l dl : e oryll t1l )- u:l tl1 u u nu
, - - 6,r d 4 9)

01 fl uugr terudRUlu0nuTl{tnlJ (fl1:nlvqud'l:
, f,d

goryu91 10n5olIavfl 1.1 ) llut{a0on1:qoqu fl nu I
-l

n a u fl td g : rt a s ft l T lJ d l lJ l : 0 t1.l fl 1 : q q ry u : ? tJ 1l.l

finurrua n:sv rro id r:aou: '16{firsioil:sfir!^nrfl



f, v h d'i -A'J15fl1:'1fl?nt tud.tll'loao lTU tjm 24 quuf 1 (2553)

----- c-.4Y- q 3 < r de
fl 1:qqryuds0 Iuu'trdud,lrft:1yfi 9l'lu n1nn1:fi nu1

r rui6'orir'r 1fi r.iru! 114 u'j tfi nt: finurnr:dlddndul
qrdl - i s ttlruu d1: qflryucu{ f,an0fl.trJ15 n flnryud60 ilil:s I

r4 rr< ! t v v I v a,u1nlnfi fl?l.Jfnun lJu9ld]ll1:o9t9ryuri80u :;Iau
Irv4 j i .
t Fl 9l ru 0.1 0 1 n r u't ft l.t 0.t E tu d ! fll1 T,: Iiu r.t 1 [ra s : 1r, u

al
rl{uTUdrr tt] aa''oin:v{urir{d'tr.n5oenfi!lafi sHfn
ra 9a i s t I - -lqanxldnq0n: gqu n: Ft [2] llnu d]: afl u5.tol.ttr?yun
4 I 4 t v 49 o aJa
r.ir :s0 lJfl 0fl 0 nT: qaryuduo ryu fl ,J 1J : y 

1 tu n : ot?i tJ

ru r { il 
0- 

n :. a I I u n I r q o du vu-o 16 u r riu tr I 1 u.r r u i o'fl fi
4 bro c J t v u 4 ^r-r "[driraa'o,iuayrirurilriuciyusr r.l.ir.niliuil I.:dnty,l
l^e , Ad
1^lu fl'tfr't un: fl ltayo 1.i[1{oflnu1ft']1udtJ 1,{-ui: u l,ti1{

rJ: s fim?nrr.rnr: no{l rravqoralri6llr,r R1uRrl{r[as

^/rn I o'r n'r n a 1 { 4 n ry ! : ? rJ O,t't r n : 1, li r[ t.i d s

:J:rngnr:nflunr:qodu Inorirnr:qrr.i'1fi florusfi nfi

rJ : v n : r r ri'.r fi n u T ru a I o.r d I r a fl [r : { 6 { r,l^ ? si o

rJ:vfinr^nrnnr:qo#:t

tlqufl:Blilau?rnt:

fu roa'[unr:unao,:1dt.:o;:Jrl{1 1n 250
q ri o -aaanT ldu t[d8d.:lf]r'lsfi r[6yd1: Qndu Ir6xli1n1:

fl unrulnorniotn?udr:aEaruyu'glrrirn6nrY,::rlfi r

89

fi rrlsrisilair gory'u uavrirrfi r,#irnrts14
!r-. aCtl" , 4 q h!, I I'lflqT tsdlfi: uru dlseocru tnltn olun uugi

sfi fl fl .r uayafro d0 i n :s x ! d1fq1iirfi uo r na runrn

srsnou d.rr{lu adsr,i'fi tiouu#.rdea:yrr 1Yoonfi rou

0rn'l:{n?uquq nIfld1uuo.:[rr ]ouftn1:
rJ iu rJ q r r{u ru'mr o'r a a-o dd'l ui6 n r : n r : n : E {u d? u fl i el

udrretAsn'r.ir't T{du 3 ryuFt ta n daann:sq 61un:n

(A-Sludge) dd'ndn:;{udrorir,: (B-sludge) uasf,dfrd

hiqnn :v{u (D-Studge)Iou D-sludge drrur:nrni ol
rr 9r ^a + ., u ?
to totu-lrnt:10.r Gul_naz [4] lflu{ lfloudii-ni nlna tu

fl 'r nfl s n o u r u n o u rfl u uford ua fi'u dr q d'r u ri r n ii'u z

: or rrdrrir'hloul#u#.r1uflolnrrlqrrqilnQfi fi 10s

orflrrryorfiud rurirrrlnnlfi ti rr fl n-studge

drrJltorq3o 0t i6ro.: muy 1s1 louritaa'niihiqn

n:;{'u rualriln:n'lusr?nnrrlull{u oo nJofrdurf

lu6Br.rd fi'tl I"xrA uu'lao: o n'lryri z uo{ruoa dry:-:t

A-sludge rtas B-Sludge n'tuxi to"'u dor*lli, ,ir:r.:
! 2) v J o,n v t J . h, )lra?nt{00n0?0u191 looo tu!tro]Ruuli1 1 0u14 105

o': f, rlcr a 160 d r u'ldri r n u-no,: fi ri radn'i'r rqi a g yfi n

rir ur io u n-nrlur eu^iru fi yun:.ir oi zoo os'ldturo

oUnln#oufl 'jt 0.075 fiaArilsr:

