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Ab arts ct  
Ba kc gro dnu  a dn  p ru po :es  xeT t eli  ef eulf n st  ra e ev ry dif lucif t to aert t sat tcafsi o ir ly ud e ot  high  
v oitaira ns ni  th rie  co pm o is t oi n .s  tS rong oc l ro  si  o en  of the iam n char ca ter scitsi  fo  texti el  ef lf uent  

dna , fi  ton  el imi nat de , ti  nac  ac u es  serious p or b mel s to the ne v ri no em nt. nI  t eh  p er sent study,  
mu itl - aw l del  brac on nanot bu se  (MWC )sTN  we er  u des  sa  an ad ros bent f ro  the remo lav  of  
R evitcae  eR d- 21 0 (RR-120) texti el  d ey  from aqueous solu it no s.  

aM t re ials na d eM t doh s: T eh  i fn l neu ce fo  key param srete  cni luding Hp  (2- 21 ,)  co tartnecn ion of  
d ey  

 

(10 ot  2 00  gm / ,)L  oc n tcat  emit  ( 03 - 72 0 im n ,)  ad ros bent od sa eg  (0. 10 -0.07 g/ )L  have eb en  
in sev ti ag t de  ni  o dr re  to find the o tp i mum  adso pr it on c no di oit ns pmas( le is ze = 

 

84 ).  
:stluseR  Op mit um pH f ro  re om v gni  of RR - 21 0 d ey  was f uo nd to be 5 na d for this oc dn iti no   

xam imum ad ros ption ca icap ty aw s o atb i en d sa  3453.4 mg/g. Exp re iment la  er sul st  ah ve hs o nw   
th ta  by inc saer i gn  t eh  da sor tneb  dos ,ega  eht  etar  of d ey  r me vo al w sa  cni r ae sed, but the am uo nt of  

sda orbed d sey  per m sa s nu ti  of MWC sTN  was d ce l eni d. It saw  of und that the d ta a tif ted to  
aL ngm iu r bet ret  than B TE  and Freundli hc  m do le .  

Co cn l :noisu  useR lts s gu tseg  the po et n lait  of using the MWC TN s as na  adso ebr nt for fe f itce ve  
taert ment of dye-c no tamin deta  saw tewat sre  .  

[*B farza hs na  E, droK  Mostaf pa o ru  F, H so e ini  RA ,  aZ z uo li MA. lppA ica it on of itluM -Wa dell  braC on  
Nan to ebu s in t eh  Removal fo  eR a itc ve deR  021  from A euq o su  Sol itu o sn . SHJI  02 15; 3(1): 33 - 34 ]  
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1  . nI t or duc noit   
T xe lit e ind su t ir es are one fo  the big seg t  
co usn me sr  of w ta er and oc mp el x chemi lac  s  
d iru gn  textile proc isse ng at d ffi erent  
p or ec ss ing pha es s. hT e unu es d ma et r ai sl  rf mo   
t eh  pro ec ss es ra e disch gra de  sa  wa ets water  
t ah t si  ih gh in c lo or, ib co hemical oxygen  
d me an ,d  ehc cim al xo gy en demand OC( D),  
p ,H  te pm eratu er , turbi id t ,y  ot xic ehc im ac sl ,  
and to h re  i pm u ir tie .s  T eh  d ri e tc  sid hc ar eg  of  
th si  wetsaw ater i tn o the water reso ru ec s li ek   
l ka ,se  rive ,sr  etc., pol ul t se  t eh  taw er a dn   
a ff e stc  ht e lf ora na d fauna. E lff eu nt rf mo   
t xe lit e indust ir se  oc atn ins va ir o su  typ se  o  f  
dyes, which b ce ause of high mol ce ular we gi ht  
and complex s rt uctu ,ser  shows ev ry low  
b oi ed rg da ab ili ty (1-3 .)  Fu tr hermore, the rid ect  
disc ah gr e of this ind irtsu al e ulff ent tni o  
se aw ge ten wo skr  pr do u ec s id sturban sec  in  
b oi log aci l rt eatment p cor ess .se  These  
e lff uents produce high conc ne itart o sn  of  
in ro ag nic sa tl s, ca sdi , na d b sa es in ib olo ig cal  
r ae tc ors leading to the increase fo  rt ae t em nt  
c stso  

 

(4,5 .)  hT e com om n seyd  i cn l edu   
r ae tc ive, dis ep rse, acid, and d eri ct dyes.  

usU ally, the dy se  a er  l wo  ni  toxicity, easy to  
dis los ve in taw er and ac n eb  ppa il ed for  
v ra ious ind tsu rial uses, ni cluding ni k ,s   
cosme it c ,s  soap, and f oo sd  (6).  

Inap rp po air te treatme tn  na d di ops as l o  f  
dye-contaminat de  wastewa ret s from et xt li e,  
dyein ,g  rp inting, i ,kn  na d er lated ind irtsu es  
ha ev  rp ovoked s ve ere env ori n em ntal oc n ec rns  
a ll  over the wo lr d (7,8 .)  Many metho sd  have  
be ne  de cs r bi de  in the retil atu er  for c lo or  
removal rf om dye-contai in gn  aw stewater.  
These incl du e a sd orpt oi n e( .g. no  ac it ve  
carbo )n , coag lu a it on-f ol cc lu ation, ehc im cal  
o ix ad it no  c( hlorinati no , ozo niza oit n, e ct .),  
elect or coagulation and photod ge ar ad tion  
(u rtl avi lo et U[ V]/H2O2, UV OiT/ 2, etc.) 

