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Extrudability of Chloroprene Rubber

Especially on the Die Swell

Tadamichi Suwenaga

Tsuneo Hironaka

An extrusion test for unvulcanized elastomeric compounds is defined in ASTM D2230. This is known also
as Extrusion test Die No. 1, Garvey type. Its rating systems, however, depend on visual estimation, which
is only qtialitative. As far as swelling is concerned, it is possible to perform the quantitative estimation.
For rubber products which require a high accuracy of dimension or shape, visual tests are not satisfactory
for their practical use. Moreover, the swelling is related directly to mill or calender shrinkage and therefore
it is important as an inherent property of raw rubber or its compound.

It will be possible to determine swelling with relatively high accuracy if following procedures are observed.
1) Set a proper Mooney viscosity in a suitable range, not too high, nor too low. Good test results are

obtained at ML =60~80.

2) As far as the inherent swelling of raw rubber is concerned, cancel the influence of air bubbles in the
test specimens on the swelling. For instance, use weight per unit length of the specimen instead ot the
calculated die swell, unless any adequate devices for avoiding air absorption is provided.

3) For the mastication, even a small temperature difference in the process of mill rolling and feeding to an
extruder has a great influence on the consequent swelling. The process temperature should be kept from
about 50° to 73°C. Avoid temperatures lower than 50°C. Avoid local overcooling all through the
process, for instance, that of casings, rotors of a Banbury mixer, mill rolls and the screw of the extruder.

Since water temperature will change with season, month, day, or hour, try to keep it constant and
controlled throughout the year.

4) Keep the rubber content in a compound lower than a fixed level so as to show smaller swelling than a
certain value. Otherwise, it will be impossible to get reproducible data even when delicate cautions were

taken,
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Table 1 Process History and Its Consequent
Swelling and W/L

—

— ;_'Ff%hl'rus'ioh “Times
‘ \ Pmp;r_l_ie“s\l Ist | 2nd | 3rd | Av.
Grade ™ ~
Swell (%) g 76| 7| 79
P T Wiicg/emy | 123 1.8 1.9 1.20
_fm_géﬂbo o 72 s 72
b W Lem | 107 18 1.0 114
| swett ¢ 81 79 7 s
W/lgremy | 116 110 1.09 1.12
Swell (%) 03 84 87 86
S W/Lg/em) ) | 125 1.19] 118 1.21
T swell (%) 8g 81 79 83
N Lo | 121 1.2 121 1.23
'______#QEQTE:/) s 78 77 80
e W /L(g/cm) 126_;1ﬂ_}:g-735
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Table 2 Process History and Consequent
Mooney Viscosity ML;,, (100°C)
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Table 3 Swelling, Specimen Weight per Unit Length and Its Gross Specific Gravily.
N L. No. 1 2 3 o4 |5 | 4 7 1 3 Av.
DN | ) | i
A\ S e T T
| Feed\ Feb. 6 | Feb. 9 | Feb. 25{ Feb. 26 Feb. 27‘| Mar. 2 Mar. 6 | Mar. 9 | —
Properties ™ i } ‘ ‘
\l Cold | Cold | Hot | Hot | Cold | Cold | Cold | cod | —
Grade o L t L | I
! Swell (%) 123 106 140 140 131 127 135 124 128
C W/L(g/cm) ‘ 1.47 | 1.38 | 1.48 | 1.50 | 1.46 | 1.47 | 1.54 | 1.46 1.47
Sp. Gr. 1.33 | 1.34 | 1.23 | 1.24 | 1.27 | 1.30 | 1.31 | 1.30 1.29
Swell (%) 129 108 145 142 123 130 137 133 131
D W/L(g/cm) 1.50 | 1.36 | 1.48 | 1.52 | 1.50 | 1.46 | 1.54 | 1.53 1.49
Sp. Gr. | 131 | 131 | 1.20 | 125 | 1.35 | 1.27 | 1.30 | 1.31 1.29
Swell (%) 112 100 126 182 121 115 124 126 120
E W /L(g/cm) 1.36 | 1.33 | 1.44 | 1.45 | 1.40 | 1.39 | 1.43 | 1.44 1.40
Sp. Gr. 1.28 | 1.33 | 1.27 | 1.25 | 1.26 | 1.30 | 1.28 | 1.97 1.28
Swell (%) 130 112 134 141 125 122 137 125 128
F W /L(g/cm) 150 | 1.36 | 1.49 | 1.53 | 1.44 | 1.43 | 1.49 | 1.46 1.46
Sp. Gr. 1.30 | 1.28 | 1.28 | 1.27 | 1.28 | 1.29 | 1.26 130 1.28
Swell (%) 133 120 160 160 143 137 141 145 142
G W/L(g/cm) 1.55 1.43 1.58 1.63 1.56 1.56 1.57 1.57 1.56
Sp. Gr. 1.33 | 1.33 | 1.21 | 1.26 | 1.29 | 1.32 | 1.30 | 1.28 | 1.29
Swell (%) 144 115 152 147 136 132 136 150 ‘ 139
H W/L(g/cm) 1.54 | 1.39 | 1.55 | 1.57 | 1.50 | 1.51 | 1.57 | 1.54 | 1.52
Sp. Gr. 1.27 | 1.33 | 1.23 | 1.27 | 1.30 | 1.81 | 1.33 | 1.23 | 1.28
Swell (%) 128 110 143 144 130 | 127 135 134 ‘ 131
Av. | W/L(gfem) | 1.49 | 1.38 | 1.50 | 1.53 | 1.48 | 1.47 | 1.52 | 1.50 ] 1.48
Sp. Gr. 130 | 1.32 | 1.24 | 1.26 | 1.29 | 1.30 | 1.30 | 1.28 ‘ 1.28
Table 4 Variance Analysis by Two-Way-Lay-Out Table 5 Variance Analysis by Two-Way-Lay-Out
on The Intrinsic Swelling. on The Gross Specific Gravity.
Item DF | ss | Ms | FO em | DF | ss | mMs | FO
B IDegrees |Sum Degrees |Sum [
of of Mg{;‘" F-Ratio of of Mseggares'F-Ratio
B Freedom |Squares | A1875| Freedom] Squares
| A (Grade) 5 | 2719.62] 543.92 25.82%k A (Grade) 5 5.25  1.05  0.15
B (Bxperiment | 7 | 4678.37) 668.34| 31.72% B (Bxperigent | 7| 28462 40.66 5.74%
E (Gross Error)| 35 378.37| 21.07 E (Gross Error)] 35 248.12 7.09
| T (Total) 47 | 8135.37 T (Totap) E 47 | 538.00
(21)
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Table 6 Date and Weather Conditions as Experiments Carried Out.

