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Standard Practice for
Rubber—Preparation, Testing, Acceptance, Documentation,
and Use of Reference Materials *

This standard is issued under the fixed designation D 4678; 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.

1. Scope E 691 Practice for Conducting an Interlaboratory Study to

1.1 Materials used on an industry-wide basis as reference Determine the Precision of a Test Metfod
materials are vitally important to conduct product, specifica- E 826 Practice for Testing Homogeneity of Materials for the
tion, and development testing in the rubber and carbon black Development of Reference Materidls
industry. This practice describes the steps necessary to ensyse
that any candidate material, that has a perceived need, can . . ) )
become a Reference Material. The practice sets forth the 3-1 Reference materials are vitally important in product and
recommendations on the preparation steps for these materiafP€cification testing, in research and development work, in
on the testing that shall be conducted to permit acceptance {gchnical service work, and in quality control operations in the

any candidate material and on how the documentation needdyPPer and carbon black industries. They are especially valu-

for the acceptance shall be recorded for future use and revie@P!e for referee purposes. _
1.2 This practice shall be administered by ASTM Commit- 3.2 Categories, Classes, and Types of Reference Materials

tee D-11 in consultation on all matters with Committee D-24.(RM): . . . .
Important sections of this practice are as follows: 3.2.1 Reference materials are divided into two categories:

Section 3.2.1.1 Industry Reference Materials (IRM)Materials that
Significance and Use of the Standard 3 have been prepqred according to a specified prodyction process
Preparation of Industry Reference Materials 4 to generate a uniform lot; the parameters that define the quality
Overview of Industry Reference Material Testing 5 i
Chemical and Physical Specifications for IRM . of the lot are evaluated by a specified measurement program.
7 3.2.1.2 Common-Source Reference Materials (CRM)
8

Reference Material Documentation _ ] .
Assignment and Tabulation of Reference Material Numbers Materials that have been prepared to be as uniform as possible

Significance and Use

Typical Reference Material Use 9 ; .
Recommended Package Size for IRM Annex AL but do not have established prpperty (parameter) va}Iues, the
Recommended Sampling Plans for Homogeneity Testing of an ~ Annex A2 knowledge of a common or single source is sufficient for
IRM _ ' certain less critical applications.

Testpian and Analysis for Homogenelty of an IRV Annex A3 3.2.2 Industry reference materials (IRMs) are divided into
est Plan and Analysis to Evaluate an Accepted Reference Value Annex A4 . )

Statistical Model(s) for IRM Testing Annex A5 additional classes and types according to the method of
Example of Annex Calculations for a Typical IRM Appendix X1 evaluating the lot parameters and according to the production
Two-Way Analysis of Variance for Calculating Sr Appendix X2

process for generating the lot material. These are explained
) more fully (refer to Annex A3 and Annex A4 for more details
1.3 This standard does not purport to address all of they, the discussion in Section 3).

safety concerns, if any, associated with its use. It is the 32 3 The following lot parameters are important for refer-
responsibility of the user of this standard to establish appro-ence material use:
priate safety and health practices and determine the applica- 3 2 3 1 Accepted Reference Value (AR Valu@yn average
bility of regulatory limitations prior to use. IRM property or parameter value established by way of a
specified test program.

3.2.3.2 Test Lot Limits (TL Limits}-These are limits de-

Inventory of NIST Rubber Compounding SRMs Appendix X3

2. Referenced Documents

2.1 ASTM Standards: . _ fined as*3 times the standard deviation of individual IRM test
E 122 Practice for Choice of Sample Size to Estimate gesylts across the entire lot for the property or parameter(s) that
Measure of Quality for a Lot or Procéss define lot quality; the measurements are conducted in the

laboratory of the organization producing the IRM.
3.2.3.3 Although the limits as defined in 3.2.3.2 are given in
1 This practice is under the jurisdiction of ASTM Committee D-11 on Rubberandtarms of +3 times the standard deviation. the rejection of
is the direct ibility of ittee D11.2 ing Material L . . J .
'Fs,‘m;g'ljf:slres"ons'b”yo Subcommittee D11.20 on Compounding Materials and i\ i ja| portions of the lot as being outlier or non-typical
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published as D 4678 — 87. Last previous edition D 4678 — 87. -
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portions in assessing the homogeneity of the lot is done on thiesting variation known as “test bias:” a difference between two
basis of+2 times the appropriate standard deviation, that is, orffor more) laboratories that is essentially constant between the
the basis of a 95 % confidence interval. See Annex A3 andhboratories for a given test property level, irrespective of the
Annex A4 for more information and the evaluation procedurestime of the test comparisons. In such applications a differential
3.2.4 All IRMs have an AR value and TL limits; however test measurement value, (IRM - experimental material), be-
the AR value may be obtained in one of two ways to producecomes a corrected test result; this corrected value is used as the
one of two classes of AR values: measure of performance rather than the “as measured” test
3.2.4.1 Global AR Value-This AR value is obtained from value on the experimental material of interest.
an interlaboratory test program where the word “global” 3.4 Average values play an important role in various opera-
indicates an average value across many laboratories. tions and decisions in this practice. For this practice, “average”

