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Abstract

In order to create grafting polymer, at first, CMS was prepared with starch and chloroacetic
acid in an alkali — methanol media, and Carboxymethyl starch (CMS) was prepared by
different DS, then AAM was grafted on CMS by redox system using oxidant and reductant.
For investigation of the effect of reaction variables on nitrogen content N%, the synthetic
conditions were systematically optimized through studying the influential factors.

Research background

In order to study the nitrogen continent N% for a crosslinking polymer (CMS PAAM —
PMBA) prepared by the redoxy system, Kjeldahl method was used

Research objective

Studying the effect of nitrogen content (N%) of (CMS PAAM —-PMBA) which prepared by
using the redoxy system

Research importance

Studying the nitrogen continent N% by to a Kjeldahl method of a grafting polymer by using

1- Different DS of CMS

2- Using redoxy system on CMS with AAM to make crosslinking substance

Methodology

Experimental analytical approach

Research results

The reactions of grafted copolymer variables that affect the nitrogen continent N% of the
grafted polymer were studied. It is seen that with increasing the amount of CMS, the grafting
decreasing, and that may have attributed to the increasing of the carboxy groups and
hydrophilic group which the residue monomer concentration in the reaction mixture which
leads to increasing of radical centers, causing high crosslinking points grafted polymer.

The higher nitrogen content of CMS PAAM —-PMBA graft copolymer, APS =0.08g, Sod
thiosulfate =0.5g, MBA= 0.8 g, AAm =5 g, water = 1 ml, H2SO4 = 3 ml, temp. (90°C) and
Time = until reaction completes (1.50 min)

Key words: Carboxymethylation, DS, CMS, grafting polymerization, redoxy system and
nitrogen continent N%
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1-Introduction

Carboxymethyl starch has become one of the most important modified materials to be widely
applied in the textile, food, paper, petroleum, and pharmaceutical industries. )

In the textile industry, CMS has been used as a thickening agent in printing pastes using,
direct, reactive, disperse, vat and naphthol dyes ) It has been also used as a sizing agent and
a finishing agent “-6)

In this work, the preparation of this superabsorbent is carried out by free radical
polymerization of highly concentrated partially neutralized acrylamide in presence of CMS as
substrates, using (Al2S,08)/ (Na2S20s) redox system V) and the nitrogen continent and Degree
of Substitution were measured

2- Materials

2-1- Raw material specification

-Native maize starch (NS) was kindly supplied by the Egyptian Company for Starch and
Glucose Manufacture, Cairo, Egypt.
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2-2-Chemicals

-Carboxymethylation (CMS preparation)

Sodium hydroxide (NaOH), sodium carbonates anhydrous (Na>Cos), Monochloroacetic acid
(CICH2COOQH) were of laboratory grade, and Ethanol was of commercial grade.

-Grafting (CMS Grafted by Redox system)

-, Acrylamide (AAM) C3HsNo, Ammonium persulfate APS ((NH4)2S20sg), Sodium thiosulpate
(Na2S203), sulfuric acid (H2SO4) and acrylic acid (AA), were of laboratory grade chemicals,
supplied by Merck- Schuchardt —German & Fine Chemicals.

-Ethyl alcohol absolute, sodium hydroxide (NaOH), Boric acid 98%.

3- Experimental and Procedures

3-1- Carboxymethylation

A certain amount of native starch (NS) was placed in sealable bottle and mixed together with
a known volume of the solvent at room temperature. An aqueous solution of sodium
hydroxide was added drop wise to the cellulose-solvent mixture under stirring until the whole
amount of sodium hydroxide was added. The sodium salt solution of monochloroacetic acid
prepared by the reaction of monochloroacetic acid with sodium carbonate monohydrate was
added drop wise to the cellulose -solvent-sodium hydroxide mixture under continuous stirring
until complete addition of the sodium monochloroacetate solution.

Stirring was then stopped and the bottle was closed and kept in thermostat shaking water bath
at 70°C for certain reaction time. After carboxymethylation, the samples were washed with
ethanol: water solution (80:20) while excess alkali was neutralized using acetic acid. After
washing, samples were filtered, oven dried at 100°C.