{rtfls(orosrv

ra{aonrudrsncaru 0ou ruSn

;rJfi r qrJn:a,iii1,i1un'r? ocrou lyanGatunr:qor'u

inarqqrunqfi fi 25 o{ntlc[ardsfiilayn?1rJur{rj:yqfi o.or Iilar{)



90

t u e ? ioya u u 4
0run ilu915uozu.i (PAC) 1l t.iflUuaTunruusl

Ac/rfiqzu{[niqn1:dr (Shirasagi S- t0) ornu?dT

EnviroChemicals Ltd. riuriliurJq,rqarauf6to.:
i^r y t
7!Ufl ? tfl Un"l:fl rvfl un:nltdyfi'1 {l5urofl rnu 111 ty l9l

, - - aA i o a 4
01ufl1rlJU0tty{tJlJlt0fl 2 ryufl a0 0tun t.lu9lsuftruI

,'uulafl:sEuqlunin (A-PAC) lrar0lun u9ly o r.r,:

ee,,li-
n: s 9ru 9r l uqT.t (B-PAC) ry{Ttnl:U:uUt{1{up.l'l

?
tryUlfiU?nURl5d.lln51YHSlltJ A-Sludge t16Y B-Sludge

-J - ioc," -- -'-JfltLalo! IiuudlSoqryuT tylunl rnflu yl.fl4rJ9r 6

A rrr, | , - 
n- 

"TUfi [9r 0 fl lun ]J u a 5u 9tp..ti tfl: qnl: fl I (PAC)
tud?^99riruriilfusiyufl { nr rdu6? un: o (A-PAC) rirr.l
o u I ^ , n', v i.',t.J u 9r su Fr r{ I n : y9l u fl 1 uFll.t (B-PAC) d d n n n: 3 q u

u?sJt
n ?Un5 o (A-Sludge) d an0 ntEquo ?ao1 { (B-Sludge)

lloUdaoo l QnntsE u (D-Sludge)

d,
tu {1u?0uu u l td u d i [n:ly l.t lsl: utJ t 1n d u 0lJ

z vu^fl n'o flfiol5rtonfir,,lInufirir (Reactive Black 5;
a,

RB5) tlArdEotJlUdR tylUdlXatol (Basic yellow l;
a9

BYI ) llA s tSd I : A 9r tl 5 { a { zu ? YU 9t Iso-Ocrylphenol

Ethoxylare (Trilon X-100; TX-100) lflud1:aor[:{di

fr ril: yrnnhifi rl : s o Io ud'1fi u d{ rn: rs#fi 1d1unr:

rfiao.:xJ 3 :J:stnm fl 0 u'trdud trfli 1ufi d00tJ lrfiu
e ? J . . t.e)
flnrfi:1v l.t fll: nou:.1fl.:H'r tlasu'ttdt {[n:Tsyd.Jo

r'4udt:anlr:{d{fr'l

<e
R1rflnu1R15qnryU

r n! I il a r : n s a r u d't r fl a ri'l r n : r y #de u rir n a'u h?
a y e, Aenrtruufudufreiolnr: 1rilu,urn:ilryil}iru rfl zso

fin66n: :lirrar too uafi6Er: r6:rar:ondrlu
svJdItalat0uIrdud'tlfl: Iy tafl 1801un ua 0.07

! u /cy o tn5 910d0l: dxuf,aa0 ty 2 n: st0anr Ft'tuquflloy

rvirflr z rraseirnrr u:{loooulyitfiu o.ot lrLarflnu

vl o a r yl n riyl r r,l o f t: r \ rI fl u n r u 6' r o r n d o.r n r u
a'd

d1:nuaruru*FtulirHdnlounr!n fi 350 :oilgiou tfi
AunxuE q Hn rlltn1J 2512 0tf,lrryalryud tnufl?ou'l.l

^i?rr r:ifllnr:uA,!rr?n doil'[ru flfi 24 afuii I (2ss3)

q o duoo ndron:s a1! nio{'lurrfi'1 GF/c d r ei?o rir,t

d1: asarflvlilirni rc fn rr:rr{il du ro.iAgo r: uas dt:
<a, i -^-^aolrr{fi nfr xd?urnio.r gi-ifi rfi a aulnlvr:lr4 lol-rfl oi

