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‘Tyis BRITISH STANDARD, having been approved by the
Rubber Industry Standards Committee and endorsed by
the Chairman of the Chemical Divisional Council, was
published under the authority of the General Council
on 31st October, 1950.

First published, June, 1940
First revision October, 1950

The Institution desires to call attention to the fact that
this British Standard does not purport to inciude ail the
necessary provisions of a contract.

In order to kesp abreast of progress in the industries
concerned, British Standards are subject to periodical
review. Suggestions for improvements will be recorded
and in dee course brought to the notice of the committees
charged with the revision of the standaris to which they
refer.

A complete list of British Standards, numbering over 1600,
indexed and cross-indexed for reference, together with an
absiract of each standard, will be found in the Institution’s
Yearbook, price 5s. post free.

This British Standard requives reference to ihe following:—

8.8, 148. Insulating oils for electrical purposes.

B.S.358. Rules for the measurement of voitage with
sphere-gaps.

B.S. 410,  Test sieves.

B.S. 600. Application of statistical methods to-industrial
standardization and gqualiiy control.

B.S. 600R. Quality ccaotrol charts.

B.5.871. Abrasive papers and cloths for pencral
purposes,

B.S. 872, Abrusive papers and cloths  (technical
products),

B.5. 1008, Guide for quality control and control chart
method of analysing data.

B.S. 1428. Micro-chemical apparatus,
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CO-OPERATING ORGANIZATIONS

The Rubber Industry Swandards Committee, under
whosc supervision this British Standard was prepared,
coasists of representatives from the following Govern-
ment departments and industrial organizations :—

British Rubber Development Board
*Tiritish Rubber Producers’ Research Association
*Federation of British Rubber Mamifacturers’ Asscciations
*Institution of the Rubber Industry

*Research Association of British Rubber Manufacturers

The Government departnients and seientific and indu-
strial organizations marked with an asterisk in the
above list, together with the following, were directly
vapresented on the committee entrusted with the
wreparation of this British Standard :—

Association of British Chemical Manufacturers
wnm_mm: Chemical Plant Manufacturers® Association
British Electrical and Allied Industries Research Association

British Rubber Adhesive Manufacturers' Association
Department of the Government Chemist

Institution of Chemical Engineers
Institution of Mechanical Engircers

HE;E..mo: of Mechanical Engincers {Automobile Division)
Institution of Municipal Engincers

London Advisory Committec for Rubber Rescarch

National College of Rubber Technology

Royal Institute of Chemist jtai
lemistry of Great Britain and
w Ruvber Trade Association of London . e freand
Society of Motor Manufacturers and Traders
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BRITISH STANDARD
METHODS OF TESTING
VULCANIZED RUBBER

FOREWORD

1. This British Standard has two main purposes:
(i) to provide standardized methods of analysis and test for use in
British Standards for rubber products, thus avoiding the cenfusion

that has been found to arise if each product committee scts up its

own methods.

(ii) to provide a set of reliable methods for use by all thosc concerned
with the analysis and testing of vulcanized rubber ; it is hoped in
this way to encourage uniformity of practice in analysis and testing,
and so make the results obtained more useful,

2. The following major changes have been made in this revision as com-
pared with the original (1940) issue i—

(i) thescope has been widencd to include synthetic rubbers as well as
natural rubber ; this standard now comprises methods for examin-
ing both soft and hard (cbonite tvoe) vulcanizates made from
natural rubber, butadicne-styrene epoiymers, butadiene-accyloni-
trile copolymes, chloroprenc palymers and copolymers, '30-
butcne-dicne copolymers (Buty! rubber), and thioplasts, 59._%_ it
is not implied that every test described is ap=.opriate or suitable
for all types of vulcanizate.

(ii) many addiiional tests no'? in mouna_ use have been introduced.

(iii) cach method or group of <los.ly related methods Is now in effect
a self-contained document and is accordingly given a distinctive
number appended to tie main number ‘903%; thus ‘Tension
stress-strain test” is designated ‘B.S. 903 Part 15,

* where not qualified by

3. Throughout this docurnent the word ‘rubber,
s of rubber enumerated

the adjective ‘natural,” means any or all of the type:
in paragraph 2 (i)

issue does not include all the test procedures for which

4. The present . S ¢ whi
standardization is desirable, because some require further investigation
mmended. In view of the

before reliable standard techniques can be reco
urgzat need for a revision of B.S. 903 to mee : :
manufacturers and users, it has been thought best 1o defer inclusion of

these still debatable procedures until they have been further studied.
9

t the demands of rubber
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The procedures reserved for further consideration are :— 8. The particular forms of test apparztus .u_uno.pmmnn in this standard have
. 3 been selected because they are known ter give reliable results ; considera-
n.__a..wmwhna.:m:on of styrene (in synthetic rubbers). “ tion will be given, however, to any mnnma.mp_m m:E.a:an to tiie British
Unsaturation by iodine value (in synthetic rubbers) (the following Standards Institution regarding alternative or improved forms of
may be consulted for existing methods: (1) Kemp and Peters, . apparatus.
Ind. Eng. Chem. (Anal.), 1943, 15, 453; (2) Lee, Koithoff and
Mairs, J. Polymer Sci., 1948, 3, 66).

Identification %. synthetic rubbers (the following may be con- REPRODUCIBILITY OF RESULTS
sulted for existing methods: (1) Ministry of Supply, Ad-
miralty ; Services” Rubber Investigations, Users® Memor-
andum No. U9A; (2) AS.T.M. Standards on Rubber
Products, 1949).

Determination of zinc.

Glue (direct determination on total fillers).

B.S. 903 : 1950

Documents

DY N T R e e T T

Some of the test specifications contain a final section on the magritude
of the test errors which are likely to be encouniered in good practice.
This has been included because it enables a laboratory to determine
whether its test procedures are grossly less accurate Emn. the mﬁjam.a
which is reasonably attainable. It should be pointed out that in the majority
of cases information is given only for the error of test, wa&.:.on for the
Physical variation between differcnt laboratcrics, or between Hw—“up_n :Eﬁ_:ﬂwm. n,””_wm

Experimental mixing and vulcanizing. these sources of <m..Jm:o= are, :oia...n%. ”HM_“MW_MEH manhmﬂ_. EM_M the
Dynamic fatigue, error of test, In addition, En_.o. is a prac _Qr. ! y ) defn nsm: ¢ emrol
Dynamic modulus. of test because non-destructive tests, which generaily p it severs
Rubber-to-metal adhesion, determinations to be made on one _..omm Enoo. can owﬁ: be made 8_. ave
Flexing test for ply-separation of rubber/fabric articles. relatively smali error compared with mE:_wn.Smﬁ which require replicate
Exposure (ozone) cracking, [ test pieces for assessing the error. Flex-cracking or abrasion tests form an
Shear stress-stain test. intermediate case, because mncmnn___ readings can Wo oﬁn&.ﬁmﬁnmwo
ing liqui i i 1est piece even though the test is destructive 1n nature. ere i -
mwwnsmmmwwnmwﬁwh%ﬂwﬁhh n%rw% M.H properties . sary “”o makea &wﬂm%n:os the following terms will v.o used : fest measire-
Water absorption of ebonite. ’ ments are the individual results from 59..-@3:.:220 tests, e.p. & mn_m_n
Tension strength of ebonite. indentation reading ; test resulls ate E&Emmcﬂ results from destructive
Hardness of ebonite. , tests, e.g. a tension strength result from one ring or &.E._u-cm:. or the mean
*Cold flow’ of ebonite. of a series of test measurements made on one test piece, e.g. the mean of
Brush-discharge test for ebonite. four indentation measuremenis On one test piece; mean Wr median)
Measurement of compression strength of ebonite (to suppl results are the mean (or median) of a number of test .HnmES and are there-
ment the proof test given in this issue) ppic- fore subject to the variation between different test pieces.
. In some cases the error of test is expressed by its characteristic stardard
deviation (for definitions of this and other statistical terms see Ref. m..
page 53), but in the majority of cases the mﬁmnmm_.mm deviation (8.D.) is
proportional to the mean value of the ?.ovonn.« @mEm measured, and 15
hence not truly characteristic ; in these cases it is replaced by the per-
centage coefficient of variation (C. of V.). ) ) .

It is hoped that the values given in the different sections i__..nnnocmwmn
each testing laboratory to investigate its 0WI aceuracy o.m testing, as ¢ wu..
will provide & much fuller understanding of the information which can be

5. The Smﬁo% here described are precision standards of referencs, aud
it is not intended that all the refinements of detail shall be applied in
day-to-day routine test work, or in every product specification.

T L

6. H.n view of the _.mv.E developments that are taking place in rubber
testing, the methods will be kept continuousty under review in order that
they may be brought up to date as occasion requires,

<Al s

7. It is intended that each method shall, where approp. ate, eventrally

be accompanied by data showing the degree of reproducibility of the i derived from comparative tests. The details of statistical procedures

results, and it has already been possible to include such information for ©© which need to beased in calculating the errors of test are given in Refs.
.wE_sa of zhe methods. (See also note on ‘Reproducibility of Results’ . 1-3, while a bibliography of many of the recent papers on the use of statis-
clow.) g tical methods is given in Ref. 4.

10 . 11
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FALLY LR B.S. 903 : Part 1: 1950

B.S. 903, Part 1

]. B.S. 600, ‘The application of statistical methods to industrial PREPARATION OF S AMPLE AND

standardization and quality control’ (a very fuli account).
2, B.S. 600R, ‘Quality control charts.” (A shottened version of B.S.600.) CONDITIONING OF TEST PIECES

1. B.S. 1008, ‘Guide for quality control and control chart method for
SECTION 1,1 DEFINITIONS

analysing data.’
4. R. G. Newton, “The Meaning of Test Results.” Proc. Second Rubber Lot. The whole of the material whose comp osition or proper-

Technology Conference, London, 1948, pp. 233-243 ; LR.W., 1948, ties it is desired to know
119, 335. }

That part of the lot which is abstracted to represent the
lot. ,
The weighed portion of the sample on which a chemical b
analysis is carried cut. :

B.S. 903 : 1950
References

Documents

Sample.

Test portion.

An appropriately shaped piece taken from the sample for

Test piece.
use in a physical or electrical test.

SECTION 1.2
PREPARATION OF SAMPLE FOR CHEMICAL ANALYSIS
Care shall be taken that the sample is fuily
s, if it is desired to deduce the composition

ce bioom shall be incorporated, but if the
ticle is required, bloom shall be excluded.

1.21 General precautions.
: representative of the lot. Thu
I of the original mix, any surfa
composition of the bulk of the ar
In the case of large articles, several pieces of approximately equal size shall
.. be taken from widcly separated positions, and the report shall indicate

the method of taking the sample and the positions from which the pieces

are taken.

T e i SR S o ik e 2T

1.22 Soft vulcanized rubber. The sample shall be comnminuted, €.g2. by

cutting up with scissors, rasping ou a rapidly rotating rasp, or grindingin
a coffee mill or other suitable grinder, sO that substantially the whole
?vvﬂoiam_nq 99 per cent} will pass a B.S. 10 mesh test sieve,* or alter-
natively shall be sheeted to a thickness not exceeding 0-5 mm. by passing
between the cold tightly-closed differential rolls of a laboratory mill. The
type of grinder or mill used is immaterial provided the sample does not
become contaminated or unduly heated. Any iron particles present in the
comminuted or sheeted material shall be removed by a magnet.

o a powder which will pass a
reated with 2 magnet to

1.23 Ebonite. The sample shall be rasped t
B.S. 44 mesh test sieve.* The powder shall be t
remove any iron particles.

1.24 Rubberized fabric. The sample used for analysis shall comprise several '
pieces taken diagonily, preferably from selvedge to selvedge, so that each : T

* B.S. 410, * Test sieves."

13 : o
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piece includes dilferent warp and weft threads. If possible some of the
rubber shall be separated from the fabric without wetting, but if a liquid
nas to be used, the fabric side shall be wetted with just sufficient chloro-
form or carbon tetrachloride to swell the rubber ; exposure to the vapour
is often sullicient, and is preferable to wetting. The swollen rubber shall
be completely dricd in air at room temperature and treated as described
in Clause 1.22.

If it is impossible to separate sufficient rubber from the fabric, the
material shall be cut into small pieces and analysed as a whole. In this case
the proportion by weight of fabric in the material shall, where possible, be
determined by onc of the following methods and allowed for in calculating
the resuits :—

(@) Mechanical stripping.

(8} Swelling with a solvent followed by mechanical stripping or

scraping,

{c) Disintegration of the rubber by a high-boiling solvent.

Method (a) is preferred ; Method (c) is the least reliable owing Lo the
danger of fillers from the rubber being retained in the fabric.

SECTION 1.3
PREPARATION OF SAMPLE (SOFT RUBRER) FOR
PHYSICAL TESTS

1.31 Remaoval of fabric. If fabric is attached to or embedded in the rubber it
shall be removed before cutting the test pieces or making the tests. The
method of removal shall preferably avoid the use of a swelling agent, bui
benzene, chloraform or carbon teteachioride may be employed if neces-

sary.

1.32 Adjustment of thickness. The sample, after removal of any fabric as
described in Clause 1.31 shall, if necessary, be brought fo a uniform
Emnrmnmm not above the specified maximum, preferably by a rapidly
rotating abrasive wheel (a wheel 6 in. in diametcr running at about 1400
r.p-m. is suitable) or 2 machine using an endless band of abrasive cloth;in
either case a fine abrasive (No. 60 to 80 grit) shall be used for finishing .cm.
the surface, Undue heating of the rubber shall be avoided. Cloth-marked
surfaces shall be made smooth in the same manner except ()} for the test
for ao_:.___._g..mca waler vapour absorption, (ii) for the test for electrical
wwmmﬂnnnnmm,_u:,_..:w. for which the original surface shall be tested, (i) for
est for ply separation (adhesion), and (i or i
i o B mw Qw_.m SE.V.A ) (iv) when the rubber is less
The surfaces produced by this buffing treatment I i
values for tension wznnmﬁmmua annmﬁmn n_onwmmoqmm M_“” mum_umormmﬁwmnnm
smooth mould finish, the magnitude of the effect depending on the type

14
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of rubber, Clothmasking, if not removed, has a simi’ar but greater eifect
on these mnowoz._nm.

Samples that have been buffed shall be conditioned as described in
Clause 1.444 before test pieces are cut.

SECTION 1.4
CONDITIONING OF TEST PIECES FOR PHYSICAL TESTS
(Applicable to soft rubber and ebenite unless otherwise stated.)

1.41 Storage of samples and test pieces, The properties of vulcanized rubber
change continuously with time, these changes being parti- alarly rapid
during the first 22 hours after vulcanization. Tests shouiu therefore be
carried out rot less than 24 hours after vulcanization, and for accurate
comparisons between different rubbers it may be necessary to ensure that
these are tested at substantially the same interval after vulcanization.

1.42 Protection against light. Samples and test pieces shall be protected
from light as completely as possible.

1.43 Aged test picces, Test pieces that have been subjected to accelerated
ageing shall be tested between 16 and 96 hours after removal from the
ageing oven or pressure vessel.

1.44 Temperature and period of conditioning for mechanical tests (soft
rubber).

1.441 For the tests described in B.S. 903/15 (Tension stress-strain
test), B.S. 903716 (Tension set), B.S. 903/17 (Compressicn stress-strain),
B.S. 903/18 (Compression set), B.S. 903/19 (Hardness), B.S. 503/21 (Creep
and stress relaxation), B.S. 903/24 {Abrasion resistance), and B.5. S03/25
(Tear strength), the test pieces (except as noted below in Clauses 1.443
and 1.444) shall be kept at a temperature of 20 - 2°C. for a period of
not less than 12 hours immediately prior to being measured, marked (if
necessary) and tested. This 12-hour period may be part of the 24 hours
referred to in Clause 1.41 or the 16 to 96 hours referred to in Clause 1.43.
If the surlaces of the test piece require buffing (as, for example, in B.S.
903/22, Resilience), this shall be carried out before the conditioning at
20 4- 2°C.

1.442. For other mechanical tests at room temperature (i.e. in the
region of 20°C.) the test pieces shall be conditioned as follows:— —

Durometer indentation (B.S:-903/20): at least 1 hour at 20 -+ 5°C.

Resilience (B.S. 903/22)

Resistance to lew temperature (B.5. méw.._nmu*mon Methods of test.

Resistance to flex-cracking and cut growth

(B.S. 903/26): at least 1 hour at 20 &+ 5°C.

