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Adsorption Equilibrium and Kinetics of Fe3* by Sugar Beet Pulp
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Abstract: Sugar beet pulp (SBP) is rich in dietary fiber and is the major by product in sugar industry, which is often used to trea the
pollution of heavy metals and pigments in wastewater because of its strong combining capacity of cations. The effedts of sorbent dosage, sorbent
particle size, contact time, and initial concentration of Fe®* on adsorption of the necessary macro element Fe in body by SBPwere studied andthe
adsorption equilibrium and kinetics models were also conducted. Results showed that the uptake of Fe* increased with decreasingparticle size
and increasing initial concentration of Fe**; the sorption process reached equilibrium after 80~100 min of contact; 65% of Fe** was removedby
using 5g/L of SBP (paticle size 75 pm~150 um) with"93% water and 0.001 mol/L Fe* a 25 °C for contacting 100 min; the pseudo
second-order kinetic model could be described by the adsorption process(R%>0.99); and the adsorption equilibrium data fitted well with the
Freundlich adsorption isotherm equation; showingthe adsorption of Fe* by SBP was not in monomolecular layer type. SBP, which is cheap and

highly selective, seems to be apromisingsubstrate to develop organic iron agent with high bioactivity.
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Fig.1 Effect of particle size on the sorption of Fe3* using SBP
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Fig.2 Effect of contact time on the sorption of Fe3* using SBP
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Fig.3 Fitting plots of three kinetic models
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Fig.4 Effect of SBP dosage on the sorption of Fe3*

24 FERATHR A SRR Fe 00 8

“a

Fe' ik B 1 40 70

G E AL

WWURE N 25 °C, HY 75~150 um JEEHEEH 2.5 ¢
5 4, SRIENE] 100 mL #EELE 0.001 £ 0.005
mol/L Z )L )& FeSAT, M IRE] A 100 min,
TR AR TS B W B S R T8, DA Fe Pl IR B o A b
FeS iRk FE R ARFR PRI, 25 BB 5 FT s
Hs A
11r _/’

i .
3 o

I!.r' _,.-"f"

! s

it &

e

“ L il L 1 L
] (L0 (002 0003 0004

HESBPAT TR F 0 AL £ mg

HEFe* S S (mol/L)
5 Fe" F&INMESHHKREREXR
Fig.5 Relations.between equilibrium intake and initial
concentration of Fe3*

ISR B, TR PRI B R A —
HISCIE. BEAE Fe I IR R AN N, - SHSR RORH X
Fe3 P ff EIZ TG Mo FTREJF R, 7RI A2
H, WRYIE S TIREESEIN G, S8 51 A 7R
T PR IR Bz ped FRYRIEFERE 0, RIS 65 AR R 2 FA 85 i
SEURN Pl SBP+Fe* <> SBP-Fe+3H [l 453,
T SRR SBP )P~ 147 Bt ffy el 2 8«

B S FENT 462 B (R IR B ik F — e Langmiur A1
Freundlich %5 IR Y BT 4005 . Langmiur5s i b
EAWAE

c. 1 C
= +

qe N KLqe i
2P Co B T 70 i PR R 69K R, mglL; ge R

P f 42 & LA BB AR IR A F, molg; om A&
to AR 2, molg; KL 5oR M8 SR M A X 69 Langmiur 5
R R R

i Freundlich 2435 B =0 -

lgg. =1gK; +%|@1€e

oA Co MR T M 7k PR R 69K R, mo/L; ge R
Pt T 50 45 2 A SRR IE 69 2, mglg; K 5R
= A % #9Freundlich J22% M-85 % 4 nA5 B3R B A %

#9Freundlich % /& A IH 2 3% 3.

Fil L8 -
16 jﬁ

L4 @ /

T =] 15655 -1,5453

e y=1.1565x (1.5453
;:‘?—’f =0 0944
101 e

0# | //

r

lzq,

T y=0.0068X+2.3224
20+ e R=0.5493

e

i

L‘l- L A A 1 1 A J
I 20 3 40 30 60 TO ED S0 100
C ¢ {mgL)

&6 25°C TR FfFe® HiFreund | i chZ5R 2[E] (a) FiLangni urZ5s
& ()
Fig.6 Linearized Freundlich isotherm and Langmiur isotherm
for Fe®* removal at 25 C