*This method was done by different moles of monochloroacetic acid CICH,COOH according
to study the effect of degree of substitution (DS)

3-2- (Polymerization reaction)

The decomposition of (Al2S20s)/ (Na2S203) redox system results in the formation of SOa..,
HO and S,0s-. Free radical species ®*4- These radical species (R.) are capable of initiating
the following set of reactions:

The grafted polymer obtained of this polymerization reaction is mixture of PAA
homopolymer, CMS* PAAM —-PMBA, and engrafted CMS, induct and oxidized, All in a state
of intimate entanglement with each other.

the results obtained with relevant discussions of studying major factors affecting the
preparation of this grafted polymer, this includes the concentrations of MBA, AAM,
ammonium persulfate, sodium thiosulpate, also temperature, pH, CMS load, DS, and Using
different ratios of acrylic acid with acrylamide were studied

3-2-1- Preparation of (CMS PAAM —-PMBA) graft copolymer (polymerization reaction)
An aqueous solution of APS was first added with stirring to the mixer of AAm & MBA. A
substrate (CMS) was added to the beaker, then sulfuric acid added, finally an aqueous solution
Sodium thiosulpate added with rapid mixing to form a uniform paste.

The beaker was kept in thermostatic water bath. After an induction period, an exothermic
reaction commenced with evolution of water vapor, followed by solidification of the paste €9
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3-2-1-1-Extraction of grafted copolymer

-The paste poly (CMS PAAM —-PMBA) composite was smashed then putted on bags. The
insoluble poly (CMS PAAM —PMBA) graft copolymer was removed by centrifugation with
90% commercial ethanol at 25°C. The stirring/centrifugation process was repeated many
times for six hours in order to remove any trace quantities of unwanted, attendant
homopolymer and residual monomer. The extracted poly (MBA)-CMS* graft copolymer was
oven dried at 100 + 5°C and kept dry for the analyses.

Dried at then kept over P.O; for at least 48h before analysis.

3-3-Analyses and characterizations

3-3-1- Degree of Substitution

The DS of the carboxymethylated cellulose (CMS) samples was determined via determination
of the carboxyl content according to a reported method

3-3-2- Nitrogen content percent (N%o)

The Nitrogen content percent (N%) was calculated via a quantitative estimation of the grafting
of the poly(MBA)-CMS components, before and after the polymerization process, according
to a Kjeldahl method 12

4- Results and discussion

4-1- Effect of MBA Concentration on the nitrogen content (N%) of CMS PAAM -PMBA
graft copolymer

Table (1) demonstrates the effect of the crosslinker concentration on nitrogen content (N %)
of CMS PAAM —-PMBA product. According to Figure (1), the nitrogen content (N%) is
decreased with increasing the crosslinker concentration. It is a well-known rule in all of
hydrogels that a small increase in degree of crosslinking causes an appreciable decrease in
swelling capacity.2 In fact, more crosslinking concentration causes a higher crosslinking
density and decreases the space between the copolymer chains and consequently, the resulting
highly crosslinked rigid structure cannot be expanded and hold a large quantity of water. Such
well-known behavior has been reported by pioneering scientists, but by adding more amount
of the crosslinker the N% increases again and that may related to that the crosslinking reaction
takes place through any site in growing polymer chains and opening the double bonds of
groups of the crosslinker, and grafting tend to increase with increasing the percentage of
crosslinker since the bifunctionality of the crosslinker could be significantly used for reacting
with the polymer radicals of the carboxymethyl substrate. %

Table (1): Effect of MBA Concentration on the nitrogen content (N%) of CMS PAAM -
PMBA graft copolymer

[MBA]gm
N% (before)

N% (after)
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Fig. (1): Effect of MBA Concentration on the nitrogen content (N%) of CMS PAAM —-PMBA graft
copolymer

4-2- Effect of (AAm) concentration on Nitrogen content of CMS PAAM -PMBA graft
copolymer

Next table & figure (2,2) show that the nitrogen content (N %) increases with an increase in
the concentration of AAM and the highest result is at 5g of AAm then the nitrogen content
decrease at higher concentrations of AAM and that may due to the grafting efficiency
decreases when the percentages of the homopolymer and free polymer increase. The
increasing homopolymer content may be caused by the formation of polyacrylamide or the
random copolymerization of AAm radicals with the monomers, leading to the formation of
the ungrafted, free copolymer of AAm. The percentage of grafting efficiency thus decrease
which could be caused by an increase in the non-grafted polymers in the solution phase,
compared with a heterogeneous phase grafting between the two monomers with the
gelatinized starch. 9

Table (2): Effect of (AAm) concentration on Nitrogen content of CMS PAAM -PMBA
graft copolymer

[AAM]gm
N% (before)

N% (after)

Figure 3. Effect of AAm Concentration on the Nitrogen Content of
CMS-PAAM-PMBA graft copolymer
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Fig. (2): Effect of (AAm) concentration on nitrogen content (N %) of CMS PAAM —-PMBA graft
copolymer
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4-3-Effect of (APS) concentration of on Nitrogen content (N %) of CMS PAAM -PMBA
graft copolymer

