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!s. . rlt .,.!-rt i,,! o:lilt ;lll &F slc lJ++J i-J. I d,tjllslt i_ t .[li]-I, i!-:i.ll

CHTCOO' + 2I{zO --r 2CO2 + 7* 8e' 
,rr_rplr jj.xr .!9! ar. 1-6LJes iltL J l+t++It ilu.I

-JLll .Jill .i Jiivl ,

Oz + 4e' + 4I{ ---+ 2llzo 3LJ 'ij's' ii iJ 'urislyl Cb sL rr'u'tr fu'-:"'Jl rlvll

gyirr-r;.rJrt oqu, i,,.r.st lrlrx LL.,. (l) LEJI aI,{, !lF- iful" .,'3J 1-'1' 1"6- ,{sll i+ul u' ii'i :!' er
.:.LjrJislrl L!s.3r LiL:[ iJ,lilt turJl .,bll a,- iLJl(,rjJ 6Li#lnr L.-ls:-l "'s+ rJtllt gL:il e, ] i-sJl-ll eJtri

ittii.!.,:L.s e--.Lrt !-,+lt r+,otjrvt alni l-J.L.:rLuvL '[16]'[15]'[14]'U 3l'tl2l't I ll'll0l ' ,t'"
.(ovameter) lF.Jlill'.J3hll -;e oljljrsJYl "T 

lt,,-r ')tj'lt t'i $l vlll ii-Lll1'fJl '[18]'[17]
6ull e.Cl dn l d{ (Electrophoresis) rrLJstl

ir!. lnll . r. !'rr lnLJ*Sll 1!9. lilli l{t iail_, Ll,LJl aL- d\i
rt- er lsJ.I a-r- L,.li (Electroosmotic) 1-.i- l,JCl

;s_j .q:i iul ;L- _.;r. cijr:Slyl !'+^ dt-.] .d!L.ll
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dljirU, ,!.sg c.$rJ l{rrrJallt irs'! }tr. 0) ds"nt

i-U.lll Jl 1-l! e{ i}.r.ll i+jatl O- i*rr.S!l i:lJl
.=+-+ q{+tj],rll LJ-.-ll } .jrrt, kLs .'Ji.I ,{il
+.r -,rlllle Bl ;,li t"t ,.16;tt i,lt, a<-r eJ 6!>5J'.Js
'.Llt g :k- &!rJl cr q-ll (,1" r&; |luii)b '.r..s!l

CU4 cr(,l"l +tr.-tt .l. l .'r',. r J 'LJ.Sit CEtl d,l lJ

t, rrn .liill ,JFj '.$ri &r .giJl .rr rl {JL.bi j eLJ+Sll

illlI .3U- cJtj .-icr . 1.jib 1-+rJsjll ol-n-Jl
ir ol r*.[22].[91 .tlsl,tE].l! i-iiJ LiLi.ib
nrt .1251,I2a1,I231 _rt4tt 6ut1 6r,r ,rr pu+'eUJl r-.JJ

pH 6rLj ol r-J rir .[5] ;L'll ... 6J+ ari. LJcsll i$!l
iJL;c lurlll e ;s $'i'i t lL! i+ (9{) (,Jl O.;
C- lr.,sr )"-Jl i-. j,l *. lsr .[26] ;l,J6.I *Jl qrLr
.,.Erl ,,rJ a.H9-l_r!l ,F. J !ji-:, l-s .[8] el-JFl e lll
rl ar+-lj,u C+-5r r--b .,i.iij+ JL+lr il yl .-Jul
(NOr), (NOr) i!L-..-------l r---..b Lr"ei--------+

l__+rir r-ur ;er_-inr .) .t29l,t2El,I27l,t25l,l4l
:rr ' -tl :!Jl '16. J4 6Ln '! U.<ll rJjt ijlK_, frJu-lj6sll

, rr- !,.sll i-rlill [4] rj-]-l .t9l.l8l,l7l JtLsx i-lJxl

]"tr i-Jl-jll i-ri. LJcl ullll ct5. lr cJlxl .l-J. i+lLl
.li-Jll '.r1" u. i,J-!6!l irul .'. .LJ.+ll 

