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Standard Test Methods for

Rubber Products—Chemical Analysis *

This standard is issued under the fixed designation D 297; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope D 1416 Test Methods for Rubber from Synthetic Sources—
Chemical Analysi®

D 1418 Practice for Rubber and Rubber Lattices—
Nomenclaturé

D 1646 Test Method for Rubber—Viscosity, Stress Relax-
ation, and Pre-Valcanization Characteristics (Mooney Vis-
cometery

D 3156 Practice for Rubber—Chromatographic Analysis of
Antidegradants (Stabilizers, Antioxidants, and Antiozo-
nants§

D 3452 Practice for Rubber—Identification by Pyrolysis-
Gas ChromatograpRy

1.1 These test methods cover the qualitative and quantita-
tive analysis of the composition of rubber products of the “R”
family (see 3.1). Many of these test methods may be applied to
the analysis of natural and synthetic crude rubbers.

1.1.1 Part A consists of general test methods for use in the
determination of some or all of the major constituents of a
rubber product.

1.1.2 Part B covers the determination of specific polymers
present in a rubber product.

1.1.3 The test methods appear in the following order:

Part A. General Test Methods: Sections . .

Rubber Polymer Content by the Indirect Method 11-13 D 3677 Test Methods for Rubber—Identification by Infra-
Determinations and Report for the General Method 14 and 15 red Spectrophotometty
Density , 16 D 4483 Practice for Determining Precision for Test Method
Extract Analysis 17-26 . Sri
Sulfur Analysis 27.33 Standards in the Rubber and Carbon Black Industries
Fillers Analysis 34-40 E 11 Specification for Wire-Cloth Sieves for Testing Pur-
éshtgnegy:iis - ion of Rubber Pol g;'gé poseé

I . rmination r mer: - . .

2 elermination of Ribher Folymers E 131 Terminology Relating to Molecular Spectroscopy

1.2 The values stated in Sl units are to be regarded as E 200 Practice for Preparation, Standardization, and Stor-
standard. The inch-pound units given in parentheses are for age of Standard and Reagent Solutions for Chemical
information only. Analysi$

1.3 This standard does not purport to address all of the E 422 Test Method for Measuring Heat Flux Using a
safety problems, if any, associated with its use. It is the \Water-Cooled Calorimetér
responsibility of the user of this standard to establish appro- E 443 Test Method for Sulfur in Organic Compounds by
priate safety and health practices and determine the applica- Oxygen Flask Combusti&#o
bility of regulatory limitations prior to useSpecific precau-
tionary statements are given in 31.6, 37.4.2, Note 7, Note 93. Terminology
Note 13, Note 18, Note 20, and Note 22; and X1.3.3 and 3.1 Definitions—The nomenclature and abbreviations used
X2.4.1.6. for natural and synthetic rubbers are in accordance with

2. Referenced Documents Practice D 1418.

2.1 ASTM Standards: 4. Reagents
D 982 Test Method for Organic Nitrogen in Paper and 4.1 Purity of Reagents-Reagent grade chemicals shall be
Paperboart used in all tests. Unless otherwise indicated, it is intended that

all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,

1 These test methods are under the jurisdiction of ASTM Committee D-11 on
Rubber and are the direct responsibility of Subcommittee D11.11 on Chemica

Analysis. 3
Current edition approved Sept. 15, 1993. Published December 1993. Originally 422232: gggt g: 22$m g:z:gzggz: (1)38;
published as D 297 — 28T. Last previous edition D 297 — 90. 5 Annual Book of ASTM Standardeol 03-06.
2 Discontinued; sed982 Annual Book of ASTM Standayrd®art 20. ¢ Annual Book of ASTM Standardéol 15'05'

7 Annual Book of ASTM Standardgol 15.03.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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where such specifications are availabl@ther grades may be 5.2 Diluted Acids and Ammonium Hydroxide
used, provided it is first ascertained that the reagent is o€oncentrations of diluted acids and ammonium hydroxide,
sufficiently high purity to permit its use without lessening the except when standardized, are specified as a ratio stating the
accuracy of the determination. number of volumes of the concentrated reagent to be added to
4.2 Purity of Water— Unless otherwise indicated, refer- a given number of volumes of water, as in the following
ences to water shall be understood to mean distilled water a@xample: HCI (1 + 9) means 1 volume of concentrated HCI
water of equal purity. (density 1.19) mixed with 9 volumes of water. Acids shall be
i added to water slowly, with stirring.
5. Concentration of Reagents 5.3 Standard Solutions-Concentrations of standard solu-
5.1 Concentrated Acids and Ammonium Hydroxie/hen  tions are expressed as normalities or as volume of solution that
acids and ammonium hydroxide are specified by name oreacts with or contains a given mass of material being used or
chemical formula only, it is understood that concentratecdetermined, for example: 0Nl Na ,S,0; solution, or CuSQ
reagents of the following densities or concentrations areolution (1 cni=0.001 g Cu).

intended: 5.4 Nonstandardized SolutiorsConcentrations of non-
Density, standardized solutions prepared by dissolving a given mass in
o Mg/m> a solvent are specified in grams of the reagent (as weighted
Acetic acid, HCH50,(99.7 %) 1.05 out)/dn? of solution, and it is understood that water is the
Formic acid, HCOOH 1.22 . iee
Hydrochloric acid, HCI 1.19 solvent unless otherwise specified, for example: NaOH (10
Hydrofluoric acid, HF (49 %) 116 g/dn?) means 10 g of NaOH dissolved in water and diluted
Nitric acid, HNO 1.42 : H
Phosphoric acide3PO4(85 %) 170 with water to 1 dri (Note 1). I_n_ the case of certain reagents the
Sulfuric acid, H,SO, 1.84 concentration may be specified as a percentage by mass, for
Ammonium hydroxide, NH,OH 0.90 example: ethanol (50 %) means a solution containing 50 g of
The desired densities or concentrations of all other concerf2thanol per 100 g of solution. Other nonstandardized solutions
trated acids are stated whenever they are specified. may be specified by name only, and the concentration of such
solutions will be governed by the instructions for their prepa-
ration.

8 Reagent Chemicals, American Chemical Society Specificatiomerican . . .
Chemical Society, Washington, DC. For suggestions on the testing of reagents not Note 1—Whenever a hydrated salt is used in the preparation of a

listed by the American Chemical Society, sdealar Standards for Laboratory ~eagent (for example, BaGPH,0) the preparation of the reagent is
Chemicals BDH Ltd., Poole, Dorset, U.K., and tHenited States Pharmacopeia described in detail. When an anhydrous salt is used in preparing a simple
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, aqueous solution the reagent is listed by title only and details of the
MD. preparation are not given.

PART A. GENERAL TEST METHODS

6. Scope and Application asbestine, talc, hydrated silica, antimony sulfide, halogen-

6.1 The general test methods described cover the analysis Pntaining components, and silicone polymers. No test method
many types of rubber products to determine the amount angf filler determination herein described will give accurate
type of nonrubber constituents and to calculate indirectly fronfesults in the presence of clay, asbestos, silica, talc, or any other
these data the amount of rubber constituent. hydrated filler unless a correction can be made for losses of

6.2 The applications and limitations of the test methods tavater of hydration on ashing. This correction can be made only
analysis of specific types of rubber products are given in théf the nature and quantity of these fillers are known. The
scopes of the various test methods. Application to types oihdirect test method will not give accurate results in the
rubber products not specified in the scope of a particular tegiresence of halogen-containing components or silicone rubber.
method shall be verified by application to a control of known|n the presence of antimony sulfide or carbonates decomposing
and similar composition. at 550°C, but in the absence of the above interfering constitu-

6.3 Special test methods for analysis are given for rubbegnts, approximate correction can be made by means of deter-
products containing glue, free cqrbon, antimony, lead, minerahination of total antimony (Section 50) or of the metal
oil, waxy hydrocarbons, and barium carbonate. associated with the decomposable carbonate (usually calcium,

6.4 For the determination of the amount of a rubber polymeiggqion 45) or (Section 49) and calculation of the original

present in a rubber product, an indirect test method is given onmposition of the compounding ingredient from these data.
which the nonrubber constituents are determined individually . . .
6.5 If factice or high percentages of mineral rubber are

or in groups, and the rubber polymer content is determined by X o
difference (Sections 11-13). If, in using this test method, fillerd?r€Sent, no accurate test method is known for determination of
are determined by the ashing test method (Section 35 or 365ybber content or for complete analysis of the rubber product.
satisfactory results will be obtained, except where there are 6.6 For the determination of the rubber content of hard
found to be present decomposable compounding ingredientsibber products, no accurate test method is described herein if
such as carbonates that decompose at 550°C, clay, asbestfigrs decomposable at 550°C are present.
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7. Blank Determinations rubber calender. The gross thickness of the resulting sheet
7.1 Blanks shall be run on all determinations to check theshould not be greater than 1.0 mm. If a rubber calender is not
purity of the materials used and deductions shall be mad@vailable, a similar sheet may be obtained by placing the

accordingly. sample in a hydraulic press or a vise. In the latter case, the
sample may be roughly spread by hand throughout the length
8. Check Analyses of the filter paper and pressure applied to small areas at a time

8.1 Duplicate determinations shall be made and shall checknil the whole sample has been flattened. , .
within the limits specified in the test method, when these are 9- Samples of rubberized cloth, whose overall thickness is
stated. no greater than 1.0 mm, may be prepared for analysis by

cutting them into pieces 1.5 mm square and then mixing well.
9. Preparation of Samples If the fabric is easily removed, it should be separated, unless an

1 Bef : le f vsis. th | hafnalysis of the whole cloth is desired.
9 efore preparing a sample for analysis, the analyst sha, 9.6 Samples of rubber cements shall be evaporated to

by inspection, assure himself that it has not been contaminated. . :
The sample to be analyzed shall be selected by taking piecg%iness In a vacuum oven at a temperature not higher than
from various parts of the original sample and separating the C. The residue may then be analyzed as an unvulc.an.|zed
from foreign matter. Because of the variety of rubber product§‘ample‘ A separate Samp'e Of. thg cement shall b? d|st!lled
to which this test method can be applied, no single procedurgnder reduced pressure if examination of the solvent is desired.
for reducing the sample to the required fineness is applicable to 97 Samples of h_ard rubber shall be Teduced to powder form
all samples. Therefore, several alternative procedures for thl%/ filing, cle_ane((tl) with amagnet, and aeve_d thrOUQh a No. 30
purpose are described in 9.2 to 9.7. The analyst is expected 00-um) S'.eVé' RQSIdUG retained on this sieve Sha” be
select the one most suitable to the sample that he is analyzir{Sduced until the entire sample passes through the sieve.

and the equipment available. _ 10. Preliminary Examination of Samples
9.2 For vulcanized soft rubber, unvulcanized rubber, crude ;44 e procedures given in 10.1.1-10.1.9 are for use in

rubber, and many samples of reclaimed rubber, it is preferablgetermining the number and kind of tests that should be
to mix the sample and grind it by passing it two or three times

through a clean, cold, laboratory rubber mill. The rubber willfggggrcﬁgdtscfbtam the desired information concerning the
come from the mil ir] the form of a coarse powder ora rough 10.1.1 Carbo.nates—Drop a small piece of sample into a
sheet._ If the product is in the form of a sheet, th_e adjustme_nt qfest tube containing HCI saturated with bromine. If a stream of
the mill shall be such that the thickness of the final sheet is n ubbles is given off, carbonates are present. The test is not
greater than 0.5 mm. If the sample is sticky, it shall be rolle pplicable to IIR pro’ducts ’

in a liner material that will not adhere to or contaminate the 10.1.2 Antimony and LeéeLAsh 20.2 to 0.3-g specimen in
sample. If the milled sample is a powder, it shall be transferre% o ! i

) ) ccordance with 35.4 or 36.4. Dissolve the ash in 18 of
to a No. 14 (1.40-mm).5|e\9aand 'rubbed through the sieve. HCI by heating. Dilute to about 40 chand decant or filter the
Grinding shall be continued until the entire sample passe

. Solution from the residue. Pass,&$l into the solution. If a
through the sieve.

red-orange precipitate forms, antimony is present and may be

9.3 In the absence of milling machinery, the sample may b%etermined on a rubber specimen in accordance with Section

prepared by cutting it with scissors so that it will pass a No. 1450. Organic sulfur shall be determined in accordance with 27.3.

0 . ;
(1.40-mm) sieve? The sample may be cut into long strips tha’g Dilute with water to about 400 cfrand again pass in J$. If

are fine enough to pass freely through the sieve and the stri S black precipitate appears, lead is present and organic and

fed through by hand, or the sample may be cut into smal ; ; ; ;
fragments and shaken through the sieve. The cutting shall bno(;gzaglz sulfur shall be determined in accordance with 28.3

continued until the entire sample passes through the sieve.
necessary, to prevent sticking, different fragments of the sieveg|

sa_\mple may be segregated by wrapping in a liner material th"i\gdicates the presence of carbon black. The test is not appli-
will not adhere to or contaminate the sample. cable to IR products.

9.4 Certain very glutinous samples may be prepared for 10.1.4 Barium Salts— If the sample contains carbonate, ash

extraction analysis as fOIIOWS: Place a we|gr_1ed 2-g sample Oz; small specimen, digest the ash in dilute HCI, cool, and filter.
the material between two pieces of ashless filter paper that h%dd a few drops of dilute KSO , to the filtrate. A white
4 .

been extracted in accordance with Section 21. The pape L . . P

) . ecipitate, insoluble in excess HCI, indicates the presence of
shoul? behaplp()jr%mmlateh:jSOO by 100 ngij(IZ(t)t bytim') andl th acid-soluble barium salts. The presence of acid-soluble barium
sampié should be placed near oneé end. Flatten né sample ts requires that organic sulfur shall be determined by the
spread it throughout the length of the filter paper by passing th sion method (Section 32)
“sandwich” lengthwise, through a cold, closely set, even-spee 10.1.5 Waxy Hydrocarbo.ns-lf waxy hydrocarbons are

present, they will solidify at — 5°C in the acetone extract as a
i _ _ o o white flocculent precipitate clinging to the sides of the flask.
10Detalled requirements for thgse sieves are given in Speuf_lcatlon E _11. . 10.1.6 Glue—Extract a portion of the sample with a mixture
A compressed volume densimeter that meets these requirements is avallableT o o .
from C. W. Brabender Instruments, Inc., 50 E. Wesley St., South Hackensack, N9T 32 % acetone and 68 % chloroform by volume &h in

07606. accordance with Section 21. Dry the specimen and digest for 1

10.1.3 Carbon Black— Heat a portion of the sample with
NO; until there is no more frothing. If the liquid is black, it
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h with hot water. Filter, cool, and add a few drops of a freshly Rubber polymer, %= A(100 - B) (1)
prepared solution of tannic acid (20 g/@ito the filtrate and Rubber as compounded, % C/D @)
allow to stand for a few minutes. If the solution becomes

. . . . . Rubber polymer by volume, % CE/F 3
turbid, glue is present and should be determined as described in POy Y ®)
Section 40. Rubber by volume, % GEF 4)

10.1.7 Factice—Digest the rubber remaining from the test \yhere:
for glue with NaOH solution (175 g/drf). Decant the liquid, A = factor listed in Table 1,
dilute, and acidify with HCI. Any cloudiness or precipitate B sum of percentages of total extract, alcoholic potash
indicates the presence of factice and the alcoholic potash extract, combined sulfur, inorganic fillers, carbon
extract (Section 22) shall be determined. black and glue as determined in accordance with
10.1.8 Other Fillers— An HCI-soluble ash indicates the Sections 21 (or 19 and 20), 22, 28.2.2, 34.1, 38 (Test
absence of clay, silica, silicates, titanium dioxide, barium Method A) or 39 (Test Method B), and 40.
sulfate, and lithopone. An HCl-insoluble ash indicates the needC rubber polymer, %
for a complete ash analysis if composition of the ash isD factor listed in Table 1,
required. E density of product as determined in 16.1,
10.1.9 Rubber Polymer Identificaties!f an identification ~ F density of rubber listed in Table 1, and
of the type of rubber polymer present in the sample is desiredG = rubber as compounded, %

proceed in accordance with Sections 52-58. DETERMINATIONS AND REPORT FOR GENERAL
RUBBER POLYMER CONTENT BY THE TEST METHOD
INDIRECT TEST METHOD

14. Determinations Required

11. Scope 14.1 A complete analysis of a rubber product for the
11.1 The rubber content of a product is calculated bypurpose of determining its quality and its specific composition

subtracting the sum of the nonrubber constituents from 100 %equires, in addition to rubber polymer content, the determina-

This test method is applicable to NR, IR, SBR, and BRtion of other values listed in 14.1.1-14.1.5.

products. It can also be applied to IR products if they are 14.1.1 Acetone Extract, Based on Rubber as

extracted with methyl ethyl ketone rather than with acetone. Compounded-Calculate the percentage of acetone extract,

based on rubber as compounded, as follows:

acetone extract, based on rubber as compounded, %
= (A/B) X 100 (5)

12. Terminology

12.1 Definitions:
12.1.1 rubber polymer—the characteristic and major com-
ponent of a natural or synthetic crude rubber. where:
12.1.2rubber as compoundedapproximately equivalent A = percentage of acetone extract, and
to the nonextended rubber used in the manufacture of a rubbe® = percentage of rubber as compounded.
product. It differs from the rubber polymer by the amount of 14.1.2 Sulfur Based on Rubber as Compoundetialculate
nonrubber material present in the crude rubber. For synthetithe percentage of sulfur, based on rubber as compounded, as
rubbers the quantity varies with the type of rubber and thédollows:
manufacturer and no definite percentage can be given. There- Sulfur, based on rubber as compounded=A/B) X 100

fore, for synthetic rubber, rubber as compounded shall be 6)
considered to be equal to rubber polymer except for SBR (see
Table 1). where:

A = percentage of total sulfur, and
percentage of rubber as compounded.

14.1.3 Inorganic Fillers—The inorganic fillers may be de-
termined as a unit or may be determined individually and
reported as in Itemslg) to (28) of 15.1.

14.1.4 Combustible Fillers—Carbon black and glue are the
combustible fillers which may be determined individually.

14.1.5 Additives—Additives such as factice, other rubber
substitutes, and softeners are not accurately determined. Their

12.1.3 rubber polymer by volumethe percentage by vol-
ume of a rubber product occupied by the rubber polymer. B

12.1.4 rubber by volume-is the percentage by volume of a
rubber product occupied by the rubber as compounded.

13. Calculation
13.1 Calculate the percentages of rubber as follows:

TABLE 1 Factors for Calculations

Rubber A D Density Mg/m* presence and an estimate of the quantities present may be
NR 94/97 0.94 0.91% found by determination of acetone, chloroform and alcoholic
IR 1.00 1.00 0.95 otash extracts, unsaponifiable matter, waxy hydrocarbons, and
SBR® 1.00 0.92 0.948 PO ) ! P ’ ynyar '

BR 1.00 1.00 0.908 mineral oil, and these values shall be reported in a complete
IR 1.00 1.00 0.928 analysis_

AWood, L. A., “Values of Physical Constants of Rubber,” Rubber Chemistry and
Technology, Vol. 12, 1939, p. 130. 15. Report

Bwake, W. C., “The Analysis of Rubber and Rubber-Like Polymers,” MacLaren
and Sons, Ltd., London, England, 1958, pp. 42 to 45.
€Containing 23.5 % bound styrene and not oil-extended.

15.1 The report may include any or all of the following
Items (1) to (17) if a detailed filler analysis is not desired; the
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purpose of the analysis shall determine the nature of the report. 16.3.2 Calculation— Calculate the density as follows:

. o 0.9971x A
(18) to (29) if a detailed analysis of inorganic filler is desired. Density at 25°C in Mg/ = A-B-O
Determined 8)
Percentage of by Section
(1) Al d 18.1 and 19 where:
cetone extract, correcte 1 an = H
(2) Waxy hydrocarbons 24 A _ mass of spec_lmen, 9 . L
3 Mineral oil 25 B = mass of specimen and supporting wire in water, g, and
(4 Chloroform extract 18 C = mass of supporting wire in water, g.
Eg zf:];ﬁngsu”w 22 - 16.4 Compressed Volume Densimeter
? Total sulfur 28273 16.4.1 Scope—T.his test method (_jescribes the use of a
(8 Fillers, inorganic 34.1 volume compressing densimeter which operates on a “Sample
(1(33 Garbon black S8 or39 Mass versus Compressed Sample Volume” ratio as a means of
(11) Rubber polymer 11-13, or 52-58 determining the density of rubbery materials _such as raw
(12)  Rubber polymer by volume 11t0 13 rubbers, carbon black masterbatches, or vulcanizable finished
(13 tliitt)i:er as compounded, natural or syn- 11 to 13 COI’T]pOUI"IdS in the uncured state.
(14) Rubber by volume, natural or synthetic 11 to 13 16.4.2 Terminology
(19 Percentage zf gcetone extract on rubber it 16.4.2.1 compressed volumeThe final equilibrium volume
as compounde 1. H 3 e H
16) Percentage of sulfur on rubber as com- 1412 attained by an_unvulcanlzed _rubber samplle when itis §1_ijected
pounded to a compressive force sufficient to cause it to flow until it fully
gg g$nsiwd_ o and insoluble matt ‘11623 conforms to the surrounding shape of the piston-cylinder test
licon dioxide and Insoluble matter
(19)  Silicon dioxide 42 chamber enclosure. _ _
(20) Lead oxide 43 16.4.2.2density—The ratio of sample mass to the final
(21) Iron and aluminum oxides 44 Compressed volume.
2. Calcium oxide 45 .
222 Magnesium oxide Pt 16.4.3 Summary of Test MethedThe mass of a test speci-
(24) Zinc oxide 47 men of unvulcanized rubber or rubber compound is determined
(25 Barium carbonate 49 to 0.01 g. The lid of the test chamber is removed, the sample
(26) Barium sulfate 48 . d d the lid | d d v f d. Suffici
(27 Antimony sulfide 50 inserted, and the lid replaced and securely fastened. Sufficient
(28) Titanium dioxide 51 compressive force is applied to the test chamber (by means of
DENSITY air pressure exerted on the inlet side of the drive piston), to
cause the sample to flow until it reaches its final compressed
16. Density volume. From the sample mass and its final compressed

16.1 Determine the density by use of a pycnometer, b
hydrostatic weighings, or by compressed volume densimete{0
Take measurements at a temperature between 24.5° a
25.5°C, unless the coefficient of expansion of the rubbe
product is known, in which case make the determination at an

convenient temperature and correct to 25°C.
16.2 Pycnometer Methad

volume the density may be calculated.

