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ABSTRACT: A novel crosslinked starch-graft-polyacryl-
amide-co-sodium xanthate (CSAX) was synthesized by
grafting copolymerization reactions of crosslinked corn
starch, acrylamide (AM), and sodium xanthate, using
epichlorohydrin (EPI) as crosslinking reagent and ceric
ammonium nitrate as initiator in aqueous solution. The
effects of some factors, such as crosslinker, initiator, AM,
NaOH and so forth, on the flocculation were investi-
gated in terms of efficiency of grafting (% GE), grafting
percentage (% GP), and viscosity averaged molecular
weight (M) of the PAM pendant chains. The results
showed that the CSAX was successfully synthesized with

the different number and length of grafted PAM pendant
chains and with the functions of removing both sub-
stance causing turbidity and heavy metal ions from
aqueous solution. Under optimum synthesis conditions,
CSAX exhibited excellent performances: the rate of tur-
bidity removal (% T) reached 98.4% and the rate of
Cu®*" removal (% R) reached 99.2% in water treatment,
respectively. © 2008 Wiley Periodicals, Inc. ] Appl Polym Sci
112: 135-141, 2009
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INTRODUCTION

Starch is cheap, renewable, biodegradable, and the
most abundant organic raw material. It has a
capacity to acquire properties significantly extending
its possible applications in food and nonfood indus-
trial sectors as a result of physical and chemical
modification."? One of the applications of starch
derivatives is acting as flocculants. For example,
Aerofloc (American Cyanamid Corp.), Budond
(American Buckman Corp.), Zfloc-Aid, Starches 613-
45 and Zyork Shiree (National Starch and Chemical
Corp.), Wisprofloc (Britain Yorkshire Dye Corp.),
and so on,’ are all prevalent flocculants of starch
derivatives in the world. During preparing these
medicaments for water treatment, there are often
three methods: crosslinking, graft copolymerization,
and esterification.

Crosslinking starch with Epichlorohydrin (EPI) is
the most common method used in preparation of
polysaccharide-based derivatives. Glycerol mono-
ether is formed by hydroxy group of starch and EPI,
which makes molecules of starch bridged together
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and come into being three-dimensional space-net
structures. Franck et al.*® have studied this reaction
using FTIR, elemental analysis, electrophoretic mo-
bility, and NMR spectroscopy techniques in detail.
The results showed that the extent of crosslinking be
calculated on basis of total EPI introduced into the
reaction mixture or qualitatively determined from
the physical behavior of the crosslinked starch prod-
ucts. In this work, crosslinking of starch was
employed to make the flocs formed by the products
separate from the aqueous phase fleetly and
effectively.

Many graft copolymers have been synthesized by
grafting polyacrylamide (PAM) onto starch deriva-
tives, and different initiators to initiate grafting PAM
onto starch have been studied. The formations of
free radicals on the backbone polymer by cerium
have been also demonstrated by electron spin reso-
nance.” The loci of initiation of polymer formation
on the starch backbone polymer are radicals formed
by the oxidative reactions of ceric ions with starch
chain ends containing hemiacetal linkages, glycol
linkages leading to C,—C; bond cleavage.8 It has
been observed that the graft copolymers with less
but longer PAM branches exhibit better flocculation
characteristics. It was postulated by Rath and Singh’
that graft copolymers are more effective compared
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with the linear polymers because of their greater
approachability to the contaminants. In another
study, the similar results were obtained by Rath and
Singh® via comparing the flocculation behavior of
St-g-PAM and Amylopectin-g-PAM.

CS, reacts with alkali to form xanthogenate
[eq. (1)]. Then xanthogenate combines with starch or
its derivatives and thus starch-xanthogenate is
formed, which is known as xanthation [eq. (2)).101
The corresponding reactions are as follows:

Il
S=C=8 + NaOH— HO—C—SNa
M

I Il
PAM—CSt—OH +HO—C—S8Na—PAM—CSt—0—C—SNa

2)

Like the reactions between sodium sulfide and
heavy metals, the heavy metal ions react with CSS
groups to form metal-xanthate complexes. According
to the solubility of starch xanthates before reacting
with metal ions they are classified as two types: water-
soluble starch xanthates (SSX) and water-insoluble
starch xanthates (ISX). One of the major limitations of
the SSX process is the separation of the metal-starch
xanthate precipitate complex from the aqueous
phase.'*'*> Compared with SSX, ISX with the low solu-
bility product (Kp,) values and high stability constants
of metal-ISX that has been reported to be an effective
method for heavy metal removal from aqueous solu-
tions.'*'® However, insolubility of ISX results in large
tonnage use of it in service; this is a hard problem as
flocculant.

