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Preparation of polyethyleneimine modified bagasse cellulose/montmorillonite
composite spheres and their performance on adsor ption of Cd(1I')
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Abstract: PEI-SBC/Mt composite spheres were synthesized from polyethyleneimine (PEI) modified
bagasse cellulose (SBC) (PEI-SBC) and modified montmorillonite (SMt) using calcium carbonate as
pore-forming agent via simple coagulation bath method, and characterized by FTIR, SEM, XRD, TGA, N,
adsorption. The effects of initial solution pH, initial Cd( Il ) mass concentration, adsorption temperature and
adsorption time on the performance of PEI-SBC/Mt on adsorption of Cd(Il) were then investigated,
followed by analysis on the adsorption mechanism. The results showed that the maximum equilibrium
capacity of PEI-SBC/Mt for adsorption of Cd(II') reached 235 mg/g under the conditions of 25 °C, pH=6
and initial Cd( I ) mass concentration of 450 mg/L. The adsorption process, which was single-molecule
chemisorption with PEI providing more active sites, could be accurately described by the quasi-second-
order kinetic model and Langmuir model. Moreover, the adsorbent was reusable and its adsorption capacity
only decreased from the original 94.0% to 79.8% after five cycles of adsorption and desorption.
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KOH % (i34 10% ) H, 7E2 0 T HtdE R v
10 h, W= Yt LB FoKkEk 2k, BT 55 °C
P, PR L 3 KU T A T 0 24 h, A5 B4l fh i v 2T
4% (SBC) 191,

122 Ep ek
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Physical picture of PEI-SBC/Mt composite spheres
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Fig. 2 SEM images of sphere surface (a), outer surface (b)
and cross section (c, d) of PEI-SBC/Mt
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Fig. 3 FTIR spectra of SBC, SBC/Mt and PEI-SBC/Mt
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g 10
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SMt _
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Y. S JRRE/C
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n ) . .
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El 4 Mt, SMt. SBC/Mt, PEI-SBC/Mt il SBC ) XRD
& E
Fig. 4 XRD patterns of Mt, SMt, SBC/Mt, PEI-SBC/Mt
and SBC
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DR FE S , UM S A RERR R Y i AR A R AR
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F1 PEI-SBC/Mt 7£ 20=19.94°, 22.44°L) }% 26.72° 3
AT B IR S AT S, 5 Mt BT SMIt Y HE A A
AT, 26=5.80° 4017 ST 2%, JF IR BL 1
HLk Y mfir i, HA SBC (20=22.44°) 1 Mt

(6=19.90°) HYFFAERTHIIE, WE/R T F 45 db il o
FYERA, JF H H BT 350k I R B A T 1 .
2.1.4 TGA 5 #7

&l 5 25 SBC . Mt, SBC/Mt, PEI-SBC/Mt ] TGA
FI DTG £k, ME Sa n]LIFESH], SBC. Mt, SBC/Mt,
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15.0%, SBC/Mt 7£ 748 °CIRE{RIF A 38.2%, PEIL-
SBC/Mt 1E 515 °Ciii{REA %N 30.4%, HI] 5b ATLIER
., 5 SBC #LL, Mt B TR RIS E 1
2.1.5 Ny, RH o7
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hee fnfLi A il o
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Fig. 6 N, adsorption curves (a) and pore size distribution
(b) of PEI-SBC/Mt and SBC/Mt
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& 6a A LIFE H, PEI-SBC/Mt 1 SBC/Mt )
N Wt R A7 A IV AL SR 2, 2 B AR (g AL 2 M i
ML HRE IV B SR LA 43 AT, 7R I SR B A
N, 75 W B 770 2% 1 % AR R 2 IR, 22 2 W o 3k 24y
sk, JFUGRTE 2 20t aniE 6b ffx, PEI-SBC/Mt
1 SBC/Mt 1 FLAR FEZ 53 A TE 2~20 nm Z[H] . #4fE
LR 2 S, PR RHLAR 3 A 7E 2~50 nm
Z 6], J& FA-fLAH R 1 H PEI-SBC/Mt b SBC/Mt
I FLAE FIFLAR TR AT BT80N
2.2 PEI-SBC/Mt X3 Cd( I )RR Bft 43 #fr
221 AR pH %