Y 16.4.4 Significance and Use This test method may be used

quality control in rubber product manufacturing operations,
research and development testing of raw rubbers, and for

revaluating the effects of additives to a rubber compound—

}Sarticularly the carbon black level in rubber masterbatches.
16.4.5 Apparatus

. . . 16.4.5.1 Compressed Volume Densiméf®rsee Fig. 1),
16.2.1 Procedure—Determine the density using the pyc- consists of an air operated piston-cylinder test chamber whose

nometer with alcohol in place of water to eliminate errors due;,. . - ;
1o air bubbles P dimensions (cross sectional area and cylinder length) are

. . . accurately known. In the empty state, the top surface of the test
16.2.2 Calculation— Calculate the density as follows: piston forms the bottom of the test chamber. As air pressure is
0.9971XA . b applied to the inlet side of the drive cylinder, the test piston will
A-(B-0) move upwards decreasing the available volume in the test
(") chamber. Measurement of the test piston travel via a linear
displacement transducer allows an evaluation of both the
mass of specimen, g, calibrated empty volume of the test chamber and the volume
mass of pycnometer filled with specimen and alcohol, remaining when a rubber sample is enclosed and compressed to
g, its final volume. The top of the test chamber is removable for
mass of pycnometer filled with alcohol, g, and sample insertion but upon replacing it into position it must be
density of alcohol (25°C), Mg/ffgm/cc). securely fastened as per the manufacturer’s instructions prior to

16.3 Hydrostatic Method starting the test.

16.3.1 Procedure—Weigh the specimen first in air and then  16.4.5.2 For measuring sample mass, a balance whose
suspend in water. Dipping of the specimen in alcohol followedoutput is electronically transferable to the computer memory of
by blotting before suspending in water for weighing will aid in the compressed volume densimeter is preferred. In the absence
the elimination of bubbles that cause errors in the determinasf this feature, a suitable balance may be used with a capacity
tion. A very fine wire is recommended as a supporting mediumof at least 310+ 0.01 g.

Density at 25°C in Mg/m=

where:
A

B
C
D
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may cause some sample loss due to leakage through the clearance between

INSTRUMENT the test chamber cap and the cylinder wall. If this happens, it is
PANEL recommended that the drive piston air supply be reduced to that level

< which will achieve adequate compression to fill the test chamber without

leakage.

d=5.9
o 16.4.7.2 Zero the electronic balance and check its accuracy

r8-5cm computen | With the standard mass supplied by the manufacturer.
— 16.4.7.3 Check the accuracy of the displacement transducer

7 with the standard metal cylinder of known mass, height, and
diameter as per the manufacturer’s instructions.

j o - i —@

‘1

A 4

»

777 9

A 16.4.7.4 Measure the mass of the sample-t01 g.

16.4.7.5 Remove the lid to the test chamber, insert the
sample, replace the lid, and lock it securely before pressuriz-
ing.

16.4.7.6 Activate the air supply to the drive cylinder and
adjust to 600 kPa (87 psi) (with a corresponding pressure on
the sample of 7389 kPa (1072 psi)). Allow the sample to
remain under compression until equilibrium volume is reached
as indicated by two or more identical readings in succession of
the output from the linear displacement transducer. Note the
total piston displacement value in centimeter0.001.

8.5¢cm

)

7
|
o1 Ol

€

16.4.8 Calculation
t— = 20cm—~ .‘ 16.4.8.1 Calculate the sample’s compressed volume as fol-
RS ows
PRESSU i

/I:I“WFTEsoOkpa (87 osi) Vs=kx D2X L
1 = Keyboard, Printerfy 6 = Drive Piston/Cylinder ©)
2 = Removable Lid to Test Cylin- 7 = Computer (input from balance h i
der & displacement transducer) where:
3 = Test Cylinder 8 = Electronic Balance Vs = compressed volume, &m
4 = Displacement Transducer D = test cylinder diameter, cm,
5 = Test Piston L = thickness of compressed sample, cm, and

FIG. 1 Compressed Volume Densimeter k = 0.0784.

16.4.8.2 Calculate the sample density as follows:
16.4.5.3 A means of storing and displaying the sample mass

Wo
(g = 0.01) and the test piston displacement ir?cn0.001) is D, Mg/m® = 5
convenient for rapid calculation of density, but in the absence (10)
of these features these values can be independently measured
and calculated. where: .
16.4.6 Sample Preparatian D = compressed density (see Note 4),
Wo = sample mass, g, and

16.4.6.1 A sample is cut from either a bale of raw rubber or
from a milled sheet of masterbatch or from an unvulcanized
rubber compound. A sample volume of 40 to 120 cc may be Note 4—Mg/m® is numerically equal to gm/cfn
used, with a sample size of approximately 100 cc recom- 16.4.9 Report the following information:
mended for best repeatability. 16.4.9.1 Date of test,

16.4.6.2 Unless otherwise specified, the standard tempera-16.4.9.2 Sample identification,
ture for testing shall be in accordance with 16.1 (that is#25  16.4.9.3 Test temperature,

0.5°C). 16.4.9.4 Type of compressed volume densimeter, include
16.4.7 Procedure _ _ critical dimensions if different from those of Fig. 1, and
16.4.7.1 Turn on the electric power supply, and adjust the 164,95 Results calculated in accordance with Eq 9 and Eq

compressed air supply to the drive piston to 600 kPa (87 psijg.

(see Fig. 1 and Note 2 and Note 3). 16.4.10 Precision and Biast

Note 2—600 kPa (87 psi) on the drive piston of the compressed 16.4.10.1 These precision statements have been prepared in
volume densimeter in Fig. 1 results in a compressive force of 18.9 kNaccordance with Practice D 4483. Refer to Practice D 4483 for
being applied to a sample in the test chamber or 7389 kPa (1072 psi). terminology and other statistical calculation details.
the dimensions of the compressed volume densimeter used differ from 16.4.10.2 The results presented in Table 2 give an estimate

those shown in Fig. 1 the air supply shall be adjusted to exert the samgf the precision of this test method with the SBR rubbers used
levels of force and pressure to the sample area.

Note 3—No minimum pressure on the sample is specified. For low
viscosity samples which have a measured ML-4 at $00.5°C of <40.0 11 Supporting data are available from ASTM Headquarters. Request RR:D11-
(see Test Method D 1646), the use of 600 kPa pressure on the drive pistansl.

sample volume, cfh
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TABLE 2 Compressed Volume Density, Type 1—Precision 48

NoTe 1—Measured Property = Density, Mgim

. Within Laboratories Between Laboratories
Material Average S ’ 0 SR R R
A (SBR1500) 0.944 0.00078 0.00217 0.23 0.00117 0.00328 0.35
B (SBR1712) 0.954 0.00100 0.00280 0.29 0.00148 0.00413 0.43
C (SBR1848) 1.134 0.00071 0.00198 0.17 0.00194 0.00542 0.48
Pooled (average) 1.011 0.00084 0.0024 0.23 0.00156 0.00440 0.44

AThe time period for precision is days.
B

Sr within laboratory standard deviation,
repeatability (in measurement units),
repeatability (in percent),

")

SR standard deviation for total between laboratory variability,
R reproducibility (in measurement units), and
(R) reproducibility (in percent).

in the interlaboratory program described below. These precihigh molecular mass hydrocarbons, and soaps. This is gener-
sion parameters should not be used for acceptance or rejectiafly called acetone extract. The percentages of free sulfur,
testing of materials without documentation that they arewaxy hydrocarbons, and mineral oil are determined and their
applicable to those particular materials and the specific testingum deducted from the acetone extract. The value obtained is
protocols that include this test method. known as acetone extract, corrected. The corrected figure thus
(1) Type 1 interlaboratory precision program was con-obtained will at times give valuable information regarding the
ducted. A period of 24 h separates replicate test results. Fivguality of the rubber present. This is not true, however, when
laboratories participated and three SBR rubbers were used. #he product contains substantial quantities of mineral oils or
test result is the value obtained from the average of threavaxes, bituminous substances, organic accelerators, or antioxi-
determinations. Each material was analyzed in triplicate on twalants. With products containing rubber that consists of only the
separate days. best grades of Hevea rubber, the acetone extract should not
16.4.10.3 Precision parameters are given in Table 2. exceed 5 % of the rubber present. A higher extract may indicate
16.4.10.4 The difference between two single test results (athe presence of inferior or reclaimed rubbers, added oils,
determinations) found on identical test material under thavaxes, or bituminous materials, or substantial quantities of
repeatability conditions prescribed for a particular test willorganic accelerators or antioxidants. No correction is possible
exceed the repeatability on an average of not more than once for small quantities of antioxidants and organic accelerators,
20 cases in the normal and correct operation of the test methoglince no general method is now known for the separation and
16.4.10.5 The difference between two single independeritientification of all classes of these materials. Practice D 3156
test results found by two operators working under the premay be used for the qualitative detection of antidegradants in
scribed reproducibility conditions in different laboratories onthe acetone extract of vulcanized rubber products. Acetone
identical test material will exceed the reproducibility on anextract shall be taken as the percentage of acetone extract
average of not more than once in 20 cases in the normal andinus the percentage of sulfur as determined on the acetone

correct operation of the test method. extract by Section 30. Acetone extract shall be determined in
16.4.11 Keywords accordance with Section 19.
16.4.11.1 compressed volume; densimeter; density; mass; 18.1.2 chloroform extract—The chloroform extraction re-
mass/volume ratio moves a portion of the bituminous substances and serves as an

indication of their presence. The chloroform extract may also
EXTRACT ANALYSIS include other materials, including small portions of rubber for
17. Scope which no correction is made. The chloroform extract shall be

17.1 The test methods described in Sections 18-26 cover thdeetermmed in accordance with Section 2,0' .
18.1.3 total extract—The total extract is the material re-

removal from a rubber product of all nonrubber constituents

soluble in specified organic solvents. move_d _from the rubber product, by extraction with a mixture
consisting of 32 % acetone and 68 % chloroform by volume,

18. Terminology for a period of at least 8 h. It is also approximately equal to the
18.1 Definitions of Terms Specific to This Standard: sum of the acetone and chloroform extracts. The total extract

18.1.1 acetone extraetIf the acetone extract is made on Shall be determined in accordance with Section 21.
vulcanized rubber products the acetone removes rubber resins,18.1.4 alcohol potash extraet-The purpose of the alcoholic
free sulfur, acetone-soluble plasticizers, processing aids, mifRotash extraction is to detect the presence of rubber substitutes.
eral oils or waxes, acetone-soluble antioxidants and organi€he alcoholic potash extract shall be determined in accordance
accelerators or their decomposition products, and fatty acids. With Section 22.
also removes part of bituminous substances, vulcanized oils, 18.1.5 unsaponifiable acetone extraeThe unsaponifiable



A8y D 297

acetone extract is the portion of the acetone extract that is not ,-=79mm.
saponified by a 1IN alcoholic KOH solution. It shall be o E—L
determined in accordance with Section 23.

18.1.6 waxy hydrocarbons-The waxy hydrocarbons are
the portion of the unsaponifiable acetone extract that is
removed by extraction with absolute ethanol and that separates
from the alcoholic solution on cooling to — 5°C with a mixture
of salt and ice. Waxy hydrocarbons shall be determined in
accordance with Section 24.

18.1.7 mineral oi—Mineral oil in the rubber product is the
portion of the unsaponifiable acetone extract that is soluble in
absolute ethanol at — 5°C and that is soluble in carbon tetra-
chloride and is not attacked by concentrateg58,. Mineral
oil shall be determined in accordance with Section 25.

18.1.8 Rapid Reflux Extracts:

18.1.8.1 complete extraet-Rapid reflux extraction of vul-
canized rubber products with methyl ethyl ketone removes all
of the solvent-soluble organic materials not chemically com-
bined with the rubber. It includes rubber resins, free sulfur,
plasticizers, processing aids, antioxidants and organic accel-
erators or their decomposition products, bituminous sub-
stances, fatty acids, soaps, and part of any vulcanized oils. It
shall be determined in accordance with Section 26

18.1.8.2free extract—Rapid reflux extraction of vulcanized
rubber products with acetone removes most of the solvent-
soluble organic materials not chemically combined with the
rubber. It includes rubber resins, free sulfur, plasticizers,
processing aids, antioxidants and organic accelerators or their )
decomposition products, and fatty acids, but only part of 70‘,,,,,,»_____4
bituminous substances, vulcanized oils, high-molecular-weight £~ 5 gytraction Apparatus with Block Tin Condenser
hydrocarbons, and soaps. It shall be determined in accordance
with Section 26.

18.1.8.3 bound extract-Bound extract consists of materials more than 10 days before use. Use the fraction boiling between
removed from vulcanized rubber products by methyl ethylsg and 57°C.
ketone in rapid reflux extraction but not removed by acetone in 19 4 procedure
rapid reflux extraction. It includes part of any bituminous 1941 place a weighed specimen of approxinya2ed in a

substances, vulcanized oils, high-molecularweight hydrocarier naner. If the specimen is in the form of a sheet (see 9.2),
bons, and soaps not chemically combined with the rubber. It i it with scissors into strips 3 to 5 mm in width. If the
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shall be determined in accordance with Section 26. specimen becomes tacky during the extraction, take care that
adjacent portions are separated by paper. Fold the paper so that
19. Acetone Extract it will fit in the extraction cup and suspend the cup in a weighed

19.1 Scope—This test method covers the determination ofextraction flask containing 50 to 75 érof acetone. (Prior to
the percentage of acetone extract (see 18.1). This test methege weighing of the extraction flask, it shall have been dried for
is also applicable when any of the following quantities are to be2 h at 70+ 5°C and cooled in a desiccator to the temperature
determined: unsaponifiable acetone extract (Section 23), waxyf the balance.)
hydrocarbons (Section 24), mineral oil (Section 25), sulfur in  19.4.2 Extract the specimen continuously for 16 h heating at
acetone extract (Section 30), and in any procedure where afirate such that the time required to fill and empty the siphon
acetone-extracted specimen is required. It is applicable tgup will be between 2.5 and 3.5 min. (Rubber products having
crude, unvulcanized, reclaimed, or vulcanized NR, SBR, BRa ratio of total sulfur to rubber polymer in excess of 10 %, shalll

and IR types of rubber products. be extracted for 72 h.) Carefully note all characteristics of the
19.2 Extraction Apparatus extract, when hot and cold.
19.2.1 The extraction apparatus used shall be of the general 19.4.3 Evaporate off the acetone over a steam bath, using a
type and dimensions shown in Fig. 2 or Fig. 3. gentle current of filtered air to prevent boiling. Remove the

19.2.2 The apparatus in Fig. 2 shall consist of a glasslask from the steam bath just prior to the disappearance of the
conical flask, glass extraction cup, and block tin condensefast traces of solvent to prevent loss of extract. Continue the
The apparatus in Fig. 3 shall be all glass. passage of air through the flask for 10 min to remove the

19.3 Solvent: Acetone- USP grade acetone may be used if remaining solvent and dry the flask'f® h at 7G= 5°C in an air
distilled over anhydrous potassium carbonate,(GdR;) not  bath.
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r BOIW last traces of solvent to prevent loss of extract. Continue the
I passage of air for 10 min to remove the remaining solvent and
dry the flask fo 2 h in an airbath at 70+ 5°C.

20.4.3 Cool in a desiccator to the temperature of the balance
and weigh. Reserve the extracted sample for extraction with
alcoholic potash (Section 22).

20.5 Calculation— Calculate the percentage of chloroform
extract as follows:

Chloroform extract, %= (A/B) X 100 (12)

240 mm. mimimum

where:
A
B

grams of extract, and
grams of specimen used.

5 21. Total Extract

34/45 joint

—/\mm 21.1 Scope—The total extract (see section 18.3 ) may be
used to replace the sum of the acetone and chloroform extracts

S s when analysis is to be performed on an extracted specimen or
€ exiraction cup el when rubber polymer is being determined in accordance with
£ —mzin*] T 13.1. Its application is restricted to vulcanized NR, SBR, BR,
2 o oz mm and IR types of rubber products.
\é o 21.2 Apparatus—The extraction apparatus shall be that
\op described in 19.2.

i b
)—‘250-cm3 capacity 213 Reagents

FIG. 3 Extraction Apparatus with Glass Condenser 21.3.1 Acetone—See 19.3.
21.3.2 Chloroform—See 20.3.

19.4.4 Cool in a desiccator to the temperature of the balance 21-4 Procedure _ _ _
and weigh. 21.4.1 Place a weighed specimen of approxinya2ef) in a

19.5 Calculation— Calculate the percentage of acetonefilter paper. If the specimen is in the form of a sheet, cut it with
extract as follows: scissors into strips 3 to 5 mm in width. If the specimen
becomes tacky during the extraction, take care that adjacent

Acetone extract, %= (A/B) x 100 (1) portions are separated by paper. Fold the paper so that it will fit
where: in the extraction cup, and suspend the cup in a weighed
A = grams of extract, and extraction flask containing 50 to 75 érof a mixture consisting
B = grams of specimen used. of 32 parts of acetone and 68 parts of chloroform by volume.

Use care in disposing of excess solvent mixture. Acetone plus
20. Chloroform Extract chloroform can react with bases to form explosive mixtures.

20.1 Scope—This test method covers the determination of (Prior to the weighing of the extraction flask, dry itrfa h at
the amount of material removed from a vulcanized rubber’O * 5°C and cool in a desiccator to the temperature of the
product by extraction with chloroform after the specimen hagd’alance.)
been extracted with acetone (see section 18.2). Its application 21.4.2 Extract the specimen continuously for 16 h heating at
is restricted to vulcanized NR, SBR, BR and IR types of rubbes rate such that the time required to fill and empty the siphon

products. cup will be between 2.5 and 3.5 min. (Rubber products having
20.2 Apparatus—The extraction apparatus shall be thata ratio of total sulfur to rubber polymer in excess of 10 % shall

described in 19.2. be extracted for 72 h.) Carefully note all characteristics of the
20.3 Solvent: Chloroform-Chloroform of USP grade may extract, when hot and cold. If the color is black, make a

be used in extraction. chloroform extraction as described in Section 20 and add the
20.4 Procedure value for the chloroform extract to the result obtained for total

20.4.1 Suspend the extraction cup containing the specimegxtract.
that has been extracted with acetone (19.4) in a second 21.4.3 Evaporate off the solvent over a steam bath, using a
weighed extraction flask containing 50 to 75%of chloroform  gentle current of filtered air to prevent boiling. Remove the
and extract it fo 4 h with the chloroform, using the extraction flask from the steam bath just prior to the disappearance of the
rate prescribed in 19.4. (Rubber products having a ratio of totdhst traces of solvent to prevent loss of extract. Continue the
sulfur to rubber polymer in excess of 10 % shall be extracteghassage of air through the flask for 10 min to remove the
for 24 h.) Record the color of the chloroform solution. remaining solvent and dry the flaskrfa h in a 70+ 5°C air
20.4.2 Evaporate the chloroform over a steam bath, using bath.
gentle current of filtered air to prevent boiling. Remove the 21.4.4 Coolin a desiccator to the temperature of the balance
flask from the steam bath just prior to the disappearance of thend weigh. Save the extracted rubber for further tests that
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require the use of an extracted specimen (see Sections 31, C to constant mass, cool, and weigh.

33, 38 and 52). 22.4 Calculation— Calculate the percentage of alcoholic
21.5 Calculation— Calculate the percentage of total extract potash extract as follows:
as follows: Alcoholic potash extract, % (A/B) X 100
Total extract, %= (A/B) X 100 (13) (14)
where: where:
A = grams of extract, and A = grams of extract, and
B = grams of specimen used. B = grams of specimen used.
22. Alcoholic Potash Extract 23. Unsaponifiable Acetone Extract

22.1 Scope-This test method covers the determination of 23.1 Scope—This test method covers the determination of
the amount of material that can be removed by alcoholic KOHhe amount of unsaponifiable material contained in the acetone-
from a rubber product that previously has been extracted witsoluble portion of a rubber product (see section 18.5 ).
acetone and chloroform (see section 18.4 ). Its application is 23.2 Reagents
restricted to vulcanized NR, SBR, BR, and IR types of rubber 23.2.1 Alcoholic Potash Solutior-See 22.2.1.
products. 23.2.2 Ether.

22.2 Reagents 23.2.3 Phenolphthalein Indicator Solutier Dissolve 0.5 g

22.2.1 Alcoholic Potash Solutionr-Prepare a M alcoholic  of phenolphthalein in 100 cfrof ethanol.
potassium hydroxide (KOH) solution by dissolving the re- 23.3 Procedure
quired amount of KOH in absolute ethanol that has been 23.3.1 Add to the acetone extract obtained from a 2-g
purified as follows: Dissolve 1.3 g of silver nitrate (Agh)dn  specimen (see 19.4), 50 &mf a 1N alcoholic KOH solution,

3 cn? of water and add it to 1 driof alcohol. Dissole 3 g of  condenser for 2 h, remove the condenser, and evaporate to
KOH in the smallest amount of hot water possible, cool, add idryness.

to the AgNQ solution, and shake thoroughly. Allow the 23.3.2 Transfer to a separatory funnel, using about 100 cm
solution to stand for at least 24 h, filter, and distill. of water. Extract with 25 crhof ether. Allow the layers to

Note 5—Absolute ethanol denatured with 10 % by volume of methal-separa.t’a thoroughly; then draw gff the water I.ayer' Continue
nol, or anhydrous ethanol conforming to Formula No. 2B of the U. S._eXtraC_t'on of t_he water lay_e_r with fres_h portlons of e_ther'
Bureau of Internal Revenue may be used in place of absolute ethanol. including washing out the original flask with a portion, until no

22.2.2 Congo Red Paper more unsaponifiqble matter is removed. This usually requi(es
0 about four washings. Unite the ether layers and wash with

22.2.3 Ethanol (95 %). . ; o .

22 2 4 Ether. water until a negative test for alkali using phenolphthalein

22 3 Procedure indicator is obtained on the wash water.