(Uv,/rr'isible spectrophotometer :"U U.tio, Alpha 6#o

Thermo Electron Corporation) Ioufiflou BYl RB5

uay Tx-100 r-odr anrruflrrnd u 412 5g7 Lrlv 275

u1Iutrn: qriliirfr:r llayfl 5xoind?sInio': Hish

Perforrnance Liquid Chromatography (HPLC du 1100

6#o agileo| loaeioriu uv/ visible detector ldfl:rn

u1'rnalu 275 urlur st: uaynod'ilfsfia 10 pm-
j

Lichrosorb-Irrltz tfl'ollgn Tx- I 00 t tnfi flotJ ltayfi l
rliriru rx-roo dnra'o oqi [o] loorirnlrLarrLr:o1u

nr:qqdxriruxil'ldornarnr:fi (t)

(co -ce )v

r4'a
n Iq fl01l5 'ltud150nOqryUflo :tJliUdl:8nryU

4, d ri( n./n.) c0 non'l'rrJll u,iru10 {d0 0 mtJ9tu (rin./a.)
2! I I 4e' .i

c" fto Fr'r 1u lt IJ,[ u 1 0.: ri 8 0 lJ L d f]'l'l E d q a (u n. /a. )

v n"o irrtudt:ayatu (n^nr) uau m do iur dts

qfldu (n:-u) o rnriuri rnr:nl5 ar rfior'lo l.rryor n r:
-.1qndlfi trrurra:Ltirfl f:iol^ur0n:rrx n1:qqdu Iou

lolryrvroriildldrui'lolmvro:Lnr:qodlrrulua,:ri:d
j

Irag lo tryll10 n r: g FtcIUrtuul,l?u0 n 5f].:d n1:T (2)

rray (3) qrildtfiu

1111
-=(-) +(-X-) Q)
Q Qm Ce bqm

1

log q = to* I( * -,ot "" 
(3)

n

IoB nt q- ltdrb nou:utrudt:Qnqf]ryxn0

rJ?rLrar ar:q o #r d an'' r, au qu (l n.ln.) ua s rirn'r d
r4s?.q

u0.: t0 try[yl0 n1:eoryulluu atlJ?: 9t1:Jatflu

" "i r a , -i,lutarsfr rit K uas tln n-oriro rfi'lo Imflor nr: naq'u

(l)

a1ilr?aldfi tn1:finut rjrn-rodr.rfi 'ldnro{rnoo,,und5 ttUiltl!uoAry nt!drfiU



r

?r:d1:ifl'ln:: filrnndorLlmuflfi z+ nrjrfi r (zss:)

^lfl4fl]:iloao{ilay?01:ot

aq
f{an1:fl R!1FlBt6ttJ gtlo.td1:qo{u

rlato,:ritfirovfi point of Zero Charge (pH",.)

nu'lr o-Sludg. A-Sludge [ros B-Sludge frrit pH.r"

rvirril o.z 2.73 *dz z.ot nrrudrdr uavrir p4r" ro.r

PAC A-PAC ua, B-PAC fifitlyirrYu Z.OS 4.26 t[dy

?.09 sr rruiird'u orn,: rui,i'ur o,: Wang [z] : I q.jr aii'n,il'

lJ U l',t ?tO.r U 11 U yl zu ? n I Iy{1s 83- I 52 9t 5. tJ./fl . [r a y 0.] n

{1ue6's1o.: Thuy [s] : vr1'jrrirufi'lriud (Shirasagi

-i -'- ^
s- t o) il r,r u fr fr :,i r rls 980 et :. u./n. In o n r : rJ fl rl q.r
I u o 4, ' u '4 ' , j j

n lun uustfl'laR 5 9luds9t t.t lLr,r{nn0n:rflunofrufr

fi r ua v I n : {a{r{ r o l g r q u o d r.r fi u-adrd'q or n na nr :
irn:ryr{d:s rr-rR u'jt D-sludge ua; B-sludge fi

rq /o 6 , dr qj fl r ri du 1 n drfi a.r 6'u I o u B-studge fi rJi ru r nr v {
ort d- 4 s ,- - - j
?t inYu an a{tln D-Sludge ranlJ0u l9tufi{flryuuafr

urld d nql o-H pollmer, CH,, C=o, Coo, C-Nude

r{ov 6nlo^n c-o d.rnqlfl .riifu I 0.1 B-studge fr , {
i a, r,

ll0.1in nao d{fr {I u'l sr rrL rir pHpzc 1 o,:dI: nndu

riru A-studg" r,w'jrfi rqjfl .:rifurfi rudu6.rrfl uto,ru{
oH rray cHo d.rrfl un{uofi 6n rravfi n:,jfl lrifiuaoa.r

drrflut{ro,r O-H (polymer) COO, C=O c-w ua;n{
ova^ryln^n c-o aqo,i 6.raoondo.: ritrir pHpzc ro,t