6

\\Experiment No. !. 1 | 2 | 3 | 4 l 5 'I 7 ‘
- : _..{
Patet970) e 6 | Feb. 9 | Feb. 25 | Feb. 26 | Feb. 27 | Mar. 2 | Mar. 6 { Mar. 9
Time \leather ;i Fine i Snow ‘( Rain = Cloudy i — | Fine i Rain_
1:00 a. m. 1.5°c ! 1.0°c] 8.0°c| 7.0°c| 7.0°c| 4.0°C! 0.0°ci 7.0°C
5:00 a. m. 1.0 ! 2.0 9.0 5.0 6.0 4.5 3.0 | 6.5
. —t e et _
9:00 a. m. 50 | 1.0 | 15 | 80 | 9.0 | 30 | 7.0 [ 10.0
1:00 p. m. 8.0 | 3.0 15.8 10.5 12.0 7.0 9.0 i 9.2
! — " I
5:00 p. m. | 8.0 ! 3.5 4.5 | 1.0 | 100 | 7.0 7.0 | 10.0
9:00 p. m. 20 | 20 | 1.0 | 80 9.0 | 55 |35 ( 8.0
FARTVDKECER T AL, TGRS L RS 74w (130°F) 3
—TEELUTOX4 R Vicied L H5Ra»RETHH FT7TUFRAAN 15
ERBH D, Tl, £A4ZATIVONIGER T AL ZnO 5
TRILGORVEETANYETH LN TE D, 175

TR URE T A LA FI ORISR O/ L3
AR TH D, b LEALDOZ EMNFHRIL & & iR
A, B A - = —HEORE, ML TEShO RS
X L ELDTIELVWERRITID - T BEHED
NGV FRPH T EITTE I,

