
INTRODUCTION

Anionic polyacrylamide (APAM) is a kind of polyacryl-

amide (PAM) and shows electronegative which contains func-

tional groups of sulfonic acid, phosphoric acid or carboxylic

acid1. Due to more charge, the molecular chain of polymer

can be more stretching in the water which will increase the

capacity of adsorption and bridge for suspended particles

removal2,3. The mainly interaction between APAM and

suspended particles is static electricity, hydrogen bonding or

covalent bond4-6. Anionic polyacrylamide with high molecular

weight and good solubility property can be an important kind

of flocculants. And it has been widely used in water treatment

because of good flocculation performance7. Generally, mole-

cular weight of polysaccharide polymer is determined by

intrinsic viscosity8. Accordingly, how to improve the intrinsic

viscosity and solubility property of APAM is the most critical

point in the polymerization.

Based on comprehensive literature survey to the prepa-

ration technology and application progress of APAM, it can

be found that a detailed analysis and review of past academic

research progress could be valuable with the rapid develop-

ment of synthesis technology. Homopolymerization post-

hydrolysis process, homopolymerization cohydrolysis process,

copolymerization approach, inverse emulsion polymerization,

precipitation polymerization and radiation polymerization are

the main six kinds of synthesis technologies of APAM.
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Fundamental aspects of these methods will be introduced and

summarized. The developments in applications will also be

reviewed and discussed. Finally, the main conclusions and

future perspectives are presented.

Synthesis technology progress of APAM: The earliest

in 1893, Moureu prepared polyacrylamide by using acryloyl

chloride and ammonia in the low temperature. And in 1954,

America takes the lead in realizing the industrialization

production of polyacrylamide. However, in the 1960s, APAM

was firstly developed through alkaline hydrolysis process in

the world. Up to now, synthesis technology of APAM has

experienced a lot of improvements, the basic reaction of poly-

merization usually expressed as Fig. 1. According to the APAM

synthesis development history of these years, successively

appeared the following six different synthesis technologies:

Homopolymerization posthydrolysis process, homopolymeri-

zation cohydrolysis process, copolymerization approach,

inverse emulsion polymerization, precipitation polymerization

and radiation polymerization.

n(CH)2 CH CONH2
Initiator CH2 CH

CONH2

n

Fig. 1. Basic reaction of acrylamide polymerization

Homopolymerization posthydrolysis process: Fig. 2

presents the technological process of homopolymerization
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Fig. 2. Technological process of homopolymerization posthydrolysis

posthydrolysis. It is apparent from Fig. 2 that, homopolymeri-

zation posthydrolysis process can be divided into two steps.

The first one is the basic radical polymerization of acrylamide.

Nonionic polyacrylamide is generated in this step. And the

second step is completed under the alkaline conditions by

adjusting the pH value more than 7. In this step, nonionic poly-

acrylamide hydrolysis will happen. Finally, APAM can be

obtained after these two steps.

This technology was widely used in the industrial

production. The greatest advantage offered by this process is

that the first step of polymerization reaction is conducted in

low temperature, which is useful for improving molecular

weight of the APAM9. However, it also has some disadvantages

as follows10. Firstly, because of one more step than the other

technologies, the polymerization conditions are not easy to

control. Secondly, hydrolysis process maybe heterogeneous.

It is difficult to reach the control requirements of dissolving

properties. What's more, ammonia can be released in the

reaction, which will cause not only equipment corrosion, but

also environmental pollution, even threaten workers health.

Homopolymerization cohydrolysis process: Based on

homopolymerization posthydrolysis process, homopolymeri-

zation cohydrolysis process was put forward by simplifying

and improving. It can be seen from the Fig. 3 that, sodium is

added into the reaction system before polymerization which

is the biggest difference with the homopolymerization

posthydrolysis process. In this way, the polymerization

reaction and hydrolysis will happen at the same time. Hydroxy

anion can be produced with the hydrolysis reaction. Finally,

we can obtain APAM through drying and granulation.