22.3.1 Remove the specimen remaining after the chlorot-h 23'5;’]‘3 Transier th% ett:er oa weig:lhedt flask afnf('jl dis'gll 9ff
form extract (Section 20) or total extract (Section 21) from its e ether on a steam bath using a gentle stream of filtered air to

rapping material, while wet with solvent and dry the r bberPrevent bpi!ing. Continue the air stream for 5 min after the
‘;Vt 7%2' 5%0 o rémo\cvelthgvsol\\l/vclants v y . ether is distilled off. Dry the extract to constant mass at £00
22 3.2 Transfer to a 200—c°hErIeﬁmeyer flask. add 50 &n °C and weigh. Save the residue for determination of waxy

of alcoholic potash solution, and heat under a reflux condensé}yggozegb?nsl (t_Sectiocl:"n f4)| atndﬂr]nineral Oitl (Sectfion 25). i
for 4 h. In the case of hard rubber, continue the heating for 16~ alculation— tajcuate i € percentage of unsaponifi-
h or more. able acetone extract as follows:

22.3.3 Filter into a 250-chbeaker, wash with two 25-cin Unsaponifiable acetone extract, %6(A/B) X 100
portions of boiling alcohol and then with three 25-mortions (19)
of boiling water, and evaporate the filtrate just to dryness. Use,here:
about 75 cm of water to t_ransfer the d_rled fllprate residue toa p grams of extract, and
separatory funnel. Acidify the solution with HCI (1+3), pg grams of specimen used.
testing with Congo red paper.
22.3.4 Extract with four 25-cfrportions of ether, unless the 24. Waxy Hydrocarbons
fourth portion should be colored. In this case, continue the 24.1 Scope-This test method covers the determination of
extraction until the ether extract is colorless. Unite the ethethe amount of waxy hydrocarbons contained in the unsaponi-
fractions and wash thoroughly with water until free of acidfiable acetone extract that are soluble in ethanol and that
(two washings are generally sufficient). separate from an ethanol solution on cooling to — 5°C.
22.3.5 Filter the ether solution through a plug of previously 24.2 Reagents
washed absorbent cotton into a weighed flask and wash the 24.2.1 Chloroform—See 20.3.
separatory funnel and the cotton plug with ether. Evaporate the 24.2.2 Ethanol, Absolute
ether on a steam bath, using a gentle current of filtered air to 24.2.3 Ethanol (95 to 100%).
prevent boiling. Remove the flask from the steam bath just 24.3 Procedure
prior to the disappearance of the last traces of solvent and 24.3.1 To the unsaponifiable matter, obtained from 23.3.3,
continue the passage of air for 10 min. Dry the flask at #00 add 50 cm of absolute ethanol and heat on the steam bath for

10
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30 min. Let the flask stand in a mixture of ice and salt kept26. Rapid Reflux Extracts

at-5°C for at least 1 h. Filter off the separated waxy 26 1 Scope-This test method covers the determination of
hydrocarbons on filter paper by applying gentle suction whil&he amount of material removed from a vulcanized product by
keeping the filter funnel surrounded by a salt-ice mixturerapid reflux extraction with a specified solvent or the removal
at - 5°C or lower. Wash the precipitate with ethanol (95 t0 100sf extractable material from a rubber product that is to be
%) that has been cooled to-5°C or lower in an ice-saltynalyzed further (see section 18.8 ). It is applicable only to
mixture. Save the filtrate and washings for determination of,yjcanized NR, SBR, BR, IR, and IIR products and is used
mineral oil (Section 25). when the extracts themselves are not to be analyzed further.
24.3.2 Dissolve the precipitate from the filter paper with hotThe values obtained are not necessarily equivalent to those

chloroform, and catch the solution in a weighed 100 to 150-Cnpptained by continuous extraction procedures (Sections 19, 20,
3 beaker. Wash the flask with hot chloroform and add thegng 21).

washings to the solution in the beaker in order to include any 26.2 Reagents

insoluble matter adhering to the walls of the flask. Evaporate 26 2.1 Acetone

the solvent on a steam bath, passing a gentle current of filtered 26 2 2 Methyl Ethyl Ketone

air over the residue for 5 min after the solvent is essentially 26.3 Procedure—Mill the sample until a homogeneous
evaporated. Dry to constant mass at 1805°C, cool, and  sheet not more than 0.75 mm (0.030 in.) thick is formed. Cut

weigh. specimens weighing between 90 and 110 mg into different
24.4 Calculation— Calculate the percentage of waxy hy- identifying shapes and weigh to the nearest 0.1 mg. Place 25
drocarbons as follows: cm?® of methyl ethyl ketone per specimen for complete extract
Waxy hydrocarbons, % (A/B) X 100 @16)  or of acetone for free extract in a 250-cm Erlenmeyer flask for
as many as six specimens. Drop the specimens into the flask,
where: connect it to a condenser, and reflux for 60 min. Disconnect the
A = mass of waxy hydrocarbons, and flask and remove it from the hot plate. Pour the contents onto
B = grams of specimen used. a clean No. 100 (150-um) sieve¢o recover the extracted

) i pieces. (The appearance of small particles on the screen

25. Mineral Oil indicates loss of part of the specimen.) Gently blot the
25.1 Scope—This test method covers the determination ofextracted pieces between paper towels to remove excess

the amount of mineral oil that is extracted from a rubbersolvent. Dry the pieces at 105°C for 15 min. Cool the pieces for

product with acetone. The mineral oils found are saturated0 min and weigh them to the nearest 0.1 mg.

hydrocarbons that are soluble in ethanol at — 5°C, are soluble 26.4 Calculation— Calculate the percentages of material

in CCl,, and are not attacked by concentratess8 ,. extracted from a vulcanized material as follows:
25.2 Reagents Complete extract, % (A/B) X 100 (18)
25.2.1 Carbon Tetrachloride(CCl,).
25.2.2 Ether. where: . .
25.2.3 Sulfuric Acid (H,SO,). A = mass loss during extraction with methyl ethyl ketone,
and

25.3 Procedure—Evaporate the alcohol filtrate from the
waxy hydrocarbon determination (24.2.1), using a gentle
current of filtered air to prevent boiling, add 25 twf CCl,, Free extract, %= (A/B) X 100 (19)
and transfer to a separatory funngl. Shake witQSﬁD4, drain where:
off Fhe colo_red acid, and repeat with erSh portions %SB“ A = mass loss during extraction with acetone, and
until there is no longer any discoloration of the acid. After g _ mass of specimen used.
drawing off all of the HSQO,, add a portion of water and
sufficient ether to form the ether-CLlayer above the water Bound extract, %= A — B
and wash repeatedly with water until all traces of acid are
removed as shown by a methyl red indicator test on the wategyhere:
layer. Transfer the ether-CLlayer to a weighed flask and A
evaporate the solvent on a steam bath, using a current oB
filtered air to prevent boiling. Remove from the steam bath just
prior to the disappearance of the last traces of solvent and
continue the flow of air for 10 min. Dry to constant mass in an27, Scope
air bath at 100+ 5°C, cool, and weigh.

25.4 Calculation— Calculate the percentage of mineral oil

B = mass of specimen used.

(20)

percentage of complete extract, and
percentage of free extract.

SULFUR ANALYSIS

27.1 The test methods for determination of sulfur are for use
in determining the quantity of different forms of sulfur found in

as follows: rubber products. The application to different types of rubber
Mineral oil, % = (A/B) X 100 (17)  products is covered in the scopes of the specific test methods.

where: 28. Terminology

A = grams of residue, and 28.1 Definitions:

B = grams of specimen used. ' |

28.1.1 Historical Evolution of Definitions-In the past, the

11
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types of sulfur present in a rubber vulcanizate have beedetermination of inorganic sulfur (Section 33). The specimen
defined in various ways, often as a compromise between ashall be extracted with acetone (19.4) or with acetone-
absolute definition and a definition of what can be determineadhloroform mixture (21.4). The latter extracting solvent is
by chemical analysis. At the beginning of the development opreferred, especially if sulfur-bearing additives are known or
these analytical test methods, three types of sulfur were defineslispected to be present. Combined sulfur, plus the sulfur
in a manner in which they could be determined. Free sulfur wagresent in inorganic compounds, shall be determined on the
the sulfur extractable by acetone. Total sulfur was all of theextracted sample in accordance with Section 31 in the absence
sulfur, in any form, present in the sample. Sulfur in ash waof acid-soluble barium salts, antimony and inorganic lead
that sulfur present in inorganic sulfur-bearing fillers plus anycompounds, and in accordance with Section 32 if any of these
sulfur that combined with the fillers during the ashing processcompounds are present. The combined sulfur shall be calcu-
In more recent years, two types of free sulfur were defined; théated by subtracting the inorganic sulfur (Section 33) from the
sulfur extractable with acetone or acetone-chloroform, and thaabove determined combined sulfur plus inorganic sulfur. Ap-
sulfur extractable with sodium sulfite. Total sulfur was rede-plication to NBR and IR compounds must be verified by use
fined to exclude all sulfur in inorganic sulfides and sulfatesof known control samples.

This change necessitated the addition of definitions and meth- 28.2.3 total sulfur—all the sulfur present in a rubber com-
ods for determination of organic sulfur (organically combined,pound. The total sulfur shall be determined in accordance with
nonextractable sulfur) and inorganic sulfur; essentially theSection 31 in the absence of barium sulfate, acid-soluble
same, in most cases, as sulfur in ash. In the current revisigparium salts, inorganic lead compounds, and antimony com-
(28.2) only three terms are officially defined; total sulfur, free pounds. Section 32 must be used on compounds containing any
sulfur, and combined sulfur. Of these, the first two can beof the above inorganic compounds.

determined accurately, but free sulfur is subject to interpreta- 28.2.4 sulfur, acetone extraetthe sulfur removed from a
tion of the meaning of the results. Combined sulfur cannot béubber by extraction with acetone (Section 19) or acetone-
accurately determined in some cases in its true meaning. Song8loroform mixture (Section 21). This method determines
Secondary terms have been retained to aid in describing ﬂﬁgemental sulfur, sulfur in solvent-soluble accelerators and part
steps and methods necessary for the determination of combin&dl the sulfur present in factice, mineral rubber, reclaimed
sulfur. Sulfur, acetone extract (Section 30) has been retained &4Pber, and extender oils. It does not determine free sulfur, and
a means of determining all extractable sulfur, but free elementhe inclusion of the method is largely for the purpose of

tal sulfur is not determined by this test method or by the freedetecting the presence of sulfur-bearing rubber substitutes such
sulfur test method (Section 29). as factice and mineral rubber, or for detecting the presence of

28.2 Definitions, Current: an unusually large amount of elemental sulfur or accelerators.

. ., It shall be determined in accordance with Section 30.
28.2.1 free sulfur—the sulfur in a rubber compound avail-
able for further vulcanization that is extractable by sodium29. Free Sulfur

sulfite. This sulfur is determined by titrating the thiosulfate g 1 Scope—This test method covers the determination of
resulting from extraction with sodium sulfite solution (50 the amount of free sulfur (see 28.2.1) in rubber products. It is
g/dn?). It represents essentially elemental sulfur, but Wi”applicable to NR, SBR, BR, NBR, CR, and IR products.
include small amounts of coordinately bound sulfur (such as 29 2 Apparatus
some of the pOIySUIfide SUIfUr) and Organically bound sulfur in 29.2.1 Buchner Funnelsprepared by forming a thin asbes-
some cases, particularly in the presence of thiuram disulfidgys pad, or a thicker layer of a diatomaceous earth filter-aid,
compounds. Free sulfur shall be determined in accordance Withver a single sheet of qualitative filter paper. Filters thus
Section 29. prepared can be used numerous times.

28.2.2 combined sulfur (nonextractable organically com- 29.3 Reagents and Materials
bined sulfur}—the sulfur from any source in a rubber com- 29.3.1 Cadmium Acetate Solutio(80 g/dn?).
pound which, through the process of vulcanization, has become 29.3.2 Cadmium Acetate Wash Solutigf.2 g/dn7).
chemically bound to the rubber or other organic constituents, 29.3.3 Formaldehyde Solutior{40 %).
and which is not removed by extracting solvents. This sulfur, 29.3.4 Glacial Acetic Acid
when determined as prescribed in this section and in the 29.3.5 lodine, Standard Solution (0.05 N) Add 6.35 g of
absence of nonextractable sulfur-bearing fillers, may, in théodine and 20 g of potassium iodide (KI) to a beaker and just
ideal case, be an approximation of the sulfur of vulcanizationcover with water. Let stand with occasional stirring until
However, any interpretation of the results must be made witldissolved, adding a small additional amount of water if
the knowledge that the results may include any of the follow-necessary. When dissolved, dilute to 1 %irilter through a
ing: (1) sulfur combined with rubber; @) sulfur present in filter crucible, and store the solution in a stoppered, brown
sulfur-bearing rubber chemicals that is not extracted by acetonglass bottle. Standardize, preferably on the day it is to be used,
or acetone-chloroform mixture3) part of the sulfur present in against the National Institute of Standards and Technology
factice and mineral rubber4) the sulfur contained in carbon standard sample No. 83 of arsenic trioxide in accordance with
black; ) sulfur in reclaimed rubber that is not extracted by the instructions furnished with the standard sample.
acetone or acetone-chloroform mixturé) éulfur in extender 29.3.6 Paraffin
oils that may not be extracted?)(a possible error if any of the 29.3.7 Sodium Stearate Suspension in Watgrg/dnT).
combined sulfur combines with inorganic fillers during the 29.3.8 Sodium Sulfite Solutio50 g N&SQ,/dn).
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29.3.9 Starch Solution (10 g/dn?). 31. Sulfur in Rubber Products by Oxygen Flask
29.3.10 Strontium Chloride Solutior(5 g SrCL/dm). Combustion
29.4 Procedure 31.1 Scope

29.4.1 Plae 2 g of asample thinly sheeted (0.5t0 0.75 mm  31.1.1 This test method covers the determination of all the
(0.02 to 0.03 in.)) in a 400-cfn thin-walled, chemically sulfur except that contained in barium sulfate, in a sample of a
resistant glass flask. Add 100 cmiof Na,SO 5 solution, 5cm rubber product. The test method is applicable to NR, CR, SBR,
of a sodium stearate suspension in water, and approximatelyBR, IR, IIR, EPDM, and NBR products.

g of paraffin. Cover the flask with a small watch glass and 31.1.2 This test method gives unreliable (usually low)
gently boil for 4 h, or digest just below the boiling point for 16 results in the presence of lead compounds. Antimony and
h. Remove the flask and add 100%ai SrCl, solution and 10  barium salts interfere.

cm® of cadmium acetate solution. Separate the rubber and 31.2 Summary of Test MethedThe sample, wrapped in
precipitate by filtration, using a Blichner funnel with suctionfilter paper, is burned in an oxygen combustion flask; the
(see 29.2.1). Wash with two 75 to 100-Enportions of  carbon and hydrogen of the organic matter are oxidized, and
cadmium acetate wash solution. the sulfur is converted to sulfate ions by combustion and

29.4.2 To the filtrate add, while stirring, 10 chof formal-  adsorption in hydrogen peroxide. The sulfate is titrated with
dehyde solution, 10 ciof glacial acetic acid, and 5 chof  barium perchlorate using a Thorin indicator solution after the
starch solution. Add enough crushed ice to bring the temperaemoval of interfering cations, if any, with an ion exchange
ture of the solution below 15°C, and titrate with 0.R50dine  resin.

solution to a blue end point. 31.3 Apparatus
29.5 Blank—The blank determination on the reagents 31.3.1 Oxygen Combustion Flask (Schoniger Flasiy
should not exceed 0.2 to 0.3 ém chemical-resistari? thickwalled oxygen combustion flagg,
29.6 Calculation— Calculate the percentage of free sulfur 1000 cn? with 35/35 ball joint stopper, platinum sample
as follows: carrier, and pinch clamp.

31.3.2 Infrared Safety Ignitet* with cabinet and infrared
1) light (an electrical igniter is also satisfactory).
31.3.3 Microburet 5 or 10-cni capacity, with graduations

Free sulfur, %= (A — B) N X 0.032C X 100

where: of 0.01 cn¥:
A = volume of iodine solution required for titration of the 31.3.4 Magnetic Stirring Bar covered with chemical-
sample, cri _ o resistant coating® approximately 25 mm (1 in.) long, without
B = volume of iodine solution required for titration of the  spinning ring around the center.
blank, cn, o _ 31.3.5 Magnetic Stirrer
N = normality of the iodine solution, and 31.3.6 High-Intensity Lamg® adjustable. (Helpful but not
C = grams of sample used.

absolutely necessary.)

31.3.7 Filter Paper, 30 by 30-mm, with 35-mm extension,
30. Sulfur, Acetone Extract black' for infrared, or whité for electrical ignition.

30.1 Scope—This test method covers the determination of 31.3.8 Chromatographic Columnsmall, drying tube, or
the amount of sulfur in the acetone extract. It is applicable tather device that will serve as an ion exchange column for 5 g
NR, SBR, BR, IR, and CR products and to IIR products if theof resin.
extraction is made with methyl ethyl ketone instead of acetone. 31.3.9 Beaker 250-cm? capacity.

The analysis shall be performed on an acetone extract prepared31.4 Reagents

as described in Section 19. 31.4.1 Barium Perchlorate (0.01 My-Dissolve 3.363 g of
30.2 Reagents barium perchlorate (Ba(Cl,) in water, dilute to 1 dr
30.2.1 Bromine Standardize the barium perchlorate by weighing about 0.1000
30.2.2 Nitric Acid, Fuming g of anhydrous sodium sulfate (M&O,) to = 0.0001 g,

30.2.3 Zinc-Nitric Acid Solutior-Add 200 g of zinc oxide ~ dissolving in 10 crfi of water, making to exactly 100 chin a

(ZnO) to 1 dni of HNO, slowly and with caution. Use Volumetric flask and mixing thoroughly, transferring exactly 10
protection for the face and hands. cm® of this to a small beaker and proceeding according

30.3 Procedure—Add to the flask containing the acetone 1031.7.11 t°31-7-1f- Molarity = (0.X A X 1000)/
extract, 10 cr of Zn-HNO 5 solution and 2 to 3 chof (142.06X B), where A=grams of NaSO, weighed, and

bromine and cover with a watch glass. Allow to stand near & = cubic centimetres of Ba(CIf, required for the titration.
steam plate for 30 min; then heat on the steam plate to a foanfyeStandardize often enough to detect changes of 0.8D05
syrup. Add 10 crii of fuming HNG, and heat on the hot plate,

with the cover removed, until all bromine is expelled. Continue

. . 13 . . B
the determination as described in X1.3.3 to X1.3.5. S"J‘tisf,g.cg;yThomas Co., Philadelphia, Pa., Catalog No. 6514-F20 has been found

4 A. H. Thomas Co., Catalog No. 6516-G10 has been found satisfactory.
15 polytetrafluoroethylene has been found satisfactory.
16 Model 7100, Tensor Corp., 333 Stanley Ave., Brooklyn, NY.
12 Borosilicate glass, quartz glass, or similarly resistant material is satisfactory 7 A. H. Thomas Co., Catalog No. 6514-F65 is satisfactory.
for this purpose. 18 A. H. Thomas Co., Catalog No. 6513-C75 is satisfactory.
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31.4.2 Cation Exchange Resirstrongly acidic, in the acid 31.7.2 Allow the filter paper to equilibrate to the humidity
form.1® level at the balance area for 5 min, then fold the filter paper

Note 6—The resin is regenerated to the acid form by passing fottm twice to form a U-shaped sample boat according to Fig. 1, A
2 M HCI through the 5-g resin bed at a rate of about 2 to 3 drops pe|arld B of Test Method E 443.
second, then rinsing the bed with 20%ai water at a faster rate. (Because ~ 31.7.3 Sample—The sample mass should be 40 to 80 mg for
of the resin’s large capacity, it can be used 5 to 10 times betwee@ sulfur range of 1.2 to 1.9 %, but in any case should not
regenerations.) Test the last washings with Thorin solution for absence @xceed 0.1 mmol of sulfur:
sulfate. The dry res_in, before use, should be swelled in water, in a beaker, 31 7.3 1 Pl|ace the rubber sample in the boat and weigh both
to allow for expansion. to the nearest 0.1 mg.

31.4.3 Chlorophosphonazo H+Indicator solution (3,8bis ( 31.7.4 Fold the paper in accordance with 8.2.4 and 8.2.5 of
p-chloro-o-phosphonophenylazo)-4,5-dihydroxy-2,7 naphtha-Test Method E 443, place the folded paper firmly in the

lene disulfonic acid), 0.5 mg/ctrof distilled water. platinum sample carrier hung on the hook of the stopper with
3144 Hydroc_:hlorlc Acid (2 M}—Prepare a M solution of  the pointed end of the paper projecting outward.
hydrochloric acid (HCI). 31.7.5 Insert a tube from the oxygen cylinder to nearly the

31.4.5 Hydrogen Peroxidg1 %)—Dilute 1 volume of hy-  pottom of the flask as in Fig. 2, A, of Test Method E 443 and
drogen peroxide (5D ,), 30 % (Note 7) to 30 volumes with pjow in oxygen strongly for at least 0.5 min.

water. 31.7.6 Smoothly remove the oxygen tube and close the
Note 7—Caution: Thirty percent hydrogen peroxide is very corrosive; Stopper without letting the platinum carrier drop into the liquid.
wear rubber or plastic gloves and goggles when handling it. 31.7.7 With the stopper upright, clamp the stopper tightly
31.4.6 Isopropanol 2° with the pinch clamp.
31.4.7 Oxygen in compressed gas cylinder. 31.7.8 Place the flask in the infrared igniter chamber with
31.4.8 Thorin Indicator Solution(O-2-hydroxy-3,6- the pointed end of the paper in line with the infrared beam and
disulfo-1-naphthylazobenzenearsonic acid, 0.2%). approximately perpendicular to it. Close the door and turn on
31.5 Sample Preparation and Handling the infrared light (or electric igniter) until the paper ignites.
31.5.1 The rubber sample must be milled finely on a 31.7.9 After ignition, stir the sealed flask vigorously on a
laboratory roll mill before weighing. magnetic stirrer for 1 h. Alternatively, it may be allowed to

31.5.2 Due to the small sample size, the rubber and filteptand undisturbed for 2 h.
paper should be protected from contamination, and all opera- 31.7.10 Remove the pinch clamp, tilt the stopper to release
tions prior to combustion should be carried out with plasticthe vacuum, and open the flask.

gloves. 31.7.11 If substantial amounts of compounds of zinc or
31.6 Safety Precautions other cations are thought or known to be present in the
31.6.1 The following safety precautions must be observed@ompound, prepare an ion exchange column and pass the
in the combustion of rubber samples: solution through it.

