QHny) Designation: E 826 — 85 (Reapproved 1996) <*

Standard Practice for

Testing Homogeneity of Materials for Development of

Reference Materials *

This standard is issued under the fixed designation E 826; 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.

€' Note—Section 12 was added editorially in June 1996.

1. Scope E 876 Practice for Use of Statistics in the Evaluation of

1.1 This practice is suitable for testing the homogeneity of ~ SPectrometric Dafa
metals, either in solid or powdered form, and finely ground Terminology
oxide materials that are intended for use as reference materials o o ) )
in X-ray emission, or optical emission spectroscopy, or both. 3.1 Deflnltlons—Eor definitions of terms use_d in this prac-
The criteria for acceptance of the test specimens as referenfi§e; refer to Terminology E 135, and Practices E 177 and
materials, however, must be previously determined by the us o B )
for meeting his specific requirements. 3.2 Defl_nltlons of Terms SpeC|f|<_: to Th_|s Stqndard: _

1.2 The procedure is designed primarily for testing speci- 3.2.1 drift—a _gradugl systemauc or sinusoidal change in
mens by X-ray emission spectrometry or optical emissiorinStrument readings with time. o o
spectroscopy, or both. However, the practice could be easily 3-2-2 homogeneity-as defined in this practices statisti-
adapted for use with other instrumental techniques such dlly acceptable differences among means of specimens in the
atomic absorption spectrophotometry. test.

1.3 This procedure can be applied to one or more eIemen@_ Summary of Practice

in a specimen provided the signal-to-background ratio is not a
P P g g 4.1 This procedure, which is based on statistical methods (

limiting factor.

1.4 gThis practice includes one method, if desired, to correct-6).” consists of stepwise instructions for testing homogeneity
for systematic or periodic (sinusoidal) drift in the instrument©f candidate reference materials. The candidate materials are
with time through the use of a control reference material. ~ S€lécted as described in Section 6, and then measured by either

X-ray emission or optical emission spectroscopy (see Sections

Nore 1—Caution: If serious drift occurs (for example, unstable power 7 and 8). The resultant data are corrected for instrumental drift,
supply, X-ray tube, etc.) erroneous conclusions may be obtained from thg desired (see Section 10), and then tabulated (see Table 1,
data analysis. Table X1.3, and Table X1.4) to facilitate the statistical calcu-

1.5 This standard does not purport to address all of the|ations that are performed according to Section 9. The homo-
safety concerns, if any, associated with its use. It is thyeneity of the material is determined from the results of the
responsibility of the user of this standard to establish appro-data analysis.
priate safety and health practices and determine the applica- 4.2 This procedureequiresthat repeated measurements on
bility of regulatory limitations prior to use. the same specimen have sufficient precision (that is, repeat-
ability) through appropriate selection of instrumental param-
2. Referenced Documents etersygo that gny spignifri)cant difference among specimenps can be

2.1 ASTM Standards: detected with confidence.

E 135 Terminology Relating to Analytical Chemistry for 4.3 This procedure requires that there be an absence of

Metals, Ores, and Related Materfals “outliers in the data (see Practice E 178).

E 177 Practice for Use of the Terms Precision and Bias in _ ) _ _ _
ASTM Test Method3 Note 2—Caution: The use of Practice E 178 dealing with outliers

should be done with extreme care to ensure that values are not discarded

E 178 Practice for Dealing with Outlying Observatiéns that may be valid for the analysis.

1 This practice is under the jurisdiction of ASTM Committee E-1 on Analytical S. Slgmﬂcance and Use
Chemistry for Metals, Ores and Related Materials and is the direct responsibility of 5.1 The purpose of this practice is to ensure the qua"ty of
Subcommittee E01.22 on Statistics and Quality Control.