Ammonium persulfate (APS) and sodium thiosulfate (STS) were used as the redox initiating
system. The reaction between APS and (STS) produces SO, HO and S,Oz3™ free radical. The
kinetic chain length decreases with increasing initiator concentration, which directly affects
the molecular weight of the polymer. The mechanisms of the graft copolymerization via the
redox system involved the chain transfer reaction. Since free radicals on the CMS are not
formed initially, but they are produced through the chain transfer reaction with an existing
free radical, significant amounts of homopolymer or free copolymer are often formed by the
reaction of initially formed radicals with monomer(s) before chain transfer to CMS can occur.
Therefore, the percentage of free polymers increases with increasing concentration of the
redox initiator.

The grafting tended to increase with increasing the concentration of initiator, reached an
optimum value and then decreased. Free radicals were generated as a result of decomposition
of APS in various reactions in the polymerization media to initiate, propagate, and terminate
the growing polymer chains. An increase in the concentration of the initiator increases the
chance of hydrogen abstraction from the CMS backbone, and chain transfer reaction of the
copolymer chain with CMS rendered the grafting to increase. However, the excessive increase
in the concentration of APS produced free radical species from the decomposition of APS and
(STS) to give the termination reaction with CMS macroradicals or the growing polymer chain
or a combination reaction between them. Consequently, the grafting decreased. *® Figure (3)
shows the effect of Ammonium persulfate (oxidant) concentration on the Nitrogen content
(N%).

Table (3): Effect of (APS) concentration of on Nitrogen content (N %) of CMS PAAM -
PMBA graft copolymer

[APS]gm
N% (before)

N% (after)

= e
o N

Nitrogen Content (m.mole/100g St
»
[
|

—— N% (before)
—a— N% (after)

o N B~ OO ©

o

0.1 0.2 0.3 0.4 0.5 0.6

[Ammonium persulfate] g

Fig. (3): Effect of APS Concentration on the Nitrogen Content of CMS PAAM —PMBA graft copolymer.
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4-4- Effect of (STS) concentration of on Nitrogen content (N %) of CMS PAAM -PMBA
graft copolymer

In a simultaneous redox-polymerization and crosslinking process the oxidant and reductant
influences to a great extent and also contributes to the degree and molecular weight between
the two crosslinking points. In the present investigation, CMS PAAM —-PMBA was prepared
by employing APS and STS as oxidant and reductant, respectively. As a part of this
investigation, the influence of STS concentration on the nitrogen content (N %) of CMS
PAAM —PMBA was studied. Reductant (STS) concentration was varied from 0 to 0.5 gm.
The results are shown in Figure (4) and table (4) and suggest that the nitrogen content (N %),
gradually increases with increase of STS concentration from 0.08 to 0.1 gm. and It is observed
that it decreased by increasing the concentration of STS from 0.3 to 0.5 gm, @7

The redox reaction produces hydrogen sulfate free radical, which directly affects the
molecular weight of the polymer. The mechanisms of the graft copolymerization via the redox
system involved the chain transfer reaction. Since free radicals are not formed initially, but
they are produced through the chain transfer reaction with an existing free radical, significant
amounts of homopolymer or free copolymer are often formed by the reaction of initially
formed radicals with monomer(s) before chain transfer can occur. Therefore, the percentage of
free polymers increases with increasing concentration of the redox initiator and activator
(oxidant and reductant).

With increasing the concentration of reductant, reached an optimum value and then decreased.
Free radicals were generated as a result of decomposition of APS and STS in various reactions
in the polymerization media to initiate, an increase in the concentration of the reductant
increases the chance of hydrogen abstraction from the grafted polymer, and chain transfer
reaction of the copolymer chain with starch rendered the graft yield to increase, and that may
decrease the (N %) of the grafted polymer. @5

Table (4): Effect of (STS) concentration of on Nitrogen content (N %) of CMS PAAM -
PMBA graft copolymer

[STS ]gm
N% (before)

N% (after)

= e
o N

A

—— N% (before)
—a— N% (after)

Nitrogen Content (m.mole/100g St.

o N A~ OO @
T T T

o

0.1 0.2 0.3 04 0.5 0.6
[Sodium thiosulfate] g

Fig. (4): Effect of STS Concentration on the nitrogen content (N %) of CMS PAAM —-PMBA graft
copolymer.
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4-5- Effect of pH concentration of on Nitrogen content of CMS PAAM -PMBA graft
copolymer

The influence of pH (2-4.5) of the redox system on nitrogen content of graft copolymer is
shown in Table (5) and figure (5).