3.2.4.2 Local AR Value-This is an AR value obtained in is defined as the arithmetic mean.
one laboratory or at one location, usually the laboratory 3.5 The various characteristics of IRMs and CRMs (catego-

responsible for preparation of the homogeneous lot. ries, classes, types) are listed in summary form in Table 1.
3.2.5 An additional parameter is of importance for IRMs 3.6 This practice and the IRM program it describes is being
that have a global AR value: developed to replace a standardization program conducted by

3.2.5.1 Between-Laboratory Limits (BL Limits)These are the National Institute of Standards and Technology (NIST) that
the limits defined ast3 times the standard deviation of the Was begun in 1948 and is being phased out. The standard
individual IRM test results across all the laboratories in theMaterials developed by the NIST program are referred to as

interlaboratory test program organized to evaluate the ARStandard Reference Materials or SRM.
value. 3.7 To provide for some continuity in the “phase-out—

3.2.6 The homogeneity or uniformity of the lot, which Phase-in” operation, Appendix X3 lists the rubber and com-
determines the magnitude of the TL limits, may be designate§0unding materials still carried by NIST on an interim basis.
as one of two different levels of uniformity. The key factor that ~PPendix X3 will be retained in this practice until such time as
determines the level of uniformity is the capability of blending NIST materials are no longer used.

the IRM portions or parts that constitute the lot, to ensure a 58 It is not feasible to write into this practice all the
high degree of uniformity from the blending process. IRMsNecessary specifications, modes of preparation, sampling, and

that cannot be blended will have an extra residual amount d€Sting protocols, for the wide variety of materials that will
variation (portion to portion) that lowers the level of unifor- €ventually become IRM. Therefore this practice is published to
mity. give general guidelines for IRMs.

3.2.6.1 Uniformity Level 1 (UL-1}-This is the most uni- 3.9 A permanent IRM Steering Committee within Subcom-

form or highest level of homogeneity that can be attained b ittee D1_1.20 _shall be c_onstituted by Su_bcc_)mmitte(_a_Dl_l.90 in
the use O?a specified testor rgeasu?/ing the parameter that>{:T:)nsultat|on with Committee D-24 to assist in the utilization of

defines lot quality; it is obtained by the use of a blendedth's.|O.raCtIce and.to make techmqal and, whe(e.requllred, policy
material and is reférred to as a TyB&(B = blended) IRM decisions regarding the preparation and administration of IRM.

3.2.6.2 Uniformity Level 2 (UL-2)-This is the lesser degree The IRM Steering Committee shall have members of both

of uniformity that is attained by the use afspecified testor Committees D-11 and D-24.

measuring the parameter that defines lot quality; it is normallys, Preparation of Industry Reference Materials
obtained for non-blended materials and is referred to as a Type 4.1 Basic Preparation Steps

NB (not blended) IRM. . . ) 4.1.1 An IRM should be prepared in a way that ensures that
3.3 IRMs have a number of use applications in the technicajhe entire quantity or lot of the material is as homogeneous, in
areas, as. cited in 3.1. . composition and vital performance properties, as is possible.
3.3.1 Single Laboratory Self EvaluatierThe IRM may be 4.1.2 For particulate and liquid materials this implies a
used in a given laboratory (or with a given test system) tQporough physical blending operation during or after the
compare the test results within the laboratory to the accepteﬁanufacturing steps, or both.

reference value for the IRM. An IRM can also be used for 413 For materials not easily blended after manufacture,
internal statistical quality control (SQC) operations.

3.3.2 Multi-Laboratory Evaluatior—The IRM may be used TABLE 1 Categories of Reference Materials “
between two or more laboratories to determine if the tesT IRM CRM
systems in the laboratories are operating within selected AR Value Global Local None

imi Homogeneity Type B Type NB Type B Type NB  Single Source
control limits. . . (TL Limits) ~ (UL-1) (UL-2) (UL-1) (UL-2) Material

3.3.3 One or more IRMs may be used in the preparation of or (UL-1) or (UL-1)
f:ompounds to be_ used for evaluating non-reference materialSaag vaiue = accepted reference value.
in compound testing and performance. TL limits = test lot limits.

O i R Global = AR value obtained from an interlaboratory test program.
3.3.4 Reference liquid IRMs may be used for immersion 2% = o 0 8 0 ed from one laboratory.

testing of various candidate or other reference compounds.type-8 = IRM that has been blended to insure high uniformity.

Such immersion testing is important due to the deleterious Type-NBd= IRM thlat clannfm btfe blended-h | her uni

B . . O UL-1 and UL-2 = levels of uniformity in the IRM lot; UL-1 is higher uniformity
influences of immersion liquids on rubk.)er compounds. than UL-2.

