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FOREWORD

The work described in this report contributes
to the Canadian Certified Reference Materials Project
(CCRMP). The CCRMP in turn contributes to the Utiliza-
tion Activity (Quality Control sub-Activity) of CANMET's
Minerals Research Program by producing mineralogical and
metallurgical reference materials (RM's) for use in in-
dustrial, commercial and government laboratories in Canada.

The CCRMP was initiated in the early seventies in
response to a demand from such laboratories for RM's that
were not previously available. Many laboratories now work
on their own behalf by willingly contributing analytical
information which is ultimately used in the CCRMP to certify
RM's.

Now that a relatively large number of reference ores
and related materials have been made available, they are being
used in a "feed-back" fashion to critically assess analytical
methods that are essential for quality-control and research in
Canadian enterprises.

R l__ O/\,\/'\\ \\a,.\‘\_y\l\u.—v-\_.,
R.L. CunninghamA
Chief




AVANT-PROPOS

Le travail qui est décrit dans le pré&sent rapport
apporte une contribution au Programme canadien des mat&riaux
de référence certifiés (CCRMP). De son c6té, le CCRMP
collabore aux travaux de l'Activité d'utilisation (la sous-
activité de surveillance de la qualité) du Programme de re-
cherche sur les min&raux de CANMET en normalisant des
matériaux minéralogiques et mé&tallurgiques pour les différents
laboratoires industriels, commerciaux et gouvernementaux au
Canada.

Le CCRMP a &té& créé au début des années '70 pour
répondre & la demande formulée par les différents labora-
toires qui voulaient de tels matériaux de référence qui
n'étaient pas disponibles auparavant. Ainsi, plusieurs
laboratoires effectuent maintenant des travaux analytiques et
par la suite l&guent volontairement les informations nécessaires
au CCRMP pour certifier des matériaux de référence.

Maintenant gu'une guantité& relativement abondante de
minerais de référence et apparentés sont disponibles, on les
utilise rétro-activement afin d'@valuer les méthodes analytiques
employées par les compagnies canadiennes pour contrdler la qualité
et faire de la recherche.

r(_ (g Q/m/‘\/\\;—'\\ \\v,.._.

R.L. Cunningham
Chef



BLAST FURNACE SLAG SL-1: ITS PREPARATION
FOR USE AS A CERTIFIED REFERENCE MATERIAL

by

G.L. Mason and W.S. Bowman

SYNOPSIS

As a facet of the Canadian Certified Reference Materials Project,
a Canadian blast furnace slag has been prepared as a compositional reference
material.

Twenty-one laboratories participated in the interlaboratory
certification program by providing analytical results for up to thirteen
constituents on each of two bottles of the slag. A statistical treatment
of the data yielded recommended values for six of these constituents:

Ca0 - 37.5%, Si0p - 35.7%, MgO - 12.3%Z, Alp03 - 9.6%, Fe (expressed as Fe0)

- 0.92%, and S - 1.267%. TFour others were assigned provisional values:

Ti0p - 0.38%, MnO - 0.86%, Naj0 - 0.39Z, and K20 - 0.51%. The remainder are
given for information only: P205 — 0.019%, V905 ~ 0.004%, and Cr203 - 0.0097.
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INTRODUCTION

This report describes the preparation and certifi-
cation of a blast furnace slag, SL-1, for use as a
certified reference material. The work is another
facet of the Canadian Certified Reference
Materials Project (CCRMP) to certify materials that
have potential value in conventional analytical or
earth sciences laboratories. Certified reference
materials (ores and related materials, commercial
purity copper and copper-base alloys) issued previ-
ously by the CCRMP are described in a cataloguel
available from the Canada Centre for Mineral and
Energy Technology, Department of Energy, Mines and
Resources, Ottawa, Canada. SL-1 was chosen because
there is a need for such a reference material

in laboratories associated with the iron and

steel industry.

Initially, fourteen laboratories provided results
for two or more of the constituents Ca0O, Si02, MgO,
Alp03, S, Fe (expressed as Fe0), MnO, TiOy, Nay0,
K90, Pp05, Vy05 and Crp03. At a later stage, after
a preliminary assessment of the results had been
obtained, a further seven laboratories were recruit-
ed to supply additional results of the constituents
Ca0 and MgO. From the overall assessment, it was
considered that the results are sufficiently satis-
factory, in a statistical sense, to warrant the
assignment of recommended values for six of the
constituents investigated and provisional values
for four others. The mean values for the three
remaining constituents are presented for informa-
tion only.

