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METHODS OF TESTS FOR 
STYRENE-BUTADIENE RUBBERS (SB R)
PART I D E T E R M IN A T IO N  OF VO LA TILE  MATTER, 

T O T A L  ASH. O R G A N IC  A C ID , SOAP, A N T IO X ID A N T S ,  
B O U N D  STYRENE A N D  M O O N E Y  V ISC O SITY

0. F O R E W O R D  J
0.1  T h is  In d ia n  S ta n d a rd  w as ad o p ted  by  th e  In d ia n  S tan d a rd s  In s titu tio n  
on  22 J u n e  1967, a fte r th e  d ra ft finalized by  th e  R u b b e r  Sectional 
C om m ittee h a d  been  ap p ro v ed  by th e  C hem ical D ivision C ouncil.

0 .2  T h e  m ethods o f  testing  sty rene-bu tad iene  ru b b e r  do  n o t in  a ll cases 
ag ree  w ith  th e  m ethods used  for testing  n a tu ra l ru b b e r . I t  has, therefore, 
been  felt necessary to  issue sep ara te  stan d ard s for m ethods o f  te st for 
s ty rene-bu tad iene rubbers. I n  o rd er to  m ake these m ethods o f  test ava il­
ab le  as early  as possible, on ly  ce rta in  tests a re  being  p rov ided  a t  p resen t, 
b u t w ork is in  progress for th e  p rep a ra tio n  o f o th e r test m ethods.

0 .3  T h e  m ethods prescribed  in  th is s ta n d a rd  take in to  consideration  the  
recom m endations o f In tern a tio n a] S yn thetic  R u b b e r  P roducers A ssociation. 
Besides, assistance has also been  derived  from  A S T M  D esignation  
D : 1416-1962aT ‘ C hem ical analysis o f  syn the tic  elastom ers (so lid  styrene- 
b u ta d ien e  copo lym ers) * issued by  th e  A m erican  Society  for T estin g  an d  
M ateria ls .

0 .4  In  rep o rtin g  th e  resu lt o f a  test o r analysis m ad e  in  acco rdance  w ith  
this s ta n d a rd , if  the  final value, observed o r ca lcu la ted , is to  b e  ro u n d ed  
off i t  shall b e  done in  accordance w ith  IS  : 2-1960*. ^

1 . S C O P E

1.1 T h is  s ta n d a rd  prescribes th e  m ethods o f  p rep a rin g  sam ple  a n d  tests 
for raw  sty rene-bu tad iene ru b b ers  for th e ir  vo la tile  m a tte r  co n ten t ( SB R  : 1 
an d  S B R ; 2 ) ,  to ta l ash co n ten t ( S B R :  3 ) ,  o rgan ic  ac id  co n ten t 
( S B R :  4 ) ,  soap co n ten t ( S B R :  5 ) ,  an tio x id an ts  ( S B R :  6 ),  bound  
sty rene co n ten t ( SB R  : 7 ), a n d  M ooney viscosity ( SBR : 8 ).



2 . Q U A LIT Y  O F R EA G E NT S

2.1 Unless specified otherw ise, p u re  chem icals a n d  d istilled  w a te r ( see 
IS  : 1070-1960* ) shall be em ployed in  tests.

N o t e  —  ‘ P u re ch em ica ls  * shall m ean ch em ica ls  th at d o  n o t co n ta in  im p u rities  
w h ich  affect th e result o f  analysis.

3 . M E T H O D  O F T A K IN G  O O T  T E ST  P O R T IO N S  F R O M  SA M PLE  
BALES

3.1 T ak e o u t piece or pieces o f  ru b b e r  from  the  selected bale  by cuts 
th ro u g h  the en tire  bale p e rpend icu la r to  th e  surfaces o f  largest a re a  o f  the  
bale. T h e  to ta l w eight o f the  m ateria l shall be betw een  600 g  an d  
1 500 g depend ing  on th e  tests to  be done. U sing  a  tool s im ilar to  th a t  
show n in  F ig. 1, o b ta in  plugs o f ru b b e r by  cu ttin g  th ro u g h  th e  bale . D o 
n o t use any  lu b ric an t w ith  the  tool to  o b ta in  piece o r pieces o f  th e  m a teria l. 
I f  the  m ateria l is no t tested im m ediate ly , p lace  i t  in  a  narro w  a ir- tig h t 
con tainer o f n o t m ore  th a n  tw ice the  vo lum e o f  th e  m a te ria l o r ie e p  it  
w rapped  in  two layers o f a lum in ium  foil u n til requ ired .
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3 .2  D eterm ine volatile m a tte r  on  a  portion  o f  ab o u t 450 g  taken  from  the 
test po rtion  specified in  3.1 . R eta in  the  d ried  test portion  for chem ical 
tests.

3 .3  H o m o g e n iz a tio n  —  F or th e  determ ination  o f M ooney viscosity, take
a  test po rtion  o f ab o u t, b u t n o t m ore th a n  250 g  and  m ass it by  passing 10 
tim es betw een the  rolls o f  th e  labora to ry  m ill w ith  rolls hav ing  15 0*05
cm  d iam eter w ith  a  w orking distance betw een the  guides a t  th e  n ip  of 
25 to 28 cm . T h e  speed o f  th e  slow roll shall be 24 zb 0*5 rev /m in  a n d  the 
gear ra tio  betw een  1': 1 a n d  1*5 : 1. S et the  distance betw een th e  rolls a t 
1*30 ±  0*15 m m  as determ ined  by a lead  strip  an d  m a in ta in  th e  ro ll surface 
tem p era tu re  a t  50° ±  5°C. In  passes second to  n in th  inclusive, th e  test J  
po rtion  should  be doub led  upon itself a n d  on the  te n th  pass i t  shou ld  be 
sheeted  w ith o u t doub ling . D o no t allow  the  test po rtion  to  b a n d  on  the 
m ill rolls an d  re tu rn  any  solid m a tte r p a rtin g  from  the ru b b e r to  it. C u t 
o u t disks 4*5 cm  in  d iam eter from  the  thickest p a r t  o f th e  sheet a n d  allow  
th e m  to rest a t  room  tem p era tu re  for a t  least 30 m inutes before ca rry ing  
o u t th e  M ooney viscosity test.