"t-. 
!l

tr)-] .).p.-, 6- ml 25 *. . JFll ..!iI ili- i- ..ju-:il
.'.r ( ju.ll, i511 i..*rJ.,.irf,l ,,,uldL '.-) -.F
ml/min 15 .;l.ria .;,Jl .r+r nriil,+ i!+4!l jt! e-+

"-i '!a.ll u'- mVmin lslra, .^. ./l .,. Lrll e-rJd ej
.., !:lt dr,.,ljEll cF s!.LiI iusi..rI-I s!.till{i
oS^ mm2lg 332 ,.r.:u.,)sll .r-rJ lj.l.Jl 1-u! (0.639)

p,'.r cJ--ill .!. iJ. t - ;.tls csr:Jl ir 
",. 

L:rl aF

.rr 30 '.rFil i,JFJl ,u.!r i,.51 .br ,coD o/o97.1 ilul

.mV 600 ,mA 0.2 Jl 1i1tCb Jli!. I C-rl

"l'r dll ,Jlc 6rJi- qjFrxs Uri i3- l-J,+ I5l .Ur

,r--J ,-.:'ir .J+tb duiiyg -.-,3rtr a- # arr.3 $jJilr
255 J s,lr]3lr ,Jlc l--rl i++1r 11.6lr {j .wmr 258 iilK

2.02 i4l;ill ,"..ru .s1wlm1 24E lrJlJi. 1i5 C- mA
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il.)+r.ll c,tjilsl 6.El :.r.-, .mWmr 22E l^JlJi. UEs C- mV

.Wlm3 275 Jl 73 !F .j1..:l iul itnl. I ijlx .3rD

O- aro.j elr:3".re i.liqrCt illl.lt Clsl u"r- 1r. ls4 [30] o'"]
(Dual-Chamber) i-. gr.ll ' ui- . tsll lli'Jl :ir!p!'.31 lr)ill
i+IJl 1,&- (Single Chamber) '.)ill a-r-lcsll irlJl.,
'.rll.a L-cild rj ml 125 i- are15r1-J,i i*45 O- i-.Jlj.ll
L f rJ-+ cm 2 2)i'J cm C .lA -..;,.J 

I .tJi LL-J iJ- l}.
2 EtiJtJ mm 0.5 J4 ,.rJ*lslt ,.1- -IJJ| .:,.i- .olrj! clL

;LJt .p ,,.:., rt .,.url ii,; f!"3,,-,Lll J..iI- !n} mm

d!.-r K3FdCNX (50mM) .,.t 9:.:.,1. 1.l ', Erl t9
LF (J.-61 .7 pH {!6 sJg ililLll NaHrPO4 (l00mM) +t-
.lJ-; mV (-600-400) ar+.{+lJ.ll .:-JnJmA 0.149 rL+!

di,3-l .mwm3 1602 , (J.-ill :-iEsllJ mV 398 'l-.b .:.ri:-l

olJsll ,:.lflls!J. l.5LJl .;:;i.11llJl ,rr crl. LJI +ill,lrll
r mwmr 6817.4 ,' rx<n +at:6l afl ,,-jl i.i.LJ .cm2 12.6

e Liij 6ll.i ui-1,-.1 &+ I < .mV (750 - -321).,mA 1.64

.COD j,rsl Ji rllri+ l.n.,F .ri. lrJtsl ilt.l.ll

drEYl iiL-! 1+:tJsI illlll e td ar.^3 {,'jtr4 ul .rf tl
(Aqueous-cathode) 1+r-_r.;1$t t-p-lt ;p as" ; 

"J) 
drt-+.lt_r

!:+d ,:. L;lt erljA)ll uijAll q!F- :ar;F dF All alsr
i.r-Bllai! Ll eul + gJLJl .,.t'rlLFf ,,1-&'J, :i'.LJl ul.
.,:rs ;r. ,',lii (Single Chamber) ir>.-lt LJ--rjcsll i:lJl
'L.:-r'- 

uILJl ef l ,U',r '.LJl sL ,,<J-!.. *. . -rll , ..Er! ;lry
cur) :! J_r!r ilFr_xsr irlijr JJ drtr3,_yl aL.l rr ..rrdl