In view of the information just presented, in our
work several attempts have been made to combine
the best properties of both by copolymerization and
xanthation with crosslinked starch (CSt). A synthetic
method was developed to introduce PAM graft
chains and the strong ligand CSS into CSt simul-
taneously and to obtain a new flocculant cross-
linked starch-graft-polyacrylamide-co-sodium xanthate
(CSAX). Owing to the molecule of CSAX containing
both water-insoluble CSt and water-soluble PAM, it
is semisoluble state that is easier to make the waste-
water destabilize by CSAX than by SSX, and also the
dosage of CSAX was less than that of ISX. Because
CSAX is able to remove turbidity by bridging floccu-
lation and dissolved metal ions by complex formation
with the CSS groups and the —COO™ groups gener-
ated by hydrolyzation of —CONH, together. There-
fore, it is possible to reduce the subsequent units in
wastewater treatment.
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EXPERIMENTS
Materials

Corn starch (Food grade) was supplied by packing-
house, China. a-amylase was from Xiasheng Corp.,
Ningxia, China. Acrylamide (AR, Shanghai Chemical
Reagent Factory, Shanghai, China) and ceric ammo-
nium nitrate (CAN) (AR, Beijing Chemical Reagent
Corp., Beijing, China) were used as graft monomer
and initiator, respectively. Kaolin, epichlorohydrin
(EPI), acetone (AR, Tientsin Chemical Reagent Fac-
tory, Tientsin, China), and other compounds were
used as purchased. All solutions were prepared with
distilled water.

Synthesis and characterization of CSt

Corn starch (50 g) and 1% (w/v) sodium chloride
solution (75 mL) were put into a 250-mL three-
necked flask equipped with a stirrer and a thermom-
eter.'”? The slurry was heated to 30°C and kept at
a constant temperature in water bath. KOH solution
(15%, w/v; 20 mL) was added to this slurry, and
then EPI was added dropwise for about 5 min. After
8 h, the reaction was completed. The CSt suspension
slurry was adjusted to pH 7.0 with 1 mol/L HCl
and 1 mol/L NaOH solution, and then the filtered
solid was washed successively with distilled water
(100 mL) and several portions of ethanol (100 mL
total). After drying in a vacuum oven at 60°C to a
constant weight, the CSt was milled and screened.
Dried CSt (10 g) was treated with 100 mL of dis-
tilled water to prepare uniform slurry, which was
stirred and heated to 85-90°C, and then kept at a
constant temperature for 20 min. After cooling to
room temperature, it was decanted into graduated
flask (100 mL) and kept at constant volume with dis-
tilled water settled for 24 h, and the volume of pre-
cipitate was named as settling volume (SV).*

Synthesis and characterization of crosslinked
starch-graft-polyacrylamide

A series of the CSA were prepared by using differ-
ent amounts of initiator, CSt, and AM according to
the following procedure: CSt (2 g) was treated with
20 mL distilled water to prepare uniform slurry, and
then different concentration of AM solution (40 mL)
was added. The mixture was placed in a 250-mL
four-necked flask equipped with a stirrer, a con-
denser, a thermometer, and a gas inlet system. The
flask was immersed in a water bath and heated to
45°C under nitrogen. After 15 min, CAN was added.
The polymerization was continued under constant
stirring and in a nitrogen atmosphere for 3 h. Then
the mixture was cooled to room temperature,*
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precipitated in acetone, and filtered. The crude prod-
ucts dried in a vacuum oven at 60°C.

The crude products of CSA were extracted by
Soxhlet extractor. Mixture solutions of glycol and
acetic acid (40 : 60, v/v) were used as solvent. The
purified CSA was precipitated in acetone and then
was dried in a vacuum oven to constant weight at
60°C. The efficiency of grafting (% GE)*?® and graft-
ing percentage (% GP)*” were calculated as follows:

% GE = 100(W, — Wy)/Ws 3)

% GP = 100(W, — Wy)/W, (4)

where W;, W,, and W; are the weights of pure
starch, graft copolymer, and AM monomer,
respectively.