Current edition approved June 28, 1985. Published October 1985. Originally

published as E 826 — 81. Last previous edition E 826 — 81. 4 Annual Book of ASTM Standardgol 03.06.
2 Annual Book of ASTM Standardgol 03.05. 5 The boldface numerals in parentheses refer to the list of references at the end
3 Annual Book of ASTM Standardgol 14.02. of this practice.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Data for Homogeneity Testing

Specimen Number

Run No. Total
1 2 3 4 5 e

1 B, =

2 B, =

3 B; =

4 B, =

5... Bs. =

..bP B, =

Total T, = T, = T, = T, = Ts = T.= G = (2B,...B,)
Mean t,= t,= ty= t,= ts = t,=

At = number of specimens.
B b = number of runs.

materials selected in order that they can serve as a supplemet Optical Emission Spectroscopy Test Procedure

to primary standard reference materials. . 8.1 Select optimum instrumental conditions to obtain ad-
5.2 This procedure is applicable to the testing of samplegquate sensitivity for each element to be tested in the speci-

taken at various stages during production. For example, cofpens.

tinuous cast materials, ingots, rolled bars, wire, etc., could be g 2 se excitation conditions appropriate for the element(s)

sampled at various stages during the production process agf interest. Select a spectral line(s) that has a minimum of

tested. interferences from other elements in the specimen.

6. Selection of Test Specimens from a Large Batch 8.3 Me_asure fche element(s) of interest In the spgcime_ng
' i _ ) ) selected in Section 6. Repeat the measurements until a mini-
6.1 If the candidate material consists of 15 specimens ofym of four sets have been made. For each set, take the

less, then all specimens should be tested. specimens in random order.

6.2 If the candidate material is in a form or quantity that " g 4 |f correction of instrumental drift is desired, measure a
prohibits testing all specimens, then a minimum of 8 % but NOtontrol reference material along with the specimens. The
less than 15 specimens shall be tested according to the randqfgntrol reference material shall be homogeneous with respect
sample selection scheme described in 6.3. to the element(s) being determined, in the specimens.

6.3 Label all specimens consecutively (that is, 01, 02, 03,--- g 5 Examine the data and discard any values that have been
). From a table of random numbe(3) (see Table 2 and Note getermined to be outliers according to Practice E 178. In Table
3), pick an arbitrary starting place and select any direction for enter either the raw or normalized values for each element or
reading the numbers, provided the direction is fixed in advancgg|es corrected for drift.
and is independent of the numbers occurring. Select those g g |f any outliers occur, repeat the complete test, as

specimens for testing which match the numbers read from thﬁrovision is not made for missing data in the mathematical
tables. treatment.

Note 3—Caution: Table 2 included herein is for example, only. Use 9. Calculati to Det ine H .
the more complete tables (8) when actually using this test procedure. - alculations to Determine Homogeneity

o 9.1 ComputeT, B, t, andG, (see Table 1), wher&: = sum
7. X-Ray Emission Spectroscopy Test Procedure of each column;B = sum of each rowt’ = mean of each
7.1 Select optimum instrumental conditions to assure adeolumn; andG = sum of B,--- B,; b = number of replicate
equate count rates from each element to be tested in thmeasurements (that is, runs); and number of specimens.
specimens. 9.2 Choose a significance level)(for the test.
7.2 Select a counting time that is long enough to minimize Note 4—A 95 % significance level is recommended for this procedure.

the random error due to cour?tl.ng.. Also, aV(?Id COU”“”Q ratef%ee(l) for more extensive tables containing values at other significance
greater than 70 000 c/s to minimize dead-time corrections ifyels.

the detection system. .
7.3 Measure the element(s) of interest on the specimens 9.3 From Table 3, obtain the value that corresponds to

selected in Section 6. Repeat the measurements of X—ra%/ndv’ where:v = the number of degrees of freedom:

intensity until a minimum of four sets have been made. For v=(>(-1x(t-1 @
each set, the specimens shall be taken in random order. 9.4 ComputeS = sum of squares due to specimens:
7.4 If correction of instrumental drift is desired, a control
reference material shall be measured along with the specimens. § =M%+ T+ - Tdib] - (Ghb) @)
7.5 Examine the data and discard any values which have 9-5 ComputeS, = sum of squares due to runs:
been determined to be outliers according to Practice E 178. In S, = [(B,2 + B,? + ---B2/t] — (G2th) @3)
Table 1, enter either the raw or normalized values for each
element, or values corrected for drift.
7.6 If any outliers occur, repeat the complete test, a
provision is not made for missing data in the mathematical
treatment.