++rlcr.r -rtc i-I -Ll_, mwm'? (4012) ijli<i i-,i.l,J+slr iltLlr

irilCl 6r.3 dr .hr 125 r.+ mV 213 (-60G-213) .mA 0.3

r+ sL ell,Jc$l -rl4llCrl eg dr ,drt*Jl AiL.!) $. mV l0
all]"ll e I5l d L"s ., .+i. {s.ll t+)!l u- d..J )ll hr 320

.Gllsf dr,rl-!)l iil--rJ !s i+Ull irr-r+sil i-jiill i{j i-.1.1,Jtsll

cr--t_ll ymV 650 -, mA 1.07 1--i :-i mwm2 (4E8rl2)

[31] pLi-, .hr 150 r-.+ mA 1.4 ,mV 750 J) -.,1-jtl-, i--ltr.tt

+LJ{Sll iltl.il e Ei,lr iJ. t -lt ;etX 6s;r1L-er_x$l illJl rr"1r

.!i. U-.rLJl .,.L.rl frir ;LJ.L *. . J"ll L+Lill ,,.r.- ':-

.s. 1-.i. l,..pSll i-5t!ll i-rtStt dr grbi iu.JS -. LtSl 6- p.:r-E:Cl

i!'.i cru.! t --! d-Lxl i+B dJi tl mW lm2 (143-59.2\

p2t 4t .(o/as-o/o27) coD ilSJ .r; --utjs (/64-0/A2l

irlill rtsi-1, i:'iLUtsll illlll Clli. ! cJ-;ill .l+. i+lL- 1+lS4

l+lill ca* .!si. dl} 't-J ifL.j8l i+ii,S r--!-lrSll

si d-;i .l+. slc fJul , ,.i, tl .,.url J. 4s. rjJl rrr-rJ+sll

50 ) cr r.ltJt ..lll. t nrsi L5 \.,sS ,,'u e- i-nLay ' irt'
u"!l L-n- r c;r-lr 6ll ,j!l d--L- (Jj K3F{cN)6 (mM

r-*Ul 6La) r-&, ../!JS +ll ,r-ll riL;yl.r .7.5 s.t^".r,)-r.ll
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cm3 35 e+.+ (U) d)- l}-:,Jc ,,!L!. ,=,r-. I d1.e il-.i. r.-,
6J-r!l i-.sll J- C.3i._, ir+ ,i./trr).!t a+:U-ll .-r..r ,J.:,.
jtill iyq a<,-lX d.bll a- t iill .jr!l ; rt- glc ,,<r.-

d.:.I:r s.In l &.ll !* e- NaCl + 6rL cJA .1" g;i+
.t331 (%5) .q-! jsr.ll ,r'J'.r:<'l

..F

{'l

'{' .1

ri ,.u,...1 :#-r

.fr{

I
ffi

s/b.! &u.r eilr ltL (3) dl"i

+El ,Jc i.Jr-lt u.r.l iFl.Jl .sLJl JI. tr {-1, a: L.s

f-ri" !.ll 1 r tLll a. JLL J-6 L,l)i .Jri.l.r'. -l F ll ,LJ{S!I

oLL-.+.rlr-l i. L i-b .! ,(-.U r-+--, ijhi- crLr u
r-.ri:..1t rL.:r r+- _.J,iL r-|p p r5 am'? (441 .196 .7s.5)

fs:-,I t'-1 et1xSll 6l.:l.L ' rtrtt "-lFl aF glF r.Js er
.(3 .2 .l .0.5)L.rr-! o-lFl

