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ABSTRACT : A new inversz emulsion polymarization process was developed to syn-
thesize polyvinylpyrrolidone. Development of the process was emphasized on obtaining
maximum molecular weight varying reaction conditions in terms of reaction tempera-
ture, reaction time, initiator, emulsifier, and raducing agent. Two redox systems were
tested and molecular weight was measured by intrinsic viscosity and the Mark-
Houwink equation. Reducing agent NaHSQ,.-CH,0O gave higher molecular weight than
NaHSO, at 30°C reaction tempzrature and 2.5 hrs. reaction time. Existence of ma-
ximum molecular weight in concentrations of initiator, emulsifier, and reducing agent
implies that PVP polymsrization does not follow the ideal emulsion polymerization

mechanism.
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Table [. Constants of Mark-Houwiak Equation
for Polyvinylpyrrolidone [7]=KM?,

Tempe- Kx 102 Mol, Wt. Met
Solvent rature a Range jhe'l‘_ Ref.
O (mfjg)  Mxiot P

Chloroform 25 19.4 0.64 2—23 LS 9
Mazthanol 30 23 0.64 223 LS 9
Water 20 64 0.58 SD 10
25 67.6 0.55 1.7—10 LS 11
25 4.1 0.8 1—4 SD 12
30 14 0.70 1—340 SD 13
30 33.3 0.59 8—110 OS 14

Acetone/ 25 74.0 0.50 1.2—108 LS 15
Water?
(66.8/33.2 Vol.)

1. Methods for molecular weight mzasurements
are as follows ; OS-Osmotic(Mn) ; LS-Light-
Scattering(Mw) ; SD-Sedimentation-Diffusion
(Mw),

2. 6-Solvent

(G)

Figure 1

Figure 1. Polymerization Apparatus

(D Mecharical Stirrer @ Reflux Condenser @ Reactor @ Water Bath & Hot Plate Stirrer
® Cooling Coil @ Magnetic Stirrer (® Solenoid Valve § N, @ Temperature Indicator
43 Temperature Controller @ Cooling Water (® Reducing Agent © Monomer
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Figure 2. Temperature-Time Profile of NaHSO,/TBHP Systam for Polymerization Process [. ([TBHP]
=1.92wt9, [Span 80]=4.285wt%, [NaHSO,]=0.2wt%)

Table [. Intrinsic Viscosity and Molecular Weizht of Polymers Prepared under Various Polymerization
Conditions with TBHP/NaHSO, System.

Reaction  Reaction Concentration(wt %)* Intrinsic  Molecular
Process  Temp. Time Viscosity Weight

9] (hr) Initiator(I] Emulsifier(E} Reducing Agent{R] (ml/g) Mwx10"®
il 25 1.2 4.80 4.285 0.2 123.2 5.45
i 30 1.3 4.80 4.285 0.2 135.0 6.28
I 40 1.3 4.80 4.286 0.2 120.0 5.24
I 50 1.2 4.80 4.286 0.2 88.0 3.25
i 30 2.0 4.80 4.286 0.2 155.0 7.84
I 30 2.5° 4.80 4. 286 0.2 171.5 9.07
I 30 3.5 4.80 4.286 0.2 129.0 5.90
I 30 2.5° 4.80 4.286 0.2 173.5 9.24
)\ 30 2.5 3.84 4.285 0.2 178.0 9.61
N 30 2.5 1.92 4.286 0.2 220.0 13.31
I\ 30 2.5 0.96 4.286 0.2 168.0 8.79
' 30 2.5 0.11 4.286 0.2 104.0 4.20
N 30 2.5 1.92 8.572 0.2 160. 0 8.15
v 30 2.5 1.92 6.0 0.2 168.0 8.79
v 30 2.5 1.92 2.57 0.2 172.0 9.11
I} 30 2.5 1.92 0. 857 0.2 134.0 6.2L

a. To monomer N-vinylpyrrolidone

b. Monomer-Initiator Emulsion Feeding Time=1.5 hr.
Reducing Agent Feeding Time=2.5 hr.

¢. Monomer-Initiator Emuslion Feeding Time=2.0 hr.
Reducing Agent Feeding Time=2.5 hr.
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Table J. Intrinsic Viscosity and Molecular Weight of Polymers Prepared under Various Polymerization
Conditions with TBHP/NaHSO,CH,O System (Process [§, 2.5 hrs Reaction Time, 30°C Reac-
tion Temperature)

Concentration(wt %) Intrinsic Molecular
Viscosity Weight
Initiator (I3 Emulsifier (E) Reducing Agent [R) (m!/g) Mwx10-*
1.92 4.285 0.6 166. 0 8.63
1.92 4.286 0.4 169.0 8.87
1.92 4.285 0.23 245.0 15.71
1.92 4,285 0.2 285.0 19.82
1.92 4.286 0.1 115.0 4.91
4.80 4.286 0.2 140.0 6. 64
3.84 4.285 0.2 182.0 9.94
2.88 4.285 0.2 213.0 12.66
1.44 4.286 0.2 260.0 17.21
0.96 4. 286 0.2 253.0 16. 50
0.48 4. 285 0.2 226.0 13.87
1.92 8.572 0.2 155.0 7.77
1.92 6.0 0.2 187.0 10. 36
1.92 2.570 0.2 170.0 8.95
1.92 0. 857 0.2 120.0 5.24
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Figure 6. Molecular Weight vs. Emulsifier Con-
centration
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