3.3.5 IRMs may also be used to eliminate interlaboratory see Annex A3 and Annex A4 for more information. Documents
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two options to ensure homogeneity are recommended: 5.2 Testing for Homogeneity

4.1.3.1 Use highly homogeneous components or other ma- 5.2.1 Homogeneity testing is ideally conducted in one
terials that are required in the manufacturing steps or condudtighly qualified laboratory, which is usually the laboratory of
certain blending operations at intermediate manufacturinghe organization that produces the IRM. The lot size is
steps to ensure maximum homogeneity. determined and samples are drawn from the lot. Guidance for

4.1.3.2 Use intensive statistical quality control procedureshe size and number of samples is given in Annex A2. The
to ensure a specified degree of homogeneity among theamples taken from the lot are tested according to the instruc-
packets, bales, or other discrete units of the material. tions given in Annex A3. This latter annex also addresses the

4.1.4 Examples, as cited in 4.1.3.1, are such materials aoncept of different uniformity levels for an IRM and the
accelerators, antioxidants, sulfur, and reference test (liquidmportance of this in IRM development and use.

fuels. 5.2.2 ltis important that each sample represents a fraction or
4.1.5 Examples, as cited in 4.1.3.2, are various synthetiportion of the total lot that can be physically separated from the

rubbers. remainder of the lot, in the event that the portion represented
4.2 Packaging of Industry Reference Materials by the sample is judged to be significantly different from the

4.2.1 Industry reference materials should be packaged prefemainder of the lot and is therefore rejected.
erably in small quantities or packages. The packages shall be5.2.3 Those portions of the lot that are shown to be
consecutively numbered as they are filled. Nominally the sizeignificantly different from the remainder or bulk of the lot
should be the smallest amount that the average user of trshall be rejected.
material would require for normal volume testing. High vol- 5.2.4 If, in the statistical analysis of Annex A3, a substantial
ume users could therefore order multiple package lots. The udeaction (25 to 30 %) of the lot is declared to be not acceptable
of such minimum volume (mass) packages will of course varyfor lack of homogeneity, retesting may be permitted. This
but Annex Al gives recommended masses or volumes. retesting shall include all suspected portions and a humber of
4.2.2 Industry reference materials shall be suitably packaccepted homogeneous portions or parts equal in number to the
aged to prevent or retard the change of IRM values with thesuspect portions. The retest shall be conducted according to
passage of time or inadvertent exposure to heat, light, moisturénnex A3.
or combinations thereof, in normal storage. The stringency of 5.2.5 If on retesting and analysis of the newly generated
this requirement varies with the type of IRM. All precautions data these same portions are again found to be unequal in
shall be taken to make IRMs as stable as possible. property value to the accepted portions by standard statistical
4.2.3 Packages shall be dispensed by the manufacturing tests, they shall be rejected. If the suspected portions are found
distribution organization with a document that shall furnish theto be equal to the accepted portions in property values, they

following general information: may be accepted as part of the lot.
4.2.3.1 Name and number of the IRM, 5.3 Testing for an Accepted Reference Vakigesting for an
4.2.3.2 Name of the manufacturer, accepted reference value may be undertaken once a homoge-
4.2.3.3 Date of manufacture or preparation, neous lot has been achieved. The detailed instructions for
4.2.3.4 Storage conditions, and conducting the interlaboratory program and analyzing the data
4.2.3.5 Reference to ASTM research report for documentasef the program for an accepted reference value are given in

tion of testing. Annex A4. This annex also gives instructions for evaluating the
4.2.4 For each test property measured to assess lot qualibetween-laboratory test limits where this is applicable.

report the following: 5.4 Additional Testing Background Information
4.2.4.1 Accepted reference value, 5.4.1 To provide some theoretical background for the analy-
4.2.4.2 Test lot limits, and ses conducted in Annex A3 and Annex A4, a discussion on
4.2.4.3 Between-laboratory limits. statistical model development is given in Annex A5. This

4.3 Packaging of Common-Source Reference Materials permits a more comprehensive understanding of the rationale

4.3.1 CRMs shall be packaged and dispensed in the sanfer the analysis of the IRM test data and for the use of IRMs
manner as for IRMs. Each CRM package shall be furnisheéh various laboratory applications. See also Section 9 for a
with a documentation sheet with the following information: detailed discussion of how IRMs may be used in laboratory

4.3.1.1 Name and number of the CRM, applications.
4.3.1.2 Name of manufacturer, 5.4.2 Appendix X1 gives an example of a complete set of
4.3.1.3 Date of manufacture or preparation, calculations for homogeneity and accepted reference value
4.3.1.4 Storage conditions, and testing according to the instructions of Annex A2, Annex A3,
4.3.1.5 Reference to ASTM research report. and Annex A4.

