wublagg 9 oM al=o

NEBY Y wl=xao AVAE )l Jsl oolesds ‘[o.u“u“» 0,9

1 BUgI=e Jl juo B3 35T )3 (55w ding ) &wly &b i)y (R
byl b Ygiw 5 S 03U Wl Slawiud (sl 3us )l odlaibwl b

£ 3T e I sl e TS SiaS 5o T o Me pio M digds S 10

05,8 I cblagg wlishss 35 e ¥ OIS Sy o she oLl bl ©3Kils oo bl i diige s )l ol S (5 5zl -\
P ode oliils wblagg 0aSisls dayme wublaig wiie 095 Y Ol G5 3y o sde olfisls wublaug 0SS douze wibloug w s
OIS S g o she oLl bl 0aKils oy bl wdiige i)l ulib IS (5 9iuls & Ol Kb
gholamim@tums.ac.ir : Juesl + PYAAYYREAY :jus3 - PAAAYYANVA 10yals . J e odiam o5 *

4 N

oISy

ST SosiIT M 5y Sgibse wsmme ol glio )3 e SEALYT alas JI (S w3l 1338 9 Aige)
Slaaw 3 3o w) p dsllbe (pl Jl B3 .31 035) wldgage YoV ez & (YL Joles 9 039s &y jms o6 puc
D91 2T sl sl=e Jl o Vo2 B3a wua (3-aminopropyltriethoxysilane) APTES s5l8J b osub ol (slauiuis
5 ) a5 Ghoe s S 5 aLeT slaesls Gubil y 0T wudle ) an 53 b Gaizs plail Gbs) P by
Ml bl e Box-Behnken alhb slse el maw oy Jl 39 63,00 ol 5 (=8 wisllae
olessh) Fwl 3 Skee p ladiuib Slasw juls 5 adsl wdale (Jol=xe PH (b s 0ljse adox JI Jime slo juskio
b o3l (e g2 B3

low ale 5 ¥ ml min” s PH>S osgame yo (T sladslme Jl pue 33a )3 dise byl il aidl
294 ) T sladslze Sl pue wda 3y ylis s wlivle T aslliae b oaslie v sSke F¥ VA Sladu
IS e wusus Pseudo-Second-Order Jaw Jjl 5 oS3y

B3n )3 Hige wdla K plsic &) odub FMol Sladub Slaaw &5 wul e Gl Jl S mlis 4l 1§ S Azl

N

Gl mlows b)) o3 Zilol (sladiub Sl (e Y o da ST 8 IS S oIy

AP/) /YN b pady

oS 308 Elgil 51 % (F) 3513 0355 wlsea e
@lo )3 9 03,5 slml ssasie slaSaslT as
T 3098 wnl3s L3 walae ] disle alixe
S 5 50 )3 oslawl 3) 90 T &lo 5 laal,)
Vsl b gs o pslde 3 puae (£) Jiblyse Lo
Solow (o8 slas)s Ehatwl Jlawl & j=ie
ObJow AulS 5 A8 )3 J5 8 wlyuss (&) wombs
NETSWETNE SVUSPTNINTG S e R
(D) d9bso A Vb 5 LIS oliws K =3
Sl owe Jme 3a llis el T T 5ils 3abo

AY/B/VY rsdlypd

Ao ddio
3wl ] OT & Gwyiws glel w3)sT ealys
Sote Slr paee Dl S wlsie 4 Gublawe 9 el
oSl pls (1) Spbpe G eges wnelw
S o030 5 SBlos)T b slog S0
Sl SLyba slaesiVT ylsic & (Fae ias
Ofuwslils (peod 4y sloss Al (T abe
cowze R @lie )3 i slHLS Jl a8
oSl 3s (JT slaosiudT 8Ma . (V)b 50

O3 03 2o & (YL oled 9 0393 4y x5 Jol8 jus



VY oD 9 diei S5 150)

o (3-aminopropyltriethoxysilane) APTES
ol 03wl T sladsl=e Jl Gue 8 ia
eble Jelzmo PH ol s ol jse wlyuss 86 Ll
owe 83a 3 Slac y sladind Glasw ubs 5 aysl