3 .4  R e ta in  th e  rest o f th e  test portion  n o t requ ired  for M ooney viscosity 
test for testing  th e  vu lcan izate  characteristics.



d e t e r m i n a t i o n  o f  v o l a t i l e  m a t t e r  — M IL L  M E T H O D
( SB R  : 1 )

1. S C O P E

1.1 T his m ethod  covers a  test p rocedure for the  determ ination  o f  volatile 
m a tte r con ten t o f styrene-butadiene rubbers w hich are  no t too tacky.

2 . P R IN C IP L E  O F  T H E  M E T H O D

j r ^ . l  A test portion  o f ru b b er as described in  3.1 ( see page 5 ) u n d er m ethod  
o f  taking ou t test portions from  sam ple bales is w eighed an d  passed 
th rough  hea ted  laboratory  m ill for a  specified tim e and  the loss in  w eight 
is determ ined.

3 . A PPA R A T U S

3.1 C h e m ic a l  B a la n c e

3 .2  L a b o r a to r y  M ill

4 . P R O C E D U R E

4.1 W eigh a t  least 450 g  o f m ateria l as in 3.1 ( see page 5 ) to the nearest
0*1 g. Pass the  w eighed m ateria l repeated ly  th rough  a  labora to ry  mill, 
w ith  the  rolls o f the  m ill m ain ta ined  a t 100° to 105°C, an d  the  distance
between the  rolls a t  0*25 ±  0*05 m m . D o  n o t  allow  the  m ateria l to  band ,
an d  take care to prevent any loss o f m ateria l. A t the end  o f 4  m inutes, 
w eigh the  sam ple to  the  nearest 0*1 g. Pass the m ateria l th rough  the  m ill 
for an  add itiona l 2 m inutes and  reweigh it. I f  the  w eights a t  the  end  of 
the  4  and  6-m inute periods a re  w ith in  O'l g, calculate the  volatile m atte r; 
i f  not, continue passing the m ateria l th rough  the  m ill for 2-m inute periods 
u n til the w eight rem ains constant w ith in  0*1 g.

I
5 . C A L C U L A T IO N

5.1 C alculate the percentage o f volatile m a tte r as follows:

V olatile m atter, percen t w  W
by w eight =  * ^ — — X 100

w here
=  w eight in  g  of the original m ateria l, and

W 2 =  w eight in  g  of the m ateria l after drying.



1 . SC O PE

1.1  T h is  m e th o d  covers a  test p rocedure  for th e  d e term in a tio n  o f vo la tile  
m a tte rs  in  sty rene-bu tad iene  rubbers th a t a re  too tacky  to  be  h an d led  
satisfactorily  o n  a  h ea te d  m ill.

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

2.1  A  w eighed p o rtio n  o f th e  ru b b e r is sheeted o u t on a  la b o ra to ry  m ill, 
th en  p laced in  a n  oven a n d  d ried  to constan t w eight. T h e  d ifference in 
w eigh t before a n d  afte r d ry ing  is ca lcu la ted  as volatile m a tte r.

3 . A P PA R A T U S

3.1  A ir -O v en  —  A n  air-oven  w ith  provision for slow c ircu la tio n  o f  a ir  in  
th e  oven  o f n o t less th a n  th ree  changes an d  no t m ore th a n  ten  changes p e r 
h o u r. T h e  te m p era tu re  o f  th e  oven is therm osta tica lly  con tro lled . 
P rovision is m a d e  for p lacing  th e  therm om eter n ea r th e  ce n tre  o f  test 
pieces to  reco rd  th e  a c tu a l d ry ing  tem pera tu re .

3 .2  C 3icm ica l B a la n c e  

3 3  L a b o r a to r y  M U l

4 . P R O C E D U R E

4.1  T a k e  a p o rtio n  o f  ru b b e r a t  least 250 g  p repared  accord ing  to  3 .1  (see  
p ag e  5 ) a n d  sheet i t  o u t on  a  labo ra to ry  m ill by pressing it, n o t m o re  th a n  
tw ice, betw een  th e  cold  rolls set a t  0*25 m m  distance. W eigh accu ra te ly  
tw o pieces o f  a b o u t 10 g  o f  sheeted  ru b b er. P lace in  an  oven a t  100° to  
105®G fo r a t  least one h o u r an d  u n til th e  loss in  w eight on  successive 
w eighings a t  h a lf-hou r in te rvals is less th a n  1 mg.

N o r a  —  W h e n  th e  sh eetin g  p roced u re is im p racticab le , c u t th e  m ater ia l in to  p ieces  
‘ la r g e r  th a n  2  m m .

5 . C A L C U L A T IO N

5 .1  C a lc u la te  vo la tile  m a tte r  co n ten t as follows:
V o la tile  m a tte r , pe rcen t w  —  w

by  w eigh t =   ̂ X 100

w here
tV j =  w eigh t in  g  o f  th e  m a te ria l before p lacing  in  the  oven, 

a n d
=  w eig h t in  g  o f th e  m a te ria l afte r drying.



1. SC O PE

1.1  T h is m ethod  covers a  test p rocedu re  for the  d e te rm in a tio n  o f to ta l ash 
in  sty rene-bu tad iene rubbers.

