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ABSTRACT 
 
 Most of the Egyptian chemical industries including polymers, textiles treatment and processing, paints and 
ceramics etc, depend on imported chemicals as a result of the shortage in the corresponding local products. The 
main object of this study is to produce, on a laboratory and industrial scales, some of the widely used products 
for the above mentioned industries in order to  
Save hard currency. 
To find more work opportunities for young graduates.  
To facilitate the manufacturing conditions (less stored quantities, better after-sale services and competitive 
prices), taking in consideration the environmental safety of such products by using nontoxic materials, mainly in 
aqueous media, to avoid volatile organic solvents. This study involves the synthesis of a series of vinyl polymers 
and copolymers on the basis of acrylic, methacylic acids and acrylamide and estimating the reaction optimum 
conditions such as initiator and monomer concentration, temperature ,addition time etc. on the chemical 
composition, physico-chemical, structural and technological properties and their evaluation as sizing, dispersing, 
chelating agents etc in textile, paint industry and water treatment.  
 
Key words: acrylic acid, methacrylic acid, acrylamide, dispersion, chelation, flocculation, sizing, thickening. 
 
Introduction 
 
Aqueous dispersions of acrylic polymers possess excellent weather ability, hardness, water and alkaline 
resistance (L. Wu et al 2007) (A.J.P. Bu¨ckmannet al 2008). 
 Therefore, they are often used as a basis for industrial paint systems. For environmental and health reasons, 
solvent-born coatings are replaced by water-born coatings.Not all polymers, however, are water soluble, thus 
causing the need for a colloid environment. The acrylic dispersions are often used as a model system for the 
study of film formation  
 (A. van Tent et al 2005, Y. Wang 2006, S.G. Croll et al 2001, S.G. Croll et al 2003, M. Paulsson et al 2000, 
J. Keddie et al 2003) and mechanical and adhesion properties (J. Charmeau et al 2000), PAA with a high 
chelation capacity for calcium ions (Ca2+) instead of phosphates in the detergent industry (G.L.shaffar et al 
1999, R.H.Backderf et al 2001) PAA is an anionic polyelectrolyte (Halverson et al 2007) besides its chelation 
ability, PAA has dispersion properties (L. W. F Masler et al2000), which are absent in the commercial chelants 
like ethylene triamine tetra acetic acid (EDTA) diethylenetriaminepentaacetic acid (DTPA) and their analogs 
(R.C Schulz 1999). 
 The synthesis of PAA in the laboratory by persulfate – initiated polymerization of glacial acrylic acid in water 
is described where an experimental design to achieve the optimum conditions with high Ca +2 chelation is used. 
The current synthesis does not involve a chain – transfer agent (octanethiol) as used previously (G.L.shaffar et 
al 1999, R.H.Backderf et al 2000), thus the final product is clear, colorless, and odorless. PAA with molecular 
weights (Mw) in the range of (50 000 – 200 000) is found to exhibit high chelation for Ca +2 at high pH in 
contrast to the commercial PAA investigated previously. Our poly AA`s with molecular weights (Mw) in the 
range of (50 000 – 90 000) also show a high dispersion for ferric ions and good dispersion for CaCO3. 
 Pigment dispersion and rheology modification was carried out using carboxylated acrylic polymers in 
water-based coatings. requirements for dispersant for inorganic. and organic pigments were described. For 
inorganic Pigments, acrylic copolymer products offered the best compromise and for organic„ styrene-acrylic 
polymers were well established. The chem. and performance properties of the alkali-sol./alkali-swellable 
carboxylated acrylic polymers as rheolgy modifiers for water-based coatings were presented (Y. Morishima et al 
2000). Stable aqueous dispersions of acrylic polymers were prepared hydrophobic vinyl monomers, sulfo-
group-contg. Vinyl monomers and hydrophilic vinyl monomers were polymerized in a mixture of water and 
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acetone or ethanol and freed from the organic. solvent to give 15-55% solids aq. dispersions with good film-
forming properties (25°, 10 days) <5%. For example, a 40:58:2 mix. of lauryl methacrylate, 2-hydroxyethyl 
methacrylate, and Na p-methacrylamidobenzenesulfonate was polymerization. in the presence of 0.2% α,ά-
azobis(α,-γ-dimethylvaleronitrile) in 75:25 acetone-water at 50° for 22 h (98.8% conversion) and freed from 
acetone (95% removal) to give a 41.5% solids dispersion with viscosity 5.3 Posie and no phase seen(A. Tonson 
2005) 
 Effect of PAA as antiscaling agent on heat exchangers was studied. PAA is synthesized from acrylic acid. 
Different concentrations ranging from 20 to 100 ppm of PAA in water are used as an antiscaling agent on 
copper and mild steel for 4 to 24 h. The deposition of salt decreases with increasing concentration of PAA as 
well as with increasing time. The zero acid value of PAA is observed after refluxing for 24 h. The concentration 
of PAA had no effect on the heat transfer coefficient and the heat transfer rate of the shell and tube heat 
exchanger. When varying the amount of polyacrylic acid from 20 to 100 ppm in water, a negligible change in 
viscosity is observed which does not affect the flow behavior of water in heat exchanger. (K.C. Taylor 1997) 
 Chelation properties of polymer complexes of poly (acrylic acid) with poly (acrylamide), and poly (acrylic 
acid) with poly (N, N –dimethylacrylamide) were estimated. 
 The metal complexing properties of intermolecular complexes of PAA with PA am, and PAA with poly (N, 
N-dimethyl acrylamide) were studied by means of the liquid phase polymer based retention (LPR) technique. 
The metal ion retention ability at pH 5 for 400 μ g of Cu (II), Cd (II), Co (II), Cr (III), Hg (II), Ni (III), Pb (II) 
and Zn (II) was investigated due to their environmental and analytical interest in the presence of 1.1 M of 
carboxylic acid units and variable amounts of amide groups. The retention profiles of the intermolecular 
complexes were compared with those of the correspondent homopolymers and copolymers. The retention 
capacity of PAA is 100% for all metal ions except for Co(II) ,Ni(II) and Zn(II) whose values were about 90 % , 
while poly (acrylamide) does not retain any of the metal ion studied. 
 The presence of PAam decreases the retention capacity down to 60 % for Co (II) and Ni (II) and to 70% for 
Zn (II). The decrease on the retention values is dependent on the polymer ratio. A smaller effect is observed by 
the addition of poly (N, N –dimethylacrylamide) which also decreases the retention capacity down to 80% for 
Co (II) and Ni (II) for a ratio poly (acrylic acid)/poly (N, N –dimethylacrylamide) = 1/2. The metal ion binding 
behavior of the interpolymer complexes are very close to that of the copolymer (Y.Zhao et al 2004). 
 