ORIGIN AND PREPARATION OF SL-1

The material for SL-1 was donated to the CCRMP in
mid 1974 and is from the Blast Furnace Plant of the
Hamilton Works of the Steel Company of Canada Ltd.
A total weight of approximately 940 1bs of the
material was received in a coarsely—ground state
(approx. 1/4"). After drying at 110°C on the dry-
ing bed, it was dry-ground in batches by ball-mill-
ing until it passed a 74um screen., The entire
material was then tumbled for 8 hours in a 570-£
conical blender, immediately after which it was
sampled systematically. By means of x-ray fluores—
cence analysis of the samples for calcium, iron,
titanium and manganese, SL-1 was found to be suffi-
ciently homogeneous to be bottled in 200-g units
and to be distributed in the interlaboratory certi-
fication program.

INTERLABORATORY CERTIFICATION PROGRAM

The laboratories that participated in the program
to certify SL-1 are listed herewith alphabetically.
Each was assigned a code number so that analytical
results could be recorded while preserving the
anonymity of the laboratory. The code number bears
no relationship to the alphabetical order of the
laboratories.

Participating Laboratories

Amsted Research Laboratories, Bensenville, Illinois,
U.S.A.

British Steel Corporation, Swinden Research Labora-
tories, Rotherham, England

British Steel Corporation, Teesside Research Labora-
tories, Teesside, England

British Steel Corporation, Sheffield Works, Rother-
ham, England

Canada Centre for Mineral and Energy Technology,
Mineral Sciences Laboratories, Ottawa, Ontario

Cominco Ltd., Trail, British Columbia

Geological Survey of Canada, Analytical Chemistry
Section, Ottawa, Ontario

Hudson Bay Mining and Smelting Co., Ltd., Flin Flon,
Manitoba

Inland Steel Company, East Chicago, Indianna, U.S.A.
Interlake Inc., Beverley, Ohio, U.S.A.

Ministry of Natural Resources, Mineral Research
Branch, Toronto, Ontario.

Sydney Steel Corporation, Sydney, Nova Scotia

The Steel Company of Canada Ltd., Hamilton, Ontario
United States Steel Corporation, Duquesne, Pennsyl-
vania, U.S.A.

* Armco Steel Corporation, Middletown, Ohio, U.S.A.

* Bethlehem Steel Corporation, Homer Research Labor-
atories, Bethlehem, Pennsylvania, U.S.A.

* Falconbridge Nickel Mines Ltd., Metallurgical Lab-
oratories, Thornhill, Ontario

* Inco, Copper Cliff, Ontario

% The Algoma Steel Corporation Ltd., Sault Sainte
Marie, Ontario

* United States Steel Corporation, Research Labora-
tories, Monroeville, Pennsylvania, U.S.A.

* Wheeling Pittsburgh Steel Corporation, Steuben-—
ville, Ohio, U.S.A.

Each participating laboratory received two randomly-
selected bottles of SL-1 and was asked to determine
in triplicate as many as possible of the constitu-
ents Ca0, MgO, A1203, Si0g, Fe (expressed as Fe0),
S, P05, MnO, Ti0j, Nas0, K90, V205 and Crq03 in

% This group of seven laboratories participated at
a later stage to provide additional results on Ca0
and MgO.




_ each bottle, by methods of their choice. Of the
total results obtained, approximately 50% were

by conventional chemical methods (gravi-
metric, volumetric, complexiometric) and the re-
mainder by instrumental methods (atomic absorption
spectrophotometry, f£lame photometry, x-ray fluor-—
escence spectrometry and optical emission spectro-
chemistry).

A number of laboratories voluntarily submitted re-
sults by more than one analytical method (Table 1).
Each method was considered to be independent of
the others for statistical purposes, i.e., each
set of results was treated as if it originated in
a separate laboratory.

STATISTICAL TREATMENT OF ANALYTICAL RESULTS

All the analytical results obtained for SL-1 are
presented in Table 1. Certain sets of results

. appeared to.deviate grossly from the consensus
values and were subjectively rejected from further
consideration. The remaining sets were subjected
to the widely-used two-standard deviation criter-
ion and certain of these were identified as pos-
sible outliers. Both types of outliers are noted
in Table 1.