31.6.1.1 The flask must contain no residues of organic 31.7.11.1 Place a wad of glass wool about 13 mm (0.5 in.)
solvents or vapors, that could cause an explosion; any sudh diameter in the bottom of the ion exchange column, which
solvents used for cleaning the flask should be repeatedly rinsas suspended upright by a clamp, and pbu of ionexchange
out with water. resin in the acid form into the tube. Place a 250 dmeaker
31.6.1.2 The pressure generated by the rapid combustiaimder the outlet of the tube.
could cause the flask to explode. Hence, combustion must take31.7.11.2 Pour the contents of the flask into the ion ex-
place in the safety chamber with the door locked or behind @hange column, allowing it to trickle through at the rate of 2 to
safety shield or hood shield (preferably in a safety chambeg drops per second into the beaker (mild pressure or vacuum
which is itself behind a shield); in any case, the hands and facegeing applied if necessary to achieve this rate).
must be withdrawn behind a screen before the flame reaches31.7.11.3 If cations are not present, pour the contents of the
the sample itself. Goggles, or a face shield, must be worfiask into a 250-crtbeaker, wash the flask, stopper hook and
during this process. platinum carrier three times with 5 ¢hof water, pouring the
31.6.1.3 The flask should be left in the safety chamber unti{vashings into the beaker, and proceed t031.7.13.
the last spark is extinguished. At this point it is removed; but 317 12 Wash the sides of the flask, stopper hook and
since a slight vacuum is formed, continue wearing goggles opjatinum carrier three times with 5 ¢nof water from a wash
face shield. bottle, pouring the washings through the ion exchange column
31.7 Procedure _ _ to be collected in the beaker. Then force out the last of the
31.7.1 Place 10 cfof hydrogen peroxide absorbing solu- fiquid from the column by the application of mild vacuum or
tion (1 %) and the stirring bar in the empty oxygen combustionpressure_
flask. 31.7.13 Add 100 crhof isopropanol (or sufficient to make
the solution 80 % in isopropanol by volume), two drops of
R . _ ~ Thorin solution and the stirring bar to the beaker, place a
ory Dowex 50WX8, Dow Chemical Co., Midland, MI, has been found satisfac- high-intensity |amp (if desired) against the beaker and titrate
: with Ba(ClO,), dropwise from the buret until the yellow color

20ICN K & K Labs, 121 Express St., Plainview, NY 11803, Catalog No. 27640. . ! :
2L Thorin from Hach Chemical Co., Ames, IA, has been found satisfactory. ~ changes to a pink color, which remains for at least 30 s.
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Alternatively, Chlorophosphonazo Il (31.4.3) may be used as 32.2 Reagents
the indicator. Use 1 cfnper analysis. Titrate from a lavender-  32.2.1 Nitric Acid-Bromine Solutior-Add a considerable
pink to a green-blue end point. Use a highintensity lamp ifexcess of bromine to HNQso that a layer of bromine is

desired. Read the buret value to 0.01%cm present in the reagent bottle. Shake thoroughly and allow to
31.7.14 Obtain a blank determination by carrying out thestand 24 h before using.
entire procedure without using a rubber sample. 32.2.2 Sodium Carbonate(Na,COy).
31.8 Calculations 32.2.3 Sodium Carbonate Solutio(60 g/dn?
31.8.1 Calculate the total sulfur as follows: 32.3 Procedure
Total sulfur, %= [(A — B)IMX 3.21/W 32.3.1 Place 0.5 g of soft rubber or 0.2 g of hard rubber in

(22)  a low-form porcelain crucible of about 100-2rapacity. The
specimen shall have been extracted with acetone (Section 19)

where: . . ! :
— : ; T or acetone-chloroform mixture (Section 21) if organic plus
A= SB;r%CF:)IIS“)érﬁ?OIUUO“ required for titration of the inorganic sulfur is to be determined. Add 15 tof the HNO
B = Ba(CIO‘;) , solution required for titration of the blank 3—Br, mixture, cover the crucible with a watch glass, and let it
on® " stand fo 1 hin thecold. Heat fo 1 h on thesteam bath, remove
M = moI:arity of the Ba(CIQ), solution, and the cover, rinse it with a little water, and evaporate to dryness.
W = mass of sample used, g. 32.3.2 Add 3 cri of HNO,, cover, warm a short time on the
31.9 Precision?2 steam bath, then allow to cool. Carefully add in small portions,

31.9.1 These precision statements have been prepared i means of a glass spatutag of Ng,CO 5(weighed to 0.5 g).
accordance with Practice D 3040. Please refer to this practid@aise the watch glass only high enough to permit the intro-
for terminology and other testing and statistical concepgduction of the spatula. Allow the N&O; to slide down the
explanations. side of the crucible, as it must not be dropped directly into the

31.9.2 The basic test precision is estimated from an interacid. Rinse the watch glass with 2 or 3tef hot water and stir
laboratory study by four laboratories testing three materials ofh€ mixture thoroughly with a glass rod. Digest for a few
four days. minutes. Spread the mixture halfway up the side of the crucible

31.9.3 Atest result is a single determination. See Table 3o facilitate drying, and dry on a steam bath. Fuse the mixture

. by heating over a sulfur-free flame.
32. Sulfur, Fusion Test Method 32.3.3 Place the crucible in an inclined position on a wire

32.1 Scope-This test method covers the determination oftriangle and start the ignition over a low flame. The tendency
total, combined plus inorganic, or inorganic sulfur in rubberfor the organic matter to burn too briskly may be controlled by
compounds when acid-soluble barium salts, antimony sulfidgudicious use of the stirring rod with which the burning portion
or inorganic lead compounds are present. All of the sulfur inis scraped away from the rest. When part of the mass is burned
the specimen, including that present in BaS(S determined  white, work a fresh portion into it until all of the organic matter
by this test method. It must be used for determinations of totals destroyed. It is necessary to hold the edge of the crucible
sulfur when BaSQis present. When this test method is usedwith tongs. Toward the last half of the operation the flame
for determination of combined plus inorganic sulfur, it mustshould be increased. It is unnecessary to heat the crucible to
also be used for determination of inorganic sulfur (Section 33)redness. With care, a crucible can be used for at least 10 to 12
Total sulfur shall be determined on an unextracted specimenysions.
combined plus inorganic sulfur on an extracted specimen. This 32 3.4 After a fusion, allow the crucible to cool. Place it in
test method is applicable to NR, SBR, BR, IR, and CRa 600-cni beaker, add sufficient water to cover the crucible
products, and to the determination of total sulfur on NBR(about 125 cri), and digest on the steam bath or plate for at
products. least 2 h.

s _ Iable _ 32.3.5 Filter the solution into a covered 400-Cnibeaker
Supporting data are available from ASTM Headquarters. Request RR: Dlli:ontaining 5 crﬁ of HCI and wash the residue thoroughly with

1000. . N X
hot NaCO; solution. A qualitative test for barium may be
TABLE 3 Basic Test Precision Data. made on the. residue, but no analysis for barium or correction
— because of its presence is necessary, unless a detailed ash
wihin pmong nalysis is desired. Acidify the filtrate to pH indicator r
Sample Mean Laboratories Laboratories a_aySS S aesired. C. fy € ate _Olp pao pape
S oY S [ with HCI and add 2 crhin excess. Precipitate barium sulfate
1 0.93 0.0439 0.0456 01513 0.1631 (BaSQ) and complete the determination as described in
2 23.39 0.7654 0.0315 0.9970 0.0426 X135
3 45.22 1.2893 0.0283 2.9877 0.0661 +9:9. _
Repeatability Reproducibility 32.4 Calculation— Calculate the percentage of sulfur as
Standard deviation (S) 0.55684 1.88344 follows:
Coefficient of variation .
0.0359 0.1091
(LCV) — Sulfur, %= [(A X 0.1373/B] X 100
east significant 5
difference (LSD) 10.2 30.8 (23)
ALSD is based on 95 % confidence limits. where:
BAn average value, the Standard deviation varies with the test level. See table A = grams of BaSQ and

of values.
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B = grams of specimen used. sarily that in which they are present in the product. Exact
interpretation of the results is often made difficult by the
33. Sulfur, Inorganic, Antimony Absent presence of large amounts of silica and other insoluble matter,

33.1 Scope—This test method covers the determination ofand of iron and aluminum oxides; in this case clay, asbestos, or
inorganic sulfur in rubber products when no antimony is@sbestine may be present but the amount can only be estimated.
present. The sample is ashed and sulfur determined in the a¥hen an analysis of the inorganic fillers is required, it shall be
by the fusion method (Section 32) if acid-soluble barium saltgnade in accordance with Sections 41-51.
or lead are present, or by the zinc-nitric acid method (Appendixg5. Fillers, Referee Ash Test Method
X1) in the absence of acid-soluble barium salts. The same 35 ¢ Scope
method must be used for the inorganic sulfur determination as 35 1 1 This test method is intended for settling disagree-

is used for the determination of combined plus inorganic sulfurants on fillers content by the ashing method. It is also useful
The use of Appendix X1 for the final step in the determinationfor ashing rubber products for determination of inorganic
of inorganic sulfur does not determine the sulfur in BaS®® ¢ ifur in the absence of antimony (Section 33) or for ash
is the intent of this method to exclude BaSPsulfur as analysis (Section 41).
inorganic sulfur unless the presence of other COMpONents sz 3 5 This test method is not accurate for rubbers contain-
require_s the use of Sectiqn 32, or unless total sulfur is to bfng halogens when zinc compounds or other metal compounds
determined. The method is applicable to NR, SBR, BR, IRnat form volatile halides are present and shall not be used if an
CR, NBR, IIR, and_ EPDM produqts. . analysis of these metals in the ash is required.

33.2 Reagent-Nitric Acid-Bromine SOIL.'t'On_S.ee 32.2.1. 35.1.3 This test method may be used for preparing samples

33.3 Procedure—Extract a 1.0-g specimen with acetone ¢, 4qh gnalysis on rubber products not containing halogens or
(Section 19) or with acetone-chloroform mixture (Section 21).5ntimony sulfide. However, if the sample contains carbonates
Dry the sample, place in a porcelain crucible of about 100441 gecompose at 550°C or clays or silicates that will lose
cmrcapacity, and distill off the rubber in a muffle furnace, using\yater at this temperature, the ash content value will not be

a maximum temperature of 450°C. A burner may be used fopigniy precise and will not represent the original amount of
ashing, if the sample is not allowed to catch fire. A wire 93Uz rganic fillers present in the sample.

under the crucible will aid in preventing combustion. The 55 5 Summary of Test MethedA specimen is placed in a
carbon need not be completely burned off in this ignition. If .. ,cible and ashed in a muffle furnace at 5%5025°C. The
acid-soluble barium salts and lead are absent, add 8afm 465 of residue in the crucible represents the ash content.

HNO;-Br, mixture to the ash, cover with a watch glass, and 35 3 Apparatus
heat for 1 h. Transfer the contents of the crucible, with
washing, into a 500-cf Erlenmeyer flask of chemically capacity

resistant materi&f and evaporate to dryness. Proceed with the 35.3.2.Electric Muffle Furnace with controls necessary to
determination of sulfur as described in X1.3.3 to X1.3.5. In they, 514 the temperature at 556 25°C.

presence of acid-soluble barium salts and lead, determine the 35 3 3 cajibrated Thermocouple and Temperature Readout
sulfur by treating the ash in accordance with 32.3.2, 32.3.4, anflqice

32.3.5. _ ) . 35.4 Procedure
33.4 Calculation— Calculate the percentage of inorganic g5 41 Weigh a 1-g specimen of the sample into an ignited,
sulfur as follows: weighed crucible.
Inorganic sulfur, %= [(A X 0.1373/B] X 100 35.4.2 Adjust the temperature of the muffle furnace to 550
(24) + 25°C, place the crucible in the furnace, and close the door
completely. When more than one crucible is to be placed in the

35.3.1 Crucible, porcelain or silica, approximately 50-ém

\Xheie.grams of BasQ and furnace, the cru;ibles shall be placed on a tray and put into the
B = grams of specimen used. furnace at one time. The door must be closed immediately and
not opened for 1 h. After 1 h, open the furnace door 3to 5 cm

FILLERS ANALYSIS and continue heating for 30 min or until all carbonaceous

material is burned off.

34. Scope S .
Note 8—If a referee ash determination is required, the temperature

34.1 The fillers in a rubber product are those inorganicshall be determined by placing the calibrated thermocouple-sensing
materials other than free sulfur and carbon black that have beatement at approximately the geometric center of the furnace cavity. The
added to the product. The referee ash method (Section 35) migmperature shall be adjusted to be within the specific range. No more than
be used to determine the approximate amount of fillers htv_vo crucibles shall be placed in the oven and they shall be positioned
materials that will decompose at ashing temperature are abse{c! Pelow the thermocouple. .
(see 6.4). This test method is applicable to all rubbers and 35.4.3 Remove the crucible from the furnace, cool in a
rubber products with certain exceptions given in the scope ofiesiccator, and weigh.

the test methods. 35.5 Calculations— Calculate the percentage of ash as
34.2 Items 18) to ( 28) in Section 15 list the inorganic follows:

compounding ingredients that can be determined by these Ash, %= [(A — B)/C] X 100

methods. The form in which these are reported is not neces- (25)
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where: triangle instead of in the asbestos board hole. The specimen

A = grams of ash plus crucible, must not be allowed to catch fire at any time. Specimens that

B = grams of crucible, and catch fire must be discarded. Heat until all carbonaceous

C = grams of specimen. material is burned off. Cool the crucible in a desiccator and
35.6 Precision?3 weigh.

35.6.1 These precision statements have been prepared in36.5 Calculations— Calculate the percentage of ash as
accordance with Practice D 3040. Please refer to this practid®llows:
for term_inology and other testing and statistical concept Ash, %= [(A — B)IC] X 100 (26)
explanations.

35.6.2 The laboratory quality control precision of this test where:
method was determined from an interlaboratory study of sixA = grams of crucible plus ash,
different samples by five laboratories on two days. B = grams of crucible, and

35.6.3 Atest result is a single determination. C = grams of specimen.

35.6.4 The least significant difference is expressed in absaq:

lute terms as percentage points and is based on 95 % conﬁj' Ash Determination by Sulfation

dence limits. See Table 4. 37.1 Scope
. . 37.1.1 This test method is suitable for the approximate
36. Fillers, Alternative Dry Ash Test Method determination of ash content of vulcanized or unvulcanized

36.1 Scope—This test method is intended for use when arubber products containing halogens in the rubber. The ash
muffle furnace is not available for ashing a rubber productobtained will rarely have the same composition as an ash
sample. It is not considered to be as accurate or precise as thbtained by dry thermal ashing and will not often represent the
muffle furnace method (Section 35) for fillers content becausédiller content. Therefore, if a rubber is ashed by this method the
of lack of temperature control. It may be used, subject to théeport must include the statement that the ash was determined
limitations stated in 35.1, for obtaining an ash for analysis. by this test method.

36.2 Summary of Test MethedA weighed sample is ashed ~ 37.1.2 This test method is the only test method permissible
in a weighed crucible with a gas burner, slowly to char it, andfor preparing an ash of halogen containing rubbers if zinc or
finally with sufficient heat to burn off all carbonaceous matter.other metal compounds having volatile halides are to be

The residue in the crucible represents the ash content. determined in the ash.
36.3 Apparatus 37.2 Summary of Test MethedA weighed specimen is
36.3.1 Crucible, porcelain or silica, 30-cfnominal capac- heated in a weighed crucible in the presence of sulfuric acid.
ity. Heating with a small flame is continued until charring is

36.3.2 Asbestos Boardapproximately 10 cm square and 0.6 complete and sulfuric acid has been driven off. Carbonaceous
cm thick, with a hole in the center to support the crucible sonaterial is then burned off with a strong flame or in a muffle
that approximately two thirds of it projects below the board. furnace.

36.4 Procedure—Weigh a 1-g specimen into an ignited 37.3 Apparatus
weighed crucible. Place the crucible in the hole in the asbestos 37.3.1 Crucibles porcelain or silica, 30-cimominal capac-
board and heat with a small flame until volatile pyrolysis Ity
products have been driven off and the specimen is well charred. 37.3.2 Asbestos Boagchpproximately 10 cm square and 0.6
Increase the flame gradually to burn off carbonaceous materiggm thick with a hole in the center to support the crucible so that
The final heating may be carried out with the crucible on a clayapproximately two thirds of it projects below the board.

37.3.3 Electric Muffle Furnace with thermocouple and
thermostat for control of temperature.

23 Sypporting data are available from ASTM Headquarters. Request RR: D11- 37.4 Procedure

1016. 37.4.1 Weigh a 1-g specimen of the rubber, cut in small
pieces, into an ignited, weighed crucible. Add 5°whH ,SO,
TABLE 4 Laboratory Quality Control Precision to the crucible so that all pieces of the specimen are wetted.
within Among 37.4.2 Place the crucible in the hole in the asbestos board
Sample Mﬁ/j”' Laboratories Laboratories and heat with a small flame, cautiously. If excessive swelling or
S cv S cv frothing occurs, remove the flame until reaction subsides and
1 3.79 0.0456 0.0133  0.1506 0.0431 then continue heating. Continue heating at an increased rate
2 3.65 00673 00191 01211  0.0332 until all sulfuric acid has been driven off, but the heating rate
3 3.88 0.0906 0.0226 0.2592 0.0668 b di d h h . | . | f
" 48.78 00457 00009 00797 00016 must be adjusted so that there is no splattering or loss o
5 49.60 0.0924 0.0019 0.1963 0.0040 material from the crucible.
6 33.77 01488  0.0044 02809  0.0083 37.4.3 Burn off the carbonaceous material by heating in a
Reproducibility Repeatability muffle furnace at 950 to 980°C for approximately 1 h. If an ash
Standard deviation (S) 0.0914 0.2068 content is not required, the burning off of carbonaceous
Coefficient of variation (CV) 0.0134 0.0363 material may be accomplished with a flame or at a lower
Least significant difference 0.258 0.5849 .
(LSD) temperature in the muffle furnace.

37.4.4 Cool the crucible in a desiccator and weigh.
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37.5 Calculations— Calculate the percentage of ash asthe carbon black particles if they are too well dispersed to filter.

follows: 38.4.3 Next, wash the residue into the Gooch crucible with
Ash, %= [(A — B)/C] X 100 (27)  about four portions of hot HCI, using a rubber “policeman,” if
necessary. Final transfer may be made with the warm HCI
where: , (1 +7), if necessary. Neutralize the last washing with JOH
A = grams of crucible plus ash, and test for the presence of lead with 820, solution.
B = grams of crucible, and Neutralize the last washing with NJ@H and test for the
C = grams of specimen.

presence of lead with N&rO, solution. If lead is present,
38. Carbon Black, Method A, Nitric Acid Digestion Test continue to wash with hot HCI and finally, wash with warm
Method HCI (1 + 7). Remove the crucible from the funnel, taking care
that the outside is perfectly clean, dry it in an air bath feghl
38.1 Scop_e L at 110°C, cool, and weigh; this is maasBurn off the carbon
s8.1.1 Th_|s.test .mthOd COVers the det.ermma.mon of carbogt a dull red heat (550 to 600°C) and reweigh; this is niass
blac‘If t’)’y a n!trlc acid digestion m.et.hod. It is applicable only ©0The difference in mass represents approximately 105 % of the
the_ R” family of rubbers containing an unsaturated CarbonCarbon originally present in the form of carbon black.
chain. L . 38.5 Calculation— Calculate the percentage of carbon
38.1.2 Application to any other rubber type may be pOSS|bIeOlack as follows:
if the rubber is degraded to fragments soluble in water, acetone, '
or chloroform. This test method shall be used on such other Carbon black, %= [(a — b)/(1.05x c)] X 100
rubbers only if adequate testing of known compounds has
demonstrated the usefulness of this test method. where:
38.2 Summary of Test MethedThe extracted sample is ¢ = grams of specimen used.
digested with hot concentrated nitric acid to oxidize the rubber )
to soluble fragments. The carbon and the acid insoluble filler§9- Carbon Black, Method B, Pyrolysis Test Method
are filtered off, washed, dried, and weighed. The carbon is 39.1 Scope—This test method covers the determination of

(28)

burned off and the loss of mass represents the black. carbon black in a rubber product, vulcanized or unvulcanized,
38.3 Reagents by a pyrolysis method. The method is applicable to all “R” and
38.3.1 Acetone—See 19.3. “M” family rubbers except those containing halogens or
38.3.2 Chloroform—See 20.3. nitrogen in the rubber polymer, or lead salts or phenolic resins
38.3.3 Sodium Chromate Solutiofl00 g NgCrO,/dnr). as added components. Application to other rubbers may be
38.3.4 Sodium Hydroxide Solutiof175 g NaOH/dr?" possible if no carbonaceous residue is formed under the
38.3.5 Sodium Hydroxide Solutiof300 g NaOH/dn?" pyrolysis conditions. The method shall be used on such other
38.4 Procedure polymers only if adequate testing of known compounds has

38.4.1 Extract a 0.5-g specimen with acetone—chloroforntlemonstrated the usefulness of the test method.
mixture in accordance with 21.4 if the sample is vulcanized or 39.2 Summary of Test MethedA weighed specimen of the
with acetone alone (19.4) if it is unvulcanized. rubber is extracted, placed in a combustion boat, and pyrolyzed

38.4.2 Transfer the specimen to a 2503dmeaker and heat at 800 to 900°C in a stream of nitrogen. The combustion boat
on the steam bath until it no longer smells of chloroform. Addcontaining the nonvolatile residue is cooled and weighed. The
a few cubic centimetres of HNCand allow to stand for about carbon black is then burned off in an air atmosphere and the
10 min. Add 50 cr more of HNQ,, taking care to wash down boat and contents are weighed again. The loss in mass
the sides of the beaker, and heat on the steam bath for at leaspresents carbon black.
1 h. At the end of this time there should be no more bubbles or 39.3 Reagents
foam on the surface. Pour the liquid, while hot, into an asbestos 39.3.1 Nitrogen dry and free from oxygen.
matted Gooch crucible, taking care to keep as much as possible39.3.2 Acetone
of the insoluble material in the beaker. Filter slowly with gentle  39.3.3 Chloroform
suction and wash well by decantation with hot HNO 39.4 Apparatus
(Caution—Empty the filter flask at this point. See Note 9). 39.4.1 Combustion Boatsilica.
Wash with acetone and a mixture of equal parts of acetone and 39.4.2 Electrically Heated Tube Furnaceapable of being
chloroform until the filtrate is colorless. Digest the insoluble heated to 800 to 900°C. A means of advancing and withdraw-
material, which has been carefully retained in the beaker, foing the combustion boat without allowing oxygen to enter the
10 min on the steam bath with 35 &mf NaOH solution (300  tube.
g/dm3). This treatment with alkali may be omitted if silicates  39.4.3 Flowmeter calibrated at 100 and 200 émrusb> of
are absent. Dilute to 60 chwith hot water and heat on the nitrogen/min.
steam bath. Filter the solution of alkali and wash well with hot 39.4.4 Muffle Furnace that can be maintained at 800 to
NaOH solution (175 g/dn). 900°C.