Ply scparation (adhesion) ’

(B.S. 903/31): at least 24 hours at 20 4- 5°C.
15
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1.443 Test picces (o be tested at temperafurcs cther than 20°C. (as
may be requircd, €. for Compression set, B.S. 903/18; Hardness,
B.S. 903/19; Durometci indentation, B.S. 903/20; Creep and stress
relaxation, B.S. 903213 Resilicnce, B.S. 903/22; Tear strength, B.S.
903/25; Resistance 1o flex-cracking and cut growth, B.S. 903/2€) shall
be conditioned for one hour at the test temperature. 1f, prior to testing,
sferred from the conditioning cumber 1o a sample holdes

they are tran . .
they shall be maintained at the test temperature fer a further five minutes

before measurements are made,

1.4+ Samples which kave been buffed by the method described in
Clausc 1.32 shall be conditioned at 20 + 2°C. for at least 12 hours
before the test picces are cut. If the tests ave to be made at a temperature
in the region of 20°C., the test pieces may be marked, measured and
fested immediately, but in any case they shall be kept at 20 4 2°C,
until tested. If the test is at a temperature other than 20°C., the tesi
picces (after any ncoessary masking and measuring) shall be conditioned
as described in Clause 1.443. In all cases the testing shall be carried out
within 72 hours of bufling.
1.45 Temperaturs and period of conditioning for mechanical tests (cbonite).
For ail the tests exczpt water vapour absorption the test pieces shall be
subjected to a controlled atmosphere of relative humidity 30-75 per cent
and temperature 20 3= 5°C. for 18-24 hours. Each test picce shall be
tested in this atmosphere, or the test started within three minutes of
removal therelrom.

1.46 Temperature and period of conditioning for clectrical tests. For tests
of clectiic strength (B.S. 903/32), clectrical surface and volume resistivity
(B.S. 903/33), permittivity and power factor (B.8. 503/34) each test picce
shall be wiped carefuily with absorbent paper or, where suitable, with a
cloth moistened with petroleum ether or pure benzene.

The test pieces shall then be preconditioned in an atmosphere of
relative humidity 30-75 per cent and temperature 20 =i 5°C. for 18-24
hours. Each test picce shall be tested in this atmosphere, or within three
minutes of rerioval therefrom, except for the measurement of surf-<e and
volume resiciivity (B.S. 903/33), for which tests a further conditioning at
65 per cent - 3 per cent relative humidity and 22 + 2°C. is required,
and power factor and permittivity (5.3. 903/34), for which a [urther
conditioning at 22 4 2°C, is required.

A relative humidity of 65 per cent + 5 per cent may be obtained by
the use of lumps of 2 suitable salt* which shail be sprinkled with water
n.nosm_csm:m. The surface of the salt shall be moist but care shall be take
that the lumps are not wholly covered by water. To ensure that the reiutive

* Suitable salts for giving 65 per cent relative humidity are {a) sodium nitrate.

(& ammonium nitrate, (c) cobalt chlorid L - :
chloride and sodium niteate. ride, () an equilibrium mixture of sodium

16

humidity of the controlled atmosphere is maintained al the correct value,
the zir shall be circulated inside the chamber. The surface of the salt shall
be lrge per unit volume of air space, otherwise the ¢~te of attainment of
equilibriun: is very slow. The apparatus described below has been found
satisfar:ory in maintaining the relative humidity of the controlled atmo-
sphere at A constant figure.

The chambe; consists of a cubical box with sides 24 in. (610 mm.)
long. The floor of the hox is nearly covered by a tray containing lumps of
the salt which are occasionally sprinkled with water as indicated above.
The test pieces to be conditioned are placed on a shelf half-way up the
box. Air is circulated by a small fan over the tray, up through heles cut at
two corners of the sheif, over the test pieces and down threngh holes at
the opposite corners of the shelf. The humidity of the air, which may be
measured by wet-and-dry-bulb thermometers if the velocity of the air
past them is greater than three -aetres per second, attains a constant
value, unless the prevailing condiiions are extreme, in about thrce minutes
after the box has been closed and the fan has been started. As an alterna-

we to wet-and-dry-bulb thermometers, which require a known air

* .ocity, a dew-point thimble may be inserted in the box and used when
the fan is not working ; with either method, a window is necessary to
avoid opening the box.

1.47 Mechanical conditioning. The modulus of rubber test pieces is
markedly dependent on their previous mechanical history, and it may
therefore be necessary to carry out a furiher modulus test after a suitable
mechanical conditioning. ’

The w:imate tension properties {i.e. tension strength and elongation
at break) are generally not largely affected by stretching the test picce
before the test ; howaver, the modulus may be considerably different for
along period after any preliminary straining. This difference, which appears
as a softening, depends upon the pature of the rubber, the magnitude of
the p:eliminary straining, and the period which elapses before the test is
performed. Repeated stretching increases this soflening but by far the
largest contribution is given by the first stretch.

The conditioning should be similar to the type of deformation en-
countered in service : if this is not known, the test picces shall be strained
at the standard rate of stretching (18-20 in. per minute) to 50 per cent
of the elongation at break, held at this elongation for 5 seconds, and then
released; one minute after releasc the test piece shall be stretched again to
break, the usual measurements being made of the medulus or the elonga-
tion(s) at constant load(s). For aumb-bell test pieces the original gauge

marks are used for these measurements.

Mechanical conditioning is usual in compression stress-strain tests,
especially on mapufactured articles, and a recommended treatment is
described in Clause 17.51 of B.S, 903, Part 17, relating to that test.

17 B
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B.S. 903, Part 2 : EXTRACTION METHODS

This part includes mezitods for the following determinations :—

Section 2.1 Acetone extract,
fmonzo: 2.2 Unsaponifiable matter in acetone extract.
Section 2.3 Paraffin wax and ceresin.

Section 2.4 Chioroform extract,

Settion 2.5 Alcoholic potash extract.

Documents

SECTION 2.1 ACETONE EXTRACT

2.11 Fxplanatery note, Acetone completely extracts ﬂ.?osn..nn extraction is
sufficiently prdlonged) the following common ___m-nm_a:.m.. amonpgst
others :—certairk non-rudber constituents of the crude rubber (fatty
acids, guebrachilel, sterols, ete., from natural rubber, and nn:___u.m@h:w
=ma=$..n=:.onau ts, and other similar materials used in making &w?
thetic rubbers), sothe resins, sulphur, mineral oils, wool grease, mﬁ«o:_@-
able waxes, paraflin\wax, ceresin, pine tar, and some dyestuffs, organic
accelerators and antilpxidants andfor their decomposition products.

Acetone incompliely extracts :—fatty oils, oxidized (blown) fatty
oils, vulcanized [atty oYs (rubber substitutes), mineral rubk2r (bitumen),
oxidized rubber, and sqme of the polymer from vulcanized thioplasts
{for the latter it is thekefore preferable to use light petroleum b.p.
80-100°C. in piace of acetgne).

2.12 Reagent,
Acetone. TE- acetone uséd for this determination shall b= substanti-

ally free from: water ard polyiyers of acetone, and <hall ke of recognized
analytical reagent quality,

2.1 Apparatus, The extraction afparatus shall be of the reflux type with :
the condenser placed immediately ybove the cup which holds the rubber, ,

The cup shall be of ths siphon tyfie and situated in the vapour of the
boiling solvent.

All-glass apparatus is preferable,‘put a chromium-plated metal con-
Zenser is permissible. There shall be ng cork, rubber or similar material

from which soluble matter may be ex

condenser and the extracior to epsure that the liquid falling irio the
extraction cup is substantially at its boiling poiht.

\

cted. It is convenient for the =
extraction vessel to be of a size that will hermit it to be weighed directly, + -
otherwise the solution containing the exfact shall be transferred to a kS
small flask for evaporation, drying and weighing. A suitable type of
apparatus in shown in Fig. 2.1; a heat exchanker is interposed betweer: the i

2.14 Procedure. The sample may be either co
described in B.S. 903, Part |, Section 1.2, and shall

18

inuted or sheeted as , , Fig. 2.1 Extraction apparafus
protected from light .. ‘
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B.S. 903, Part 2: EXTRACTION METHODS

This part includes methods for the following determinations :—

/man:o: 2.1 Acetone extract. )
tion 2.2 Unsaponifiable matter in acetone extract, -

MM:S 2.3 Parallin wax and ceresin.

Skction 2.4 Chiccolorm extract.

Section 2.5 Alccholic potash extracs.

SECTION 2.1 ACETONE EXTRACT

2.11 Expianatary note, Acctone completely extracts 685&.& extraction is
sufficiently prdlonged) the following common ingredients, amongst
others :=-=. rtairh, non-rubber constituents of the crude rubber (fatty
acids, quebrachitpl, sterals, etc., from natural rubber, and na_.__m:wmam
agents, anti-oxidahts, and cther similar materizis used in making syn-
thetic rubbers), sofye resins, sulphur, mineral oils, wool grease, saponifi-
ablz waxes, paraffin\wax, ceresin, pine tar, and some dyestuffs, organic
accelerators and untidpxidants andfor their decomposition products.

Acetone incompldtely extracts :—fatty oils, oxidized {blown) fatty
oils, vulcanized fatty oljs (rubber subsiitutes), mineral rubber (bitumen),
oxidized rubber, and sqme of the polymier from vulcanized thioplasts
(for the latter it is thekefore preferable to use light petroleum b.p,
80-100°C. in place of acetgne).

2,12 Reagent.
Acetone. The acetone usdd for this determination shall be substanti-

ally free from water and polytkers of acetone, and shall be of recognized
analytical reagent quality.

2,13 Apparatus. The extraction ajparatus shall be of the reflux type with
the condenser placed immediately ybove the cup which holds the rubber.
The cup shall be of the siphon tyfie and situated in the vapour of the
boiling solvent.

All-glass apparatus is prefzrable, \but a chromium-plated metal con-
denser is permissible. There shall be nY cork, rubber or similar materiul
from which soluble matter may be exbpacted. It is convenicnt for the
extracion vessel to be of a size that will zaa_w it to be weighed directly,
otherwise the solution containing the exitact shall be transferred to a
small flask for evaporation, drying and ighing. A suitable type of
apparatus ia shown in Fig. 2.1; a heat exzhanker is interposed between the
condenser and the extractor to ensure that Yhe liquid faliing into the
extraction cup is substantiaily at its voiling poikt.

.14 Procedure. The sample may be either comMpinuted or sheeted as

annnmcn&:w.m.Su.mﬁ._.monzos_.n.n_am_,w: ?ﬂﬁ-m.l..ﬂ?._ .a.‘cazmwn
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untit the analysis is completed. For referee purposes comminute the sam-
ple by rasping.

If the sample has been comminuted, place a weighed test portion
(2 g. to 4 g) in an acetone-gxtracled paper thimble.

If the sgmple has been sheeted, wrap loosely a weighed test portion
(2 g. to 4 g.) ip filter paper or de-sized linen, previously acetone-cxtracted,
sG that no tw ,._wo:._omm of the surface of the sheet come into contact with
cach other.

Insert the ,Mmﬂ portion, prepared as described, in the extraction cup,
and pour sufficient acetone into the extraction vessel to fill the cxtraction
cup about twice. Subject the test portion to at least 80 hot extractions
during a continuouy period of not less than 8 or more than 16 hours in the
case ol soft rubber, and to at least 160 hot extractions during a continuous
period of not less Smf_m or more than 40 hours in the case of ebonite.

Distil the acetone\from the soluble matter in a weighed vessel, pre-
ferably the exiraction Kmmmar and as soon as all the acetone has been
removed, dry the ax:mnmﬁ 70-75°C. for one hour ; cool in a desiccator
and weigh. 3

For precise work or n.oﬂ referce purposes carry out a blank determina-
tion, using the same quantities of reagents and the same conditions of

test, and apply a currespondipg correction to the main result,

2.15 MMmEmmmcn of resulis. The'weight of the extract (corrected if necessary
as amwn:w& above), expressed s a percentage of the weight of the test
portion, shall be taken as the ‘acktone extract.’

3\
hY
SECTION 2.2
UNSAPONIFIABLE E.H.Hmmﬂ, IN ACETONE EXTRACT

2.21 Explanatory note. The unsaponifiable portion of the acetone extract

msn_cnmm #_swmmoimmw_o non-rubber nou,ﬁn:nu"w of the crude rubber, and
any mineral ofl, m.mn;.m: wax, ceresin, :m:m_.u_ rubber (bitumen) and any
==mmmo:_mmEnouam:on@Honcnao:va_._.._cwm:rwnﬁmvnnmg:aEn

extract. Y
2.22 Reagents. //
scetone, . M

Lﬁqﬁs_ﬁ potassium hydroxide solution ; u.m,.m. KOH in 100 ml

Ethyl ether ; freedom from peroxides is essential oid ris

- a - - ﬂo

explosion in distillation. / Fvold sk o

NoTe. All reagents used should bs of recoanized m..mml_mmnwm. reasent quality, and
3 L b »

distilled water should be used wherever water is specified.

2.23 Procedure. To the vessel containing the dried mnm,»/oma extract add

25 ml. ot aleoholic potassium hydroxide solution. Boil undera reflux con-

~denser for two hours and then evaporate to dcyness on a yater bath

Transfer to a separating furnel, using about 50 ml, of water, followed by -

20
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25 ml. of ethyl ether. After extraction, separate the ether layer and con-
tinue to extract the aguieous layer with small additional portions of ether
until the extracts are colourless. Wash the combined ciher extracts re-
peatedly with half their volume of water until the washings are no longer
alkaline o litmus, and distil off most of the ether. To remove the last
traces of Water, add about 4 m}, of acetene and carefuily evaporate on a
water bath\blowing out ihe vapour with a gentle current of air. Repeat
the acetone Xeatment if traces of water still remain (as indicated by misti-
ness on the sides of the flask) ; dry the flask and residue for one hour at
70-75°C., cool'{n a desiccator and weigh.

Carry out a jlank determinaticn using the same quantities of reagents
and the same coyditions of test, and apply a corresponding correction
to the main result

2.24 Expression of resuits. The corrected weight of the extract, expressed
as a percentage of the weight of the test portion, shall be teken as the
‘unsaponifiable matte in the acctone extract.’

SECTION 2.3 FIN WAX AND CERESIN
2.31 Reagents.
Chlorafor=.
Ethyl alceltol, absofute.
Ethyl aleohol, 95 per cent
NoTtE. All reagents used should e of recognized analytical reagent qualily.

2.32 Procedure. Boil the unsaponifiable matter from the acetone extract for
30 minutes with 50 ml of absolite alcohol under tefiux. (If insoluble
matter remains, filter while hot.) G ..~ the solution, and finatly keep it for
one hour at — 5°C. Filter off the paraffin wax and ceresin which have
separated out, the funnel being surrqunded by the cooling mixture to
avoid a rise of temperature. Wash the terial on the filter with Eo.a._., of
95 per cent ethyl alcohol, previously codled to — 5°C., and then dissolve
it off the filter by washing with a total of\about 30 ml. of hot chloroform
in four or five portions, collecting the solition in a small weighed flask.
Distil the chloroform from the solution, dry the residue for one hour at
70-75°C., cool in a desiccator and weigh, This residue consists of
paraffin wax and ceresin, and may contain sulppur. - - :
"To determine the correction for the solubijty of the wax in alcohol
use a residue obtained in, and follow exactly theYpethod employed in, the
previous opération. The difference between the welghts of residue oc"m:._o.n
in the two operations is the weight of paraffin wax afyd/or ceresin mn.uE.c_.o in
the volume (150 mL.) of alcohotused, under the conditions of the estimation.
This weight is added to the- veight of residue o?&:& in the first”
operation, - el o el o N R AT
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2.33 Expression of results. The corrected weight of residue, expressed asa
percentage of the weight of the test portion, shall be taken as *paraffin wax

and ceresin.’

:CTION 2.4 CHLOROFORM EXTRACT

2.41 Explanatory note. Chloroform will extract from soft vulcanized
rubber, previously subjected to extraction with acetone, about half the
mineral rubber (hitumen) which remains after acctone extraction. As a
small amount of the rubber may be extracted, 2 smail chloroform extract
{e.g. not exceeding ) per cent caleulated on the rubber content in the case
of natural rubber) dogs not necessarily indicate the presence of bitumen ;
the latter can, however, usnally be recognized by its dark colour, Chloro-
form extraction should not be appiied to thioplasts owing to their relatively
high solubility. /

2.42 Reagent, 3\

Chiloroform. /
MNote. This should be of _.nnu,mannn analytical reagent quality.

.
2.43 Procedure. Determine the chloroform extract immediately after the

acetone extraction, without drying the acetone extracted rubber. To do
this replace the extraction vess¢l used for the acetone extraction by one
containing sufficient chloroformito fill the extraction cup approximately
p..s.nn. and extract the rubber with this solvent for four hours or untii the
liquid flowing from the siphon is mm_o_._.._mmm. whichever is the longer. The
rate of distillation of the chloroform shall be such that at least ten hot
extractions occur per hour. Distil off;the chloroform and dry the extract

for one hour at 70-75°C., cool in & nnwmnnﬂou. and weigh.