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

2.1  A bout 2 g  o f th e  m a te ria l d raw n  acco rd ing  to  3 .1  (see  p ag e  5  ) is accu­
ra te ly  w eighed in  a  c ruc ib le  a n d  ign ited  in  a  m uffle fu rn ace  a t  a b o u t 
550° i  25°G u n til a ll the  carbonaceous m a te ria l is oxidized. T h e  cruc ib le  
is then  allow ed to  cool in  a  desiccator, w eighed, a n d  th e  p e rcen tag e  o f 
ash  is ca lcu la ted . In  th e  case o f a lu m  coagu la ted  ru b b ers  w h ich  ten d  
to  boil over d u rin g  ash ing , ashing is done afte r w ra p p in g  th e  sam ple  tig h tly  
in  an  ashless filter p ap er.

3 . A PPA R A T U S

3.1  A sb e s to s  B o a rd  —  ap prox im ate ly  10 cm  sq u a re  a n d  0*5 cm  th ick  
w ith  a  hole in  the  cen tre  to  su p p o rt th e  c ruc ib le  so th a t  ap p ro x im ate ly  
tw o-th irds o f its d ep th  p ro trudes below  th e  b o ard .

3 .2  A s h le s s  F ilte r  P a p e r  —  ab o u t 15 cm  in  d iam eter.

3 .3  C h e m ic a l B a la n c e

3 .4  C ru c ib le  —  silica or po rce la in  crucib le  h av in g  a  m in im u m  ca p ac ity  o f  
85 ml.

3.5  D e s ic c a to r

3 .6  M u ffle  F u r n a c e  —  w ith  p y ro m eter a n d  the rm osta tic  con tro l.

4. PR O C E D U R E

4.1 H e a t the  crucib le to  550° ±  25°G for 30 m inu tes. C ool in*a desiccator 
an d  w eigh to  the  nearest 0*001 g. D ry  th e  m a te ria l in  acco rd an ce  w ith  4.1  
o f  S B R : 2. W eigh accurate ly  ab o u t 3 g  o f th e  d ried  m a te r ia l in to  the  
ign ited  a n d  w eighed cruc ib le  a n d  rest this in  th e  ho le o f  th e  asbestos 
board . H e a t gen tly  over a  sm all flam e so th a t  th e  ru b b e r  does n o t ig n ite  
an d  n o  sp u rtin g  occurs. W h en  th e  ru b b ers  com pletely  decom pose to  a  
ch a rred  mass, transfer th e  crucib le to  a  m uffle fu rnace  a t  a  te m p e ra tu re  o f  ̂  
550° ±  25®G. C o n tinue  the  h ea tin g  u n til th e  ash  is free from  specks o f 
ca rbon  an d  th en  cool-ia  a  desiccator a n d  w eigh. R ep lace  the  c ruc ib le  in  
the  furnace fo r 20 m inutes, cool in  a  desiccator a n d  rew eigh . R e p e a t



I S : 4518 (  P a rt I )  -  1S67 [  S B R ; 3 1

beating, coolm g and  \vcighing until the  w eight rem ains constan t w ithin
1 IR g /

4 ,1 .1  In  the casic o f  alnm  coagulated rubbers which tend  to  boil over 
dwring ashing, v ra p  th e  sam ple liglitly in an  ashlcss filter p ap e r an d  then 
p r v x t^  as in 4>I,

5 . CALCUIATIO K

5*1 Ofckulate percentage o f  to ta l ash  as follows;

Total ashv percent tit _  ii-

vberc
J l \  =  x^'eight m  g  o f  iJ»e cn icib le plus th e  ash,
U \  =  w c ^ t  in  g  the  cnjcibtej and  
U j  — x m g h t in g  o f  th e  c ru d b ie  plus the d ry  m ateria l.



1. S C O P E

1.1 T his m ethod covers a  test procedure for th e  determ ination  of orgajuc 
£cid  content in styrene butad iene rubbers.

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

2»1 Accxirately w^eighed th in  narrow  strips o f d ry  ru b b er a rc  ex trac ted  w ith  
h o t etliano l-to lueneazeotropc (E T A ) . T h e  solvent used for ex traction  as 
well as the rinsings of the sam ple a re  transferred to  a  voKmietric flask an d  
m ade to a known volume, A  m ade-up portion  o f tlie solution is titra ted  
to  the  first coloiu: change w ith sodium  hv'droxide using m-cresol pu rp le  as 
indicator. T h e  titrations and  weights arc used to  calcu late  the organic 
acid.

3 . A PPA R A TU S

3.1 C h e m ic a l B a la n c e

3 .2  C o n ic a l F la s k s  — 250 ml capacity .

3 .3 G ra d u a te d  P ip e t te  — 25 ml capacity .

3 .4  H o t P la te

3 .5  P ip ette  —  100 m l capacity ,

3 .6 R o ll A n n

3 .7  V o lu m e tr ic  F la s k  — 2oO ml capacity .

3 .8  W id e  M«»uth F la s k  — 400 to 500 m l capacity*

4 . R E .\G E N T S

4.1 E th a n o l-T o lu e n e  A x e o tro p c  ( E T A )  —  M ix 70 vohirftes o f  ethyl 
alc<>hoi 3u\d 50 volumes o f  toluene; reflxix th e 'm ix tu tt; ^  4  H o u r  over 
freshly calcined c-alcium oxide an d  distU. D iscard the ia^t an d  last fraction 
keeping only tlia t d istilU ie con\ijig o w  w ith in  a  ran^t; o f  I de^ C . Dis­
tilling m ay be ax'oided if  absohit« ^ c o h o l is tised.

4 .2  m 'C re so l P u r p le  —  In d ica to r solutkftt ( O 'l p e rc e n t) ii\ ethy l alcohol 
o r in w ater. X eu ira lire  each O 'l 5  ind icato r w ith  26 '2  m l'of<l'O i ^  
sodium  hx-droxide solution.