Confirmation of Homogeneity Using
Interlaboratory Results

Table 2 gives the means, coefficients of varia-
tion and summary of the t-tests between bottles

at the 5% significance level for all sets of re-
sults for SL-1, gross outliers excluded. There
is a relatively high proportion of sets of results
~for which the null hypothesis of no difference
between bottles was rejected. A two-way ANOVA
with nested design? was performed on the data
which conformed to this design (much of the data

could not be used). This analysis confirmed the
between-bottle difference except for Al,03 and S.
The magnitude of this inhomogeneity, however, was
found to be extremely small when compared to the
between-set (between-laboratory) component of vari-
ance. For this reason, SL-1 should be sufficiently
homogeneous for most applications as a reference
material.

Estimation of Consensus Values

and 957 Confidence Limits

A one-way ANOVA technique? was used to calculate
the consensus values and to estimate the variance
of the means and hence the 95% confidence limits.
Both gross and possible outliers were excluded
from these computations in order to avoid the pos-
sible introduction of bias to the estimates. The
data are assumed to fit the following model:

xij = yu + yi + eij
where:

. .th .
xij = the j result reported in set i;
B = the true value that Eﬁ'estimatéd

by the overall mean x..;
y; = the discrepancy between the mean of the

results from set i and thé true value; and
eij = the discrepancy of xj4 from the means

of the results from sét i.

It is assumed in this analysis that both yi and e

are normally distributed with means of zero and var-
iances of w? and 02, tespectively. The significance

of w? can be detected by comparing the ratio of
"between-set" mean squares to "within-set" mean
squares with the F statistic at the 95% confidence
level and with the appropriate degrees of freedom.
The magnitude of @2 and o2 can be estimated from
the ANOVA table. ’

Analysis of variance and expected mean squares for the one-way .classification

Mean

Source of Degrees of
variance Sums Of squares . freedom squares E [Mean squares]
k . 2
Bet ' -« 2 2 3,k Z 2
etwveen— - = 2 i w
sets : E:ni (xi. x.‘) k-1 59 L9 g ¢ >n, Tk )
. N . . ’ l . . .
i i E:ni
i
k n, k 2 9
Within- Z Z (X,,-;{-_ )2 Znink Sl g .
sets . . 1} 1. ‘ .
i j i
k n, k
Total Y X wo? Yea
i 3 ij i




The consensus value, in the above model, can be
estimated by the overall mean X.., thus:

k

2

4
= i

j=1
-

L
X

i3

=

k
2"
i

with the variance of the overall mean being
given by:

k 2
ny
Vix..] = i w2 +_1 o2
k 2 k
5‘ n, E:I]i
2. i
i i

The 95% confidence limits for the overall mean
are then given by:

o Trooms0eny AV 1]

where:
n; = the number of results reported in set i;
k = the number of sets.

The above values and other statistics computed
from the one-way ANOVA are presented in Table 3.

Certification factor

The certification factor3 is a measure for evalu-
ating the quality of reference materials issued
by the CCRMP. It is computed from the following
expression:

CF = 200 [to_975(k_1). ‘fv[“i..]]./?:../éx";

where cv is the average of the within-set co-
efficients of variation and is given by:

k

v = Z cvi/k

i

The eritical value of CF is 4. If a selected
constituent has a CF greater than 4, the refer-
ence material is considered to be of unacceptable
quality with respect to that constituent. Table
3 illustrates that the respective certification
factors for the constituents Si0j, Ca(, MgO,
A1903, total Fe (expressed as FeO), and S are less

than the critical value. The consensus values for
these six constituents of SI~1 are thus accepted as

recommended values and are presented in Table 4.

Provisional Values for

TiOg, MnO, Nag0, and K50

The certification factors for TiO9 and MnO, re-
spectively 4.4 and 4.3, are slightly higher than
the critical value of 4. 1In this case the use of
the factor illustrates how an objective decision
can be made where it is doubtful whether to proceed
with the certification of a particular element or
constituent. Thus, provisional values only are
given for TiOy and MnO. (Table 5).