Experimental: 
 
Materials: 
 
 Methacrylic and acrylic acid were obtained from Elf Chem. Co., ATOFINA, France. Acrylamide product of 
DSM Company Sodium persulfate and ammonium persulfate NBM Chem. Co., England, Iisopropanol Product 
of Life Chem. Co., England. All other chemicals used are of laboratory reagent grade. 
 
Laboratory Techniques: 
 
I-Synthesis Of PolyAcrylic Acid For Application as Chalent And Dispersant: 
 
 PAA was synthesized in 4 -L, four -necked, round bottom flask that was partially submerged in controlled 
temperature water bath. In general, the procedure consisted of a load of 688 g of double – distilled water, placed 
in the round – bottom flask fitted with an over- head stirrer and an 18- in. reflux condenser. The pot temperature 
was typically maintained at 95 –98 º C. Glacial AA (211.6 g , 4.0 ml per minute ) and also 60 ml of the initiator 
aqueous solution( 1.0 ml per minute )were introduced. The amount of acrylic acid monomer varied in the range 
of 20 % (~ 3.7 M) to 25 % (~ 4.3 M) by weight during the experimental- design work. The initiator, sodium 
persulphate, was prepared by dissolving 2.50 g of the solid substance in 57.5 g of water. After the persulphate is 
delivered to the reactor, the concentration is ~ 0.01 M. the acrylic acid and initiator were metered 
simultaneously over a 60- min period. 
 The heating with slow stirring was continued for another 60 min. Temperature readings were recorded 
every 15 min during the 2-h run.  
 After the reactions were completed (2-h), the reactor was cooled and vented and the PAA, solution was 
removed and cooled.  
 
