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Table 1 The polymerization recipes for the polymerization of AN and MA.

No. Monomer molar rafio Monomer Initiator Alkali Metal Ions Temperature
concentration ® (wt%)  concentration ® (wt%)  concentration * (wt%) (°C)
1 AN/MA 90/10 9 0.4 0.000 65
2 9 0.4 0.002 65
3 9 0.4 0.005 65
4 9 0.4 0.010 65
5 9 0.4 0.015 65
6 9 0.4 0.020 65
7 9 0.8 0.020 65
8 9 1.2 0.020 65
9 AN/MA/SMAS 80/10/10 12 1.0 0.000 65
10  AN/MA/SAS 85/10/5 12 1.0 0.000 67

2 The total weight is 200 g, monomer concentration and Alkali Metal Ions concentration is for total weight; ® Initiator concentration

is for monomer.
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Fig.1 (a) Conversion-time curves for different concentrations of LiBr; (b) Particle size-time curves for different concentrations

of LiBr; (c) Particle number-time curves for different concentrations of LiBr; (d) Conversion-time curves for different

concentrations of NaBr; (e) Particle size-time curves for different concentrations of NaBr; (f) Particle number-time curves for

different concentrations of NaBr; (g) Conversion-time curves for different concentrations of KBr; (h) Particle size-time curves

for different concentrations of KBr; (i) Particle number-time curves for different concentrations of KBr.
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Fig.2 (a) Conversion-time curves for different Alkali Metal
Tons; (b) Particle size-time curves for different alkali metal
ions; (c) Particle number-time curves for different alkali
metal ions.
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Fig.3 (a) The evolution of particle size distribution curves
for alkali metal ions LiBr; (b) The evolution of particle size
distribution curves for alkali metal ions NaBr; (c) The
evolution of particle size distribution curves for alkali metal
ions KBr.
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Fig. 4 Zeta potential curve for different alkali metal ions

(electrolyte concentration is 0.01 wt%).
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Fig. 5 SEM image of poly(AN-co-MA) without alkali metal
ionsl?0l.
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Fig. 6 SEM images of poly(AN-co-MA) with different alkali metal ions concentrations.
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Fig. 7 (a) Conversion-time curves at different initiator
concentrations; (b) Particle size-time curves at different
initiator concentrations; (c) Particle number-time curves at

different initiator concentrations (NaBr 0.02 wt%).
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Fig.8 (a) Evolution of particle size distribution curves at
0.4 wt% APS; (b) Evolution of particle size distribution curves
at 0.8 wt% APS; (c) Evolution of particle size distribution
curves at 1.2 wt% APS (NaBr 0.02 wt%).
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Coagulation mechanism of P(AN-co-MA) particles induced by Alkali metals ions
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Fig. 9 The coagulation process of particles.
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Table 2 Intrinsic viscosities and glass transition temperatures
of P(AN-co-MA) with different types of electrolytes.
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Fig. 10 (a) XRD patterns of P(AN-co-MA) particles for
different alkali metal ions; (b) Degree of crystallinity of P
(AN-co-MA) particles curves for different alkali metal ions.

Electrolytes [n] T, (°C)
A No electrolytes 473 93.4
P4%) LiBr 3.24 95.3
NaBr 3.47 95.2
NaBr 0.01wt% KBr 4.59 95.0
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Fig. 11 SEM images of (a) poly(AN-MA-SMAS) particles and (b) poly(AN-MA-SAS) particles.
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The Regulation Mechanism of Alkali Metal Ions on the Preparation of
Monodisperse Polyacrylonitrile Particles via Soap-free
Emulsion Polymerization
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Abstract The effects of alkali metal ions (Li*, Na*, K*), initiator concentration and ionic comonomers on particle

coalescence and surface charge construction were investigated in soap-free emulsion polymerization using acrylonitrile
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(AN) and methyl acrylate (MA) as monomers and ammonium persulfate as the initiator. The morphology, particle
size distribution, zeta potential, and crystallinity of the resulting P(AN-co-MA) particles were characterized by
scanning electron microscopy, dynamic light scattering, and X-ray diffraction. The experimental results demonstrated
that alkali metal ions reduced the stability of the P(AN-co-MA) particles. By virtue of their hydration properties,
these ions compressed the electric double layer and weakened the electrostatic repulsion between particles,
thereby inducing particle coalescence. Increasing the initiator concentration effectively raised the surface charge
density of the particles, thus suppressing coalescence. The mechanism of surface charge formation on P(AN-co-
MA) particles was modulated by ionic comonomers, which in turn affected particle stability. This study elucidates
the regulatory role of alkali metal ions in the preparation of monodisperse P(AN-co-MA) particles via soap-free
emulsion polymerization.
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