9.6 Compute§ = sum of the squares of all the measure-
nents in the tables and subtragt/tb:

1Mo

S =(2)(Z)Y* - (G7Mtb) @
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TABLE 2 Short Table of Random Numbers A

Note 1—Caution: See Note 3Note 3.

46 96 8 77 27 92 86 26 45 21 89 91 71 42 64 64 58 22 75 81 74 91 48 46 18
44 19 15 32 63 55 87 77 33 29 45 00 31 34 84 05 72 90 44 27 78 22 07 62 17
34 39 8 62 24 33 81 67 28 11 34 79 26 35 34 23 09 94 00 80 55 31 63 27 91
74 97 8 30 65 07 71 30 01 84 47 45 89 70 74 13 04 90 51 27 61 34 63 87 44
22 14 61 60 8 38 33 71 13 33 72 08 16 13 50 56 48 51 29 48 30 93 45 66 29

40 03 96 40 03 47 24 60 09 21 21 18 00 05 86 52 85 40 73 73 57 68 36 33 91
52 33 76 44 56 15 47 75 78 73 78 19 87 06 98 47 48 02 62 03 42 05 32 55 02
37 59 20 40 93 17 82 24 19 90 80 87 32 74 59 84 24 49 79 17 23 75 83 42 00

A Reprinted with permission from A Million Digits by The Rand Corporation, Copyright, The Free Press, 1955.

where: 95 % confidence level, that the specimens are not homoge-
Y; = individual values in the table. neous. If the absolute difference between any two mean values
9.7 Compute: doesnot exceedw, then the specimens shall be considered
homogeneous.
s=V(E-§-9/b-Di-1 ®)

10. Test for Instrumental Drift

10.1 This test for drift is made on repeat analyses of the
w = gs\/b ®)  control reference materiaCj measured along with the speci-
9.9 If the absolute difference between any two mean valuemens (see Practice E 876). The control reference material is
(thatis,t’;---t',) exceedsy, then there is strong evidence, at the measured at the beginning of each test set and repeated after

9.8 Compute:



v £ 826

TABLE 3 Values of g for Various Combinations of tand v at 95 % Significance Level (1)