Large scale production: 
 
 After testing the laboratory samples and accepting them , the laboratory experiments were scaled up to pilot 
plant stainless steel scale with a capacity of 500 kg. Batches were sent to the customer and have been accepted, 
then a pilot plant was scaled up to production scale reactors stainless steel with capacity of 10 ton. 
Aftar that the production of our materials became regular and supplied to the customers. 
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Equipment: 
 
 The equipments that were used in this study are the following:  
1) ATGO Hand-held refractometer to measure the solid content of samples  
2) BROOK FIELD 11DV Viscometer to measure the viscosity of the samples. 
3) Nuclear magnetic resonance (1HNMR) spectra were recorded on a Varian EM 360 spectrometer in deutrated 
chloroform CDCl3 with 1 % tetramethylsilane (TMS) as internal solvent. 
4) FT-IR spectra of samples of the homopolymers, and co-polymers were recorded on Broker IFS 66 FT-IR 
spectrophotometer. 
5) Gel Permeation Chromatography (GPC) apparatus AGILENT GPC – Add-on Rev. A. 02.02; using methanol 
solvent for ( PAA, PMAA , andAA-MAA copolymer), and DMSO for PAam , using polystyrene of known 
molecular weight as a standard. 
 
Result and Discussion 
 
Chemical structure of prepared homopolymers and copolymers: 
 

Chemical structure Name Abbreviation 

 

 

Polyacyclic acid PAA 

 

 

Poly methacrylic 
acid 

PMAA 

 

 

poly acrylamid PA am 

 
Acrylic acid, 

methacrylic acid 
copolymers 

AA,MAAcopol
ymers 

 

 

Methyl acrylate, 
acrylonitryl, methyl 
methacrylate, acrylic 

acid, tetramer 

MA,AN,MMA,
AA,tetramer 

 
 Results of elemental analysis of some  produced homo and copolymers ,experimental and calculated values 
of C, H and N, given in the following table confirm to a great extent their structure 
 

Polymer obtained Theoretical calculations 
 

Experimental calculations 

C% H% N% C% H% N% 
PAA 50 5.5 0 49 4.7 0 

PMAA 55.8 6.9 0 54.5 6.1 0 
PA am 50.7 7.0 19.7 49.7 6.2 18.9 

AA-MAA copolymer 53.1 6.3 0 52.2 5.4 0 
MA-MMA-AN-AA. 

tetramer 
57.8 6.7 4.5 56.7 5.5 3.8 
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I-Synthesis of the homo polymers from acrylic Acid, methacrylic acid and acryl amide: 
 
 The optimum conditions for preparing high molecular weight homo polymers by studying the effect of 
different factors, such as concentration of monomer and initiator, reaction temperature, sequence of introduction 
and time of adding monomer and initiator and overall reaction time. The effect of each factor on the viscosity of 
the obtained product was studied separately while the other factors being kept constant. The obtained optimum 
condition of each factor was applied in next series of experiments. 
 
1-Effect of monomer concentration on the viscosity of the produced polymer is given in the following tables and 
figures: 
 Table (1) and Figure (1): 
Variation of the viscosity of polymer solution with concentration of the used monomers.  
 
Table 1: 

Monomer concentration gm, percentage 
Solution viscosity (poise) 

PAA PA am PM AA 
7 
10 
15 
20 
25 

0.20 
0.25 
0.30 
0.45 
2.00 

2.70 
3.50 
4.30 
5.90 
7.20 

1.30 
2.50 
3.00 
4.30 
5.20 

 

The reaction mixture is monomer; distilled water, and initiator sodium persulfate (1gm)  
 

 
 
Fig. 1: Effect of monomer concentration on solution viscosity. 
 
 The data given in table (1) and Figure (1) show that the viscosity increases with the concentration of the 
added monomer, due to the increased molecular weight of the polymer 
 
2) Effect of initiator concentration on the viscosity of the obtained polymer solution: 
 Table (2) and Figure (2): 
Variation of the viscosity of the obtained polymer solution with initiator concentration. 
 
