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Foreword
This British Standard has been published under the author­
ity  o f the Rubber Industry Standards Committee. It is 
based on the corresponding method described in D raft 
International Standard ISO/DIS 3387 'Rubbers— 
Determ ination o f crystallization effects by hardness 
test' prepared by Technical Committee TC/45 Rubber 
and Rubber Products o f the International Organization 
fo r Standardization (ISO).
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British Standard Method of test

Determination of crystallization effects 
in rubbers by hardness measurements

1. Scope
This British Standard describes a method o f test fo r 
the determ ination o f the crystallization effects in 
rubber by hardness measurements made in accord­
ance w ith  BS 903:Part A26. Provided the material 
has an in itia l hardness at the test temperature w ith in  
the range 10 IRHD to  80 IRHD, it is applicable to 
the fo llow ing  materials'.

(a) raw rubber;

{b) unvulcanized (compounded) rubber;

(c) vulcanized rubber.

The method is mainly o f use fo r rubbers w ith  a 
marked crystallization tendency at temperatures 
experienced in cold climates.

N O T E . A n  a l te rn a t iv e  m e th o d  fo r  m easu rin g  c ry s ta l l iz a tto n  
e ffe c ts  is g iven  in  BS 9 0 3 :P a r t  A 2 9 , b u t  it  is a p p lic a b le  to  
v u lcan ized  ru b b e r  in  t h e  s tra in e d  s ta te  o n ly .

2. References
The titles  o f the British Standards referred to  in this 
standard are listed on the inside back cover.

3. Summary
This method descrites a hardness test procedure fo r 
determining the progressive stiffening o f rubber w ith  
time, caused by crystallization occasioned by storage 
at a specified temperature.

The method measures either the time required fo r 
half the to ta l hardness increase between the in itia l 
and fina l hardnesses to  occur, or the hardness 
increase after a specified tim e at the test tempera­
ture.

4. Test piece
The test piece shall have its upper and lower surfaces 
flat, smooth and parallel to  one another. The 
standard test piece shall be between 8 mm and 
10 mm th ick , w ith  a side length or diameter o f at 
least 42 mm.

Thick or th inner test pieces may be used, but in no 
case shall the test piece be th inoer than 4 mm when 
method N o f BS 903:Part A26 is used, o r th inner 
than 6 mm when method L o f that standard is used, 
tn order to  avoid edge effects the side length or 
diameter o f the test piece shall be as specified in 
table 1 and no test shall be made at a distance 
from the edge o f the test piece less than tha t 
specified in table 1.

Tabie 1. Test piece dimensions

Thickness o f test 4 6 8 10 15 25
piece (mm)

Minimum side 
length or diameter 
o f test piece (mm)

38 40 42 44 47 50

Minimum distance 
o f test from  edge 
(mm)

7 8 9 10 n .5 13

N O T E . T e s ts  c a r r ie d  o u t  o n  t e s t  p ieces  o f  d if f e r e n t  th i c k ­
nesses d o  n o t  n e ce ssa rily  g ive t h e  s a m e  va lu es  o f  h a rd n e ss . 
T es ts  in te n d e d  t o  b e  c o m p a ra b le  s h o u ld  b e  m a d e  o n  te s t  
p ieces  o f  th e  sam e  th ic k n e ss .

5. Apparatus
The fo llow ing app>aratus is required.

5.1 Cold chamber, capable o f temperature control 
w ith in  ±  1 °C  o f the specified temperature. A 
gaseous heat-transfer medium shall be used.
The chamber shall be such tha t the hardness o f the 
test pieces can be determined w ith o u t removing 
them from  the chamber. The provision o f hand 
holes, fitted  w ith  gloves, in the door or walls o f the 
chamber, i.e. 'glove-box' installation, is suitable.

5.2 Hardness gauges, com plying w ith  the require­
ments fo r the apparatus described in BS 903:
Part A26 fo r  methods N and L.
Lubricants used in the apparatus shaM be o f a type 
not to  cause fr ic tio n  in the apparatus at the test 
temperature.

5.3 Tweezers or tongs fo r handling the test 
pieces, and gloves fo r handling the test equipment.

5.4 Heated press and moulds fo r the preparation 
o f test pieces o f raw or unvulcanized rubbers.

6. Procedure
6.1 Preparation o f test pieces
6.1.1 Raw rubber. Prepare test pieces of raw rubber 
by placing a suitable quan tity  in a pre-heated mould 
and then applying pressure.