4 3  S od iu m  Hydroacide S o lu tio n  — O'l N .



5. P R O C E D U R E
5.1 T e s t  P ie c e s  —  D ry the ru b b er in  accordance w ith  4.1 o f  S B R : 2, pass 
through rnill and  get th in  ( less th a n  0*5 m m  thick  ) sheet ou t. G u t the 
sheet into small strips o f  no t w ider th an  10 m m  an d  n o t longer th an  
50 mm.
5.2 A dd 10 m l of ethanol-toluene azeotrope to  th e  w ide m o u th  flask. 
Accurately weigh 6 g of the strips. A dd each strip  o f  th e  w eighed sam ple 
separately to the flask, swirling the flask after each add ition  so th a t each 
strip is thoroughly w etted w ith  solvent. T o  prevent the strips from  sticking 
to  the flask, place a  filter paper a t the bottom  o f the flask. Use w ire gauze 
or asbestos m a t between the flask and  the ho t p la te . C over th e  m o u th  o f 
the flask w ith an  evaporating dish filled w ith  w ate r or use o ther cooling 
devices to prevent m uch loss o f  solvent and  gently  reflux for one hour. 
D ecant the liquid in to  th e  volum etric flask. A dd a  second 100-ml po rtion  of 
the E TA  to the rubber sam ple an d  reflux again for one hour. D ecan t liquid  
in to  the volum etric flask. R inse the sam ple w ith successive 10 m l portions 
of fresh ETA  and  add  these rinsings to the volum etric flask. Cool the 
E TA  solution to room tem perature and  add  enough fresh E T A  to  bring  
the volum e to  the m ark. M ix the contents thoroughly.
5.3 P ipette  ou t 100-ml portions of E TA  solution in to  250-m l conical flasks. 
A dd to the above solution 6 drops o f m-cresol purp le ind icato r solution. 
T itra te  the E T A  solution w ith sodium  hydroxide solution to  th e  first colour 
change. _ R u n  a  b lank titra tion  using 100 m l of fresh E T A  th a t has been 
trea ted  in the same m anner as the sam ple, and  using th e  sam e ind icato r. 
D educt the volum e of sodium  hydroxide solution used for th e  b lank  from  
th a t used for the titration .

N o t e  —  W hen te stin g  alum  coagulated  rubbers add 5 m l o f  w ater to  95 m l o f  
anhydrous E T A .

6 . C A L C U L A T IO N
6.1 C alculate th e  organic acid content as follows:

O rganic acid, percen t u  y  JV y  AT v  9->; by w eight =  y  X ^  y  X 2 5

w here
V  =  sodium  hydroxide solution in  m l used for th e  titra tio n  

after correcting for the b lank; 
norm ality  o f  the sodium  hydroxide solution;

K  =  28‘4 w hen organic acid  is determ ined as stearic acid,
34-6 when organic acid is determ ined as rosin acid,
31 *5 when organic acid is determ ined as a  5 0 : 50 m ix ture 
o f  stearic and  rosin acid; and  

W  =  w eight in g o f the original sample.
N o t e  —  F a c to r  K  is  th e o re tic a l a n d  does n o t g ive  th e  e x a c t p e rcen tasre  s in cc  so ap  is 

n o t  a  s in g le  c h em ica l co m p o u n d .



a t  the ap p ro p ria te  w avelength as shown in  T ab le  1, using the so lvent as 
the blank. M ake several m easurem ents on each d ilu ted  a liq u o t u n til a  
reproducib le result is ob tained.

5,3  D e te r m in a tio n  o f  A b so r p tiv ity  o f  T e s t  S o lu tio n  —  W ith  an  u ltra ­
violet spectrophotom eter using 1-cm  m atched  q u a r tz  cells, m easure th e  
absorbence o f th e  solution a t  the w avelength  specified in  T a b le  1, for the 
an tiox idan t to be determ ined . P repare  the b lank by m ix ing  toge ther th e  
spectroscopic solvent and  the E T A  in the sam e ra tio  as th a t  used in  th e  
solution contain ing th e  E T A  ex trac t o f  the rubber. I f  th e  absorbence o f 
the solution contain ing  th e  an tiox idan t is no t betw een 0 '4  an d  1*0 t ^ e  a  
different aliquo t o f the E T A  ex tract so as to  b ring  th e  absorbence w ith in  
the desired range, being sure to use th e  sam e p ropo rtion  o f E T A  in  the 
b lank as in  the sam ple.

6. CALCULATION

6.1 C alcu late the percentage an tiox idan t as follows:

A ntiox idant, percen t 2 500 A  
by w eight =  ^  y  -

where
A  =  m easured absorbence,
W  =  w eight in  g o f  th e  orig inal sam ple ex tracted  ( see 5 .1

a b o v e ),
V  =  volum e o f ex tract in  m l dissolved in  spectroscopic solvent, 

and
a  =  absorptivity  [ see 5 .2 .2  ( SBR : 6 ) ].

6.1 ,1  C alculate the absorptiv ity  as follows:
100

“ =  - r : r
w here

A  =  m easured absorbence ( average o f th ree  de term ina tions ),
T  =  concentra tion  o f th e  an tio x id an t in  th e  s ta n d a rd  as g/1 

(see 5 .2 .1  above ), and
^  =  volum e o f the a liq u o t in  m l taken  from  th e  s ta n d a rd  

solution.



1. SCOPE

1.1 This m ethod covers a  test procedure for the determ ination of bound 
st^Tcne content in styrene-butadiene rubbers.

2. PRINCIPLE OF TH E M ETHO D

2.1  Refractive index of dried, pressed rubber changes w ith styrene content. 
Bound st^Tcne is calculated by finding ou t refractive index.

3 . APPARATUS

3.1 A lu m in iu m  F oil

3 .2  F la sh lig h t B ulb  o r  A uto L am p  — not exceeding 3 candle power.