\

2,44 Expression of results. The weight of the extract expressed as a per-

nm:_:_mno:rné&mrﬂo_._&msmﬁmo:ma: Wsm:.cn.ﬁwaummﬁro,nEoBmoHE
extract,’ y

1

\
3
SECTION 2.5 gOOmOHmnlwo.ﬂuﬁwm EXTRACT

2,51 Explanatory nofe. The alcoholic-potash omeo:onw made on rubber

previously extracted with acetone and/or chloroform; if the determination

o_.. acetone extract ._.m not required, the rubber may be extracted directly
with chloroform; if the acefone extract is required and mineral Tubber

{bitumen) is known to be absent, the oEEom.cE../oxgn:ou may be

omitted. The alcoholic-potash extract consists of the fatty acids derived

from saponifiabl i 2 ¥ i )
p e constituents of the vulcanized Eccnﬂ so far as thess

remain afler the ﬂﬂoio:w nxganDm i -]
! ¢ ! ‘m.u. The most 5ﬁﬁﬂ§n of thes

non_wn:ﬁmm.—m are: vuicanized oils ﬂnc_uﬁnﬂ mccmzn_.:.mmw nm.
_

ttyoils, oxidized
2 /
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(blown) oils, and oxidized rubber. The alcoholic-potash extract is usually
taken as an index of the amount of the vulcanized-oil substitutes present
in the rubber. The method is not applicable to thioplasts since they are
attacked by potassium hydroxide.

2,52 Reagents.
Acetone.
Alcoholic potasgium hydroxide solution ; 5-6 g. KOH in 100 ml.

Ethyl alcohol, 93,per cent,
Ethyl ether ; freddom from peroxides is essential to avoid risk of

Note. All reagents usedyshould be of recognized analytical reagent quality, and
distilled water should be used \herever water is specified.

2.53 Procedure. Dry the rubher from the acetone or chloroform extraction
at room temperature in a vaguum. It is essential that exposure of the
dried extracted rubber to Em/m_.ﬁ should be kept as short as possible.
Place the rubber in 2 200 ml. flask and add 50 ml. of alcoholic potassium
hydroxide solution ; boil under 2 eflux condenser for four hours, using
a ground glass joint to connect the rondenser to the flask.

Decant the solution through a filter and collect the filtrate in & porce-
{ain basin. Wash the Tubber with two'g5 ml. portions of hot alcohol and
then thoroughly with hot distilled wate decanting the washings through
the filter and collecting with the main Esﬁmn. -

Evaporate the combined filtrate and washings to dryness on 2 boiling
water bath and dissolve the residue in 50 ml, &f distilled water. Transfer the
solution to a separating funnel and carefully add concentrated hydro-
chloric acid until the liguid is stightly acid. Allo the solution to cool.

Extract the acidified liquid completely with, three 25 ml. portions of
ethyl ether and wash the combined ether extricts with distilled water
until the washings are no longer acid when tested With methyl orange.

Transfer the ether solution to a weighed flask zmm distil off most of
the ether. To remove the last traces of water, add about 4 ml. of mno.ﬁono
and carefully evaporate on a water bath, blowing out\the vapour with a
gentle current of air. Repeat the acctone treatment if thaces of water still
remain (as indicated by mistiness on the sides of the mmmx,u ; dry the flask
and residue for one hour at 70-75°C., cool in a desiccator apd weigh.

Carry out a blank determination using the same guantilies of reagents
and the same conditions of test, and apply a correspondiyg correction

to ti:e main resnlt. .

2.54 Expression of results. The corrected weight of the extract) expressed

a3 a percentage of the weight of the original test portion, shail . taken as

the *aicoholic-potash extract.” : S
. 23
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B0

B.S. 903, Part 3: SULPHUR DETERMINATIONS

This part inclufes methods for the following determinations -—

Section\3.1 Total sulphur.

3,12 Carius method.

3.13 Fusion method.

3.14 Combustion method.

Section 3.4 Extractable sulphur.

22 Bromine method.
umn,w Nitric acid method.
3.24 Copper spiral methed.

Section 3.3 wvwwnn.noazuna sulphur,
Section 3.4 Sulphur in total filiers.
Section 3.5 m.:_mwan sulphur,

\

\

4

meEOZ/,m.H TOTAL SULPHUR

3.11 General explanation. “Total sulphur’ ideally denotes the total
amount of sulphur, in ....&ﬁnﬁa/wog, contained in the sample.
The percentages of total sulphur as determined by the three recom-

mended methods should agree ,«,:Es the usual limits of experimentul
error, except when the sample contains certain fillers, notably lithopone
and barium and calcium ma_m:m”mm.ﬁro sulphur in which may or may not

be izxcinded in the result according Hm the method used.

3.12 Carius method. /

\

_3.121 SUMMARY AND EXPLANATORY NOTE. The rubber is oxidized by
heating with fuming nitric acid E%}?ﬁmmﬁm in a sealed tube. Aflter
nm__cm—o.u mn&.sﬂoﬁ_ of any insoluble matter, the sulphuric acid in the
liquid is precipitated as barium sulphate, which s filtered off and weighed
The result wiil not include the ms_wscn,..nca&:na in barium ms_m:wﬂm
present as such or in lithopone, It will include the suiphide sulphur Mmmnﬂ
in lithopone, and the salphur present as calcium sulphate in :mﬂ.ﬂ.
likely to be met with in practice. / e

Some analysts add picric acid ion iat
cipitation of G%EB ME%EH. This “u wﬂ%ﬂﬂﬂﬂﬁﬁq ol st
referee purposes when it shall be omitted. If used, add 10 mi of
mEEmE.m aqueous solution of picric acid aftey &Em.on of the mowEdm
containing sulphate. Heat the »~ution to co_.._mnm. and while hot hmm

slowly a slight excess of h i iori i
Sowly a s um ot barium chloride solution, proceeding as in

24

preferred, except for -

n
1
I
v
i
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3.122 REAGENTS.
Barium chioride solution ; 10 g. in 100 ml, water,
muimanicz.n acid, concentrated, sp. gr. 1-18,
Nitric acid, franing, sp. gr. 1-50.
Sodiuh chloride. :

Note. All feagents used should be ol recognized analytical reagent quali ty
and distilled water sholld be used wherever water is specified.

3.123 ProcEDURE\ Introduce, by means of a long-stemmed funnel,
5 ml. of fuming nitric acid into a bomb-tube 18-24 in. in length and sealed
21 one end. Withdraw the funnel carefully s0 as to avoid wetting the side
of the tube. ]

Cautiously slide into the bomb-tube a small ignition tube containing
about 0-2.g. of the sample {0-1 g. in the case of ebonite or thioplasts),
taking care that at this mﬁmmo., he rubber does not come into contact with
the acid.

Seal the open end of the bomb-tube in a blow-pipe flame by the usual
technique, and allow to noo_./éunu cold, place the tube in a bomb-
furnace. Raise the temperature of the furnace gradually, over a period of

three hours, to 230°C., and BmE,Eu this temperature for a further three

hours. / .

Allow the tube to cool in Emw furnace, and when cold release the
pressure by carefully heating the tip until the glass is softened and be-
comes perforated by the escaping gasts. Remove the tube from the furnace
and open it by making a deep file scralch round the glass and applying the
end of a glass rod, heated to redness. V._ :

Wash the contents of the bomb-fube into a 600ml. beaker, add
0-5-10¢. of sodium chioride and n,_%ﬁnmﬁn nearly to dryness. Add
10ml. of concentrated hydrochloric m,E and evaporate to dryness.
Repeat the operation with a further 10 ml. of acid. Take up the Hmma_.ma
in 200 mL of hot water, containing 1 ml} of concentrated hydrochloric
acid, filter off any insoluble matter and wagh with hot water. Dilute the

fltrate and washings (or the unfiltered solution if clear) to 300-350 ml.

Heat the solution to boiling, and while hot adi slowly a slight excess of hot
barium chloride solution, Coatinue to boil w:w liquid for 5-10 minutes
and allow to stand for at least one hour at 90-100°C. )

Filter through a sintered glass or silica trucible {porosity No. 4)
which has been previously washed, dried, and wejighed. After the E_Hmm_on
wash the crucible and the precipitate with hot yater until the washings
are free from chloride, dry at 110°C. for one hotir, cool in a desiccator
and weigh. I : M )
Carry out a blank determination on every batc ,o_. reagents, using mrm
same quantities and the same conditions of test, and apply the resulting
correction to the final weight obtained above. :

_ _ 25
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3.124 EXPRES§ION OF RESULTS.
B % 13:73

W

where B = Coriected weight of barium sulphate, in grammes.
W= Snu ht of test portion, in grammes.

Peipentage of total sulphur =

3.13 Fusion method,

3.131 SUMMARY AND EXPLANATORY :10TE. The sample is treated with
nitric acid-bromine mixture and after evaporation of the acid, the dried
residue is fused with an éxcess of anhydrous sodium carbonate, The melt
is leached out with water] the residue filtered off, and the filtrate acidified
to decompose the excesy of carbonate and evaporated to dryness to
precipitate silica. The residue is extracted with water, and after filt-ation
:.5. sulphate present in the filtrate is precipitated as barium sulphate
which is weighed. The refult wiil include all the sulphur present as
lithopone and barium and calcium suiphates.

o Some analysts add picri§ acid solution immediately before the pre-
cipitation of barium sulphate) This is permissible if preferred, except for
referee purposes when it shal] be omitted. If used, add 10 ml of a
saturated aqueous solution wf picric acid after dilution of the solution
containing sulphate. Heat the plution to beiling, and while hot a4l

slowly a slight excess of kot baridym chloride soluti i i
slowly 2 sligh ution, proceeding as in

3.132 REAGENTS.
Barium chioride solution ; _4 g in 100 ml. water,
Hydrochlorie acid, concentrofed, sp. gr. 1-18,
Metlyl orange, 1 g. in 100 EM, water.

Nitric acid-bromine mixture ; nitric aci
) . ; nitric acid, sp. er. 1- 1
with bromine. P g 142 saturated

Potassium nitrate.
Sedium carbonate, anhydrous, /

Zo.nm.>=_.Smn=$=mn.._mro=_arnow /ﬂ i i i
and distilled water should be used wherever s.m_M—.an o ey cal eagent qualily,

485&.
3.133 ProcEDURE. Place 0°5 g. of the wmam_a {or 01 g. in the case of

ebonite or thioplasts) ina 75 mil. porcelain cruci

nitrate and 15 ml. of nitric acid-bromine mixt

:Mo_ add 2-3 g, of potassium
clock-glass.

e and cover with a small

Heat gently on a water bath until the reactibn commences, remove -

Mwonﬂuﬂ_w ﬂcm”- until the first vigorous reaction his subsided, and then

contim Hmo nmm» for one hour or until the rubbek has completely dis-

n_onmn.w._mm mmwn“_ﬂo _.mn_mwwhnwwon. sulphur are visible in th; liquid. Remove the
2 it e minimum quantity of w,

the contents of the crucible to dryness om the iwm“ _um:“ﬁ. e evaporate
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Moisten the dry residue with 1-2 ml. of water and, using a stout
glass rod rounded at the end, break up the mass and mix intimately
witk 5g. of anhydrdus sodinm carbonate. Transfer the contents of the
crucible to a 75 ml. njckel crucible using small pieces of moistened filter
paper to transfer any aterial adhering to the porcelain crucible or to The
glass rod.

Heat gently in a sylphur-free flame or at the mouth of an e'ectric
furnace to char the organjc matter ; subsequently heat more strongly until
the contents of the crucible fuse, and maintain in this state for several
minutes. Allow to cool, place the crucible on its side in a 250 mi, beaker,
cover with hot water and ket aside on a boiling-water bath or hot plate
until the melt has completely disintegrated.

Remove the crucible an rinse thoroughly with hot water. Filter the
extract into a 600 ml. beaker, wash the residue with hot water until the
washings are neutral, colledting the washings with the main filtrate.
Allow to cool.

Neutralize the filtrate by the careful addition of concentrated hydro-
chloric acid using methyl orange as indicator, and add 5 ml of acid in
excess. Evaporate to dryness, ailow to stand for cne hour on the water
bath, and repeat the evaporatidn after the further addition of 10 ml. of
acid. Add 1 m!. of concentratel hydrochloric acid to the dried residue
followed by 150 ml. of water, and boil for several minutes. Filter if neces-
sary. Diluwe the solution to 300-3§0 ml.

Heat the solution to boiling, and while hot, add slowly a slight
excess of hot barium chloride solution. Continue to boil the liquid for
$-10 minutes and allow to stand for at least one hour at 90-100°C.

Filter through a sintered glass qr silica crucible (porosity No. .3 which
has previously been washed, dried nd weighed. After the filtration wash
the crucible and the precipitate withihot water until the washings are free
from chloride, dry at 110°C. for one hipur, cool in a desiccator and ,S.w_m_...

Carry out a blank determination 'on every batch of reagents, using mrn
same quantities and the same conditlons of test, and apply the resulting
correction to the final weight obtained above.

3.134 EXPRESSION OF RESULTS.

B x 13:73
Percentage of total sulphur = W

where B = Corrected weight barium sulphate, in grammes.
W = Weight of test portibn, in grammes.
3.14 Combustion method.
Nots. The micro-combustion method for th determination of sulphur described
in B.S. 1428 (in preparation) Is acceptable asan lternative.
3.141 SUMMARY AND EXPLANATORY NQTE. The sample is burnt ina
rapid stream of oxygen, the resulting sulphur dioxide is oxidized by

* B.S. 1428, ' Micro-chemical apparatus.’
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Fig. 3.1 Apparatus for the determination of total sulphur by the combustion method
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hydrogen perdide, and the resulting sulphuric acid is titrated with stan-
dard alkali, ‘

This semi-mjcro method occupies a total time of about one hour,
but requires special apparatus, Modified procedures are necessary if the
sample contains chlorine compounds or acrylonitrile copolymers.

Provided the telpperature of the furnace is 1350° C. or over, the result
will include all inorganically combined sulphur likely to be present (i.e.
all except alkali sulphaXe). If alkali or alkaline earth sulphates, and alkalior
alkaline earth salts (e.f. carbonates) which would give sulphates under
the experimental conditions stated, are absent, the temperature of the
furnace can be reduced td, 1000°C,

3,142 REAGENTS.

Hydrogen peroxide solution ; 3 g. H:Oy in 100 ml

Indicator solution \9-125 g. methyl red and 0-083 g. methylene
blue in 100 ml. alcehol.

Magnesium perchloraxe (‘anhydrone’).

Oxygen.

Silica powder.

Soda-lime, preferably a selF-indicating type.

Sodium hydroxide, 0-0 solution (also 0-1N solution for
ebonite or thioplasts).

Zinc oxide.

NortE. All reagents used should be of recognized analytical reagent quality

and distilled water should be used wherever /._":an is specified.

3.143 APPARATUS. The assembly of the apparatus recommended is
shown in Fig. 3.1. The following apprpximate dimensions are preferred.

F. Entry tube internal diameter I'em.
G. Silica rod length 45 ¢, diameter 0-9 cm.
H. *Combustion tube length 75 cm., exftmal dia-
_..ﬁﬁn_. 2-8 cm., internal diameter
-3 cm.
*Liner Mﬁmﬁ 55 cm., external diameter
NM cm., internal diameter 1-6
Au ' .
*Combustion boat mnn,:u 6-0 em., width 1'5 cm,,
depth 1-0 cm.

J. Electric combustion furnace

length 30 cm.
K. Silica exit tube external diameter expanded end
f e, narrow end 1-0 em.

M. First absorbing vessel 300 mi
N. Sccond absorbing vessel . 50 ml
O. Third absorbing vessel 200 mi
* This uvwﬁm_nm shall withstand Vm‘ temperature of 1500°C
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Oxygen sha be fed from a cylinder via the three-way Sm Atoa
calibrated flow-miter C thence through the U-tubes D packed with soda-
lime and E packe with magnesium perchlorate (anhydrone) to Em entry
tube T-piece T, W ich passes through a one-hole rubber stm into a
combustion tube H ontaining a liner. A silica :wn_ Q.:uw which .Eo boat
can be propelled alopg the combustion tube) slides in the straight arm
of the T-piece F. The joint between the rod and tube shall be sealed witha
short rubber sleeve.

The combustion tube H shall rest in the combustion furnace J which

shall be fitted with automatic temperalure control so that the required

temperature (1375°C. or 000°C.; see Clause 3.141) can be maintained
within £ 25°C.

"The exit end of the combustion tube shall be closed by a rubber bung
through which passes a silica tube K, expanded at its inner end to
clear the bore of the combustion tube by about 1 m:a., and bent vertically
downwards at the other end Yo enter the first absorbing vessel M. The
second absorbing vessel N m.:&.,nosmwm__. of a sintered glass filter (porosity
3), mounted vertically over the /_nmwn_ M. Finally the exit gases shall pass
into a third absorbing vessel O gnd be drawn off by means of a suction
pump. The bung at the exit end ofithe combustion tube shail be pierced by
a fine adjustable air-eak, admitling air through an Arnold bubbler L.
This ensures thai the products of ,moaccm:os enter the silica exit tube,
and do not accumulate behind its expanded end.

