
METHODS OF TEST FOR 
VULCANIZED RUBBERS

PART VI RESISTANCE T O  LIQUIDS

UIX: 678-43:62W92*5

Q  dopyrlght 1968

I N D I A N  S T A N D A R D S  I N S T I T U T I O N  
MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARO 

NEW DELHI 1

Price Us M a y i m



METHODS OF TEST FOR 
VULCANIZED RUBBERS

PART VI RESISTANCE T O  LIQUID S

R u b b er Products Sectional C om m ittee, C D C  6

Chairman Reprtsenting
D r D. Banerjee National Rubber Manufacturers Ltd, Calcutta; and

Association of Rubber Manufacturers in India, 
Calcutta

Mtmbrrs
D r  B. B. Bhatia  I.C .I. ( In d ia ) Private Ltd, Calcutta
Sh ri R. C. D asoupta National Test House, Calcutta; and Directorate

General of Supplies & Disposals, New Delhi
Sh ri S. P. M ullick ( AlUrnate)

Sh ri G. C. De Export Inspection Council of India, Calcutta
Shri P. K. C hatterjee ( Alternate )

Shri S. L. G andhi Ministry of Defence ( D G I )
Shri K. K. G anoulY Ministry of Defence ( R  & D )
Shri B. K . G upta  Indian Oil Corporation Ltd ( Marketing Division ),

Bombay
S h r i  S . S. S ax en a  ( Altematt)

Shri S. R . K ochhar Inspection Wing, Directorate General of Supplies
and Disposals, New Delhi 

Sh ri K. M. K ihcreja Hindustan Steel Ltd, Ranchi
Sh ri G. C. J ain ( AltemaU )

S hri L a u t  M ohan J amnadas The Cosmos India Rubber Works Private L td ,
Bombay

S hri V vlin  L. K inabiwala  ( Alternate )
D r  K. N. M ooak Indian Rubber Manufacturers Research Association,

Bombay; and Indian Rubber Industries Associa­
tion, Bombay

Shri K. R . Senoupta Indian Rubber Industries Association, Bombay
( Alternate)

Sh ri S. M uxherjee The Dunlop India Ltd, Calcutta
Sh ri G. P. D ijtta  ( Alternate)

S hri S. C. N andy Bata Shoe Co Private Ltd, Calcutta
Shri M. M. Patel Synthetics and Chemicals Ltd, Bombay

D r  G. s . KRiSHNAMiniTHY ( Alternate )
D r  A. Seetharamiah Directorate General of Technical Development, Nevr

Delhi
D r N. V. C. R ag ( Alternate) •

Sh r i M. C. Sinohal Railway Board ( Ministry of Railways)
D r  N. H . S ivaramakrishnan Rubber Board, Kottayam ’

( Continued on page 2 )

I N D I A N  S T A N D A R D S  I N S T I T U T I O N  
M A NA K  BHAVAN, 9 BAHADUR SHAH ZA FA R M ARG 

NEW D ELH I 1 •



(  Cm tinuedfnm  page 1 )

M embtrs RepreutUing
Sh ri D. D. T alwalrar All India Automobile & Ancillary Industrie! Assoda*

tion, Bombay
S h r i  R . M . K h a la d k a r  ( AltemaU  )

D r  S a d g o p a l, Director General, IS I ( Ex~offieio M em ber)
Deputy Director General

Secretaty 
Shri N . R . Srinivasas 

Assistant Director (C h em ), IS I

M ethods o f  Testing V ulcanized R ubbers Subcom m ittee, C D C  6 : 9

Convener
Suri s . C. Nandy Bata Shoe Co Private Ltd, Calcutta

Members 
S h ri S. S a rk a r  ( Alternate to 

Sbri S. G. N andy)
Sh ri L. M. Basu Ray  The Dunlop India L td, Calcutta

S h r i  S. K . M i t r a  ( Alternate }
D r  B. B. Bhatia I.C .I. ( India ) Private Ltd, Calcutta
Shri B. H . D alal Ministry of Defence ( D G I )
Sh r i R. C. D asgupta National Test House, Calcutta
S h ri W. G. D esai Indian Rubber Regenerating Co Ltd, Bombay
Sh r i P. D. K hemka The Cosmos India R u b b »  Works Private Ltd*

Bombay
S h r i  P u u n  L. K tn a r iw a la  ( Alternate)

S h ri M. S. K ikani T. Maneklal M anufacturing Co Ltd, Bombay
S h r i  V ijay  B. S h a h  ( Alternate)

Sh ri M. M . Pa tel Synthetics & Chemicals Ltd, Bombay
D r  G. S. K r is h n a u u r th y  ( A ltem aU )

Sh ri V. D. Pendse Swastik Rubber Products L td, Poona
S h r i  S. V. T a th a v a d k a r  ( Alternate)

D r a . K . Sircar * National Rubber Manufacturers L td, Calcutta
D r  N. H . Sivarahakrishnan R ubber Research Institute of India^ Kottayam



METHODS OF TEST FOR 
VULCANIZED RUBBERS

PART V I RESISTANCE T O  LIQ UIDS

0. F O R E W O R D

0.1 T his In d ian  S tan d ard  was adopted  by the In d ian  S tandards Institu tion  
on  13 Septem ber 1967, after the  d raft finalized by the  R u b b er Products 
Sectional C om m ittee had  been approved  by the  C hem ical Division Council.

0.2 T his m ethod  o f  test is in tended  to  furnish the ru b b er industry  w ith  
s tan d ard  procedure an d  term inology in the field of testing ru b b er and  rubber 
products.

