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Fundamental Properties of Polychloroprene 1

Characterization of Commercial Polychloroprene Rubbers in Dilute Solution

Toshiharu Takagi
Tsutomu Hashimoto
Shiro Kido

The molecular weight, molecular weight distribution and polymer structure of commercial polychloroprene

rubbers (CR) were studied.

Fractionation was carried out by column elution chromatographic method. For

these fractions, the intrinsic viscosity, (7], and the number average molecular weight, Mn, by osmotic pressure

were measured, and the parameters, K and a, of the Mark-Howink-Sakurada eq., (7} =KM?, were determine d.

The differential molecular weight distribution pattern

s of CR and their fractions were measured directly by Gel

Permeation Chromatography (GPC), and a GPC calibration curve was obtained for each sample by plotting

Mn against GPC peak count (elution volume). From each GPC calibration curve, the pumber (Mn) and

weight average molecular weight (Mw), and the Q ratio (Mw/Mn) were calculated.

These GPC values are in good agreement with values of absolute measurement. It is concluded that there

are some important differences in the polymer structure of commercial polychloroprene rubbers polymerized

from the same chloroprene monomer, €. g, the difference in contents of 1, 2~ and 3, 4-polymerization units,

becaus the CR samples have different viscosity equations and GPC calibration curves.
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Table 1 Characteristic values of fractions
Sample A Sample L Sample N
3 Fraction | Sample | §n GPC Calculated from GPC Fraction| Sample | Mn GPC Caleulated from GPC Fraction | Sample | Mn - Omm Calculated ?oaoowo
: & k Q= 7] Y | = 7 pea N X =
i No. | weight | x 10—+ L MMHE vm..ocl _ xﬂu... Mu/Mn No, | weight | x10-4 Hﬂ”ﬂ M‘._“Mn.h vmnol w.ﬂi /¥in No. | weight | x10—4 count VK%L vw\wmu. Mw/Mn
3—0 10.3861 | 10,4 | 1.051 | 30.43 | 21.2 973 | 2.30 5—0 |0.5737 | 13.4 | 0.460 40 |0.8951| B8.71] 0.957 | 81.65 | 9.23| 5.59| 1.65
4~9 |0.1630 31.40 |~ 5.53 | 3.80| 1.48 4~8 | 0.2331 3.4 757 5.80| 1.a1 4,5.6 | 0.1917 32.34 | 5.46 | 4.04 | 1.35
1001|0023 | 7.60 30.70 | 8.48 | 7.49| 1.13 9 | 0.1282 | 9.04 31.23 | 10.3 981 1.05 7.8.9 | 0.2567 | 8.02 | 0.440 | 31.20 | 8.30 | 7.04 | 1.18
12 70,1259 " 10.1 | 0.730 | ap.10 | 11.6 985 | 1.18 10.11,12| 0.1742 30.70 | 11.6 | 10.8 1.07 10 | 0.1317 | 8.42 | 0.512 | 30.56 | 10.2 9.00 | 1.14
13 | 0.1397 | " 111 | 0.790 | 29.68 | 13.5 | 11.5 1.17 13| 0.1526 | 12.2 30.39 | 12.6 | 11.8 1.07 11 | 0.0882 | 12.1 30.20 | 12,0 | 10.6 1.15
14 01549 | 16.7 | 0.900 | 29.32 | 15.7 | 12.4 1.27 14 [0.2019 | 13.2 | 0.631 85 T 15.1 | 141 .07 12 [0.1346 | 15.9 | 0.650 | 30.00 | 13.0 | 1i.5 Li3
15 10,2815 | 184 | 0.829 | 28.80 | 25.1 | 16.7 | 1.50 — 15 |0.7648 | 14.0 | 0.736 | 29.74 | 15.4 | 13.8 1.11 13 [ 0.2684 | 14.1 | 0.518 | 29.63 | 15.5 | 13.7 1.13
16 10.3515 | 2207 | 1.250 | 28.20 | 26.4 | 20.3 1.30 16 | 0.2 15.5 | 0812 2934 | 15.3 | 15.3 1.07 14 | 0.3282| 13.1 | 0.785 | 29.18| 18.3 15.7 1.17
17 |0.20%6 | 27.5 | 1.312 | 27.51 | 34.6 | 26.9 1.29 17 [0.3520 | 15.9 | 0.941 | 28.99 | 18.1 | 17.5 1.09 15 | 0.3865 | 15.1 | 0.882 | 28.55 | 23.2 | 19.5 1.19
18 10.217 | 3371 | 1.452 | 27.40 | 35.3 | 26.8 | 1.32 I8 [0.3886 | 19.0 | 1.018 | 28.39 | 20.3 | 18.5 1.10 16 | 0.5889 | 25.0 | 0.970 | 28.00 | 28.8 | 23.8 1.21