A-sludge fi fi rirrfiun:o uacorn{rui{fl ro,l Thuy [s]

(n)

0 50 100 150 200 250
nnr (rrfl)

----.-D-Sludge_RBs -.-.-..A-Sludge_RBs
-_{-B-Sludge_RBs ---,{-D-Sludge_BY1...o...ASludge_BY1 ...x...B-Sludge_BYl
--{- D.Sludge_Tx100

91

: rr1'il nr::.JiurJ q,rriruril fu oiufio nl rn:o nr: dr
(Shirasagi s- 1 0) d?0 n r o 6ruor) ri r}fl rfi or n',tr,rr'r du

I o'r x n fi :.i u o fi 6 n r ra v n r : rJ f u :J q.: ri r u rirL riu rid: o

ei 1': (NaoH) r4 r}{rfi n n I : a o a.r t o t r r,j n r {l o n 6fi n
? ^ t tr o

n It x o u'r?i BI ao n n do I ril ril pHlzc u o,r d t r g o du

ri'rduaqrJld'jrnr:ilfrLilqrdufi rar:qodrdran:o
t ts eu I

rua;rirlriqprasiourifl lrifulufi ufi rar:qn"i'r :;rnvr
-.v! -:,"daqn ltdsolun un luan! &lftu'1flu

flanr:f;ncroaunrafl{

ruanr:fi nr roa uerao ftolfr dorLyi.r z sfi o
' iq e,onrirnarfr l{lunr:qodufi dorurolar:qndt :vrnn

ettuaiA
d.iFrii rrn;Eitud uri e qafinnr:J:strar 60 uay

:eo urfi nrrudr6'r d,trr-rnurglaril,o.1dl:oo[[:.r

6{fi 1 (rx-100) rrrl'il:arfi 1d1unr:qoduro.radoii'

r ra v ri r u fi'r riu d ar q a d rr a rrj : v r r or oo u r fi r r d o,r

6'.r;rJu' z 1n; uat (t) otuairdl lotrdurTurJq-fi?urtol
sz--.iejd-.irnvfl uo:Jfl rnaIultJu0unud0,:rfl 0u9it'[6 Io In

arnr: (+) Inal#rir n'ryir6'l 0.e215-1.0000 dlil{uon
4-- - i- i 4 aA0{n:su?u nl:a flryuflrnfll ul un:sueunr:nNrn fr

rfroorn :sono.rdr:no6'rrrnaar:qngndx t4l

tit
\4)

9t k29-e 99

(x)

160
-- 140
>'t20
3100,i ao

'E oo

F40
Ezo

0

120

? 100

)ao
:60
? 4l),1

F20
60

0 100 200 300 400
rrnr (lrfl)

-----!- PAC_RBS . -.r-". A.PAC_RBS -_+- B-PAC_RB5

----x-PAC_BYI ...o... A-PAC_BYI ...x... B-PAC_BY1

---a- PAC_TX100

grJfi z oaunraor{nr:qor-urorffiuonfir{ duLfin uosor:aou:qdlfir Iosf i'aa'odfianmroirrl {n) uav
r - - t) r .J-

rirufrrurYueifianra;oir,r1 (t) 1fifirot z qnrm4fi zs "c uacaaruu:s'loosu 0.0t lilar{)



92

A^
fl onrril:-uill'tfi ufi rar:qod'udrsntauosritssio

rl:s?rinrnlunr:qoduddon
)a I c ,j-949

dlrdyaluvrruo$ 7 e( BYI Qn8flsU tOFiqXU

A-PAC st"r d?u B-PAC uas PAC lnufinarrarur:o

lunr:qodrq.rqo titill ssz.tg 500.00 uav 4s4.55

rn.ln. orrruiirri:-r ri"rgilii : (n) rirutoraf,ndvru'ir

qo{rldddro A-sludge nrrurdrt, B-Sludge un!

n-studgein ofi nrrruarrur: o1u nr:q o#lq':qnrvitfiu

60.6r 54.3r uav 54.30 rn./n. qrriiroiu 6'{gilii s trl
drnfrfi n-Bs !'irnoduldddru n-pec srrrLdau

PAC rras A-PAC Irofi o.',|ua]u',lrolunr:qndrq'rqn

- -,i$u zlo.zl ?56.41 t$il z43.go un.tfl. nrudrrir
- ,i t u r t u lnrd,
fi.li1111 3 (n) d?uIo{daa0 u11efic[]r tfin0?0