With regard to Nag0 and K20, their respective certi-
fication factors fall significantly beyond the cri-
tical limit, to the point where a decision was
required whether to list their mean concentrations
as "provisional", or merely label them "for infor-
mation only." It is well known that the determina-
tion of these constituents in metallurgical slags

is particularly troublesome and the development of
analytical methodology in this respect still moves
slowly. Taking into account the expected use of
this reference material, the present state-of-the-
art for Na,0 and K20, and the fair within-laboratory
and between-bottle precision of the 72 observations
provided, it is considered justifiable to list the
values for these constituents (as given in Table 5)
as provisional. However, it is intended that
further analyses be carried out on SL-1 to certify
it ultimately for Nag0 and K0.

Values for P90s5, V505 and Cry03

The constituents P05, V505 and Crp03 are not gen-
erally determined in blast-furnace iron-making
practice which utilises iron ore in which they are
present in amounts as low as 0.10%Z or less. No
doubt, this is the reason why only some 4 to 9 sets
of results were obtained from the participating
laboratories. 1In view of the high average cv values
and the considerable between-laboratory differences
for all three constituents, the associated data is
listed for interest only.
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TABLE 1

RESULTS . OF ANALYSIS OF SL-1

_sILIca (WEIGHT PERCENT)

LAR= 2 : 35.89 35,94 36.00 35.94 356.20 -35.89 36.01 36400
* LAB= 3 (A.AL) 34,60 - 34,71 Co 4
LAR= & 35.80 35,68 35.98 . 35.80 35.76 .35.78
LAB= S5 (GRAV,) 35.92 35.49 . 126,02 35.90 35.488 35.90
LAR= & ’ 35.12 35.24°  35.18 35.56 35.56 35,57
LAR= 7 o 35.85 36.04 35.89 - 36.03 35.99 ° 36,00
LAB~ 9 (GRAV.) . 35.76 35.68 - 35.68 35.66 35.66 35,72
LAB=10 (GRAV,) : 36,10 36.00 36.10. . 36.00 36,10 36.10 o
LAR=11 (GRAV.) . 35.60 35.60 | 35.70 . 35.60 35.70 35.70 35.80 35.80
LAB=12 (GRAV.) 35.61 35,70 : 35.63 35.62 35.63 35474
LAR=13 (GRAV.) - 35.92 35.88 35.86 35.88 35.90 35,86
LAB=14 (GRAV.) 35.47 35.50 . - 35.62 35.50 35.55 35.63
LAR=16 (GRAV.) 35.45 35,53 35,55 35.55 35.58 35,53
LAR=16 (A.A.) 35.50 35,80 35.50 35.50 35.50 35.30"
LAR=17 (XRF) 35,70 35,70 34.90 35.20
LAR=17 (GRAV.) 36.20 36,24
LAR=21 (XRF) 35.85 35.97 35.99 35.84 35.83 35.94 36.15 36.12 35.90 36,19
LAB~21 (A.A.) . 35.20 38,75 35.56 35.62
LAR-21 (GRAV,) 35.30 35.24 35.48 35.30
A.A. = Atomic absorption; "GRAV. = gravimetric; XRF = X-ray fluorescence; VOL. = volumetric
COMPL. = Complexiometric; COLOR = colorimetric; SPECTR. = spectrographic; POTEN. = potentiometric;
COMB . = Combustion; FLAME = emission flame photometry

* gross

outlier




TABLE 1 (continued)