PLESTY
ovbwl o T cudle & aags b as @95 oyl Vo
ISl s Slee pimuns & 5 S8l T slaeals
wmawl G, -l 5 (S wldlbe g8
S L ocad ZMol sladut slsw SIS
Sge 2T buzme Jl jue s S3s =y APTES
Sl e oolaiwl 3) 90 ST b xd )8 )l ys asllow
One-Factor at the Time Gbs) @iges ez uss
Jold Skl lanl (shasy ol el Gl 35
OLid ol Sl g9 )il (s35)5 Jol=e o e
Ble 2on ol pike 5 Wl Yy

() JSb) b

top liquid
distributor

0 3lsanl 3390 ighly 3l alass A Sy

Um0 ol ZMal sladud slaaw
I3 0-cm glasyl s Yem Sals 13 b (oS Susd
oslaiwl YT JI wlinle)T plml sl b suib osls
O3in JAIS & aay bungs (5508 sladslxe 35
6l sladslxe PH Sssbise Sy o5 3)50
eabis HCL 5 NaOH o¥50 -/\ Jslze louwgs
o Il sawlie Sile) Juolsd Hs Lads gos A 50

oad BT V¥ mg/dm’ ssan 0suiiSs yae
I Js oai¥T ol el 038 55 ol Sl (0)swsl
S3b) slayhbsy A3 gh B ) ou=e & A=
e 3)ls 3529 Sl Jl Hue Vg Siwlaa sl 0
05 U3 (F) liesd Siwisas & ulgsise ke wT
23 e S jowsl (VA) Slasis s i8Il sy (V)
5 sl 5 (V) pasks (F) i oyl il () -)
ST 8 3, (\F) 3,5 oplil (silwaix
Slgo Jl oslaiwl 9 aiz 30 b o 4y Jbs Jlaie asias
ST )5 Jl oslaiwl pebiio ¢y .3l Hlwewb
Dl 3Ll 9 Gdlai8l 9o wWwlwT s
s il ads Jx Gb s be o0
05 5w bl sl Sl oslawl sl
slodl JI (1Y) el Al Giul 38l o yiwes
PowsS ol Sula (VNN E) Jled (0 )8 o (53320
wangy (10) S sladis ST (\Y) Gwsmw (Y)
55 aims gy (1Y) Olusiia (17) o ZMiol Js 5y
5 (V) oddb Mol S (VA) odd Mol § e
5 oWl Sl e g9 B3a s (13) Jé s
095 ol VS .l osub odlaiwl (T slaluxe
s gl L3 K plsie 4 sladub slaaw
2235 oslaiwl (2T sladsl=e Jl Hue Bia sl
Slobe slas )l wsio Jo sladud  slaaw
wawd K mhow Jhe (RO Ses sbls 5 sl
o Sabloe shimb BB 5 Sl o
Sose 9 3,5 Lal o)bss b YT ylsise oslaiml
Sl ols (FaodT s L3 daz=e oslaiwl
O Taws Gbo) < wlgie & Jislysize 5 S (08
Box- sk (bsy Ul prized gk 7z ke
culio Fwly mbow G & Hbiws sl Behnken
aloa )l g33210 bl e IS a5 il o oslaiwl
9 aiie wle) LinleT Jabwe slass luals
SVY) Spibioe Slge o )3 (29348 0 (pized
Blasw 3 )8ec Sw) p aslloo ¢l Jl Baa (V-

S 5 Soauds auwl L ooadk ol (slasdinuis



\WAE Jle (Jsl o pleuis oy Jlws

bl 9 el Alxe V- E

SO sl Jel=e )l ladiab slaaw
)9 L (PE) 333,5 eslawl (Y mol/dm?)
Noo /) Jslxo & Gladind slaawn Jl ozl
@3 4 9 ALl Yl ST 55 Jws » sixel -V
390 Jodxo a5 0315 DS b (550 el A
a5 wul wdl gled Jd wcln YE wow a4 ks
Baw W) wan ol b Jl as ok abls
6LoauU,T)o,oww)mgTutslw
San mbw (YD) 3,5 0 S ax)> 7-
oadb oy plis ¥ JSib > s ZMol slaudub

rren |

23 donge i Sladslme bl 5 sosTren
D3> piegid 9 il bouw s (29N 9 53905 A39es
ous (AAnalyst200 ElmerPerkin Jaw) (el
3238 (50

w3 Ang yhgy

ST L asss iy sladud slaaw aws Sl pw
B3a 3990 Sl AL B sub 03l guiiiuid ylode
YE-EAN wan 4 7-°C o L usT )3 9 33,5
el A -VE won 4 w303 ,5 S waclw
o2l b Il a9 0ailibsn Moo 7 )30 IS Sl b
03 9 odub b yaie T L opbsd plo) wiw
b 0313 )13 PE-EA wow a0 C slos p> sl
shal sl a5 sl )53 & )Y 3o Siid Wols b

