
INTRODUCTION

Alkaline treatment is commonly used in industrial circula-

ting cooling water systems to inhibit corrosion. Therefore,

scaling is the major problem that affects the normal operation

of these systems. Phosphorus-containing inhibitors of scale

formation are the most commonly used water treatment agents.

These inhibitors can easily produce phosphate ions and induce

the deposition of calcium phosphate [Ca3(PO4)2] under hydro-

lysis and microbial action. The solubility of calcium phosphate

is extremely low and decreases with increased temperature,

making it a "stubborn scale" in water treatments1-3.

A copolymer scale inhibitor is a new type of water treat-

ment agent developed after organic phosphate. This inhibitor

can effectively prevent the deposition of calcium phosphate,

calcium carbonate, calcium sulfate, zinc scale, iron salts, etc.4.

Thus, cooling water systems can function well under relatively

high pH conditions. In-depth studies on the copolymer struc-

ture and mechanism of scale-formation inhibition have revealed

a close correlation between the copolymer structure and scale

inhibition mechanism. The carboxyl (-COOH), hydroxyl

(-OH), acylamino (-CONH2) and sulfo (-SO3H) groups in the

copolymer all inhibit calcium phosphate scale formation5-7.

Maleic anhydride (MA), acrylamide (AM) and methyl

methacrylate (MMA) were used as monomers to investigate

the performance of the copolymer in inhibiting calcium phosphate

scale formation under different synthesis conditions.
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EXPERIMENTAL

Maleic anhydride, acrylamide, methyl methacrylate,

ammonium persulfate, ethanol, etc., were analytically pure and

purchased from the Chengdu Kelong Company. The equipment

were a Nicolet380 FT-IR spectrometer and a self-made thermo-

static polymerization reactor consisting of a thermostatic

water bath (± 0.5 ºC precision), four-necked flask, reflux con-

denser and a dropping funnel8.

Preparation of copolymer: The water bath was kept at a

constant temperature of 65 ºC. A certain amount of maleic

anhydride (MA) was weighed and dissolved in a four-necked

flask using distilled water. Methyl methacrylate (MMA),

acrylamide (AM) solution and ammonium persulfate solution

were sequentially added to three dropping funnels.

At the start of polymerization, an acrylamide solution was

added dropwise continuously, with alternating dropwise

additions of ammonium persulfate and methyl methacrylate

solutions. The addition of these three solutions was finished

within 1 h. Then, the temperature was increased for polymer-

ization and kept stable for a period of time. After reaction

completion, the products were collected, cooled and filtered

under atmospheric pressure. The filtrate was mixed well with

ethanol at a ratio of 1:4. The mixture was adjusted to pH 7

with 40 % NaOH solution, left to stand and cooled for 10 h.

The supernatant was decanted and the solid product was oven

dried at 110 ºC for 24 h to obtain the copolymer scale inhibitor.
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Infrared spectrometry: A small amount of washed

copolymer was subjected to vacuum drying to achieve a

constant weight. The infrared spectrum of the copolymer was

measured by the KBr pellet method using the Nicolet 380

FT-IR spectrometer.

Scale inhibition performance: The inhibition perfor-

mance of the copolymers against calcium phosphate scale and

iron oxide dispersion was examined according to a previous

method9,10.

The static scale inhibition method was used to investigate

the inhibition performance of the copolymers. For calcium

ions in water samples, C(Ca2+) = 250 mg/L (calculated in

CaCO3); for phosphate ions, C(PO4
3-) = 50.0 mg/L and the pH

was adjusted to 9 with 1 g/L sodium tetraborate solution. The

sample was stored under 80 ºC for 10 h. The supernatant was

collected to measure the phosphate ion concentration using

bismuth phosphorus molybdenum blue. The inhibition

efficiency against Ca3(PO4)2 was calculated as11:
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where C0 is the phosphate ion concentration in the sample

without added copolymer after heating at a constant temper-

ature for 10 h (mg/L), C1 is the phosphate ion concentration in

the sample without added copolymer and heating (mg/L) and

C2 is the phosphate ion concentration in the sample with added

copolymer and heating at a constant temperature for 10 h

(mg/L).