LIME (WEIGHT PERCENT)
LAR- 2 36494 37.02 37.16 37.06 36.98 36.93 36.96 36495
LAR= 3 (A.A.) 38.20 38,06
LAR= & 38.50 38.50 850 38.50 38.00 38.50
LAR= 5 (VOL.) 37.50 37.50 37.68 37.50 3761 37.31
LAB- 6 37.55 37.64 37448 37.48 37.50 37.46
LAR= 7 37.21 37.16 37.17 37.28 37.27 37.30
*LAB= 9 (A.A.) 34.70 34.70 4,70 34,70 35.10 34470
LAR=10 (VOL.) 37.40 37.40 37.30 37440 37.40 37.30
LAR=10 (A.A,) 37.60 37.60 37.10 37.60 37.60 37.60
LAR=11 (COMPL.) 37.21 37.26 37.47 36.99 37.47 37.47 36499 37447 37.03
LAR=11 37.14 37.10 37,10 37.12 37.08 37.10 37.10 37.14 37.14 37.12
LAR=12 (GRAV.) 37.49 37,91 7,65 37.70 37.72 37.69
LAR=13 (VOL.) 37480 37.80 37.90 37.70 37.80 37.80
LAR=14 (VOL,) 38.30 38.30 38,30 38.30 38.20 38,20
LAR=16 (GRAV,) 37.45 37.51 37,60 37.34 37.42 37.40
LAR=16 (A.A,) 37.40 37.40 37.40 37.20 37.40 37.40
*%| AB=17 (XRF) 36410 36.00 35.80 36.10
LAR=17 (A.A.) 36.50 36460
LAB-1R 36,73 37.00 36.72 36.94 36.87 36.83 36.95 37.02 36.89 37.06
36.99 36.97
LAB=20 (A.A.) 37.60 37.40 37.40 37.50 37.50 37.70 37.60 3740 740 37.40
LAR=?1 (xRF) 37.19 37.64 37,21 37.56 37.05 36,55 36.84 37.42 36,92 37.01
LAR=?1 (GRAV.) 36.98 36.92 37.00 36.95
LAR=2? (XRF) 37.61 37.48 37.55 37.62 37.78 37.87 37.77 37.96 37.88 37.62
LAB~?2 (VOL.) 37.85 37.45 37.66 37.80 37.71 37.70 37.82 37.78 37.62 37.82
LAR=?3 (VOL.) 37.67 37.68 37.60 37.58 37.66 37.48 | 37,57 3753 37.59 37.58
LAR=?24 (GRAV.) 38.24 3R.20 37.68 38.00 38.56 37.84 37.62 37.56 28,14 3R.14
LAR-?25 (GRAV.) 37.41 37.41 37440 37.38 37.32 37.40 37.37 37.44 3T bb 37.34

* gross outlier
** possible outlier




TABLE 1 (continued)

MAGNESIA (WEIGHT PERCENT)

- ——— - - - o e o o e o e o o e e o e o e e e e o e e e e e o = o 2 e o e o

LAB- 2 12,40 12.37 12.35 12.45 12.52 172.29 12449 12.50

LAB= 3 (A.AL) . 12.20 12.26

LAB= & 11.88 11.88 11.88 11.88 11.88 11.88

LAB= 5 (GRAV.) 11.78 12.15 11.95 12.00 12.02 12.00

LAB= 6 11.78 11.93 12.09 11.58 11.64 11.66

LAB- 7 11.84 11.85 11.90 11.91 11.86 11.88

LAR= 9 (ALAL) 12.20 12.30 12.20 12.20 12440 12.20

LAB=10 (GRAV.) 12.60 12.60 12.60 12.60 12.70 12.60

LAB=10 (A.A.) 12.40 12440 12440 12440 12.40 12.40

LAR=11 (COMPL.) 12.96 12.90 12473 12.88 12496 12.81 13.25 13.27 12.78 12.96

' 12.88 12.81 .

LAB-11 © - 12.50 12.54 12456 12.65 12.57 12.56 12.59 12.52 12+54 12,57

LAB=12 (GRAV.) 12.76 12.72 1275 12.71 12.54 12.75

LAB=13 (A+A.) 12.27 12.27 11.94 11.94 11.94 12.27

LAB~14 (GRAV.) 12.38 12,38 12.43 12.46 12.43 12.40

LAB=16 (GRAV.) 12.21 12.13 12.10 12.20 12.23 12.23

LAB=16 (A.A.) 12.10 12.10 12.10 12.20 12.20 12.20

LAR=17 (xRF) 13,20 13,10 13.30 13.00

LAB=17 (A.A.) 11.70 11.68

LAB=1R ' 11.81 12,20 11.88 12.09 12.00 11.98 11.74 12.02 11.80 12.16
o i 11.88 11.98 :

LAB=20 (A.A.) 12.20 12.10 12.10 12.10 12.20 12.20 12410 12.10 12.20 12.20

LAB=21 (xRF). 12.05 12.33 12416 11.89 12.17 12.20 12.15 12.18 12435 12,08

LAB=21 (A.A.) 1235 12,19 12419 12.27 ) . -

LAB=21 (GRAV.) 12.37 12.38 12.41 12.42

LAB=22 (XRF) T11.75% 11.77 11.55 11.86 11.57 12.09 12.13 12.02 12.28 11.96

LAB=22 (VOL.) 11.61 11.69 11.49 11.88 11.72 11.98 12.02 12.20 12412 12,00

LAB=23 (VOL.) 12.60 12,57 12.57 12.63 12.69 12.63 12452 12.52 1253 12.51

LAR=24 (GRAV.) 13.06 12.62 12446 12.96 13430 13.01 12.52 12.50 13.22 13.01

LAB=25 (GRAV.,) 11.97 12;25 12.12 12.12 12.14 12.06 - 12.07 11.92 11.98 12.10

** possible outlier




TABLE 1 (continued)

