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Scheme 1 Synthetic route for polyethylene polyamine-modified cellulose
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Fig. 1 SEM images of dialdehyde cellulose (a) and polyethylene polyamine-modified cellulose (b)
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Table 1 C, O, N contents of dialdehyde cellulose and polyethylene polyamine-modified cellulose, obtained from SEM energy spectrum

Content of C (wt% ) Content of O (wt% ) Content of N (wt% ) Content of Au (wt% )
Dialdehyde cellulose 30. 14 55.58 — 14.28
Modified cellulose 27.14 39.88 15.48 4.63

Table 2 N content in pulp, dialdehyde cellulose and polyethylene polyamine-modified cellulose by elemental analysis

Content of N (wt% ) Content of C (wt% ) Content of NH, (mmol g~")
Pulp <0.3 42.19 —
Dialdehyde cellulose <0.3 42.22 —
PAA-modified cellulose 6.34 42.86 4.529
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Fig. 2 FTIR spectra of pulp (a), dialdehyde cellulose

(b), and polyethylene polyamine-modified cellulose ( ¢)
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Fig. 3 XRD patterns of pulp (a) and dialdehyde cellulose (b)
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Fig. 4  Adsorption kinetics of polyethylene polyamine-

modified cellulose for F~, As0,*~ and Cr,0,%>~ (a) and

pseudo-second-order kinetics fitting curves (b)

Table 3 Pseudo-second-order kinetics model parameter

polyethylene polyamine-modified cellulose

Anion

s ky  q'(mgg™') gq.."(mgg™")
F- 0.999  2.51 2.13 2.12
Cr, 0,7~ 0.999  0.383 9.17 9.097
As0,%" 0.999  1.033 2.05 2.05

* The g, value is calculated as a parameter of the pseudo-second-order
kinetics model. " The q... value is the experimental data when the

absorption reaches equilibrium
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Fig. 5 Effect of initial concentrations on adsorption

behaviors of polyethylene polyamine-modified cellulose for F~

(a),Cr,0,27 (b) and AsO,”" (¢)
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Fig. 6 Linear plots of adsorption isotherms fitting by Langmuir

(a), Freundlich (b) and Termkin (c¢)models

Table 4 Langmuir,Freundlich and Temkin isotherm model parameters

Langmuir model parameter

Qua(mgg™) b (Lmg™") s
F- 13. 89 0.27 0.985
Cr, 0,7~ 10. 18 0.014 0.974
AsO,* " 15. 65 6.45 0. 996

Freundlich model parameter

Ki(mgg™") n s
F- 2.98 1. 64 0.993
Cr, 0,7~ 14.52 0.68 0.974
As0,* " 14.1 3.66 0.972

Termkin model parameter

AT(Lrng") bT(Jmol’]) P
F- 2.84 837.98 0.972
Cr,0,%2° 2.34 131.48 0. 947
AsO,*~ 101.37 827.07 0.983
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Preparation of Polyethylene Polyamine-modified Cellulose and Its
Adsorbability for As, F and Cr Anions

Ling-die Meng'' *, Feng-qi Wang', Jin-pei Li', Ye Tian', Min Wu'" , Da-yong Wu'",
Shigenori Kugal , Yong Huangl :
("' Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* Zhong Ke San Huan Research, Beijing 102299)

Abstract A novel wood-based adsorbent material was developed for removal of harmful anions from drinking
water. First, wood pulp was partially oxidized by sodium periodate to form dialdehyde-modified cellulose ;
secondly , the aldehyde groups were coupled with polyethylene polyamine via Schiff base reaction to give amino-
modified cellulose-based cationic adsorbent material. All reactions could be performed by mild and facile
procedures. The adsorption performance of amino-modified cellulose-based cationic adsorbent against F ™ |
Cr,0,>” and AsO,’” was studied in terms of adsorption capacity (isotherm) and rate of adsorption. The results

2 -
and

showed that the amino-modified cellulose-based cationic adsorbent is effective for the harmful F =, Cr, 0,
AsO,” ions. High adsorption capacity for these species was displayed and rapid adsorption equilibrium could
be achieved. The study of the adsorption isotherm has showed that, Langmuir monolayer adsorption isotherm is
more favorable for description of the adsorption process within the studied concentration. The capacity was
affected by the pH level :high pH gave increased adsorptivity for Cr,0,” and AsO,”” ,while neutral to low pH
decreased the adsorption capacity of F~. This amino-modified cellulose-based cationic adsorbent showed
selectivity for Cr,0,”” and AsO,’” , which were adsorbed under presence of other monovalent anions. This
phenomenon is likely due to the chelating action of the cationic groups of polyamine in amino-modified
cellulose-based cationic adsorbent. But for F ™ | the electrostatic force is probably dominant in the adsorption
mechanism , which did not show this high selectivity in the presence of competing anions.
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