Note 9—Caution: The filtration may be materially aided, particularly 39.4.5 Extraction Apparatus-See 19.2.
with some synthetic rubber products, by partial or complete neutralization 39-5 Procedure
of the HNQ, solution with NH,OH. Partial neutralization together with ~ 39.5.1 Weigh about 0.2 g of the sample to the nearest 0.1
the addition of trivalent cations or anions may also aid agglomeration oig. Wrap it in filter paper and extract in accordance with 19.4
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for 4 h with acetone. If bitumens or other materials insoluble inthe assumption that the rubber as compounded contains 0.4 %
acetone are present, extradch with chloroform (20.4) except protein nitrogen and this value is used to calculate a more exact
that unvulcanized rubbers shall not be extracted with chlorofigure for rubber hydrocarbon.

form (Note 10). Dry the extracted rubber in air or in an oven at  40.2 Reagents

70°C. 40.2.1 Copper Sulfate (CuSQ).
Note 10—Unvulcanized carbon black masterbatches containing no 40.2.2 Paraffin
added oils or plasticizers need not be extracted. 40.2.3 Sodium Hydroxide Solutio(i750 g NaOH/dr?:

1 s ead s cosenon net r de°""®40.2 Sodiut Hydoxide, Standad Solq0 1) Pre-
_ _ ) . pare and standardize a ONLNaOH solution.
39.5.2 Place _the dried specimen in a silica boat gnd then 44 5 5 50dium Sulfate (N&,SO).
place the boat in the cool entrance of the combustion tube. 40.2.6 Sulfuric Acid, Standard Solutiof0.1 N)—Prepare

Close th]:a entrance WitE the ﬁnt?/I fitting. Conner(]:t the sufpply Ognd standardize a 0N sulfuric acid (HSO;) solution
oxygen-free nitrogen through a flow-meter to the entry fitting. . '
40.2.7 Zinc, Granulated

Pass nitrogen through the system at about 208rain for 5 i _
min. Then reduce the flow to 100 éfmin and move the boat _ 40.3 Procedure—Exiract a 2-g specimen with acetone (Sec-
slowly into the hottest zone of the furnace over a period of 5ion 19) for 8 h. Remove the solvent from the specimen, and
min. Leave the boat in the hot zone for 5 min more. At the endransfer the specimen from the filter paper to a 756-cm
of this period withdraw the boat to the cool end of the tube (or<i€ldahl flask. Add 25 to 30 chof H ;SO,, 10 to 12 g of
push it to the cool exit end) and allow it to cool for 10 min, N&SO, and abou1 g of CuSQ,. Heat gently until the first
maintaining the flow of nitrogen. Remove the boat from theV!90Orous frothing ceases; then raise the heat gradually until the

tube and cool it in a desiccator. Weigh to the nearest 0.1 mgl.|quid boils. Continue the boiling until the solution becomes
39.5.3 Place the boat in a muffle furnace (or in a tubeclear. Allow the flask to cool, dilute carefully with 150 crof

furnace with an air supply) at 800 to 900°C until all traces ofWater, and again allow to cool. Add 100 crof NaOH solution
carbon are burned off. Cool in a desiccator and weigh to thé?50 9/dm), pouring it carefully down the side of the flask so
nearest 0.1 mg. that it does not mix immediately with the acid solution. Add
abou 1 g of granulated zinc to prevent bumping and a piece of
_ Nore 12—The pyrolysis should be carried out in a fume hood. If this naraffin the size of a pea to diminish frothing. Connect the flask
is not possible, lead the vapors from the exit end of the tube into arhuickly with a condenser, the delivery tube of which dips into

exhaust hood or into a condensing trap. Xylene or other hydrocarbon S
solvents may also be used to trap the pyrolysis products. a 500-cri Erlenmeyer flask, containing 50 crof 0.1N HSO

. 4 diluted to about 100 chCarefully swirl the flask to mix the
39.6 C.alculatlon— Cal.culate the carbon black content of contents and start to heat gentK/, increase the flame as the
the specimen as follows: danger of foaming-over diminishes, and finally boil briskly
Carbon black, %= [(A — B)/C] X 100 until about one half of the liquid has passed over into the
(29 receiver. Add methyl red solution and titrate the excess acid by
means of 0.IN NaOH solution.

where: )
A = grams of combustion boat and residue after pyrolysis 40.4 Calculations
in nitrogen, 40.4.1 Calculate the percentage of total nitrogen as glue, as
B = grams of combustion boat and residue after ignition in follows:
air, and ) Total nitrogen as glue, %
C = grams of specimen.
40. Nitrogen Calculated as Glue = [(AN — BN') X 0.014X 6.5)/C X 100(30)

40.1 Scope—This test method is intended for use in the
determination of glue when it is used as a filler in rubber where:
products other than NBR products. This test method may alsc®
be used to determine nitrogen from NBR polymer present in aN normality of the HSQ,, _ o
product (see 55.1). The calculations in this section are designe® volume of NaOH solution required for titration of the
for determination of glue in NR products. In the absence of HZSO4,_cm3, )
other nitrogenous material the method may be applied toN = normality of the NaOH solution, and
synthetic rubber products without correction for the nitrogen = grams _Of specimen used. )
content of the rubber polymer. A slight error will result from ~ 40.4.2 Substitute total nitrogen as glue in the formula for
nitrogen content of antioxidants and accelerators present aftéglculating rubber polymer (see 13.1). Calculate the percentage
extraction. When glue is found to be present in a NR producPf rubber as compounded from this value (see 13.1). Calculate
(see 10.1.6) and determined by this method by calculation frorgorrected glue content as follows:
nitrogen content, a correction shall be made for the natural Glue, corrected, % A — (B X 0.004X 6.5) (31)
protein in NR as shown in the calculations (see 40.4.2). The
correction shall be made by the method of approximation. TheVhere: .
rubber as compounded (see 13.1) is calculated on the basis ﬁ = percentage of total nitrogen as glue, and
the total nitrogen as glue. The glue content is then corrected oIt~ percentage of rubber as compounded.

volume of H,SO, used, crf,
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Use glue, corrected for accurate calculations of rubbeare carefully controlled. Neutralize the filtrate from the deter-

polymer.
ANALYSIS OF ASH

41. General Test Method

41.1 Analyze one specimen of ash, prepared in accordan
with Section 35 or 36 for silicon dioxide (Sipand insoluble
matter, lead, iron oxide plus aluminum oxide £Bg + Al,Oy),

mination of SiQ and insoluble matter with NfDH, and add 1
cm 2 of HCI. Run a rapid stream of }$ into the solution and
dilute to between 50 and 100 énContinue the addition of H
2S until precipitation is complete. Filter, and wash with a

((sé'a\turated solution of }B. Save the filtrate for determination of

iron and aluminum oxides in Section 44. If antimony is present,
it will precipitate under these conditions; zinc may also be

calcium oxide (CaO), and magnesium oxide (MgO) as deprecipitated, but neither will interfere with the determination of

scribed in Sections 42 to 46. Use 1-g specimens for soft rupbdfad- Dissolve the PbS in HN@ +1); boil to complete

products and 2-g specimens for hard rubber products. solution. If antimony is present it may not be dissolved by this
41.2 Prepare and analyze specimens for zinc oxide (Znoprocedure. Filter. Cool the filtrate, add 10 tof H,SO,, and

total barium sulfate (BaSg, barium carbonate (BaGi total evaporate to dense white fumes of30,. Cool, dilute with 50
antimony, and titanium dioxide (Ti), in accordance with

cm® of water, add an equal volume of ethanol (95 percent), and
Sections 47 to 51. Iejc stand overnight. Filter through a tared Gooch crucible, wash
with ethanol (50 %), and dry at 105°C.

42. Silicon Dioxide and Insoluble Matter 43.3 Calculation— Calculate the percentage of lead oxide

42.1 Procedure—Dissolve a specimen of ash in 10 ¢wf  as follows:
HCI, rinse the crucible thoroughly, dilute to 100 §mand Lead oxide, %= (A — B) X 0.736C X 100
evaporate to dryness in a casserole. Bakelfdn at 110°C. (34)
Moisten with 10 cm of HCI and 3 drops of HNQ@ and digest where:

for 15 min on the steam bath. Add 100 érf water, boil, filter,
and wash with hot water. Dry and ignite the precipitate in a
porcelain crucible. Save the filtrate for determination of lead o :
oxide (Section 43). We_igh to determine th_e %i_@wd insoluble 736 Tgﬁ\s/e?fsigﬁggggosrafgyggsag)%bO.
matter. If the residue is large enough to justify an analysis of . )
Si0,, transfer to a platinum crucible and add 2 to 3*whHF ~ 44. Iron and Aluminum Oxides (R ;05)
and a few drops of 550,. Evaporate to dryness, and carefully  44.1 Reagents
ignite at a low red heat. The loss in mass is SiO 44.1.1 Ammonium Chloridg(NH,CI), solid.
42.2 Calculation 44.1.2 Ammonium Chloride Solutio20 g NH,Cl/dn).
42.2.1 Calculate the percentages of Siénd of SiQ and 44.1.3 Methyl Red Indicator Solution
insoluble matter as follows: 44.1.4 Potassium Ferricyanide Indicator(K;Fe(CN)).
Si0, and insoluble matter, % (A — B)/C] X 100 44.1.5 Potassium PyrosulfatgK ;S,0;). _
Si0,% — (A~ B) — (D — E)IC X 100 44.2 Procedure—Boil the filtrate from the lead sulfide
precipitation (see 43.2) to expel, 8. Adjust the volume of

mass of crucible and PbS0O
mass of crucible,

(32
(33)

where: solution to 100 to 150 cri Add a few drops of HN@and boil

A = mass of residue and porcelain crucible after ignition, the solution again. Test for ferrous iron, usingA€(CN), as an

B = mass of porcelain crucible, outside indicator on a spot plate. If ferrous iron is present, add

C = mass of original specimen, mass of residue andmore HNQ, and proceed as before until all the iron is oxidized.
platinum crucible, Add 5 g of solid NH ,Cl. Add NH,OH until the solution is

D =

mass of residue and platinum crucible after treatmentcolored definitely yellow by methyl red, but do not add an
with HF and ignition, and excess. Heat to boiling and boil for 5 min. When the precipitate
mass of platinum crucible. has settled, filter, with the aid of filter pulp if the precipitate is
42.2.2 Alarge residue after the HF treatment may be bariur]arge, and wash with NECI solution. Save the filtrate for
sulfate (BaS@), lead sulfate (PbSg), titanium dioxide (TiQ),  determination of calcium oxide in Section 45. Carefully char
that may be identified by microscopic examination. If smalloff the filter paper at dow temperature and ignite the residue
amounts of AJO; and FgO, are present in the residue, they in a freely oxidizing atmosphere.

may be dissolved by fusion with potassium pyrosulfate 44.3 Calculation— Calculate the percentage of,®; as

E

(K,S,0,), reprecipitated with NEOH, and added to the®;  follows:
precipitate (44.2), provided TiQ is absent and an exact o (A
analysis for ALO,, Fe 05, or both is desired. R20s, % = [(A — BJIC] x 100 (35)
43. Lead Oxide where:
43.1 Reagents A = mass of crucible and ®5(Fe,0; + Al ,05),
43.1.1 Ethanol (95 %). B = mass of crucible, and
43.1.2 Ethanol (50 %). C = mass of original specimen.

43.1.3 Hydrogen Sulfide (H,S). 44.4 Iron in the RO; residue may be determined, if desired,
43.2 Procedure—A complete precipitation of the lead as by fusing the residue with S ,0,, dissolving the melt in
lead sulfide (PbS) may be made if the concentration and aciditid,SO,(1 + 5) reducing the iron with amalgamated zinc, and
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titrating the iron with KMnO, solution, 45.1.9. rated ammonium oxalate solution, adding more if the solution
45. Calcium Oxide is'still acid _to methyl red, dilute to 250 to 300 énboil for 2
min, and digest on a steam bath for 1 h. Allow to cool, filter,
and wash with oxalate wash solution.

45.3.4 Dissolve the precipitate in 50 &nof warm HCI
(1+3) and reprecipitate by the above procedure, uniting
; . , filtrate and washings with the first filtrate and washings. Save
for;mc ac&ds(()HCﬁ??:,HdgrEIIy 1.22) (Note 13), 770 tof all filtrates and washings for determination of magnesium
water, an cmo axt oxide in Section 46. The quantities of oxalic acid and ammo-

Note 13—Caution: Unopened bottles of formic acid may have sufii- nium oxalate used in the reprecipitation may be one half or
cient pressure to cause an explosion as the top is removed. Protectipssibly only one fourth as large as in the first precipitation.
clothing and shielding should be used when a bottle is first opened. Do not 45 3 5 |f calcium oxide (CaO) is to be determined volu-
allow formic acid to come in contact with the skin. metrically, wash the precipitate of calcium oxalate (Gag)

45.1.4 Formic Acid Wash Solutiea-Dilute 30 cn? of for-  finally with water, dissolve the precipitate from the paper in hot

45.1 Reagents

45.1.1 Ammonium Oxalate, Saturated Solution

45.1.2 Ammonium Sulfate((NH,),S).

45.1.3 Formic Acid Mixture—Mix together 200 cr of

mic acid mixture (44.1.3) to 1 dfrand saturate with k8. H,SO,(1 + 5) and titrate hot with 0. KMnO,, finally adding
45.1.5 Hydrogen Sulfide (H,S). the filter paper to the mixture and finishing the titration rapidly.
45.1.6 Methyl Red Indicator Solution A sintered glass crucible of fine porosity may be advanta-
45.1.7 Oxalic Acid Solution(100 g/dn?" geously substituted for the filter paper.
45.1.8 Oxalate Wash Solutigreontainirg 2 g ofammonium 45.3.6 If CaO is to be determined gravimetrically, dry and
oxalate ad 1 g of oxalic acid/dnf, ignite the precipitate in a covered porcelain crucible, the

45.1.9 Potassium Permanganate, Standard SOlUt(@hl |gn|t|on temperature being from 1000 to 1200°C.
N)—Dissolve approximately 3.2 g of potassium permanganate 45 4 Calculations— Calculate the percentage of CaO as
(KMnOQ,) in 1 dn? of water. Age the solution at least 48 h and fg|jows:
filter through a filter crucible (45.2.1). Standardize within 24 h 45 4.1 Volumetric Method
of use, against the National Institute of Standards and Tech-
nology standard sample No. 40 of sodium oxalate in accor-
dance with the instructions furnished with the standard sample.

45.2 Apparatus

45.2.1 Filter Crucibles—Asbestos-matted Gooch crucibles where:
may be used. Other filter crucibles or pads of equivalentA volume of the KMnQ solution required for titra-
retentivity may be used if such crucibles or pads will withstand tion of the specimen, cin
the firing temperature required in the specific application. N normality of the KMnQ solution,

Ca0, %= [(A X N X 0.028/C] X 100
(36)

45.3 Procedure C = grams of original specimen, and . _
45.3.1 If acid-soluble barium salts were found to be absent0.028 = grams of CaO equivalent to each cubic centimeter
(10.1.4), dilute the filtrate from the R, determination to 200 of 1.000N KMnQ, solution.

cm®, add methyl red indicator, and neutralize with 45.4.2 Gravimetric Method
H,SO,(1 + 36). Add 25 cr of formic acid mixture.

45.3.2 If acid-soluble barium salts were found to be present, Ca0, %= [(A — D)/C] X 100 37)
remove the barium as follows: Dilute the filtrate from thsCR
3 determination to 200 cf neutralize with HCI (1 +1) and  Where:
add 10 cri in excess. Heat to boiling. Add 430 ,(1 + 36) to
precipitate barium, but avoid a large excess. Digest until the
precipitate settles, test for completeness of precipitation, and®
digest for at leas2 h oruntil the precipitate is filterable. Filter, . .
wash, and discard the precipitate. Concentrate the filtrate t36- Magnesium Oxide
200 cm?®, neutralize with NHOH using methyl red indicator, ~ 46.1 Reagent
neutralize with HSO,(1 + 36) and add 25 criof formic acid 46.1.1 Ammonium Phosphate Solutiofl00 g/dn?—
mixture. Dissolve 100 g of monohydrogen ammonium phosphate

45.3.3 Proceed at this point to remove zinc from the((NH,),HPQ,) in water and dilute to 1 dfn
solutions from 45.3.1 or 45.3.2 by heating the solution to 60°C 46.2 Procedure
and saturating with 55 for 20 min. Digest fo1 h at60°C, 46.2.1 Evaporate to dryness the combined filtrates and
filter, and wash with formic acid wash solution. Test for washings from the determination of calcium. Add 50°cof
complete removal of zinc with (NS in alkaline solution. HNO _, cover, and warm until the evolution of gas subsides.
Filter again if necessary. Make the filtrate just acid with HClUncover and evaporate to dryness, avoiding spattering. Heat
(1 + 1) and evaporate to 150 énfrilter to remove sulfur. Add the residue on a hot plate for 2 to 3 h; overnight if convenient.
methyl red indicator, heat to 50°C, neutralize with }H,  Dissolve the residue in 100 cfrof water, slightly acidify with
and add 1 crhin excess. Make the solution just acid with HCI, and add 25 crhof (NH,),HPO, solution. Cool to 15°C
oxalic acid solution, add 12 chin excess, and boil for 2 min, (preferably in an ice bath), neutralize very slowly with NbH
while stirring vigorously. Add approximately 50 énof satu-  while stirring constantly, using methyl red as an indicator, and

mass of precipitate plus crucible,
mass of crucible, and
mass of original specimen.
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add 10 cm of NH,OH in excess. Let the solution stand ene diamine tetraacetic acid, disodium salt, dihydrate, in water

overnight, filter without attempting to transfer the precipitate,and dilute to 1 dri

and wash with NFOH (1 + 14). 47.4.7 Standardization-With a pipet, transfer 25 ctnof
46.2.2 Dissolve the precipitate in warm HCI (1 + 3), using standard zinc chloride solution to a 250-toonical flask. Add

the beaker from which the precipitate was filtered. Dilute to5 cn? of HCI and proceed according to 47.5.4, beginning with

100 cm* add 5 cni of (NH,),HPQ, solution, neutralize very the addition of AIC} solution. Use the 50-cinburet for

slowly with NH,OH while stirring constantly, and add 5 émf titration.

NH,OH in excess. Let stand for at least 4 h; then filter through 47 4.8 Methyl Orange Solutiofl g/dm3—Dissolve 0.025
paper or asbestos that is known not to be affected by ignitiog of methyl orange in 25 cri of water.

with alkaline phosphates. If paper is used, it must be burned off 47 4.9 2 4-Pentanedione SolutieaDissolve 10 cr of 2,4-
at very low temperatures to prevent fireproofing of the Papefentanedione in 90 chof acetone.

Ignite to magnesium pyrophosphate (#g07) at 1000 t0 47 4 10Zinc Chloride, Standard Solutien Ignite zinc

1200°C for 60 min and weigh. . oxide in a porcelain crucible fo2 h at550°C and cool in a
46.3 Calculation— Calculate the percentage of magnesiumgegiccator. Dissolve about 1.0 g of the dried reagent, weighed

oxide (MgO) as follows: to the nearest 0.001 g, in 50 &mf water and 20 crhof HCI.

MgO, % = (A — B) X 0.3621C X 100 Transfer to a 1000-cfrvolumetric flask and dilute to the mark
(38)  with water.
where: 47.4.11 Magnesium Chloride Solutiof0.1 M)—Dissolve
A = mass of crucible and precipitate, 2.03 g of mz_agnesium chloride hexahydrate (Mg€IH,0) in
B = mass of crucible, water and dilute to the 100 chmark with water.
C = mass of original specimen, and 47.5 Procedure
0.3621 = conversion factor for MB,O; to MgO. 47.5.1 Weigh approximatgll g of sample to the nearest
0.001 g in a 50-crporcelain crucible. If the sample does not
47. Zinc Oxide contain CR or other rubbers containing halogens, ash it in
47.1 Scope accordance with 35.4.2 or 36.4. If halogens are present, ash the

47.1.1 This test method is applicable to rubber productssample in accordance with Section 37.
Calcium, magnesium, iron, titanium, aluminum, antimony, and 47.5.2 Cool the crucible and wash the ash into a 2503 cm
silica do not interfere. Lead and cobalt interfere in the regulabeaker with a stream of water. Add 5 €of HCI to the crucible
procedure. Lead interference can be prevented by use of tld warm it on a hot plate until the solution just begins to boil.

alternative procedure presented in 47.5.5. Pour the washings into the beaker. Rinse the crucible once
47.1.2 The total zinc content of the sample is determinednore with 5 cm? of HCI and again add the washings to the
and calculated as zinc oxide. beaker. Do not filter the solution. Then add 10%cwf HCI to

47.2 Summary of Test MethedThe sample is ashed and the the beaker. Break up any large cakes of ash with a glass stirring
ash is dissolved in hydrochloric acid. Aluminum and fluoriderod. Evaporate the solution to 10 cinlf large amounts of
are added to precipitate calcium and magnesium as thgrecipitate are present some bumping and splattering may
hexafluoro aluminates. Fluoride complexes iron, titanium, anaccur. This can be reduced by agitating the solution until
excess aluminum. If large amounts of iron are present, it idoiling begins. Transfer the solution to a 100%wolumetric
further masked with 2,4-pentanedione. The pH is adjusted tflask and dilute to the mark with water.

4.5 and zinc is titrated with EDTA. 47.5.3 Select an aliquot from the following table and
47.3 Apparatus transfer it to a 250-crhconical flask, mixing the solution and
47.3.1 Muffle Furnace capable of being heated to 550  suspended solids well before aliquoting. Proceed with 47.5.4 or

25°C. 47.5.5.

47.3.2 Buret, 10-cm?, graduated in 0.02-chrdivisions. Zn0 Expected, % Aliquot Size, cm® Buret Size, cm?
47.3.3 Buret, 50-cm?, graduated in 0.1-cirdivisions: 0to3 25 10
47.4 Reagents 308 10 10
47.4.1 Acetone > 10 %0

47.4.2 Aluminum Chloride Solutio(D.1 M)—Dissolve 2.42 47.5.4 Lead Absent-Dilute the aliquot to 25 crhand add 1
g of aluminum chloride hexahydrate (AIG6H,0) in water  cm?® of concentrated HCI, 2 cm of AICI, solution, 5 cnd of
and dilute to 100 crhwith water. MgCl, solution, 10 cm of NH,F solution, and 1 drop of

47.4.3 Ammonium Fluoride Solutio(8 M)—Dissolve 55.5 methyl orange indicator solution. Add NBH until the indi-

g of ammonium fluoride (NGF) in water and dilute to 500 ctn  cator is pure yellow in color and add 0.5 €more NH,OH. If
with water. Store in a polyethylene or wax-coated bottle. the sample is known to be high in zinc or calcium, bring it to
47.4.4 Buffer Solution-Dissolve 60 g of acetic acid a boil, boil 30 s, and cool to room temperature. Add 1G i
(HC,H;0,) and 77 g of ammonium acetate (NELH;0,) in buffer solution, 60 cr of acetone and 5 drops of dithizone
water and dilute to 1 dfwith water. indicator solution. If the iron content is equal to or higher than
47.4.5 Dithizone Indicator Solutior-Dissolve 0.01 g of that of zinc, add 5 cn? of 2,4-pentandione solution. Titrate
dithizone in 10 cm of acetone. Prepare fresh every 48 h. with EDTA solution to a yellow-green color, using the buret

47.4.6 EDTA Solution(0.01 M)—Dissolve 3.72 g of ethyl- selected from the table in 47.5.3.
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47.5.5 Lead Present-Dilute the aliquot to 25 crh Add 2
cm of AICI; solution, 10 cmi of NH,F solution, and a drop of
methyl orange indicator solution. Add NBH until the indi-
cator turns orange-yellow, add 1.0 €wf HCI, and bring the
solution to a boil. Cool the solution. Add N@H until the

acidity by means of NEFDH (2 + 3) and HCI (1 + 1) to provide

an excess of 4 to 5 cirof the HCI (1 + 1)/100 crf of water,

and digest on the steam plate or steam bath overnight. Filter the
solution and wash the residue well with hot J8® ; solution.
Wash this residue back into the original beaker with hot water,

indicator turns yellow and proceed as in 47.5.4, cooling thealissolve the residue in the beaker and any traces on the filter
solution in an ice bath before titration. Titrate the cold solution.paper with HCI, and heat the solution on the steam bath. Filter

47.6 Calculations
47.6.1 Standardization

C = WI(V X 40)
(39)

47.6.2 Analysis

Zn0, %= (V X C X 100X 100)/(S X A)
(40)

where:

C = concentration of EDTA solution, g ZnO/cin
W = grams of zinc oxide,

V = volume of EDTA solution used in titration, ¢in
S = grams of sample, and

A = aliquot size, cri

47.7 Precision: 24

47.7.1 These precision data are based on tests of 6 samples
by 7 laboratories on two days. The range of samples studied

and wash thoroughly with hot water. Adjust the acidity by
means of NHOH (2 + 3) and HCI (1 + 1) to provide an excess
of 4 to 5 cnt of the HCI (1 + 1)/100 crf of solution. Cool,
saturate the solution with }$, and, when the lead sulfide (PbS)
has settled, filter into a 400-Chveaker. Wash thoroughly. The
total volume of the solution shall not be over 200 %m
Precipitate the barium with }$0O,(1 + 16) and treat the pre-
cipitated BaSQ in the usual manner as for sulfur determina-
tion. Barium sulfate determined above is assumed to have been
added as such, and the value will usually be less than the
amount of commercial BaSQoriginally compounded. If
barium carbonate (BaC{is also present it shall be deter-
mined (Section 49) in order to correct the Bag@alue.

48.3 Calculations— Calculate the percentages of total
barium as BaS@Qand of barium sulfate, corrected, as follows:

Total barium as BaS % = 66(A/B)x 100
(41)

Barium sulfate, corrected, % A — C (42)

was from about 1 to 27 % ZnO. Precision is expressed inwhere:

relative terms (2S %, D2S %).
47.7.2 Repeatability (Single-Operato—The repeatability
has been estimated to be3.0 % (2S %) of a determination.

Two test results should be considered acceptable if their
difference does not exceed 4.2 % (D2S %) of their average

value.
47.7.3 Reproducibility (Multilaboratory)—The reproduc-
ibility has been estimated to he4.4 % (2S %) of a determi-

A = grams of BaSQ
B = grams of specimen used, and
C = percentage of BaCQcalculated as BaSQO(Section

49).