ALUMINA (WEIGHT PERGCENT)
LAR=- 2 9.99 9.99 9.97 9.89 9.92 10.07 9.77 10.22
LAR- 3 (A A.,) 9,47 9,34
LAR- & 9.70 9.70 B.96 9.40 9484 9,40
LAB~- S (GRAV.) Q.60 Q.48 9.51 9.49 S.63 9,53
* | AB- & 11.02 10.63 11.00 1124 11.14 11.20
LAR- 7 9.67 9,64 9.65 9.64 9.65 9.68
*% | AB~ O (f.h.) 9.00 3,90 9.00 9.00 9.70 9.00
LARB=10 (GRAV,) 9.80 9.60 9.60 9.60 QA0 9.60
LAB-10 (A.A,) 9.60 9.60 9.60 9.40 9.60 9,60
LAR=-11 (COMPL.) 9.77 9.79 9.33 9.77 9.79 9.77 9.77 9.83
LAR=12 (GRAV.) 9.65 9.59 9.60 9.56 9.68 9.59
LAB=13 (A.A,) 9.30 9,40 9,50 9.30 9.19 9,50
LAB=14 (VOL.) 9.70 9.50 9.65 9.50 9.50 9.50
LAB=1A (A.A,) 9.61 9.60 9.69 9.61 9.69 9.61
LAR=17 (XRF) 9.61 10.10 9.64 9.25
LAB=17 (A.A,) 9,52 9.52
LAR=P1 (XRF) 9.52 9.63 9.6R YA 9.61 9.51 9.68 9.82 9.69 9,75
LAR-?1 (GRAV.) 9.68 9.50 9.58 9.54
LAR=?27 (XRF) 9.6h 9,772 SeT4 9.67 9.59 9.69 Deb2 9.62 Q74 9.84

* gross outlier

** possible outlier




* %

LAR- ?
LAR= 3 (A.A,)
LAR= 4 (A.A,)
LAB- 5 (COLOR.)
LAR- &

LAB- 7

LAR=10 (COLOR.)
LAR-11 (COLOR.)

LAR=12 (COLOR.)
LAB-13 (COLOR.)
LAR=14 (COLOR.)
LAB-16 (COLOR.)
LAR=16 (A.4,)
LAB=17 (XRF)
LAB=17 (4.4,)
LAB=17 (SPECTR.I1)
LAB=17 (SPECTR.2)
LAB=?1 (XRF)
LAB-21 (COLOR.)

* gross outlier

kx possible outlier

(WEIGHT PERCENT)

TABLE 1 (continued)

TITANIA
+38 «37 «37 «37
W41
319 .19 .19 «19
.37 .36 36 .36
.11 .10 .13 .12
«33 «33 «33
.36 .36 .36 +36
» 40 40 42 £ 42
42
42 « 40 241 o4l
«37 » 36 38 «35
38 «37 37 «37
.36 «36 «36 «37
«38 +38 +38 «38
27 27 27
+33
«37 «37 $ 40 42
42 o42 a2 ‘el2
.38 « 37 .38 37
33 « 34 «32 « 34

.13

«36
42

o4l
«37
«37
.36
«38

«39
<40

T34

«3%9 «36
42 42
«37 «38
«36 - 32

« 37

« 37




**%

*%k
* %k

LAR=
LAR=
LAaR-
LAR-
LAB-
LAR-
LAR-
LAB-
LAB~10
LAR-11

(AeAL)

(VOL.)

(YOL.)
(A.A,)
(Aefs)
(COLOR.)