. t- 2 3 4 5 6 7 8 9 10

1 17.97 26.98 32.82 37.08 40.41 43.12 45.40 47.36 49.07

2 6.08 8.33 9.80 10.88 11.74 12.44 13.03 13.54 13.99

3 4.50 5.91 6.82 7.50 8.04 8.48 8.85 9.18 9.46

4 3.93 5.04 5.76 6.29 6.71 7.05 7.35 7.60 7.83

5 3.64 4.60 5.22 5.67 6.03 6.33 6.58 6.80 6.99

6 3.46 4.34 4.90 5.30 5.63 5.90 6.12 6.32 6.49

7 3.34 4.16 4.68 5.06 5.36 5.61 5.82 6.00 6.16

8 3.26 4.04 4.53 4.89 5.17 5.40 5.60 5.77 5.92

9 3.20 3.95 4.41 4.76 5.02 5.24 5.43 5.59 5.74
10 3.15 3.88 4.33 4.65 4.91 5.12 5.30 5.46 5.60
11 3.1 3.82 4.26 4.57 4.82 5.03 5.20 5.35 5.49
12 3.08 3.77 4.20 451 4.75 4.95 5.12 5.27 5.39
13 3.06 3.73 4.15 4.45 4.69 4.88 5.05 5.19 5.32
14 3.03 3.70 4.11 4.41 4.64 4.83 4.99 5.13 5.25
15 3.01 3.67 4.08 4.37 4.59 4.78 4.94 5.08 5.20
16 3.00 3.65 4.05 4.33 4.56 4.74 4.90 5.03 5.15
17 2.98 3.63 4.02 4.30 4.52 4.70 4.86 4.99 5.11
18 2.97 3.61 4.00 4.28 4.49 4.67 4.82 4.96 5.07
19 2.96 3.59 3.98 4.25 4.47 4.65 4.79 4.92 5.04
20 2.95 3.58 3.96 4.23 4.45 4.62 4.77 4.90 5.01
24 2.92 3.53 3.90 4.17 4.37 4.54 4.68 4.81 4.92
30 2.89 3.49 3.85 4.10 4.30 4.46 4.60 4.72 4.82
40 2.86 3.44 3.79 4.04 4.23 4.39 4.52 4.63 4.73
60 2.83 3.40 3.74 3.98 4.16 4.31 4.44 4.55 4.65
120 2.80 3.36 3.68 3.92 4.10 4.24 4.36 4.47 4.56
% 2.77 3.31 3.63 3.86 4.03 4.17 4.29 4.39 4.47

every three’ f|Ve’ or ten SpeC”‘nenS have been run. TABLE 4 Critical Values for Determining Occurrence of Drift

10.1.1 Select the control reference material frequency (such from S,%S,” Ratio®

as, three, five, or ten) and maintain this measurement sequence Number of Measurements on Control

. Reference Ratio
throughout the entire test. Material, n
10.1.2 Arrange the measurements on the control reference 2 08
material in the exact sequence in which they were made. For 5 0.82
example:Cy, C,, C;, -+ G, 3 g.gi
10.1.3 Obtain the differenced) between immediate suc- B 0.98
cessive measurements as follows: 9 1.02
10 1.06
Aj=C,—CyA,=C,—Cy ) 1 1.10
10.1.4 Calculate an estimate of variar®é as follows: E Ei
2 2
= SAY(n—1 g 20 1.30
Sl ( ) ( ) 25 1.37
where: A This table (from (3) is shown as an example. For more complete tables, see (4
A = difference between successive measurements, and and 5). However, the values in the latter references are half the values shown in
n = number of times the control reference material was this table because of a slightly different method of dermination.
run.
follows: drift has occurred, the values obtained on the specimens should
5 5 be tabulated in Table 1 in the order in which they were made,
S ==d%n-1) 9)

and then proceed to perform the calculations to determine
where: homogeneity. However, if the ratio Emallerthan the value

d = difference of each measurement on the control refer-listed in Table 4, for example, for the appropriate number of
ence material from the overall average of the measureJuUns, there is strong evidence, with 95 % confidence, that drift

ments on the control. has occurred. When drift has occurred, make corrections as
10.1.6 Calculate the ratio: specified in 10.2. _
- 10.2 Calculation of Drift Factors—Correct the measured
S 75(4-6) (10)  values obtained on the specimens by calculating drift factors as

If the ratio S, %/S, ? is larger than the values listed in Table follows:
4, for example, for the number of times the control reference 10.2.1 Arrange the data obtained on the control reference
material was measured, there is not sufficient evidence at th@aterial in chronological order (for example,, C,, Cs, ---C,.
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10.2.2 Compute the drift factor§) as follows: 10.3 Other valid drift correction methods may be used in
F, = (C, + C,)/2C, 1)  this procedure.
F, = (C, + Cy)/2C, (12)  11. Precision and Bias
F3 = (C4 + C9)/2C, (13) 11.1 Precision data for this practice will be developed in the

10.2.3 Divide the measured values by #ggpropriatedrift ~ future if they are determined necessary.
factor to obtain corrected values, for example, observed
valueF = corrected value (see example X1.3.5.1 and Tablel2- Keywords