B-Sludge flrlda0 D-Sludge ttav A-Sludge Inafi

^ : e, h 4'i - i
1'15fl1rlfl?nr: d I?flAO tl1U lJVr 24 ]JU11 I (2553)

n?1lJdlljr:01un1rqn#r4lqorvirrir 6.3s 4.s9 [av
- ,t i ,

4.31 un./n. flTra1flu fi'1:1lyr 3 (t) s'!1.l:1n0n1:iu

o-.: n ri r'r rfl u 1 il fl ',t u 
^ 

u n * rI!," 6o A-sludge lla s
.! , 6r4,

A-PAC n] pHpzc U0fln11 lOry 7 ry':f,{ A t 1]U:vq
:i ^ i-

aurylur.r'r lsqqqtu [5] 0.rdllr1r0eeryud BY1 lrrJ

:J:rqrrnldd lumrsr:rrfu B-Sludge uav B-PAC fi
J - 4 i< ,

pHpzc lnn?lTUoT 7 c[ i d'lxl: Oqf]ryUd RB5 lluLl:Y1
A u9,d lirr o I a ?r uax tfl9r ugtd{lnn ta1l t n: nl)-qfiryllo?udaa0

r{u'j1nrr fl rrJ r:o1unr:qn,i'1fi dord.: z ryfi o
, e, j i d qs J

n 0 u,tr 't 
': 0t 

't 
r lr 0 r11flunu d1t Q Frry! 1l: ylnT 01ufllJ lJu 9l

i ' dl i f,- . - tA<,
ry i u't 0 s t1l u pJ a 0 1 n v{ u Yt p.t't t't tlt 1 v I o { d d n n m n 1

e t JA '- a- -i o
uofln't'l u0n01nuruo{n1nfiuv{{nru lflnn1Rn1:

n:vduel?unsnuassir'rfi nr:ril6ourrrla rr6nr?oo6.r
r ee/ t - I

d{HA t n?1:Jd',ll'1:0 lUnl:qnryuunfl fl T{nuuouuln

70

E60
Fso
ES40
F;30
A20
F 10

0

(n) ?
t^
Eq

a

(.r)

Eq

5

600

500

400

300

200

100

0

(fl)

(Ft) - 3oo

E, 250

E .__ 200

E>lso
Ftroo
Fs0
oo

0 50 100 150
n1'rrririlrxani BYI ddrlrv{rqn

(u./a.)

0 50 '100 150 200

a1u!rrJd1r2ra,r( Ftss i.{nrildrqn
(rn./a.)

o204060
nrurirdworfi nas dtrnrrrcrqc

(!Jn./a.)

-----.- ESludge

-----o- A-S ludge

'--r... B-sludge

0 50 100 150 200

h11rJ rii!iiu!an516ard(rrrvarqa (ra./a.)

;rJfi r nJiourfiuunr:qnr-rf, uvt Iossirufi'rrfiupiufiorix1 tn) uavafi'odtfiooirsl tt)
taqd^tuJat

lrasnrr0oa RB5 louslun ugrulroor{1 (n) uacdoaosuoslr.rcl (,r)

1dfirov z qanr4ft 2s'c uavn?l u:l'looou o.or lruari)



a :, d,i -i?15 d',lr2fl'ln5 5:.ld{u?o60rJ-h1a IJfr 24 fl1lufr I (2553)

'lolunounr:qofrufiriou

'lo l"rrn orL nr:qo dut o.: D-Sludg" A-Sludge

as B-sludge luntrefi.i'!fl RB5 llas Byt drui:o
o uyJrn s

o rir r tr'tr{ ri,r'lo lrylflorJuxurla{fxf uaslluu qufla'y

ruiol ornm-.: z lolryurol}fld r n' q,:rrarln#16tr,rfi'u

l n o dr r fl n r: q nrd! fi nss Tr u.jr D,sludse ua s

B-Sludge firir n" o.ssra uas 0.9961 aruiir6'x lflu
'lo lvty o ruul uo{frf r ra g 1u 6: u r o,r A-sludge rfl u

'lol.rrro:Lnr:qn#r u!!1,,1qufl AsInufi rir n' o.gg t t

dryfl'loluyrorfl r:qqdrA Byl rJ:rnq.fi D-sludge

lrns A-SIudge rflu 1o lryrri otrru I ua ln-ri lnufirir n'
rvirri'u o.so+ ax o.gs74 srrrtiirril aru B-sludge rflu