0.3 T h e  action  o f a  liqu id  on a  vulcanized rubber generally results in  (a) 
absorption o f  liqu id  by  the  rubber, and  (b) extraction o f  soluble constituents 
from  the  ru b b e r. U sually  (a) is g rea ter th an  (b) so th a t the ne t result is an  
increase in volum e, com m only term ed ‘sw elling’. T h e  absorption o f liquid 
can  profoundly a lte r the  physical and  chem ical properties o f the rubber, such 
as tensile strength , extensibility an d  hardness, so th a t it is im p o rtan t to 
m easure these properties o f  the  ru b b er after trea tm ent. T h e  extraction o f  
soluble constituents, especially plasticizers, can  likewise a lte r the  physical 
a n d  chem ical properties shown by the  rubber after drying o u t the  liquid 
( assum ing this to be v o la tile ); m echanical tests on the  ru b b er after im m er­
sion an d  d ry ing  are  therefore required .

T h e  m ethods described below accordingly com prife determ ination  of:
a) change in  volum e o r dimensions,
b) soluble m a tte r extracted ,
c) tensile stresss-train properties o f the ru b b er after treatm ent,
d ) hardness o f  the  ru b b er after treatm ent,
e) tensile stress-strain properties o f  the ru b b e r after drying ou t the 

im m ersion liqu id , and
f) hardness after d ry ing  out the  im m ersion liquid.

A lthough in  some respects these ffests m ay sim ulate service conditions closely, 
no  d irect correlation w ith service behaviour is im plied; thus, the  rubbCT 
giving the  lowest change in volum e is no t necessarily the  best in  service. 
I t  is know n m oreover, th a t  the  action o f  a  liqu id  on rubber, especially a t  
h igh  tem peratu re  can be m arkedly effected by  the presence o f atm ospheric 
oxygen. T h e  test described here, however, can provide valuable inform ation



on the  suitability  o f  a  ru b b er for use w ith  a  given liquid, and , in particu lar, 
constitute a  useful control w hen used com paratively for developing rubbers 
resistant to oils, fuels, or o ther liquids.

0.4 T his standard  is based on the following standards:
IS O /T C  45( Scct-858 )1 140 Second draft IS O  proposal for the  m ethods 

o f  tests for the resistance o f vulcanized rubbers to  liquids. In te r­
national O rganization  for S tandardization .

B.S. 9 0 3 : P a rt A 1 6 : 1956 M ethods o f testing vulcanized ru b b er, 
de term ination  o f swelling in liquids. British S tandards Institu tion .

A ST M  D  471-59T D eterm ination  o f  swelling in  liquids. A m erican 
Society for Testing an d  M aterials.

0 ,5  In  reporting  the results o f a  test o r analysis m ade in accordance w ith  this 
s tan d ard , if  the  final value, observed o r calculated , is to  be rounded  off, it 
shall be  done in accordance w ith  IS  : 2-1960*.

1 . S C O P E

1,1 T his s tan d ard  prescribes test procedures for de term ination  o f  change in  
volum e o r dimensions, soluble m a tte r ex tracted  by liquid , m echanical 
tests on swollen ru b b er an d  m echanical properties afte r im m ersion an d  drying 
in  Section 1, Section 2, Section 3, an d  Section 4 respectively.

2 . T E R M IN O L O G Y

2 .0  F o r the  purpose o f this standard , the  following definitions shall apply.

2 .1  C h a n g e  in  V o ln m e  —  C hange in  volum e is the percentage change in 
volum e w hich a  test piece o f  given in itia l dimensions undergoes w hen 
im m ersed in or exposed to  the  vapour o f a  liqu id  for a  given tim e an d  a t  a  
given tem perature.

2 .2  C h a n g e  in  D im e n s io n s  — T h e  percentage change in linear dimensions 
w hich a  test piece o f given initial dimensions undergoes w hen im m ersed in 
o r  exposed to  th e  vapour o f a  liqu id  for a  given tim e an d  a t  a  given 
tem perature.

SECTION 1 DETER M IN A TIO N  OF C H A N G E IN  
VO LU M E OR CHA NG E IN  D IM ENSIO NS

3 . O U T L IN E  O F  T H E  M E T H O D  •

3.1 T h e  tests described in 8.1 an d  8 .2  consist in im m ersing a  test piece o f  
ru b b e r in  a  liquid for a  given tim e, a t  a  constant tem perature, and  deter­
m ining the  change in  volum e or the  change in linear dimensions. In  some

*RuIes for rounding off numerical values ( revised).



instances the liquid m ay ex trac t a  proportion of the plasticizer o r o ther soluble 
ingredients o f the  rubber, and  this possibility should be borne in m ind w hen 
in terp re ting  the  results. T h e  curve relating  swelling to  tim e o f immersion 
for na tu ra l ru b b er is o f the form  shown in n g .  I, if there  is no substantial 
ex traction  o f soluble m atte r by the  liquid. I t  consists of a  m arkedly curved 
p a r t  OA representing  the initially  rap id  absorption o f liquid, an d  the final 
p a r t  A B  w hich is alm ost straigh t, w ith an  upw ard slope representing a  slow 
continuous absorption o f  liquid, w hich is term ed as the  swelling increm ent 
a n d  appears to  be due  to oxidation. W ith  synthetic rubbers, the increm ent 
m ay  be so Small as to  be negligible.

TIME OF IMMERSION 
F ig . 1 T im e -A b s o r p t io n  C u r v e  o f  S o f t  V u l c a n iz e d  R u b b er s

3.2  T h e  tw o m ethods described in this standard  for studying swelling 
characteristics o f rubbers are  as follows:

a) V olum etric m ethod, and
b) D im ensional-change m ethod.