5. Overview of Industry Reference Material Testing 6. Chemical and Physical Specifications for IRM

5.1 Testing is conducted to (1) demonstrate the uniformity 6.1 Since the chemical and physical specifications for each
of the IRM lot to some selected limits and evaluate the test lotRM will vary in kind and degree among the various candidate
limits, and (2) to establish an accepted reference value for thenaterials, the details on such information are to be referred to
lot and as a secondary goal to evaluate the between-laboratottye IRM Steering Committee. As experience is gained this
limits for interlaboratory testing of the IRM where this is practice may be amended to include more specific guidelines

applicable. and test protocols. Documents
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7. Documentation for Reference Materials TABLE 2 Reference Material Number Assignment by Material
: Classification #
7.1 Industry Reference Materials (IRM)

7.1.1 Afull report shall be given for each IRM. This shall Material Classification RM Number
contain the following information: /’iﬁgz';;a;g{ss li—;g
7.1.1.1 Name of the material, Fatty or stearic acids 21-30
7.1.1.2 IRM number, Sulfur 31-40
7.1.1.3 Organization preparing the IRM, l'jlr;’;f;ieor's's ohysical gi‘gg
7.1.1.4 Date of p_reparation or manufacture_ and testing, \waxes 61-70
7.1.1.5 Any special preparation or processing steps for therocessing aids 71-80
IRM ASTM and other reference liquids 81-90
! . Zinc-oxides 91-100
7.1.1.6 Raw data and re;ults of the homogeneity and aGarmon blacks 101-120
cepted reference value testing, Non-black fillers 121-140
7.1.1.7 Date of adoption of the IRM, AR g‘ﬁjgg
7.1.1.8 Names of all laboratories in the AR value programygr 221-230
7.1.1.9 Specific conditions under which the IRM is to becr 231-240
; e etrib It ; iR 241-250
stored while awaiting distribution to laboratories purchasmgBR 551280
the IRM, and Other rubbers 261-300
7.1.1.10 Any other information of a special nature needed t@ackifying resins 301-320
document special issues not covered in the above list. Nor-sullur crossiinking agents RN
7.1.2 All of the information as called for in 7.1.1 shall be piasticizers, chemical (peptizers) 361-380
prepared in a special report that can be easily interpreted arRgference liquids 901-930
sent to ASTM headquarters. This shall be given a specidfiScellaneous materials 931-999
. p ,
research report number and kept on file at ASTM. The assigned numbers apply to both IRM and CRM.
7.2 Common-Source Reference Materials (CRM) _ _
7.2.1 A report Sha” be prepared for a" CRMS W|th the TABLE 3 ASSlgned Numbers for Reference Materials
following information: IRM Number Materizzl Date Agsigned
7.2.1.1 Name of the CRM, Parti—IRM R hire .
7.2.1.2 Number of the CRM, IRM 241 Butyl Rubber 12/92
7.2.1.3 Name of organization preparing the CRM, CRM Number Material Date Assigned
Part 2—CRM  CRM 201 Natural Rubber B

7.2.1.4 Date of manufacture or preparation,

7.2.1.5 Storage conditions for the material while awaiting ’Tetramethyk-thiuram disulfide. o _ .
RM number assigned on emergency basis prior to adoption of Practice D 4678.

Shipmem: and CBenzothiazyl disulfide.
7.2.1.6 Any other special information pertinent to the use of
the CRM. AR value is given in Eq A5.9 and reproduced here as Eq 1,

7.2.2 All of the information in 7.2.1 shall be provided in a with one new added ternB(g). The termy represents the
report sent to ASTM and kept on file as a research report. measured test result.

8. Assignment and Tabulation of Reference Material Yy = H0) + By + B+ B(9) + &(g) + ys) + ey(s) (1)
(RM) Numbers The new term is needed because the entire lot may be
8.1 Assigning RM Numbers comprised of a number of portions or units that have (average)

8.1.1 Table 2 lists the numbering system that shall be uset®st values that span the (maximum to minimum) range of the
for assigning numbers for reference materials. These numbel@t- This new termB(g), is the bias component related to the
shall be assigned to either IRM or CRM candidate materia'sparncular port|0n or unit (Of the entire |0t) purchased and tested

with the acronym preceding the number when referring to thdy the user or single laboratory.
reference material. 9.1.3 In the model represented by Eq A5.9, tBgand

8.2 Current RM Numbers B terms were variable, because the system of measurement
8.2.1 Table 3 lists the reference materials and their identiwas the collection of laboratories participating in the ITP to
fications that have been accepted for use as of the date of tHyaluate the AR value. In the single laboratory selfevaluation

revision. model of Eq 1, the termB,, andB, are fixed; they represent
) ) values unique to the single laboratory. Thus there are four fixed
9. Typical Reference Material Use (Global AR Value) or constant terms in the Eq 1 model: u(B), B, andB(g). The