WIREIRILR pH RZM 4 I8 B8 T FE 7 W I A7 e
TE 2RI B0 750 1% 2 TR0 F Ay o0 A, X A RS o A A 2
IR, 78 25 °C . Cd(INWIEA B HEE A 150 mg/L
W B s 1] 120 min (B9 2508 F, 4] 0.1 g PEI-SBC/Mt
BT 100 mL Cd( IN# R HIR R+, FE R KSR
Giow TR, BRI pH X CACI )-8 W fhf
HRFE, 5B 7a iR, ME 7a WTED, R
ik pH ', PEI-SBC/Mt W B350 %F Cd( I )B4 Bt 6
AR, XN, K pH F HMRER S, 1ibm s
FEL CE R AFAE, W 2 A7 58 4 W B
[F] Fsf W RS 5510 ) —NH 45 5 168 NHy, 77E
R T, M sZm W fE s . Bl pH Y38,
PEI-SBC/Mt & [ 1E B fuf Jak /b, Wit o iff— 20 34
pH=6 Ff W B ik 31 B AT B 5, O 125 mg/g, pH
O 25 188 TN S T B S TR R, R BRI AE R T
Cd(OH), #Mi T PEI-SBC/Mt Xf Cd( 11 )t Mz B . [51 itt; ,
Cd( TNy AR 46 pH R 6.
222 CAd()ym4RmERENHh

fE 25 °C. pH=6. WLfATE 120 min 574 T,
# 0.1 g PEI-SBC/Mt i# A Cd( I )i&# (100 mL ),
THEIR KB IR G iR, %5 CA( )W iR it ik
JE (50~1000 mg/L ) T PEI-SBC/Mt F4 W5 F 255, 45
LU 70 Frs o B & 7o A STl R R Cd( T
WG ST R B AR I . Y Cd( )RR T it ik
iKE] 450 mg/L W}, P ks TR, X AT RgEEk
T B0 it R B Y S KT AT R o, Ry 235 mg/go
2.2.3  E WA &%k

1E 25 °C. pH=6 %M F, ¥ 0.1 g PEI-SBC/Mt
A 100 mL % CA(INEWAHEIE T, THEEK
BIRG IR, % %% PEI-SBC/Mt 7EA[F Cd(1l)
WG R (150, 300, 450 mg/L) -1 i fff
A R AR AL, 25 RN Tc FraR. R 7c AT,
PEI-SBC/Mt 7E 0~5 min PN, WM R, X2&h
T, FE B 46 B s W o 50 R T A A R A R FfT
JREs A RIS BEAh, W IR BB Cd( T )R
IR R, CA(I) e B 2w i ek sh 11 k. Y

W B Bst [60] Ky 5~25 min Bsb, P77 G B 49 K % o
BXHE R Ay, R R ) 9 T 9 o S A S A . BT LA
100 min J5 W B FEAS 38 BIF-A5 , PRIkG, SP A e o A
[d] 4 100 min.,
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Fig. 7
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1E pH=6, Cd( Il )#] 1k B 150 mg/L .
W B BB 100 min B4 FF R, ¥ 0.1 g PEI-
SBC/Mt & T 100 mL Cd(I)E® ., THHEIEKA
R amhiRE, ZHRAREBE (30~50°C) F
PEI-SBC/Mt X Cd( T )4 W [ 12 (R 52 ), 235 5 I
B 7do N 7d v LA Y, Bl TR ) T+, Cd( )
B R L. XY, RETAE, B
W CAd(IARNEZ 33 2, #m T Cd(Il)
5 PEI-SBC/Mt A4 &% hilf 15123, (Rt , S 7o 18 o
il 5 T 3 ) v T 1
2.3 WMizh h=Eanh