3 .2 .1  V olum etric m ethod is m ore precise, and  is the preferred m ethod 
w hen it  is required  to know the  change in volum e due to immersion. D im en- 
sional-change m ethod is no t suitable for absolute m easurem ents b u t is 
useful for detecting  g rain  ( anisotropy ) in the rubber, and  it  shall be used 
w hen it is required  to  determ ine changes in linear dimensions, because these 
canno t always be calculated  from  the  volum e change owing to  grain  in the 
rubber. F u rth e r a  m ethod for exam ining the effect o f  exposing a  th in  sheet 
o f  ru b b er o r a  ru b b er coated fabric to  liquid on one side only is also described.

4 . Q .UALITY O F  R E A G E N T S

4.1 Unless specified otherwise, < pure  chemicals ’ an d  distilled w ater ( see 
IS  : 1070-1960* ) shall be em ployed in tests.

N ote —  'P u r e  chem icals’ shall m ean, chem icals th a t do no t contain im purities 
w hich affect the results o f  analysis.

*Specification for w ater, distilled q uality  ( m ised).



5 . T E S T  LIQ,Un>S

5 .0  T h e  selection o f the test liquid depends on the purpose o f  the tests.

5 .1 W hen inform ation b  required  on the probable  service behaviour o f  a 
ru b b e r in contact w ith a  liquid, this liqu id  shall preferably be used in the  
test. Com m ercial liquids, however, are no t always constant in  composition, 
and  the  test shall, therefore, w henever practicable, include a  control rubber 
o f  known change in volum e characteristics; abnorm al results du^ to  unsus­
pected variations in the  com m ercial liqu id  shall thus be m ade apparen t. 
I t  m ay be found essential to set aside a  bulk  supply o f  the  liqu id  for a  p a rti­
cu lar series o f tests.

5 .2  M ineral lubricating  oils and  fuels are  liable to  vary  appreciably  in  
arom atic  con ten t even w hen supplied to  a  recognized specification. T h e  
an iline p o in t o f a  m ineral oil gives some indication o f  its a rom atic  content 
an d  helps to  characterize the  action o f the  oil on rubber; o ther things being 
equal, the lower the  aniline po in t the  m ore severe is the action. T he 
repo rt shall therefore include the density, refractive index, an d  the aniline 
p o in t o r arom atic  conten t o f the oil or fuel, i f  this is used as the im m ersion 
liquid.

5 .3  As com m ercial liquids m ay no t have an  entirely constant com position, 
the  test shall, w henever possible, be m ade in  w e ll-d e ^ e d  chem ical products, 
used alone o r as m ixtures. These shall be as representative as possible o f the 
effect o f the com m ercial products on the rubber. Exam ples o f  such chem icab 
are  toluene, alcohols, esters, cyclohexane, acetone.

5 .4  F or use in systems o f classification o f  vulcanized rubbers o r for quality  
control, a  s tan d ard  test liquid for im m ersion shall be used. Suitable test 
liquids for im m ersion have been recom m ended in A ppendix A.

6 . C O N D IT IO N IN G  O F  T E S T  PIE C E S

6.1  T h e  properties o f vulcanized rubbers change continuously w ith  tim e, 
these changes being particu larly  rap id  during  the  first 24 hours after vulca­
n ization . N o tests shall, therefore, be carried  ou t w ithin this period and , 
for accura te  com parisons betw een different rubbers, it  m ay be necessary to 
ensure th a t these are  tested a t  substantially the  sam e in terval after vulcaniza­
tion. Sam ples after any  necessary p reparation , shall be conditioned a t 
27® ^  1®C for a t  least 12 hours before the  test pieces a re  cut. T hese test 
pieces m ay  be tested im m ediately, bu t, i f  n o t tested im m ediately, 
they shall be kep t a t  27* ±  1®C until tested. I f  the  p repara tion  involves 
buffing, the  in terval betw een buffing an d  testing shall no t exceed 
72 hours.



7. T E M P E R A T U R E  O F  T E S T

7.1 T h e  im m ersion test should preferably be m ade a t  one or m ore o f the 
following stan d ard  tem peratures:

- 5 5  ±  1, - 4 0  ±  1, - 2 5  ±  1, - 1 0  ±  I, 0 ± r C
20 ±  1 ,2 3  ±  1 , 2 7 ±  1“C
50 ±  I, 70 ±  1, 100 ±  I, 125 ±  r C
150 ±  2, 175 ±  2, 200 ±  2, 225 ±  2, 250±2«C

W henever possible the tem peratu re  equal to or im m ediately above th a t a t  
w hich the  ru b b er will be used, shall be selected. In  o ther case the standard  
labora to ry  tem pera tu re  as given in 6.1 shall be adopted .

8 . T E S T  M E T H O D S

8.1 V o lu m e tr ic  M e th o d

8 .1 .1  Apparatus —  T h e  appara tus shall be either (a) o r (b) depending on 
th e  tem perature  o f the test and  the volatility  of the test liquid, used for 
im m ersion.

a) For tests a t  tem peratures appreciably  below the boiling poin t r f  the 
test liquid, a  stoppered glass bottle  or tube is used, of such dim en­
sions th a t the  test pieces rem ain  com pletely im m ersed in  the 
specified volum e o f the test liquid, a re  freely exposed a t all surfaces 
w ithout restraint.

b) F o r tests a t  tem peratures near the boiling poin t o f the test liquid, 
the bottle o r tube is fitted w ith  a  reflux condenser capable o f 
m inim izing evaporation o f the test liquid.