9.1 IRM Application—Single Laboratory Self Evaluation  sum of these four terms represents the overall test measurement
9.1.1 Asingle laboratory can use an IRM to determine howbias (potential or actual) for the single laboratory.
the test or measurement system in the laboratory is performing 9.1.4 To determine if the single laboratory measurement
in relation to the AR value and the limits associated with thesystem test values agree with the AR value, it is necessary to
AR value. This self-evaluation of a laboratory can be mosfgreatly reduce or eliminate the contribution of the random
effectively conducted by setting up a statistical model. Refer taleviations or €) terms to they-value measurement. This is
Annex A5 for background and details. done by making a number of-{/alue) measurements over a
9.1.2 InA5.3.6 of Annex A5, the model for the testing for an selected (short-term) period and taking a@@e“mtéﬁetgs
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outlined in Annex A5, the random deviations average out tcapplication to resolve questions and disputes over poor
zero in the long run, and thus do not contribute to the measurealgreement for producer-consumer testing. As demonstrated
averagey-value. The number of recommended measurementabove, any numerical deviation between two laboratories
for this purpose is twelve, perhaps one or two per day, for siXwhen both laboratories have measured the same material) has
or twelve consecutive days. On this basi@) + g,(s) +g,(s) two types of componentsType 1 a combined deviation
= 0. This recommended action demonstrates the power-otomponent due to random measurement variations in both
averaging rule. Once the average of twelve is calculated it calaboratories, andype 2 a deviation component due to inter-
be compared to the AR value. Several outcomes are possiblaboratory bias. As previously demonstrated, sufficient
for this comparison. replicate testing in each of the laboratories will reduce the
9.1.5 Potential Outcome +The degree of agreement can random component to zero, but will not influence the inter-
be expressed by the difference between the twelve-test averadaboratory bias.
Yazy and the AR value. If this difference is expressed by Eq 2, 9.2.2 An estimate of the bias in each of the laboratories may
where both sides represent absolute values, be determined by use of an appropriate IRM. One laboratory
Y1z — AR value <or = | TL limits| @) s?orL]Jld supplly an IEMhs?rEple, taken fron;] one p(ljrtiorr: o:durl;it
: : e of the IRM lot, to both laboratories. Each sample shou e
then there is good agreement Singe; ) falls within the large enough to perform at least twelve tests in each laboratory.

nominal range: AR value: TL limits. The single laboratory h laborat ¢ lected ber of tests. f ;
may be said to be operating on target and the sum of all fou ach laboratory performs a selected number of tests, from Six
twelve, depending upon the importance of the testing

biases approaches zero. Note that the individual biases may no! . )
be zero' their sum is zero Ispute, over a selected short-term time period of several days.

9.1.6 Potential Outcome 2-If the difference betweeg; ,, The average of these.tests is defined/a5 ] )
and the AR value is expressed by Eq 3, 9.2.3 The overall bias for each laboratory is estimated by

means of Eq 6.

Y1z — AR valug > = | TL limits| (3)
Estimated Overall BiaL.aboratory i) = (y,,4 — AR valug  (6)

then the single laboratory is not operating on target: the sum _
of the four biases is not zero. If the differengg ¢, — AR value) The overall IRM bias values for each laboratory can be
is negative, the laboratory has a negative total bias; if th&¢ompared and used to make decisions about resolving any
difference is positive, the total bias is positive. potential testing problem.

9.1.7 Potential Outcome 3-If the outcome of the 9.2.4 The algebraic difference between the two laboratory
comparison ofy,, versus the AR value is given by Eq 3, the overall biases is the direct bias between the two laboratories.
next step is to decide if the laboratory is operating within the Direct Interlaboratory Bias=
between-laboratory limits, which may be considered as current A (Laboratory 2 Bias- Laboratory 1 Bias (7)
interlaboratory nominal testing variation (NTV). If the

difference betwee, and the AR value is expressed by Eq 4 Such information can be potentially used for corrections in

"test data. The use of such information for correcting

Yz — AR value <or = | between-laboratory limits (@) interlaboratory test data should be done only on the basis of a
then the single laboratory is operating the test system withimutual agreement between the participating laboratories.
the NTV limits of typical laboratories in the industry. 9.2.5 The procedure as outlined in 9.2.2 and 9.2.3, can be
9.1.8 Potential Outcome 4-If the difference betwee§;,  extended to any number of laboratories by modifying the
and the AR value is expressed by Eq 5, procedural steps in an appropriate manner. This operation, as
an — AR value > = Ibetween-laboratory limits (5)  stated, should only be done on the basis of mutual agreement.

then the single laboratory is not operating within the NTV
limits of typical laboratories in the industry.

9.2 IRM Application—Multi-Laboratory Evaluation 10.1 common source reference material (CRM); industry

9.2.1 One of the most important uses of an IRM is itsreference material (IRM); reference material

10. Keywords

ANNEXES
(Mandatory Information)

Al. RECOMMENDED PACKAGE SIZES FOR IRM

Al.1 Lot Size—A lot size of 250 to 1000 packages is 100 g required to fill the container.

recommended depending upon the anticipated usage rate.
Al1.3 For IRM such as carbon black fillers or other

A1.2 For IRM rubber chemicals with a bulk density similar materials used in relatively high proportions in rubber, one of
to accelerators, antioxidants, and sulfur, a container of about &V0 containers is recommended:
dm? (litres) is recommended, with mass adjusted to the nearest A1.3.1 A 20-dn? (litre) container (apmﬁmts
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with mass or volume equivalent adjusted to nearest 0.5 kg. Al1.4 For IRM such as rubbers, a package or bale of 34 kg
Al1.3.2 A 25-kg bag, if the material is particulate. Materials mass (1/30 metric ton) is recommended.