A mercury release valve S mwm/_ be incorporated, if secessary, to
neutralize fuctuations in the suction'pump, and a water trap R between
the mercury valve and the mumo_.w:czw_nan enstres that the vacuum line
is free from water. Suction shall be applied farough two three-way taps
Q and P which are manipuiated eitlier t6, provide a gaseous stream through
the system or to iransfer the conients and necessary washings from the
second and third absorption vessels to the st vessel M prior to the final
titration. \

\

3.144 Proceoure, Weigh approximately 0-1 g. (0-05 g. in the case of
ebonite or thioplasts) of the rasped sample ipto the combustion boat, and
cover with silica (freshly ignited in a sulphurc{ree atmosphere). If barium
sulphate is present sprinkle the rubber with 0'05 g. of zinc oxide followed
by a layer of silica. /

.ch:.m:No 150 ml. of 3 per cent hydrogen vﬂoimm solution with 0-02 N
sodium hydroxide solution, using approximately 0-2 ml. of indicator
solution and taking the grey colour as the neu

in the ::.E vessel Q. Assemble the absorption train quickly to ensure that
the solutjon in E.n vessel N does not percolate into, the lower vessel, and
conncct to the exit end of the combustion tube.

0
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Switch on the curreqt to the electric furnace, Connect the exit arm of
the U-tube E to the side‘arm of the entry tube T-piece F, and the air fezk
at the exit end to the Ariold bubbler, Turn the three-way tap A so that
the fow-meter tube is oo¢n to the atmosphere. Open the taps on the
U-tubes D and E, and apply suction gradually to the system so that air is
drawn through the whole apparatus at 550 ml/min. as indicated by the
flow meter. Adjust the air-legk bubbler to pass approximately 0-25 ml.
every second. Turn the lowey three-way tap P so that the vacuum is
released to atmosphere, the setling of the pump remaining unchanged.

Disconnect the purifying train by detaching the exit end of the U-tube
E from the side-arm of the T-plgce F. Turn the three-way tap A so that
oxygen is connected to the mE.EM g train, and adjust the supply of oxygen
so that the rate of flow is 500 ml)\per minute. To ensure a steady stream
of oxygen a pressure of at least 30 lb/sq. in. should be shown on the
pressure gauge of the cylinder.

When a temperature of 1375°C.* has been attaiped in the furnace,
remove the bung and fitting at the'gntry end of the combustion tube,
reverse the three-way tap P on the mﬂmo%mo: train so that air is again
drawn through the combustion tube mmn absorption train and insert the

boat in the month of the combustion tube. Close the combustion tube with
the entry fitting and connect the side-arm of the T-piece F to the exit end
of the U-tube E which is still passing oxggen at 500 ml. per minute.

By means of the silica rod propel the boat towards the middle of the
furnace, at about 1 cm/min., moving in approximately 1 cm. steps, until
a bright flash indicates tiat combustion ha commenced. At the same time
a pink coloration of the indicator in the gm_.omnu peroxide solution shows
that the absorption of acid gases is taking place. Slowly advance the boat
into the hottest zone of the furnace, and coptinue the combustion, main-
taining the temperature at 1375% =+ MMOO./EHE white fumes cease to
be evolved (approximately a further 20 minutes), when the colour in the
third absorption vessel O should begin to fide, indicating that most of
the carben dioxide has been removed from Em solution.

Switch off the furnacc current, &mnosnnmn the U-tube E from the
T-piece F, at the same time reducing ibe vacuum slightly 1o prevent
aeration of the absorbing solutions becoming {00 violent. ‘Turn off the
supply of oxygen and close the taps on the Uytubes D and E. Slowly
withdraw the absorption train with air still p ing, and disconnect the
air-leak tube,

When the indicator in the last absorbing vessel O is completely
bleached, i.e. when 21l carbon dioxide has been rem ved from the solution
by aeration, revers: the lower three-way tap P 50 as tb releasethe suction to
atmosphere, and cork the expanded end of the exit\adapter. Reverse the
three-way tap @ and thus withdraw the solutions fyom the second mzﬁ
third absorbing vessels to the first vessel M, and after & brief draining,

* Or 1000°C. (see Clause 3.141).
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rinse the last twd, absorption vessels with three 20 ml, portions of water
from the beaker by operating the threc-way tap P.

When the last ripsing has been well drained through the sintered glass
filter, again apen the tap P and reverse the tap Q. This returns the
absorplion train to .mso%rnan pressure, when the cork may be with-
drawn from the exit adaptor.

Detach the first absorbing vessel from the rest of the assemnbly and
twice rinse the inside and outside of the exit tube with water, adding the
rinsings to the bulk of :_ﬂ solution. Titrate with 0-02N (0-1/N for ebonite
or thioplasts) sodium hydroxide solution.

3.145 EXPRESSION OF RESULTS.

VvV x 0032
Percentage of total sulphur = W
Volume pf 0-02N NaOH, in ml.

Weight of test portion, in grammes.

3.146 SPECIAL PROCEDURE FOR RUBBERS CONTAINING CHLORINE;
ERROR DUE TO NITRILE NITROGEN,

Chiorine, The final titration with sodium hydroxide solution
is followed by a Volhard titration with silver nitrate and potassium
thiocyanate. From the c¢ioride 8%8:.. thus determined a correction for
the correspondinz z.iount. of hydrochleric acid is subtracted from the
alkali titration value.

Nitrile nirrogen. This invalidates the final titration, and a method

no:ron_n.ﬂ.amznzo:o?c_mrczn mnE,./s w:nrnmmnmrmmmm_:ocn,coﬂrnn_
out,

References.

1. R.Belcher and C. E. Spooner, Fuel, 1941, 20, 130,
2. Idem., J. Chem. Soe., 1943, 31 u./

3, ldem., Ind. Cheu., 1943, 19, 653,

SECTION 3.2 EXTRACTARLE mC-..wI.CW

3.21 General explanation. A sulphur an_nqamuwm._on is made on the matter

extracted fi i
racted from the rubber by acetone. Depen ing on the method used,

the result of this determination (ofi:1 termed\* free sul '
wa.?amn_:m an intermediate value between the V llowing mﬂ.ﬂn nvx“M__.WMW
e :S. .a_mags_ sulphur extractable by boiling acetone (true free sul :_._e.
and (i) the total sulphur (elemental and combine ) in the nw:,mn% It mm
not yet known precisely what forms of sulphur are included in the sul H...E_.mm
determined 3. the three methods described in Sectiony 3.22, 3.23 muﬂ 3.24
The bromine and nitric acid methods give simila results for m_.__w._EH..

in the acetonc extract of factice (e
ither brown or white), but it i
how much of this is combined sulphur, »Ru e motinown
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3,22 Brominc meth

3.221 SUMMARY AND EXPLANATORY NOTE. The acetone extract is oxi-
dized by bromine in presence of water, and the resulting sulphuric acid is
?nn_.vranm as barjum\sulphate, which is weighed. This method gives all the
elemental sulphur, and, part, but not all, of the sulphur in sulphur-con-
taining accelerators ; 1 is not known whether the result includes any

combined sulphur from\other sources, e.g. sulphur reaction products of -

rubber ‘resins.’

Some analysts add pieric acid solution immediately before the pre-
cipitation of barium sulpRate. This is permissible if preferred, except for
referee purposes, when it shall be omitted. If used, add 10 ml. of a saturated
aqueous solution of picriciacid after dilution of the solution containing
sulphate. Heat the solution\to boiling, and while hot add slowly a slight
excess of hot barium chlorille solution, proceeding as in Clause 3.223,

3.222 REAGENTS.
Barium chloride solution ; 10 g. in 100 ml. water.
Bromine.

Norte. All reagents used should be ot recognized analytical reagent quality,
and distilled water should be used wherever water is specified.

3.223 Procepure. Extract b weighed test portion of the rubbec with
acetone by the method described in B.S. 903, Part 2, Szction 2.1 ; add to
ihe dried extract S0 ml. of water, and 2 ml. of bromine, and cover with a
watch gfass. Allow the vessel to siand for at least 30 min. in a water-bath
at about 70°C., then remove the Watch glass and heat cautiously without
boiling u.:til the solution is almgst colourless. Filter the solution and
dilute to 250 mi. with water. Heat\the solution to boiling, and while hot
add slowly a slight excess of hot barium chloride solution. Continue to
boil the liquid for 5-10 min. and allow to stand for at least one hour at
90-100°C,

Filter through 2 sintered glassior silica crucible (porosity No. 4)
which has previously been washed, icd, and weighed. After the filtra-
tion wash the crucible and the precipitate with hot water until the washings
are free from chloride, dry at 110°C.\for one hour, cool in a desiccator
and weigh. )

Carry out a blank determination en every batch of reagents, using
the same guantities and the same conditions of test, and apply the result-
ing correction to the final weight obtairgd above.

3.224 EXPRESSION OF RESULTS.
B x 1373
Percentage of extractable sulphur = W
where B = Corracted weight of barium sulphate, in grammes.
W = Weight of test portion, in grammes.
33 o c
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3.23 Nitric acld method. .

13,231 SUMYARY AND EXPLANATORY NoTE. The acctone sxtract is
oxidized by heating with pitric acid and potassium chlorate. The resulting
sulphuric acid 1 Enn%:ann_ as barium sulphate, which is weighed,
This method givey alt the elemental sulphur, part or all of the sulphur
from sulphur-contdining accelerators (usually a higher proportion than by
the bromine methed), and part, but not all, of the sulphur that has entered
into combination wigh rubber ‘resins.’

Some analysts a d picric acid solution immediately before the pre-
cipitation of barium Sulphatz, This is permissible if preferred, except for
referec purposcs, érm_.vwr. shall be omitted. If used, add 10 ml, of a saturated
aqueous solution of ?nm._mo acid after dilution of the solution containing
sulphate. Heat the soluljon to boiling, and while hot add slowly a slight
excess of hot barium chloride solution, proceeding as in Clause 3.233.

3.232 REAGENTS.
Barium chiloride Yolution ; 10 g. in 100 ml. water.
Hydrochloric acid, concentrated, sp. gr. 1-18.
Nitric acid, conceitrated, sp. gr. 1442,
Poiassium chlorate

\

NoTE. All reagents used'should be of recognized analylical reagent quality,
and distitled water should be used iﬁn..ﬁ.n_. waler is specified.

4

3.233 ProceDURE. Extract a\weighed test portian of the rubber with
acetone by the method described'in B.S. 903, Part 2, Section 2.1, To the
vessel containing the dried extract.add 30 mi. of concentrated nitric acid,
cover with a walch glass, and :Q:,g a steam bath for four hours, or for
a longer period if necessary, until most of the organic matter is destroyed.
After the first hour add, at intervels and in small portions, 2-5 g. of potas-
sium chlorate in order to unnn_nn..:w. oxidation. Do net allow the tem-
perature to rise sufliciently to melt the sulphur into globules, as these
oxidize extremely slowly. Evaporate the liquid to dryness, add 3 ml. of
concentrated hydrochloric acid, and mmw,mm: evaporate to dryness ; repeat
the cvaporation with further 3-mi. vo)zo:m of hydrochloric acid until
no more brown fumes are evolved when, the hydrochloric acid is added.
Dissolve the residuc in a mixture of 50, ml. of hot water and 1 ml. of
concentrated hydrochloric acid, filter, and dilute to 250 ml. with water.
Heat the solution to boiling, and while Hot add slowly a sfight excess
o“.. het barium chloride solution. Continud to beil the liquid for 5-10
minutes and allow to stand for at least one hiur at 90-100°C.

Filter through a sintered glass or silica crutible (porosity No. 4) which
bas previously been washed, dried and weighe Aﬂ.ﬁn the Sltration wash

the nEnmEm and the precipitate with hot water util the washings are free
from chloride, dry at 110°C. for one hour, cool in\a desiccator and weigh.
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Carry ou\a blank determination on every batch of reagents, using the
same quantitids and the same conditions of test, and apply the resulting
correction to the final weight obtained above.

ON OF RESULTS,
B x 1373

where Percentage of extractable sulphur = W

3,24 Cepper spiral method.
EXPLANATORY NOTE. The rubber is exiracted
with boiling acetone, as ik the normal estimation of acetone extract, except
that a spiral of clean copper gauze is placed in the flask containing the
acetone. The copper react with the extracted sulphur and certain com-
pounds containing labile sulphur, forming copper sulphide. When extrac-
tion is complete the spiral is\removed and the acetone filtered to collect
any loose copper sulphide. The spiral and filter paper are {hen treated
with hydrochloricacid, and theYesulting hydrogen sulphide passed through
cadmium acetate solution. The cadmium sulphide formed is deter-
mined iodometrically. This method is commonly regarded as giving ele-
mental sulphur only, but ivo high\a result may be obtained in the presence
of compounds containing co-ordihated sulphur, such as tetramethyl thi-
uram disulphide.

3.242 REAGENTS.
Acetorne,
Cadimium acetate solution ; 2§ g. cadmium acetate, 25 g. sodium
acetate, and 100 ml. glacial acetic acid, ade up to 1000 ml. with water.
Hydrochforic acid, dilute ; 1\vol. of concentrated acid (sp-
gr. 1-18) to 1 vol. of water.
Iodine selution, approx. 0-1N.
Sodinn: thiosulphate solution, stan¥ard, O-1 N.
Starch solution.
Note. All reagents used should be of rec

3.243 APPARATUS ; PREPARATION OF SF
from abeut 5 g. of 40-60 mesh copper gauze CQt into a 1 cm. wide strip,
which shall be loosely rclied up to form a spi approximately 2 em. in
diameter, the turns being conveniently held in place by a loop of copper
wire.

The sutface of the copper shall be chemically dlean and to ensure this
the spiral shall be thoroughly washed immediately before use in strong
hydrochloric acid until it has 2 bright and untarkished appearance. if
badly tarnished the copper shall be briefly immersed in dilute nitric acid.
All traces of acid shali be removed by washing with distilled water and
finally with acetone.

ized analytical reagent qualily.

. The spiral shall be made
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The assemblygf the apparatus is shown in Fig. 3.2. The rubber stopper
in flask A shall be well boiled in 10 per cent sodium hydroxide solution and
then in dilute hydrokhloric acid before it is used.

3.244 Procepurd, Exiract a weighed test portion of the rubber with
acctone as described in\B.S. 903, Part 2, Section 2.1, but with modifications
in precedure as follows\— '

Place tiww specially prepared copper spiral (for the preparation of
which see Clanse 3.243)\together with the acectone in the extraction
vessel, and extract for foud hours, or longer if the extract coming from
the siphon i= still coloured Wfter this time. At the end of the extraction
period pour off the acetone rough a filter paper (to collect any loose
particles of copper sulphide) and wash thoroughly both the spiral and the
filter with hot acetone, Transier the spiral and the filter paper and its
contents to flask A, see Fig. 32. Introduce an excess (100-150 ml.) of
cadmium acetate solution into flask B, and also fill the check tube C with
the same solution so that the end f the exit tube is covered. Pass a current
of carbon dioxide through the apparatus to sweep out most of the air and
adjust the rate of flow to give about two bubbles per second through the
figuid in flask B,

Run in 100 ml. of dilute hydrokhloric acid from the funnel, heat to
boiling, and continue to boil gently for one hour. The hydrogen sulphide
evolved is absorbed in Aask B, giving a yellow precipitate of cadmium
sulphide. I*isconnect the flask from the delivery tube, stop the current of
carbon dioxide and remove the check tibe, The sclution in the check tube
shculd be clear ; if any precipitate has fprmed in it, zepeat the determina-
tion wsing a greater volume of solution if flask B,

Add a measured volume (v ml) of i dine solution to flask B so that
excess of iodine is present, and allow th iodine to react with any pre-
cipitate adhering to the entry tube. Whep the precipitate has dissolved
completely, remove and rinse the tube and titrate the excess of iodine
with standard sodium thiosulphate solution using starch as indicator in
the usuval manner.

Determine the concentration of the iodine solution, in terms of
millilitres of standard thiosulphate solution,\by titrating v ml. iodine
solution with standard sodium thiosulphate sdjution.

The difference between the volume of sodjum thiosulphate solution
used in the standardizaticn and that used in th determination is equiva-
lent to the jodine which has reacted with the ca jum sulphide.

3,245 EXPRESSICN Ol RESULTS.

Percentage of extractable sulphur =

where V = Volume of 0-1N thiosulphate, in illilitres.
W = Weight of test portion, in grammes,
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SBRCTION 3.5 SULPHIDE SULPHUR

The rubbek-combined sulphur shall be estimated indirectly by deter-
mining the teta\ sulphur, using the method given in Section 3.13 above,

1.51 Summary. Thé\rubber is treated with hydrochloric acid to decompose
metailic sulphides. The resulting hydrogen sulphide is absorbed in

Documents

on a sample of\rubber previously extracted with acctone, chloroform
and alcoholic potash, as described in B.S. 903, Part 2, and correcting for
the sulphur present in the total fillers (determined by the method given in
Section 3.4).

SECTION 1.4 SULPHUR IN ‘TOTAL FILLERS®

3.41 Summary. The *td{al fillers, separated from the rubber by treatment
with a high-boiling colvent, is treated with nitric acid-bromine mixture
and subsequently fused wWith sodium carbonate to convert all sulphur into
a soluble sulphate, following the procedure described in Section 3.13.
Some analysts add picyic acid solution immediately before the pre-
cipitation of barium sulphale. This is permissible if preferred, except for
referee purposes when it shalhbe omitted. If used, add 10 ml. of a saturated
aqueous solution of picric acid after dilution of the solution contaiziag
sulphate. Heat the solution to\boiling, and while hot add slowly a slight
excess of hot barium chloride olution, proceeding as in Clause 3.43.