8 .1 .2  Test Pieces— T he test pieces are  1 to 3 mm® in  volum e an d  of uniform  
thickness o f 2 i  0*2 m m . T est pieces cu t from sheet shall be rectangular, 
ab o u t 50 m m  long and  25 m m  wide,

8 .1 .3  Duration o f  Test {Immersion P eriod)— T h e  large variation  in the 
ra te  o f change in volum e or dimensions of rubbers in different liquids and  in 
the  sam e liquid a t  different tem peratures precludes the adoption o f one 
stan d ard  period o f immersion. F or general purpose it  is recom m ended 
th a t  determ inations be m ade an d  recorded after several periods o f  im m er­
sion, so as to indicate the change o f volum e or dimensions w ith  tim e; the 
to ta l period shall, if  possible, extend well beyond the p o in t o f  m axim um  
absorption ( ^  in Fig. 1 ). However, in the case o f liquids w hich are 
absorbed  very slowly by the vulcanizate, such as w ater or h igh viscosity oib, 
a n  im m ersion period o f 7 0 ± 2  hours m ay be insufficient.

8 .1 .4  Procedure —  U se three test pieces. W eigh each test piece in a ir  to 
the  nearest m g { W i )  and  then in w ater a t  27* ±  1®C { W ^ )  { see N ote I ),



care  being taken to ensure th a t all a ir bubbles arc  rem oved ( see N ote 2 ). 
D ry the  test pieces by blotting w ith filter paper and  then  place suitably 
separated , in a  glass container w ith  a volum e o f  the test liquid a t  least 15 times 
the  to ta l volum e o f  the  test pieces an d  sufficient to  keep them  totally  im ­
m ersed. I f  the conditions o f test do no t necessitate a  refl»x condenser, 
stopper the container. K eep the  container a t  the  required  tem perature, 
and  shield the ru b b er from  light during the test. A t the end o f the  im m er­
sion period, cool the test pieces, if  necessary, to 27* ±  1*G by quickly trans­
ferring them  to a  fresh portion  o f  the test liqu id  a t  this tem peratu re  for a  
period  of no t less than  five m inutes and  not m ore th an  ten m inutes. Rem ove 
surplus test liquid from the  surfaces o f each test piece ( Not e 3 ), then  place 
im m ediately in a  ta red  and  a  stoppered w eighing bo ttle  and  determ ine its 
w eight in a ir ( ) to the nearest mg. T hen  rem ove it  from  the  bottle and
im m ediately weigh in w ater ( ) a t 27" ±  1®C. I f  the test liqu id  is app re­
ciably volatile a t  room  tem perature, the tim e for each transference o f  the 
test piece, after rem oval from  the test liqu id  shall no t exceed 30 seconds. 
I f  the test is being continued, replace the  test piece a t  once in the  test liquid 
an d  re tu rn  them  to  the therm ostatically controlled oven or ba th .

N o te  1 —  T h e  above procedure m ay no t be suitable if  the  test liquid  ( o ther th an  
w ater ) it readily  miscible w ith w ater o r  reacts w ith  it. For such a  liquid, if  it  is not 
too viscous o r volatile a t  room tem perature, weighings W<̂  o r  IV^ m ay  be m ade in  the 
test liquid  instead o f w ater and  these weights used in  the form ula for given. I f  
tlilo It not p racticab le  th e  sam e procedure is used for the  w ater displacem ent m e t^ |^  
except th a t the final weighing in  w ater is om itted an d  calculated from  th e  fo rm u la f

^  d ( W i ~ W 3 )  ^
w here d is th e  density o f th e  test liquid  a t  27° I ”C ; this form ula m ay be only 
approxim ate  if  the  test liquid is a m ixture because the density o f  th e  absorbed liquid 
m ay differ th a t o f the bulk. Also the density o f  any  m atter extracted from the rub b er 
m ay  differ from th a t o f  the imm ersion liquid.

N ote 2 — Formation of bubbles can be avoided by adding a  trace of a  surface*active 
material, for example, detergent to the water.

N ote 3 — T he method of removing the surplxis liquid from the surface of the test piece 
will vary with the nature o f the liquid. When mobile volatile liquid*, such as iscoctm e  
and benzene are used, a  quick wipe with fitter paper is adequate. Some difHculty may be 
experienced in completely removing viscous nonvolatile oils by this method and 
it may be necessary to dip the test piece quickly in a  suitable volatile liquid, such as 
acetone and again quickly wipe with filter ^ p e r .

8.1 .5  T h e  change in  volum e A** is calculated as follows:

( -  W 't) •
where

=  the in itial weight in  a ir,
=  the initial weight in  w ater,

Wg =  the  w eight of the trea ted  ru b b er in a ir, an d
=  the  w eight o f the trea ted  ru b b er in w ater.



\

8.1 .5 .1  T h e  results for the  three test pieces shall be averaged.

8 .1 ,6  Report — T h e  rep o rt shall state the  following:
a) T h e  values for change in  volume calculated as described in

8,1.*5 an d  the corresponding periods o f  im m ersion {set 8 .1 .3 ) ;
b) T em pera tu re  o f test ( see 7 .1 ) ;
c) D escription o f the test liquid , used for im m ersion including ( in 

the case o f  m ineral oils o ther th an  stan d ard  test liquids recom ­
m ended in  T ab le  1 in  A ppendix A ) the density, refractive index, 
and  the aniline po in t o r ai’om atic content;

d) In itia l thickness an d  dimensions o f th e  test piece ( 8 . 1 . 2 ) ;
e) T em pera tu re  o f  conditioning {see 6 .1 ) ;  and
f ) A ny discolouration o f  the  test liquid used for im m ersion o r form ation 

o f  sedim ent a t  the conclusion o f the  test.