PRI O T 2 T AD b 37 2 7oik
B R, sTHEE AR, IRUE, I BT b n&is
TR T 2B EH TE R SR I CREFREH
BIRDFDLDEAL ZATIHAKE VR, 0L TET5
HENIKRELINEIN DD TIHREERIC EIFLL,
JEREEAYEL T, CR 0 TL 4 2T )LD/ &
7= Pt & 2RI S - Th IFA THIB IR
FRENTWBHHBATH D,

LA ZATIVDFERDBGFDONDBEG T Lo Tz
HERUZERERNE  (pseudo-cross linking), = AB#pED
BbohtE:22hb@HxEs 470 CRIESFET
BHBHEDGFONLIEIRNPEL L4 AWK E
B TRE(DHEZDEFFALTL AT YN
RELKET L~ FORBRHHEITRE S,

fide

CR (BRTAX47) 1008 (Wi L5mH8957%)
MgO 4

5D 2

AT TV W 1

FEFH—-Rv 7527 30
FTH-RVTF w0 15

Table 7 Specimen Weight per Unit Length
W/L (g/cm) of High Mooney Grade,

Grade H
TM\\\\\HM—C HM—E | HM—F | HM—L
Exp. No.

1 1.12 1.02 1.14 1.14
2 1.18 0.98 1.16 1.18
3 1.22 1.08 1.13 1.10
4 1.13 1.07 1.10 | 1.08
5 1.12 1.07 1.07 1.08
6 1.10 1.08 1.14 1.08
7 1.13 1.09 1.11 1.17
8 1.14 1.09 1.13 1.11
9 1.19 1.14 1.16 1.18
10 1.00 1.08 1.18 1.17

11 118 | 112 | 1.20 | 1.17
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Table 8 Frequency Distribution of W/L
for High-Mooney Grades.

‘ Classl ‘ ;
smaller' small i large | larger | Total
Gi'de __\*‘- i . ‘I - il
HM—C ‘ 1 ‘ 1| 3] 6 11
— e e | e
HM—E | 9 | 2 | - B b
HM—F | | 30 5: 3| n
HM—L | 1| 5| 3| 2 | n
Towl | 11 | 11| 11| 1| 4

Table 7, Table 8 bbb k51 W/L oAS
VHFRIFFCREL, HBBEENLTS L
HM—C : “larger”
HM—E : “smaller”
HM—F : “large”
HM—L : “small”

L %o 7ot HM—E 13 “smaller” Bl %
29/11=282% L B\ DI ) UAtE5/11=45% L& L X
FTIUEBRKE, TDT, TAGHA LTEA
ANV ETIBEDOR CRERYB2THA 5,
WEILGHEE (D) X hdiewliie (D THH
T A LIckER% Table 9 iR,

Table § Specimen Weight per Unit Length
W/L(g/cm) of The High Mooney
Grades as Compounded with Lower
Rubber Content than in Table 7

Grade i
HM—C | HM—E | HM—F | HM—L
Time |
1 1.22 © 1.14 124 | 1.8
2 !123[ 1.06 122‘ 1.16
]
3 { 1.23 | 1.18 | 1.23 ; 1.23 |
4 1.19 l 115 | 1.22 | 117
! |
5 1.22 | 1.12 ‘ 1.27 | 1.15
6 | 12 | L1 | Lz 119
7 1.28 1.12 1.24 ’ 1.22
8 1.25 1.07 1.19 ] 1.11
‘ .
Av. 1.231| 1.122 | 1.235 1176

7 b S L DFRHAHERIC X4 2 )V IR eI oW T 89

SHEONORBRET L — NS EHE Zr T HHR
oo ol ~8EF TOMOE LIBIEICFE S £ 0D -
foo Table 8 L[EBRIC %7 L — KoK/ NEE A LHLA
Fg¢ Table 10 1= & L THRT,

Table 10 Frequency Distribution of W/L
for High Mooney Grades as
Compounded with Lower Rubber
Content than in Table 7.

Class 1 ! T
smaller small | large | larger Total

Grade . I TS

HM—C | ' 5 | 3

HM—E | 8 ! .8
HM—F ‘ A 5i 8
HM—L | g ' 8
Towl | 8 ' 8 8 8| 3

HM—E “smaller”, HM—L “small” o>/ \EgFHRIz 4
KoNT Y Fitinv, HM—C “large”, HM—F “large
DIRNZ AT ) FiC X A0 B D5, FMEAMCH L%
NENRS/B=62Z DPFEETH bh T35, Lk HM
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