 

(9,10).  
T eh  ro tu i en  treatment p or c se s of t xe it le  
e lff uents involv se  sev re al st spe  beca su e fo  ht e  
f ae rut se  of t eh  rp cudo tion rp ocess (1

 

1).  
Conven it onal rt eatm ne t involv se  a rp co e ss   

of oc a ug al it on lf/ ucco la it on. In fa tc , ehc im ac l  
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oc ga italu no  is one fo  t eh  m so t common a dn  
p ar c it ac l methods of r r me ovi gn  the col ol idal 
forms of p lo l tu ion rf om waste aw t re  na d for 

DOC  a tab e em tn . Th si  con stsis  in de ts abi il zing 
oc l iol d ,s  ag rg ge ta ing, and binding t eh m 

toget eh r into lf o cc ulate ;s  t eh  r se u tl ing olf cs 
ac n if an lly be rem devo  either by s tte l ni g or by 
lf ota it on. hT si  si  a lf xe i elb  p or ce ,ss  hw ich ac n 

be su ed ola en  or oc mbined iw th ib olo ig cal 
rt ae t em n st , as a aw y of re om ving sus ep n ed d 
os l di s a dn  o gr anic mate ir a ,l  sa  ew ll as 

promo nit g t eh  txe e sn i ev  rem avo l of dyes rf om 
tex lit e tsudni ry fe f ul ne st  (9,12,13 .)  
Ne trev heles ,s  this em thod p ser ne ts the 
d asi vd ant ega  fo  p or du ic gn  a large volu em  of 
ls udge. Th si  ls du ge si  rich in va ir o su  dyes, ni  
da d iti on to to eh r us sb t na ec s used in ht e et xtile 

p cor se s. T ih s si  a pr bo lem, as ht e rp cudo de  
ls ud eg  tsum  be d si ahc rged pa rp o rp iately ot  
va oid env ri onme tn al c ah ll en eg s 

 

(11 .)  In 
da d iti no , enzy am it c and bi lo ogical rt eat em nt 

(14-1

 

7), chemical xo itadi on na d 
pho ot ac talyt ci  processes (1

 

8), os noch ime ac l 
p cor es ses  and nanop ra ticles (19,2

 

0), and 
membrane p cor esses (2

 

1), rew e u es d for c lo or 
omer val rf om text li e e lff uen st . Nonethe ,ssel  

so em  fo  t eh es  pr co edu ser  a er  limi et d d eu  to 
t eh ri  high o ep rat oi nal co sts  and opera it ng 
d iffi cul it es.  

nO e of t eh  som t effe cti ev  tec inh q eu s rof  t eh  
omer val of color rf om wa wets ater is 

da os pr t oi n by ca it av t de  carbon. M oero ver, 
da os pr t oi n proc sse  h sa  rp ov ne  ot  be a er l bai le 
rt ae t em nt pa proa hc  eud  ot  sti  low c pa ti al 

investme tn  cost, ease fo  d gise n, si pm licity of 
o rep a it on na d inse isn it v ti y to ot xic substan ec s, 
b tu  the h gi h c tso  fo  ca tivated rac ob n limi st  sti  
use, ht us n ce se si itat ng the deve ol pm ne t of 
us ita elb  low-c tso  da os rb stne  

 

(22).  
aM ny ts u id es have be ne  oc nducted to 

ve al au et  ad ros ption of var oi us dyes onto wi ed  
nar eg  of nat ru al a dn  synthetic, organic a dn  

in ro ag cin  so br ents 

 

(23-25 .)  Car nob  an no ut bes 
)sTNC( , cihw h are noc is ed er d to be ex rt e em ly 

us ep ir or ad os rb stne  eud  to ht e ri  high ps ce cifi  
us r caf e a er a na d large rcim opo er  volume, 
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ah ve eb en u it zil ed for ht e so tpr ion fo  a aqueous sol tu ion .s  On t eh  ab sis  of the 
nu bm er fo  d ffi e er nt or ag cin  com op u dn s a dn  in of rma it on provi ed d by the m una fact ru er, t eh  
in ro ganic io sn  (26-29), sin ec  t eh  fi sr t per ort of M CW NTs were synthesized yb  catal city  
their cus ces fs ul removal of d oi xin 

 

(30). che im cal opav r d pe so ition method. F gi ures 2 
nI  ht e pr se ent work, multi-wa ll ed TNC s and 3 sh wo  the cs na ni gn  elec rt on rcim osc po y 