8.2 Dimensional-Change Method

8.2 .1  Apparatus
8.2 .1 .1  Immersion apparatus —  This appara tus for im m ersion o f the test 

pieces shall be as described in  8 .1 .1 .
^  8 .2 .1 .2  Thickness measuring device —  T h e  instrum ent for m easuilug the 
thickness o f the test pieces shall consist of a  m icrom eter dial gauge o f adequate  
accuracy  firmly held  in a  rigid stand over a  flat base p late . T h e  gauge shall 
have a  scale g radua ted  in u n it divisions o f 0*01 m m . T h e  plunger shall 
be fitted w ith  a fiat c ircular con tac t o f d iam eter approxim ately  4  m m  w hich 
shall be square to the p lunger and  parallel to the  base p late. T h e  d ial 
gauge shall be operated  under a  dead-w eight load to  give a  pressure on the  
ru b b e r o f  approxim ately  200 g/cm*.

N ote —  For most accurate results, the instrument is lued as a  comparator.

8.2 .2  Test Piece — T h e  test piece shall be rectangular, 50 m m  long and  
25 m m  wide. T h e  thickness shall be uniform  preferably 2 ±  0*2 m m . T h e  
sides shall be cu t cleanly and  a t  righ t angles to the top an d  bottom  surfaces. 
W hen the  d irection o f calender g ra in  is known, the test piece shall be cu t 
w ith  long axis paralle l to the  grain.

8 .2 .3  Temperature o f  Test —  T h e  tem peratures o f test shall be  as prescribed 
in 7.1.

8 .2 .4  Duration o f  Test —  T h e  d u ra tion  o f im m ersion shall be as prescribed 
in  8 .1 .3 .

8 .2 .5  Procedure —  Use three test pieces. T ake th e  in itia l length o f  each 
test piece along its cen tre  line to the nearest 0*5 m m ; take m easurem ents 
along the top  and  bo ttom  surfaces an d  average the  tw o results. M easure 
in itia l w idth  sim ilarly b u t take four m easurem ents in all, one top  an d  one



bottom  n ea r each end o f the test piece. M easure the initial thickness w ith 
th e  thickness gauge a t  four different points along the  test piece and  average 
th e  results. M ake all m easurem ents w ith  the  test piece a t  27“ i  1®C. T hen  
place the  test piece suitably separated , in  the  glass container w ith  a  volum e 
o f  the  test liqu id  a t  least 15 times the to ta l volum e of the test piece, and  suffi­
c ien t to  keep them  to tally  im m ersed. I f  the  conditions o f the  test do not 
necessitate a  reflux condenser, stopper the  container. K eep the container 
a t  the  required  tem perature, and  shield the ru b b e r from  ligh t du ring  the 
test. A t the end o f  the  immersion period, cool the test pieces, if  necessary, 
to 2 7 * iI® C  by quickly transferring them  to a  fresh portion  o f  liic test liquid 
a t  this tem pera tu re  for a  period o f no t less th an  30 m inutes an d  n o t m ore 
th a n  60 m inutes and  remove surplus test liqu id  from  the surface of the  test 
pieces by w iping w ith  filter paper o r a  textile fabric w hich does no t deposit 
lin t. R e-m easure the  length, w idth  an d  thickness o f  each test piece as 
described above a t  27'’ i  T*C. I f  the test liquid is appreciab ly  volatile a t  
room  tem peratu re , com plete the  m easurem ents w ith in  one m inute  o f  
rem oving the test piece from the  test liquid.

8.2.6 Calculation —  C alculate the percentage change in length as 
follows:

- ^ - ^ X  100

w here
/  a= the  length after im m ersion, and  

«= the initial length.

8.2.6.1  C hange in w id th  and  change in thickness j ^ T  arc
calcu lated  in a  sim ilar m anner.

8.2.6.2  T he  results for the th ree test pieces shall be averaged.

8.2.7  Report —  T h e  repo rt shall sta te  the following:
a) T h e  value for change in length  l \ L  change in  w id th  and

change in thickness A  7* calculated  as described in  8.2.6 a t  each 
period of im m ersion;

b) T em pera tu re  o f  test ( see 7 .1 );
c) D escription o f the test liquid, used for im m ersion including  ( in the 

case o f  m ineral oils o ther than  stan d ard  test liquids recom m ended 
in  T ab le  1 in  A ppendix A ) the density , refractive index, and  
the  aniline po in t o r arom atic  content;

d) In itia l thickness and  dimensions o f test piece ( see 8 .1 .2 ) ;
c) 1  em perature o f conditioning ( see 6 .1 ) ;  and
f)  A ny discolouration o f the  test liquids, used for im m ersion or for­

m a tio n  o f sedim ent a t  the  conclusion o f the test.



8.3 Test With Liquid on One Surface Only

8.3.1 Scope —  This test is applicable to  relatively th in  sheet m aterials 
like rubber-coated  fabrics diaphragm s th a t a re  exposed to the  test liqu id  
( 5  ) only on one surface.

8 .3 .2  Outline o f  the Method —  T est pieces a re  m ade to  con tac t w ith  the  test 
liqu id  only on one surface for a  specified period a t  a  specified tem pera tu re  
an d  th e  change in  the  thickness ( M ethod A  ) an d  change in  w eight per u n it 
surface ( M ethod B ) is m easured.

8 .3 .3  Apparatus
8.3 .3 .1  T h e  ap p ara tu s  shall consist o f  a  base p la te  A  an d  an  open>end 

cylindrical cham ber B  w hich shall be held tightly  against the  test piece C by  
the  w ing nuts / ) ,  D  being m ounted on the  bolts E  ( see Fig. 2  ). D uring 
the  test, the  opening in the top o f the  cham ber shall be  closed by a  close 
fitting p lug F.

8 .3 .4  Test Piece —  A disc 60 m m  in  d iam eter; thickness shall be th a t o f 
the  sam ple.

8 .3 .5  Temperature o f  Test —  T h e  tem perature  o f test shall be as prescribed 
in  7.1.