'lolurnolullllquofiy Toufirir n' rvirtir 0.821 lu
eirulo{ pac A-pAC uayB-pAc 'loTmtollunr:

qo'i'1fi nns 1#rir x' oirril z 'lolryryror loerfiriroEi

1udr.: o.ssz:-0. t szo rra;drnfl'lolvrmour:qodr

fi eyr flr'ir pac A-pAC uas B-pAC firir'loluvror

nr:no#ruuuuarn-':f Iqufi rir R' 0.9856-0.91 19

o r n'l o I ry l fl o u uu u u a.: :r-e f u a r 6'u rTr rJ g' n? u r

6'ud'raosrafiouo roaq:j 1d.jr nr: qo dufirfiqdur u
i-
r.r*uilrqrolriruflr:iu$i (pAC e-pec rray s-pec) rflu

"Y 4 d' - - r;rruu5utou1ttarIu n1,qfl ry!fl 1,ltnri d?u drio iifr
.4te:-1nI:fl nuI 1J?ItJtt:.1tJfl fl : uInouI I{eiIuar!

-4
iUlr1.l! nt: q nry!fia tnfi a t u{u0 gnxryu-nto lta dr:

i-ltay ur.t?10.ifl?na1{of}rylr

ruonltflnulo?'t d]u1:ol nl:qodudttaou:{fr.iii?

(rx-100)
Coflan1:flnu"tflx] dlxJ1:fi tUnt:9flryu Tx-100

il!'jr pAC rlay D-sludge firirnarlarlr:o1unr:
qndurvirril 263.16 LLaz 28.09 n./n. nrlrirriu;rlfi +

d'rrfl u1ilclr!rir?'rcufi fir,f rrilryto.iarrrr#u lrori',r

nrrrudrr:r:olun r:qndl rx-too fi osrirlrJl#
lil: uulfr uunuri rnr: qn{l to.r Tx-100 fi r.railfiu

f,dousiohl

93

lu a n r : 6i n u r n a n : s u r o { Gn l a o rlr s fi ,r oia n r : q o r'u

frfrou

f- t tqylu0.i0tnnt:u:sgnfl txn:yulunt:fl fl ry!6.tu

d r : I o f ! fi n : y 
d'u 6'': u n : n ua s ri r.r rTu u uj r fi ri r

nrrr: flrlr:n 1u Rr:q o 6r'lriun nrir,r ol ndlie adufi
r,l-!-. ,t A at v t .t, I gt ail QnnSg9lu ltastyi 0tuunl:9tfin 1 td:o]rJF]1udl:rpr fr
qlq I v - J a a oe - )tr tun'r: nssqud llQflry! n.tuu0fl6ion1rydt: q nryufr
lnr9J'triq nn: r{'u (pAC uny D-sludge) lunr:f;nur
r.r d n : s ?l 1J I o,t d t : n q rr :,r st' I ri o n r : q n du d fl o

-.-, 4 rj . , j elHAnl:flRu]o1n?.UT 4 (n) lJx1Djoft?l l{ rlulo,t

rx-too rfi rudueilHal# pAC fi rl:sfi nfi nrulunr:

Bndx Byt aoal rrasrirnrrudtrJri0lun1: gndi'u

rx-l oo lutoryfi fi f, flol sy t rualoqjd'rufi rirln#r6o.r

ti'rnrrruailr:a lunr:qordu rx-roo rfi o'hifi fi flor

ruaru rlanll#r#u'jr rAC ra"onfiosqoflj Tx-100

rurnn'irfrflol eyr 1oflflu.jril:vfiIf;nrnnr:qnd:r

f,dou eyt firiranal :;rru zoz drnfuil:cfirGnril
e aynr:oo{lf,ilol RB5 ro.! pAC udn.td'iAilfi 4 ({)

'der,n u r r r u* o n r r r r d tl { u iJ o.r rx- t oo r lr' ru ff u ri.r ru a 1 #
pec firl:yfimfinlfl1unt:qo#u nss aqal loflFir

fi?rrJflTll tt 0 tunl:49tryud00r.t RB5 q{ qaa o a.l

:.1:curflr tz% udoll#r#u'jr rx-roo ri.iir6eionr:qodrl
4994
dt 0tJ RB5 fl'tu pAC cr{n'l: an 0{10.1:l:ydTf n1t{ n tr

q ae, J ^q o f u 3 f, o l u"''r z ryfi o o r o rfi n o r n I n u I n :.r a fl r I t o.r

rx-too 1u ri: u'lrjfiri: (trydropnobicy r{r'l:Joqjuu
i ^ d . a,"u1'[Ur.t']uay: EulJoI PAC 0uln fl1 ttlIolt?1,1n.lI