that may potentially absorb moisture or other gases,jGoall

be placed inside another outer container to prevent such

absorption.
A2. RECOMMENDED SAMPLING PLANS FOR HOMOGENEITY TESTING OF AN IRM
A2.1 Introduction—Sampling plans are required to TABLE A2.1 E Values for Selected Values of n

measure the particular property of the lot that has been selected n E

to assess the quality of the lot. Two sampling plans are given. 12 0.87 Se
Plan 1 gives instructions to calculate the sample size such that 16 0.75 Se
the maximum deviationE, between the measured property o oo
average (the estimate of the lot true value) and the actual lot 30 0.55 Se
true value (that is, the measured average of all lot packages, 36 0.50 Se
items or portions), may be calculated. An advanced knowledge o P

of the measured property standard deviation is required for this
plan. Plan 2 is a less rigorous approach that may be used when
it is possible to blend the lot material and achieve greate@s a fraction ofSe(or S).
homogeneity prior to sampling. Practice E 122 is used as a A2.2.4 The value oE shall be selected based upon general
reference for this annex. experience of those familiar with the specific testing in
. ) consultation with the permanent D-11/D-24 IRM Steering
A2.2 Sampling Plans for the IRM-One of two sampling  committee. The samples shall be taken during production at
plans shall be used to sample from the lot. Sampling Plan 1 igytervals so as to sample the entire lot in a uniform process
preferred. (equally distributed sample selection). Two options are offered:
A2.2.1 Sampling Plan +-Draw from the lot a number of sample during the package filling process or sample from
samples,n, to satisfy the selected or desired maximumfinished packages.
deviation,E, betweenXn, the lot average using afl samples A2.2.5 Size of SamplesThe physical volume or mass
andXa the lot true value as defined in A2.1. The calculation istaken for a sample will depend on the material being sampled.
performed by using Eq A2.1. Use either the advanced estimateor rubbers the sample size shall be 3 to 4 kg. For rubber
of the property standard deviatioBg or a well established chemicals, liquids, carbon black, or fillers an appropriate
standard deviatiors. amount shall be taken to allow for several test portions per
sample. This is important for retest operations.

n = (3 SeE)? (A2.1)
where: _ _ A2.3 Sampling Plan 2-If, for certain justified reasons, a
E = Xa- Xn, and sampling plan as described in Sampling Plan 1 cannot be
Se = advanced estimate of the standard deviation of thecarried out, Sampling Plan 2 shall be conducted. This second

measured property that defines lot quality; this may sampling plan requires fewer samples and it may be carried out
be obtained from measurements on the lot after itswhen extensive blending of the IRM has been conducted
manufacture or from process control data during during the manufacturing or production process or subsequent
actual production of the lot. to its production but prior to the sampling operation. This

A2.2.2 The quantityE is a 3 (standard deviation) limit on blending ensures .that a high degree of homoggneity exigts and
Xn. Thus the rangeXn = E, will contain the true value of the decreases the reliance on an extended sampling operation.
lot property with a 99.7 % confidence level. If there is no A2.3.1 Select at least twelve samples from the lot on a basis
advanced knowledge of Se, it shall be estimated from the Idthat ensures that all portions of the lot from beginning to end
with a minimum of twelve samples equally spaced throughouof the production process, are represented equally among the
the lot. The test results from this preliminary estimateSef twelve or more samples. If the samples are selected from a
may be incorporated into the test results from additional lolarge container, ensure that all zones or locations in the
sampling and testing, should the valueroéxceed twelve. container are equally represented in the samples.

A2.2.3 The deviationE, may be expressed in terms of the A2.3.2 The sample size for Plan 2 shall be as specified in
lot standard deviatioBe(or Sif it is known). Table A2.1 gives A2.2.5, with a sufficient amount in each sample for several
a series of values af that correspond to values Bfexpressed tests for whatever property is being measured.
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A3. TEST PLAN AND ANALYSIS FOR HOMOGENEITY OF AN IRM

A3.1 Introduction: samples drawn from the lot. Each sample is to be tekted

A3.1.1 This annex gives the instructions for evaluating the'Umber of times. If a large number of samples has been drawn
homogeneity for any candidate IRM. The testing) ( ©F @ large number taken during a _productlon process and the
establishes the degree of uniformity for the measurediMe span to conduct afi X k tests is more than one day, an
properties that define the quality of the lot, ar®)l generates evaluat!on _for measurement system drift shall be_ made. ThIS
data to establish the test lot limits (TL limits). evaluatlon is conducted by_ testing a control material according

A3.1.2 The homogeneity is established on the basis of & & specific plan, depending on the number of samples taken
95 % confidence interval, that is, portions of the lot are rejectedrom the lot. _
as outlier portions based on their measured values exceedingA3-3.1.2 The control material shall be of the same type and
+2 standard deviation limits. Once a homogeneous lot ha8ave approximately the same property level as the IRM and be
been accepted on this basis, the TL limits are defined asghe @S uniform as possible. If any doubts exist on uniformity,
standard deviation limits of the measured individual test result§lénding shall be done if this is possible. The testing is
in the IRM production laboratory. Practice E 826 is used as &onducted according to a specified plan with terms defined as
reference for this annex. follows:

A3.2 Brief Theory of Homogeneity Analysis: Note A3.1—The control material may be a part or small fraction of the
lot of the IRM that is sampled.