8 .3 .6  Duration o f  Test —  T h e  dura tion  o f exposure o f  the  test piece 
liqu id  shall b e  as prescribed in  8 .1 .3 .

8 .3 .7  Procedure
a) Method A  ( change in thickness ) —  M easure the  thic^ 

test piece a t  five points d istributed over its area , us’ 
m eter d ial gauge. M oun t the  test piece in  the  ap^-

n



in  Fig. 2, fill the  cham ber J5 to a  dep th  of 1 -5 cm  w ith  the test liqu id  
an d  insert the  closure F. A t the  end  o f the test period, rem ove 
the  test piece and  rem easure its thickness a t  five places as quickly 
as possible. A verage each set o f  five thickness m easurem ent. 
C alcu late the  percentage change in  thickness, using the  form ula:

Percentage change in thickness  ̂ x  100
*1

where
=  the average thickness after exposure to liquid , and  

<1 =  the  average thickness before exposure to liquid.

b) Method B  ( change in weight per unit surface) —  W eigh the  test piece 
in  a ir  to  the  nearest m g ( ). Place the  test piece in the appara*
tus as indicated  in  M ethod  A. F ill the cham ber o f the appara tus 
w ith  the  test liqu id  to a  dep th  o f  1*5 cm  and  insert the  p lug F. 
M ain ta in  the  appara tus a t  the required  tem peratu re  for the  dura* 
tion  o f the  liqu id  contact. A t the  end o f the  contact period, cool 
the  appara tus, i f  necessary, to  tlie s tan d ard  laboratory  tem perature. 
Rem ove the test liquid and  release the  test piece. R em ove any  
surplus liqu id  from the  surface o f  the test piece by w iping w ith 
filter paper or a  textile fabric w hich does no t deposit lint. 
D eterm ine the  w eight o f  the test piece to  the nearest m g ( ) a t
27® ±  1®C. I f  the immersion liqu id  is appreciably  volatile a t 
room  tem peratu re , com plete the m easurem ent w ith in  2 m inutes 
from  the  rem oval o f  the test liquid . T h e  change in  w eight per 
u n it surface is calculated as follows:

IV _  JV
C hange in w eight p er un it su rfa c e —^ — ~  U-UUl 963 

where
■■ final weight o f test piece,

Vi. =  in itial w eight o f  test piece, and
0*001 963 =  the  area  in m* o f the  circle 50 m m  in  diam eter 

w hich corresponds to  the  area  o f  con tac t o f the  test 
liqu id  on the test piece.

8,3*8 Report —  T h e  rep o rt shall state the following:

a) T h e  value o f I ( change in th ickness) a t  the corresponding period
A Wo f  m im ersion in Aletliod A o r the value o f  (change in weight)

■>er u n it surface in  M ethod  B and  the  corresponding period o f 
"nersion;

e ra tu re  o f test ( see 7 .1 ) ;



c) D escription o f the  test liquid , used for im m ersion including ( in  the  
case o f m ineral oils o ther th an  standard  test liquids recom m ended 
in  T ab le  1 in A ppendix A ) the  density, refractive index, an d  the  
an iline po in t orarom atic content;

d) In itia l thickness o f  the test piece;
e) T em pera tu re  o f  conditioning {see 6 .1 ) ;  and
f) A ny discolouration o f the test liquid , used for im m ersion o r form a­

tion o f  sedim ent, a t  the conclusion o f  the  test.

SECTION 2 D ETER M IN A TIO N  O F SOLUBLE MATTER  
EXTRACTED BY L IQ U ID

9 . O U T L IN E  O F  T H E  M E T H O D

9.1  I f  the  test liqu id  used for im m ersion is readily  volatile the  am o u n t o f 
m a tte r w hich it  extracts from  the ru b b e r can be determ ined e ither (a) by 
dry ing  the  trea ted  ru b b er and  com paring its w eight w ith  the  w eight before 
immersion o r (b) evaporating  to  dryness the  liquid used in the  test and  
w eighing the  nonvolatile residue. Both m ethods are  liable to  error. In  
M ethod  (a) the  ru b b er m ay have oxidized i f  a ir  is p resent du ring  im m ersion, 
especially if  this is a t  h igh tem perature; in  m ethod (b) there  m ay  be some 
loss o f  volatile extracted  m aterial, especially plasticizers. Both m ethods 
a re  described in this section and  the  choice betw een them  should depend  on 
th e  n a tu re  o f  the  ru b b er and  the conditions o f  test. I t  is dilRcult to  define 
precisely w hat is m ean t by a ‘readily  volatile’ liquid, b u t i t  m ay  be 
suggested th a t  the procedures described a re  no t suitable for liquids less 
volatile th an  test liquids A  and  B given in  A-1.1 th a t is, for liquids boiling 
above 1I0®C.

10. T E S T  M E T H O D S

10.1 T e s t  P ie c e  —  T h e  determ ination  o f  soluble m atte r is m ade after the 
determ ination  o f  change in  volum e o r dimensions by any  one o f th e  m ethods 
described in  Section 1 an d  hence sam e test pieces described, therein  shall 
b e  used.

10.2 P ro c e d u re

10.2.1 By Weighing Dried Rubbff" —  D ry  the trea ted  test piece in  a  vacuum  
o f  less th an  40 m m  o f m ercury  a t  approxim ately 40*C to  constant weight.