PEI-SBC/Mt & £ 3k W §f 55 19 31 ) B AL RN =
B manE 8a, b A1 1 ik, W 1 WA, PEI-

SBC/Mt Xf Cd( 1T ) A B b 72 53 & FH #E — 9 8 )
SRR (R>R, R,*>0.99 ), B fffid
FERAL W . ] Sc MUkL N BRI R £k, H:
SR 2, MK 8c Al WL, AN[R Cd( I )#) 4 o & ik
JE T AUA B BURL N B BB P38 3 A2k X sk
B, URPHIE B AT 43 3 ANBYEBE, BARIR (k) B,
W B e ek . PRI R g R, U Cd(TT)AY
W B 338 S5 I AEAN Pl WORE 9 4 G R e, B B
fhMLEI I . 2 2 AT, ko FOETHOSE — B BE 5 %
T P A A 5 o — IEL WG JRF 550 25 T 19 DR3840 R B 67
dPEEE B BERLT IR T, X — B BE cd( ik AL
B N B B 5 = B BN AR B, R TR
B o7 a5 B8k A A Cd( T ) o 1 e R A, kg KR
REAIR

65 150 gL 0.9 - 2505
L] m,
sk 300 mg/L = 8'3' 200} T
= A 450 mg/L Nad /
AP ? 0.6 %150 I —"
S E 0.5 £ /
S 0.4 S _—
= = Y o Si 100t _/./'
g2 Qi 03f o _—
= -~ —=—150 mg/L
< 02l = 150 mg/L sol £
1 ‘ » 300 mg/L { —e—300 mg/L
01k » 450 mg/L y —a 450 mg/L
0 20 40 60 8 100 0 20 40 60 8 100 0 2 4 6 8 10
t/min t/min A2/min'?2
B8 We—Bh IR (a); MEZ B AL (b); BOR AP BB MiZ ()

Fig. 8 Quasi primary kinetic model curve (a); Quasi secondary kinetic model curve (b); Intraparticle diffusion model curve (c)

1 AFFREE T PEL-SBC/Mt W Cd( IT)fzh J12# A 24
Table 1 Kinetic model parameters of Cd( Il ) adsorption by PEI- SBC/Mt at different concentrations
plmgL)  Quoglmge) e . R .
ky/min Q.1/(mg/g) R, ka/[g/(mg-min)] Q./(mg/g) Ry
150 125 0.03890 67.7361 0.92059 1.257x107° 131.0616 0.99646
300 180 0.03367 88.7781 0.92681 1.298x107° 182.4818 0.99958
450 235 0.05268 117.2162 0.97350 1.288x107° 233.1002 0.99983

2 AFFEHEE T PEI-SBC/Mt W Cd( 1T ) JB0kL P 4™ U 7 245
Table 2 Parameters of intraparticle diffusion model for Cd( Il') adsorption by PEI-SBC/Mt at different mass concentrations
po/(mg/L)  kig/[mg/(g-min'?)] C R?  kiw/[mg/(g-min'?)] G, R, kigs/[mg/(g-min'"?)] G Ry’
150 41.1189 —25.7384  0.9040 21.9731 14.7596 0.9997 3.4346 90.6296 0.8583
300 57.4275 —20.3517  0.9053 18.4724 66.5932 0.9622 4.1474 135.5108 0.9959
450 60.9018 5.5962  0.8739 24.3866 86.9922 0.9625 4.1954 185.7673 0.9221
24 MMERLER 250 2
€l 9 & Langmuir & Freundlich %% il W B} ith £& ,
HEARSHFE 3, #id &P, Langmuir S8 = 20T = 7
XK ZE (R*) % T Freundlich #i%1, i H. Langmuir E 150
BRALL B A5 2 Y BRI i I R -5 S e AR B+ S
S, FW PEI-SBC/Mt X Cd( T ) f Mg et 1 5 100 X 30
£ Fi1 Langmuir 25507 BB RE , WEFFist B2 259 1y ol s a0
BA TR . 5348, M Freundlich A1 735 n o T R T —

¥)>1, 18 PEI-SBC/Mt *f Cd( T yA #5581 B fiE 11 .

pd/(mg/L)
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® 40°C
sot* = 50°C
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po/(mg/L)
Kl 9 Langmuir 57 AHZE (a) A Freundlich 57 M
FihZk (b)

Fig. 9 Langmuir isothermal adsorption curves (a) and

Freundlich isothermal adsorption curves (b)

# 3 PEI-SBC/Mt 7EANTAITEE T WRRT C( 1) ik B 25t A
RIZHL
Table 3 Isothermal model parameters for the adsorption of
Cd(II') by PEI-SBC/Mt at different temperature