(M NCW Ts) were ch so en as so br ent for and rt ansmission el ce t or n mi rc os oc py images 
eli nim ation of aeR cti ev  Red-120 ( RR - 21 0) of M CW NTS. The size of ht e o tu er d mai eter 

yd e. RR-120 si  one fo  ht e erf uq ently us de  for the MWC sTN  aw s 10- 03  nm. hT e l ne htg  
dyes dna  si  a pot ne tial rht ae t to the qa ua it c of WM TNC s was 01  µm. Furt eh rmore, 
env ori nm ne t due to ti s p oo r ib od ge ar da ib lity. ps ce ifi c frus a ec  ra ae  of MW sTNC  was erom  
The iam n o ejb ct vi e of ht is work aw s to than 270 m2/g, na d the ma ss  ar t oi  fo  ht e 
inv se it gate t eh  da s ro ption of RR-120 dye on amorphous ca br no  fo  M NCW Ts saw  < %5  .  
M TNCW s under irav ous co dn ti i no s.  

tfA e rawr ,d  the ni fl ecneu  fo  several ope ar ti gn   
rap a em t re s such sa  initial pH of ht e os lu it on,  

in iti al d ey  oc nc ne tra it on, cont tca  ti em , dna   
M TNCW s dos ga e and was inve ts i ag t de   

 

 

2  . aM t ire als and Me ht o sd   
Th  e st du ie  d textile dye (RR-120) was up rcha des   

morf  kcreM  .ynapmoC  ehT  yek  seitreporp   fo  
eht  detagitsevni  eyd  era  nevig  ni  elbat  1  dna  

erugif  

 

1. llA  slacimehc  dna  stnegaer  desu   erew  
lacitylana  .edarg  kcotS  noitulos  fo  RR -

 

021   

 

( 0001  )L/gm  saw  deraperp  yb  

 

 gnivlossid 1 g  fo  
eyd  ni  1 L dellitsid  etaw .r  ,yletaidemmI   eht  

noitulos  saw  derrits  rof  1 h ta  

 

°08 C, ni  redro   ot  
en  erus c h etelpmo y rd oly is s t fo h d e y .e   eyd ehT  

snoitartnecnoc  desu  ni  eht  noitprosda   ssecorp  

 

( 01 - 002  )L/gm  erew  deniatbo  morf  noitulid   fo  
t eh  stock soluti no .  
 

aT elb  

 

1. C arah cteris scit  of eht  RR - 021  dye  
hC ar ca ret istic RR-120  

eloM uc l ra  formula C 44 H24Cl2N 41 Na6O20S6  
oC lor ni d xe  n ema  RR- 21 0  

eloM uc l ra  wei thg  146

 

9,34 /g m lo   
Wa et r solubility 07  (g/ )L   
λmax 515  
Class Dia oz  (-N=N- b no d)  
RR - 21

 

0: R cae tive red-1 02   
 

MWCNTs rp( o iv ded rf om eR sea cr h  
snI t uti te of Pe rt ol mue  nI ud s rt y, Tehran, arI n)  
ew re selected as ads ro ben st  to ts udy t eh   

a sd o tpr ion c ah ar c ret istics of RR -1 02  rf om 

erugiF  1. C eh m laci  st ur erutc  of t eh  aeR tc i ev  deR - 021   
 

nI  redro  ezilanoitcnuf ot  ,sTNCWM  3.0  g  fo  
eht  sTNCWM  saw  desrepsid  ni  52  lm  fo   cirtin  
dica  

 

( 56  tw  )%  ni  a 001  lm  dnuor  mottob   ksalf  
deppiuqe  htiw  a resnednoc  dna  t eh   noisrepsid  

saw  dexulfer  rednu  citengam  gnixim  rof  84  h.  
,txeN  eht  gnitluser  noisrepsid  saw  detulid   ni  

dellitsid  retaw  dna  .deretlif  ehT  gnitluser   dilos  
saw  dehsaw  pu  ot  lartuen  ,Hp  dna  eht   elpmas  

aw s ird de  in a av cuum at 40°C overn gi ht.  

 
 
 
 
 
 
 
 
 
 
 

ugiF er  

 

2. cS nna i gn  e tcel r no  cim ros ypoc  gami e fo  
lum ti- aw l del  ac obr n an n uto eb s mas p el  us de  rof   

siht  st du y  
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Fig eru  3. T imsnar ss noi  el ce tr no  mi sorc oc py mi a eg  of m itlu -wa dell  ac rbon butonan es sa elpm  u es d 
of r siht  s ut dy  

 
 

sdA o tpr i no  was determi en d by t eh  batc  h  
em tho .d  The para em te sr  conside er d for t eh   
uts dy ew re p ,H  ad ros bent dose, ni it ai l  

conc ne itart on of adso tabr e ( RR -12

 

0) an  d  
contact time. Adsorption xe rep ime tn s were  
condu etc d in which ali uq sto  of dye solu it on of  
k on wn co cn entr ita no  were ni t or d cu de  into  
gl ssa  b to t el s 052  ml c( ontai in ng 100 m  l  

los u it no ) con niat ing p er ed termin de  am nuo ts  
fo  MW sTNC . The pH of the so ul t oi n was  

ad uj dets  u nis g 0.1 NH lC  or HOaN  os l tu ions.  
The b to tl se  rew e shaken at 21-23°C r( oo m  
t me pe rutar e) for a presc ir bed ti em . Aft re  t eh   
mixing ti em  el pa s de , the sus ep sn i no  was  
a ll ow de  to se tt le, na d t eh  supe nr at na t tfa er  
cen firt ugation at 40 00  rpm w sa  anal zy ed for  
the iser aud l dye. RR-120 dye concent ar t oi  n  

aw s deter im ned s cep rt op oh tome irt ac lly a  t  
λ am x = 515 nm a occ rd ni g to the La bm e tr – 
Be re  law using a VU -V SI  eps rtc ohpo to tem er  
T( 80 PG I sn rt um ne st  tL d .).  Th ne  t eh  amount  
fo  dye RR( -120 dye) a sd o br de , qe (m /g g ,)  was  

obtained as fo ll ows:  
(C0 - C  e )V 

M 
hw ere 

 