49. Barium Carbonate

49.1 Scope—If the presence of acid-soluble barium salts is
indicated by the preliminary test (see 10.1.4) and if the

nation. Two test results should be considered acceptable if thefiresence of BaSQis also indicated by the presence of
difference does not exceed 6.2 % (D2S %) of their average. acid-insoluble ash that will give a test for barium upon fusion

48. Total Barium as Barium Sulfate

48.1 Reagents

48.1.1 Hydrogen Sulfide (H,S).

48.1.2 Sodium Carbonate(Na,CO;), solid.

48.1.3 Sodium Carbonate Solutio(60 g NaCO,/dm®).
48.1.4 Sodium Nitrate (NaNG).

48.2 Procedure—Analyze a specimen of ash (35.4.2 or

36.4) that has been ashed in a 503@mucible, for total barium
as follows: Fuse the specimen wib g of amixture of equal
parts of NgCO; and NaNQ;. Stir well during the fusion. Cool
the crucible, place it in a 400-cfhbeaker with about 125 cin

with Na,CO; and treatment of the water-insoluble fusion
residue with dilute HSOQO,, barium salts other than
BaSQ,(usually BaCQ) must be determined.

49.2 Reagents

49.2.1 Ammonium Carbonate((NH,),CO).

49.2.2 Carbon Dioxide (CO,).

49.2.3 Hydrogen Sulfide (H,S).

49.3 Procedure—Place a 1-g specimen in a porcelain boat,
and place this in a combustion tube purged with a current of
CO,. Ash the sample in the tube. After ignition and cooling in
the atmosphere of CO remove the boat, finely grind the
residue in an agate mortar, transfer it to a 25Gbeaker, and

of water, and digest on the steam plate or steam bath overnigiiteat with 5 to 10 g of (NH),COs, 15 to 20 cm of NH,OH,

Filter the solution and wash the residue well with hot,Gi@,

and about 50 crof water. Boil the mixture for 20 min, filter,

solution. Wash this residue back into the original beaker withand wash the precipitate thoroughly to remove all soluble
hot water, dissolve the residue in the beaker and any traces &tlfates. Wash the residue on the filter paper back into the
the filter paper with HCI, and heat the solution on the stean®riginal beaker and add about 10 tof glacial acetic acid with
bath. Filter and wash thoroughly with hot water. Adjust thesufficient water to make the total volume about 100°chieat
this to boiling and filter through the same paper as before. Pass
H .S into the filtrate to precipitate the lead. Filter, wash, and

24 Supporting data are available from ASTM Headquarters. Request RR: Dlldiscard the preCipitate: P.reCipitate the barium with
1009. H,SO,(1 + 16) and determine in the usual manner.
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49.4 Calculations— Calculate the percentages of BaCO to 200 cn?, regulate the temperature to about 60°C, add 2

and of the BaSQequivalent of the BaCQas follows: drops of 0.2 % methyl red solution, and titrate with ONL
BaCO, % = [(A X 0.8458/B]x 100 43)  KBrOg solution until the solution is colorless.
BaCO, as BaSQ, % — (A/B)x 100 (42) 50.2.4 When the indicator starts to fade, add the KBrO
' slowly, using another drop of indicator if desired. At the end
where: point, an added drop of indicator should become colorless. If
A = grams of BaSQ and iron is found to be absent, it is not necessary to precipitate the
B = grams of specimen used. antimony with H, S and the second heating in the Kjeldahl

flask may be eliminated.
50.3 Calculation— Calculate the percentage of antimony as
50.1 Reagents antimony sulfide (S5 5), as follows:

50.1.1 Hydrogen Sulfide (H,S). . _
50.1.2 Methyl Red Indicator Solutier See 44.1.3. Antimony as SpS; % = [(A > N x 0.0849/8] > 100

50.1.3 Potassium Bromate, Standard Soluti¢®1 N)—
Dissolve approximately 2.79 g of potassium bromate (KBrO where:
in 1 dnt of water (Note 14). Standardize this solution by meansA = volume of KBrQ, solution required for titration of the
of standard arsenic trioxide (AQ;) as follows: Use a sample specimen, cr)
containing from 0.1 to 0.2 g of A®;. Dissolve it in potassium N normality of the KBrQ solution, and
hydroxide (KOH), neutralize with HCI, and add 158of HCI B = grams of specimen used.
in excess. Dilute to 100 cfnwarm to about 60 C, and titrate ~ The percentage of $8; will not usually represent the exact
with KBrO; solution, using two drops of methyl red solution weight of the substance as compounded since commercial
(0.2 percent) as indicator. When the indicator fades, add thantimony sulfide normally has some excess sulfur or other
KBrO; solution, slowly, using more indicator if desired. At the impurities present.
end point the solution turns colorless and an added drop le Titanium Dioxide2s
indicator should be decolorized. )

50. Total Antimony

(46)

51.1 Scope-This test method covers the determination of

Grams of antimony equivalent to 1 ¢rof KBrO, (45  titanium dioxide (TiQ) in any rubber product. It may also be
- (A/B) X 1.23 used qualitatively to detect the presence of Ji@the ash of
a rubber product. This test method is based on fusion of the
where: rubber product ash with potassium pyrosulfate, dissolution of
A = grams of AsO; used, and the fused mixture in dilute $80,, and the formation of a
B = volume of KBrG,; solution required for titration of the  colored titanium complex with hydrogen peroxide.
sample, cmi 51.2 Reagents

i 0
Note 14—Potassium bromate of known purity may be used as a 51.2.1 Hydrogen_ Per().x'de(?’ /)(H,05).
primary standard for making this solution. Both the solid and the solution 51.2.2 Phosphoric Acid (H3PO,).

are very stable. If KBrQis used as a primary standard, 1%af 0.1 N 51.2.3 Potassium Pyrosulfat¢K,S,0;), powder.
KBrO, is equivalent to 0.006089 g of antimony. 51.2.4 Titanium Dioxide (TiO,).
50.1.4 Potassium SulfatéK,SO,). 51.3 Apparatus
50.1.5 Sodium Sulfite (N&,SO). 51.3.1 Photoelectric PhotometerA spectrophotometer or

50.1.6 Starch lodate Paper-Impregnate filter paper with a filter photometer suitable for measurement of absorbance at
solution made by heatin2 g ofstarch with 100 cn? of water approximately 416 nm, with matched absorption cells 1 to 3

and, after solution, add 0.2 g of potassium iodate (K)o CM in thickness. _
dissolved in 5 cri of water. 51.4 Calibration of Photoelectric Photometer

50.2 Procedure 51.4.1 Accurately weigh 0.125 g of TiOnto a 30-cnd

50.2.1 When a qualitative test indicates that antimony ilatinum crucible. Ad 6 g offused KS ,0; powder and 2 to
present (10.1.2), weigh out a 0.5-g sample, and transfer to @ drops of HSQ,. Heat the crucible gently until all the
Kjeldahl flask. Add 25 criof H,SO, and 10 to 12 g of KSO,, pyrosulfate is mel_ted._GraduaIIy increase Fhe heat _untll th_e
place a funnel in the neck of the flask, and heat until thePottom of the crucible is a dull red and continue heating until
solution becomes colorless. the TiG, is completely dissolved. Allow to cool while carefully

50.2.2 Cool, wash the funnel, dilute the solution to 106 cm rolling the melt around the walls of the crucible to facilitate
with water, and transfer to a 400-Gieaker. Dilute to 250 cfn dissolution of the fused material. Place the crucible and
with hot water, and precipitate the antimony with34 Filter, ~ €ONtents in a 159-cﬁ1pgaker containing 50 cinof water.
and transfer the precipitate to a Kjeldahl flask. Add 15ah ~ Caréfully add, with stirring, 25 ciof H,SO,. Cover the
H,S0, and 10 to 12 g of K,SO,, and heat as described above beaker and boil gently until d!ssolunon is complete._ Remove
until the solution is colorless. the heat and remove the crucible from the beaker with a glass

50.2.3 Wash the funnel, dilute the solution to 100%with ~ "0d, washing with HSO ,(6 +100). Cool the solution and
water, add 1d 2 g of NgSQ;, and boil until all the sulfur
dioxide (SQ) is driven out. This is shown when no blue color 2 the nomenclature and abbreviations used in this test method are in accordance
is obtained with starch iodate paper. Add 25°whHCI, dilute  with Definitions E 131.
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transfer to a 250-cm® volumetric flask, rinsing with 51.5.2 Place crucible and contents in a 50:daaker and

H,SO,(6 + 100). Dilute to volume with water and mix well. cover with H,SO,(6 + 100). Cover the beaker with a watch

Carry a blank through the same procedure. glass and boil the mixture slowly until dissolution is complete
51.4.2 If a spectrophotometer with 1-cm cells is used forexcept for clay or silica. Remove the heat and remove the

absorbance measurement, proceed as in 51.4.2.1 and 51.4.22icible from the beaker with a glass rod, washing wit/s8,

If a filter photometer is used for this measurement, proceed g% + 100). Filter through paper or a filter crucible if the solution

in 51.4.2.3. is not perfectly clear and quantitatively transfer the solution to
51.4.2.1 Transfer a 15-chaliquot of the standard titanium a 50-cni volumetric flask, using E8O,(6 + 100) for rinsing

solution to a 50-crhvolumetric flask, add 2 crhof H;PO, and  the beaker and filter. Add 2 chof H;PO , and 5 cnd of

5 cnt of H,0 (3 %) to the flask, and dilute to volume with H,0,(3 %) to the flask and dilute to volume with

H SO 46 +100). Allow to stand 5 min and measure the H,SO,(6 + 100). Mix and allow the flask to stand for 5 min.

absorbance in 1-cm cells at 416 nm, usingSK,(6 + 100) in 51.5.3 Measure the absorbance of the unknown solution and
the ref(_erence cell. Prepare the blank and measure its absQfes plank at 416 nm using80,(6 + 100) in the reference cell
bance in the same manner. of the spectrophotometer or filter photometer. If the absorbance

51.4.2.2 Calculate the absorptivity of Ti@s follows: is greater than 1.500, add 2 2rof H,0 (3 percent) to an
TiO, absorptivity,a, = [(Ay — Ag) X 50//CD (47)  aliquot of the solution and dilute to a known volume with
Where: H,SO,(6 + 100). Measure the absorbance at 416 nm. If the

absorbance is less than 0.150, a larger specimen shall be used

A, = absorbance of the diluted aliquot containing titanium, S

Ag = absorbance of diluted blank aliquot, for the determination.

C = volume of aliquot taken, cfand 51.6 Calculations

D = milligrams of TiO, per cubic centimeter of original ~ 51.6.1 Calculate the percentage of Ji@ the specimen as
solution. follows, if a spectrophotometer was used, for measuring

51.4.2.3 Obtain data for a calibration curve béwt\ililuting absorbance.
aliquots of the TiQ solution and of the blank to 50 ith I . _ B
H,S0,(6 + 100), hor tho aduition of 2 chat H,PO, and 5 cm Titanium dioxide, %= [(As— Ag) x 100/aE us)
3 of H,0,(3%) and measuring the absorbance against
H,SO,(6 + 100) in a filter photometer using a filter having a where:
maximum transmittance at or near 416 nm. From these dat#\s
construct a calibration curve of milligrams of Tj@er cubic ~ Ag N )
centimetre of solution against absorbance of the solution minug absorptivity of TiQ, (51.4.2.1), and _
absorbance of the blank diluted in the same manner. Use onl{ milligrams of specimen per cubic centimeter of
absorbance values between 0.15 and 1.5. solution on whichAg is measured.
51.5 Procedure 51.6.2 If a filter photometer was used for absorbance
51.5.1 Accurately weigh a 50 to 60-mg specimen of rubbefmeasurements, determine the absorbance for the sample minus
product inb a 3 to4-cnT platinum crucible. If the approximate absorbance for the blank. From the calibration curve (51.4.2.3),
TiO, content is known, adjust the specimen size to assure a#etermine the number of milligrams of Tj(per cubic centi-
absorbance reading between 0.15 and 1.3. Place crucible antetre of solution. Calculate the percentage of ;I follows:
specimen in a cold muffle furnace and heat to 550°C, Titanium dioxide, %= (A/B) X 100 (49)
continuing heating until no carbonaceous material remains.
Remove the crucible from the furnace, cool, add 1.3 to 2.0 g ofwhere:
fused K,S,0 , powder and 2 to 3 drops ofJ30, to the ashed A = milligrams of TiG, per cubic centimetre of solution,

absorbance of specimen solution,
absorbance of blank solution,

specimen and to a blank crucible. Heat gently until the and ) _ )
pyrosulfate is melted. Gradually increase the heat until theB = milligrams of specimen per cubic centimetre of same
bottom of the crucible is dull red and continue heating for 10 solution.

to 15 min. Any residue at this point is silica or clay. Cool the 51.7 Reproducibility— Duplicate results by one operator
crucible while carefully rolling the melt around the inside of should check within 0.6 %, based on the mass of the speci-
the crucible. men.
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PART B. DETERMINATION OF RUBBER POLYMERS

52. Scope TABLE 6 Behavior of Rubber-Like Materials in Chronic
Acid Oxidation Procedure

52.1 These test methods cover the determination of specific

rubber polymers present in a rubber product. They are appli- Material Value Obtained

cable to crude, unvulcanized, reclaimed, and vulcanized rub- Hard NR or IR products approximately 50 ‘%; of its mass reacts as if

bers containing IR, CR, NR, IR, NBR, and SBR types of g @aiaw) approximately squivalent to soprene

polymers. Since these test methods are based on the measure- polymer

ment of a functional group or an element, they are direct ™ approximately 18 % of its mass reacts as if
. . it were isoprene polymer

methods only when the relation between the determined ngr approximately 1.5 to 2 % of its mass reacts

quantity and the polymer or copolymer composition is known. as if it were isoprene polymer

These test methods will not differentiate, in general, between SBR i‘f}‘v’é‘r”e"gs“jg’nz %Ol"fnitjrmass reacts as if

components of a mixture if the functional group or element cgr appmximafe|y3&,§f its mass reacts as if

determined is present in more than one component of the it were isoprene polymer if a modification

mixture. The applications and limitations of the test methods to of the procedure 18 usedto avoid the

the analysis of specific types of rubber products are given in the r virtually unattacked but interferes by

scopes of the methods. Application to types and mixtures not preventing complete reaction with NR or

specified in the scope of a specific method shall be verified by R

application to a “control” of known and similar composition AThis modification consists of adding neutral Kl solution to the distillate after
" aeration and ftitrating any iodine that may be released with neutral Na,S,05

solution before proceeding with the titration with 0.1000 N NaOH solution.

53. Direct Determination of Natural and Synthetic

Isoprene Polymers 53.2.1.2 Aeration Assembly-An aeration assembly con-

53.1 Scope-This test method covers the determination oftaining a capillary tube] (Fig. 4a) and (Fig. 4b) which when
isoprene polymer occurring as NR, IR, or balata in rubberconnected to a vacuum line will maintain, through the receiv-
products. The limitations of this test method are listed in Tabléng flask, an air flow of approximately 2 dimin. If the
5 and Table 6. This test method consists essentially ofacuum is less than 30 mm of mercury, a capillary tube
guantitatively oxidizing the rubber polymer by means ofapproximately 10 cm in length with an 0.75-mm bore will
digestion in chromic acid solution, after which the acetic acidmaintain the required air flow. Since it is essential that the
formed is separated by distillation and determined by titratioraeration be maintained at a rate within 10 to 20 % of 2
of the distillate after carbon dioxide has been removed bym®min, each capillary shall be tested before use. The
aeration. This procedure is also applicable to reclaimed rubbefollowing method may be used: Invert a graduate over a beaker
but it has been found to give consistently lower than previouslyilled with water and evacuate the air through the capillary by
accepted estimates of the isoprene polymer content of reneans of a tube extending up into the graduate. The rate of air

claimed rubber. flow will be the same as the rate at which the water fills the
53.2 Macro Method graduate.
53.2.1 Apparatus 53.2.2 Reagents

53.2.1.1Digestion and Distillation Assembl/The diges- 53.2.2.1 Alcoholic Phenolphthalein Indicator Solutiofi0
tion and distillation apparatus shown in Fig. 4 may beg/dnP—Dissolve 10 g of phenolphthalein in 500 &nof
conveniently assembled on a ring stand with a tripod foot. Thethanol, and dilute to 1 din
use of rubber connections shall be avoided where they might 53.2.2.2 Chromic Acid Digestion Mixture- Dissolve 200 g
come into contact with the digestion mixture. Heating of theof chromic oxide (CrQ) in 500 cn? of water, add 150 cfhof
still and digestion mixture is accomplished by means of ga$i,SO,, and mix well.
burners. An all-glass, small-scale apparatus, as shown in Fig. 4 53.2.2.3 Sodium Hydroxide, Standard Solutiof.] M)—
may also be used. Heating of the still and digestion flask ifrepare and standardize a OiLsodium hydroxide (NaOH)

accomplished with heating mantels. solution.
53.2.3 Procedure
TABLE 5 Degree of Interference of Rubber 53.2.3.1Vulcanized Rubber ProduetsWeigh a sufficient
Compounding Ingredients amount of the sample, sheeted to a thickness of 0.5 mm (Note
Compounding Ingredient Interference 15) to contain approximately 0.3 g of isoprene polymer. Wrap
Combined sulfur one in normal Soft cures the specimen loosely in filter paper and extract by the total
Carbon black none as tested in tread stocks extract procedure as described in Section 20, or extract
Cellulose negligible, 2 % or less of its mass unwrapped specimens each weighing about 0.1 g with methyl
reacts as if it were rubber hydrocarbon thvl ket b h id il d 26.3). Af
Asphaltic hydrocarbon removed by acetone and chloroform etnyl .eone y the raP' re.ux proceadure (See ' ) ter
(mineral rubber) extraction. If not extracted, extraction, dry the specimen in an oven at 100°C for 1 h.
approximately 45 % of its mass reacts )
as if it were rubber hydrocarbon Note 15—The sample must be sheeted to a thickness of 0.5 mm or less,
Factice, brown negligible, after acetone and since some materials, such as unvulcanized NR or IR, may not otherwise
_ chloroform extraction be completely attacked by the oxidation mixture.
Vistanex virtually unattacked

53.2.3.2Unvulcanized or Reclaimed Rubber Produets
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FIG. 4 a Apparatus for Direct Determination of Iso-
prene Polymer Using Gas Burner

T
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H Drying tube [OPTIONAL)

1 Acration assembly
J Copillary tube
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D Distilling frap

E Adapter

F Condenser
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for A ond B nof shown)

FIG. 4 b Apparatus for Direct Determination of Isoprene Polymer Using Heating Mantles

Weigh a sufficient amount of the specimen, sheeted to &pecimen extracted in accordance with 53.2.3.1 or 53.2.3.2 into
thickness of 0.5 mm (Note 15), to contain approximately 0.2 ghe digestion flask (Note 17). Replace the steam tube and
of isoprene polymer. If the material is suspected of containindighten the connection. Heat the beaker of water surrounding
mineral rubber or factice, vulcanize the material by a simplehe digestion flask to boiling, continue boiling for 1 h, and
recipe and extract a specimen of the vulcanizate by the totakmove the burner and beaker.

e).(traCt procedure (Section 21) or by the rapid re.ﬂux procedure Note 17—It is not necessary to remove the filter paper quantitatively
with methyl ethyl ketone (26.3) (Note 16). Dry in an oven atg oy the sample before transferring it to the digestion flask, since the
100°C for 1 h. interference of small amounts of cellulose is negligible.

Note 16—Poorly vulcanized rubber product must not be extracted with 53.2.3 4 During the digestion period, heat the steam-
chloroform. Unvulcanized crude rubber or crude rubber products shall b@enerating flask,A, with the stopper removed, until the

extracted with acetone as described in 19.4 or 26.3. Unvulcanized rubb@ly \+ants are boiling. At the end of the digestion period, replace
or rubber products shall be sheeted to the required thickness und(ﬁ[] t d ’ tlet tube in th th of th ! . )
conditions that will not produce a sticky specimen resulting from -1 StOPPe€r and outiet tube in the mouth ol the steam

excessive breakdown of the rubber polymer, preferably using mill rolis ofd€nerating flask, adjust the burner to maximum heat, and pass

equal or nearly equal speeds. Careful examination of the reaction mixtutéhe steam through the digestion flagk,When the volume of
after digestion is necessary to detect the presence of unreacted speciméime liquid in the digestion flask is increased to approximately
It unreacted specimen is present afte h of digestion, repeat the 75 cn?¥, place a small flame under the flask, keeping it at a
determination. point that will maintain the volume in the digestion flask at 75
53.2.3.3 Place 700 to 900 énof water in the steam- cm * Continue the distillation until 500 cfrhave been col-
generating flaskA (of Fig. 4). Place a few cubic centimeters of lected in the receiving flaskl. Remove the burners, immedi-
water, sufficient to cover the end of the adapter, in the receivingitely remove the receiving flask and the adap&rand rinse
flask,H. Mark the outside of the digestion flask, at a point  the adapter with water from a wash bottle, catching the
indicating the liquid level when the flask contains 75%m washings in the receiving flask.
Transfer 50+ 1 cnt of the chromic acid digestion mixture in ~ 53.2.3.5 Adjust the temperature of the liquid in the receiv-
the digestion flask. Lift the steam tub8, and insert the ing flask to 25+ 5°C. AttachJ to H as in aeration assembly
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of Fig. 4, and attach to a vacuum line. Draw a stream of ai54. Determination of Chlorine by Oxygen Flask

through the liquid for 30 min at a rate of approximately 2 Combustion

dm*min (Note 18). Remove the rubber tubing and loosen the 54 1 Scope

two-hole stopper. Rinse the stopper and glass tubing with water 54 1.1 This test method covers the determination of all of

Add alcoholic phenolphthalein indicator solution to the receiv-gpproximately 0.2 to 25 % chlorine. This test method is

ing flask, and titrate with 0.M NaOH solution. applicable to NR, SBR, BR, IR, IIR, EPDM, and CR products.
Note 18—Caution: The rates of loss of carbon dioxide and of acetic In the absence of other chlorine containing materials, this test

acid during aeration have been investigated for the temperature rangg)ethod may be used to determine CR rubber.
type of apparatus, and rate of air flow recommended. Variation of any of 54.1.2 Bromides and iodides interfere, but other common
these factors may lead to erroneous analytical results. substances (for example, ZnS, CN, CO32_) do not inter-

53.2.3.6 Blank—Make a blank determination, following the fere- _
procedure described in 53.2.3.3-53.2.3.5, using the same 94.2 Summary of Test MethedThe sample, wrapped in

amounts of all reagents. The blank should not exceed 0.2 to offter paper, is burned in an oxygen combustion flask; the

cm?3. carbon and hydrogen of the organic matter are oxidized and the
53.2.4 Calculation— Calculate the percentage of isoprene chlorine compounds are converted to chloride, which is titrated
polymer as follows (Note 19): with standard alcoholic silver nitrate solution.
| I % 9.08(A — BM/C o4.3 Apparatus
soprene polymer, %= 9.08( ) (50) 54.3.1 Oxygen Combustion Flask (Schoniger FIZEk}A
chemical-resistarft! thick-walled oxygen combustion flask,
where: 1000 cni, with 35/25 ball-joint stopper, platinum sample
A = volume of NaOH solution required for titration of the carrier and pinch clasp.
specimen, cri 54.3.2 Infrared Safety Ignitef® with cabinet and infrared
B = volume of NaOH solution required for titration of the light (an electrical igniter is also satisfactory).
blank, cnf, 54.3.3 Buret, 25-cm?® capacity, with 0.1-crhgraduations.
M = molarity of NaOH solution, and 54.3.4 Magnetic Stirring Bay covered with chemical-
C = grams of specimen used. resistant coating® approximately 25 mm (1 in.) long, without

Nore 19—This calculation is based on the observation that a 75 %>P!NNING ring aro_und _the center.
yield is always obtained in the reaction:{d,),, + 0 — CH,COOH, using 54.3.5 Magnetic Stirrer
purified NR. To convert the results to rubber as compounded, a suitable 54.3.6 Filter Paper, 30 by 30-mm, with a 35-mm extension,
correction factor for non-rubber constituents of the crude rubber ilack3® for infrared or whit&?! for electrical ignition.

necessary (see 13.1). 54.3.7 pH Meter?? equipped with a billet-type silver elec-

53.2.5 Bias—Results may be expected to be accurate withirffod€® and a caloméF electrode in which the potassium

2 %, based on the mass of the specimen. Results are usuafiyloride has been replaced by a saturated potassium nitrate
consistent to 0.5 % or less. solution, or equivalent automatic titrator.