VIO~NIAL+WN

LAB~12
LAR-12
LAB-13
LAB=14
LAB-16
LAB=17
LAR-17
LAB-17
LAR-17
LAR=21
LAR-21

(VOL.)
(A.AL)
(A.A,)
(VOL.)
(ReAd)
(XRF)
(POTEN,)
(SPECTR. 1)
(SPECTR.2)
(XRF)
(AesAd)

** possible outlier

1.150
1.240
<970
«939
1,140
«BT5
1,286
1,222
300
.£90
«G10
.RB0
«890
«913
901
+936
o774
837
«870
910
» 980
960

1.080
1.250
« 970
«823
1.140
«375
1.158
l.222
«900
910
<900
900
«280
« 926
.901
936
792
«900
«800
«RT70
1,000
«960

TABLE 1 (continued)

TOTAL IRON EXPRESSED AS FeO

(WEIGHT PERCENT)

1.070 l1.100 1.090

1.030 1.030 970
901 862 901
920 920 .910
.875

1,158 1.286 1,286

1.274 1.235 1.248
8390 «890 900
«900 +900 +900
.880 880 «860
870 «860 «B60
. 926 952 «939
901 .901 875
«936 900 +900
«801
«950 1.000 950
780 . 720 «890
» 960 «970 «850
» 940 960 « 960

1.080 1.070
«900 900 900 «300
|
O
i
«870 «940 . 870 1.010
«930 «930



* %

LAB-
LAB=
LAR-
LAR-
LAR=-
L AR~
LAB~ 9
LAB=10
LAB=10
LAB-11
LAR~12
LAR=13
LAB-14
LAR=16

~NoNnH W

LAB=17 -
LAB~17
LAR=~17
LAR-17
LAB~21
LAR=21

f*»ﬁossibie_éuﬁlier

TABLE 1

MnO
1.080 1.070 1.080 1.060
(AeAd) «360 «950
« 760 760 770 « 760
(COLOR.) <230 «830 .810 «800
«950 «970 «930 «950
«823 «831 825 822
(A.A,) «850 AR50 «850 +850
(COLOR.) «840 «840 «850 «840
(A.A.) <850 <850 «850 «850
(COLOR.) +500 «920 «920 «940
(COLORS) 850 840 «840 «860
(A.A,) 880 « 860 .880 «860
(VOL.) 820 «770 770 . 790
(A.A.) .878 «878 .881 «873
872 +878 -
(XRF) 710 590 720 700
(A.A,) «830 +830
(SPECTR. 1) .880 «870 «920 +890
(SPECTR.2) 800 800 <770 760
(XRF). «920 « 940 »940 «930
«860 - 860 -850 «850

(AALY)

(continued)

(WEIGHT PERCENT)

1.080

<770
800
«880
«826
«850
«850
»880
Ogoo
«840
«+870
«790
878 .

+ 940
750
«930
«850 .

1,070

«770
.820
«880
.828
«850
«840
+850
.880
+840
#8770
+820
«873

.960
800
910
.860

1.080

«500

891

«920
«850

1.070

.930

884

«930
<850

«872

«920

884

» 540



TABLE 1 (continued)

SUILLPHUR (WETGHT PERCENT)
LAB- 2 1.31 1.30 1.31 1.32 1.33 1.30 1.36 1.34
LAR- 4 1.728 1.32 1.36 1.32 1.27 1.24
LAR- 5 (GRAV,) 1.23 1.25 1.22 1.23 1.24 1.25
LAB- & 1.19 1.14 1.17 1.17 1.17 1.18
LAB- 7 1.25 1.27 1.26 1.75 1.25 1.26
LAB- 9 (COMR.) 1.23 1.21 1.22 1.16 1.18 1.16
LAR-10 (GRAV,) 1.28 1.29 1.29 1.75 1.30 1.29
LAB-10 (COMR,) 1.30 1.20 1.30 1.28 1.30 1.28
LAR=11 (GRAV.) 1.26 1.31 1.26 1.28 1.27 1.31 1.25 1.29 1.24 1.28
1.26
LAB-12 (COMB.) 1.25 1.21 1.25 1.26 124 1.26
LAR-17 (GRAV,) 1.15 1.20 1.17 1.18 1.16 1.19
LAB-13 (COMR,) 1.25 1.26 1.26 1.26 1.25 1.25
LAR-14 (GRAV.) 1.27 1,25 1.28 1.27 1.26 1.27
LAB-16 (COMS3,) 1.29 1.29 1.28 1.728 1.29 1.28
* | AB-17 (XRF) T4 .83 .70 .83 |
LAR=17 (COMR.) 1.16 1.156
LAR=21 (GRAV.) 1.21 1.26 1.22 1.28 =
LAB=P1 (COMB.) 1.32 1.32 1.34 1.34 =
!