Table 2: Effect of initiator concentration on solution viscosity. 

Initiator concentration weight gm/100 gm Solution viscosity (poise) 
PAA PA am PM AA 

2 
3 
4 
5 
6 
7 

5.50 
4.20 
3.50 
2.00 
1.70 
1.00 

6.80 
5.50 
4.20 
3.50 
2.50 
1.80 

6.30 
5.70 
4.20 
3.00 
2.10 
1.15 

 

The reaction mixture is monomer; distilled water, and initiator sodium persulfate: 
 The data given in table (2)and fig.(2) show that the viscosity of the obtained polymer solution decreases 
with the concentration of the initiator. This may be due to increased free radicals formed leading to shorter 
molecules. 
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3)Effect of addition time of monomers and initiator simultaneously on the viscosity of the obtained polymer 
solution: 
 Table (3) and Figure (3):  
Variation of the viscosity of obtained polymer solution with addition time of reactants. 
 
 The results given in table (3) and fig (3) show that addition pried of the monomer and initiator to the 
reaction vessel has a reverse effect on the viscosity of obtained polymer solution which may be attributed to 
termination steps of the growing chains. 
 
4)Effect of temperature on the viscosity of the obtained products: 
 Table (4) and Figure (4):  
Variation of the viscosity of obtained polymer solutions with reaction temperature. 
 

 
 
Fig. 2: Effect of initiator concentration on solution viscosity. 
 
Table 3: Effect of addition time on solution viscosity. 

Addition time, hr. Solution viscosity (poise) 
PAA PA am PM AA 

0.5 
1 

1.5 
2 
3 
4 

4.50 
2.00 
1.80 
1.50 
1.30 
1.30 

5.30 
4.20 
3.50 
2.20 
1.60 
1.60 

5.50 
4.20 
3.00 
2.50 
1.2 
1.2 

 
The reaction mixture is monomer; distilled water, and initiator sodium persulfate (1gm) 
 

 
 
Fig. 3: Effect of addition time on solution viscosity. 
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Table 4: Effect of reaction time on solution viscosity. 
Reaction temperature C Solution viscosity (poise) 

PAA PA am PM AA 
55 – 60 
65 – 70 
75 – 80 
80 – 85 
90 – 95 

4.10 
3.30 
2.00 
1.50 
1.30 

4.60 
3.50 
2.80 
1.90 
1.10 

6.80 
5.50 
4.30 
3.00 
2.10 

 
The reaction mixture is monomer; distilled water, and initiator sodium persulfate(1gm) 
 
 

 
 
Fig. 4: Effect of reaction time on solution viscosity. 
 
 Results given in table(4) and fig (4) show that the reaction temperature has inverse effect on the viscosity of 
the obtained. This may be due to chain transfer which takes place as a result of increasing the kinetic energy and 
reflected on the number of collisions between the molecules. 
 From the previous results one can conclude that viscosity of the polymer solutions and hence their 
molecular weight increases by increasing monomer concentration, but decreases with initiator concentration, 
time of addition and reaction temperature after a certain degree. This must be considered in choosing the 
optimum conditions for polymerization of these monomers  
 
II-Synthesis of (AA-MAA) copolymers for application as dispersing agents and chelants: 
 
 Prepared copolymers to be used as dispersion and chelating agents and optimum condition for their 
synthesis are given in table (5). 
  
Table 5: The composition of reaction mixtures used for synthesis of dispersing and chelating agents.  

