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Abstract: Water contamination with heavy metals, especially lead, is one of the major
environmental challenges that has attracted the attention of many researchers for removal. In
this study, nanocellulose extracted from Chaetomorpha algae was immobilized on magnetic
iron nanoparticles (Fe;O,) to prepare a bio-magnetic adsorbent. The performance of this
adsorbent in removing lead (ll) ions from aqueous solutions was investigated under various
conditions including pH, ion concentration, temperature, adsorbent dosage, and contact time.
The maximum adsorption capacity was 2.5 mg of lead per gram of adsorbent, obtained at pH
5.2, an initial concentration of 7 mg/L, temperature of 45 °C, adsorbent dosage of 0.018 g/L,
and a contact time of 120 minutes. Increasing the pH up to the optimum value enhanced
the adsorption efficiency, while at higher pH values, formation of lead hydroxide precipitates
caused a reduction in adsorption. Increasing the temperature up to 45 °C improved adsorption,
but higher temperatures damaged the functional groups of the adsorbent. Theoretical studies
using quantum chemical (DFT) calculations revealed that lead ions interact physically with the
oxygen atoms of the cellulose rings, which enhances the stability of the adsorbent. Overall,
the Fe;O,—nanocellulose composite is an eco-friendly and effective material for lead ion
removal from water, and the combination of experimental and theoretical results paves the
way for the development of new water-purification adsorbents.

Keywords: chaetomorpha algae, lead ion, Persian Gulf, computational chemistry, magnetic nano-
particles.
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Henry; ge = KHe, Ce

rsquare -yYv/5509
K. 0/3338 (-0/1423, 0/8099)
Langmuir; gqe = (qm, KL, Ce)/(1+KL, Ce)
rsquare 1/8954e-04
K, 2160 (-2/989¢+05, 3/033¢+05)
q. 1/139 (0/7865, 1/49)
Freundlich; ge = KF, Ce”(1/nF)
rsquare -Y/7508e-05
K, 1/137 (0/8538, 1/42)
n, 1/741e+05 (-5/37e+09, 5/37¢+09)
Temkin; ge = BTe, (KTe, Ce)/
rsquare -0/5672
B. 0/05477 (-5/123e+08, 5/123e+08)
K. 9/59e+08 (-3/174e+08, 3/174e+08)
Activated Sludge; ge = Km, (Ce/M)"(1/Nm)
rsquare -0/1458
K. 1/111 (-3/987e+06, 3/987¢+06)
M 0/2759 (-5/741e+07, 5/741e+07)
N 58 (-1101, 1217)

m

Jovanovich; ge = qmJV, (1-exp(-KJV , Ce))

rsquare 0/0233
K, 30/99 (-91/93, 153/9)
qd 1/149 (0/8363, 1/461)
Redlich Peterson; qe = (KRP, Ce)/(1+aRP,Ce”(BRP))
rsquare 0/6577
B, 1/19 (0/7688, 1/611)
K 22/97 (-25/74,71/68)

RP

a

RP

17/22 (-25/39, 59/84)

Sips; ge = KS,qmS

(CeN(1/mS))(14KS, (Ce (1/mS)))

rsquare 0/7941
K. 2/347e+04 (-1/15e+06, 1/197e+06)
mgy --/1571 (-1/012, 0/6976)
q.. 1/216 (0/937, 1/495)
Brouers_Sotolongo; qe = (qmBS)/(1-exp((-KBS),Ce)"a)
rsquare -5/9064e-14
K, 20/96
a 20/96
Qe 1/137 (0/5326, 1/741)
Vieth Sladek; ge = (KVS, Ce)+((qmVS,bVS, Ce)/(1+bVS
.Ce))
rsquare 0/9188
Kys --/1426 (-0/2779, -0/007256)
b, 25/84 (-13/52, 65/21)
q.us 1/528 (1/099, 1/958)
Koble Corrigan; qe = (AKC,BKC, (Ce”"nKC))/(1+(BKC,
(Ce™nKC()))
rsquare 0/0229
A, . 1/149 (0/5505, 1/747)
B 5/651e+05 (-7/171e+09,