The intrinsic viscosity ([n]) of PAM pendant
chains was determined with the help of Ubbelohde
capillary viscometer. Sample of the polymer (0.1 g)
was dissolved in 1 mol/L NaCl solution. From the
time of flow of pure solvent (ty, for 1 mol/L NaCl
solution) and the polymer solutions (t), relative vis-
cosity (n, =t/ty) was obtained. The terms related to
viscosity measurements®™ were given as follows:
specific viscosity = m, —1 = ng,; reduced viscosity
= Nyp/C = Nyeq; inherent viscosity = Inm,/C = nyy;
and intrinsic viscosity = (Inng/C)._o = [n]. The
intrinsic viscosity values of graft copolymer were
given in Table II. The intrinsic viscosity measure-
ment curves were shown in Figure 1.

The grafted PAM pendant chains were isolated
from the CST backbone by a treatment with a-amy-
lase. The detailed procedure was as follows: purified
CSA (1 g) and a-amylase (0.002 g) were added to a
50-mL conical flask, and then 10 mL distilled water
was added and stirred magnetically. The slurry was
maintained at 60-65°C for 2 h. After that the mixture
was filtered using sand funnel, and the obtained fil-
trate was poured into a large excess of acetone. The
PAM recovered was purified by dissolution in warm
water and precipitation in acetone. The molecular
weight of the isolated PAM pendant chains was
determined by viscosity measurements in an aque-
ous NaCl (1 mol/L) solution using the formula of
Mark-Houwink:

M =«[n]* (1 mol/L NaCl solution, 30 £ 0.1°C) (5)

where the k and o values are 802 and 1.25, respectively;
[n] is intrinsic viscosity; M is the viscosity averaged
molecular weight of the PAM pendant chains.”®

Synthesis and characterization of CSAX

CSA (1 g) was xanthated by adding 3 mol/L NaOH
(20 mL) and CS; (2 mL) into the sealed conical flask
dropwise and stirring magnetically at 30°C in a
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Figure 1 Intrinsic viscosity measurement of CSAX-7.

water bath for 3 h until it turned into saffron yellow.
The products were cooled to room temperature, pre-
cipitated and filtered, and washed with acetone
(50%) three times, pure acetone one time, dried to a
constant weight at 30°C.

Turbidity removal and Cu®** removal of CSAX

CSAX (10 g/L), 5% (w/v) kaolin suspension, and
10 g/L CuSO, solution were prepared as stock
solutions.

For each test 1 L tap water, 1 mL kaolin sus-
pension, and 3 mL CuSO, solution were added to a
1.5 L jar. The jars were placed on the six-joint-stir-
rers and agitated by stirring blades in the suspen-
sion. The different dosage of CSAX solution was
added into different jars, which were stirred at uni-
form speed of 140 rpm for 2 min, and then at
40 rpm for 10 min. Then the precipitates were
allowed to settle for 10 min and the supernatant
removed. The rate of turbidity removal (% T) and
the rate of Cu®" removal (% R) of a water sample
was measured by the turbidity meter (Hanna instru-
ments, Italy)” and 220 FS atomic absorption spec-
trometer (made in corp. Varian, USA), respectively,

and calculated as follows:
% T =100(Ty — T1)/To % R =100(Rp — R1)/Ry (6)

where Ty and T, are the turbidity of initial suspen-
sion and supernatant, respectively. Ry and R; are the
metal ions concentration of initial suspension and
supernatant, respectively.

RESULTS AND DISCUSSION
Effect of EPI on the performance of CSAX

The crosslinking degree of starch is determined by
the SV to study the effect of crosslinking degree of

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Effect of EPI on the Performance of CSAX
No. Starch (g) EPI (mL) SV (mL) T (%) R (%)
1 50 1 81.3 52.3 80.7
2 50 2 73.6 55.4 85.1
3 50 3 56.4 80.4 93.2
4 50 4 45.0 89.6 96.7
5 50 5 42.1 85.5 84.3
6 50 6 38.3 81.3 74.2
7 50 7 36.2 78.5 56.3

starch on the performances of CSAX. The prepara-
tion of CSA conditions are as follows: CSt = 2 g,
[AM] = 0.939 mol/L, and [CAN] = 6.67 x 10°*
mol/L at 45°C for 3 h. The preparation of CSAX
conditions are as follows: CSA = 1 g, NaOH
= 20 mL (3 mol/L), CS, = 2 mL, at 30°C for 3 h.
The flocculation of CSAX conditions are as follows:
5% (w/v) kaolin (1 mL, initial NTU = 65), 10 g/L
CuSOy (3 mL), initial pH = 5.0 adjusted with 1 mol/
L HCI and 1 mol/L NaOH solution, 1 L water sam-
ple, dosage of CSAX 70 mg/L.