A3.2.1 The homogeneity analysis concepts are developed .
g y y P P A3.3.1.3 Test Number-The samples are to be numbered in

by considering a perfectly homogenous lot of materialn If A .
y gap y g d consecutive order as they are drawn from the lot during the

samples of this lot are taken akdeplicate tests are conducte ) ; .
on each sample, the homogeneity of the lot is demonstrated ﬁamplmg Process. Arandom test!ng.order for these consecu.tlve
samples is recommended. If this is not possible, a notation

the pooled standard deviation or variance amongntkets of .
P g should be made in the report.

k-replicates is statistically equal to the standard deviation o - . .
variance (adjusted for the value kf, among then samples A3.3.1.4 Test Repllcauqn—The test sequence involving all
drawn from the lot, that is, the observed variation among the lof! saerIesd|s cor]d(llecteId(tjlmez ((llr_lgplmﬁtes)bm ,t,rfl?h randlomf
samples is not significantly greater than that contributed by th ample order as in !cate under “Test Number. e vaiue for
is ideally 4. If this imposes a burden on the testing program

testing itself! _ :

A3.2.2 If it is not known whether the lot is truly or if the number of samples is large, a value of 3 or, at the very
homogeneous, and the sample variation is shown to b@aSt' 2, may be slelectgd flar h | ial
statistically greater than the pool&ereplicate variation, it is A3.3.1.5 Contro] Testing FrequeneyT e control material,
then presumed that the lot is not homogeneous. The neﬁ; shall be tested at a frequency that is dictated by the size of

the lot (humber of samples drawn). Table A3.1 gives the testing

blem is to decide which part ts of the lot d tf
tphrg bﬁ?; I(f)rosoricel reer\;vailrﬁdee‘)arofotrhre)alrots. ot the fot depar romfrequency. The frequency is defined as the number of IRM

A3.2.3 Decisions about homogeneity are made on the bas%amplelei' t_estgd between SUCC?SSNG control samples. The
of ranges. Tests are conductddréplicates) on each of the control material 1S alway§ tested first.
samples; averageX), of the k values are calculated and the A3.3.2 Analysis for Drift . .
range among the averages is evaluated. This observed rangeAS.S.Z.l Tabulate the control test val_ues in order of testing;
among all lot samples,w(obs), which is equal to Ccv Ca Cs .. G, and calculate the differences between

X(max) —X(min), is compared to a critical range(crit), that mmediate successive values @fas follows:

is evaluated on the basis of the expected range, if the only A, =G -G (A3.1)
source of variation among the samples is that due to the A,=C,—Cy (A3.2)
k-replicates. Ifw(obs) is greater thaw(crit), then some part or As=C, — C, etc. (A3.3)

parts of the lot deviate substantially from the bulk or remainder
and are the cause of the non-homogeneity.
A3.2.4 If the n sample averages are sorted from low

A3.3.2.2 Calculate the variance of thevalues, calleds,?,
based on successive differences as follows:

(minimum) to high (maximum), the deviating part or parts are S2=3A%2(m- 1) (A3.4)
easily identified and can be discarded from the lot. This part by
part sequence Is r?peate‘_j umt(bbs) is less tham(crit) and a TABLE A3.1 Control Material Testing Frequency
homOgeneous lot is obtained. . . .. Number of Testing Order and Frequency Sequence
A3.2.5 Once a homogeneous lot is obtained, the TL limitssamples, m for Control Material”
are calcula_ted from the_standard deviation of th_e remqining or less Frequency = 2, that is, use
packages, items or portions of the lot (or the entire lot if no [C, NIy, N, C, Nig, Niy, C, Nlg]
H ; 5to 10 Frequency = 3, that is, use
portions are rejected). [C, Ni;, NI, Nis, C, Ni,, Nis, Nig, C, etc.]
: ; e 11 to 20 Frequency = 4
A3.3 Conductllng the Homogengty Ar'1aly5|s. 21 to 50 Frequency — 5
A3.3.1 Correctl_ng for Te_St Machine Drift . AC = control material; N/; = test frequency = number of IRM samples tested
A3.3.1.1 The first step is to conduct the testing on the between successive control samples. Documents
7 Document Sharing Hub

Full document details: ASTM D4678-94


http://www.avadocuments.com/doc/astm-d4678-94
http://www.avadocuments.com/doc/astm-d4678-94

