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ABSTRACT: The crystallization kinetics of Nylon 66 were studied by the depolarized
light intensity method. The effects of crystallization temperature, molecular weight, and
sodium phenylphosphinate (as a nucleating agent) concentration on the rate of crystalli-
zation were evaluated. Avrami equation was used for the determination of the overall

rate of crystallization, t,,,~!, In the temperature range of 232-243°C, the overall rate
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of crystallization, t,,,~! varied from 0.0435 to 0.0125, and Avrami exponent, n were
about 3-4. The overall rate of crystallization varied from 0.0164 to 0.0204 as the
number average molecular weight decreases from 16,500 to 15,500, This overall rate of

crystallization was comparable to a commercial injection molding grade Nylon 66,
Leona 1300S. The overall rate of crystallization varied from 0.0172 to 0.0278 in the

presence of lwt% sodium phenylphosphinate as a nucleating agent. The Avrami ex-

ponent, n varied from 11.8 to 3 in the presence of 1wt#% sodium phenylphosphinate.
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Table [. Samples used for the crystallization

kinetics

Sample  Polymer Nucleating | Relative .
No i Agent Viscosity* Mn
1 iLeona 13008 — ’ 2.7¢ |16, 200
2. |KAIST #1 — 2.77 {16,500
3. |KAIST #2 — I 2.75 16,300
4. [KAIST #3 — ; 2.66 15,500
5. KAIST %2 |0.25wt%spp*™ 2,75 [16,300
6. 'KAIST %2 0.5 wtwspp |  2.75 [16.300
7. KAIST #2 |1.0 wtwspp | 2.75 |16,300
* ; relative viscosity of 1wtes solution in

97+ H,SO, at 25°C
** . sodium phenylphosphinate
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: Bath temp. controller

: Bath temp. indicator

: Transformer

: Photo voltaic photo diodes
. Amplifier

: Oscilloscope

:+ Recorder

: Hot stage

00~ o U1 W D

g : Glass window
T.C : Thermocouple
B : Silicone oil bath
H : Heating tape

P : Polarizer

A : Analyzer

S : Sample

Figure 2. Block diagram of the apparatus.
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Table]]. The values of » and % in Avrami equa-
tion for different crystallization tempre-

atures
Crystalli- g
zation te- sgc—" k r c
mp. °

235 0.0200 | 1.40X10™® | 4.5 | 0.974] 0.045
240 0.0189 | 8.52X10°° | 4.0 | 0.978| 0.031

|

[
232 0.0435 | 1.04X10™* | 2.7 | 0.952) 0.071
243 0.0125 ‘ 1.26X107% | 4.6 | 0.964] 0.047

(specimen no.1 was used)

Zaq A6d 43 1982 84

Fizure 6. photograchs under the rolarizing micro-

scope (X 500)

(a) Leona 13005

(b) pure Nylon 66(KAIST #2)

(c) Nylon 66 with various additive including
sodiumphenyl phosphinate (KAIST)

melt conditions : 300°C, 1min

crystallization temp. : room temp,

film thickness : about 10xm
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Figure 5. Specific volume-temperature plot showing
initial preheating temperature T, and isoth-
ermal crystallization path (arrow) at T,.

Table]]. The variation of #» and % due to the
change in the temperature equilibration

time
Assumed tempera- [ l
ture equilibration k n r* cH*
time, sec
8 5.89x10~° | 4.7 | 0.973' 0.043
10 1.40X10°% | 4.5 0.974| 0.045
12 3.35X107* | 4.3 | 0.974] 0.047
15 1.23X10°" | 4.1 0.974] 0.050

(The data were chosen from recording of depola-
rization at Tx=235°C for specimen no.1)
* + coefficient of correlation in a linear regression
analysis
#* « covariance in a linear regression analysis
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TableV. The value of n and K in Avrami equation for various concentrations of sodium phenylphosphinate-
specimen No. wte of spp k .7, sec? ; k n / r ) c

7 1.00 0.0278 1.46%X107° 3.0 0. 961‘ . 0.'028

6 0.50 0.0217 7.42%X10°° 4.1 0.984 0.030

5 0.25 0.0196 7.90%x107° 4.0 0.982 0.048

3 0.00 0.0172 1.01x107* 11.8 0.995 0.017

(crystallization temperature was 235°C)

Table[y. The values of t,,,~* for different
melecular weights

Specimen No. M, ] 7 sec™?
4 15, 500 0. 0204
3 1€, 300 0.0i72
2 | 16, 500 " 0.0164
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polymer was easily separated from homopolymer and graft copolymer by the extraction
with 40% aqueous Nal solution at 60°C. From the relation between the amount of added
MMA in SA solution and the flow time, it might be assumed that MMA was adsorbed
complexed and activated to the SA, The flow time was increased by the flocculation
of SA with the amount of MMA added, and then decreased with the successive addition

of MMA by the coagulation.

The ratio of increase and decrease for the flow time was

proportional to the concentration of SA. The hydrophilic polymer SA was the dispersed
phase (domain) and the hydrophobic polymer PMMA was the continuous phase (matrix)

from the morphological observation. The stable emulsion of water in oil system was
formed in this polymerization. And the great stability of PWO emulsion containing SA
would be owing to the formation of graft copolymer as emulsifying agent. The emulsion

would be named PWO emulsion.

The grafting had the maximum values with the

concentration of SA and MMA. The overall apparent activation energy for the graft

copolymerization at the ratio of acetone to water 16/64 (vol% /volz) was determined

to be 17,8 kcal/mol from the Arrhenius plot.
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