Y=HorSi
X -
| R Solvent
H + X—|SI _?i_CHz—CHz—R
X -
X =-0C,Hs , -OCH;, -C1
APTES 3354 b o3ub 3ol (glaubuub gladgs .Y Jsub
16 - .
14 - ipitiaIpH G d.uual.uvwm
1 final pH Noo /\ Jslmo I b) Juwily omss she
g 8 - 2
I 6 - AY-ml &g0s 8,6 50 JAIS Hups Subse puliis
; PH 5 oo aisy) Eaolpas S Vse +/) Jslxe
0 > pH initial (a) 10 15 -/\ Jol=xe Jl pH r;.do.u Sl 03,5 50 ro.do.u
16 - -
initial pH AT ala jo s .o oslaiwl HCL 3 NaOH Vg0
14 1 final pH
12 1 Sl 0 4 ladiub Slaaw Sl S /0 S9aa S
10 -
.'_58‘ G630 el V8 wow a4 asges 9 adlal aigos
%6‘ Ol dsy . 353ub g0 0ald DS VY- Tpm Ly L Sk
4 .
5 | o PH buwgs Lasees pH plo) waw ol Sb
0 . . . / . . .

pH initial (b)
L ZNol Zlis :a) o3ub ol (sl dubbs SLdd PH ; oyuass ¥ S
(S5 b 3ol Zolis b (S 33 15" Sl

S35 Sl b oals ZMal (sladiuib slasw sl
amanl oaub osls plds ¥ JSb oo APTES 2l 5



V0wl 5 digi S y5150)

b Gy sleosls Jl.sg Ginle )T OA Lyl
wV¥slee s pues  wua  Box-Behnken

aldloe wpgio 4 p9d A Slakes dix Y S
5 =5 bubub (YA-YA YY) ok oslaiwl Vo pleuis
b e B3a ) o ol slaay Sl Juols mbis

wmawl 03T ¥ Joaa 03 JorsilS B alb & axgs

Y=ao+ Ya;x; + Layx? + Tagxx; (1)

LT 255 p33lio Zgbous § 0393%0 9 Jiiiaane S yasio N o3

+\ . -\ Sles preivy

q 2 Y X4 Jsl=e pH

d- Y. \- X5 adsl elale

- F23 Y- X3 ol uliee
Yo- \0- - X4 Sl slaag jole

Tow gy Jl odliiwl b o3 3iTr8 Gilw ding

(RSM) &l
Box- alb slise s sl ghw b J
2 Jime sl uiio Hil L)l wna Behnken
b o3zl (e Wor B3 plossl) gl 3 ySlec
Jslze PH Jolis aslloe oyl )3 Jiiwe (sl pusio
rbe 9 (X3) by vliwe (X2) adsl bl (X))
busgie (JSlaa zlows aw ) (Xy) sl slaaw
(Y Jsan) 3509 Y 50 =) wogoaw ay y8las
N=2k alsleo Jl oolawl b Giglo)T Jalyro slass
Sse sl slass K T )y as (k=1) + G
Dblse iele)T Jalre JSs slass Cp 5 asllae
JS goozme sl cpl )3 (YEXY) 33,5 50 uss
Box-Behnken _slb o) slie s wlivle T

ol @b 9 yinlesT ALb Y Jgas

X,= metal X;=flowrate X, particle siz
Run X:pH concentration 3 . 4 particie size Xs: Modification Cu removal
(ml/min) (n)
(mg/l)