C0 na d Ce are eht  in iti al and  
equ ili b ir um l qi uid pha es  con ec n itart on of dye  
(m /g L ,)  res ep ct vi el .y  V si  t eh  volume of t eh   
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(C0 - Cf ) 
C0 

os l tu ion )L(  na d M is t eh  am nuo t of adso br ent 
su de  (g).  

To ex rp ess the dye rem vo la  eff ci iency, the 
fo oll wing eq au oit  n wa  s u es d:  

Removal e ff iciency (%) = ´100 
(2)  

Wh re e C0 na d Cf er pre es nt ht e ni iti al a dn  
if nal a( f et r a sd orp it o )n  d ey  con ec ntrations, 

re ps ce it vely. lA l tests were frep or em d in 
d pu il cate to ni us re the rep or ud ic b li ity of t eh  
re lus ts; the em an fo  the t ow  aem suremen st  is 
repo tr ed.  

 

 

3  . useR tl s  
1.3 . ceffE t of ni itial pH  

Figu er  4 hs ows ht e effect fo  in ti i la  pH fo  t eh  
os l tu ion no  RR - 21 0 eyd  ad os rp it on onto 

M CW NTs. The adsorpt oi n of RR-120 d ey  
onto MWC sTN  is int mi ately d pe en ed tn  no  
os l tu ion p .H  The adsorption ac pacity of RR - 

1 02  d ey  ni cr ae ses  with i rcn e isa ng los u it on pH 
rf om 2 (2759.7 gm /g) to 5 

 

(3453.4 m /g g) na d 
c nah seg  ils hg tly when so ul t oi n pH si  above 5. 
The maximum da os rp it no  c apa ic ty of ht e 
M CW NTs was 3453.4 mg/g at pH 5, ni i lait  
conc ne rt a it on of 50 mg L/  na d 2 1±2 ° ,C  w eh n 
69. 70 % of the d ey  was removed. sA  ti  c na  eb  

qe = 
(1  )  
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seen rf om gif ure 4, more i cn er ase fo  pH  
decre sa de  sda orp it on c pa ca it ,y  and im ni mum   
ca ap c ti y aw s a tt ained at pH 21  ( 52 5

 

2.9 mg/g).  
In da d iti on, as rp ese tn de  in if g ru e 4, dye  
r me oval e iff ciency inc saer e wi ht  sir e of pH  
and am ximum re om val e iciff ency 

 

(6 %70.9 )  
was a ihc ve ed at initial Hp  5 and mi in m mu   
e iff ciency ach vei de  ta  pH 12 (51.06 )% .  

 
Re om v la  fe f ci ien yc , % Ad os br ed dye, gm g/  

3600 

3400 

3200 

3000 

2800 

2600 

2400 

2200 

2000 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

inI t ai l Hp  

rugiF e 4. E ff ce t of ini ait l Hp  on t eh  da so pr tion of  
eR acti ev  eR d- 021  to um lti- law led c bra on na on but se  
(C0 = 05  gm /L, tnoc a tc  t mi e = 81 0 min, a brosd e tn   

asod eg  = 0

 

.01 g/ )L   
 

2.3 . effE ct of eht  amo nu t of ad os br ent  
(M CW NTs)  
T eh  e ceff t of ad os rbe tn  d so e on rem avo l of  

RR -120 saw  s ut died by varying the dose of  
a sd o br tne  rf om 1 ot  7 g L/ . The exp re i em nt  
was ac irr ed out at fixed d ey  co necn itart no  of  
50 mg ,L/  ta  a xif de  pH of 5 (o itp mum )Hp  for  
conta tc  time 180 min  .  

rF om figure 5, it is ve di ne t th ta  da sorbent  
d so e is gni if cantly influen sec  t eh  oma unt of  
dye ads ro eb d. In fac ,t  ht e p re ec nta eg  of RR- 
120 re om av l ts eeply incre sa es iw th ht e  
a sd o br ne t loading up to 0.05 /g L. T eh   
maximum adsorp it no  ffe iciency of RR - 021   
o tn o MW sTNC  at ads ro eb tn  dos ga e 0.05 g/L  
was found ot  be 29 . 97 % ( 29 7.85 mg/g).  
Fu tr hermore, d ey  adso br de  dec er ased sa  t eh   
d so e o  f a sd orbent in rc ea ses  rf mo  

 

1 to 7 g L/  . In  
add iti no , mi in mum rem vo al e ff ic ei ncy was  
achi ve ed at ads ro eb tn  d so e 0.01 g L/  (

 

~ 17 )% . 