10.2.2 B y Evaporating the Test Liquid —  T ransfer the  liqu id  in  w hich the 
ru b b e r has been im m ersed to  a  suitable vessel; wash the  ru b b er w ith  25 m l 
o f  fresh liquid; an d  then  transfer to the  sam e vessel. E vaporate  the  liquid, 
d ry  the  residue to constant w eight in vacuum  and  weigh,



10.3 Expression o f Resalts —  T h e  w eight o f m atte r ex tracted  is given by 
(a) the  difference betw een the original w eight o f the test piece and  its weight 
after trea tm en t an d  drying in 10.2.1 or (b) the  w eight o f  the d ried  residue 
in  10.2.2. Express the  weight in either cases as percentage o f the  original 
w eight o f  the test piece.

SECTION 3 M EC H A N IC A L PROPERTIES O N  
SW OLLEN RUBBER

11. TENSILE STRESS-STRAIN TESTS

11.1 Apparatus —  T h e  ap p ara tu s  for im m ersion shall be as in 8.1.1. T en­
sile test ap p ara tu s  shall be as prescribed in  I S : 3400 ( P a rt I  )-1965*.
11.2 Test Piece —  T h e  test piece shall be e ither a  ring  o r a  dum bbell as 
prescribed in  IS  : 3400 ( P a r t  I  )-I965*.
11.3 Procedure —  M easure the  cross-section o f the test piece as in IS : 3400 
( P a r t  I ) ‘ 1965*. T hen  im m erse the  test piece in  the test liqu id  as described 
in  8.1.4, select the  tem peratu re  in  accordance w ith  the  considerations 
given in  7.1 an d  th e  period o f  im m ersion sufficient to  reach  th e  m axim um  
absorption , p o in t A  in  Fig. 1 ( see 8.1.3 ). I f  im m ersion is a t  an  elevated 
tem pera tu re , cool the test piece to  a  laboratory  tem pera tu re  27® i  l®Gby 
im m ersing fo r 30 to 60 m inutes in  a  fresh portion o f  the liqu id  a t  th a t tem ­
p era tu re . Rem ove any  surplus test liqu id  from  the  surface o f the test piece. 
T h e  m ethod o f rem oving the  surplus liqu id  shall vary  w ith  the  n a tu re  o f  the  
liqu id . W hen m obile volatile liquids, such as uooctane an d  benzene are 
used, rem ove an d  quickly w ipe the  test piece w ith  a  filter paper o r piece o f  
fabric , w hich does no t deposit lin t. Some difficulty m ay be experienced in 
com pletely rem oving viscous nonvolatile oils by this m ethod an d  it m ay  be 
necessary to  d ip  the  test piece quickly in  a  su itable volatile liquid, such as 
acetone an d  again quickly w ipe w ith  filter p ap er o r a  piece o f  textile w hich 
does no t deposit lin t. In  the  case o f  dum bbells app ly  gauge m arks as in 
IS : 3400 ( P a r t I )-I965*. C arry  o u t the  tensile test a t  the  stan d ard  la ­
bo ra to ry  tem pera tu re  w ithin an  in terval o f tw o o r th ree  m inutes after final 
rem oval from  the  test liquid , used for im m ersion.
11.4 Expression o£ Results —  R ecord  the  following:

a ) T ype  o f  test piece.
b) D escription o f the  test liquid , used for im m ersion including ( in  th e  

case o f m ineral oils o ther th an  stan d ard  test liquids No. 1 ,2  and  3 
as recom m ended in T ab le  1 in  A ppendix A ) the  density, refractive 
index, an d  the an iline  po in t o r arvm atic content.

c) Period an d  tem pera tu re  o f  immersion.
d) Tensile strength expressed p er u n it a rea  o f  original crossosectlon 

before im m ersion o f th e  test piece.

^Methods of tcJU for vulcanizcd rubbers: Part I Tensile stress^train properties.



c) Breaking elongation, expressed as percentage o f  gauge length  
( for dum bbell test p ie c e ) or percentage increase in  the in ternal 
circiunference o f the  trea tin g  ring  test piece.

f)  T h e  m odulus calcu lated  on the  original cross-section before im ­
m ersion o f  the  test piece.

NoTB — The eloQgation at which modulus ia measured is tha t of the treated 
rubber.

g) T em p era tu re  a t  w hich tensile strength is determ ined.

12. H A R D N E SS

12.1 A p p a r a tu s  —  A ppara tus for im m ersion shall be as in 8 .1 .1 . 
A ppara tus for m easuring thickness shall be as in 8 .2 .1 .2 . A pparatus for m ea­
suring hardness shall be as prescribed in  I S : 3400 ( P a r t  I I  )-1965'*'.

l2 .2 * T e s t  P ie c e  —  T h e  test piece shall be e ither (a) o r (b) as follows:

a) F or use w ith  th e  norm al hardness test described in  I S : 3400 
( P a rt I I  )-1965* tw o pieces each 2 ‘5 to  3 m m  thick an d  o f la tera l 
dimensions a t  least 20 m m , for exam ple, as described in  8.1.2 o r
8 .2 .2  to  form  the  test piece.

b) For use w ith  the  m icrotest a  piece w ith  flat paralle l faces between 
1’5 an d  2*5 m m  thick an d  no t less th an  8 m m  lateral dimensions,