Weights or volumes of reactants as well as per-
formances of CSAX for several preparations are
listed in Table I. With the increase of EPI dosage
from 1 to 7 mL, the SV decreased from 81.3 to
36.2 mL. But the % T and % R increase first and
decrease afterwards. There is a maximum value at
No. 4. The results may be explained by the fact that
the network structure of the CSAX cannot be formed
efficiently, and the greater solubility of products
makes solid-liquid separation difficult when the EPI
is low. In contrast, a higher EPI results in the forma-
tion of more crosslinks which in turn cause the for-
mation of a three-dimensional space-net structures
and an increase in molecular weight, which decrease
the swelling and solubility of products. Therefore, it
is a key for the performance of CSAX that starch is
crosslinked moderately. A similar observation was
also reported by Liu and Corke® and Jyothi et al.*
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Effect of CAN and AM concentration
on the performance of CSA

In synthesizing the series of grafting copolymers, the
aim is to have a number of grafting copolymers with
the different number and length of PAM chains.
Comparing the six grafting copolymers in the Ta-
ble II, the polymerization reaction does not take
place if a concentration of CAN is below 1.66 x 10~*
mol/L. When the AM concentration is fixed, with
the increase of CAN from 6.67 x 10°* to 13.34 x
10~* mol/L the % GE, % GP, [n] and M show a
downward trend. Because of the increase in CAN,
the quantity of grafted polyacrylamide is increased;
therefore, the % GE and % GP increase too [from
eq. 3)]. By contraries, more free radical sites on CSt
backbone and the formation of homopolymer possi-
ble lead to the decrease of % GE and % GP. A large
number of short PAM chains come into being, which
should be reflected in its low [n] and M. Moreover a
higher concentration of CAN should be result in a
homopolymerization.* Studying on flocculation
behavior of such polymers, we find that the copoly-
mers with less but longer chains have more effective
flocculation.

Similarly, comparing CSA-4 with CSA-2 and CSA-
3, we observe a sharp increased trend of % GE, %
GP, [n] and M. Here, the CAN concentration is
fixed; there is the same number of free radical sites
on CSt backbone. With increase in the quantities of
AM, the length of PAM chains become long continu-
ally, the % GE and % GP increase too. Of course,
high concentration of AM always resulted in homo-
polymerization; Owen and Shen®' have observed
that [AM] < 2.0 mol/L resulted in absence of
homopolymerization.

Effect of NaOH and CS, on the
performance of CSAX

Also the NaOH and CS, concentration play an im-
portant role in the preparation of CSAX. The sam-
ples of CSA-7 are xanthated at different dosages of

TABLE II
Synthesis of CSA
Polymer Time CAN x 107* AM GE [n] x 1073

code Starch (g) Temp (°C) (min) (mol/L) (mol/L) GP (%) (%) (mL/g) M x 107°
CSA-1 2 45 180 1.66 0.470 — — — —
CSA-2 2 45 180 6.67 0.470 14.1 35.8 247 7.85
CSA-3 2 45 180 6.67 0.705 53.3 57.1 295 9.81
CSA-4 2 45 180 6.67 0.939 68.6 72.7 474 17.74
CSA-5 2 45 180 8.30 0.939 65.4 67.7 311 10.48
CSA-6 2 45 180 10.00 0.939 56.4 58.7 293 9.73
CSA-7 2 45 180 13.34 0.939 52.6 53.5 263 8.49

% GP and % GE are calculated from the eq. (3); [n] and M are calculated from the egs. (5) and (4), respectively.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE III
Effect of NaOH and CS, on the Performance of CSAX

Contents of elements (%)

CSAX Temp
copolymer CSA-7 (g) NaOH (g) CS, (mL) (°C) Time (h) C H N S T (%) R (%)
CSAX-A 2 15 0.6 30 3 24.28 4.73 2.96 5.42 95.3 60.4
CSAX-B 2 3 1.2 30 3 23.97 4.45 2.76 6.45 96 78.6
CSAX-C 2 45 1.8 30 3 23.69 3.98 2.66 6.88 97 90.9
CSAX-D 2 6 24 30 3 23.03 3.88 2.59 741 98.4 99.0
CSAX-E 2 7.5 3.0 30 3 22.89 3.84 2.16 7.41 96 99.0

NaOH and CS,. First the molar ratio of NaOH to
CS, is fixed at 4 : 1, and then the dosages of NaOH
and CS, are changed. The flocculation conditions are
as follows: 5% (w/v) kaolin (I mL, initial NTU
= 65), 10 g/L CuSO;, (3 mL), initial pH 5.0 adjusted
with 1 mol/L HCI and 1 mol/L NaOH solution, 1 L
water sample, the dose of CSAX 70 mg/L. The
results are shown in Table III.