N O T E . V a lu es  o f  m o u ld  te m p e r a tu r e  a n d  t im e  o f  
a p p lic a tio n  o f  p re s su re  r e q u i r e d  to  p ro d u c e  a s u ita b le  
te s t  p ie ce  d e p e n d  u p o n  t h e  t y p e  o f  ru b b e r .  10  m in  a t  
1 5 0  <>C has b e e n  f o u n d  s u i ta b le  in  nnany cases.

Then cool the m ould to  23 °C  under pressure fo r 
15 min and remove the test piece.



6.1.2 Unvulcanized compounded rubber. Prepare 
test pieces of unvulcanized compounded rubber by 
placing a suitable amount o f the freshly m illed 
rubber into a pre heated mould and then applying 
pressure.

N O T E . V alues o f  m o u ld  te m p e ra tu re  a n d  t im e  o f 
a p p lic a tio n  o f p re s su re  re q u ire d  t o  p ro d u c e  a  s u ita b le  
te s t  p iece d e p en d  u p o n  th e  ru b b e r  c o m p o u n d ,  a n d  c a n  
o n ly  b e  a rriv ed  a t  b y  e x p e r ie n c e . A te m p e r a tu r e  o f  1 2 0  ° C  
a p p lie d  fo r  3  m in  h a s  b e e n  fo u n d  s a ti s fa c to ry  fo r  n m n y  
m ate ria ls . H ow ever, fo r  so m e  nnateria ls  lo n g e r  t im e s  o r  
h ig h e r m o u ld  te m p e ra tu re s  m ay  b e  f o u n d  n e ce ssa ry  to  
e n su re  a  sm o o th  a n d  fla t t e s t  p iece  s u r fa c e .  U n d e r  n o  
c ircu m stan ce s  s h o u ld  c o n d itio n s  b e  u sed  th a t  c a u se  
in c ip ie n t cu re .

Then cool the mould to  23 under pressure fo r
15 min and remove the test piece.

6.1.3 Vulcanized rubber. Prepare test pieces of 
vulcanized rubber by moulding or by cu tting  from  
moulded sheet. Two pieces o f rubber may be 
superimposed to obtain the necessary thickness, in 
which case the thicker piece, i f  the tw o are unequal, 
shall be placed on top.

6.2 Cortditioning o f test pieces. The m inim um  time 
between moulding or vulcanization and testing shall 
be 16 h. For non-product tests the maximum time 
between moulding or vulcanization and testing 
shall be 4 weeks and fo r evaluations intended to  be 
comparable, the tests as far as possible shall be 
carried out after the same tim e interval. For product 
tests, whenever possible, the time between 
vulcanization and testing shall not exceed 90 days.
In other cases tests shall be made w ith in  60 days o f 
the date o f receipt by the customer o f the product.

In all cases decrystallize the test pieces immediately 
before testing by heating them fo r 45 min in an 
oven at 70 °C, Then remove them from  the oven, 
condition at 23 i  2 fo r at least 30 min but not 
more than 60 m in and then place them in the cold 
chamber.

6.3 Hardness measurements

6.3.1 General. Make hardness measurements as 
described in BS 903:Part A26. Make one measure­
ment at each o f three or five d ifferent points 
d istributed over the test piece and at least 10 mm 
from  its edge, and take the median o f the results.
A ll subsequent readings shall be at points at least
4 mm away from points used fo r any previous 
reading.

Use the same hardness apparatus throughout any 
one test, the appropriate apparatus being determined 
from  the in itia l hardness at the test temperature.
For in itia l hardnesses between 10 IRHD and 
30 IR H D  use the apparatus according to  method L, 
and fo r in itia l hardnesses between 30 IRHD and '
80 IRHD use the apparatus according to  method N. 
I f  the hardness increase gives values above 30 IRHD 
fo r m ethod L determine the hardness readings from  
an extension o f table 6 o f BS 903:Part A 2 6 :1969 
calculated according to  the relationship given in 
appendix A  o f tha t standard.