RESULTS AND DISCUSSION

IR spectra of synthetic products: The IR spectra in Fig. 1

were obtained from the infrared analysis of the products.

Fig.1. Infrared spectrum of MA-AM-MMA copolymer

Several major characteristic absorption peaks can be seen.

The C=O, C-N and N-H stretching vibrations of the amide

group were at 1652, 1401 and 3193 cm-1, respectively12. The

C=O stretching vibration of the carboxyl group was at 1711

cm-1. The O-H stretching vibration of the carboxyl group and

N-H stretching vibration of the amide group resulted in a mild

absorption peak at 3193 cm-1 13. The C-O stretching vibration

of the ester group was at 1212 cm-1. These characteristic peaks

suggested that the copolymer produced from the polymeri-

zation of monomers MA, AM and MMA contained carboxyl,

ester and amide groups in the presence of potassium persulfate

as the initiator.

Synthesis conditions: The performance of copolymers is

related to the type, quantity and spatial distribution of functional

groups, as well as to the molecular weight of the copolymer,

which is rather small when used as a scale inhibitor. The scale

inhibition performance is particularly high when the molecular

weight is 1000 to 1000014.

The test for inhibiting calcium phosphate scale formation

was performed using 25 mg/L copolymers synthesized under

different conditions. The inhibition performance of the co-

polymer was evaluated using the scale inhibition efficiency as

an indicator.

Synthesis temperature: Fig. 2 shows the relationship

between the synthesis temperature and scale inhibition effi-

ciency at a MA:AM:MMA molar ratio of 1:1:1, initiator

accounting for 18 % of the total monomer amount and reaction

time of 5 h.
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Fig. 2. Influence of synthesis temperature on scale inhibition efficiency

The molecular weight of the copolymer produced

decreased with increased temperature. Free-radical polymeri-

zation was also accelerated and the chain transfer of the solvent

was enhanced. The scale inhibition efficiency reached the

maximum at 75 ºC. The reaction temperature was controlled

at 75 ºC because the scale inhibition efficiency can be adversely

affected by the low molecular weight of the polymer with

continued temperature increase. The increase in temperature

accelerated the chain termination and enhanced the chain

branching reaction.

Initiator amount: The amount of initiator was varied to

investigate its influence on the scale-formation inhibitory

performance of the polymer. The temperature was 75 ºC and

the other conditions were unchanged. The results are shown

in Fig. 3.
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Fig.3. Influence of the initiator amount on the scale inhibition efficiency

Fig. 3 shows that the inhibition efficiency gradually

increased with increased initiator amount, reached the maximum
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when the initiator-to-monomer weight ratio was 15 % and then

decreased. With increased initiator amount, the relative

molecular weight of the polymer decreased, which contributed

to the scale dispersion performance of the polymer. However,

the initiator amount was too high at this moment and the short

molecular chain of the polymer affected the inhibition of

calcium phosphate scale formation due to the small number

of active sites. This phenomenon increased the synthesis cost,

led to unsafe factors and reduced the scale inhibition perfor-

mance of the polymer. Therefore, the optimum initiator-to-

monomer mass ratio was 15 %.

Monomer ratio: Fig. 4 shows the relationship between

the monomer ratio and scale inhibition performance of the

polymer under the optimal reaction temperature and initiator

amount.
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Fig. 4. Influence of the monomer ratio on the scale inhibition efficiency

Fig. 4 shows that the monomer ratio significantly influ-

enced the scale inhibition efficiency of the polymer. The scale

inhibition efficiency was 92.5 % and 26.7 % when the

MA:AM:MMA ratios were 3:2:1 and 3:1:2, respectively. With

increased percentage of the monomers AM and MA, the scale

inhibition efficiency also increased.