X1.2). 12.1 homogeneity; optical emission spectroscopy; reference
10.2.4 Enter drift-corrected values in Table 1. materials; X-ray emission spectroscopy
APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES TO ILLUSTRATE THIS PROCEDURE

X1.1 Specimen Selection TABLE X1.1 Tabulation of Control, A, and d Values
X1.1.1 Suppose the material to be tested contains 50 speci-__Control A A% d *
mens. Each of the 50 specimens are labeled consecutively. Faf. = 62.0 0.600 0.360 1.0333 1.0678
ease of presentation in this example, only six specimens fronfz = 224 oo 9390 Lous it
the set of 50 will be considered instead of 15. Six specimenscf1 ~ 632 1.800 3.24 0.1666 0.0278
are selected from the set of 50 using a table of random number€s = 61.4 0.600 0.360 1.6333 2.6678

H H H s = 62.0 1.200 1.44 1.0333 1.0678

(see Tabl(_e 2). Fro_m the tabl_e, select an arbitrary starting pom\‘é7 [P 0.600 0.360 0.1666 0.0278
and read in any direction using only numbers less than 50. For, = e2.6 1.300 1.69 0.4333 0.1878
example, look across the top row of Table 2 to number 71, thengg = 6§é95 é-ggo é-gg 8-8222 8-721513
. . - - 10 = 62. . . 4 .187

down to number 22. From this starting point, reading down that c 626 0.600 0.360 0.4333 0.1878
column the numbers would be 22, 33, 47, 25, 12, and 10. Thec, = 63.2 1.300 1.69 0.1666 0.0278
specimens having these numbers would be used for testing. Cis =645 1.300 1.69 1.4666 2.1511
C,, =632 0.700 0.490 0.1666 0.0278

. . C,;5 = 63.9 0.00 0.00 0.8666 0.7511

X1.2 Test Procedure A (Drift Monitor) Cr — 639 0.600 0.360 0.8666 0.7511
X1.2.1 The six specimens are measured in random order&:r = 64.5 0.00 0.00 1.4666 21511

. . . Cig = 64.5
The measurements are repeated five times, taking care to selecE

the specimens in random order each time. Suppose a driftAverage = 63.0333; XA” = 15,53 d* = 17.920

monitor is desired, then a control reference mater@) is

measured with the specimens. Selecting a control frequency of

three, for example, the complete measurement scheme can be= 18 from Table 4 (for example, interpolated vakiel.26),

1.4666 2.1511

represented as follows (reading across each row): there is sufficient evidence at the 95 % confidence level to
Run No. Sample No. — indicate that drift has indeed occurred.
b1 Gy, 22,33, 47, G5, 25, 10, 12, Gy X1.3.5.1 Calculation of Drift Factors—The sum ofC, + C,
; g;‘ fg: ‘2"; 1(2): g: ‘313: ;g gg g: is computed and divided byG, etc., as shown belovE
4 Cio, 12, 25, 22, Cy4, 33, 47, 10, Cy»
5 Cy3, 47, 33, 25, Cyy, 10, 12, 22, Ci5
6 Cie, 33, 12, 47, Cy5, 25, 22, 10, Cyg F, = C,+C,/2C, = 0.9952
whereC,, C,, C;--- Ggare the control reference material run Fo = G+ Cy2C, = 0.9952
in chronological order. s = G4+ CgJ2C, =1.0048
F, = Cg+C42C, = 0.9952
X1.3 Test for Instrumental Drift Fs B G, +Cg/2C, = 1.0145

Cg + Co/2C, = 1.0202
Clo + C11/2C1 = 1.0097
Cyy+ Cif2C, = 1.0145

F
X1.3.1 The data from the control reference material are,:j
arranged in chronological order ad andd, are calculated as Fg

tabulated in Table X1.1. Fg C,3t+C,/2C, = 1.0298
X1.3.2 CalculateS;? = SA%(n- 1) = 15.53/(18 - 1)= Fi.o = C;,+C,g2C, = 1.0250