3.42 Reagents.
Barium chloride solution ; 10 g\in 100 ml. water,
Hydrochloric acid, concemirated, sp. gr. 1-18.
Metliyl orange, 1 g. in 100 ml. v ater.

Nitric acid-bromsine mixture ; nitr*~ acid concentrated, sp. gr. 142,
saturated with bromine.

Sodium carbonate, anhydrous.

NoTe. All reagents used should be

N of recpgnized analytical reagent quality, and
distilled water should be used wherever ’ s ”

water iy specified,

u.a.u Procedure. Transfer to a 75 ml, p
residue of fillers separated as described in B

a few draps of concentrated nitric acid-bromine mixture and heat on a

celain crucible the insoluble
.m. 903, Part 5. Add cautiously

steam-bath until the mass is substantially dry
with 5 g. of anhydrous sodium carbonate, t
porcelain crucible to a 75 ml, nickel crucible o
described in Clause 3,133, beginning at the fourt

Mix this residue intimately

nsfer the contents of the

d proceed by the method
paragraph.

3.44 Expression of resul!s,

Percentage of sulphur in total fillers =

where %\ = Corrected weight of barium sulphate, in grammes.

Weight of test portion, in gramme
38

cadmium acetate solhtion, and the cadmium sulphide thus formed is
determined jodometricylly. .

3,52 Reagents. ) )
Cadimium acetate sofution ; 25 g cadmium acetate, 25 g sodium
acetate, and 100 ml. glacia cetic acid, made up to _ooo.s.:. with water.
Hydrochloric acid, diluye ; 1 vol, of concentrated acid (sp. gr. 1-18) to
1 vol. of water.
Iodine, approx. 0-1 N soluijon. )
Sodium thiosulphate, 0-1N jtandard solution.

Norte. All reagents used should ke of recognized analytical reagent quality.

3.53 Apparatus. Theassembly of theapparatus shall be asshown in m..mm..w.m.
The rubber stopper in flask A shalf be well boiled in 10 per nowp.manB
hydroxide solution and then in dilue hydrochloric acid before it is used.

3,54 Procedure. Weigh an amount of the dried Nnn_o_._o.mx:”mmﬁn Eccwa
equivalent 1o a known weight (beweel 1 2nd 2 g} of the original samp M.
and transfer it to flask A (Fig. 3.2). In oduce an excess (100-150 _.a.u 0
cadmium acetate solution into flask B dapd fill the check tube C with the
same solution so that the end of the exit ube is covered. Pass a nE.n.E: of
carbon dioxide through the apparatus to§weep out most of the Eﬂ mﬂn
adjust the rate of flow to give about two bbles per second through the
_:_EM___” _n_mP M_wow:.__. of dilute hydrochloric ac d from the funneland rnw__...mo
boiling ; continue to boil gently for onc hpur. .—.:».r.w&omn: sulphide
evolved is absorbed in flask B, giving a u‘m_ w precipitate of nmanzcnw.
sulphide. Disconnect the flask from the delivey tube, stop :..5 n:ﬂn_s_,. o
carbon dioxide and remove the check E_un.. ] he solution In Em m_n..n..
should ke clear ; if any precipitate has mo:__.nzwm_:, repeat the determination
i e of solution in flask B.
EEWMMHMQ. %MMMMM% volume (v ml.) of icdine so _Emou. to flask B so .».rm_:
excess of iodine is present and allow E_“.m tor t s..:r m:% mnno__._u_ww e
adhering to the entry tube. When the precipitate h n.:mww?n .n_wa_u og Eum
remove and rinse the tubs and titrate the excess o) _..ua_:n wit Hﬂmn ‘
sodium thiosulphate solution using starchas H._..E.ﬁ” in mro usua ”Euu,wnom.
Determine the concentration of the EmEn.m E:oa. in am.ﬁ.:&
millilitres of standard thiosulphate mo_ﬂmo_._. _Wn ﬁ”_ ting v ml. of iodine
i i odivm thiosulphate solutien. )
uo_c.nu_.wﬂ %ﬂhﬂnﬂ&“ﬁoa: the <o_=BW of sodium thjosulphate solution

39
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used in the standaNdization and that used in the determination is equiva-
lent to the jodine which has reacted with the cadmium sulphide.

3.55 Expression of resylts,
016 xV
W

where V= Volurke ol 0-1 N thiosulphate, in millilitres.
W = Weighi\of test portion, in grammes.

Dereentaye of sulphide sulphur =

. ar—

*Q(J\ME% b BRIl 4260
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B.S. 903, Part 4
RUBBER (POLYMER) DETERMINATIONS

This part incluyes methods for the (ollowing determinations :—

Sectiof 4.1 Calculation of rubber content.
Sectiom\d.2 Natural rubber hydrocarbon (direct determination).
Section §.3 Nitrogen (for acrylonitrile copolymers).
Section 4.4 Chlorine(for chloroprene polymers and copoiymers).
Section 4% Isobutene-diene (Butyl) rubber.
Section 4.§ Thioplast rubbers.
The direct methods) (Sections 4.2-4.6) are in general preferred to the
indirect method by cjlculation (Section 4.i).

No method is inclided for butadiene-styrene copolymers because there
is at present no satisfagtory method for the direct determination of these
copolymers. Should a ¥atisfactory method be developed, an addendum
1o this standard will be issued, drawing attention to the method.

SECTION 4.1 CALCULATION OF RUBBER CONTENT

The rubber content thay in general be determined by difference as
follows :—

Rubber content = [10) — (acetone extract - chloroform extract +
alcoholic-potash extract - total fillers + rubber-
combined sulphur]

where the acetone, chlorofokm and alcoholic-potash extracts are deter-
mined as described in B.S, 9 w. Part 2, the* total fillers* as described in
B.S. 903, Part 5, and the rubber-combined sulpi-ur as described in B.S. 903,
Part 3, and all the results are expressed as perventages of the rubber sample
prepared in accordance with B.§. 903, Part 1, Section 1.2.

This gives the content of polymer which has been rendered insoluble
by vulcanization. To obtain the cgrresponding figure for the crude rubber,
a correction depending on the type of rubber shall be applied ; for
natural rubber a multiplier factof of 1-03 is appropriate. (This factor
allows for the natural rubber Yesins, which are here classed as
*rubber’ and normally represent abolit 3 per cent of Hevea rubber. The pro-
teins normaily present in raw natural rubber are here included as
‘polymer.”) b

This *difference® method is not applicable to thioplasts.

SECTION 4.2 NATURAL RUBBER .EWOO%&OZ (DIRECT
DETERMINATION)

4.21 Summary. The rubber is oxidized by a mixture of chromic m:.m sul-
phuric acids under such conditions that for each 4 isoprene units in :._n
rubber hydrocarbon 3 molecules of acetic acid are produced. The acetic
acid is removed by steam distillation and estimated by titration with
alkzii. Corrections have to be applied for certain interfering stbstances
commonly present in vulcanized rubbers.

41 :
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4.22 Reagents.

Chromic acid oxidation mixture, Dissolve 200 g. chromic anhydride
in 500 ml. water, add 150 ml. of sulphuric acid (concentrated, sp. gr.
1-84) and mix the solutions well.

Phenolphthglein, 02 g. in 100 ml. alcohol.

Sodinum hydroxide, 01N solution.

Note. All reagépts used should be of recognized analytical reagent quality and
distilled water should\be used wherever water is specified.

422 Apparatus. A diagram of the apparatus required is shown in Fig.
4.1, The use of rubber connections shall be avoided where they might
come in contact with _wn/oaau:o: mixture.

4,24 Procedure. Extract (ag describ~d in B.S. 903, Part 2, Section 2.1, Ace-
tone extract, Section 2.4, Chloroform extract, and, if factice is present,
Scction 2.5, >_no:o=nﬁo_.bmr/n§3nc a sufficient amount of the rubber
sample to contain approximately 0-3 g. of rubber hydrocarbon, Omit the
chloroform extraction in the of poorly vulcanized rubbers. Dry the
extracted rubber in an oven at 70-100°C. for one hour.

Place 700 to 900 ml. of s.n_wa/ in the stcam-generating flask A.
Place sufficient water in the receiving flask H to cover the end of the

g C
%
entry tube. Mark the outside of the oxidation flask C at a point indicating
| the liquid level when the flask contains 75'wl. Transfer S0 ml. = 1 ml. of the
H, ”_ chromic acid oxidation mixture to the oxidation flask. Lift the steam-tube
A i B and insert the extracted rubber. Replace the steam-tube and tighten
b

\

the connection. Heat the beaker J of water surrounding the oxidation
flask to boiling, continue boiling for one hour, and then remove the
beaker and burner. During the oxidation period heat the steam-generating,
flask A, with the stopper removed, until the contents are boiling. Replact:
the stopper and Hutlet tube B in the mouth of the steam-generating
flask and pass st:am through the oxidation flask. When the volume of
liquid in the oxidation flask has increased to approx. 75 ml., place the

K / , burner under it and adjust the flame to maintain the liquid at approxi-

E.WD : mately this volume. Continue the distillation until 500 ml. are collected
I : in the receiving flask . This operation should take about 30 minutes,
Remove the burners and immediately remove the receiving flask H and
the entry tube G. Rinse the tube with water, catching the rinsings
in the receiving flask. :

Adjust the temperature of the liguid in the receiving flask to 25°C, =
5°C,, inserl the zcration assembly 1 into the receiving flask as shown in
the figure and attach tube K to a vacuum line. Draw a stream of air
through the liquid for 30 minutes at approximately 2 litres per minute.
Remove the vacuum line and loosen the aeration zssembly I Rinse the
aeration assembly with dititled watcr and collect washings in the m.umx.
Add phenolphthalein indicator and titrate with 0-1 N sodjum hydroxide.

In the presence of chloroprenc polymers or copolymers or om_n__.l N

43 o
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Flg. 4.1 Apparatus for the determination of natural rubber hydrocarbon
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chlorine-containing materials, add neutral potassium iodide to the dis-
tillate after acration and titrate any iodine which may be liberated with
neutral sodium thiosulphate before proceeding with the m:.,,mz titration.

Carry oyt a blank determination using the same quantities of reagents
and the samé conditions of test. The sodium hydroxide titration value
should not mxvn& 02-0-3 ml. Apply a corresponding correction to the
main resulf. /

0908 X V
ge of rubber hydrocarbon = —w
where V= Ooy. cted volume of NaOH, in millilitres,
W= E&ME of test portion, in grammes.

This calculation is hased on the observation that under the above

conditions 75 per cent yie]d is obtined in the reaction
caidation
(C,Hy) » n.CH,COOH

using purifed rubber. To calgulate the results on the basis of crude rubber,
apply a svitable correction %_. non-rubber constituents. Smoked sheet

may be assumed o contain 93-0 per cent of rubber hydrocarbon and
pale crepe 93-5 per cent.

4,25 Expression owﬂé:?

Percent

4.26 Corrections for other orgeniy substances present. Allowance must be
made for the presence of other fubbers because most of them, when
oxidized with chromic acid, give soine acid volatile in steam, as also does
cellulose. The appropriate corrections given in Table 4.1 should be
subtracted. Mineral rubber (bitumep), if not completely removed by
the prior extraction with chloroform) leads to too high a result. Inter-
ference from other materials such as fabtice, ctc., is negligible because the
rubber has been extracted as described, in Section 4.24. Polyisobutene,
which is unlikely to be met in a vulcanjzed compound, also interferes
by protecting the rubber from attack; Yt is, however, extractable by
chloroform as described in B.S. 903, Part 2\Section 2.4.

TABLE 4.1

\

Material Correction 93 rubber hydrocarbon

Cellulose m.om X cellulose contene

Gutla percha or balata
A

. ‘ behaves as il it were natural rubb '
Thioko! RD | 018 times Thiokol RD dontent - > © -
eoprene FR. 0-12* times neoprene FR ‘content -

-Perbunan or Hycar OR-15 | 0-015-0-02 times Perbunan,or Hycar OR-15
GRS content : _ a

0-03 fimes GR-S content. " \
Zoo.mﬁ% GN 0-03* times neoprene GN coritent N

Y

* Afier allowance has been made for the _E_omQ“_ acids:

44

-0 times gutta percha\or kalata content (ie..it

B.S. 903 : Part 4 1950

4.27 Correction for combined sulphur, Sulphur when combined lowers the
apparent rubber hydrocarbon content. A correction can be made for this
from the graph shown in Fig. 4.2. This is essential for ebonites, but for
normal soft vulcanizates the correction is small and may usually be
neglected.

J/
|/
/

P 50 60 70 80 90 100 110 RO 130 1O 150

Factor (F)

Combined sulphur (5}

/

7

/]

19 20 30 40
Combined selphur(s)

T T
Enlarged lower portien
of graph .

|

Factor (F)

Combined E_waﬁ (s
Fig. 4.2 Average correction factor _.om..aoavmnﬁ_ sulphor

To apply this correction the Ew_...on.naagﬁma sulphur is determined
as described in B.S .903, Part 3, Section 3.3,and mmmzmmom asa percentage
{S) of the rubber hydrocarbon (R) determined as amm.n_.zum@ in n_mcmam 4,24
and 4.25 above. From Fig, 4- the factor (F) noa.m%onn._nm to E%.ﬁ?n
of (S) is read off ; the true rubber hydrocarbon confent 15 then given by
R xF. . o

References. . T
- 1. E. Kheraskova 'and,
(USSR.), 1937,39,7. -« . 0o

: wnnw E. - Korsunskaya.. Kauchuk-i Rezina .
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ITROGEN (FOR ACRYLONITRILE
COPOLYMERS)

4,31 Summury and explanatory note. The method described is a form of the
Kjeldahl method. The rubler is oxidized by heating with a mixture of
potassium sulphate and cofcentrated sulphuric acid plus a catalyst,
thereby converting nitrogen ‘compounds into ammonia, which is then
estimated by making the reaction mixture alkaline, distilling off the
ammonia, absorbing this in boric acid solution, and titrating with hydro-
chloric acid.

The nitrogen content of a vijlcanized rubber sample can be used to
determine how much acrylonitrild is present in the vulcanized polymer,
provided the sample does not contain other nitrogen noE_uocumm in-
soluble in acetone and chloroform.\As the acrylonitrile content of com-
_._._ﬂna_ synthetic rubbers varies (seg table below), this result does not
immediztely give the amount of such tubber in the sample unless the type
of rubber present is known ; if the $ample contains only one type of
rubber some indication of which type is present may be obtained by the
swelling-ratio test (Ref. I).

In the absence of other nitrogen compounds in the extracted rubber,
the acrylonitrile content is given by 3:79 X nitrogen content. .

,:._,.u following table gives the typical n,:aomnn contents of commercial
acrylonitrile copolymer rubbers:— /

1

SECTION 4.3.

TABLE 4.2 /
)
Rubber Nifrogen,
per mfe_n

Thioko] RD !
Butaprene NF m.._..wmuv—.cx.u
Butaprene NM 65-8
Perbunan {(Paracril) 75
Hycar OR-25 80 m
Chemigum I 80
Butaprene NA 97
Butaprene NX 105
Hycar OR-15 1104
Hycar OR-5 13-3

B.S. 503 : Part 4 : 1950

4.32 Reagents. :
Boric acid solution. Dissolve 40 g. of boric acid-in water, warming if

necessary, and make up the volume to 2 litres. Add 20 ml. of indicator
solution and mix well. The solution keeps for at least three months
without deteriogation. :

Copper sulphate ; or selenium and mercuric acetate.

Hydrochloric cid, 0-1 N soiution.

Indicator solufion ; 0:125 g. methyl red and 0-083 g. methylene blue in
100 ml. alcchol.

Potassium sulphtfe, anhydrous.

Sodium hydroxide\solution ; 40 g. in 100 mi. water.

Suiphuric acid, con entrated, sp. gr. 1-84.

Note. All reagents uses should be of recegnized analytical reagent quality, and
distilledt water shouid be use wherever water is specified.

rately about 1 g. of the sample and extract

4,33 Procedure. Weigh acc
as described in B.S. 903, Part 2, Sections

with acetone and chlorofor

21 and 2.4.
Remove the excess solveri from the extracted rubber by drying at

70-100°C. for about one houk, then transfer to a clean, dry 250 ml.
Kjeldahl flask. Add 10 g of aphydrous potassium sulphate, -3 g. of
copper suiphate or of selenium, plus mercuric acetate, and finally 25

ml, of concentrated sulphuric acld.

000 ml., may be used, so as 10 aveid the

(NoTEL. Alternatively a larger flask, 10-1
to a second flask.)

need for subsequent transference of the chnients
sen flame, gently at first until the injtial
strongly until the sofution is almost

erature until the liquid becomes

r a further 45 minutes and allow
water and transfer to a round-
1 flask several times with further

Heat the flask over a bun
reaction has subsided, and then more
boiling. Continue heating at this te
clear and pale green in colour. Heat
to coo!. Dilute the liquid cautiously wi
bottomed litre fask, Wash out the Kjeld :
quantities of water and add the washingy to the main liquid. H:_mzw to
about 600 ml. and add a few pieces of poraus pot Lo prevent bumping.