Fig. 3. Technological process of homopolymerization cohydrolysis

Obviously, this method can overcome the common

problem of hydrolysis heterogeneous owing to posthydrolysis

process11. Meanwhile, production device has been simplified

to one step. This will greatly reduce the production equipment

investment, which can make contribution to lower production

cost12.

However, impurities maybe bring in the reaction system

resulted from adding sodium before polymerization13. These

impurities can exist in polymer through polymerization which

may affect the properties of the polymer. In addition, tempe-

rature of the reaction system will rise at the beginning of adding

alkali. On the contrary, the polymerization reaction needs to

conduct at low temperature. In this way, it's necessary to cooling

down the temperature after adding alkali. Similarly, this techno-

logy also cannot solve the problem of equipment corrosion

and environmental pollution because of ammonia emissions.

Copolymerization approach: Fig. 4 shows the techno-

logical process of copolymerization approach. The core idea

of the copolymerization approach is that acrylamide (AM) is

polymerized together with other one or two anionic monomers

under the initiation. And many small molecule organic matters

can be used as anionic monomer, such as sodium acrylate

(SAA), 2-acylamido-2-methyl propane sulfonic acid (AMPS),

etc.14,15. Generally, the polymer of copolymerization can be

divided into binary copolymer and terpolymer according to

the quantity of different monomer16.

Fig. 4. Technological process of copolymerization

Short production cycle, less process and no ammonia

emissions are the advantages of copolymerization approach17,18.

More important is that degree of hydrolysis can be controlled

through copolymerization19. Furthermore, excellent quality of

APAM can be synthesized with better solubility and higher

molecular weight than homopolymerization posthydrolysis

and homopolymerization cohydrolysis20,21. Based on the above

advantages, this technology is widely used in European and

American countries.

Nevertheless, there is still a problem that reactivity ratio

between acrylamide and other monomers have a big diffe-

rence (For example: rAM = 1.0, rSAA = 0.35), which can lead to

reaction mechanism complicated22,23. In this way, it is difficult

to optimize synthesis conditions. Moreover, acrylamide with

high purity is quite necessary for this approach. Compared to

European and American countries, the technology of

acrylamide production in China is greatly backward, which is

a large obstacle for the application of copolymerization

approach in China.

Inverse emulsion polymerization: Under the condition

of that monomer water solution as the dispersed phase and

water-immiscible organic solvent as continuous phase, inverse

emulsion polymerization will be conducted in water-in-oil

emulsion24,25. Inverse emulsion polymerization is usually used

to prepare hydrophilic polymeric particles, such as acrylamide26,

salt of acrylic acid and N-isopropyl acryl amide27,28. The

inherent advantage of inverse emulsion polymerization in

comparison with the bulk or other polymerization techniques

is the fact that this process enables both to reach high mole-

cular weights and high reaction rates during polymerization29.

What's more, chance of implosion can be greatly reduced

owing to the reaction occurs in the oil phase30,31. Consequently,

reaction will be smoothly conducted and the generated heat

can be evenly sent out from reaction system. In other words,

the reaction is easy to control which can make molecular

weight located in a relatively narrow range.
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At the same time, there are also some shortcomings for

this technology. The main problem is that it is difficult for

emulsification and oil-water separation32,33. Moreover, the

process of solvent recovery is also very complicated34. Up to

now, there is still not effective method for solving these

problems which is an obstacle for large scale application in

the industrial production35.

Precipitation polymerization: Precipitation polymeri-

zation is a unique method to prepare crosslinked polymer

particles in a uniform size and shape in the absence of any

added stabilizer36,37. In the polymerization mechanism, it was

proposed that the particle growth went on through the effective

precipitation of nucleated particles due to the non-swell ability

of crosslinked primary particles38.

For precipitation polymerization, temperature will not be

excessive increased with heat dissipation from the reaction

system39, which is significance for the reaction stability.

Furthermore, late in the reaction, the rest of the monomer will

not gathered together and can freely diffusion40. It's favorable

for improving the conversion and molecular weight41. The

biggest difference with other technology is that most of the

residual monomer will stay in solvent, playing a positive

effect in preparing APAM with low toxicity and high purity42,43.