:(Results and Discussions) i,iit.illb e.f,:ttl

c-;!,F cq. o.-.rlt e. Jtjr)t-,'.:Jft:* p,oi 
",:"ti..il 

u._rr.ri

d $l Y) .{-,1- b)l_r.-,tlCl sJl.3il irli si mV (92- -E5) r.c.i

rl+ll J,n-l .!i. rr. L..psll l5ll"ll 6Er/ &UJl .{]lr-.U slc lrs jlJ3

1+lJdl arill. l \r.3 a{51. I lJ.l+ !b mA l0 , :'ll .ri t-..ji

.'U!!l crL., . :hl 
v3r .,!. lrr)lb

rr6lrl iqi&il . irrtr d iil,J+SJl iil.Lll e!1tJ -l
Oxidation Reduction Potential dlFYb'.r$Jl ".- # c.d.6

i-.JJl i=,rlr.Jl i{rJl iJLll , i, t- lJj :f-Ul'.LaJ (ORP)

l-oL dLi, Jlrllrr i-nl. cr 6I cuE (a) q[.Jl .xe .'y- 25 co !r.p
(-0.003) ll. J.ll i.l. _r!l i-il. I (Jjls,'.J- cli-$li-Jlr r-b r.bb

.r-rlL.ltJ is. .lt p,lll .p Lbtn cE:l., qD3fu.'u ".-!mV

ICUJ irJs,t 4,l+ & 25c" y' Orlt 9 .rt,iIr lrtCtt llD (4) ,I"!

20t4(2) t9 ,liAtN ty'i iJ..

JF. J, cr)--!ill .l+. sj ,,<J--LJ| dLJt i,...i {JlE i+UJ6lt

,mY 271.5 _rt+tlr rrlytt # (,J_r .&ri 'rra -. dr J
I . I 65 rl . r -l fr-------.:c J- C- mA 5 .43

ill.Lll c.iLr%35.4 COD llt,, i.r; .kgCoD/mi.day

JL+ll ljIXJ WkgCOD**a 0.163 l-rit Jt i-,Ellt

drjr)!'.J.$l r.- dil ?i *l r.+ .nNm2 747.96

.r1..+ g1* 
"l-- 

:_e.; mA 6.0E g- cr!!lt+ mV 304

(JjJ!)0/062.9 COD ilj ir,-r .kgcoD/m3.day 1.404

ijlj6_, WAg COD .-*d 0.198 i+:i.ll iJcj;ll aflUl

.mA/m' E62.E5 Jlill
:(material and methods) d.-ll d{ru rlr.ll

iL.:i.I ".1-.ll O- i-,i. l,J6sll rjull 
e 

I rl i.-!J cerl
o- issfjl il".rJr .LJl .:i+J L_1l..,.3t iliit .t$,i..tJ

,/ eJ"ll 1+..1r. d-51-lL- 1i.. (.i i!i$l &bl
cJ:, i.lnLJ{sll ilt].ll e tr l (,.t ,.}-,lt p &* .,1-r.11

"i,! L.+ lrJli-ll (45 .35 ,25c) i.iEi- LJ!- 6t-.,
iu5ir .{ri. LJCI iitl.ll e15) ,Jn I 'rlrill ls} Jl dr-rl
Ls Jlll 4 . -F 6 r- #-l-j &-F & dldl &ull
irle l-mrr 1r-jJl i+lr.lr :r! - .s14J (2) 6-xl q!
'.t-Jl LJib ,Ldl ti 6dI J.c .i- (-K- i.cr.3r o-
l-rldl \rJ 1i!. !-ij i-Ji d .!Jr ii-.i. alras-I, i!.iLI
,J-+ O+;:.:t i.u, ,J.-. eJ '.r, et c3 ,3.El l f-jl
;lJ! L. ! O. {F {ri$}s'.rL sle qrJi.j c'Ur$ Jnjs

j,| ,Jru eJ (KCl) tt- (M t\ g. (o/os-%2) rr+ Agar

!i!6 slc l{J-r{SI i3EI ,/ 9.F JS q,r3",J .,lUrrlU

ts ' t"rr. , 
",1.{,S, 

r.1jl i:- ;- U; ;,- ;rSi *.-..;S
.1,-a cJ3 ip!-ll r-l - ll Ol :{ iFUl e-Ul ;rtJ
J s-.+ ir-lsr .jtt i , eil"ill )^J ,cn2 9.2 tuli. s,u.,