It can be seen that the S % (the percentage of sul-
fur of CSAX), % T, and % R increase from 5.42, 85.3,
and 60.4% to 7.41, 90.6, and 99.0%, when the quanti-
ties of NaOH and CS, are raised from 1.5 g and
0.6 mL to 6 g and 2.4 mL, respectively. This may be
due to an enhanced conversion of CS, which result
in an increasing number of xanthate groups on CSt.
A further increase in the quantity of NaOH and CS,
do not find obvious changes of % S and % R,
whereas the % T slowly decreases. Because the
CSAX removes heavy metal ions by chelation,™
when the % S remains invariable, the amount of
=CSS™ groups of CSAX is constant, and the % R
remains constant too. The decrease in % T may be
ascribed to the excessive hydrolyzation of PAM
pendant chains. The produced —COO™ groups
increase the negative charge of CSAX. The —COO™
and =CSS™ groups result in repulsion between floc-

100 ~
90 +
~ B80-
£
— 70
®
60 4
50 4 D_._'__D_.__'_D_._._,_,D,_._._-—n-_______h_‘_u
T T T L T T
S0 60 70 80 90 100
The dosage of CSAX (mg/L)
Figure 2 The relationship between the dosage of CSAX
and % T.

culant and contaminant particles with negative
charge, which does not favor flocculation.

Flocculation characteristics of CSAX

The flocculation study is carried out using three
types of starch derivatives, namely, CSAX-1, 2, and 4,
which prepare with CSA-1, 2, and 4 by xanthation,
respectively. The prepared conditions are as follows:
CSA =2 g,NaOH = 6 g, CS, = 2.4 mL, at 30°C for 3
h. The flocculation conditions are as follows: 5% (w/
v) kaolin (1 mL), 10 g/L CuSO, (3 mL), initial pH 5.0
adjusted with 1 mol/L HCI and 1 mol/L NaOH solu-
tion, 1 L water sample. Here, CSAX-1, 2, and 4 is
deliberately chosen from among the seven graft
copolymers because CSAX-1 has no grafting PAM
chains as well as CSAX-2 and CSAX-4 has different
number and length of PAM chains. The results of the
% T and % R are shown in Figures 2 and 3.

Mechanism of removal turbidity and Cu*"

Flocculation are used to optimize the separation of a
solid phase from the liquid phase in aqueous sus-
pensions with polyelectrolytes (cationic, anionic, or

ampholytic) mainly by a bridging,>® doublelayer
100~ - o
- 8 o
95 - /
_— go 1 4
4
EE 85
o —u— C5AX-1
i o— CSAX-2
g4 < £ CSAX-4
754 ™
T T T T T
2.0 2.5 3.0 3.5 4.0
The dosge of C_, /., (mg/L)

Figure 3 The relationship between the
CCSAX/CCu and % R.

dosage of
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Compression,32 electric neutralization,* sweep floc-
culation mechanism,* and so forth. According to the
above investigation, CSAX loads negative charge.
Thus the suspended particles are aggregated with
CSAX mainly by a bridging and sweep mechanism.
CSAX with the length of the polymer chain is crucial
for effective bridging to occur. The longer the chains
(high molecular weight) have, the greater the chan-
ces of interacting with more than one particle are.”®
CSAX reacts with Cu”" to form a Cu-CSAX complex
precipitate, which entrains fine particles of other sus-
pended solids as it settles in sweep flocculation.*
Depending on the structure of CSAX containing a
larger of polar groups, removal Cu*" can be
obtained by several mechanisms such as physical
adsorption, ion exchange, electric neutralization, and
chelation. For example, =COO™ groups react with
Cu*" by chelation to form Cu-CSAX chelate, and
—COO™ groups react with Cu*" by ion-exchange to
form complex. The coordination groups chelating
one and the same metal ion maybe come from the
different CSAX molecules. The formation structure
with higher crosslinking degree and spatial structure
have a better flocculation to make them settle speed-
ily. For oxidative heavy metal ions (i.e,, Cu**, Fe’",
CrO?, etc.), the reactions are not only chelation but
also oxidation-reduction. The route could potentially
take place according to egs. (7)-(10)*

i i v
4R-0-C-8 +2Cu" " —2R-0-C-SCul +R-0-C-8-8-C-O-R
)
S
I . 2+ /S ~ /S\
2R-0-C-8’ +Cu"—=R-0-C{ g Cul  ~C-O-R |
8)