KC

7/172e+09)

n

KC

4/404 (-5409, 5418)
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Khan; ge = (qmK ,bK, Ce)/((1+(bK , Ce))"(aK))

rsquare 0/6854
a, 1/23 (0/6829, 1/777)
b, 10/86 (-21/59, 43/31)
Qo 2/458 (-0/6122, 5/528)
Hill; ge = gqmH, (Ce"nH)/(KH+(Ce"nH))
rsquare 0/0917
K, -¥07/6 (-6/853e+07, 6/853e+07)
n, --/02772 (-20/45, 20/4)
9 -¥47/5 (-7/769¢+07, 7/769¢+07)
Jossens; qe = KJ, Ce/(1+Ce”\(bJ))
rsquare -6/0025
K, 3/609 (0/4574, 6/76)
b 2/039 (0/6815, 3/396)

FTIRz Schlunder I

IT; ge = (qmFS,KFS, Ce)/(1+KFS,
(Ce”nFYS))

rsquare 0/6577
K. 17/22 (-25/39, 59/84)
n,. 1/19 (0/7688, 1/611)
qe 1/333 (0/7492, 1/918)

Unilan; ge = (qmU/(2,5s)),log((1+KU, Ce,exp(s)))/
((1+KU, Ce, exp(-s)))

rsquare --/1101
2/621e+06 (-2/222¢+14,
K, 2/222¢+14)
Q.. 1/812 (-2/648e+06, 2/648e+06)

S

58 (-8/475e+07, 8/475¢+07)

Holl Krich; ge = (qmHK ,KHK, Ce"nHK)/((1+KHK,

Ce"nHK))
rsquare 0/0226
K, 7/059e+05 (-9/66e+09, 9/661e+09)
n,. 4/55 (-5833, 5843)
Qe 1/15 (0/5522, 1/748)
Baudu; gqe = (qmB,bB, (CeM(1+X+Y)))/(1+bB,
(Cen(1+X)))
rsquare 0/9503
X 1/202 (-14/44, 16/84)
Y -v/112 (-18/4, 14/18)
b, 0/03227 (-0/8293, 0/8939)
q . 42/48 (-1036, 1121)

Radke Prausnitz I

ge = (qmRPI,KRPI, Ce)/(1+KRPI,
Ce"mRPI)

>

rsquare 0/6577
K., 17/22 (-25/39, 59/84)
m, . 1/19 (0/7688, 1/611)

1/333 (0/7492, 1/918)

quPT
Radke Prausnitz II; ge = (qmRPII, KRPII, Ce)/(1+KRPII
,Ce"mRPII)
rsquare 0/6577
K, on 17/22 (-25/39, 59/84)
m,,, 1/19 (0/7688, 1/611)
Qpon 1/333 (0/7492, 1/918)
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Radke Prausnitz III; ge = (qmRPIII, KRPIII,
Ce(mRPII-1))/(1+KRPIII, Ce"(mRPIII-1))
rsquare 0/7941
K 2/322e+04 (-1/136¢+06,
RPIII 1/182¢+06)

- 0/356 (-39/93, 29/21)
[T 1/216 (0/937, 1/495)
Baudu (lower surface coverage); ge = qmB,bB,
(CeM(1+X+Y))/(1+bB, CeN(1+X))

rsquare 0/9503
X 1/202 (-14/44, 16/84)
Y -v/112 (-18/4, 14/18)
b, 0/03227 (-0/8293, 0/8939)
qQop 42/48 (-1036, 1121)
FTIRz Schlunder IV; qe = (AFS, (Ce"aFS))/(1+BFS,
(Ce"bFS))
rsquare 0/9503
AL 1/369 (-0/5545, 3/292)
B.. 0/03114 (-0/8062, 0/8685)
a. 0/08918 (-0/711, 0/8894)
b 2/223 (-13/59, 18/03)
FTIRz Schlunder V; qe = (qmFS5,K1,(Ce”aFS))/(1+K2
,(Ce"bES) )
rsquare 0/9503
K, 1/21
K, 0/03356
a. 0/09107
b, 2/179
q.pes 1/135
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FP:

Fractional power; q(t) = k, (t*v)

rsquare 0/9884
k 0/2713 (0/2135, 0/3292)
v 0/303 (0/2536, 0/3524)

PFO: Pseudo first order; q(t) = ge, (1-exp(-k,t) )

rsquare -\/7419
k 0/0002318 (-0/03307, 0/03353)
q, 52 (-7337, 7441)
PSO: Pseudo second order; q(t) = (qe.(qe. k. t))/(1+(qe .k,
1)
rsquare -1/6958
k 4/343e-06 (-0/0006254, 0/0006341)
q. 53 (-3747, 3853)
Avrami; q(t) = qe, (1-exp(-(k,t))"n)
rsquare -1/7399
k 0/009612 (-2/352¢+06, 2/352¢+06)
n 0/02508 (-6/136e+06, 6/136e+06)
q. 50/02 (-1/189e+04, 1/199¢+04)
MSO: Modified second order; q(t) = qe, (1- (1/(b+(k,t))))
rsquare 0/9546
b 1/013 (-0/7621, 2/787)
k 9/808e-05 (-0/01415, 0/01434)
q, 50 (-6942, 7042)
Ritchie second order; q(t) = ge. (1- (1/(1+(k.t))))
rsquare 0/9587
k 0/04541 (0/02366, 0/06717)
q, 1/328 (1/16, 1/495)
MOE: Mixed 1,2 order; q(t) = qe, (1-exp(-k., t))/(1-f, exp(-k
1)
rsquare -1/6902
f 0/9991 (-188, 190)
k 2/211e-07 (-0/04341, 0/04342)
q 50 (-6/286e+05, 6/287¢+05)

FMOé: Fracta

1 like mixed 1,2 order; q(t) = qe. (1-exp(-k,
(t"a)))/(1-f2, exp(-k . (t."a)))

rsquare -Y3/3896
a -AM938 (-5/055e+07, 5/055e+07)
f, 0/7056
k 0/6535
q. 50/29

FPFO: Fractal like pseudo first order; q(t) = qe, (1-exp(-k,
(t"a)))

rsquare 0/9884
a 0/3057 (-0/4603, 1/072)
k 0/005275 (-1/437, 1/448)
qe 51/34 (-1/401e+04, 1/412e+04)

FPSO: Fractal

like pseudo second order; q(t) = (qe, qe .k,
(t%a))/(1+(qe k. (t"a))

rsquare -+3/3896
a -49/101
m 0/02428
. 53/56
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FEXP: Fractal like exponential; q(t) = log((2.72)-(1.72),

(exp(-k . (t"a))))/1og(2.72)

rsquare 0/7196
a 0/9255 (-0/4112, 2/262)
k 0/05183 (-0/1892, 0/2929)

BWS: Brouser—

Weron— Sototlongo; q(t) = ge. (1-((1+((n-1),
(t'z)*a))"(-1/(n-1)))

rsquare 0/9877
a 0/4732 (-23/12, 24/06)
n 53/58 (-4/731e+05, 4/732e+05)
q. 53/33 (-4/586e+05, 4/587¢+05)
z 1/018e+05 (-1/791e+09, 1/791e+09)
Elovich; q(t) = (1/b) log((t+1)/a,b)-(1/b),log(1/a,b)
rsquare 0/9581
a 50/37 (-3/964e+08, 3/964e+08)
b 4/3 (4/039, 4/561)
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p(a.u.) V2p(a.u.) (a.u.) V(r) (a.u.) G(r)

-VIG (a.u) H(r)

1 Pb...0™ /+5V0 0260/0
2 Pb...0% o/oFFe 02453/0
3 Pb... 0" o/<FY- 1656/0
4 Pb...0" A 1484/0
5 H”...0" RN 1706/0
6 H*...0” +/+30) 0613/0
7 H”...0" R AN 1047/0

042/0- 033/0 27/1 -009/0
038/0- 030/0 27/1 -008/0
002/0- 023/0 09/1 -002/0
023/0- 020/0 01/1 -002/0
070/0- 056/0 23/1 -013/0
012/0- 013/0 86/0 -002/0
-019/0 023/0 84/0 YRR 4
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