@4e i-
enryu fluotJUullu rux [6j

,i , iornl:Jfi 4 (fl) nuirrrr'0fl': r rrY cluro.r

rx-too rfir,duri{r.rn1# o-sludg" qndlfldol nvr
d9

afta{ta nu0u lou U:rdTnfll lu nt:afl ryu d8or.J

evt'[ ri u fl n ei r I o 1 n n 1 : q a du ] n fl 
vhi 

fi n r : fl a tl sr o.r

rx- t oo I or fl il : s fi yr r' n t t 1 u n r : o o d! drio I ny t r lj o fi

rx-roo r.raruoqjfiriranalrfio.r +x rJ,rd:l: yfivrr^n rr
u 4e i ,.i t d et In'l:qosuflrJou BYI 1lt1Jd uul[:l a iranu0uuuudft.t

qrd t .i -lrirfi uir ar:qodlra'onfi ovqndrfidor ByI 1nn'jl



=E
6

c'>

E(,
FP
7
G

(u)

300 - E 3s0

2so6. 3? eoo

zoo E? Ei z5u

."" E: €:' 2oo
EOroo[; EX 1oo

50 E- H so

o[oo

10 ,F

I Fi
o E3

F,o4 c6
8tr.

0

('1)

a a '_: 30:Er 6, <q F>25E? 53,n
=; 

Eo _-
Ee E9 rsE; Er,,0
P ir rF CEo

(n)

.- 3o
(-r - --E -': 25

j3 20

E: rs

EE ro

ii rF 5

0

94

.i jqyq u de
Tx-100 rfro{ 101fl I[t.111 lt tufllt 80ry! duoll BYI

ruay Tx-100 finarlttnnrirlfiu Infl l-stuage qod!
I lt

d60u BYI 6 tu : tulutfl05'l1ad:'l nxll:.ialqFl
9,?J

tvfi '11{t.J )- s ! gleoT U TX- 1 00 fi'lut[5.i][1ul9lo:']1ad

i r r riu u: r o r n t{'u t s 
ul 

a I n : to u 6.r fi n r : rr d.r riu rfi u r

t tr I I o^
ll5{u?uroo511adlTluu [[as gllt dtlu9lto.l D-sludge

d tq tv 'l d :}i:Lrl:vorflualdr1.ruv,l.inryu fi a'rnYalultnvu u
dt 1e , Jo s

duo:J BY I rlJUd80rJlJ: v1lJ',ln :?U11.1lJ1U]fi tU[0qA
.|d
Srdnni'r Tx-l00 (ru1n l lnQdlor rx-I00 uas BYI

ryirri':r 3.+g*0.+s n-'? rlas t.44x0.64 nm'srrruritdu) 6'r

J i{, 'C.!- o u r4, '.oelna0u mrtlqflumr{'rnlu tudr:8firyu tql.ilnfl'll fl1 tfi
o !l ,,do , d o

drls:.i BYI ononsu Ifio tnatnu{nrfl:ol lur.ldlJ

rx roo ludlunr:qn.i'rdflorr nss rY{uao{1u

0 200 400

a?u r,iir i ud15 a o ri.r 6rfir flal ata (u./n.)

D-Sludge

?r:dr:iflxn:r A{rr?ndoil'lrs flfi 24 nfufi I (2ss3)

,A
;rJfr + trr flu'jr D-sludge fin rtldrl t:n1unt:qnfru

j
fidou nss fir.raru rx-too aaa'r :v 1flr 37% lflu

:J:;fi mr^nrunr:qndrqrqrifl o'r rx-too lutarsfi fi
A ^ i6rq

iliioLl R85 d aoan rxro{ tn1n}J[: {r [ry tunl5

qo #rfi fl orL RB5 rrd s rx-ioo drfl u rt:'tsfi nrd o': fi u

6o tt:.ru:utno{:tad tta ctt: { or n r(u r s'lal o: tou
I

ua n'l : fl fr 
6, 1r il I I u RB5 lJ r [ :'l : v fi '] l.l u : s I : ? lJ fi'l u

6'.rrfu il:vfi nt^nrv{nr:qnd!efloil nss daoaIrfi n

nrflRr:ud{,t-ufiu5 vvir.rdflou RB5 ltnu Tx-100 d?fl

n1 : rfi o fi u t v'l aIo : to u Io u6ix rr fi so r ri', n, u rr-, oo

qncrUXUllu tlXlo.l D'Sludge vll tll1911?'l lnl: qnry]l

fidoil nss tol

ArrrtLd!tu raorrl6r&:dalqa (r:n./n.)

D-Sludge

200 400 600

n:rrtrirdrd"ri ortin6rfi rdorEo (rn./4.)