1 00  
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0 

nebrosdA t esod , /g L 

Fig ru e 5. fE tcef  of a tnebrosd  sod a eg  no  aeR vitc e deR - 
21 0 da os rpti no  no ot  multi-walled c nobra  tonan bu se   

C( 0 = 05  gm /L, oc n at tc  t emi  = 081  min, Hp  = 5)  
 

3.3 . fE f tce  of oc nt tca  it me no  RR - 21 0 
a sd orp it on onto WM CNTs  
Figure 6 sh swo  t eh  effect of oc nt ca t time 

 

(30- 
270 mi )n  on the da so tpr ion ac cap ity a dn  
p re ec nt removal fe fi ic cne y of RR -120 d ey  
o tn o ht e MWCNTs at a noc ts ant in ti ial d ey  
oc ncen rt a it on 

 

(50 mg/L) and 0.05 /g L 
da os ebr nt d so ag .e   

The upt eka  of RR-120 d ey  on MWC ,sTN  
sa  hs o nw  in if gure 6, de ip c st  t ah t the sorp noit  

is q iu te r ipa d in ti i la ly, gradua ll y ls ows od nw  
na d then re ca h se  t eh  e uq ili b ir u .m  N ae rl ,y  50- 

55% of the u tl imate ad ros p it on oc uc rr ed 
tiw hin 30 min of contact. On t eh  other ah nd, 

ca oc dr ing to Fi ug er  

 

6, the RR- 21 0 was rap di ly 
da os ebr d in ht e rif st 03  min (53.62 )% , na d 

t eh n ht e adso tpr ion rate d ce er ased gradually 
rf om 30 to 072  min a dn  nif ally r ehcae d 
qe u ili b ir um in abo tu  180 min (9

 

3.47 )% .  
4.3 . ffE ect of in iti al RR - 21 0 yd e 

oc ncentra it on  
To deter im ne ht e e ceff t of ni i it al d ey  
oc cn en rt a it on on ht e a sd o tpr ion proc se ,s  the 

in iti al concent ar t oi n of RR - 21 0 was v ira ed 
rf om 10 to 200 mg/L at a fixed pH qe ual 5 a dn  
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Ne trev heles ,s  hi hg se t a sd ro ption rate was 
o tb ai en d in 0.07 g of M sTNCW  ht at was 

 

39 .31%.  

 
yD e mer oval ffe icien yc , % Ad ros bed dye, m /g g 
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dye con ec rtn ation in solu it on (RR-120) na d 
t eh  amount of dye ad os br de  on the sol di  phase 
when both ph sa es a er  in equili irb um. At 

rruc ne t w ro k, uqe ili b ir um adsorp oit n da at  
we er  e av luated using ht e L gna mu ,ri  

rF ue nd il ch a dn  TEB  si to eh rm models iF( g ru es 
8-10 .)  In add iti on, anal sy es of osi ther sm  we er  
us de  ot  d se c ir be the xe perimental adsorp noit  
data, na d ht ne  be ts  find ni sg  ac n eb  a tt ai en d 
when c rro elation oc fe if cien st  R( 2) oc me c ol se 
to 1 (31). The liner form fo  us de  si otherm 
m edo sl  L( ang ium r, Freundl ci h, and B TE ) are 
as below  :  

1 1 1 1 
qe q q K C 

 
log qe = log K + gol  C 

n 
Ce 1 A - 1 

( - Ce q AX AX 

hw e er  qe is ht e amount of atem l osda rb de  
p re  s ep ci cif  amount of a sd o br ne t ( /gm g ,)  Ce is 
qe u ili b ir um concentra it no  of RR-120 d ey  

gm( / ,)L  KL is L na gmuir co tsn na t na d qm is eht  
maximum amount fo  RR - 21 0 dye qer iu red to 
form a om on layer (mg/g .)  Kf na d 1/n are eht  

rF ue nd il hc  oc atsn n st  ler a et d ot  adsorp it on 
ac ap c ti y and ad ros p it on ni et n is yt , 

re ps ce it vel .y  Ci is ht e in iti al oc n nec rt a it no  of 
dye in solu it on (mg L/ ,)  A si  a oc tsn ant to 
des irc be ht e e ren gy fo  interact oi n betw ee n eht  
os l tu e and the adsorbent us fr ac  e na d Xm i  s eht  

oma u tn  of s lo ute ads ro b de  in of rming a 
comple et  m no lo a ey r (mg/g).  

osI t eh rm data were app il de  ot  three 
da os pr t oi n model ,s  and the ser u tl s of the ri  
il en ra  regre iss no  rew e u es d ot  f ni d uo t the tif  

mo ed l among them. Values of r se ul it ng 
p ra ame et rs and r ge re ss ion oc e iciff en st  R( 2) 

era  l tsi ed in ta lb e 2. hT e R2 val seu  of 
Lang um i ,r  Freund il ch and EB T models 
T( ba le 

 

2) are 0. 1899 , 

 

0.9332 a dn  0.9913, 
epser c it vel ,y  dni ci ati gn  ht at the La umgn ri  

m edo l is mo er  suitab el  rof  ed rcs i ib ng ht e 
da os pr t oi n eq iu l rbi ium of RR-120 dye o otn  

M TNCW s  .