19 10.3074 | 35.0 | 1.718 | 27.00 | 42.6 | 3L.1 1,37 19 | 0.4297 | 20.9 1.082 | 27.83 | 24.4 | 21.3 .15 17 10.5008 | 30.5 1.163 | 35.90 | 35.9 | 23.4 1.22
20 |0.3762'| 52.7 | 1.890 | 26.12 | 55.3 | 40.6 | 1.36 20 [0.4175 | 22.6 | 1.222 | 27.47 | 26.1 | 22.7 1.15 18 | 0.4958 | 37.6 | 1.305| 26.70 | 47.4 | 38.0 1.25
21 |0.3640 | 60.9 | 2.322 | 25.40 | €8.9 | 50.8 1.36 21 |0.3579 | 23.3 | 1.330 | 27.14| 30.7 | 24.2 1.27 19 | 0.7810 | 35.4 | 1.330 | 25.80 | 60.9 | 49.1 1.24
22 |70.3849 | 68.5 | 2.790 | 25.11 | 94.5 | 6.6 1.44 22 |0.3964 | 31.4 | 1.523 | 26.57 | ar.4 | 28.1 1.29 20 | 0.6967 | 121.9 | 2.338 | 24.64 | 117 81.7 1.43
23 |0.2924 | 92.3 | 3.330 | 24.72 | 116 | 80.0 .45 |23 |0.3355 | 35.4 | 1.537 | 26.27| 45.6 | 30.4 1.50 21 | 0.2425 | 121.9 | 3.110 | 23.92 | 159 118 1.34
24 | 0.1697 | 108.8 | 3.777 | 23.22 | 207 115 |~ 1.80 24 0.2338 | 41.2 | 1.638 | 25.93 | 46.4 | 32.7 1.42 22| 0.1955 1.607
25 | 0.0406 72.59 25 |0.3030 | 50.8 | 1.840 | 95.48 | 59.5 | 40.0 | 1.49 23 | 0.0790
26 0.2775 62.2
Sample C Sample M
Fraction | Sample | Mn Omv_mu Calculated from GPC Fraction | Sample | Mn - Omum. Caleulated mgﬁuﬂg
§ ea M T Q= i - =
No. | weight | x10—4 7 wo:E vwm%n. Wmml Viw/Mn No. | weight | x10-4 i wao“_.: vw__ﬂﬂl. xﬂmw_l. Fw/Mn|
T—01 | 0.5448 0.573 6—0 |1.0393 | 9.1 | 0.732 ]
0Z | 0.0952 0.445 1 [0.0067
4 |70.0600 2 | 0.0089
5 | 0.0587 0.3 3 | 0.0061
6 | 0.0656 0.397 4 | 0.0508
7 _170.0940 0.443 | 3147 | 9.43| 8.7 1.09 5§ | 0.0535
8 170.0850 0.518 | 31.13 | 10.8 9.74 | 11 6 | 0.1139 0.395 | 32.00 | 5.42| 4.61| 1.18
9] 0.1380 " 0.465 | 30.72 | 11.4 | 10.5 1.09 7 | 0.1134
10 | 0.1170 0.5 30.40 | 135 | 1.7 1.15 8 | 0.089
11 |0.14%6 0.657 | 30.35 | 12,9 | 11.9 1.08 9 |0.1020 | 8.0 30.94 | 8.57 | 7.28| 1.18
12| 0.1855 | 11.6 | 0.711 | 29.95| 12.5 | 13.4 1.08 10| 0.1101
13 10.239T | 144 | 0.811 | 29.55| 18.0 | 16.6 1.08 11 _[0.1533 | 8.3 | 0.530 | 30.28 | 10.6 | 8.92| 1.19
14 10.3267 | 16.0 | 0.855 | 29.00 | 18.4 | 16.8 1.10 12| 0.1811 | 9.6 | 0.6/8 | 29.94 | 12.0 | 10.5 1.14
15 |0.3816 | 20.4 | 1.007 | 28.44| 21.6 | 19.3 1.12 13| 0.2271 | 12,6 | 0.742 | 29.48 | 13.7 | 12.0 1.14
16 |0.4158 | 22.7 | 1.172| 27.98 | 24.8 | 22.2 1.12 14| 0.2982 | 17.0 | 0. 28.00 | 17.1 14.4 1.19 .
17 |0.4143 | 316 | 1.245| 27.56 | 27.3 | 24.1 113 15 |0.3855 | 17.3 | 0.946 | 28.40 | 20.4 17.2 1.19
18 170.3622 | 31.9 | 1.617 | 26.81 | 33.1 | 28.5 1.16 16 [ 0.4451 | 22,6 | 1.093 | 27.81 | 24.8 | 20.4 1.22
19 | 04102 | 36.1 1.758 | 26.30 | 39.Z | 33.4 | 1.17 17 [ 0.3802 | 29.3 1.216 | 27.25 | 29.6 | 23.9 1.24
20 |0.2776 | 41.7 | 2.112 | 25.45 | 46.9 | 40.9 115 18 |0.2308 | 31.7 | 1.304 | 26.41 | 38.1 | 30.7 1.24
2103037 | 48.2 | 2.273| 2%5.00 52.0 | 44.5 1.17 19 10,3777 | 41.5 | 1.282 | 25.92 | 41.5 | 33.0 1.26
22 |0.2427 | 56.4 24.20 20 [0.2690 | 34.0 | 1.558 | 25.44 m.w.m 37.9 wlﬂ
23 |0.1389 | 71.7 21 |0.2048 | 35.0 | 1.813| 25.31| 51.9 | 37.0 4
24 | 0.1118 22 | 0.1984 | 52.5 | 2.122| 24.75| 63.0 | 39.6 | 1.59
25 |0.0876 23 10,1985 | 47.6 | 2.222| 24.52| 69.3 | 48.8 1.42
26| 0.0061 24 | 0.1384 2,312 2418 | 81.2 | 57.4 1.41
27 | 0.0101 25 | 0.1822 | 102.6 | 2.559 | 23.86 | 104 75.6 1.58
28| 0.0051 26 | 0.1317
27 | 0.0753
28 | 0.0170
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Table 3 1, 2- and 3, 4- polymerization units in
fractions of polychloroprenes
(Perkin-Elmer-621)