0.914 11 = Cig+Cy//2C, = 1.0355
X1.3.3 CalculateS,> = =d%/(n - 1) = 17.920/(18 - 1)= F., = C,,+C,42C, = 1.0403

1.0541 X1.3.5.2 The observed measurements are divided by the
X1.3.4 CalculateS;?/S,*> = 0.914/1.054%= 0.867 appropriate drift factors calculated in X1.3.5.1 to obtain

X1.3.5 Since the ratio 0.867 is smaller than the ratio forcorrected measurements as shown in Table X1.2.
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TABLE X1.2 Drift—Corrected Measurements X1.4.1.1 Example:See Table X1.3.
R . Observed . Corrected X1.4.2 Choosey, that is, the significance level of this test.
un No. Specimen Drift Factor
Measurement Measurements
_ 0, i ifi i i -
1 2 158 0.9952 290 Z‘OTE X1.2—A 95 % significance level is recommended for this pro
33 48.7 0.9952 48.9 ceaure.
tl 50.9 0.9952 1l X1.4.2.1 Example: « = 0.05 (that is, 95% confidence
25 49.7 0.9952 49.9 level)
10 48.8 0.9952 49.0 X1.4.3 Calculatev, the degrees of freedom whebe= the
12 8.7 0.9952 48.9 number of runs, antl= the number of specimens.
2 25 50.2 1.0048 49.9 X1.4.3.1Examplev=(b-1)(t-1)=6-1)(6-1) =
47 49.1 1.0048 48.9 25
10 493 1.0048 49.0 X1.4.4 The appropriatg value is obtained from Table 3.
33 49.8 0.9952 50.0 X1.4.4.1 Example:Look across Column 6 down to 24 (that
12 48.7 0.9952 48.9 is, the closest value to 25) and interpolate for the value for
22 49.7 0.9952 49.9 » = 25 which is 4.36.
3 10 49.7 1.0145 48.9 X1.4.5 ComputeS, where: S = [(T?+ T2+ --- T2/
22 50.8 1.0145 50.0 b] - G?/tb.
12 50.9 1.0145 50.2 X1.4.5.1 Example:
47 51.0 1.0202 49.9 _ 2 2 2 2 2 2
3 s 10202 02 S = [(303?% + 2992 + 304% + 3022 + 2992 + 299?)/6]
25 52.1 1.0202 51.1 - 18062/6 X 6
=4.333
4 12 495 1.0097 49.0 5 5 5
25 49.4 1.0097 48.9 X1.4.6 ComputeS,, where: S, = [(B,"+ B, + --- B9/
22 51.6 1.0097 51.1 t] - G?tb.
33 50.7 1.0145 49.9 X1.4.6.1 Example:
47 50.6 1.0145 49.9 _ 2 2 2 2 2 2
10 198 1.0145 490 S = [(297° + 297° + 300° + 298° + 305° + 309)/6]
— 1806%36
5 47 52.6 1.0298 51.1 = 20.333
33 525 1.0298 50.9 — —
25 52.4 1.0298 50.9 X1.4.7 ComputeS, whereS = sum of squares of all the
" ‘s L oss0 coo measured values minu@?/tb.
12 51:2 1:0250 49:9 X1.4.7.1 Example
= 531 1.0250 °18 S=[4F + 4F + 517 + 50° + 49 + 4F + 50
6 33 50.7 1.0355 48.9 + 507 + 49 + 507 + 4P + 49 + 507 + 507
12 53-3 1-8355 5;3 + 507 + 51% + 50° + 4% + 51 + 507 + 507
47 > 10395 5% + 4P + 49 + 49 + 52 + 51° + 51° + 571°
25 53.1 1.0403 51.0 + 507 + 507 + 512 + 4% + 532 + 512 + 522
22 53.0 1.0403 50.9 + 53]
10 55.0 1.0403 52.9
— 1806/36
= 45.000

