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Abstract . The plasma-initiated polymerization of acrylamide in aqueous solution was investigated.
The plasma initiation was carried out by a high-frequency generator and the polymer formation pro-
cess follows the free-radical polymerization mechanism. Several factors which affect the polymeriza-
tion such as monomer concentrations, plasma durations, post-polymerization temperatures and post-
polymerization time were investigated. Dilatometer was used to measure the conversion and the rate
of polymerization. The initial rate of polymerization was 10* mole/liter-sec to 10°° mole/liter-sec under
various reaction conditions.
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Fig. 1. The dilatometer used for plasma-initiated poly-
merization.
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Acrylamide®] Zatzn} 7§A] =3

Table 1. Proposed Mechanism of Plasma-Initiated Solution Polymerization

Gas Phase Mst+e —M¢* (+e) )
Diffusion

Gas-liquid Interphase Mc* M.* (2)

Solvation of Reactive Species M *+S (M%), 3

Initiation (M*),+M, > (My*), 4)

or (M. +M, —> M* (5)

Propagation M*)+M, (M*), (6)

or M* +M; M.* (7N

Activity of (M*), Very high Low Very low

(ML*) H20 (ML*) ethanol (ML‘) DMF

(ML*) DMSO (ML‘) VPdn

Mg*, Mc*, Monomer and its derivatives in gas and liquid phase, respectively. (M*),, solvated active

species ; M;, Mz, monomer ; S, solvent.
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Fig. 2. FT-IR spectrum of polymer obtained by pla-
sma-initiated polymerization.
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Fig. 3. Temperature dependence of percent conver-
sion for the plasma-initiated polymerization of AAM
in Water : polymerization condition : conc. 10 wt%,
plasma duration 60 sec, post-polymerization time 2hr,
post-polymerization temp. (A) 20C, (W) 30T, (@)
40T, (A) 50T,
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Fig. 4. Temperature dependence of molecular weight
for the plasma-initiated polymerization . polymeriza-
tion condition is the same as in Fig. 3.
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Fig. 5. Monomer concentration dependence of percent
conversion for the plasma-initiated polymerization of
AAM in water : polymerization condition ; plasma
duration 60 sec, p. p. temp. 40C, p. p. time 2hr.
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Fig. 6. Concentration dependence of M. W. for the
plasma-initiated polymerization : polymerization con-
dition is the same as in Fig. 5.
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Fig. 7. Plasma duration dependence of percent conve-
rsion for the plasma-initiated polymerization of AAM
in water . polymerization condition ; conc. 10wt%,
p. p- temp. 40T, p. p. time 2hr.
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Fig. 8. Reaction time-conversion relationship in the
plasma-initiated polymerization of AAM in water : po-
lymerization condition is the same as in Fig. 7 ; pla-
sma duration (@) 30sec, () 60sec, (&) 90 sec,
(A) 120 sec.
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Fig. 9. Plasma duration dependence of M. W. for the
plasma-initiated polymerization of AAM in water . po-

lymerization condition is the same as in Fig. 8.
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Post-polymerization time (hr)
Fig. 10. Post-polymerization time dependence of per-
cent conversion for the plasma-initiated polymeriza-
tion of AAM : polymerization condition is the same as
in Fig. 3; (@) water, ((O) methanol, ((J) chloro-
form, reaction time ; 3 days.
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Fig. 11. Post-polymerization time dependence of M.
W. for the plasma-initiated polymerization of AAM in
water . polymerization condition is the same as in Fig.

3.
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Fig. 12. Effect of the post-polymerization temp. on the
initial rate of polymerization.
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Fig. 13. Effect of the duration of plasma-initiation on
the initial rate of polymerization.
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Fig. 14. Effect of AAM concentration in water on the

initial rate of polymerization.
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