Langmuir Freundlich

6/°C
2 K¢/[ (mg/g)
Ki/(L/mg) On/(mg/g) R n (L/img)"]

37.3623
40.8605
57.1841

RZ

30 0.03131 241.0850 0.99984 3.0249
40 0.03461 255.0737 0.99978 3.0345
50 0.05196 266.2774 0.99911 3.5062

0.93001
0.93429
0.93181

25 HERMERE

I R 751 P10 P24 e A ) S o R K Ak R AR 2
HIPEFERZE, K 10 H PEI-SBC/Mt 53 5 Y Fff
FIVSigE MR AP B o P S W B R R Ak, IR 10 AT I,
PEI-SBC/Mt X Cd( 1) % M B 32 f 2 46 11 94.0% % 2
79.8%. X AJ BESE KR AE BRI, Cd( D) A Rew 58
AW, AR T RO S Ah, AR
3N AT e S B0 43 FLBREE € . PEI-SBC/Mt £83 W
BRE RN S ARG, TR T AR, X
Cd( 1) 45 88 A %8¢ s /0 W BRE B 07, 18 O Wi o )
PEI-SBC/Mt ELA K - W B -4 14 i o

0 1 2 3 4 5
{EZRVS: U

P 10 PEI-SBC/Mt % B 570 i) F A 1 ik
Fig. 10 Regeneration performance of PEI-SBC/Mt adsorbent

2.6 WRBHHLIES MR

FF LR RIE S 855, AR SR TR
W R AL . B 4 i 7 W o ) 2 o i) e o B ke 2 1w
L LB FrE A EAEASER R . Cd()7E PEL-
SBC/Mt b i W fE 455 1 0 2 7 4R 7 i fff 7] 2%
T 3 A1 5747 15 B A () Cd( I )il i SE i e 7 7 s AR
WO AT A& AEBE G, 3 T 1) R AT o 25 2 2 il R
FE P EK . CaCOs fEAEFLFIIE N T PEI-SBC/Mt
FR I B2 S A L 2 TR AR, SMit #1 PEI A9 i ACA PEI-
SBC/Mt GBI AT BRIEMAI, JE—E1n TG EN
M TE8UE pH F, PEI-SBC/Mt % [ 24 3t i 11k~
AIERM S Cd(I) & A # i HEF S B0 AL,
e pH T, #JcE L Cd(OH),. CA(OH) I
Cd(OH);IIEAXAE7E, ik, PEI-SBC/Mt 7 pH=6
2o A7 B P R B A0R Fee

& 11 A PEI-SBC/Mt 5 #4 75 % K1 &% PEI-SBC/Mt
e B CcAd(Il )M PLEEE . B 11a 7] DLk 3L,
PEI-SBC/Mt & & RN 4M31ii & Mt Fil SBC, H 1 SBC
# PEI 2otk IR 116 AJ 1, Cd(T) AT DL it & e
YEFIWCRT PEI-SBC/Mt 2 BT b 3R FL sl iy 11
A FER] (M™) (Si—O 1 Al—0 ), % 1 W5
5 cd()Z MAEAE s Jj Z 4h, PEI-SBC/Mt
XF Ccd( 1D 5 PEI-SBC/Mt | #—NH 8{—NH,
5 cd(I)Z BB EGH —ERMKER, —NH
—NH, 5#d T8 Cd( 1T )Rl LIS i 3 F s 7 %7 i 1
KA EAER L [F I, PEI-SBC/Mt | —OH H1 Cd(11)
KRB T AS e, IEAh Mt i B R AT, H:
JZIR AT K A BHES 7 (Na™, Ca*") 7[5 Cd(1T)
21 S QUSRI NI VIl

OrNH, + Cd
O‘A’\OH + Cd?** O,WOCd2+ + H*
Qe + ca Dmice

K 11 PEI-SBC/Mt #5475 % &1 (a) Sz PEI-SBC/Mt I Ff
Cd(ID)MHLERE (b)
Schematic diagram of PEI-SBC/Mt structure (a) and
mechanism of Cd( ') adsorption by PEI-SBC/Mt (b)
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Fig. 11
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