Fit the litre flask with a two-holed rubbgr bung carrying a tap funnel

and a splash head, the other end of the splash head being attached to 2

vertical water-cooled condenser. Measure mn.wm a 750 mi. conical flask
the flask under the con-

50 ml. of the boric acid solution and then placg
denser in such a manner that the end of the nﬁn/c_uw is below the surface
of the solution. Cool the flask in a bath of ice s_mnw”..
Add 1o the liquid in the litre fiask, by meaos\of the tap m_.z.Enr an
excess of 40 per cent sodium hydroxide %Emoh./ﬁmmﬁ to boiling and :

continue to beil vigorously until about 300 ml. of distillate w_mw.no__nnﬁa
in the conical receiver, and in any case for not less ?A: 40 minutes, by

47 \
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which time the distillate from the condenser should no lenger colour a
Brilliant Yellow paper. Disconnect the condenser and receiver from the
remainder of the apparatus, and rins¢ the inner and exit tubes of the
condenser ‘with water, collecting the rinsings in the receiver. Titrate the
ammonia in the liquid with 0-1& hydrochleric acid.

Carry outa blank determination on every batch of reagents, using
the same quantiljes and the same conditions of test, and apply the result-
ing correction to the final titre obtzined above.

\

4.34 Expression of resulls,

V x 0:140
w
where V== Correcied titre of 0-1N hydrochloric acid, in miliilitres.
W = Weight'of test portion, in grammes.

Percentagé,of nitrogen =

Reference,
1. L. F. C. Parker. .v./w..n..r. 1945, 64, 65.

\
\

\
A

\

mmoimz 4.4
CHLORINE (FOR CHLOROPRENE POLYMERS AND

OOHUOH.ﬁﬂbmeV

4.41 m:jsna. .“En explanafory note. dﬁ method described is the Carius
method, in E::...: the rubber is oxidized by heating with fuming nitric
acid and silver nitrate under pressure in a sealed tube, whereby the chlorine
present is converted into silver chloride, which is filtered off fi h
diluted reaction mixture and weighed. K om e
aoﬁo.ﬂﬂhw Mﬂwﬂzm nom_nE ol a <=_n.u=n.mma rubber sample can be used to
rovided fhese E_m“nnH chloroprene is present in the vulcanized polymer,
provided the: EW e does not contain other chlorine compounds insoluble
o mmc_m : Hn. chiorine content of commercial synthetic rubbers
sanes Egn..m n_._o,s, this result does not immediately give the amount
i the somplo ¢ h“_w mM mwa_c_u. unless the type of rukber present is known ;
tvme is or s only one type of rubber, some indication of which
¥pe is present may be obtained by the mig_m:m.nm:,ﬂ test (Ref. 1).

Int i
he absence of other chlorine compounds in the extracted sample,

the chloroprenc content is given by 249 x chlorine content

The following tabie pive Lo
chloroprene Ecc.wa ulm:ﬁ the typical chlorinc contépt of commercial

48
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' 4.43 Procedure. Introduce into & bomb-tube, 18-24 in. in

w..m. 503 : Part 4: 1930

TABLE 4.3

Rubber . Chlorine,
, per cent .

Neoprenes CG, GN, and 37-38

KNR
Neoprenes G and GN-A 38
eoprene E 38-39 .
coprene FR - 29
1 T 5233
ILS#* - 30
Z1 32

* Also contains 4 per cent of nitrogen.
+ AlsSg contains 3 per cent of nitrogen.

4.42 Reagents.
Ammonia solution ; 10 %, NH; in 100 ml.
Nitric acid, fuming, sp. 8. 1.50.
Nitric acid, dilute; 1 voli concentrated acid (sp. gr. 1-42) to 5 vols.

water.

Silver nitrate. ,
Note. All reagents used should of recognized analytical reagent quality, and

distiiled water should be used whereverjwater is specified. .
length and
sealed at one end, 1 g. of silver nifrate and then, by means of a long-
stemmed funnel, 5 mi. of fuming nitric acid. Withdraw the funnel care-
fully so as to avoid wetting the side ofithe tube.
Cautiously slide into the bomb-tube a small ignition tube containing
about 0-2 g. of the sample, taking care that at this stage the sample does

1ot come into contact with the acid.
Seal the open end of the bomb-tube i
technique and allow to cool. When cold plage the tube in a bomb furnace.

Raise the temperature of the furnace gra ally, over a period of three

hours, to 230°C. and maintain this 85@29& o for a further three hours.
nd when cold release te

Allow the tube to cool in the furnace,
pressure by heating the tip carefully until the\glass is sottened and be-
comes perforated by the escaping gases. WﬂMof& the tube from the
furnace, and open it by making 2 deep file scrafch round the glass and
applying theend of a glass red, heated to redness.
Wash the contents of the bomb-tube into a 600 mi. beaker; add
10 per cent ammonia solution until the liquid is kaline, and ﬂ._mm ada
20 ml. in excess, Warm the solution on a water Bath mo._. 30 minutes,
stirring occasionally, and filter. Wash the filter Pajer with hot water
until free from chloride, collecting the washings with thie maia m_:..mﬁm. )
To the combinad filtrate' and washings add dilutéynitric acid E.E_
the solution is just acid and then add 5 ml. in excess- eat the solut! m
almost to boiling, stirting constantly, and maintain E_m »oﬁwﬂmfﬂn until
the precipitate has coagulated and the supwrnatant liquid is'clear. . :
49
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Note. During this and subsequent operations, the precipitate of silver chloride
should be protected 25 much as possible from bright light.

Allow the solution to stand for one or two hours, and then filter
through a siylered glass or silica crucible {porosity No. 4) which has pre.
viously been vashed, dricd and weighed. Wash the crucible and precipi-
tate with watek, acidified with a few drops of nitric acid until the filtrate
gives no turbidiy on the addition of a few drops of hydrochloric acid.
Dry at 130-150°C. for one hour, coolina desiccator and weigh.

Carry out 2 klank determination on every batch of reagents, using
the same quantities and the same conditions of test, and apply the result-
ing correction to the finai weight obtained atove.

4.44 Expression of results.

. S x 2474
Percentage of chlorine = W

where S = Coyrected weight of sitver chloride, in grammes.
W= Em,mm_: of test portion, in grammes.
Refercice. \
1. L, F. C. Parker.\.8.C.L, 1945, 64, 65.

SECTION 4.5 1SOCB /._.mZm.UHmZm (BUTYL) RUBBER

4,51 Summary. The method consists of a preliminary degradation of the
rubber with nitric acid, _)o:o”.m& by light petroleum extraction of the
degraded product, the extracted, matter being dried and weighed as poly-
isobutene, |

4.52 Reagents.
Light petrolenm, b.p. 40-60°C.
Methylated spirir.
Nitric acid, concentrated, sp. gr. 142,

Sodium carbonate, anhydrous, /
Note, All reagents used should be of recognized analytical reagent quality, and

dislilled water should be used wherever waler'ds specified.

4,53 Procedure, Cut the sample muanmnr:v_ small to pass a B.S. 10 mesh
sieve* (the material should not be buffedior rasped). Weigh about 0-25-
05 g. into a sintered glass or silica crucible {porosity No. 2) and boil
under reflux with concentrated nitric acid, \the crucible being supporied
on a glass stand which should raise it about 4 cm. from the bottom of

the tube, as shown in Fig. 7.1 (see p. 59) : Yuse sufficient nitric acid to
flood the sintered dise.

>_..§. 10 minutes allow the crucible to drain out of contact with the
hot acid, then wash it at the filter pump with :_r....w.zmmEnmm each of 25 ml.
of water, followed by two similar washings of mm__,:nczm methylated spirit
und one of methylated spirit, and suck dry. Wipe Sﬁocﬁan of the crucible

free from spirit, and return it to the same or a similak apparatus, this time
with another glass stand bringing the crucible 5 cm} higher in the tube,
* B.5. 410, r Test sieves.’ ,,
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and extract with light petroleum for two hours. (Place a few pieces of
porous pot in the tube to prevent bumping.) Repeat the acid digestion,
washinig, and subsequent extraction with light petrolenm fwice, making a
toral of three treatments. .

Colybine the three Iots of light petroleum extract obtained, and add
a small jpantity (approx. 0-5-1-0 g.) of anhydrous sodium carbonate.
After leavipg to stand for 10 or 15 minutes, filter the liquid through a
fluted filter‘paper (Whatman No. 1) and wash the latter carefully, par-
ticularly at the edges, with a fine stream of boiling light petroleum.
This washing 1§ important ; about 50-70 ml. of light petroleum arc re-
quired to wash e paper free from polyisebutene ; incomplete washing
will be detected Dy the stickiness of the adges of the filter paper. Distil
off cxcess light pefspleum (when the liquid bulk is reduced it may be
advantageous to tranyfer it, again with hot washing, to a smaller flask to
facilitate weighing). Byaporate just to dryness on a hot plate, transfer
to an oven at 70-75°C.,\and dry to constant weight.-

Note. The above procedyre has been devised for vulcanizates containing carbon

black. With vulcanizates free\from black, satisfactory results have been obtained
with only one nitric acid digestipn (of 40 minutes durztion) and one extraction {pre-

ferably overnight) with light petiplenm.
4.54 Expression of results. Thg extract shall be expressed as a percentage

of the weight of the test portioy, to give the polyisobulene content of the -

original sample ; or the extractyshall be multipled by 1-03 an.i expressed
as a percentage of the weight ofthe test portion, to give the percentage
of Butyl rubber in the original sample.

Reference.
P. D. Galloway and W. C. Wake, Analyst, 1946, 71, 505.

SECTION 4.6 THIOPLAST RUBBERS

4.61 Summary and explanatory note. Lh determination of non-extractable
sulphur by the method set out in B.S. 908, Part 3, Section 3.3 will enable
the amount of thioplast in the sample tobe determined if unambiguous
results have been obtained from qualitative bests, L.e. if the type of thioplast
is known, but not otherwise. Conversely, the\type can be determined from
the quantitative data only if the total amoynt of thioplast present is
known. Mixtures of thioplasts arc sometimes used for processing reasons
and in case of difficulty the labile sulphur should be determined. The
labile sulphur is that attached by co-ordinate cov. @..9.8 to other sulphur
atoms, as shown below, and it can be estimated by Aﬁ direct method here
described, which consists in allowing the labile suf xm_uE. to react with
sodium sulphite to form sodium thiosulphate, which is determined iodo-

metrically.
§ 8
$ 1 \

. CHy—CHy;—S—S—CHp—~CHy— "\

N .
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The results obtained by this method are not very uniform and this is
probablp\ because mixtures of materials are used in the commercial
. Also, most thioplasts contain more non-extractable sulphur,

present in arious forms, than their alleged constitution allows.
The fojlowing table shows typical results of the distribution of

sulphur in sqme thioplasts:—
TABLE 4.4

Percentethylenc
teirasulphide
calculated from
labile sulphur
content

37 93-1
3

: 896
0

Sulphur in .
. Toftal sulplur, acetong Labile sulphur,
Thieplast per cent extract, per cent

per cent

Thioko! A \ 798
w  AZ 831

F 4-9

FA 1

N 5

5
0
0
6

0]
2 138

clearly demonstrated froin the labile sulphur content, but in the presence
of mixed polymers it is doubtful whether the accuracy of estimation is
better than 5-10 per cent.
- 4,62 Reagents.

Sodium suiphite solution 3 10 gr. in 100 ml. water.

Formaldeltyde solution ; 4Q . in 100 ml. (Formalin).

Acetic acid, 20 ml. dilutedito 100 ml. with water.

JTodine, 0-1N solution.

Ice,

Norte. All reagents used should be of recognized analytical reagent quality.
4,63 Procedure. Extract a én.__ms,nn amount, about 0-1 g., of the rubber
with acetone by the method desctibed under{B.S. 903, Part 2, Section 2.1.
When the extraction is complete, s,‘ma?. the rubber, without drying, to a
beaker and cover with 100 ml. of sodium sulphite solution. Leave standing
overnight and then boil for 12 hours: Cool the solution and add 10 ml. of
formaldehyde solution followed by 40 ml. of acetic acid.

Titrate the solution against jodine in the usual way except that the
temperature should be kept below 5°C. by the addition of ice.
4.64 Expression of results, ' 0-321

Percentage of labile sulphur = ulix v

where V= Volume of 01N iodine, in millilitres.
. W = Weight of test portion, in grammes,
I it is assumed that all the labile sulphur is derived {rom ethylene
tetrasulphide polymer, then :
0782 X V

ma-nausmoomn:inno.n:mwc_wrmn_owo_wamnﬂ
Reference. p W

L.F.C. wm:nﬁ. LR.J.,1945,108,387.
52

These figures mroam:.&. the presence of tetrasulphide polymer is

903, Part 5 : TOTAL FILLERS

SECTION 5.1 SUMMARY AND EXPLANATORY NOTE

The dissolution of a vulcanized rubber in a high boiling-point solvent
followed 4y dilution and filtration enables the total insoluble solid fillers
of the rubder to be determined in one operation. The most important of
these fillers are mineral fillers, carbon black, graphite, and cellulosic
fibres. Constituents such as elemental sulphur, mineral rubber, and resins
will in general not be included in total fitlers.

Various combinations of solvent and diluent have been used for this
purpose, e.g. if natural rubber only is present nitrobenzene and acetone,
or decahydronaphthalene (‘dekalin’) and light petroleum (boiling range
40-60°C.) have been found satisfactory. With oil-resisting rubbers
containing acrylonitrile the latter combination is useless, and with Buty}
rubber the former is unsatisfactory. The combination given in Section 5.2
below is known to dissolve the existing synthetic rubbers as well as natural
rubber. The process is essentially oxidative, and care must be taken
throughout the dissolution to ensure that air has access Lo the contents of
the flask.

SECTION 5.2 METHOD

5.21 Reagents.
Carbon terrackloride. )
Chloroform (if preferred to carbon tetrachloride as a diluent),
p-Dichlorobenzene.

Nore. All reagents used should be of recognized analytical reagent quality.

5.22 Procedure, For precise work weigh out a 1 g. test portion of the
rubber and extract with acetone as described in B.S. 903, Part 2, Section
2.1, Acctone extract; for ordinary purposes the prior extraction of the
test portion with acetone may be omitted. Place the test portion {without
drying) in a 750 ml. conical flask, loosely closed by a glass bulb, add 10 ml.
of carbon tetrachloride and heat on a hot plate over which is placed a
sheet of asbestos paper to avoid local over-heating. Continue the .rmmmbm
until much of the liquid has evaporated; then add 100 g. of p-dichloro-
benzene and continue heating at about 170-180°C. Remove the bulb
from time to time to permit access of air, and for GR-S or Butyl rubber
vulcanizates blow a few puffs of air occasionally into the flask over the
surface of the Jiquid ; this is best_accomplished by a small rubber bulb

attached to a glass tube. Continus the heating until dissolution is com-
53
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plete ; the time required for this varies from about 30 minutes for natural
rubber to 1-3 hours for GR-S. Cool to below the boiling point of the
diluent (chloroform or carbon tetrachloride), add 100 ml. of the diluent,
and allow to stand for several hours for the residue to settle. Settling
may be accelerated by centrifuging.

Decant the supernatant liquid and filter through a weighed sintered
glass crucible of suitable porosity, or through a filter paper if the sulphur
content of the fillers is to be determined (see B.S. 903, Part 3, Section
3.4) ; wash the residuc with warm diluent, followed by a small quantity
of acetone. Dry at 70-75°C., cool in a desiccator and weigh.

If nitrobenzenc or decahydronaphthalene is used as solvent (see
Section 5.1) the pracedure is essentially the same except that (i) the pre-
liminary heating with carbon tetrachloride is omitted, (ii) 40 ml. of the
solvent is used and the mixture is heated to boiling, (iii) the diluent is
acetone or light petroleum, respectively.

5.23 Expression of results. The weight of the insoluble residue, expressed
as a percentage of the weight of the test portion, shall be taken as the
* total fillers.”

!
|
l
w
:
|
.
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B.S. 903, Part 6 : ASH

SECTION 6.1 SUMMARY AND EXPLANATORY NOTE

A small weighed test portion of the comminuted sample is first
ignited gently to decompose the rubber and remove volatile matter, and
then to red heat to incinerate all organic matter. The residue consists
principally of the non-volatile mineral fillecs, or their decomposition
products, together with their reaction products with sulphur andfor
oxygen. The temperature of final ignition is not critical between 500°C.
(dull red) and 800°C. (red). Below 500°C., however, decomposition of
certain mineral fillers, e.g. calcium carbonaie, may be incomplete and
variable results may be obtained. For arbitration purposes a emperature
of 600 £ 25°C. shall be used.

SECTION 6.2 METHOD

6.21 Apparafus.
Silica (or porcelain) crucible, Form B, capacity 30 ml. approx.
Asbestos board, approx. 4 in. (10 cm.) square and 34 in. (0-6 cm.)
thick with hole in centre to support crucible.
Muffle furnace with pyrometer and indicator for control of tem-

perature.