12.3 P r o c e d u r e  —  M easure the  thickness o f the  test piece a t  four po in t an d  
take average o f  the  results. M easure the  hardness o f  the  test piece in  
IS  : 3400 ( P a rt I I  )-1965*. Im m erse the  ru b b er in  the  test liqu id  as des­
cribed in 8 .1 .4 . Select the tem pera tu re  in  accordance w ith  the considera­
tions given in 7 .1 , an d  the  period  of immersion sufficient to  reach  the  m axi­
m um  absorption , p o in t A  in Fig. 1 {see 8 .1 .3 ) . I f  im m ersion is carried  
o u t a t  an  elevated tem pera tu re , cool the test piece to  27®:±; 1 ®C by im m ersion 
in  a  fresh portion  o f the  liqu id  for no t less th an  30 m inutes an d  no t m ore th an  
60 m inutes a t  th a t tem pera tu re . R em ove any  surplus test liqu id  from  the 
surface o f the  te s t piece. T h e  m ethod  o f  rem oving th e  surplus liqu id  from  
th e  surface o f  the  test piece will vary  w ith  the  n a tu re  o f  the  liquid . W hen 
m obile volatile liquids, such as t/ooctane and  benzene are  used, rem ove an d  
quickly w ipe the  test piece w ith  a  filter paper o r piece o f fabric w hich does 
n o t deposit lin t. Som e difficulty m ay be experienced in  com pletely re­
m oving viscous nonvolatile oils by this m ethod an d  it  m ay  be necessary to  
d ip  the  test piece quickly in a  su itab le  volatile liqu id , such as acetone an d  
again  quickly w ipe w ith  filter pap#r o r  a  piece o f  fabric w hich does no t deposit 
lin t. T h e n  m easure th e  hardness as described in  I S : 3400 ( P a r t I I  )-1965* 
a t  27® ±  1°C w ith in  a n  in terval o f 2-3 m inutes after final rem oval from  the  
test liquid.

'M ethods o f test for vulcanized rubbers: P art I I  Hardness.



12.4  E x p re s s io n  o f  R e s u l ts  —  R ecord  the following:

a) N atu re  o f test piece (1 2 .2  );
b) D escription o f  the  test liquid, used for im m ersion, including  

( in  the  case o f m ineral oils o ther th an  standard  test liquids No. 1, 
2 an d  3 recom m ended in  T ab le  1 in  A ppendix A) the  density, 
refractive index, an d  the  aniline po in t o r arom atic content;

c) Period an d  tem pera tu re  o f  im m ersion;
d) T h e  hardness in  IR H D  o f the  original test piece and  o f the treated  

test piece; and
e) T em pera tu re  a t  w hich hardness is m easured.

N ote — I t  will not usually be possible to have the same thickness o f test 
piece before and after immersion since the immersion will change the thickness. 
An increase will make the hardness reading slightly lower and hence not 
strictly comparable with the reading taken before immersion. However, with 
test picce o f  the thickness recommended provided the change in volume does 
not exceed a 200 percent increase, the resulting error will not exceed about 
2 IRH D.

SECTION 4 M ECHANICAL PROPERTIES AFTER 
IMMERSION A N D  DRYING

13. T E N S IL E  ST R E SS-ST R A IN  T E S T

13.1 A p p a r a tu s  —  A pparatus for im m ersion shall be as in Section 8 .1 .1 . 
Tensile test ap p ara tu s  shall be as described in  I S : 3400 ( P a rt I  )-1965*.

13.2 T e s t  P ie c e  —  T h e  test piece shall be either a  ring  o r a  dum bbell as 
prescribed in IS  : 3400 ( P a rt I  )-I965*.

13.3 P r o c e d u r e  —  Follow the  procedure as in 11.3 up  to an d  including the 
im m ersion trea tm en t. D ry the  trea ted  test piece in  vacuum  o f less than  
150 m m  m ercury a t  approxim ately 40®C to  constant weight, cool to  room  
tem peratu re  and  condition by keeping a t  27* ^  1®C for no t less than  
12 hours. T hen  m ake the  test piece ( in  the  case o f  d u m b b e lls) an d  test a t  
27® ±  r C  as described in  I S : 3400 ( P a rt I  )-1965*.

13.4  E x p re s s io n  o f  R e s u l ts  —  R ecord  the  following:

a) T h e  type o f test piece ( ring  o r d u m b b e ll);
b) D escription o f the  test liquid , used for im m ersion, including 

( in the  case o f m ineral oils o ther th an  standard  test liquids No. 1, 
2 an d  3 as recom m ended in  T ab le  1 ) the  density, refractive index, 
an d  the  aniline p o in t or arom atic  content;

c) Period and  tem perature  o f im m ersion;
d) Tensile strength expressed p er u n it area  o f  the original cross-section 

before im m ersion;

•  Methods of test for vulcanized rubbers: Part I Tensile streas-strain properties.
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A P P E N D I X  A
( Clause 5.4 )

R E C O M M E N D E D  STA N D A R D  T E S T  LIQ,UID F O R  IM M E R S IO N  
O F  T E S T  P IE C E  

A -1. STA N D A R D  T E S T  LIQ.UIDS

A-1,1 T h e  following liquids m ay be used as standard  test liquids for classifi­
ca tion  o f  vulcanized rubber or for quality  control:

a ) L iquid  A —  2, 2, 4-trim ethylpentane ( irooctane )
b) L iquid  B —  2, 2, 4 -trim ethylpentane, 70 percent by volume; 

toluene, 30 percent by volume
c) L iquid  C —  2, 2, 4-trim ethylpentane, 50 percent by  volume; 

toluene, 50 percent by volum e
d) O il No. 1 —  Low volum e increase oil as defined in T ab le  1
e) O il No. 2 —  M edium  volum e increase oil as defined in T ab le  1
f ) O il No. 3 —  H igh volum e increase oil as defined in  T ab le  1

TABLE 1 STANDARD TEST LIQUIDS ( OILS )

CuARACTERisnc O iL  N o . 1 O iL  N o . 2 O il  N o . 3

(I) (2) (3) (4)

Aniline point, 123*9 ± 1  93 ±  3 69‘5 ± I
"C

Kinematic 19'5x 10-8±2 X 10"«* 20X 1 0 -» ± 2 x  10-8* 32x  10-«± 10-8f
viscosity, m^/sec

Flash point, 244 Min 246 ±  6 166 ±  3
•C

•M easured a t 99®C 
fM easured a t 38°G