6.3.2 Initial hardness at test ^mperature. Condition 
the hardness apparatus and the tweezers or tongs

in the cold chamber at the desired test temperature 
fo r at least 30 min. Place the test piece in the cold 
chamber a t the desired test temperature. A fte r 
30 i  1 min fo r the standard or th inner test pie(»s, 
o r 45 i  1 m in fo r  th icker test pieces, take the firs t 
hardness reading using the tweezers or tongs fo r 
handling the test pieces and gloves fo r handling the 
test equipment. If the in itia l hardness reading is 
above 80 IRHD the method is not applicable.
N O T E . T h e  h a rd n e ss  a p p a r a tu s  a c c o rd in g  to  th is  te s t  
p ro c e d u re  s h o u ld  n o rm a lly  b e  c o rx J itio n e d  ar>d o p e ra te d  
in s id e  th e  c o ld  cham t>er. A lte rn a tiv e ly , a  sp ec ia l d ev ice  
m a y  b e  u s e d  w h e re  th e  b o d y  o f  th e  h a rd n e ss  a p p a r a tu s  is 
p la c e d  o u ts id e  th e  c o ld  c h a m b e r  a n d  c o n n e c te d  w ith  th e  
in d e n to r  In th e  c o ld  c h a m b e r  b y  m e a n s  o f  a  ro d  w ith  lo w  
h e a t-c o n d u c tiv e  c a p a c i ty ,  a n d  c o m tr u c te d  to  a v o id  th e  
In tr o d u c t io n  o f  a d d i t io n a l  f r ic t io n .

6.3.3 Hardness increase. Repeat the hardness 
measurements after the times of storage at test 
temperature as specified in 7.2. Avoid taking 
measurements at points w ith  4 mm o f those used 
fo r previous measurements.

N O T E . A f te r  m e a s u re m e n ts  h av e  b e e n  ta k e n ,  it  is 
ad v isa b le  t o  d ry  all a p p a r a tu s  b y  re m o v in g  it  f r o m  th e  
c h a m b e r  a n d  w a rm in g  It w ith  c irc u la tin g  a ir  to  
a p p ro x im a te ly  4 0  ° C .

7. Test conditions
7.1 Temperature o f test. The temperature o f test is 
dependent upon the purpose fo r which the test is 
being carried ou t. This may be specified fo r special 
reasons, as fo r example, the storage temperatures 
o f raw natural rubber.

If not otherwise specified, the temperature o f  test 
shall be selected from  the fo llow ing list:

23 ± 2 OC 
10 ± 1 OC 
0 ± 1  OC 

- 1 0 ±  1 O C  

- 2 5 ± 1 OC 
-4 0  ± 1 OC
- 55 ± 1 °C

7.2 Duration o f test. Take hardness measurements 
at su ffic ien t periods o f tim e after the in itia l measure- 
nrient to  enable a p lo t o f hardness against tim e to
be prepared (see figures 1 and 2). I f  possible, these 
shall be o f su ffic ien t duration to  a llow  the final 
maximum hardness to  be determined (see figure 1) 
but i f  th is tim e  is inconveniently long, then the 
test shall be term inated after 168 +0, - 2  h or 24 
+0, - 2  h fo r  rapid ly crystallizing materials.

Logarithm ic tim e intervals are an advantage.

8. Expression of results
The preferred method o f reporting the test results 
shall be to quote th f  tim e required fo r ha lf o f the 
tota l hardness increase between in itia l and final 
hardness to  occur (see figure 1). This tim e shall 
be determined from  a smoothed p lo t o f hardness 
versus tirr^e; the method assumes tha t su ffic ien t 
hardness measurements are made to  reach a 
constant level o f final hardness w ith  time.



An alternative method o f reporting the test results 
shall be to  quote the increase in hardness from  the 
in itia l hardness reading after a defined storage 
tim e (see figure 2). Norm ally th is  shall be 
168 +0, -  2 h but 24 +0, -  2 h may be used fo r 
rapid ly crystallizing materials.

9. Report
The report shall state the fo llow ing  in form ation.

(a) Time in hours fo r half the hardness increase 
between in itia l and final hardness to  occur or

hardness increase after 168 +0, - 2  h, or
24 +0, ~2 h fo r rapid ly crystallizing materials 
(see 7.2), o f storage at the test temperature.

(b) Temperature o f test.

(c) T im e o f storage at test temperature.

(d) In itia l hardness at test temperature and 
whether method N o r L is used.

(e) The thickness o f the test piece and whether 
made up o f one or tw o  pieces.
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