(n)

E 350

3-? eoo

Elzso
z; 200

E? rsoixE F 100

Eso
0

50

40

30

20

'10

0

200 400 600

6ltutl!tllll ltao[tn6{it1}1f,llo t n./n.,

d a I u <9, S .l lur e v I u dr . I
t fr 4 [rl-u ttiuuflat0{fllraflrtt.19i{f.i19l0Rl:qqdudu0ll lou lYol ntJ l{flllasdan0[ou ---4-no

i - lrriu{unld zs uas 50 n./0.ni1 fir 'Holunrrqflduciero l onlfi nu Tx-l00 loulxduotlfl?l

iirnYu rlc uas D-slualge enxrdrdu -* 6on':rruarrr:a1unr:qoduar:aorr:16{fir,duu,uu

JUU

250

200

150

'100

5U

0

4 o a AutI 41/i A60 tr6s -4-- fiofl?1 fll ]to lunttqocrudl:aouinfl{}l?llJo tlJfld duolt



,, . 4 v u d'i - ;'r15fl',rr'rfl1flt:lJfl.!r[?fi dorJ tl1rJ Iyi 24 ailu, I (2553)

npJ

D-Sludge A-Sludge ttas B-sludge frtr.lt:A
d 49 q l4 14 r d,

I 9r rr x d u 0 tJ l lJ d n lftFtn? td0ou: llo n ?1- l,l lfl u

h9,n:yu?un ):eory!I0{dannotu1ct'l6n tn"lo Irytfl orJ

aar
fl onrrdnlJ?: trasu0nru10llstudo {rdrjoutlu
ri r u 1 n qj 1 n u fi a-slrag" q rr'fr I fi do l5 ro n fi r,l 1 dG

rixu B-sludse So'fifl flsrurufi n1d6 d,rrfl ubJntrrir
a q ae)

pH?zc llgloti't,l I:nnl n?1 d1 1: nlu nr: qrrfl d6on

r"r z ru- n fr l fi il : y fi yr r' n r u ri r n.i r n r r n n fr r d.r fl d1 t
Sfisx : ylflyt0TufltJ:Jun agdl:nnrt:.191-.: ?,{a
,q9t q u <9 a 49,' )1 [1.tlJ:SdTf nt tun]tn0ryud00 r!dn uayd60

irronfir,l6'ao pAC aqa{ rs 1 ) 26you"ay 17%

n rlii r 6'r r ra s ds na l#nr: on #u fi dour:1 fi n ua y fi flor

5rronfrv,ldae, D-Sludge 6nd{ :y lot 4% udx, 37%
o,dnr airel'r uao.rlr.irriu.jr pAC rras D-sludge r6on

q o'fi'r rx- t oo l r n n'i r f, do r ujo r o r n u:.r fi 1 #lu n r :
q494ad

enry!du0t lrasdt5anll:{glIp.Jll u :,iyun[6uxiu
4q
n.ilnq nl:tlt{tuflu tunl500clrl I

t6l

flflnn::iltJrunrfr

o- iu ",. o. { r u i {rJ ii "ldil riu a riu a q u u r I tir u o r n

I uq ur11,i, orrjnuf d ryfu fi fi n riorfi sriyrurdo
?a

lma{fl:0lr]r1'tTr,1a u 
u)

!yA
toflfl-t:olQorl

tll Martin, J.M., Artola, A., Balaguer, D.M. and

Rigola, M. 2003. Activated carbons developed

l2l

t3l

95

from surplus sewage sludge for the removal of

dyes from dilute aqueous solutions. Chem. Eng.

I . 94: 231-239 .

Al-Qodah, Z. 2006. Biosorption of heary metal

ions from aqueous solutions by activated sludge.

Desaliration. 19 6: 1 64- 17 6.

Punyapalakul, P. and Takizawa, S. 2006. Selective

adsotption of nonionic surfactant on hexagooal

mesoporous silicates (HMSs) in the presence of

ionic dyes. Water Res. 40: 3 1 77-3 1 84.

Guhaz, O., Kaya, A. and Dincer, S. 2006. The

reuse of dried activated sludge for adsorption of

reactive dye. J. Hazard Maier. 134:190-196.

Thuy, Q. 2006. Effect of aoid/base txeatuent of

powdered activated carbon on adsorption and

membrane fouling in PAC-Mcrofiltation system

(PAC-MF). Doctoral dissertation, Depafirent of

Engineering, Graduate School, The University of

Tokyo.

Prmyapalakul, P. 2004. Removal of alkylphenol

polyethoxylates using hexagonal mesoporous

silicate. Doctoral dissertation, Deparhrent of

Engineering, Graduate School, The University of

Tokyo.

Wang, J., Huang, C.P., Allen, H.E., Cha., D.K.

and Kinu D.W. 1998. Adsorption Characteristics

of dye onto sludge partioulates. J. Colloid. Interf.

Sci.208:5i8-528.

t4l

t5l