6.22 Procedure. Weigh 2 g. of the comminuted sample into the weighed
crucible and rest this in the hole in the asbestos board. Heat gently over a
small bunsen fiame so that the rubber does not ignite and no spurting
occurs. When the rubber is completely decomposed to a charred mass,
raise the temperature of the crucible to red heat either over the bunsen
burner or after transferring the crucible to a muffle furnace. Continue the
heating until the ash is free from specks of carbon and then cool ina
desiccator over fused calcium chloride and weigh. Repeat the heating,
cooling, and weighing until a constant weight is obtained.

6.23 Expression of results, The weight of ash obtained shall be expressed
as a percentage of the weight of the test portion.
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Section 7.\ Carbon black in rubbers other than isobutcne-diene -

utyl) rubber.
Section 7.2.'Carbon black in isobutene-dienc (Butyl) rubber,

SECTION 7.1

CARBON BLACK\IN RUBBERS OTHBER THAN hmOwC.HmZm.p

RIENE (BUTYL) RUBBER

7.11 Summary, The ruber is heated with nitric acid of such strength as to
oxidize all the erganic Ypatter but not the frec carbon. The insoluble
residue of carbon (with oy without mineral matter) is separated, washed
with acetone and chlorofofyn to remove residual organic matter, and then
heated in a current cf oxygen to burn the carbon to carbon dioxide,
which is absorbed in soda-Iine and weighed. This method determines ail
forms of amorphous free catpon such as that in channel black, furnace
black, acetylenc black and lamyp black, as well as graphite.

7.12 Reagents,
Acctone,
Carbon tetrachloride.
Chloroform,
Calciun chioride, anhydrous,
Kieselguhr.
Nitrie acid, concentrated, sp. gr. 142,
Nitric acid, dilte ; 3 vols. concentrfed acid to 1 vol. water.

Potassium hydroxids solution ; 25 £. i} 30 ml. water.
Soda-lime.

NoTte. All reagents used should be of recognidzd analytical rea i
. 1 gent qualily, and
distilled water should be used wherever water is spedified. a ”

1.13 Procedure. _.mx:.mﬁ a 0:5-1-0 g. test piyrtion of the rubber with
acetone, as described in B.S. 903, Part 2, Sectibn 2.1; dry the extracted

test portion, and treat cautiously with 50 ml. o

warming at 90-100°C. for one hour. Add ab
divided kieselguhr and dis
few minutes longer.

ilute nitric acid, finally
out\0-2 g. of ignited finely-
perse it thoroughly by heating the mixture a
Cool the beaker and contents, ad¥{ 10-20 ml. of carbon
tetrachloride, and agitate thoroughly to mix it with the nitric acid. Filter
by decantation through an ignited silica filtering crucible (porosity No, 3)
containing a thin pad of kicselguhr. Wash the residut with 30 ml. of
boiling concentrated nitric acid and then several times wi boiling water,
Transfer all residucs to the erucible and wash finally with a koiling mixture

56

B.S. 903 : Part 7: 1950

of acetone (2 vols.) and chloroform (1 vol.) until the washings are colour-
less. Dry the crucible and its contenis at 200-250°C. to a constant
weight, ) .

TFransfer'the contents of the crucible carefully to a combustion boat ;
insert this in a bard glass combustion tube about 13 mm. internal &mq.zaﬁ.u
and 20-30 crat. Iokg. Pass oxygen, freed from carbon dioxide by wmmm_nw.;
through soda-limeYpbes, through the combustion tube to dispiace the air.
Heat cautiously the part of the tube containing the boat, while the oxygen
passes at 2 slow rate {not more than 20 mi/min.), and _ﬂﬁ. the _mmE.:m
gases through a U-tube lled with granulated anhydrous calcium chloride
(previously treated with carben dioxide and .90:. freed from excess
gascous carbon dioxide bya current of dried air). Finally lead the gases
through a weighed absorption tube containing soda-lime Q_.oma_.mw_w. of
the self-indicating iype), folldwed by a drying agent or a separate drying
tubz. Continue the heating uny{l all the carbon has been burnt. 0o.=:m§
passing the oxygen for 10 mimHes longer to displace the nma_uwz n_._.uxao.
Disconnect the soda-line tube,\atlow it to cool, and re-weigh it, .H..rn
increase in weight is the weight of darbon dioxide produced by the burning
of the carbon.

7.14 Expression of results. 1127 % C

W

where C = Weight of carbon djoxide, in grammes.

W = Weight of test portiog, in grammes. o

For rubbers which do not contain any\filler Eﬁ. loses water on Igni-
tion (e.g. clay), it is sufficient for less exact {ork ».o ignite the crucible in
which the carbon black has been filtered off and dried, and to assume that
the loss in weight equals the weight of nm&o_M_.H:.mm procedure tends to
give high figures, owing to the difficulty of rerhoving all volatile matter
prior to ignition.

Percentage of free carbyn =

SECTION 7.2
CARBON BLACK IN ISOBUTENE-DIENE (BUTYL) RUBBER

A

ding\the copolymer to
7.21 Sunmary. The method depends upon degrading i\t )
polyisobutene by heating with concentrated nitric mn_a.. "The polyisobutene
is then extracted from the carbon black by means of :m:w_wn:o_oca.

7.22 Reagents.
Light petroleum, b.p. 40-60°C. \
Methylated spirir, /
Nitric acid, concentrated, Sp. gT. 1-42, \
NoTe. All reagents used should be of ..nnomam.& analytical reagent a:./m_:w. and
distilled water should be used wherever water is specified,

5T.
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7.23 Procedure} Cut the sample sufficiently small to pass a B.S. 10 mesh
sieve* (the matdyial should nof be bufled or rasped). inmm._._ about 0-25-
0-5 g. into a sintéred glass crucible (porosity No. 2), and boil under reflux
with concentratel] nitric acid, the crucible being supported on a glass

B.S. 903 : Part 7: 1950 ‘

stand which should raise it about 4 cm, from the bottom of the tube, as ’ - .

shown in Fig. 7.1} use sufficient nitric acid to flood the sintered disc. . ] . |

After 10 minules allow the crucible to drain out of contact with the Water in -
hot acid, then washit at the filter pump with two washings, each of 25 ml.,
of water, followed By two similar washings of aqueous methylated spirit
and one of methylated spirit, and suck dry. Wipe the outside of the crucible
frec from spirit, and Yeturn it to the same or a similar apparatus, this time
with another glass stynd bringing the crucible 5 cm. higher in the tube,
and extract with ligh{ petroleum for two hours, (Place a few pieces of
porous pot in the tubg to prevent bumping.) Repeat the acid digestion, .
washing, and subsequent extraction with light petroleum fiwice, making a
total of three treatmentd. (If desired, combine the three lots of extraction
liquid and determine tht polyisobutene content by the method described
inB.S. 903, Part 4, Clause 4.53.)

Dry the crucible and its contents to constant weight at 260-250°C.

Then ourn the carbon t carbon dioxide, as described in Clause 7.13
above,

Water out

el

Class condenser

7.24 Expression of resulis.
727 xC
w
where  C = Weight bf carbon dioxide, in grammes.
W = Weight df test portion, in grammes.

For rubbers which do noy contain any filler that loses water on
ignition (e.g. clay), it is sufficiend for less exact work to ignite the crucible
in which the carbon black has ben filiered off and dried, and to assume
that the loss in weight equals the \veight of carbon, This procedure tends

to give high figures, owing to the {fliculty of removing all volatile matter
prior to ignition.

Percentage of carbon black =

[+——Boiling tube

| ____Holes to assist removal

Sintered glass crucible

T—Cut sample

Bent glass tube support
" tor crucible {both ends

apen
Reference, v

P, D. Galloway and W. C, Wakk, Analyst, 1946, 71, 505,

VT

* B.S. 410, *Text sieves.*

Fig. 11 A tus for the nﬁﬁ.ﬂﬂ?o: of isobuiene-dicne
e 71 ,.mwwmw and of carbon black ma such rubber

\
\
\

\

-
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B.S. 903, Part 8
ANTIMONY, COFTER, AND MANGANESE

This standard includes methods for the following determinations i—

Section 8.1, Antimeny.

Section 8.2, Copper.

Section 8.3. Manganese.
The wet oxidation process used to destroy organic matter and obtain
the solution ready for the determination of the metals is included in
Section 8.1,

SECTION 8.1 ANTIMONY

8.11 Wet oxidation,

8.111 Summary. The rubber is ieated with a mixture of nitric and
sulphuric acids to oxidize the organic matter and obtain a solution con-
1aining the meial(s) te be estimated,

Experience has shown that concentrated nitric acid of analytical
reagent quality frequently requires redistillation. This need for excep-
tional care arises from the fact that the weight of nitric acid used may be
several times that of the test portion of rubber, Care must also be taken to
ascertain that the sulphuric acid is of the proper standard of purity.

8.112 REAGENTS.

Hydrogen peroxide selution; 30 g. H,0, in 100 ml (*100-
volume’ solution).

Nitric acid, concentrated, sp. gr. 1+42, redistilled from an all-
glass apparaius,

Nitric acid, difute ; 30 vols. concent isti i
0vols ot ntrated redistilled acid plus

Sulphuric acid, concentrated, sp. gr. 1-84.

Note. All reagents used should be of i i
» recognized analytical i
and distilled water should be used wherever waler is specified. ytiesl eagent aualit,

160 ﬂuuww“mmw_wﬂﬁr Weigh .mnnzn.,sq 0:5-1 g. of the sample* into a
- - Kjeldah! flask of resistance m_ﬁ.m or silica, apd add 10 ml. of
iute nitric acid (20 ml. for the determination of copper). With many
rubbers, particularly GR-S, 10 ml, of concentrated acid :.wm ; safely be
u&% at this stage, with considerable saving of time. ’ ’

§ soon as any vigerous initia i i i
further vigorous Run:%_ ceases, u:M me”ﬂﬁ%omcwmw Mwwwmﬁm m_w._..ﬁwm. MM -
centraled sulphuric acid (10 mi. for the determination of %oEunaw at mnh_—w
.u Mwa_. as nol _.o ﬂ.Emm excessive frothing or heating, 5-10 minutes usually

g- for the determination of manganese, or 5 g. for the determination of copper.
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being required, and then heat until the liquid darkens in colour appre-
ciably, i.c. begins to char. Then add concentrated nitric acid slowly in
small porlions to the hot solution, heatirg between each addition until
darkening again takes place. Heating should not be so strong that charring
is excessive, and a small amount of [ree nitric acid must be present through-
out the procedure. Continue this treatment until the solution fails to
darken in colour and remains pale yellow on prolonged heating. Note
the total amount of nitric acid used. Finally clarify the solution by boiling
with successive additions, a few drops at a time, of a mixture of equal
volumes of hydrogen peroxide solution and concentrated nitric acid.
Allow to cool somewhat and dilute with 10 ml. of water, The solution
should be quite colourless, or faintly yellow if much iron ic present.
Boil down again until white fumes appear, allow to cool, add a further
5 ml. of water, boil for five minutes and cool.

8.12 Determination of Antimony.

8.121 SumMARY. The antimony in the solution obtained by wet
oxidation of the rubber is reduced to the tervalent state by suiphur
dioxide, excess of the latter boiled off, and the antimony determined by
titration with iodine.

8122 REAGENTS.

Ammonium hydroxide, concentrated aqueous solution, sp. gr.
0-880.

Citric acid solution ; 25 g. in 100 ml. water.

Hydrochloric acid, concentrated, sp. gr. 1-18.

Hydrochloric acid, difute; 1 vol. concentrated acid (sp. gr.
1-18) to 1 vol. water.

Hydrochloric acid — bromine mixture ; dilute hydrechloric acid
saturated with bromine.

lodine, 01N solution.

Nitrie acid, concentrated, sp. gr. 1 42,

Sodinm bicarbonate.

Sodiun sulphite, anhydrous.

Starch solution.

Sulphuric acid, concentrated, sp. gr. 1-84.,

NoTe. All reagents used should be of recognized analytical reagent nikLg,
and distilled water should be used whereve~ water is specified. . -

8.123 Procepure, To the solution obtained by wet oxidation, as

described in Clause 8.11 above, add 15 ml. of dilute hydrochloric acid,
boil, cool, then pass the solution through a No. [ Whatman filter paper
and wash with dilute hydrochloric acid. In the absence of iron m.nn o?.o.
mium cool the solution to 20°C. and then dilute to 160 ml. .MEE dilute
hydrochloric acid. Use this solution for the estimation of antimony and
reject any residue. Call this solution A, If iron or chromium is present,
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Documents



http://www.avadocuments.com/doc/bs-903-1950
http://www.avadocuments.com/doc/bs-903-1950

B.S. 903 : Part 8: 1950

then after filtration dilute to 150 ml. with water instead of hydrochloric
acid; warm, and precipitate the antimony with hydrcgen sulphide,
Filter and transfer the filter paper and precipitate of antimony sulphide
to a Kjeldahi flask; add 15 ml. of concentrated sulphuric acid, place a
funnel in the neck of the flask, and heat until the solution is colouriess,
Add 15 ml. of dilute hydrochloric acid to the cooled solution, boil, cool,
and then pass the solution through a No. 1 Whatman filter paper, wash
with dilute hydrochloric acid, cool the solution to 20°C. and dilute to
129 ml. with dilute hydrochloric acid, Call this solution Ar.

Transfer solution A or A, oblained as above, to a 500 ml. conical
flask ; add hydrochloric acid — bromine mixture until the solution is
coloured, heat to boiling, and if the yellow colour disappears add more
hydrochioric acid ~ bromine mixture until the hot solution is slightly
coloured.

Add 1 g. of anhydrous sodium sulphite and boil until the sulphur
dioxide is expelled (test with potassium dichromate paper). Cool the solu-
tion, add 40 ml, of citric acid solution and a picce of litmus paper, and
dilute with 100 ml. of water. Make the solution slightly alkaline with
ammonium hydroxide solution and then slightly acidify with hydrochloric
acid, Cool thoroughly and dissolve 4 g. of sodium bicarbonate in the solu-
tion. Immediately titrate with 0-1N iodine solution until a faint yellow
colour persists in the solution,

Confirm the cnd point by add..g a little freshly prepared starch solu-
tion, A faint blue colour should be obtained which is much intensified by
the uddition of a further drop of 0-IN iedine solution. Starch solution

shall on no account be added until the yellow iodine end point has been
obtained.

8.124 EXPRESSION OF RESULTS.
0-6088 x v
W

V = Volume of 01 ¥ iodine required, in millilitres.
W = Weight of test portion, in gramimes,

Percentage of aniimony =

where

SECTION 8.2 COPPER

8.20 Wet oxidation. A, weighed test portion {about 5 g.) of the rubber
shall be subjected to w c e

oxidation by the procedure described in Clause
8.11 above,

8.22 Determination of copper
8221 SuMMARY. The coppekin the sclution obtained by wet oxidation
of the rubber is converted into

. : cdpper diethyldithiocarbamate, which is
determined either colorimetrically o :oSBM:.S:%
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8.222 GENTS. )
moninm hydroxide, concentrated aqueous solution, sp. gr.

0-380.

Ch sroform. .

Citiik acid solution ; 25 g. in 100 ml. water. -

Coppé; suiphate, standard solution. Dissolve 0-3928 g. of coppe
sulphate pentabrate in 0-1N sulphuric acid and dilute with this to
1 litre, Before usé, difirte 10 mi. of this solution to 100 ml. with water.
Then 1 ml. == 0-00801 g. copper. .

Sodium didthyldithivcarbamate solution ; 0-2 g, in 100 ml, water ;
this solution must be\freshly prepared and filtered.

Sedium sulphate, anhydrous. )

Sulphuric acidl, difute ; 1 vol, concentrated acid (sp. gr. 1-84) to
7-5 vols. water.

Sulphurie ncid, oncentrated, sp. gr. 1-84.

Nore. All reagents \yused should he of _dncmumNo.n_ analytical reagent quality,
and distilled water should be used wherever water is specified.

8.223 Procepurz. Filter the solution obtained from the wet oxidation
{Clause 8.11} through a N&. 1 Whatman filter paper into a 100 ml,
standard Rask, washing with small amounts of water ; dilute “m. the qu.x
at 20°C. and mix well. Call this solution B. A blank solution .m_mo.—w
required and is prepared by addcing 10 mi. of concentrated sulphuric acid,
and the same amounts of nitric\acid and hydrogen peroxide solution as
were uscd in the oxidation of the\sample, to a 100 ml. Kjeldahl flask and
boiling the mixture down to fuming. Allow to fume h.oH. about 20 minutes
and evaporate twice with 5 ml. pertions of water. Finally cool, dilute
with 25 ml. of water, boil, cool, traksfer to a 100 ml. standard flask and
dilute to the mark at 20°C. Call this jolution C. _

Measure 80 ml. of solution B info a 250 ml. vnm_mmn A.wom._an X
Add, with stirring, a slight excess of afgmonium hydroxide solution, heat
to boiling and boil gently for one mingte. .H..rnu filter through u.:wowm_._.
texture filler paper and collect the fillryte in second 250 ml. beaker

‘beaker Y). .