53.3 Small-Scale Test Method 54.4 Reagents-To conserve reagents make only as much

53.3.1 Apparatus—A small-scale rubber hydrocarbon appa- Solution as needed for the required analyses, or that can be
ratus (see Fig. 4a). stored for future needs. _ _

53.3.2 Reagents-See 53.2.2. 54.4.1 Acidified Ethanolic Silver Nitrate Solution0.01

53.3.3 Procedure M)—Pipet 100 cr of standaré* 0.1 M silver nitrate solution

53.3.3.1 Weigh 0.15 to 0.25 g of milled sample prepared M@ @ 1-dn volumetric flask containing about 500 Enof
accordance Witﬂ 53.2.3.1 or 5392_3_2_ Pl prep denatured ethanol (Formulas SD 3A, 1 or 2B, or 30), add 2.0

3 . . . .
53.3.3.2 Place the extracted and dried sample in the dige%—m of ntltnc z(_:l'q{ (1t+ 1)Iand Whtehn tthr:s halls ;O?e(ﬂ ;‘0 ro?[hm
tion flask B (Fig. 4), and add 25 cmi of digestion mixture emperature diluté 1o volume with ethanol. Frotect from the

- light. Titrate an accurately weighed sample of reagent grade
53.2.2.2). Connect all fittings except that to the s#],and . ; ; - ;
Ejigest fo)r 0.5 h. (The mixgt;ure sthJ)uId boil gently.) In the potassium chioride (KCI) or sqdlum chioride (NaCl) as in
meantime, heat the water in the still to boiling. 54.7.12 and calculate the molarity as follows:

53.3.3.3 At the end of the digestion time, connect the still to

the digestion flaskB, and collect 150 cnt of distillate in the ¢ Borosilicate alass has been found safisfact
. . . orosilicate glass nas peen touna satistactory.

receiving flaskG, to which sufficient water has been added 0 27 ", “Ti1omas Co., Philadelphia, PA 19105. Catalog No. 6514-F20 has been
cover the end of the delivery tube. found satisfactory.

53.3.3.4 Carry out the aeration in accordance with 53.2.3.5. **A. H. Thomas Co., Catalog No. 6516-G10 has been found satisfactory.

; 29 polytetrafluoroethylene has been found satisfactory.

At the end of 0.5 h, remove th.e flask, add phenolphthalein and 3°A. H. Thomas Co., Catalog No. 6514-F65 is satisfactory.
titrate with 0.05M NaOH solution. 31 A. H. Thomas Co., Catalog No. 6513-C75 is satisfactory.

53.3.3.5Blank—Determine a blank on each new set of 32A.H. Beckman pH meter Model SS-2 has been found satisfactory.
33 Coleman Catalog No. 3-571 has been found satisfactory.

reagents. 24 . ) : ? .
53.3.4 Calculations— See 53.2.4 The 0.1 M silver nitrate solution should be prepared in accordance with
o ulat ve T Method E 200. One to ten dilution of this reagent with denatured ethanol produces
53.3.5 Accuracy—See 53.2.5. an approximate molarity of 0.01.
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Molarity = (A X 1000/(B X C) stopper without letting the platinum carrier drop into the liquid.
(51) 54.7.7 With the stopper upright, clamp the stopper tightly
with the pinch clamp.

\évhiremass of chloride weighed, g, 54.7.8 Place the flask in the infrared igniter chamber with

b = molecular mass of chloride weighed, and the pointed end of the paper in line with the infrared beam and

¢ = titration volume, cm. approximately perpendicular to it. Close the door and turn on
54.4.2 Hydrogen Peroxide(30 %) the infrared light (or electric igniter) until the paper ignites.

_ _ o 54.7.9 After the burning ends, stir the still-sealed flask
Note 20—Caution: Thirty percent hydrogen peroxide is very corro- vigorously on a magnetic stirrer for 1 h. Alternatively, it may
sive to the skin; wear rubber or plastic gloves and goggles when handlinge allowed to stand undisturbed for 2 h

- 54.7.10 Remove the pinch clamp, tilt the stopper to release
54.4.3 Nitric Acid (1 + 1)—Mix equal volumes of nitric acid  the vacuum, and open the flask.

(HNO,) (density, 1.40 Mg/m) and water. 54.7.11 Transfer the contents of the combustion flask (with
54.4.4 Potassium Hydroxid¢2M)—Dissolve 112 g of po- the exception of the platinum carrier) to a 250%heaker,

tassium hydroxide (KOH) pellets in water and dilute to 1°dm which is shielded from light. Rinse the sample carrier and

54.4.5 Oxygen in compressed gas cylinder. combustion flask with six T5portions of denatured alcohol
54.5 Sample Preparation and Handling into the beaker. Add 2 cri of HNO, (54.4.3).
54.5.1 The rubber must be milled finely on a laboratory roll  54.7.12 Titrate the solution with 0.0M AgNO, solution

mill before weighing. using the pH meter arrangement described or an equivalent

54.5.2 Due to the small sample size the rubber and filtegutomatic titrator, adding the titrant in increments of 0.°cm
paper should be protected from contamination, and all operarhe end point is the point of maximum change in emf, for an
tions prior to combustion should be carried out with plasticincrement.
gloves. _ _ _ 54.7.13 Carry a blank through the whole procedure, with the

54.6 Safety Precautions-The following safety precautions sample omitted. Use this value as a correction for chlorine in
must be observed in the combustion of rubber samples:  reagents, etc.

54.6.1 The flask must contain no residues of organic sol- 547,14 A better end point may be achieved by adding a
vents or vapor, which could cause an explosion. Any suctknown amount of chloride to the solution before titration and
solvents used for cleaning the flask should be repeatedly rinsegbducting this amount from the total titration.
out with water. 54.8 Calculations

54.6.2 The pressure generated by the rapid combustion 54.8.1 Calculate the chlorine content as follows:
could cause the flask to explode. Hence, combustion must take (A—B) X M x 3.55

place in the safety chamber with the door locked or behind a Chlorine, %= W

safety shield or hood shield (preferably in a safety chamber

which is itself behind a shield); the hands and face must bewhere:

withdrawn behind a screen before the flame reaches the samplke = volume of AgNQ, solution required for sample titra-

itself. Goggles, or a face shield, must be worn during this tion, cm?3,

process. B volume of AgNQ, solution required for blank titration,
54.6.3 The flask should be left in the safety chamber until cn?,

the last spark is extinguished. At this point it is removed; butM = molarity of the AgNQ solution, and

since a slight vacuum is formed, continue wearing goggles oW = mass of sample used, g.

(52)

face shield. 54.8.2 Calculate the percentage of CR polymer as com-
54.7 Procedure pounded by:
54.7.1 Place 10 ciof water, 2.0 cnt of 2 M KOH solution, CR polymer as compounded, %A/0.37 (53)

the stirring magnet, and 3 drops (added by medicine dropper)
of 30 % hydrogen peroxide solution in the 1000%gombus- ~ Where:

tion flask. A = the percentage of chlorine.
54.7.2 Fold the filter paper into a U-shaped sample boat 54.9 Precision®
according to Fig. 1A andB of Test Method E 442. 54.9.1 These precision data are based on tests of four

54.7.3 Weigh a sample of rubber of 30 to 60 mg, whichSamples by five laboratories on 2 days. The range of samples
should not exceed about 0.5 milliequivalents of chlorine, to 0.vas from approximately 1 to 23 % chlorine. Precision is
mg. Place the rubber sample in the sample boat. expressed in absolute terms (2S, D2S). N

54.7.4 Fold the paper according to 8.2.4 and 8.2.5 of Test 94.9.2 Repeatability (Single-Operater} The repeatability
Method E 442. Place the folded paper firmly in the platinumhas been estimated to be0.26 percentage points (2S). Two
sample carrier hung on the hook of the stopper with the pointetfSt results should be considered acc_eptable if their difference
end of the paper projecting outward. does not exceed 0.37 percentage points (D2S).

54.7.5 Insert a tube from the oxygen cylinder close to the
bottom of the flask as in Fig. & of Test Method E 442, and

blow in oxygen Strongly for at least 0.5 min. 35 Supporting data are available from ASTM Headquarters. Request RR: D11-
54.7.6 Smoothly remove the oxygen tube and close theoos.
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54.9.3 Reproducibility (Multioperator— The reproducibil- fillers, the IIR or polyisobutylene is precipitated with alcohol,
ity has been estimated to b€).54 percentage points (2S). Two dried, and weighed.
test results should be considered acceptable if their difference 56.3 Apparatus and Materials
does not exceed 0.76 percentage points (D2S). 56.3.1 Steam Plate or Hot Platenaintained at 140°C in a
) ) fume hood, and a thermometer to measure surface temperature.
55. Estimation of NBR Polymer 56.3.2 Reflux CondensersHopkins type, with standard-
55.1 Scope—An estimation of the NBR polymer content of taper 24/40 joints.
a rubber product may be obtained from the nitrogen content of 56.3.3 Erlenmeyer Flask 250-cn?, with standard-taper
the sample if no other nitrogen containing materials are presefsints.
or if a correction can be made for known nitrogen bearing 56.3.4 Bumping StongsNo. 6 Carborundum.
materials in the sample. This test method is applicable to all 56.3.5 Biichner Funnel A-A No. 0 Buichner funnel lined
rubber products. first with a Reeve Angel No. 934 AH glass-fiber disk, then with
55.2 Procedure—The sample may be prepared in accor-medium-fiber asbestos to about 3 mm (0.125 in.) depth, and
dance with 9.2 or 9.3, or may be cut into pieces about 2 mm offinally with a 3-mm (0.125-in.) top layer of diatomaceous earth
an edge. Weigh a 0.5 to 1-g specimen and proceed to determifiter aid from a suspension in acetone to a total depth of about
nitrogen in accordance with 40.3, except that the aceton8 mm (0.25 in.). Remove the acetone with suction and age at
extraction shall be omitted. Antioxidants and acceleratordeast 24 h before using (Note 21).
containing nitrogen may be at least partially removed by 56.3.6 Biichner Funnel B-A No. 1 Biichner funnel lined
extraction with methanol using the acetone extract procedurfirst with a circle d S & S No. 598filter paper, then with
(see 19.4). An alternative procedure may be used as describatedium-fiber asbestos to a depth of about 3 mm (0.125 in.) and
in Test Method D 982. If Test Method D 982 is used, proceedinally with a 3-mm (0.125-in.) top layer of diatomaceous earth
in accordance with Sections 3, 4, 7, and 8 except to omifilter aid from a suspension in acetone to a total depth of about
Sections 6 and 9.1 and all reference to moisture-free basis. 6 mm (0.25 in.). Remove the acetone with suction. Wash with

55.3 Calculations the equal volume mixture of chloroform and 30 to 60°C
55.3.1 When 40.3 is used for nitrogen determination, calcupetroleum ether. Remove the solvent mixture with suction. Age
late the nitrogen content as follows: at least 24 h before using (Note 21).

Nitrogen, %= [(AN — BN')/C] X 1.4 Note 21—The preparation of the filter funnels as described has been

(54) found to be important to the success of the method. The use of other
materials of equivalent properties in the preparation of the filters should be

where: tested with samples of known composition.

A = volume of 0.1 HSO, used, crm, . . a7

N = normality of H,SO,, 56.3.7 Diatomaceous Earth Filter Aid".

B = volume of 0.1N NaOH solution required for titration 56.3.8 Asbestos Filtering Fibermedium.
of the H,SQ,, cnT, 56.4 Reagents

N’ = normality of the NaOH solution, and 56.4.1 Acetone-See 19.3.

C = grams of specimen used. 56.4.2 Chloroform—See 20.3.

55.3.2 When nitrogen is determined in accordance with Test 56.4.3 Chloroform-Petroleum Ether Mixturgl + 1). Mix
Method D 982, calculate the percentage of nitrogen in accorequal volumes of chloroform and petroleum ether.
dance with 8.1 of that test method. 56.4.4 Ethanol—Formula 2B denatured ethyl alcohol or
55.3.3 Calculate the percentage of NBR polymer present igbsolute ethanol.
the sample if the composition of the copolymer used in the 56.4.5 Petroleum Ether30 to 60°C boiling range.

rubber product is known. 56.4.6 Tert-Butyl Hydroperoxidecommercial gradé®
56.4.7 Xylene
56. Direct Determination of IIR Polymer 56.5 Procedure

56.1 Scope—This test methotf is intended for use in the 56.5.1 Homogenize and sheet out the sample with a tight
determination of IIR or polyisobutylene in rubber products.rubber mill to a thickness of 0.5 mm. Accurately weigh a
The method is especially useful in the determination of smalkpecimen of appropriate size to contain between 0.05 and 0.20
amounts of IIR in rubber products. It is applicable to productsy of polyisobutylene. Do not use more than 5 geUsg for
containing BR, CR, IR, NR, NBR, and SBR rubbers. Applica-unknown range and repeat with adjusted sample size if less
tion to products containing other polymers must be verified bythan 0.05 g or more than 0.20 g is found. Add to 200 ah
use of control samples of known and similar composition. acetone in a 250-cfnErlenmeyer flask, connect to a reflux

56.2 Summary of Test MethedRubbers having unsaturated condenser, and reflux 1 h. Remove the sample, blot off acetone
carbon chains are destroyed by digestion with nitric acid. Thevith a paper towel, and dry for 10 min in an oven at 105 to
polymers IIR and polyisobutylene are not attacked. The residu&10°C.
after filtration is heated wittrbutyl hydroperoxide solution to
solubilize the IIR. After filtration to remove any remaining

37 Celite Analytical Filter Aid has been found satisfactory for this purpose.
38 Available from Lucidol Division, Wallace and Tiernan Co., Inc., Buffalo, NY.

36 Based on Kress, K. E., “Determination of Polyisobutylene in Rubber Prod-This material is said to be of 60 percent minimum purity and stable for several
ucts,” Analytical Chemistry\Vol 30, 1958, p. 287. months if stored in a cool place.
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56.5.2 Cut into 5 by 10-mm or smaller pieces and place in 56.5.7 Cool to room temperature and carefully decant the
a 250-cni beaker. Add 10 crhof HNO, and allow to stand at  alcohol (or acetone). Wash the precipitated polyisobutylene by
room temperature in a hood until initial frothing reaction swirling gently with 25 crmi of acetone at room temperature
subsides. If the reaction is slow, warm the beaker on a hot platend decanting. Dry the flask and polyisobutyéhh in anoven
at 140°C until fuming just begins and then remove immedi-at 105 to 110°C, cool in a desiccator, and weigh.
ately. If there is no reaction after 5 min on a hot plate at 140°C, 56.6 Calculations— Calculate the percentages of polyiso-
remove anyway. When all reaction stops and the beaker hdsitylene and IIR as follows:
cooled to room temperature, add 50°%ofl HNO; and 10 cm A= [(B — C)/D] X 100 (55)
of xylene. Place on a hot plate at 140°C, cover with a watch
glass, and digest 30 min. Remove the watch glass and digest at
least 30 min more until xylene is completely evaporated. where:

56.5.3 Add 1 level teaspoon of filter aid, stir with a glass A percentage of polyisobutylene,
rod, and filter hot through an aged prepared Biichner funnel AB mass of flask and precipitated polyisobutylene,
into a 500-cm filtering flask containing 100 chof water. Use ~ C = mass of flask, and
low to moderate suction and a fume hood. Wash beaker and® mass of sample used.
filter twice with 20-cnf portions of HNQ at room temperature.  56.7 Precision®
Wash copiously with at least 300 érof hot water until the 56.7.1 These precision data are based on tests of 4 samples
filtrate is colorless. Discard the filtrate and rinse the flask withby 6 laboratories. The range of samples studied was from about
water (Caution, Note 22). Attach the filter to the cleaned filter 3 to 60 % IIR. Precision is expressed in relative terms (2S %,
flask, wash with 50 cfhof ethanol, and dry on the filter with D2S %).
continued suction. 56.7.2 Repeatability (Single-Operates)The repeatability
has been estimated to keb.7 % (2S %) of a determination.
Two test results should be considered acceptable if their
difference does not exceed 8.0 % (D2S %) of their average

56.5.4 With the aid of a spoon or spatula, carefully transfer/alye.
the contents of the funnel to a dry 250-t@Erlenmeyer flask. 56.7.3 Reproducibility (Multilaboratory}-The reproduc-

Use filter paper wet with chloroform to clean the last tracespility has been estimated to be8.9 % (2S %) of a determi-
from the funnel. Add six to ten carborundum bumping stonesnation. Two test results should be considered acceptable if their
100 cn? of chloroform, 100 cmof petroleum ether, and 5t0 7 difference does not exceed 13 % (D2S %) of their average.
cm® of tert-butyl hydroperoxide. Connect the Hopkins con-

denser and reflux rapidly at least 4 h. Replace any appreciabf’. Estimation of SBR Polymers

amount of evaporated solvent with chloroform-petroleum ether 57.1 Scope

mixture (1 +1). 57.1.1 This test methd8is intended for the determination

56.5.5 Filter the refluxed sample, warm, through an age@f the bound styrene content of SBR polymers or rubber
prepared Biichner funnel B into a clean, dry 500%dittering  products containing SBR polymers, including those products
flask, using moderate suction. (Too much suction may causeontaining carbon black, oil-extended SBR polymers, inor-
some carbon black to pass through the filter and necessitaggnic fillers, NR, IR, and CR. Application to rubber products
refiltering.) With a wash bottle, wash the flask and filter five containing other polymers shall be verified by the use of
times with 20-cmi portions of warm chloroform-petroleum control samples of known and similar composition. The
ether mixture (1 + 1). Be sure to wash well the edge and sidenethod is considered to provide an estimation of SBR content
wall of the funnel with the stream from the wash bottle. because the bound styrene content of the entire sample is

56.5.6 Add two No. 6 Carborundum bumping stones to edetermined. SBR content can be estimated by assuming the
clean 250-cm beaker. Evaporate portions of the filtrate from bound styrene content of the SBR used in the rubber product.
56.5.5 in the 250-chbeaker until all the filtrate has been 57.1.2 The method is designed for routine application in
reduced to a small volume. Wash the filter flask well with thecases where the accuracy desired does not warrant the calibra-
chloroform-petroleum ether mixture (1 + 1). Add these washtion of the spectrophotometer. There is also provision for
ings to the beaker and evaporate to about 20 chnansfer the  increasing the accuracy of results by calibration of the spec-
solution to an accurately weighed, clean, dry 5CG:&nenm- trophotometer.
eyer flask containing two No. 6 Carborundum bumping stones 57.2 Summary of Test MethedThe bound styrene is ni-
and wash the beaker well with the chloroform-petroleum ethetrated and oxidized to nitrobenzoic acid which is separated by
mixture (1 + 1). Carefully evaporate to about 1 to 3€mwn a  extraction and is determined quantitatively by measuring its
hot plate at 140°CDo not e vaporate to dryness. Allow the ultraviolet absorption at 265, 273.75, and 285 nm. A prelimi-
flask to cool to room temperature and then add 25 ethanol. nary extraction removes interfering compounds.

(If there is no precipitate or turbidity at this point polyisobu-

tylene is not present and the analysis may be terminated.) Bob————

gently on a hot plate at 140°C for at least 15 min, until the °*°Supporting data are available from ASTM Headquarters. Request RR: D11-
alcohol is clear an.d.a” the !SObUIylene Coagmates and adheréggo&'rhis test method is a revised version of the paper by Hilton, C. L., Newell, J.
to the flask. If turbidity persists, evaporate to about 2 to §,cm E., and Jacob Tolsma, “Determination of Bound Styrene in Raw and Cured
cool to room temperature, and add 25°o0f acetone. Polymers by Nitration,"Analytical ChemistryVol 31, 1959, p. 915.

IR, % = A X 1.03 (56)

Note 22—Caution: There is danger of a violent reaction between
nitric acid and alcohol.
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57.3 Apparatus 57.6.3 Treat replicate specimens (at least triplicate) of the

57.3.1 SpectrophotometerA spectrophotometer that will samples that have been dried and pressed between sheets of foil
measure absorbance in the region from 260 to 290 nm. in the refractive index method 57.6.2 for determination of

57.3.2 Absorption Cellssilica, 1-cm path length. bound styrene content, in accordance with the nitration proce-

57.3.3 Extraction Apparatus-Soxhlet extraction apparatus dure given in 57.7. Calculate the average absorptivity due to
or ASTM extraction apparatus (see 19.2). nitrated styrene at each wavelength as follows:

57.3.4 Boiling Flasks 125-cn?, with standard-taper joints. as = [AJc — a,(1 — X)X

57.3.5 Graham Condensers (57)

57.3.6 Boiling Chips Carborundum, No. 10 grit.

57.4 Reagents Wher—e:absor tivity due to nitrated styrene

57.4.1 Diethyl Ether peroxide-free. Zsp - absorgancz/a of the solution, Y '

57.4.2 Ethanol-Toluene-Azeotroff& TA)—Prepare by mix-  ¢* = concentration of specimen in solution on which
ing 70 volumes of ethyl alcohol and 30 volumes of toluene, absorbance is measured, giim
refluxing the mixtue 4 h over calcium oxide (CaO), and X = average value of the fraction of bound styrene in
dlStI”Ing Discard the first and last pOftiOﬂS, keeping Only that Copo|ymer as determined in accordance with 57.6.2,
distillate coming over within a range of 1°C. Distilling may be and
omitted if absolute grain alcohol or anhydrous Formula 2-B a, = absorptivity of nitrated butadiene = 0.373 at 265 nm,
alcohol is used. 0.310 at 273.75 nm, and 0.265 at 285 nm.