The CMS PAAM —PMBA graft copolymer contains carboxylate and carboxamide groups
which are the majority of anionic-type superabsorbent polymer.

At a low pH the grafting reaction gives high N%, and then the grafting was found to decrease
with pH increases, this decrease in N% may due to that the reaction is begin to go to alkalify
and that is effect the efficiency of the reaction.

Table (5): Effect of pH concentration of on Nitrogen content of CMS PAAM -PMBA
graft copolymer

pH
N% (before)
N% (after)

gl
2212 —o— N% (before)
38 § 10 —— N% (after)
53
g8 % . _
ZE 6T .

4 L

2 L

0 ‘

0 1 2 3 4 5

pH

Fig. (5): Effect of pH concentration of on nitrogen content of CMS PAAM —-PMBA graft copolymer.

4-6-Effect of reaction temperature on the Nitrogen content of CMS PAAM —-PMBA graft
copolymer

Fig (6) shows the effect of temperature on the (N %).it is clear that, the raising the
temperature from 30 to 90 OC is accompanied by noticeable enhancement in the N%. this can
be ascribed *® to the favorable effect of temperature on: (a) faster decomposition of the
initiating system, giving rise to higher density of free radicals, (b) promoting the mobility of
free radicals, thereby enhancing the probability of their collision, (c) supplying the system
with enough energy to overcome the activation energy barrier of homopolymerization and
graft copolymerization reaction. %

By increase in the temperature favors the increasing of radical centers, causing high
crosslinking points in the hydrogel. So, the swelling capacity of the hydrogel is decreased
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Table (6): Effect of temperature on the Nitrogen content of CMS PAAM —PMBA graft
copolymer

Temp.
N% (before)

N% (after)

12

10
e —

—o— N% (before)
—a— N% (after)

0] 20 40 60 80 100
Temperature °C

Nitrogen Content (m.mole/100g St.

o N b O ®
T T

Fig. (6): Effect of reaction temperature of on nitrogen content of CMS PAAM —PMBA graft copolymer.

4-7- Effect of DS on the Nitrogen content of CMS PAAM —-PMBA graft copolymer
Nitrogen content

The influences of the Degree of Substitution on the grafting reactions are presented in Figure
(7). At DS 0.26, the grafting representing in (N %) is rather low. Thereafter, the graft
gradually increases. Increasing the DS significantly increases the grafting polymerization that
may due to the amount of carboxymethyl groups affect the grafting: %

Table (7): Effect of DS on the Nitrogen content of CMS PAAM —-PMBA graft copolymer
Nitrogen content

DS
N% (before)

N% (after)

S

2R e
N)

—— N% (before)
—a— N% (after)

o

e

Nitrogen Content (m.mole/100g St.

o N B OO

o

0.1 0.2 0.3 0.4 0.5 0.6
Degree of substitution

Fig. (7): Effect of DS of on nitrogen content of CMS PAAM —PMBA graft copolymer.

4-8- Effect of CMS load on the Nitrogen content of CMC-PMBA graft copolymer

The Effect of CMS load on the Nitrogen content of CMC-PMBA graft copolymer is presented
in Table (8). It is seen that with increasing the amount of CMS, the grafting decreasing, and
that may have attributed to the increasing of the carboxy groups and hydrophilic group which
the residue monomer concentration in the reaction mixture which leads to increasing of
radical centers, causing high crosslinking points in the hydrogel. So, the swelling capacity of
the hydrogel is decreased
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Table (8): Effect of CMS load on the Nitrogen content of CMS PAAM —-PMBA graft
copolymer

CMS Load
N% (before)

N% (after)

~

—— N% (before)
—— N% (after)

P

Nitrogen Content (m.mole/100g St.

o N M O ®ON

0 2 4 6 8 10
CMS load (g)

Fig. (8): Effect of CMS load on nitrogen content of CMS PAAM —-PMBA graft copolymer

Conclusion

The maximum nitrogen content (N % ) was achieved under the optimum conditions of poly
CMS that found to be CMS (DS 0.26) 1gm, APS =0.08g, Sod thiosulfate =0.5g, MBA= 0.8 g,
AAm =5 g, water = 1 ml, H2SO4 = 3 ml, temp. (90°C) and Time = until reaction completes
(1.50 min) that may related to the increasing of the carboxy groups and also hydrophilic
group which the residue monomer concentration in the reaction mixture which leads to
increasing of radical centers, causing high crosslinking points in the grafted polymer.
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