R-COONa + Cu" — R-COOCu + Na*  (9)

2R-COONa + Cu*" — (R-COO),Cu + 2Na*  (10)

Effect of different type of CSAX on % T

Figure 2 shows the plot of % T versus the dosage of
CSAX. It is apparent that with increase in the dos-
ages up to a certain level, the % T increases and
then a decreasing trend was observed with further
increase in dosage level. The orders of % T of CSAX
are CSAX-4 > CSAX-2 > CSAX-1.This can be rea-
sonably explained as follows: Polymer bridging
plays a large part in the flocculation process. CSAX-
1 has no grafting PAM chains, and can not bring
bridging flocculation. The % T of CSAX-1 may be
formed by sweep flocculation only, therefore the
flocculation is the lowest. With the present of a large

Journal of Applied Polymer Science DOI 10.1002/app
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number of short grafting PAM chains, CSAX-2 with
the original compact shape will not alter to a great
extent, thus retaining its lower performance of floc-
culation, which should be reflected again in its low
[n]. While fewer and longer of PAM chains of
CSAX-4, which goes beyond the distance formed by
electrostatic repulsion between contamination par-
ticles, result in optimal bridging flocculation. The
difference value of % T of CSAX-1, 2, and 4 at the
same dosage maybe reflect the extent of bridging
flocculation. As a result, the longer PAM chains are,
the better bridging flocculation has. The optimal
dosage is first reached at 70 mg/L. Further increase
the dosage of CSAX result in the decline of % T.
This result may be ascribed to restabilization of
water sample on the overdosing of the CSAX, which
make the lost bridging gradually.

Effect of different type of CSAX on % R

The effect of different types of CSAX on % R is
shown in Figure 3. In all the cases, as the dosages of
CSAX increase, the % R increases up to the maxi-
mum and then slowly decreases. CSAX-4 first
reaches the optimum value of % R followed by
CSAX-2 and CSAX-1. It is well known that the per-
formances of polymers are significantly influenced
by the structure of the polymer in solution.*® From
the section “effect of different type of CSAX on %
T,” it is clear that CSAX-4 with less and longer PAM
chains has large hydrodynamic volume, whereas
CSAX-2 with more and short PAM chains retains
lower hydrodynamic volume. After the hydrolyza-
tion, it is enough exposed that the effective func-
tional groups on CSAX-4. From Table II, the % GE
and % GP of CSA-4 are 72.7 and 68.6%, whereas the
% GE and % GP of CSA-1, 2 are 0, 35.8% and 0,
14.1%, respectively. Here CSAX-1, 2, and 4 are
xanthated at the same conditions. So, the quantities
of —COO™ on CSAX-4 is more than that of CSAX-2,
it is feasible that the more Cu”" are removed by ion-
exchange reaction [egs. (9) and (10)]. In Figure 3, the
difference value of % R of CSAX-1, 2, and 4 repre-
sents Cu”* removed by ion-exchange reaction at the
same dosage. Further increases in the dosage of
CSAX result in the decline of % R. This result may
be owing to worsened flocculation.

CONCLUSIONS

Based on the results of the above investigation, the
following conclusions may be drawn:

1. CSAX copolymers are obtained by grafting
copolymerization reaction of corn starch, AM,
and sodium xanthate using EPI as crosslinking re-
agentand CAN as initiator in aqueous solution.
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2. The swelling and solubility of CSt are character-

ized by SV, and the results show that the per-
formances of solid-liquid separation increase
with the increase in the quantity of EPL The
optimal value is EPI = 4 mL.

3. The varieties of CAN and AM lead to the dif-

ferent % GP, % GE, n, and M, which connect
the performance of products, The optimal con-
ditions of grafting copolymerization of CSA are
as follows: CSt = 2 g, [AM] = 0.939 mol/L, and
[CAN] = 6.67 x 10~* mol/L at 45°C for 3 h,

4. The quantity of NaOH and CS, determine the

amount of =COO™ groups of CSAX. The opti-
mal conditions of xanthation of CSAX are as
follows: CSA = 2 g, NaOH = 6 g, and CS, =
2.4 mL, at 30°C for 3 h.

5. The flocculation is studied using the optimal

conditions of CSAX, which can remove both
turbidity causing substances and heavy metal
ions from aqueous solutions, ie., % T = 98.4%
and % R = 99.2%, respectively.
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