3.3 F la sk  —  400 ml capacity.

3.4 G la ss  T e s t  P iece  — standard  glass piece for checking the ad justm ent 
o f the refractom eter.

3.5 R azor  B lade

3.6  R efra cto m eter*  — means o f m easuring refractive index to read  to 
four places o f  decim al and  having a  tem perature control such th a t the 
tem perature could be m aintained a t 25®C.

3.7  R o lle d  A lu m in iu m  T ube — approxim ately 50 m m  long.

3.8  T is su e  P ap er

3 .9  V a cu u m  O ven

4 . REAGENTS

4.1 E th y l A lcoh o l T o lu en e A zeotrope ( E T A ) — same as in  4,1 of
S B R : 4 ( page 11 ),

4.2  a -B rom on aph th alene

5 . PR O C ED U R E

5.1 D ry  the polym er in accordance w ith 4.1 of SBR : I (see  page 7 ) and  
sheet i t  to a  thickness o f 0*5 mm or less. C ut the sheeted polym er into

•A b b e  R efractom ctcr w ill be found convenient.



strips approxim ately I2 '5  m m  wide and  25*0 m m  long. Fasten one strip 
to each leg of the alum inium  or stainless steel spider, thus allowing each 
portion of rubber to be contacted on all sides by the solvent. Place the 
spider and  strips in the 400-ml flask, into which 60 ml of solvent has been 
placed. E xtract for 1 hour a t a  tem perature a t which the solvent boils 
gently, replace the solution with another 60 ml of solvent and  ex tract for 
ano ther hour. Remove the spider from the flask, and  dry  the rubber in 
the  vacuum  oven a t abou t 100°C for a t  least 1 hour. Avoid plastication 
o f the sample by overheating.

N o te  —  I t  is im p o r ta n t th a t  th e  test specim ens be e x tra c te d  a n d  d r ie d  th o ro u g h ly , 
s ince  e ith e r  re s id u a l so lven t o r in co m p le te ly  e x tra c ted  m a te r ia ls  w ill re su lt in  e rro n eo u s 
read in g s  o f th e  re frac tiv e  index .

5.2  After the specimens have been thoroughly dried, rem ove the strips 
from the spider. C ut 25*0 m m  squares from  the clean alum inium  foil. 
Press each strip  between two of the alum inium  squares, w ith a  force of 
25 to 135 kgf for each test piece and  a t a tem perature of 100°G, for 3 to 
10 m inutes. T he period of tim e most suitable for the pressing is th a t 
which results in the most distinct line dividing the light and  dark  portions 
of the telescope field. H old the strips a t the same pressure for 10 m inutes 
a t room tem perature, either by circulating cold w ater through the press 
platens or by using a press equipped w ith both cold and  ho t platens.

5 .3 M easure the refractive index w ith the refractom eter in  the sam e 
m anner as th a t used for m easuring the index of solids. Check the ad just­
m ent of the refractom eter, using the standard  glass test piece ( see N ote 1 ). 
C irculating w ater a t 25°G through the prism or perform ing the test in a  
constant room  tem perature a t 25°C will avoid ihe  necessity o f m aking a  
tem perature correction and  tends to give higher accuracy. Illum inate the 
instrum ent w ith the flashlight bulb or an  autom obile lam p. In  o rder to 
provide a  beam  of light a t grazing incidence to the prism , slip the tube o f 
rolled alum inium  over the bulb. W hen read ing  the glass test piece, use a 
diffused light source obtained by covering the tube w ith crum pled tissue 
paper. Place a  small drop  o f a-brom onaphthalene ( see N ote 2 ) on the 
po ished flat surface of the test piece, then pass it  firmly against the 
m easuring prism  o f the refractom eter, w ith the polished end tow ards the 
light.

N o te  1 —  C le an  th e  glass test p iece  a s  well as th e  p rism  w ith  e th y l a lc o h o l a p p lie d  
w ith  lens p a p e r , b o th  before a n d  a f te r  check ing  th e  a d ju s tm e n t o f  th e  in s tru m e n t. D o  
n o t use ace to n e , since it a tta ck s  th e  ce m en t h o ld in g  th e  p n s m  in  p la ce .

N o te  2 — U se a n  ab so lu te  m in im u m  a m o u n t o f  a -b ro m o n a p h th a le n e , so th a t  
w hen  th e  test p iece is pressed  ag a in s t th e  prism  surface, th e  liq u id  film  flow s d o w n  to 
th e  po lish ed  en d  o f  th e  test p iece  a n d  y e t does n o t fo rm  a  w edge  o f  liq u id  b e tw een  th e  
face o f th e  te st p iece  a n d  th e  su rface  o f  th e  re fra c to m e te r  p rism . Be su re  t h a t  th e  su r­
face  o f th e  p rism  is com ple te ly  free  o f  c o n ta c t l iq u id  b e tw een  th e  te st p iece  a n d  th e  
lig h t sou rce, o th e rw ise  a  h n e  w ill b e  o b served  a t  a  po s itio n  d iffe ren t fro m  th a t  corres­
p o n d in g  to  th e  in d e x  o f  th e  glass te st p iece  a n d  false se ttin g  w ill re su lt.