Owing to precipitation in solvent, the polymer can be easy to

separation or filter44,45. That's all the advantages of precipitation

polymerization.

However, development of this technology is not mature

enough, failing to realize large-scale industrial production. It's

necessary to make efforts on strengthening solvent recovery

research for preparing environmental friendly and economical

APAM.

Radiation polymerization: Radiation polymerization

can be carried out under the high-energy ionizing irradiation,

electron beam, α-ray, β-ray, γ-ray (especially Co-60γ) and

X-ray included46-48. The most important mechanism is the

generation of ion or free radicals as the active center49-51. Fig. 5

shows the mechanism of particle formation during the poly-

merization of acrylamide initiated under the high-energy

ionizing irradiation52,53. The reaction can occur at ambient or

sub-ambient temperatures and the activation energy is lower

than thermal-initiation polymerization54,55.

Application in water treatment: After more than a

century of development, APAM has been widely used in many

fields of every country of the world. Table-1 shows the appli-

cation situation of APAM in world major countries. It suggests

that APAM is primarily used for water treatment, papermaking,

oil exploring and coal washing in mine56, especially in water

treatment57. Obviously, APAM can play an important role in

micro-polluted source water, municipal sewage, industrial

water treatment, even in excess sludge dewatering58.

Fig. 5. Mechanism of particle formation during the polymerization of

acrylamide initiated by UV light

Generally, due to characteristics of APAM with large

specific surface area, linear molecular chain and electrical

group is used as absorbent or flocculants in water treatment59.

Anionic polyacrylamide as a most important coagulant aids

has been usually used together with inorganic polymer

flocculants such as polyaluminum chloride (PAC) and

polymeric ferric sulfate (PFS) in tap water plant and sewage

treatment plant for the treatment of micro-polluted source water

and municipal sewage respectively60,61. Because there are

abundant anion groups in the molecular chain, APAM has a

great negative potential. Consequently, for the industrial waste-

water especially wastewater containing metal, APAM can show

a high treatment efficiency through electricity neutralization

reaction. However, in sludge dewatering, sludge particles will

adsorbed on molecular chain of large specific surface area.

Adsorption performance will play an important role in this

process and the dewatering efficiency can reach up to 75 %62.

Conclusion and perspectives

A critical analysis of literature reveals that much progress

has been achieved in applications and research of APAM

synthesis technology. However, in recent years, there is a

severe trend that composition of wastewater is becoming more

and more complicated. Faced with this problem, the traditional

flocculent varieties already cannot satisfy the use requirement.

Therefore, research and development of composite and special

APAM is necessary for the challenge of the new situation.

What's more, as the improvements of the industrial

production technical level, APAM will be used in more fields

and the usage also will be sharply increased. In this way, charac-

terization of high efficiency, low cost and environmental

friendly will become an important development direction of

APAM synthesis technology. Specially, improve the conver-

sion rate to reduce the monomer residues should be set as the

primary goal. Because monomer acrylamide has nerve toxicity

and genetic toxicity to a certain extent which is a potential

threat to mankind. Finally, reducing monomer residues is

necessary to make contributions to environmental friendly.

TABLE-1 

APPLICATION SITUATION OF APAM IN WORLD MAJOR COUNTRIES 

Country Water treatment Papermaking Oil exploitation Mine Others Total (%)a 

America 60 25 0 11 4 100 

European 45 32 12 8 3 100 

Japan 36 45 11 4 4 100 

China 40 15 35 5 5 100 
a%: percentage, unit of each statistical data. 
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Above perspectives were proposed to the potential deve-

lopment of APAM synthesis technology in the future. With

more efforts being conducted in the research and development,

the prospects of developing technologically acceptable and

economically feasible synthesis technology over conventional

methods are pleasant.

Abbreviation

APAM : Anionic polyacrylamide

PAM : Polyacrylamide

AM : Acrylamide

SAA : Sodium acrylate

AMPS : 2-Acylamido-2-methyl propane sulfonic acid

PAC : Polyaluminum chloride

PFS : Polymeric ferric sulfate
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