Ad ros deb  dye, mg g/  
1000 

C catno t ti em , nim  

giF ure 

 

6. E ff ect of oc ntact ti em  on eR tca i ev  eR d- 021   
sda o pr oit n no to itlum -wal el d rac ob n an on but se   

(C0 = 50 gm / ,L  a sd bro ent d aso ge = 0. 50  g/ ,L  pH = 5)  
 
 

Dye removal ef if cie cn ,y  % Ads ro bed dye, m /g g 
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10 
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inI t lai  dye c no c tartne i ,no  mg L/  

ugiF re 7. E ff ce t of initial dye ecnoc ntrat noi s no   
aeR cti ev  deR - 021  da so tpr ion onto multi-wall de  ac obr n  
nan otu eb s (adsor tneb  d gaso e = 0

 

.05 g/L, oc nt tca   
ti em  = 81 0 ,nim  pH= 

 

5)  
 

 

5.3  . A osd pr t oi n si o ht erms  
To o tp imize t eh  u es  of M TNCW s adsorbent, it  
si  mi p atro nt to tse ba lish the om st appro irp at  e  

a sd o pr t oi n osi therm. Fu tr hermo er , ht e  
si o ht erm provides a rela it o sn hip eb twe ne  the  
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if ex d amount of ad ros bent 0.05 g L/  fo  r  
conta tc  time 180 im n. sA  pre es n et d in if gure  
7, d ey  removal iffe ciency de erc ased tiw h  
i cn er sa ing of d ey  conce rtn ation, os  mi in m mu   
e iff ciency was achieved ta  in iti al dye  
co cn en rt a it on 200 mg/L 

 

(50. 63 %).  

= + 
m m l e 

 

(3  )  
1 

f e 

 
= + 

m m 

(4)  
 

 

(5)  e 
Ci ) 
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da os ebr nt. He cn e, the os l tu ion Hp  si  an 
i pm atro nt p ra a em ter du ir ng the d ey  adsorpti no  
p cor se  .s As p ser ented ni  if ug er  

 

4, optimum pH 
of 5 was a hc i ve ed of r RR -120 removal by 
M TNCW s. The higher a sd o tpr i no  of t eh  d ey  
ta  lo ew r Hp  is pa pare tn ly d eu  to g er ater 
ca c bisse i il ty of t eh  dye to ht e ac it ve is t se  a dn  

more fac eli  d ffi usion. It si  we ll - onk wn ht at the 
us r caf e c ah rge of the da os nebr t and the ionic 
hc arge of the d ey  molecule p al y an imp ro tant 

role ni  t eh  adsorp it on. nI  ca idic solu noit  
l( o ew r Hp ), there si  in rc e sa ed pr to onati no  of 

t eh  dy  .e The n ge a it ve ch ra eg  developed no  eht  
us r caf e of the ad os rbent pse ec lai ly by the 

hyd or xyl rg oups ser ev  as act evi  s ti es a dn  
ac use ts rong elect or st cita  a rtt ac it on rof  t eh  
na ionic dye in s lo ution. hT is c ua ses eht  

p fer ere cn e of the eyd  rof  active is set  na d 
af c tatili es eht  d ffi usion dna  da os rption 

p cor se s. ihW el , tiw h an ni c er ase in alkaline 
oc ndi it ons or pH, protona it no  of dye is 
der cu ed, ht ereby retard ni g d ffi us oi n a dn  

da so pr t oi .n  Similar fi dn ings we er  er op rted by 
Shirma dr i et la . (31  .)  
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Table 

 

2  . osI t eh rm om ed l p ara tem re s rof  the a sd orp it no  of RR - 21 0 onto WM CNTs  
Lang um ri  iso eht rm rF e dnu li hc  is mrehto  TEB  isot mreh   

qm ( gm /g) kL (L m/ )g  R2 kf n R2 A Xm (mg/g) R2  
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9. F er un ld i hc  si to eh rm f ro  os rp it no  of aeR ctive  
R de - 21 0 otno  itlum -wal el d brac no  an no ut bes  

R( 2 = 0. 339 2)  
 
4  . Di ssucs ion  
4

 

.1  . ffE ce t of in ti ial pH  
tI  is kn wo n that the solu it on Hp  can a tceff  t eh   
us r af ec  ahc gr e of the ad ros bent, ht e degr ee  o  f  

ioniza it no  of the diffe er nt po ll utants, the  
dis os cia it on of func it on la  rg oups on t eh  acti ev   

tis es fo  the a sd orb ne t as we ll  sa  ht e s rt cu ut re  
of ht e dye lom ec elu  (2

 

8). On the oth re  ha dn ,  
t eh  os l tu ion pH would a eff ct b to h qa u oe u  s  
che im stry and su afr ce b ni ding sites fo  t  eh  

4 
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8. L na umg ir si ot mreh  rof  sorpt oi n of React evi   
R de - 21 0 otno  itlum -wal el d brac no  an no ut bes  