X1.3.5.3 The corrected measurements are entered in Table)(1_4.8 Computes, where:

X1.3.
Note X1.1—To facilitate the calculations in this example, the corrected s=V(5-5-9/b-1it-1
values are rounded to the nearest whole number. X1.4.8.1 Example
X1.4 Test for Homogeneity Utilizing Procedure A s =1/(45.000— 20.333— 4.333/5 X 5 = 0.90186
X1.4.1 ComputeT, B, t, andG. X1.4.9
TABLE X1.3 Example for Homogeneity Testing (Procedure A)
Specimen Number
Run No. Total
22 33 47 25 10 12
1 49 49 51 50 49 49 B, =297
2 50 50 49 50 49 49 B, = 297
3 50 50 50 51 50 49 B, = 300
4 51 50 50 49 49 49 B, = 298
5 52 51 51 51 50 50 Bs = 305
6 51 49 53 51 53 52 Bs = 309
Total T, = 303 T, = 299 T, = 304 T, = 302 Ts = 299 To = 299 G = 1806.0
Mean t, =505 t, =498 =507 t, =503 s =498 s =498

t = number of specimens
b = number of runs
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Computew, where:w = g5 /b X1.6.4.1 Example:Look across Column 6 down to 24 (that
X1.4.9.1 Example is, the closest value to 25) and interpolate for the value for
q = 4.36,5 = 0.90186, and = 6 v = 25 which is 4.36.

Lo 2 2, .. T2
IMCW= (4.36/(0.90186/2.449= 1,605 b])—(lég/t?:) Compute§, where: § = [(T"+ T, + .- T\%)/

X1.4.10 The maximum difference between any of the mean x1.6.5.1 Example
t" values in Table X1.3 (Procedure A) equals 0.87. Since 0.87
does not exceed thew computed value of 1.605, there is
evidence at the 95 % confidence level that the specimens are 320-3%2{36
homogeneous. e

X1.4.11 An evaluation of the overall quality of the data in X1.6.6 ComputeS,, where:S, = [(B; >+ B, >+ --- By %)/
Table X1.3 (Procedure A) can be made by computing thd] = G “/tb

S =[(8.615% + 8.685° + 8.719* + 8.798° + 8.699 + 8.691%)/6]

relative standard deviatiorRED as follows: RSD= s/t X X1.6.6.1 Example
100 wheres is computed in X1.4.8. For the above example, S, = [(8.822 + 8.722° + 8.706% + 8.67F + 8.7812 + 8.505%)/6]
RSD = 0.90186/50.16< 100 = 1.80 %. 5220736

. . =0.01004
X1.5 Test Procedure B (No Drift Monitor) — —
. . . X1.6.7 ComputeS, where:S= sum of squares of all the
X1.5.1 A measurement is made on each of the six speci- ;
o . measured values minus b.
mens. The measurements are repeated five times, taking care Q4 6.7.1 Example
choose the specimens in random order each time. For example, _

the complete measurement scheme can be represented as S =[1.47° + 1.46T + 1.50Z + 1.487 + 1.447
follows (reading across row): + 1.45¢ + 1.417 + 1.44% + 1.39F
Run No. sample No. - + 1.48CG + 1.486 + 1.50% + 1.426
11 22,38, 47, 25,10, 12 + 1.468 + 1.43F + 1.508 + 1.47C
2 25, 47, 10, 33, 12, 22
3 10, 22, 12, 47, 33, 25 +1.403 + 1.428 + 1.485 + 1.445
4 12, 25, 22, 33, 47, 10 + 1.438 + 1.44C + 1.437 + 1.469
5 47,38, 25, 10,12, 22 + 1.446 + 1.49F + 1.45¢ + 1.457
6 33, 12, 47, 25, 22, 10
. + 1.459 + 1.405 + 1.38C + 1.45¢
X1.5.1.1 The measurements for each element are entered in +1.43F + 1.39F + 1.437]
= 0.03589

X1.6 Test for Homogeneity Utilizing Procedure B

X1.6.8 Computes, where:
X1.6.1 ComputeT, B, t', andG.