Serial no 
Of, the Exps 

%Volume of monomers in 
the reaction mixture 

Volume % of 
Isopro panol 

amount of 
Initiator (gm) 

 

Viscosity of obtained 
co-polymer solution 

(Poise) 

Dispersing power 
(Poise) 

AA MAA 
1 100 Zero Zero 1 3.00 150 
2 95 5 10 2 2.20 125 
3 90 10 10 2 2.00 120 
4 85 15 15 2 1.90 120 
5 80 20 20 2 1.50 100 
6 75 25 15 2 1.20 80 
*7 70 30 13 2 1.20 60 
8 65 35 20 2 0.800 105 

 
 From table (5) it is obvious that the conditions given in experiment number (7) lead to copolymers suitable 
for dispersing and chelating agents. 
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Copolymer composition: 
 
 According to Mayo-Lewis equation (copolymer equation) which describes the distribution of monomers in 

a copolymer (1):taking into consideration a monomer mix of two components  ,  and the four different 

reactions that can take place at the reactive chain end terminating in either monomer ( ) with their reaction 
rate constants : 
 

 

 

 

 
 
And with reactivity ratios defined as: 
 

 
 

 
 
The copolymer equation is given as: 
 

 
 
 With the concentration of the components given in square brackets. The equation gives the copolymer 
composition at any instant during the polymerization. 
 
From this equation several limiting cases can be derived: 
 

with both reactivity ratios very high the two monomers have no inclination to react to each 
other except with themselves leading to a mixture of two homopolymers 

 with both ratios larger than 1, homopolymerization of component M_1 is favored but in 
the event of a crosspolymerization by M_2 the chain-end will continue as such giving rise to block copolymer 

 with both ratios around 1, monomer 1 will react as fast with another monomer 1 or 
monomer 2 and a random copolymer results. 

 with both values approaching 0 the monomers are unable to react in homopolymerization 
and the result is an alternating polymer 

 In the initial stage of the copolymerization monomer 1 is incorporated faster and the 
copolymer is rich in monomer 1. When this monomer gets depleted, more monomer 2 segments are added. This 
is called composition drift.  
 Applying this equation to our MAA-AA copolymer produced under experimental conditions of experiment 
7*, we can deduce that this copolymer contains 70% MAA and 30 %AA.: 
Methacrylic acid (  = 2.5) & acrylic acid (  = 0.39). 
Metha acrylic acid (  = 2.5) & acrylic acid (  = 0.39). According to example 7 in table(5) 
(M1) =70 (M2) = 30 
r1 =2.5 r2= 0.39 
by substituting in the latest equation 
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III-Analysis and Testing of the prepared polymers and co-polymers: 
   
 Results of structural analysis and testing of the synthesized polymers and copolymers including. NMR, 
FTIR, DSC, GPC and TGA are given below:  
 
1 -Nuclear magnetic resonance (1HNMR):  
 
 NMRspectra of PAA,PMAA ,AA,MAA copolymer and PAam homopolymer are given in figs( 5,6,7.8,) 
respectively 
 

 
 
Fig. 5: NMR spectrum for PAA show that two multiplet signals, the first at δ = 2.1ppm characteristic for the 

protons of methylene groups and the second at δ = 2.5 ppm due to the protons of methylene groups and 
another signal at δ = 11.3 ppm characteristic for carboxyl protons. 

 

 
 
Fig. 6: NMR spectrum for PMAA Show that multiple signals , the first at δ = 1.5 ppm characteristic for the 

protons of the methyl groups and the second at δ = 2.3 ppm characteristic for the protons of the 
methylene groups and a signal at δ = 11.5 ppm characteristic for the protons of carboxylic groups.  

 
From the previous results given the synthesis of homopolymer and copolymer give the same NMR in reference 
 
2- FTIR: 
 
 IR spectra of PAA, PMAA, AA, MAA copolymer and PAam homopolymer are given in figs( 9,10,11,12.) 
respectively. 
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Fig. 7: The spectrum forAA, MAA copolymer show that typical spectrum where a signal at δ = 1.5 

characteristic for methyl protons , a signal at δ = 2.0 ppm characteristic for methylene protons , a 
signal at δ = 2.5 ppm characteristic for methane protons and a signal δ =11.4 ppm characteristic for 
the protons for the carboxylic groups which disappeared by adding D2 O.  

 
 
 
 

 
 
Fig. 8: NMR spectrum for PAam show that the typical spectrum where signal at δ =3.5 characteristic for CH2 a 

signal at δ = 5.4 characteristic for CH, signal at δ =6.8 for NH. 
 