57.4.3 Nitric Acid (density 1.40)—Concentrated nitric acid  57.6.4 Record the slit widths used in determining the above
(HNOy). absorbance values and use approximately the same slit widths

57.4.4 Sodium Chloride Solution(saturated)—Prepare a in the analysis of unknown samples in 57.7. An improvement
saturated solution of sodium chloride (NaCl) in water. in precision may result if the final solution used in calibration

57.4.5 Sodium Hydroxide Solutiof200 g/dn?—Dissolve  and in the determination is approximately half of the concen-
200 g of sodium hydroxide (NaOH) in water and dilute to 1 tration specified in the procedure. Absorbance values will then

dn?. be in the 0.4 to 0.7 range.
57.4.6 Sodium Hydroxide Solutio@# g/dnt)—Dissolve 4 g 57.7 Procedure

of NaOH in water and dilute to 1 din 57.7.1 Accurately weigh a specimen of the desired size
57.4.7 Sodium Sulfate, AnhydrougNa,-SQ,). (Note 24) and extract it with ETA or methyl ethyl ketone
57.4.8 Methyl Ethyl Ketone (vulcanizates only) for 16 to 18 h in a Soxhlet extraction

57.5 Preparation of Sample-Mill mass polymer or rubber apparatus or in the ASTM extraction apparatus described in
product sample and sheet out to less than 0.5-mm thicknessl9.2. Alternatively, the specimen may be extracted with either
57.6 Calibration of Spectrophotometer solvent by the rapid reflux method described in Section 26. If
57.6.1 While calibration of the spectrophotometer used irthis method is used, the specimen shall be cut finely as
the procedure is not always necessary, for the most accuraggscribed in the procedure and 25%wi solvent shall be used
results, a calibration is desirable, using standard samples #r each 0.1 g of specimen. Dry the extracted specimen in a
styrene containing copolymers having bound styrene contentgcuum oven at 100°C for 1 h.
approximately the same as the copplymer p(esent in the Note 24—Estimate the specimen mass as follows:
unknown rubber product sample. A calibration with a produc-
tion sample of SBR, preferably in the 23.5 % bound styrene Specimen mass, g 4.5/estimated percent styrene in sample
range, will be suitable for reasonably accurate measurements (58)
on rubber products containing SBR with from 9 to 45 % bound 57.7.2 Transfer the extracted and dried specimen to a
styrene. In the presence of other rubbers, calibration to givé25-cm flask having a standard-taper joint, and add 20*@h
maximum accuracy will probably require the use of a knownHNO; and a few carborundum boiling chips. Place the flask on
SBR together with a known amount of any other rubber presera cold hot plate, turn the heat on and allow to reflux at a rolling
in order to obtain a correction for absorptivity of nitrated boil overnight (16 to 18 h) under a water-cooled Graham
products of the other rubber. condenser. Turn off heat, pour 10 to 20 %of water into the
57.6.2 Determine the bound styrene content of a referenc@p of the condenser, and allow the water to be drawn into the
standard SBR by treating a sample of crude SBR polymeflask as the flask cools. Allow the reaction mixture to cool to
having the appropriate bound styrene content in accordangeermit handling of the flask.
with the refractive index method covered in Test Methods 57.7.3 Transfer to a 400-chheaker, using a stream of water
D 1416. Determine the bound styrene content of the referendeom a wash bottle to rinse the flask and the standard-taper
standard in triplicate, or with more replications if a greaterjoints. Add the rinsings to the beaker. Cool the beaker to room
confidence must be placed in the mean value obtained. temperature. Add 50 chrof NaOH solution (200 g/dh) to the
original flask and again rinse into the beaker, using water. Test

NoTe 23—For most accurate calibration, use a sample of hot SBR L . .
preferably of Type 1006 of the Description of Synthetic Rubbers andthe solution in the beaker with pH paper. The solution should

Latices (International Institute of Synthetic Rubber Produckryy D€ made strongly _aCid With HNQif the solution is not already
23.5 % bound styrene. Other 1000 series samples may be used, but the{fongly acid at this point. Cool to room temperature. Transfer
should be fatty acid emulsifier, salt-acid coagulated polymers. the solution to a 500-cfseparatory funnel, rinse the beaker
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with water, and add the washings to the separatory funn\el. S, = [(100A, ,edC,) — 26.5Y)/(ag,g5 — 0.265 (66)
(Caution—The skill with which these transfers and the sub-
sequent extractions are performed will determine the accurac
of the analysis.)

57.7.4 Shake the solution with 50 &rof diethyl ether and A,
allow the layers to separate. Drain the lower aqueous layer int(}iS

here:

= concentration of specimen solution on which absor-
bance is measured, g/din

= absorbance of solution at specified wavelength,

= absorptivity at specified wavelength as determined in

9=

the original beaker. Add 25 chof the saturated salt solution to 576.3. and
the ether layer. Drain a few cubic centimetres into the originaly = fraction of styrene-containing copolymer in sample
beaker to wash the stem of the separatory funnel. Shake and
! oo (Note 26).
allow the layers to separate. Drain the salt solution into the
same beaker. Drain the ether layer into a 25G-dreaker Note 25—The use of absorbance at three wavelengths serves to correct

. for background due to minor interferences. An unknown sample of crude
containing 46 5 g ofanhydrous N§804' Add 5.0 cn? (.)f ether . . SBR having a bound stryene content close to that of the SBR used for
to the separatory funnel and drain a few cubic centimeters Ir]tgalibration should givés,, S,, andS; values in 57.8.2 that do not differ by
the 250-cri beaker containing the ether extract, to wash thenore than a few tenths of a percent. Other types of samples may yield
stem of the funnel. Swirl ether in the beaker and transfer ethayajues ofS,, S,, andS; having a range as great as 1 % before the analysis
to another separatory funnel. is suspected of error due to interference. With the use of the formula given

57.7.5 Repeat extraction of the aqueous layer in the samig 57.8.1 however, the range &, S,, andsS; values may be as great as
manner for a total of three extractions, each ether extract bei %, because of improper wavelength calibration of the spectrophotometer

. . d because the constants in the formula may not be correct for the
dried over the same N8O, and collected in the second particular spectrophotometer. Any results in which this range is greater

separatory funnel. ) ) _ than 2 % should be considered suspect from the standpoint of interfer-
57.7.6 Extract the combined ether extracts four times withences.
50-cm portions of NaOH solution (4 g/di Collect the NoTe 26—The fraction of styrene-containing copolymers in the sample

agqueous extracts in a 250-8molumetric flask. After each may not always be known, but can usually be estimated with sufficient
extraction, drain a few cubic centimeters of the next portion oficcuracy. For samples where the fraction of styrene-containing copoly-
mers is not known but where the percentage of bound styrene in the

NaOH solution, before shaking, to rinse the stem of the : ) !
copolymer in the sample is approximately known, an equally accurate

separatory funnel, adding the drainings to the volumetric flaskyna vajue for percentage of bound styrene may be obtained as follows:
Dilute to volume with NaOH solution (4 g/dr). Mix well. CalculateS;, S,, andS, with the assumption that = 1. Calculate values
Pipet a 25-craliquot into a second 250-ciwvolumetric flask.  for Y based on these apparent bound styrene percentages and recalculate
Dilute to volume with NaOH solution (4 g/dff) and mix well. S, S, andS,.
57.7.7 With NaOH solution (4 g/d#in the blank spectro- 57.9 Precision4*
photometer cell and the extract in a matched silica absorption 57.9.1 These precision data are based on tests of 3 samples
cell, measure the absorbance at 265 nm, 273.75 nm, and 285sted by 7 laboratories. The range of samples studied was from
nm using a spectrometer. The dark current should be adjusteghout 7 to 14 % bound styrene. Precision is expressed in
before and after each reading. If the dark current is found t@elative terms (2S %, D2S %).
have drifted during the reading, the reading should be repeated.57.9.2 Repeatability (Single-Operator)—The repeatability
57.8 Calculations has been estimated to he3.5 % (2S % ) of a determination.
57.8.1 If the spectrophotometer has not been calibratediwo test results should be considered acceptable if their
calculate the apparent percentage bound styrene as follovdifference does not exceed 5.0 % (D2S %) of their average.

(Note 25): 57.9.3 Reproducibility (Multilaboratory)—The reproduc-
S, = [(Ayes X 3.829/B] — 0.57Y (59) ibility has been estimated to be8.7 % (2S %) of a determi-
S, = [(Ayyyoex 3.610/B] — 0.45/ (60) nation. Two test results should be considered acceptable if their
- 273.75 : Y

difference does not exceed 12 % (D2S %) of their average.
S; = [(Asgs X 4.018/B] — 0.43¢ (61) o
Bound styrene, % (S, + S, + S,)/3 (62) 58. ldentification of Rubbers by Instrumental Methods

58.1 Gas Chromatography of Pyrolysis Produet&nalysis

Whe£e3 . of rubbers (raw, cured compounded stock, or finished products)
A = absorba]}nce at the spemfgad wavelength, is possible by a combination of pyrolysis and gas chromatog-
B = mass of specimen, g, and . raphy. This technique can be found in Practice D 3452.

Y = fraction of styrene-containing copolymer in sample

58.2 Infrared—Analysis of rubbers (raw, cured com-

(Note 26). %‘ounded stock, or finished products) is possible by infrared

57.8.2 If the spectrophotometer has been calibrated i

- chniques, usin rolyzates or films. This technique, con-
accordance with 57.6, calculate the percentage of boun . g Pyroy .

ed to single rubbers and some blends, can be found in Test

styrene content as follows (Note 25): Methods D 3677
Bound styrene, % (S, + S, + S;)/3 (63)
SL = [(100Az6q/C) — 37.3/(3 265~ 0-373 (64) 41 Supporting data are available from ASTM Headquarters. Request RR: D11-

S, = [(10QA, ;73 74C,) — 31.0Y]/(a5 273 75— 0.310 (65) 1010.
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APPENDIXES
(Nonmandatory Information)

X1. SULFUR, ZINC-NITRIC ACID TEST METHOD

X1.1 Scope X1.3.2 When the dissolution of the rubber appears to be

X1.1.1 This test method covers the determination of all the€omplete, add 5 ciof a saturated water solution of bromine
sulfur, except that contained in barium sulfate (Bgs@ a  @nd slowly evaporate the mixture to a foamy syrup. (For the
sample of rubber product or in the fillers obtained from adetermination of sulfur in unvulcanized mixtures use 3'ah
rubber product. If acid-soluble barium salts, antimony sulfidePromine in place of bromine water.) _ o
or lead compounds are present this method will give erroneous X1.3.3 If organic matter or carbon remains at this point, add
results, in which case the fusion method (Section 32) should b@ few cubic centimetres of fuming HN@nd a few crystals of
used. The method may be used for the determination ofClOs(Caution) and evaporate by boiling. Repeat this opera-
combined plus inorganic sulfur on an extracted sample, toteHO”_ until all carbon is gone and the solution is clear, colorless,
sulfur on an unextracted sample, or inorganic sulfur in the asR" light yellow. _
from Section 33, subject to the conditions stated above. If itis X1.3.4 Atthis point either of the following procedures may
used for determination of combined plus inorganic sulfur, itt€ used:
must also be used for determination of inorganic sulfur. It shall X1.3.4.1 Procedure A— Place the flask on an asbestos
not be used for determination of total sulfur in compoundsdauze and evaporate the mixture to dryness over a Tirrill
containing barium sulfate. The method is applicable to NR burner. Th_en bake the mixture at the highest temperature of the
SBR, BR, IR, and CR products and to total sulfur determinafurner until all nitrates are decomposed and no more nitrogen

tion in NBR products. oxide fumes can be detected. The flask and its contents must be
carefully annealed after this procedure by gradually decreasing
X1.2 Reagents: the flame or by placing the flask on successively cooler sources

X1.2.1 Barium Chloride Solution(100 g BaC}-2H,0/  Of heat. _
dm3 —Dissolve 100 g of barium chloride (BaQHZO) in X1.3.4.2 Procedure B— EvapOI’ate the m|XtUre, COOl, add
water, add 2 to 3 drops of HCI, and dilute to 1 Jrff there is 10 cn? of HCI, and evaporate to dryness, avoiding spattering.
any insoluble matter or cloudiness, heat the solution overnightepeat this procedure once, or more than once if oxides of

on a steam bath and filter. nitrogen are still evolved.

X1.2.2 Bromine, Saturated Water Solution X1.3.5 Cool the flask, add 50 cimof HCI (1 +6), and

X1.2.3 Nitric Acid, Fuming digest, hot, until dissolution is as complete as possible. Filter

X1.2.4 Picric Acid, Saturated Solution while hot. Wash the filter and dilute the filtrate and washings to

X1.2.5 Potassium ChloratgKClO,). about 300 crt Add 10 cn? of saturated picric acid solution,

X1.2.6 Zinc-Nitric Acid Solutioa—See 30.2.3. heat to 90°C, and precipitate the sulfate by dropwise addition
of 10 cn? of BaCl, solution, while stirring vigorously. Place a

X1.3 Procedure: watch glass over the beaker and digest the precipitate over-

X1.3.1 Place 0.5 g of soft rubber or 0.2 g of hard rubbernight, preferably at 60 to 80°C. Filter the Basénd wash with
(extract the Specimen with acetone (Section 19) or acetonavater until the filter is colorless. Dry, ash, and flnally ignite the
chloroform mixture (Section 21) if organic sulfur is to be Precipitate, at 650 to 900°C, with free access to air. Cool in a
determined) in a 500-ciErlenmeyer destruction flask of desiccator and weigh to constant mass.
chemically resistant materi&f. Add 10 cn? of Zn-HNO, _
solution and moisten the sample thoroughly. Let stand at least X1.4 Calculation—Calculate the percentage of sulfur as
1 h; overnight if convenient. By so doing, the sample become#ollows:
partly decomposed; this permits the addition of fuming HNO Sulfur, %= [(A X 0.1373/B] X 100 (X1.1)
with no danger of ignition of the sample. Add 15 €of fuming
HNO, and swirl the flask rapidly to keep the sample immersedWhere:
and avoid ignition. With some samples it may be necessary tdé = grams of BasQ and
cool the flask under running water. = grams of specimen used.
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X2. QUALITATIVE SCHEME FOR IDENTIFICATION OF RUBBER POLYMERS

TABLE X2.1 Pyrolysis Test

. Solution
X2.1 Scope Rubber Solution | I
; 42 H ; ; At Polymer

X2.1.1 Appendix X2 contains a semiroutine qualitative v Initial Color Color after Heating _ Color

scheme with confirmatory tests for identification of rubber in
. Blank pale yellow pale yellow green

rubber products by spot tests of pyrolysis products. CR yellow pale yellow red

X2.1.2 This scheme is for use in the identification of IR, NBR orange red red green
CR, NR, IIR, NBR, and SBR type rubber polymers when each SER yellow green green green
A . RorlIR brown violet blue green
is present alone as a rubber or in a rubber product. Use of ther yellow (droplet pale blue green green
scheme on mixtures of rubber polymers is not recommended floats)
unless the validity of the test has been confirmed on known
mixtures.

X2.4 ldentification by Spot Tests

_— X2.4.1 Reagents

X2.2.1 Definitiort N . X2.41.1CR-NBR Spot Test PapesDissolve 2.0 g of

X2.2.1.1 rubber polymer— the characterlstlc and major cupric acetate and 0.25 g of Metanil yellow in 500 of
component of crude natural or synthetic rubber. methanol. Impregnate filter paper squares with the solution,
X2.3 Identification for Pyrolysis Products dry, and cut into strips.

X2.3.1 Apparatus X2.4.1.2 CR-NBR Wetting SolutierDissolve 2.5 g of ben-

X2.3.1.1 Distillation Apparatus—Test tubes, 10 by 75-mm, zidene dihydrochloride in a mixture of 500 ctrof meth_anol
equipped with a glass condensing tube about 4 mm in outsid@"d 500 cri of water. Add 10 cr of an aqueous solution of
diameter attached to the test tube by means of a cork stoppdlydroguinone (0.1). Store in a brown bottle.
The condensing tube shall be bent at least 90 deg and shallnore x2.1—A precipitate, which usually forms on standing, does not

X2.2 Terminology

extend about 100 mm beyond the bend. affect the efficiency of the solution. If the solution is protected from light
X2.3.1.2 Receiver—Test tubes, 10 by 75-mm, for collecting and air, it can be used for several months.

distillate. X2.4.1.3 IR Spot Test PapersUse blank filter paper
X2.3.1.3 Test Tubesl6 by 150-mm. strips.
X2.3.2 Reagents X2.4.1.4 IR Wetting Solutior-Add 5.0 g of yellow mer-

X2.3.2.1 Solution  +—  Dissolve 1.0 g of curicoxide (HgO) to a mixture of 15 cfiof H,SO, and 80 cm
p-dimethylaminobenzaldehyde and 0.01 g of hydroquinone if water. Bring to a boil, and continue heating until the oxide
100 CrT? of absolute methanol. Add 5 &mf HCl and 10 Crﬁ dissolves. Cool and dilute to 100 énn”th water.

of ethylene glycol. Adjust the density to 0.851 Mg/nat X2.4.1.5 SBR-NR-IR Spot Test Papertmpregnate filter
25/4°C by the addition of a calculated amount of methanol oaper squares with a solution fo3 g of
ethylene glycol. The reagent is stable over a period of severg).dimethylaminobenzaldehyde and 0.05 g of hydroquinone in

months when stored in a brown bottle. _ _ 100 cnf of ethyl ether. Dry and cut into strips.
X2.3.2.2 Solution I Dissolve 2.00 g of sodium citrate

(2NaCgH<O 11H,0), 0.2 g of citric acid, 0.03 g of bromo- Note X2.2.—Papers s.tored.in broyvn glass. bqttles are stable for several
cresél green, and 0.03 g of Metanil yellow in 500%0f water. weeks but will lose their efficiency if stored in light.

X2.3.3 Procedure—Strip the rubber from any adhering X2.4.1.6 SBR-NR-IR Wetting SolutienDissolve 30 g of
fabric. Place 0.5 g of the sample in a test tube and attach tH&ichloroacetic acid in isopropanol and dilute to 100%with
side arm. Heat with a microburner or very small Bunsen flamdsopropanol. Caution—Avoid contact of this reagent with the
until the sample begins to decompose. When vapors appear $fin.)
the mouth of the side arm, immerse the end beneath the surfaceX2.4.2 Procedure
of 1.3 cm® of Solution Il contained in the receiver test tube. X2.4.2.1 Wet a strip of each type of spot test paper with the
After it is evident whether a color change will take place or not,corresponding wetting solution and hold each in turn in a
remove the tube and continue the distillation into 1.¥@h  parallel position about 5 mm above the surface of a heating
Solution I in another test tube. Permit the receivers to cool, anglement that is pressed against the sample. Record the colors
shake. Note whether the drops sink or float in Solution | andPbtained and classify the sample by means of Table X2.2.
note the color changes in both solutions. Transfer Solution | to X2.4.2.2 The heating element may be an electrically-heated
a 16- to 150-mm test tube and add 53wf] absolute methanol. knife or iron or an iron or file tlp heated by a flame. It should
Heat on a water bath at 100°C for 3 min and note the color tha@€ hot enough to cause dense fumes of pyrolysis product to be

develops. Record all observations, and classify the material byroduced but not sufficiently hot to ignite the rubber. With
means of Table X2.1. vigorous evolution of fumes, a test may be carried out in 4 to

6 s. Care should be taken to obtain a good color response on the
“2Based on Burchfield, H. Andividual and Engineering Chemistrnal. Ed., s'de facmg the fumes without scorchmg the paper or the
Vol. 16, 1944, p. 424, and Vol. 17, 1945; p. 806. impregnating materials.
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TABLE X2.2 Spot Test swell it in a little CHCL. Add a few drops of bromine and let
Rubber CRNBR Test IR Test SBRNRUIR Test stand for about 2 min. Add abba g of phenol anq warm on
Polymer a steam bath to remove the CHCA blue to red-violet color
CR red blank” green indicates NR or IR.
NN gree, pale brown yellow-green X2.5.2.4 SBR—Boil 1 to 2 g of dried, acetone-extracted

ank brown blue-green N

NR or IR blankA brown blue sample (19.4) under reflux with 20 cfhof HNO; for 1 h.
IIR blank” yellow pale lavender Dilute by pouring into 100 crhof water. Extract with 50, 25,
“Blank color tests may be pale brown rather than colorless. and 25-cm portions of ethyl ether. Combine the ether extracts

and wash twice with 15-cfportions of water, discarding the
water washings. Extract the ether solution with three 18-cm

X2.5 Confirmatory Tests portions of NaOH solution (50 g/dfhand finally with 20 cr
X2.5.1 Reagents of water. Discard the ether. Combine the caustic extracts and
X2.5.1.1 Acetone water washing, make just acid with HCI, and add 20°ém
X2.5.1.2 Bromine excess. Heat on a steam bath and reduce the nitrobenzoic acid
X2.5.1.3 Chloroform by addirg 5 g of granulated zinc. Make the solution alkaline
X2.5.1.4 Ethyl Ether with a NaOH solution (200 g/df), adding sufficient excess to
X2.5.1.5 p-Naphthol in Sodium Hydroxid¢s0 g/dn?> just dissolve the precipitate that forms. Extract twice with ether
X2.5.1.6 lodine Solution containing 0.2 g of iodine/dfiof  and discard the ether. Make the aqueous solution acid with

CCl,. HCI, cool to room temperature, and add 2 %of NaNQ,
X2.5.1.7 Petroleum Etherboiling range 40 to 60°C. solution. Pour this diazotized solution into an excess of
X2.5.1.8 Phenol solution of@-naphthol in NaOH. A vivid scarlet color indicates
X2.5.1.9 Sodium Hydroxide Solutiof50 g/cn? SBR.

X2.5.1.10 Sodium Hydroxide Solutio200 g/dn? X2.5.2.5 IR
X2.5.1.11 Sodium Nitrite Solution(18 g NaNQ/dn’). a) Destructive distillation of IIR yields a white vapor
X2.5.1.12 Zinc, granulated. difficult to condense. A light yellow mobile oil may be

X2.5.2 Procedure—Confirm the identification of rubber gptained.
polymer made by pyrolysis products or spot tests by means of b) Place aboul g of dried, acetone-extracted sample in a
the following confirmatory tests: test tube provided with a stopper and a bent delivery tube
X2.5.2.1 CR—Shake a 0.2-g sample with 2 émf iodine  passing through a stopper almost to the bottom of a second test
solution. If the violet color fades noticeably in2to3 min, CR tube ha\/ing a side arm. Cool the second tube with ice. By
is indicated. Burn the sample in contact with a clean coppefmeans of a delivery tube, connect the side arm of the second

wire. A persistent green flame indicates chlorine. test tube to a small open test tube containing 0.5 g of mercuric
X2.5.2.2 SBR-NR-IR acetate in 10 to 15 chrof methanol. Heat the rubber strongly
a) Asphaltic extenders may interfere with distinguishing so that it is virtually all decomposed and distilled off. Discard

between SBR and NR or IR by the pyrolysis test. the liquid that collects in the second test tube. Evaporate the

b) If 2 cm® of chloroform show an appreciable darkening methanol from the third tube but do not heat excessively
when shaken with a 0.2-g sample of vulcanized rubber productoward the end of the evaporation. Boil the residue with 28 cm
extract a fresh sample with chloroform in accordance withof petroleum ether and filter from insoluble matter. Evaporate
20.4, dry the extracted sample in a vacuum ovenlfdh at the filtrate to a small volume, chill in ice, and scratch the sides
70°C, and repeat the pyrolysis test. of the vessel to induce crystallization. Dry the mercury

c) If 2 cm® of acetone show an appreciable darkening whererivative at 30 to 40°C and determine the melting point (about
shaken with a 0.2-g sample of rubber or unvulcanized rubbegseC). Carry out a mixed melting point determination with the

product, extract a fresh sample with acetone in accordance wiffhercury derivative made from known IIR. The derivative is
19.4 or 26.3, dry the extracted sample in a vacuum oven for fhought to be methoxyisobutyl-mercuriacetate,

h at 70°C, and repeat the pyrolysis test. CH,
X2.5.2.3 NR-IR—Extract a fresh portion of the sample with CH,0 C CH,-Hg-COOCH,
acetone in accordance with 19.4 or 26.3. Place a few milli- CHs

grams of the extracted sample in a small evaporating dish and
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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