R( 2 = 0. 899 1)  
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.2. effE ct of eht  amo nu t of ad os br ent mat re ials rof  w tsa ew ta er rt eat em nt. T eh   
(M CW NTs) decr ae es  in t eh  a om nu t of dye ads ro eb d wit  h  

sA  ti  nac  eb  nees  morf  erugif  

 

5, ereht  saw  a it me yam  be d eu  to ga rg ge ta ion of dye  
non - is gnific na t inc er ase ni  the ep cr ne ta eg  mol ce u sel  arou dn  ht e da ros eb tn  pa itr cles.  

er moval of RR -1 02  wh ne  t eh  ads ro b ne t 4.4. fo tceffE  ni i it a  l RR-1 02  dye oc nce tn ra it  no  
noitartnecnoc  sesaercni  dnoyeb  eht  50.0  .L/g  T eh  ffe ce t of i in tial eyd  conc ne trat oi n can b  e  

sihT  stseggus  taht  retfa  a niatrec  esod  fo  ac r eir d out by prepare a sd or neb t–adso br at  e  
bio os br ne t, ht e m ixa m mu  ad ros ption is os l tu ion with fixed a sd o br ent dose dna   

deniatta  dna  ecneh  eht  tnuoma  fo  stnatullop  di ff e er nt in ti ai l dye con ec n art t oi n for d ereffi nt  
sniamer  tnatsnoc  neve  htiw  a rehtruf  noitidda  it me i retn vals na d sh ka en u tn li  qe liu bi ir um.  

fo  eht  esod  fo  tnebrosda  

 

( 23 .)  truF h re m ro e, To ts du y eht  ni lf eu nce of in iti al dye  
hw en eht  sda ro b ne t d so age increased, oc ncen rt a it on on the e iff c ei ncy of  

egatnecrep  lavomer  fo  RR - 021  osla  desaercni  de oc rol izati no , the experime stn  were  
tub  tnuoma  fo  debrosda  RR - 021  fo  rep  marg  p fre or em d ta  di reff ne t in iti al co cn en rt a it on of  

tnebrosda  desaerced  eud  ot  eht  tcaf  taht  f dexi  RR -120 by mainta ni i gn  ht e other rap ameter  s  
eyd  noitartnecnoc  

 

( 05  )L/gm  del  ot  detarutasnu  oc n ts a tn . A occ idr ng to if g ru e 7, sa  the in iti a  l  
evitca  etis  no  tnebrosda  ecafrus  dna  esaercni  ni  dye conc ne rt ation increases, ht e e iff ciency of  

eht  tnebrosda  snoitartnecnoc  desuac  elcitrap  t eh  deco rol izati no  p or ec ss  de rc eases.  
aggregati no  (33). miS il ra  idnif ngs w re e Re ram ak bly, t eh  a sd orpt oi n ac pacity fo  RR- 
er p detro  by other er se cra hers (34, 53 ). 120 dye i cn er ases (Fig ru e 

 

7) b tu  ht e per ec nt  
4

 

.3. fE fect of contact it me no  RR - 21 0 omer val of RR -120 d ey  d ce re sa es with ht  e  
a sd orp it on onto WM CNTs i cn saer e in in iti al co cn ent ar t oi n, us gge its gn   
T eh  oc tn a tc  time b ewte en a sd ro ba et  and that eht  a sd o tpr ion of RR -120 eyd  no to  
a sd o br ne t si  one of ht e most i pm or nat t design M TNCW s is ih ghly de ep nd ne t on in ti ial  
p ra a etem rs that a ff ect eht  p fre ro am cn e of oc ncen rt a it on. For exa pm ,el  incre sa e in t eh   
a sd o pr t oi n pro ec ss e .s  T eh  ad os r itp on c pa acity oc cn en rt a it on of dye rf om 01  to 200 mg/  L  
and rep ec tn  remo av l of RR - 21 0 dye onto the decr ae ses  the d ce olorizat oi n rf om 96.9 t  o  
M TNCW s rd a cits ally i cn saer e ud nir g the 5

 

0.4% at 180 im n. In cont tsar , the adsorpti no   
in iti al da os pr it on stage na d then cont ni eu  to ac ap c ti y fo  M CW NTs i cn er ases when th  e  
i cn er sa e ta  a er lati ev ly slow ps e de  w ti h in iti al d ey  co cn en rt ati no  i cn er ases rf om 01 0 t  o  
conta tc  time nu lit  a tats e of equi il b ir um is 200 mg L/ . Si im l ra  results have be ne  er po tr de   
a tt ained. On t eh  other ha dn , ti  si  lc e ra  rf mo  in the retil atu er  

 

(3 3,6 7).  
if g ru e 6 ht at t eh  ext tne  fo  da os pr t oi n si  ar pid The p re ec ntage re om val of d ey  si  highly  

in the initial stages dna  b oce em s ols w in later dependent no  t eh  in iti al amount of dye  
ts ages it ll  tas urati no  si  a ihc eved. Th si  is oc ncen rt a it on. hT e effe tc  of the i in t ai l fo  dye  

obv oi su  from t eh  fact that a large num eb r of oc ncen rt a it on factor d pe ends no  t eh   
us r af ec  s ti es are ava li able rof  da ros tp ion at t eh  i mm ediate relation eb tw ee n the conc ne itart no   

in iti al ets ps na d a tf er a la sp e of time, ht e of eht  dye and t eh  ava li able b ni ding tis es no   
r me ia ning sur caf e is tes are d iffi c lu t to eb  na  da os ebr nt frus ace. In ge en lar , t eh   
oc uc ip de  b ce a su e of repu isl on eb twe ne  ht e p re ec nta eg  of dye mer oval decr ae ses  iw th a  n  
os l tu e molecul se  fo  the os l di  na d ub kl  hp sa es. i cn saer e in the ni ti lai  dye oc nc rtne a it no , whi hc   