.JFl!, +lril s"tjl l;L- r1,LyS c-2tr, Ovameter jL.+

:it'

,"'''il
I

e{rall &lLll e&lr llr. (2) Al
;!.ll J'uJ a..tJl u. lr)Jl iJ-I ftL (3) l}. lrlr
jq+ Jr.5,U i! i-)",rr.il r,l -tr rjJl AjJl i,te irl ))

J+.,1+ cFF $ LJ F .,.u-rrll )s '.ru ; ,'.i. A).

l.x
1

t
t-
:1

1-i
3

ua*l,.!5aa

4t

( 1r+ ) ,r.jj
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!- &s .{-rle J- t- c- l!-r 6.-&.mwm'? 52546

.[3 r],t3ol,[25],Isl,[7].[6]

35co LL lt {.!i&,3 rr sl o{rtt a, Jtitlr r+ldtl i.lie (7) &}
!b.l+l.

&-:iu o.j o. Jtt i.Lll Jlrllrr 1,6lcrr # ; csjri il
.(E) rJsJt a+1 us a5 c" Jb ,t+J, iJL- .lr:lL d

2011 ( 2) 19 ,riAt phu ,irli i*

dlErl!'.r.srl r{+r -rlJill aF illJl (5) r-E-:tt .1+ t s

c,J- 
\rSJ. J.rrl,.ll eu+il O.j o- 6!l_, i'L dfr ,.r.jt g-

i-.lr.lr 
't-tl d c,.liJl du,ji)rr'"!.3J1 !.r '.J, ir+

'liill J.j iJ. 20 hr !.i 25 c'6Jl-p i-..J'! irtlJ.ll f+.ll
mV (-819 ) J) dlFvb 6r..$l {+ g.J ra ,r,$rrrdt
hr .vr k-tra i rJ!!iYtr'..r-$r,t .r.-t i.U l-jl ,pl ,re-1

Jl!)ji)rJ'.!$yl .).crl i^..r.l-i(,!L.,tilt Q-i o 20

&lJl CJrtnil .il, .mV 99.9 crrls 20 hr "ti| ,ij "+
(-127-87.4)r*iil ir, 1 ur. Ei l+l vl i+lCl .,! ,ri
(-570) ac+ JlClalll F$ 6i."Ln.,rritl ar.i lrl+ r. mv
-u, ir! i_.1 .-. :lr, .mA 10., l7 hr .14 ,-j .r_.+ mA

73944 25 c' 'e!.,$l i-.-J"r, i-nldl i.rjL.ll J i i,iLJ.Sll

.t3ll,tll i,. ,js 
^Jr 

,J...rlU a AlBrlr ,irlnWm'

45c. I,srdr lr.lrr.tr rrd 
"i 

ul g ,qOl3 r;5U ilrc (8) rJsl

,..-Irl ,'.r- ,...ilt C- i3_ Cb J+lt # j Erln d*F (9) GJt Li

mA (-1050) Jl 12 hr vsrl, '+a .t4 crj r..r Jl,6ll clltl irL. .u

.:-r!i Ll .lO hr rl4 d.j r+ mA 500 is...; ia! ,,lcl ,'.:t,
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Abstroct
Electricity production from activated sludge as a renewed power is the main aim of this study. The
micrmrganisms in the activated sludge are able to transform the chemical energy to elerlrical ener$. and raising
the tempemture to 45c" implies the raise of electricity production ability in aerobic bioreactor from 0.5 to -1.05
A the value of current, while the oxidative and- reductive potential(ORP) value between 0.922 to -1.030 volts,
with a maximum power density 69.6195 Wm', the b€st results anaerobic bioreaclor with 35c" at lhe value of
current -0.73 to 0.67 A, and ORP raise which flucluated between -0.767 to 0.E86 V. The volume of activated
sludge produced has a high etrected on electricity production, the in$ease the volume of acti ted sludge in the
bio€lectricity cell, and the increase of surveys area of activatcd sludge caused increases the ability of electricity
production.

Key words: Electricity production, sludge, bioelectricity cell.
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