5 .4  A djust the position o f  th e  ligh t sourcc to give the m ost d istinct divid- 
fVi, .  b o u n d ary  betw een ligh t and  dark  portions on the

helds o f th e  telescope, setting  th e  com pensating  drum , w hich ro ta tes the 
A m ici prism s used for ach rom atiza tion , a t  one o f  the two positions th a t 
give a  b o u n d ary  line m ost nearly  free o f  colo-ur. T est th e  contact between 
th e  surface o f  th e  test piece an d  th a t o f  the prism  by firmly pressing the 
tw o surfaces toge ther w ith  th e  finger. I f  there is no displacem ent o f the 
b o u n d a ry  line d u rin g  this operation , th e  position o f the slab m ay be 
considered  to  be satisfactory. A pproach  the setting  from  a  position on 
w hich  th e  intersection  o f  the cross-hairs is in the ligh t portion  o f  th e  field. 
M ake th ree  read ings o f  th e  refractive index w ithout m oving th e  test piece 
R em ove th e  t « t  piece, clean it, an d  replace it on the prism  in  the m an n er 
described . M ake th ree  m ore  readings o f  the refractive index. I f  the two 
sets o f  read ings do no t agree, rep ea t the procedure u n til ag reem ent is 
a t ta in e d . I f  tlie m ean  o f  tliese readings on the test piece is different from  
th e  m arked  value, set the scale o f  the instrum ent a t the m arked value, and  
b rm g  th e  d iv id ing  line in to  coincidence w ith the cross-hairs by tu rn in g  the 
sm all screw  th a t is recessed in  the outer barre l o f the telescope ( 
N o te  1 ). W henever the scale is adjusted , rep ea t the opera tion  o f  check­
in g  th e  in stru m en t. Before rem oving the glass test piece o r d istu rb ing  the 
scale se tting , tu rn  the com pensator d rum  to  the second position th a t gives 
a  b o u n d ary  line free o f  colour, and  note w hether the cross-hairs are  still 
se t on  th e  b o u n d ary  line (see N ote 2 ).

N ote 1 —  I f  it is necessary to make this adjustment frequently, there is an imperfect 
connection perm uting relative motion of the prism and the index arm.

~  crop-hairs are found to be displaced by more than 0-000 2, they
should be returned to the m anufacturer for adjustment.

5 .5  R em ove the tissue p ap e r from  the rolled a lum in ium  tu b e  th a t  was 
p laced  over th e  ligh t bu lb . C u t the pressed ru b b er in  the a lum in ium  
foil in  half. G rasp  the narrow  end  o f  one o f  the pieces o f  a lum in ium  foil 
a n d  peel it  off w ith  a  qu ick  continuous pull, leaving the ru b b e r adhering  
to  th e  o th e r  piece o f  foil. In  o rder to o b ta in  a sharp , clean, perpend i­
cu la r  edge, use the razor b lade to cu t a strip  a t least 3 m m  w ide w here the 
ru b b e r  is sm oothest an d  com pletely free from  a ir  bubbles. P lace the test 
p ieces on  th e  prism  o f  the refractom eter w ith  the cu t edge aw’ay  from  the 
observer, p e rp en d icu la r to the length o f  the prism  face, an d  a t  the sam e 
position  occupied  by tlie polished edge o f  the glass test piece. Press the 
test piece firm ly aga inst the foil un til it  wets the glass, leaving no  a ir  
e n tra p p e d  betw een  the prism  an d  the test piece n ea r the cu t edge ( see 
N o te ) .

N o te  —  Caution — U nder no circumstances should the rubber test piece be clamped 
betw een the two refractom eter prisms as in measurements with liquids. Attempts to 
close the prisms with rubber between them may distort the hinges, loosen the prism 
m ountings, or dam age the prisms.



5 .6  C ircu late w ater, having a  tem perature w ithin 2 deg C of room tem­
perature , through the tap  housing to the m easuring prisms of the refracto- 
m eter an d  th rough a  cored brass block o f abou t the same size as the prism 
housing, m ounted over the test piece. Allow a t least one m inute for the 
test piece to reach tem perature equilibriuni after the block has been placed 
over the test piece and  before an  index reading is m ade.

5 .7  Adjust the com pensator to give as nearly white light as possible, and 
set the boundary  between the light and  dark portions o f the field on the 
intersection of the cross-hairs. In  reading the line, adjust the com pensa­
to r d rum  so th a t o f the two possible points of com pensation, the one used

^  w ith the rubber test piece is the one nearer to th a t used w ith the glass 
test piece. A pproach the setting from a position in which the intersection 
is in the light portion of the field. M ake a t least three readings, and  if 
there is a  difference o f m ore than 0*000 1 between the readings, m ount a 
new  strip on the prism  and  repeat the readings. I f  average values 
obtained on different test pieces from the same pressed test piece differ by 
m ore than  0*000 2, ex tract a new portion of the original sample and  repeat 
the m easurem ents. A t each reading record the tem perature to the 
nearest 0*1 deg C by means o f a  therm om eter g raduated  in units o f 0*2 
deg G or less.

6 . C A L C U LA TIO N

6.1 C alculate the value of the refractive index a t 25°C, from the observa­
tions, as follows:

«25 =  Ne +  0*000 37 ( i -  25 )

where
fljj5 ■= refractive index a t 25°C, and  

tit =  refractive index observed a t tem perature t

6.2  D eterm ine the com bined styrene content from the refractive index at 
 ̂ 25°C, using T ab le 2, or calculate the bound styrene, as follows:

®°cen1 b7w efgh t“ '= 2 3 - 5 0 + I - 1 6 4 K -  1-534 5 6 ) - 3 4 9 - 7 ( « „ -  1-534 56)>
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M O O N E Y  V ISC O SIT Y  
( S B R : 8 )

1 . SC O PE

1.1  T h is  m e th o d  covers a  test p rocedure for determ ination  o f M ooney 
viscosity o f  raw  sty rene-bu tad iene rubbers w ith  th e  help  o f shearing  disk 
v iscom eter.

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

2 .1  T h e  test involves th e  app lica tion  o f  a  to rque to  a  m eta l disk in  a 
cy lin d rica l ch am b er filled w ith  ru b b er u n d er specified conditions. A 
n u m b e r  p ro p o rtio n a l to  th e  to rque  necessary to ro ta te  the disk is taken  as 
a n  in d ex  o f  th e  viscosity o f  th e  rubber.