The ti em  r qe ui er d to at at in qe liu i irb um in ht e may be eud  ot  the s ruta ation of adsorpti no   
c sa e of a sd o pr it on of dyes si  180 min. T eh  tis es on the a sd or neb t frus ca e (38 .)  At a low  
u tp ka e of dye om lecules by the da os rb ne st , oc cn en rt a it on, ht e er  will be unoccupied act vi e  
and the ti em  requi er d for ht e e ts ab il shme tn  of tis es on ht e adso ebr nt su fr ca e, and hw en t eh   
equ ili b ir um gus ge ts  the e ff e itc ve en ss of these in iti al dye oc ncen rt ation i cn saer es, ht e acti ev   
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aT elb  3. Maximum da os r itp on yticapac  fo  emos  a rosd b ne ts rof  di ff e er nt seyd  re lavom   
A sd o nebr t dA so abr et  Max mi um adso pr tion capa tic y, gm /g eR f nere c se   

oM d fi ei d r ci e st me  Acid er d 81  01 . 02  (45)  
Azolla fili uc loi sed  Acid bl kca  1 145

 

.00 (10)  
Bana an  p lee  Methyl oran eg  2

 

1. 00  (46)  
O ar nge p ee l Methyl oran eg  02 . 05  (46)  
Pin oce ne d re i ev d ca ti av det  rac bon Methyl oran eg  404

 

.40 (47)  
uC min eh rb w sa t se  Re ca tive Red-120 21 0

 

. 84  (37)  
Ca cl in de  la erey d do bu le hyd or x edi s Methyl oran eg  200

 

.00 (48)  
oM rin ag  per rge ni a hsa  Methyl oran eg  1

 

5. 34  (22)  
oM rin ag  per rge ni a hsa  RR-198 31 . 16  (22)  

MW NC TS RR-120 1666

 

. 07  Curr tne  study  
WM NC Ts: Multi- aw l el d rac bon nan to bu es, RR-1 02 : Reactive Red-1 02  

 
 

tis es er uq eri d for a sd o pr t oi n of the dy  e  
mole uc el s liw l al ck ( 93 .)  On the ot eh r ah nd,  
t eh  i cn er sa e ni  in iti al dye co cn ent ar it on wil  l  
cause na  i rcn e sa e ni  t eh  l ao ding ac p ca ti y o  f  
t eh  ad ros eb tn  and t sih  may be d eu  to eht  h gi h  
d vir ing fo cr e for sam s t ar n fs er at a high in iti al  
dye oc cn entra it on ( 04 -43).  
4

 

.5  . A osd pr t oi n si o ht erms  
In the Langm riu  si to h ,mre  it si  assum de  that  
t eh  si et  ne re gy rof  adso pr t oi n is the same for  
a ll  s fru a ec  s ti se  and od se  not ed pend on the  
degree of oc verage dna  that eht  la gr e ts   
ca ap c ti y co serr pon sd  to only no e om on layer.  
T eh se a ss ump it ons are not v ila d rof  most  
a sd o br ne st  beca su e, for exa elpm , ca it av t de   
carbon has a iw ed  ran eg  of p ro e si ez  t ah t  
con it nues to adsorb ro ga in cs as t eh   
concen rt a it on ni crease .s  hW ile t eh  EB T  
si o ht erm does a ll ow f ro  mu itl ple laye ,sr  ti  is  
sa su dem  in the BET eq au it on t ah t s ti e ne er yg   
si  t eh  same for ht e if rst layer and uqe al ot  t eh   
rf ee  energy of pre ic p ti ation for subse uq ent  

la .srey  In re ila t ,y  t eh  site e ren gy of da sorpt oi n  
v ra i se  wi ed ly rof  mo ts  da sorben st  becaus  e  
a sd o br ne st  il ke ca it v ta de  rac bon are very  
het re og ne eou ,s  and the tis e ne ergy v ira es  
co sn id re ba ly tiw h su afr ce coverage. T eh   

erF und il ch eq au t noi  si  us de  to describe  
si o ht erm ad at  of r heterogen oe us da sorbents  

(var iy ng tis e e en r ig se ) m cu h be tt er than ht e  
L gna um ir or TEB  auqe it o sn  (4

 

4 .)  Ac roc d ni g  
to if n id ngs of this st du y, it saw  found th ta  t eh   
data tif ted to La gn muir be tt er than TEB  a dn   

erF und il ch mode .l  aM ximum da sorp it no  

ac ap c ti y of some adsorbents for rem avo l of 
d ffi e er nt dyes rf om aq eu o su  envir no m ne st  si  
p er sen et d i  n t ba le 
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