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ABSTRACT: To develop new process for maximum molecular weight of polyacrylamide
(PAM), various polymerization conditions were studied with inverse emulsion polymeri-
zation scheme. Concentrations of initiator, reducing agent and emulsifier were investigated
in terms of molecular weight of PAM. Reaction temperature was also studied for molecular
weight, Among several batch and semi-batch processes tested with feeding method of
reactants, controllability of reaction temperature and reaction time, a semi-batch process
was suitable for maximum molecular weight of PAM. This seed-type semi-batch process
yielded 3.3 million (Mn) and 4.66 million (Mw) in molecular weights measured by the
intrinsic viscosity method. Inverse emulsion polymerization mechanism of PAM, however,
did not follow the Smith-Ewart theory.
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Figure 1. Representation of Stages of Ideal Emul-
sion Polymerization (a) Prior to Initi-
ation (b) Polymerization Stage 1 (c)
Polymerization Stage 2 (d) Polymeriza-
tion Stage 3 (e) End of Poymerizlation.
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Table [. Intrinsic Viscosity and Molecular Weight Relationship for Polyacrylamide, (p)=KM?
Solvent ' Temperature(°C] } Kx104dl/g ' a ]Mole.Wt.Range, Mx10-4 Method* } Ref
Water | 2 | o631 0.80 | 250 ‘ SD } 26
Water | 25 | 6.8 0.66 | 1—20 | PR 27
1 SD : Sedimentation and diffusion(yielding Mw)
PR : Analysis of polymerization rate(yielding Mn)
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1. Mechanical Stirrer 2. Monomer Emulsion
3. Reducing Agent 4. Transfomer

5. Magnetic Switch 6. Solenoid Valve

7. Reflux Condenser 8. Heating Mantle

TI : Temperature Indicator

TC : Temperature Controller

Figure 3. Experiment Apparatus for Polymeriza_
tion
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Table [. Intrinsic Viscosity and Molecular Weight with Various Polymerization Conditions for Process
A and Process B ([Span 80)=2.14wt.% on Monomer)

Process f Temperature Reaction TBHP? (7 I] Mol.wt. % ]0‘;

} C) Time(hr) (mole %) (dl/gr) i F}(ﬁ) E'ql?s)
A 33—41° 3 0.035 846 | 257 | 160
A 33—40° 3.5 0.017 11.05 [ 3.58 2. 40
A 42—53° 1.25 0.035 6.20 l 1.74 1.00
A i 42—52° | 2 0.035 6.99 f 2.02 1. 20
B 35 3.5 0.035 5.87 1.62 ! 0. 92
B 40 3.5 0.035 5.66 i 1.60 i 0.87
B 45 3.5 0.035 4.99 1.33 0.72
B 50 ‘ 3.5 0.035 3.50 | o.ss 0.42

a. To monomer acrylamide
b. Intended reaction temperature ; 35°C
c. Intended reaction temperature ; 45°C

Table [y, Intrinsic Viscosity and Molecular Weight with Various Polymerization Conditions for Process C

| i | | | i - -
Temperature Reaction | ppps | NakSO | Span 80° o Molwtxio
° ‘ 2y oy | / : Mw Mn
» o) L) l (mole 2 i (mole %) i (Wt %) ] (dl/gr) | qu(é) " Ea®)
40 35 0.035 0.1 2,14 7.37 2.16 1.30
35 3.5 0,035 0.1 2.14 6.99 202 1 120
3B | 35 0.035 0.1 2.14 9.£0 3.03  : 2.00
35 4 0.017 0.1 2. 14 i2.24 4.07 1 2.80
35 4 0.608 0.1 2,14 13.09 4.43 | 310
35 4 0. 004 0.1 j 2.14 13.36 4.5% 3.2
35 4 0. 004 0.05 | 2.14 13,64 4.66 | 3.20
35 i 4 0.004 0.2 2.14 2.81 431 | 3.00
3 4 0. 004 0.3 2.14 11. 36 3.71 | 250
35 4 0. 004 0.1 107 11,34 3.70 | 2.50
B 4 0. 004 0.1 4.28 12,22 4.06 |27
a. To monomer acrylamide
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