The amide (-CONH2) and carboxyl (-COOH) groups in

the polymer are the functional groups responsible for inhibiting

calcium phosphate scale formation. There are carboxyl groups

in both MA and MMA. However, for the same mass of MA

and MMA, the carboxyl group (-COOH) content was higher

in MA than in MMA. A higher MA content in the copolymer

resulted in better inhibition performance.

Reaction time: Fig. 5 shows the relationship between the

polymerization time and scale inhibition performance of the

polymer under optimal reaction temperature, initiator amount

and monomer ratio.
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Fig. 5. Influence of the reaction time on the scale inhibition efficiency

The scale inhibition efficiency of the copolymer increased

with increased polymerization time, reaching the maximum

at a reaction time of 4 h. A longer reaction time resulted in a

higher conversion ratio of the monomers and a higher level of

polymerization completion. However, an excessively long

reaction time resulted in a longer polymer chain, which

affected the complexation with metal ions and reduced the

inhibition efficiency. Therefore, the optimum polymerization

timewas 4 h.

Scale inhibition performance: The scale inhibition perfor-

mance of the scale inhibitor is associated with the scale

inhibitor amount. Calcium ions with concentrations higher than

the stoichiometric ratio can be stabilized in water by adding a

small amount of scale inhibitor.

Fig. 6 shows that a copolymer amount of a few m/gL was

sufficient to achieve the scale inhibition effect and to exert a

"threshold effect" specific to the scale inhibitor. The scale

inhibition efficiency was over 90 % when the copolymer

amount was 25 mg/L, which indicated that the synthesized

copolymer well inhibited calcium phosphate scale formation.
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Fig. 6. Effect of copolymer concentration on scale inhibition performance

and dispersion ability

Dispersion ability: The dispersion ability is another

important indicator of scale inhibitor, especially iron oxide

dispersion, which is as an important component of anti-corro-

sion measures. Cooling water systems contain certain amounts

of iron oxides and dissolved iron can induce the deposition of

phosphate ions, thereby affecting the scale inhibition perfor-

mance of the inhibitor. Iron oxides hydrolyzed from FeSO4·7H2O

at high pH values act as a suspension medium. The ability of

the scale inhibitor to disperse and inhibit iron oxide deposition

under static conditions is evaluated by changing the scale

inhibitor concentration.

Fig. 6 shows that the transmittance almost remained

constant when the copolymer amount was less than 5 mg/L.

The transmittance rapidly decreased with increased addition

amount, which suggested that the amount of iron ions dispersed

in the solution increased. By continuously increasing the

copolymer amount, the transmittance slightly changed with a

copolymer concentration of 10 mg/L and the transmittance

decreased to 29.2 %. The copolymer was proved to have good

dispersion performance and effectively dispersed ferric oxide

at low concentrations.

Conclusion

A terpolymer was synthesized using maleic anhydride,

acrylamide and methyl methacrylate as monomers, as well as

ammonium persulfate as the initiator. The optimum synthesis

conditions were as follows: monomer molar ratio MA:AM:MMA,

3:2:1; initiator amount, 15 %; reaction temperature, 75 ºC and

Vol. 25, No. 11 (2013) Synthesis of MA-AM-MMA Copolymer and its Inhibition Performance  6197

Copolymer amount (mg/L)

S
c
a
le

 in
h
ib

it
io

n
 (

%
)

T
ra

n
s
m

it
ta

n
c
e
 (
%

)



polymerization time, 4 h. Infrared spectroscopy results sugges-

ted that carboxyl, ester and amide groups were present in the

synthesized terpolymer.

The scale-formation inhibition performance of the polymer

was most significantly influenced by the monomer ratio. Higher

MA and MMA contents resulted in better scale inhibition perfor-

mance. When the added amount of copolymer was 25 mg/L,

the scale inhibition efficiency exceeded 90 % and the copolymer

well inhibited calcium phosphate scale formation. The scale

inhibitor was also proved to have good dispersion performance.

When the added amount was over 10 mg/L, ferric oxide was

effectively dispersed and stabilized in water.
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