 
 
Fig. 9: IR for PMAA Show that the characteristic γ – C =0 stretching vibration at 1634 cm -1 and very broad 

band having a medium value at 3420 cm -1 characteristic for γ CH aliphatic group of methylene and 
methyl groups coupled with that of γ OH of carboxylic and that of γ H2O stretching vibration. 

 



2709 
J. Appl. Sci. Res., 8(5): 2700-2712, 2012 

 

 

 
 
Fig. 10: IR spectrum of PAA Show that characteristic γ C = 0 stretching vibration at 1714 cm-1 and very broad 

band having a medium value at 3434 cm-1 characteristic for γ CH aliphatic of methylene and methine 
coupled with that of γ OH of carboxylic group and that of γ H2O. (Water of crystallization) stretching 
vibrations with appearing a б CH deformation at 1454 cm-1 .and OH out of plan at 1016 cm-1 

 
 
Fig. 11: IR spectrum ofAA,MAA copolymer show that characteristic γ CO of acrylic acid stretching vibration at 

1716 cm-1 , and that of methacrylic acid stretching vibration at 1634 cm-1 , the broad band has a 
medium value at 3430 cm-1 characteristic for stretching vibration of γ CH aliphatic coupling with γ OH 
of carboxylic group in acrylic acid and γ H2O (water of crystallization), also stretching vibration at 
1453 cm-1 (54) characteristic for deformation of CH group and a band at 1015 cm-1 characteristic for 
OH out plane.  

 
 
Fig. 12: IR spectrum of PAam show that a characteristic band γ C=O stretching vibration at 1634 cm-1 and very 

broad band having a medium value at 3430 cm-1 characteristic for γ CH aliphatic coupling with γ NH 
and γ H2O (water of crystallization).  
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Fig. 13: GPC spectrum of PAA show that value of molecular weight (Mn) of PAA = 62438. 
 
 
 All the above compounds showed band at 596-612 cm-1 characteristic for CH aliphatic Wagging (out of 
plan) frequency. 
 
3) Gel Permeation Chromatography (GPC) for molecular weight determination:  
 
 GPC spectra of PAA, PMAA, AA,MAA copolymer and PAam Homopolymers are given in figs (13, 14, 15, 
16,) respectively. 

 
 
Fig. 14: GPC spectrum of PMAA show that molecular weight (Mn) of PMAA = 23934. 
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Fig. 15: GPC spectrum of PAam show that molecular weight (Mn) of PAam = 49771. 
 

 
Fig. 16: GPC spectrum of AA, MAA copolymer show that molecular weight (Mn) of its copolymer = 9354.  
 
Conclusion: 
 
 Polymers and co-polymers of acrylic, and methacrylic acids acquired importance as useful materials since 
1930. Their application together with other derivatives includes their uses for coating, sizing and finishing of 
textiles, dispersing and chelating agents, flocculating and as thickeners in latex paint fields. 
 Polyacrylamide is claimed to be effective in meeting the requirements for the removal of finely divided 
solids from aqueous solutions and other purposes. However details of the synthesis of the above mentioned 
polymers and their derivatives and also their applications on a laboratory and industrial scales lack specific 
details needed for their production on a national standard. 
We have been able to 
1-determine the optimum conditions for the polymerization of homopolymers from AA, MAA and Aam. such as 
the concentrations of monomer, concentration of imitator ,time of addition of both monomer and initiator, 
overall reaction temperature and effect of time reaction on the conversion of monomers. 
can conclude that viscosity of the polymer solutions and hence their molecular weight increases by increasing 
monomer concentration ,but decreases with increasing initiator concentration, time of addition and reaction 
temperature after a certain degree. 
this must be considered in choosing the optimum conditions for polymerization of these monomers 
2-Synthesis of AA,MAA co polymers suitable applications for dispersing and chelating agents, confirmed by 
testing and practical application in paint factories.  
 After testing the laboratory samples and accepting them , the laboratory experiments were scaled up to pilot 
plant stainless steel scale with a capacity of 500 kg. Batches were sent to the customer and have been accepted, 
then a pilot plant was scaled up to production scale reactors stainless steel with capacity of 10 ton. 
 Aftar that the production of our materials became regular and supplied to the customers. our materials are 
less 25% than imported materials. 
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