3- A P PA R A T U S

3.1  T h e  essential p a r ts  o f th e  ap p a ra tu s  are a  ro tor, a  hollow  cylindrical 
d ie , a  m eans for ro ta tin g  th e  ro to r, a  m eans for ind icating  th e  to rque  
req u ired  to  ro ta te  th e  ro to r, an d  controls for m ain ta in ing  th e  die a t  a 
c o n s tan t te m p era tu re  {see F ig. 1 ) . T h e  ro to r an d  die cavity  have  th e  
follow ing dim ensions:

m m

R o to r d iam eter 38*10 i  0*03
R o to r thickness 5*55 ±  0*03
D ie  cav ity  d iam ete r 50*90 ±  0*15
D ie cavity  d ep th  1 0 '6 0 i 0 ’03

3-1.1 T h e  d ie cavity  ( see F ig. 2 ) should preferably  be form ed from  only 
tw o pieces o f  u n p la te d  h ard en ed  steel for im proved h ea t transfer a n d  have 
ra d ia l  V -grooves on  th e  flat surfaces to  re ta rd  slipping. T h e  grooves are  
spaced  a t  20° in te rvals, a n d  ex tend  from  a t  least th e  7 m m  circle to  the 
47 m m  circ le ; each  groove form s a  90° angle in  the d ie  surface w ith  the 
b isecto r o f  th e  ang le  perp en d icu la r to  th e  surface an d  is 1*00 ±  0*25 m m  
w id e  a t  th e  surface.

3:1 .2  T h e  d ie  cav ity  ( see F ig. 3 ) m ay alternatively  be form ed from  four 
pieces o f  steel w ith  rec tangular-section  grooves ( see Fig. 3A an d  3B ) on  
th e  ca v ity  surfaces to  re ta rd  slipping. T h e  grooves a re  0*80 ±  0*02 m m  
w ide, o f  un ifo rm  d ep th  betw een 0*30 ±  0*05 m m , an d  spaced on 
1*60 ±  0*04 m m  centres. T h e  flat surfaces o f the cavity  have two sets of 
these  grooves a t  r ig h t angles to  each o ther.
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3 .1 .3  T h e  ro to r (see Fig. 4 )  surfaces a re  grooved as described for the 
d ie  cavity  form ed from  four pieces o f steel. T h e  hardened  ro to r is fastened 
to  a  shaft n o t exceeding 11 m m  in d iam eter an d  positioned securely so th a t 
in  th e  closed die cavity  the clearance above the ro to r ( see a in  Fig. 1 ) does 
n o t differ from  the clearance below the ro to r ( see a in  F ig. 1 ) by m ore 
th a n  0*25 m m . T h e  eccentricity  or ru n o u t o f the ro to r w hile tu rn ing  in 
th e  viscom eter should no t exceed 0*013 m m . T h e  ro to r shaft bears on  the 
spindle w hich turns th e  ro to r an d  not on the wall of the die cavity . T h e  
clearance a t the po in t w here the ro to r enters the cavity should be sm all 
enough to  p revent ru b b er leaving the cavity . A g rom m et m ay  be used as 
a  seal a t  this point.

DETAILS OF 
PROFILE AS IN F1G.3A-

All dim ensions in  m illim etres.

F i g .  4 R o t o r

3 .1 .4  T h e  dies form ing the die c a v ity a re  m ounted  on, o r form  p a r t o f  
platens equipped w ith a  heating  device capable o f m ain ta ing  the d ie  cavity  
w ith in  0*5 deg C o f the test tem perature .

N o t e  —  T h e  test tem perature is defined a s  the steady-state tem pcratiire o f  th e  closed  
cavity , w ith  rotor m  p lace  b u t w ithout rubber. S in ce  a  tem perature differential exists 
betw een th e platens and the d ie cavity , it is necessary to adjust the p laten  tem peratures 
to obtain  the correct cav ity  tem perature. In raakm g such adjustm ents it is im portant 
that the tem perature o f  the tw o platens be w ith m  0*3 deg  C  o f  each  other. T h e  cavity  
tem perature m ay be m easured w ith calibrated therm ocouples or therm istors usm g lead  
wires abou t 0*3 m m  m  diam eter to m in im ize therm al condu ction  to the extenor.

3.1 .5  T he die cavity m av be closed by hydraulic, pneum atic  or m echa­
nical means. I f  fluid pressure is used, a  force o f  1 400 kg m ay be requ ired  
for the in itial closure w hen rubbers o f very high viscosity a re  tested. A t 
least 10 seconds before s ta rdng  the viscom eter, the force is reduced  to 
340 ±  20 kgf and  m ain ta ined  a t this value during  the test. I f  m echanical 
closure is used, the platens are adjusted, preferably by m eans o f a  gauge



block, so th a t the  to ta l deform ation o f the  parts  is betw een 0*10 m m  an d  
0 '15  m m  w hen th e  die cavity  is closed a t  th e  test tem pera tu re . F or all 
types o f closing device, th e  closure is adjusted  so th a t a  piece of th in  soft 
tissue p ap e r n o t th icker th a n  0*04 m m , placed betw een the  m eeting  surfaces 
sho\vs a  continuous p a tte rn  o f uniform  intensity  w hen the d ie  cav ity  is 
closed.

3 .1 .6  T h e  to rque  requ ired  to  tu rn  the  ro to r is recorded o r in d ica ted  on 
a  linear scale g rad u a ted  in  M ooney viscosity un its so th a t a  to rq u e  o f 
34*6 rb 0*2 cm .kg on the ro to r  equals 100 on  the scale. T h e  scale is 
capab le  o f being  read  easily to  0*5 u n it and  is ca lib ra ted  by m eans o f 
w eights fastened to  a  special ro to r w ith flexible w ire n o t over 0*5 m m  in  
d iam eter passing over pulleys free o f friction. D uring  the  ca lib ra tion  the  
ro to r is tu rn e d  a t  2 rev /m in  and  the platens a re  a t  the  test tem p era tu re . 
T h e  read in g  should  be zero w ith  the to rque rem oved an d  100 i  0*5 w hen  
a  to rque o f  84*6 cm  kg is applied .