A When mW:B:o: is complete, picrce thk tip of the m:ﬂ. uuvm_. ma:r M
pointed glass rod, and by means of a jet of hot water delivere nm_w:n
wash-bottle, wash the precipitate back into mmwm_” X. Finally, sﬁmm n
filter with 20 ml. of dilute sulphuric acid, & d stir the nosﬂnnm.“ao " M
beaker until the precipitate has redissolved. Cool, and then 2 o _H”.q__
stirring, a slight excess of ammonium hydroxide! oE:o:.. Enwﬁ :m: H.M o _ms.
boil gently for one minute, and filter as before, noznnn._nmrﬁ Ho -
beaker Y. Wash the precipitate and ilter several ti Ies with w wa mn.E e
add the washings to the combined filtrates. Add djlute suiphuric a <
thz combined filtiates until the liquid is acid, then a d & mi. of citric ac
soltion,
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If the bortion of solution B taken for analysis is known to contain
ess than 0-Ag. of iron, the above double precipitation with ammonia may
be omitted. k is sufficient to add 8 ml. of citric acid solution to it before
proceeding with the analysis.

To the solption obtained by either of the above procedures, add
ammonium hydroxide solution in slight excess, and then transfer to a
250 ml. conical\separator. Add 10 ml. of sodium dicthyldithiocarbamate
solution and miX by swirling. Add 10 ml. of chloroform, stopper the
funncl, and shakelyigorously for about 30 seconds. Allow the two liquids
to scparatc and they run off the chloroform layer into a clear «try 100 ml.
cenical flask containjng about 1 g. of anhydrous sodium sulphae. Repeat
the extraction with tvo further 10 ml. portions of chloroform, running the
extracts into the same'conical flask. The final extract should De colourless
or nearly so. If it is no\, repeat the process with further 5 ml. portions of
chioroform, as necessary, Swirl the contents of the conical flask to assist
the removal of traces of\water, allow to seutle, and carefully decant the
liquid into a 50 m). Nessltr eylinder if the test is to be completed colori-
metrically, or into a 50 B_wmns%a flask il it is to be completed photo-
metrically. Wash the residue of sodium sulphate by decantation with
small pertions of nEo_.o_.oq, , and add these to the Nessler cylinder or
standard flask. Dilute to 50 nl. with further chloroform in either case,
and mix well, /_

Treat an 80 ml. portion of solution C in exactly the same way as
< B, using the same batch,of reagents. Determine the copper in the
.<arm extract from B (' test solution’) and the extrzct from C

«* biank solution °) either colorimétrically or photometrically.

8.2231 Colorimetric detctmination. Prepare a series of standards
by adding 2-0, 4-, 60 and 8-0'ml. of standard copper suiphate solu-
tion to 25 ml. of water, Add a sight excess of ammonium hydroxide
solution and 10 ml. of sodium dietl.yldith.ocarbamate soluticn, and
then extract the copper complex witii chloroform as described above,
Transfer the chloroform wo__._:osm,,.”o 30 ml. Nessler cylinders, diluie
each to the mark with chloroform, ind compare the yellowish brown
colours with that of the test solution in order to determine the
approximate copper content of the latter.

Then prepare in the same way a second series of standards whose
copper contents differ in amounts equivalent to 0-5 ml. of standard
copper sulphate solution, and which cover a range that includes the
test solution. Compare the colours with that of the test solution in
order to determine more precisely its no..mvn_. cor‘ent,

If the colour of the test solution'is equivalent to more than
(0 ml .E. standard copper solution, then it will be too deep for accurate
matching, and an aliquot portion whichl on dilutica to 30 ml. with
nr_o_.om.ona.rnm an intensity of colour lesd than this must be used for
the comparison,
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the test soMition may bc maiched against standard glass colour
disks in a sulable instrument such as a comparator, the blank solu-
tion being plaged in the compartment under the colour disk. The
reading correspnding to the matching disk then gives directly the
number of micro}rams of copper present in the sumple,

8.2232 Photoyetric (absorptiometric) determination. For this
determination a phiytoelectric absorptiometer is used.

Prepare a serie) of siandards by adding 0, 0-5, 1-0, 2-0, 3-0 and
4.0 ml. of swandard Yopper suiphate solution to 25 ml. ol water.
Extract the copper eiactly as described in Clause 8.2231, finally
diluting each dried chloYoform extract to 50 ml. in a measuring flask.
Measure the optical densky of each chloroform extract on the absorp-
tiometer, at 50 ml. dilutiyn, using a cell of 4 cm. optical depth and
suitable blue filters, againy the first solution (containing no added
copper) as reference solutioyl. Plot 2 graph with parts per million of
copper (or micrograms coppyy, if preferred) as abscisse, and optical
densities as ordinates. With a\peliable instrument and suitable filters
the curve is a straight line. It igay be considered valid for about six
months, when it should be chechgd.

Similarly, measure the opcal density of the iest solution,
against the blank solution as referdpce solution, ana obtain from the
ginph the copper content of the\sample, corresponding to this
reading.

References.

1. N. Strafiord, P. F. Wyatt dpd F. G. Kershaw, Analyss,
1945, 70, 232-246.

2. H. J. Vaughan, The Use of\ the Spckker Photoelectric
Absorptiometer in MetallurgicXf Analysis. Institute of
Chemistry Publication, 1941,

8.11 above.

8.32 Determination of manganbdge,

8.321 Summary. The manghpese in the solution obtained by wet
oxidation of the rubber is oxidized\{o permanganate by means of potas-
sium periodate, and the permanganafe determined either colorimetrically
or photometrically.
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§.322 REacE
Hydrogen pyroxide solution; 30 g. HyO, in 100 ml, (* 100-vol-
ume" solution).
Manganese stopdard solwtion. Measure 50-0 ml. of 0-1N potas-
sium permanganate solution into a 250 ml. beaker, add a few drops of
dilute sulphuric acid (1 vol. concentrated acid to 1 vol. water). Heat to
boiling and then add a sdjurated solution of sulphur dioxide in water,
drop by drop, unti the sol ,_mou is just decolorized. Boil for 15 minutes
and add 5 ml. of dilute sulphuric acid. Cool and transfer the solution to a
500 ml. measuring flask, dilule to the mark with water at 20°C. and mix
well. Calt this solution X ; 1 ful, of solution X == 0-00011 g. mangancse,
Prepare this solution freshly al least once a month.

Measure 100-0 ml. of solution X into a 500 ml. measuring flask,
dilute to the mark with water a1 20°C. and mix well. Call this solution Y ;
I ml. of sulution Y = 0000022 g.\mangancse. Solution Y shall be freshly
prepared as required. \

Nitric acid, coucentrated, m,_u. gr. 1-42,

Phosphoric acid, sp. gr. 175,

Fotassium periodate, ,

Potassium permanganate,

“Stabilized” water. Assembie a distillation apparatus consisting
of a round-bottomed litre Mask connected via an efficient splash head to a
Licbig condenser with standard ground glass joints. Introduce S00-
600 ml. of ordinary distilled water into the flask, add about 0-1 g. ol potas-
sium permanganate previously dissolved in 5 ml. of water and a few drops
of dilute sulphuric acid, and distil carcfully into a clean receiver, rejecting
the first 50 ml. of distillate and taking care that there is no carry-over by
splashing or otherwise of liquid from the flask.

Sulphuric acid, concentrated, <p, gr. 1-84,

Sulphuric acid, dilute; 1 vol. concentrated acid to 1 vol. water.

Noaik. All reagents used s

L hould be of i i i
Distilled water should ahonys be pee recognazed analytical reagent guality.

d exeept when *stabilized water js specified.

8.323 Proctoure, Filter the solution obt

Aﬂ_ucne.m._c through a No. ! Whatman filter paper into a 100 m!
MSE_,Ed flask, washing with small amounts of water dilute 10 the Em.._n.
at umﬂn. and mix well. Call this selution D, .
blank solution also is required and is prepa i

concentrated sulphuric acjd, nmn “ue same MB%:“W Mw ””_%__H WM_M_ _LMM
hydrogen ﬁn_.czmun solution as were uied in the oxidation of the sample
10 2 100 ml. Kjcldaht flask and boiling the mixture. down 1o Eamﬂ .
>=c.s. 1o fume for about 20 minutes and n.._u_uo_.m_n_,._.imnn with 5 Bm.m.
portions of water. Finally cool, dilute with 25 ml, of _{Ec_.. boil noo_.
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transfer to a 100 ml, standard flask and dilute to the mark at 20°C. Call
this solution E-

Transfer 50 ml. of solution D and 50 ml. of solution E to two separate
100 ml. conical flasks ; add 2 ml. of phosphoric acid and evaporate to
fuming. Treat with a few drops of concentrated nitric acid and hydrogen
peroxide solution {o make sure that all traces of organic matter have been
destroyed, and evaporate the solution twice to fuming after adding 10 ml.
of ‘stabilized’ watér each time. Dilute to 25 ml, with ‘stabilized’ water,
add 0-2 g. of potasiium periodate, boil for one minute, and then heat at
about 90°C. for fiye minutes. Cool to room temperature, adjust the
volume to 25-0 ml. Wwith © stabilized * water, and mix well; the solution
so obtained from D 1§ the * test solution” and that from E is the * blank
solution.” Complete the determination eiiher colorimetricaliy or photo-
metrically as soon as ppssible.

8.3231 Colorimetric determination. Prepare a series of standurds
as follows: Measufe 0, 1:0, 2-0, 3-0, 4-0 and 50 ml. of standard
manganese solution Y into 100-ml. conicat flasks, add 4 ml. of dilute
sulphuric acid and 2 thl. of phosphoric acid and evaporate to fuming.
Add a few drops of & mixture of equal volurics of concentrated
nitric acid and hydrogel peroxide solution, and continue as described
above for solutions 0 and E, finally diluting to 25 ml with
*stabilized’ water.

Transfer the test, Rlank and standurd solutions to 25 ml. or
50 ml. matched idessler c¥linders, and compare visually in the usual
way. Deduct the blank redding from the test reading, and calculate,
from the number of micrograms of manganese found, the manganese
content of the sample,

8.3232 Photometric {(abserptiometricy determination. For this
determination a photoelectriclabsorptiometer is used.

Preparcastandardseriesymeasuring 0,05, 1 0,1-5,2:0,2-5and
3-0 ml. of standard manganese Yolution Y and continuing as described
in clause 8.3231 above, finally \diluting to 25 ml. with ‘stabilized’
water in measuring flasks. Measure the optical density of cach solu-
tion on the absorptiometer, at MW,.Q ml. &E:om. using a cell of 4 cm.
optical depth, and suitable green filters, against the first solution
(containing no added manganese) ‘as reference solution. Plot & graph
with parts per million (or micrograms, if prefcrred) of manganese as
abscisse and optical densities as ordinates. It may be considered
valid for about six months, when it should be checked.

Similarly, measure the optical density of the test solution against
the blank solution as reference solution, and obtain from the graph
the mangancse content of the sample, corresponding to the observed

reading.
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B.S. 903, Part 9 : CARBONATE
SECTION 9.1 SUMMARY

The acetore-extracted rubber is treated with hydrochloric acid ; the
carbon dioxide evolved is drawn in a current of air through a purifying
train and is {inally absorbed in soda-lime contained in a previously
weighed tube, the increase in weight of the tube being taken as the weight
of carton dioxide cvolved.

SECTION 9.2 METHOD
9,21 Reagents.

Soda-lime, preferably of a self-indicating type.

Hydrochloric acid, dilute; 1 vol. concentrated acid (sp. gr. 1-18) to
I vol. water.

Copper sulphate, saturated aqueous solution.

Silver nitrate solution; 2 g, in 100 ml. water,

Silica gel.

NoTe. Ali reagents used should be of recognized analytical reagent quality.

9.22 Apparatus. A diagram of the apparatus is shown in Fig. 9.1. It shall
consist of @ 300 ml. flask fitted with an upright condenser and a dropping
funnel, the stem of which shall reach nearly to the bottom of the flask.
An absorption tube A packed with soda-lime shail be connected to the

dropping funnel. The top of the condenser shall be connecied to an
absorption train as follows:— ‘

Bi, B2 2 absorption bottles containing copper sulphate solution.
C Anabsorplion bottle containing silver nitrate solution.
D1, D2 2 U-tubes packed with silica gel.

E A U-tube packed with scda-lime and having a thick layer
of silica gel over the soda-lime in the outlet limb,

The absorption train shall be connected to a water pump through an
absorption tower packed with silica gel.

9.23 Procedure. Test the apparatus and determine the blank of the
apparatus before performing any estimation. It is essential to re-determine
the blank when any of the absorbents have been renewed. Tt is desirable -
te no:m.m..c.. the blank should the apparatus have been standing idle for
some time even though the system has been sealed from the atmosphere
by adjustment of the stop-cocks. L

To %Enzmnn the blank of the apparatus the wnonam_:n is as _.0:9.& .I .
Weigh the absorption tube B before assembling the ‘apparatus as
described. Close taps 4 and ¢, remove the soda-lime tube A from the -
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dropping funnel and pour 100 nil. of dilute hydrochloric acid into the
latter. Replace the soda-lime tube A. On opening tap ¢ liquid should not
flow into the flask. Open tap a and connect the apparatus to the pump
m&.ﬁ::.m tap f so that a current of air at the rate of two bubbles mE..
second is drawn through the apparatus. Heat the acid in the Bask with a
m:.a__ flame and continue to draw air through the apparatus for one hour.,
Disconnect the pump by closing tap f and, when bubbling of air through
the liguid in the flask has ceased, close taps @ and e to isolate the mv_uﬁm:wm
Closc taps ¢ and 4 to scal the absorption tube E, disconnect and Emmmr..
The increase in weight of the absorption tube should not exceed 1 mg.

In the main determination extract 1 g. of the sample with acetone as
described in B.S. 903, Part 2, Section 2.1, Acetone extract. Dry in air at
70-160°C,, mma introduce inta the 300-ml. flask. The subsequent opera-
tions are as describe i inati i ‘ ’
spparatis ibed above in the determination of the *blank” for the
_ Deduct the increase in weight of the absorption tube in the determina-
tion of the ‘blank” from that obtained in the main determination, to
obtain the corrected weight of carbon dioxide. .

m_.n.a Expression of results. The result for the determination of carbonate
shall be reported as ﬂ._uo corrected weight of carbon dioxide axpressed as a
percentage of the weight of the original (unextracted) test portion.

Sea Sdt-3

B.S. 903, Part 10 : GLUE

SECTION 10.1 EXPLANATORY NOTE

Giue is sometimes incorporated in natural rubber vficanizates in
order to improve oil-resistance. With oil-resisung synthelic rubbers the
older method of deiermining glue by determination of nitrogen is no
Jonger applicable, and in qualitative and quantitative gnalysis carec must
be exercised to avoid confusion of nitrogen-containlng acrylonitrile or
cyanoprene copolymers and natural rubber compoucds containing glue.

Glue will probably be less used in the future, byt it may still be neces-
sary to make an estimation. If it is known that the/mix is based on natural
rubber exclusive of other polymers, then estimgtion of nitrogen by the
method described below is possible.

This method is a form of the Kjeldahl method. The rubber is oxidized
by heating with a mixture of potassium s ﬁwrﬁo and concentrated sul-
phuric acid plus a catalyst, thereby converting nitrogen compounds into
ammonia, which is then estimated by mgking the reaction mixture alka-
line, distilling off the ammonia, absorbigl this in a boric acid solution, and
titrating with hydrochloric acid.

B.S. 907 : Part 10 : 1950

SECTION 18.2 METHOD

10.21 Reagents.

Boric acid solution. Dissolyé 40 g. of boric acid in water, warming
if necessary, and make up the yolume to 2 litres. Add 20 ml. of indicator
solution and mix well. The soj{ttion keeps for at least three months with-
out deterioration.

Copper sulphate; or selehium and mercuric icetate.

Hydrochioric acid, 0-11 solution.

Indicator solution; 0-125 g. methyl red and 0-083 g methylene blue
in 100 ml. alcohol.

Potassirm sulphate fanhydrous.

Sodium hydroxide Solution; 40 g. in 100 ml. water.

Sulphuric acid, cghicentrated, sp. gr. 1-84.

NoTE. All reagentf used should be ol recognized analytical reagent quality, and
distilled water should be used wherever water is specified.

10.22 Procedure. Weigh accurately about 1 g. of the sample and extract
with acetone and/chioroform as described in B.S. 993, Part 2, Sections 2.1
and 2.4.

Remove the excess solvent from the extracted test portion by drying
at 70-100°C. ffor about one hour, then transfer to a ciear, dry, 250 ml.
Kjeldah! flafk. Add 10 g. of anhydrous potassiutn sulphate, -5 g. of
copper sulphate Sr selenium and mercuric acetate, and finally 25 ml. of
concentratfd sulphuric acid. .

Note.J Aliernatively, a larges flask, 800-1000 mi.,
need for ofsubsequent transference of the contents to

may be used so as to avoid the
a cecond flask.
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