X1.6.1.1 Example:See Table X1.4. s=1(5-5-Mb-1t—1)
X1.6.2 Choose, that is, significance level of this test. X1.6.8.1 Example
Note X1.3—95 % confidence level is recommended for this procedure. s =1/(0.035899— 0.01004— 0.00293/25 = 0.03029
X1.6.2.1 Example X1.6.9 Computew, where:w = gs/+/b
a = 0.05(that is, 95 % confidence level X1.6.9.1 Example
X1.6.3 Calculatey, the degrees of freedom, whebe= the q = 4.36,s=0.030298p = 6
number of runs, antl= the number of specimens. IMCw= (4.36(0.030298/2.449= 0.0539

X1.6.3.1 Example X1.6.10 The maximum difference between any of the mean
v=b-Dt-1D=6-16-1)=25 t' values in Table X1.4 (Procedure B) equals 0.0305. Since
X1.6.4 The appropriatg value is obtained from Table 3. 0.0305 doesot exceed thev computed value of 0.0539, there

TABLE X1.4 Data for Homogeneity Testing (Procedure B)

Specimen Number

Run No. Total
22 33 a7 25 10 12
1 1.470 1.461 1.502 1.482 1.447 1.458 B, = 8.820
2 1.417 1.445 1.391 1.480 1.486 1.503 B, = 8.722
3 1.426 1.468 1.431 1.508 1.470 1.403 B; = 8.706
4 1.428 1.485 1.445 1.438 1.440 1.437 B, = 8.673
5 1.469 1.446 1.491 1.459 1.457 1.459 Bs = 8.781
6 1.405 1.380 1.459 1.431 1.399 1431 Bg = 8.505
Total T, = 8.615 T, = 8.685 T, = 8.719 T, =8.798 Ts = 8.699 Ts = 8.691 G = 52.207
(2B;...Bg)

Mean t, =1.436 t, =1.448 ty=1.453 t, = 1.466 t's = 1.450 ts=1.449

t = number of specimens.
b = number of runs.
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is evidence at the 95 % confidence level that the test specimens RSD = 0.03029(",,6, X 100
are homogeneous. ; ;
. . . wheresis computed in 10.1.4. For the above example,
X1.6.11 An evaluation of the overall quality of the data in P P
Table X1.4 (Procedure B) can be made by computing the RSD = 0.03029/1.450< 100 = 2.09 %.
relative standard deviation (RSD) as follows:

X2. ADDITIONAL INFORMATION CONCERNING USE OF TABLE 2 IN STATISTICAL ANALYSIS OF DATA

X2.1 It is often desirable in some solid specimens to X2.2 The recommended sequences for three to six speci-
examine the homogeneity from front to back, corner-to-cornemmens are given in Table X2.1.
etc. to find compositional differences caused by metallurgical
structure or segregation. This statistical procedure allows one
Fo obt.ain' ;uch in]‘ormation. For example, to determine if there  1ABLE x2.1 Recommended Sequences for Three to Six
is a significant difference between the front and back sides of Specimens
a solid disk specimen, the two sides of the one specimen are

Specimens
treated as though they were two separate specimens. Then the Side 5 c i 5 = .
data in Tables X1.3 and X1.4 would reflect the difference
between the sides of the specimen. To ensure that the sides of ﬁ é 2 ;‘
the specimen are taken at random for measurement, the
following sequence is recommended: 2 : ! o .
Specimen
1 Side A B a 1 8 9 5 4
a 1 3 b 10 3 2 6 7
b 4 2
That is, for two specimen& andB, each having sides and 0 1; l; 13 Z § ;
b, the recommended sequenceis, bB, aB, bA
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