3 .1 .7  A fter ca lib ra tion , the scale read ing  is adjusted  to  zero w ith  the 
test ro to r tu rn in g  in  th e  em pty, closed die cavity a t  2 rev /m in . T h e  
fluctuations in  readings d u rin g  a  period of a  h a lf  m inu te o r m ore should  
be less th a n  0 '5  un it.

4 . P R O C E D U R E

4.1 P r e p a r a t i o n  o f  R u b b e r  T e s t  P ie c e  —  P repare two disks o f ru b b e r 
each a b o u t 45 to 50 m m  in  d iam eter and  6 to 8 m m  in  thickness to  fill com ­
pletely th e  cav ity  o f  th e  viscom eter, in  accordance w ith  3 .3  ( see p age 6 ). 
T h e  ru b b e r  disks should  be as free as possible from  a ir  an d  from  pockets 
th a t  m ay  tra p  a ir  aga inst the ro to r an d  die surfaces. A  hole is pierced 
o r cu t th rough  the  cen tre  o f one disk to perm it the insertion o f th e  ro to r 
stem .

4 .2  H e a t the  d ie  cavity  an d  ro to r to the test tem peratu re  o f 100°G an d  
allow  to  reach  a  steady-state. O pen  the die cavity, insert th e  ro to r stem  
th rough  the hole in  test disk, place the  ro to r in  the viscom eter, p lace  the  
solid test disk cen tra lly  on th e  ro to r and  close the die cavity  as quickly  as 
possible. In sert, if  necessary, a  film o f transparen t cellulosic m a te ria l 
approx im ate ly  0*03 m m  in thickness betw een the ru b b er and  m etal surfaces 
to  fac ilita te  rem oval afte r test w hen testing low-viscosity or sticky 
m ateria ls. N o te  the  tim e o f  closing the d ie  cavity  and  a l lo w 'th e  ru b b er 
to  h e a t for one m inu te . T u rn  the  ro to r a t  2*00 ±  0’02 rev /m in  unless 
otherw ise specified a fte r th e  specified tim e o f p reheat. I f  the  viscosity is 
n o t recorded  continuously , observe the ind icato r and  scale continuously 
d u rin g  the  30 second in terval p receding  the specified tim e o f read in g  an d  
the  m in im um  value to the  nearest 0*5 u n it du ring  this in te rval as the  
viscosity. F o r reference purposes, take readings a t 5 second in tervals from  
i m in u te  before to  I m in u te  afte r a  4-m inutes test period. D raw  sm ooth



curve th ro u g h  th e  m in im u m  poin ts o f  th e  period ic  fluctuations o r th ro u g h  
all points if  th e re  a re  no  fluctuations. T a k e  th e  viscosity as th e  p o in t 
w here the  curve in tersects the  tim e specified. I f  a  rec o rd e r is used, take 
th e  viscosity from  th e  recorded  cu rve in  th e  sam e m a n n e r  as specified for 
th e  p lo tted  curve.

N o t e  —  T he tem perature gradients a n d  ra te  o f h eat transfer vary  am ong viscome­
ters, particularly  if  different types of heating are em ployed. Therefore, th e  valuM 
obtained w ith  different viscometers m ay be expected to be more com parable afte r the 
rubber has a tta ined  the  test tem perature. Usually this condition is reached ab o u t 10 
m inutes after the  die cavity  is closed. F o r most rubbers, the  read ing  is n o t aJtcred 
appreciably by perm itting the rubber to heat in the viscometer for different times, 
provided the viscosity is read a t a  specified time. T he ru n n in g  tim e should never be 

► less than 2 m inutes.

5 , R E P O R T

5.1 T h e  rep o rt shall inc lude th e  following:

a) M ooney viscosity n u m b e r [M ),
b) T em p era tu re  o f test,
c) R o to r  size, la rge  o r sm all { L o x  S ) ,
d) T im e  in te rv a l o f  p reh e a t, an d
e) T im e  o f  read in g  a fte r p reh ea t.

N o t e  — Results o f a  typical test shall be reported as follows:
50 M L  4  ( 100°G )

where
M  =  Mooney units,
L  — large rotor,
4  =  test period in minutes, and 

100®G =  test tem perature.

6 . R E P R O D U C IB IL IT Y  O F  R E S U L T S

6.1 N o te  o n  R e p ro d u c ib iU ty  o f  R e s u l t s  —  T h e  s ta n d a rd  d ev ia tio n  for 
m easurem ent on the sam e in stru m en t o f  a  un ifo rm  sam ple o f  ru b b e r  is 
a b o u t 0*2 u n it. V a ria tio n  in  sam ple p rep a ra tio n  resu lts in  s ta n d a rd  d ev ia ­
tions o f ab o u t 1 u n it; recorded  figures from  labo ra to ries  w ork ing  w ith  
syn thetic  ru b b e r p roduction  range from  0*20 to  0*75 un its . T h e  s ta n d a rd  
dev iation  is substan tia lly  ind ep en d en t o f  th e  viscosity, a t  least w ith in  th e  
range o f 40 to 90 units . V ariab ility  am ong  lab o ra to ries  m ay  cause  even  
la rger varia tions in  results. P arts  o f the  in te rlab o ra to ry  v a r ia b ility  is d u e  to  
sam ple p rep a ra tio n  a n d  p a r t to  errors in  c a lib ra tin g  o r a d ju s tin g  th e  
viscom eter.
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