{ib D 4678

where: Fg = (Cg + Co)/2C, (A3.13)
A = difference in immediate successive values of C, and  A3.3.3.4 Divide the measured IRM values by the
m = total number of control material samples tested. appropriate drift factor to obtain the corrected value for the

A3.3.2.3 Cazlculate a second estimate of the variance amongp samples. The appropriate drift factor for the IRM values
the C valuesS,” as follows: is that factor, calculated from the control @ values that
S2=3Sd(m— 1) (A3.5)  brackets the measured materials (IRM samples) within the time
where: or measurement span for the tWovalues. Apply the factoF,

>~ to the IRM samples betweead, andC,; apply F, to the IRM

Sh e: a\(/ce:lr a_gg)of:agif/i\lrsgge d(zs?;rfgt (?(g asuréd value from samples betwee@, andC;, etc. Therefore, for a Frequency 3
' ' Program:

A3.3.2.4 A decision on the occurrence of drift is made as
follows. Calculate the ratio 08,% to S,2. If the ratio S,%/S,? (Corrected IRM Sample 1, 2, or 3 value

obtained from theC value measurements is larger than the
9 _ Measured IRM Sample 1, 2, or 3 Value

critical ratio values listed in Table A3.2 for the specified value = (A3.14)

of m, which is the total number of values measured, then a !

statement can be made that there is no drift. The confidence (Corrected IRM Sample 4, 5, or 6 value

level for this statement is 95 %.
A3.3.2.5 If the ratidS,%/S,? is less than the critical tabulated _ Measured IRM ,S:ample 456 Val,u%tc. (A3.15)

value, then a statement can be made that drift has occurred. The 2

confidence level for this statement is also 95 %. A3.3.3.5 Tabulate the drift corrected IRM values for
A3.3.3 Correction for Drift subsequent analysis and review.

A3.3.3.1 If analysis shows that drift is absent, the measured A3.3.4 IRM Lot Characteristics
values of the IRM samples should be used. If this is the case A3.3.4.1 An IRM may be one of two different typed) (@
proceed to the next section. If drift is shown to be present makgarticulate or liquid material that can be blended to improve
a correction of the IRM sample values for the drift. uniformity, or (2) a material produced in a form that cannot be
A3.3.3.2 A correction for drift is made on the basis of ablended. Thus there are two types of IRM:
linear drift behavior. The “drift” is corrected by the use of drift (1) a TypeB IRM, a material that may be blended, and
correction factorsF;. (2) a TypeNB IRM, a material that cannot be blended.
A3.3.3.3 Arrange the data values obtained for the control A3.3.4.2 The procedure to demonstrate what degree
material in chronological ordeiC, C,, ... G). Compute the homogeneity exists in the lot, differs depending on what type

drift factors, F;, as follows: of IRM is being evaluated. The important issue is the “variation
F, = (C, + C,)/2C, (A3.6) Metric” or standard deviation that is used to calculate an
F, = (C, + C,)/2C A3.7) expected range for the measured average values of the lot
2o e ' samples. This standard deviation depends on the history of the
Fg = (Cs + Co)/2C, (A3-8) ot at the time of sampling and on the type of IRM, TyRer
Fy = (C4 + Co)i2C, (A3.9) Type NB.
Fs = (Cs + Cg)/2C, (A3.10) A3.3.5 Basic Concepts for Evaluating Homogeneity
Fo = (Gt OOl (PS) 4 bution of theqtatist, defined by £a ASTo.
F, = (C, + Cyi2C, (A3.12) istribution of theg-statistic, defined by Eq A3.16.
q = w[Sr(k°*9] (A3.16)
TABLE A3.2 Critical Values of ( S,%/S,%) Ratio where:
at 95 % Confidence Level * w = range (that is, maximum-minimum) of n average
Number of Control Samples 2/ 2 " values
Measured, m (5,7/S;%) Ratio — P inti indivi
: Sr = residual standard deviation (pooled) of individual test
4 0.39 values, and
; o k = number of individual values used for each average.
8 0.49 A3.3.5.2 Table A3.3 and Table A3.4 give the 95 %
1(2) 8-22 confidence level (orp = 0.05) critical g-values for this
15 0.60 distribution, withDF = the degrees of freedom for the pooled
20 0.65 Srandn = the number of sample averages in the calculated
25 0.68 range,w. In applying the basic statistical expression of Eq
30 0.72 . - - .
s 0.74 A3.16, the equation is rearranged and gcrltlcal (al_mge:r|t),
40 0.76 is calculated according to Eq A3.17 with the criticpl/alue
45 0.78 obtained from Table A3.3
50 0.80
ASee NBS Special Publication N-63-2, U.S. Government Printing Office, w (crit) = g x Sr(k)>® (A3.17)

Washington, DC 19630; see also C. A. Bennett, Industrial and Engineering . s
Chemistry, 43, 2063 (1951). Ratio values for m = 30 to 50 calculated from With the knOWIedge obr (and n, DF andk aIso), a critical

extrapolation equation; Ratio (S;2/S,2) = 0.146 + 0.386 X log,o (m). range may be calculated. If this critical r%éuwmg
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