R HH R -1 s 5 A Pk FEE AR K e (1Y
W B, 439144 Freundlich AT Langmiur 25 5 W5 B 28 4
K, g8 RuEef. ME6 (a) mlkn, WFHFe™ (1)
Langmiur i 25 B RAE /N 1-0.6; ARG (b) AT %,
Freundlich%&ili 2k BIRME K T°0.99, RIS S0 0 &
TRFE R B Freundlic h&5 iR W FRAS B SE INFF &, it
B2 S R R IR AT 9 AN fT B B 1 SRR B, I
BEBLEIRE AV BT B AR AR, AR 5K
MBI SRR G BB SRR, SRS ar gt &
RIR YR MPL YR 2 P oA K,

3 g
FH S AT Fe3 f AT AW B BE . BHEERPRY A

31



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.1

Fide . WPl PR A 2 Fes gk BEAERAE
T FE I B FEAEAE R (D) XWPRIAA/N T 75 pm.
75~150 um AR T 75 pm ) =R EEER0T 4, Rifz i
NITRHSERANT FeS* (M BHRE Jubkaim; (2D W e gk
47 A 80~100 min 1A T4, FHSERI AR Fed it
FEFF A B3 ) A58 (3) %) 100 mL 0.001M
(1) FeSET, W2 93% I EISAFEFI R & 5 g, BERY
2] 65% Fe Hi s (4) Bl FeS WIUaH FEM 1,
B SRR Fest MR B BE 701G i, W AR IR 2R T A
Freundlich &5 i W B A58

B K

[11 R, F S, T8 B A o SR AN 25 5 0 T e g
AT PR IR I [J). 46T BE D RS (1 ARRHERR),
2012,40(5):139-144
ZHU Si-ming, WANG Wen-ting, YU Shu-juan. Effects of
Fractionation by Alcohol Precipitation and Deproteinization
by Enzyme on Properties of Beet Dietary Fibre [J]. 2012,
40(5): 139-144

[2] ffPRE, TR 2 E A SR TR R I L [0].
I Fif S hll, 2011, 3:23-26
BAO Zheng-guo, Zhang Wen-ju, LI Jiang-guo, e al.
Development and utilization of beet pulp [J]. China Beet &
Sugar, 2011, 3:23-26

[31 V M Dronnet, CM G C Renard, M A V Axelos, et al.
Binding of divalent metal cations by sugar-beet pulp[J].
Carbohydrate Polymers, 1997, 34:73-82

[4] Z Reddad, C Gerente, Y Andres, et al. Ni(ll) and Cu(ll)
binding properties of native and Modified sugar.bee pulp [J].
Carbohydrate Polymers, 2002, 49: 23-31

[5] S E Ghazy, A E S Khedr, H M M Youssef, et al.
Biosorptive-flotation of copper (II) from environmental
water samp les using sugar beet pulp as sorbent and oleic acid

as  surfactant [J]. Chemical Speciation and Bioavailability,

32

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

2009, 21(3): 131-140

E Pehlivan, B H Yamk, G Ahmetli, et al. Equilibrium
isotherm studies for the uptake of cadmium and lead ions
onto sugar beet pulp [J]. Bioresource Technology, 2008, 99:
3520-3527

Z Reddad, C Gerente, Y Andres, et al. Mechanisms of Cr(I1I)
and Cr(VI) removal from aqueous solutions by sugar beet
pulp [J]. Environmental Technology, 2003, 24(2): 257-264

M R Malekbala, SHosseini, S K Yazdi, et al. The study ofthe
potential capability of sugar beet pulp on the removal
efficiency of two cationic'dyes [J]. Chemical Engineering
Research and Design, 2012, 90(5): 704-712

Y NMata, M L Blazquez, A Ballester, et al. Sugar-beet pulp
pectin gels as biosorbent for heavy metals: Preparation and
determination of biosorption and desorption characteristics
[J]. Chemical Engineering Journal, 2009, 150: 289-301

H Arslanoglu, F*Tumen. A study on cations and color
removal from thin sugar juice by modified sugar beetpulp [J].
Joumal of Food Science and Technology, 2012, 49(3): 319-
327

J Zolgharnein, N Asanjarani, T Shariatmanesh, et al. Removal
of thallium (1) from aqueous solution using modified sugar
beet pulp [M]. Toxicological and Environmental Chemistry,
2010

H S Altundogan. Cr(VI) removal from aqueous solution by
iron(IIl) hydroxide-loaded sugar beet pulp [J]. Process
Biochemistry, 2005, 40: 1443-1452

A Ozer, F Tumen. Cd(IIl') adsorption from aqueous solution
by activated carbon from sugar beet pulp impregnated with
phosphoric acid [J]. Fresenius Environmental Bulletin, 2003,
12(9): 1050-1058

G Dursun, H Cicek, A Dursun. Adsorption of phenol from
aqueous by using carbonised beet pulp tigong [J]. Joumal of
Hazardous Materlals, 2005, B125: 175-182