1 6 30 45 150 Modification by acid 0.87
2 6 10 60 150 Modification by ligand 0.8657
3 9 50 45 150 Modification by acid 0.8930
4 3 50 45 150 Modification by ligand 0.2834
5 6 30 30 50 Modification by acid 0.9476
6 6 30 45 150 Modification by ligand 0.8220
7 6 30 30 250 Modification by ligand 0.7643
8 6 50 60 150 Modification by ligand 0.7288
9 6 30 45 150 Modification by acid 0.87
10 9 30 45 250 Modification by ligand 0.8290
11 3 30 45 50 Modification by ligand 0.29
12 6 10 45 250 Modification by acid 0.8910
13 6 50 60 150 Modification by acid 0.8031
14 3 30 60 150 Modification by acid 0.3220
15 6 10 60 150 Modification by acid 0.9150
16 6 30 45 150 Modification by acid 0.87
17 6 50 45 250 Modification by acid 0.8470
18 6 30 45 150 Modification by acid 0.87
19 6 50 45 250 Modification by ligand 0.7890
20 6 30 45 150 Modification by acid 0.87
21 6 30 45 150 Modification by ligand 0.8220
22 6 30 45 150 Modification by ligand 0.8220
23 3 10 45 150 Modification by ligand 0.3128
24 6 50 45 50 Modification by ligand 0.8346
25 3 30 45 50 Modification by acid 0.3323
26 6 30 45 150 Modification by ligand 0.8220
27 3 30 30 150 Modification by acid 0.3594
28 9 30 45 50 Modification by ligand 0.8980
29 9 30 45 50 Modification by acid 0.9430
30 6 50 45 50 Modification by ligand 0.8346
31 3 30 45 250 Modification by acid 0.3327
32 3 10 45 150 Modification by ligand 0.3228
33 6 10 30 150 Modification by ligand 0.9184
34 6 10 45 250 Modification by ligand 0.8998




\WAE Jle (Jsl o pleuis oy Jlws

bl 9 wedw Al=xe V-7

Y Joas deldl

35 6 30 45 150 Modification by ligand 0.8220
36 6 10 45 50 Modification by acid 0.9687
37 3 30 45 250 Modification by ligand 0.2682
38 9 50 45 150 Modification by ligand 0.8246
39 6 30 60 250 Modification by ligand 0.7264
40 6 50 30 150 Modification by ligand 0.7933
41 9 30 30 150 Modification by ligand 0.9090
42 3 30 30 150 Modification by acid 0.3794
43 6 30 30 250 Modification by acid 0.8030
44 3 50 45 150 Modification by acid 0.3047
45 6 30 60 250 Modification by acid 0.7790
46 6 10 30 150 Modification by ligand 0.9084
47 3 30 60 150 Modification by ligand 0.3197
48 6 30 30 50 Modification by acid 0.9476
49 6 30 60 50 Modification by acid 0.8560
50 9 30 30 150 Modification by acid 0.9398
51 9 10 45 150 Modification by acid 0.9310
52 6 30 60 50 Modification by ligand 0.8152
53 6 50 30 150 Modification by acid 0.89

54 9 30 60 150 Modification by acid 0.9229
55 9 30 45 250 Modification by acid 0.8974
56 6 10 45 50 Modification by acid 0.9487
57 9 10 45 150 Modification by ligand 0.9450
58 9 30 60 150 Modification by ligand 0.8610
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ABSTRACT

Background & Objective: Heavy metals are among the significant pollutants of water
sources. Unlike organic contaminants, they are not biodegradable and tend to accumulate in
living organisms. The objective of the present work was to investigate efficiency of glass
beads modified with APTES ligand (3-aminopropyltriethoxysilane) on copper ion removal
from aqueous solution

Methods: Methodology of the research was experimental, basic and applicable based on the
nature of the study and experimental data. Response surface methodology based on Box-
Behnken design was used to assess the effect of independent variables including flow rate,
solution pH, initial concentrations and size of glass beads on the response function (removal
efficiency of copper ion).

Results: The optimum conditions to remove copper ion from aqueous solution was achieved
at pH>6, flow rate of 30 ml min ', and a glass beads size of 38-63p. Absorption results
indicated that Cu®" adsorption from aqueous solutions to fit with Langmuir isotherm and
follow pseudo-second-order kinetic model.

Conclusion: All the results demonstrated that modified glass beads successfully absorb
copper ion from aqueous solution.

Key words: Adsorption Process; Copper lon; Modified Glass Beads; Response Surface
Method.