Saminle 1, 2— units 3, 4— units
P Mole % Mole %
SampleA 3—0 .85 .85
16 .89 .87
18 .83 .85
20 .82 .87
22 97 .85
Average .87 .86
Sample N 4—0 .94 1.27
7,8,9 1.04 1.12
14 1.04 1.27
16 1.08 1.28
18 1.15 1.18
20 1.08 1.26
Average 1.06 1.23
Sample L 5—0 .87 1.10
14 .96 .93
16 .90 .86
18 .85 1.03
20 .97 .96
22 .97 1.02
24 .90 .91
26 .90 1.01
Average .92 .98
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Table 4 1, 2- and 3, 4- polymerization units of
polychloroprenes made at temperatures
ranging from 20°C to 95°C

(Shimadzu AR-275)
Polymerization

1, 2- units 3, 4 units
temperature
20°C 0.85 1.25
40°C 1.92 1.38
60°C 2.64 1.95
80°C 2.711 1.89
95°C 3.55 2.77

Table 5 1,2 and 3, 4 polymerization after mas-

tication (Shimadzu AR-275)
Sample and
mastication time 1, 2- units 3, 4— units
(min.)
e
Sample L
0 1.82 1.55
30 1.79 1.59
V=
Sample M
0 1.64 1.20
30 1.70 1.12
60 1.54 1.11
Sample N
0 2.32 1.75
30 2.23 1.61
60 2.13 1.71
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Fig. 5—A Variations of the molecular weight
distribution for polychloroprene sam-
ples by mastication
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