* gross outlier




TABLE 1 (continuedq)

P,0, (MEIGHT PERCENT)
LAR- 2 <0060 <0080 .0070 .0070 .0050 +0060 . 0060 .0070
LAB= 4 .0299 <0340 .0260 +0460 <0340 <0460
LAB= 7 : - 0060 «0050 .00359 «0060 .
LAR=10 (COLGP.) <0011 «0011 .0009 -0011 «0011 .0010 . 0009 .0009 L0007
LAB=12 (COLOR.) .0320 .0270 .0320 <0270 <0320 <0320
LAB=13 (VOL.) - .0180 +0180 L0190 .0150 <0200 «0180
LAR=14 (VOL.) .0300 «0200 +0300 «0300 <0400 «0400
LAB=16 (COLOR.) « 0200 <0200 +0200 .0200 <0200 +0200
LAR=17 (XRF) _ <0500 <0300 .0400 . .0300

._Z'[-.




*% | AR~ 2

** LAB~ 3 (8.4.)

* LAR- 7
LAR=10 (COLOPR.)
LAR=11 ({COLOR.)
LAR=12 {(COLOR.)

LAR=13 (AJA.)
LAR-17 (SPECTR.1)
LAB=17 (SPECTR.?2)

* gross outlier
** possible outlier

TABLE 1 (continued)

V205 (WEIGHT PERCENT)

«0030 «0040 .0030 «0030 « 0040 «0030
«0070 «0040 0050 <0040
<0030 -0032 «0032 <0032 «0032 «003¢ .0030 .0032 .0034 +0030

«0050 « 3050 .0050 <0050 «0050 «0050
«0060 «0060 <0060 «0070 «0080 «0070
<0050 «0040 <0040 «0030 +0040 «0040

_g'[-_




*

LAB=-17
LAR=17
LAB=17

(AeAL)
(had,)
(AsAL)
(AAL)
(AaAd)
(FLAME)
(A A,)
(FLAME)
(FLAME)
{XRF)
(AsAL)
(SPECTR.1)

gross outlier

«310
#4430
«338
«380
«320
<490
«315
« 460
«460
«390
<700
«380
460

«300
420
«35%
«400
320
«490
«320
420
« 460
420
500
«320
o440

TABLE 1

(continued)

(WEIGHT PERCENT)

«310

344
«400
320
<490
«315
+ 460
460
330
500

420

«310

«329
«380
«320
<430
«310
420
<460
390

«450

320

«340
«410
.320
«490
«315
+410
« 460
.400

. 440

«315

«320




LAR-
LAB-
LAR-
LAR-
LAR-
LAR-
LAB~10
LAR-11
LAB-12
LAR-13
LAB=14
LAB-17
LAR=-17
LAR~22

O~ N pwn

** possible outlier

(A.A,)
(A.A,)
(A.A,)

(A,AL)
(A.A.)
(FLAME)
(A.AL)
(FLAME)
(FLAMFE)
(X¥RF)
(A,A,)
(XRF)

o440
<440
«622
o470
«530
330
510
<500
2470
.520
«490
590
540
«500

420
«450
«597
510
«590
«350
«510
«500
470
«520
« 450
640
.530
«510

L4640

«603
480

. 340
<510
« 495
L4T0
520
«450
640

.510

TABLE 1 (continued)
Kzo (WEIGHT PERCENT)
2440 o440 +450 «430 o440
.609 «591 <634
+ 480 «4830 +500
<340 «340 350
.510 »510 «520
« 495 «490 500 «490 «500
«500 « 460 «460
«520 «520 «520
»450 « 490 « 490
«620
»520 «500 .500 « 490 «490 «480 «500

GT -



** | AB~ 3
LAB~ 4
LAB~ @
LAB~10
LAR~10
LAR-11
LAB—~12
LAB-13

* LAB-16
LAR~17
LAB~17

* gros

(AeAd)
(Aea.)
{(AeB,)
(COLOR.)
(AeAd)
(COMPL.)
(AeAd)
{Aen.)
(Aehd)
(SPECTR. 1)
{SPECTR.2)

s outlier

** possible outlier

«0030
0300
<0048
.0051
«0130
-0060
. 0080
<5700
.0020
.0050

TABLE 1

Crzo3

N e e e e e e e 0t

«0070
«0300
«0048
« 0050
«0130
«0060
«0080
-5300
0020
0060

(continued)

{WEIGHT PERCENT)

«0040
»0300

«0048°

« 0050

«0060
«0070
5700
<3030
- 0050

T e e ————————

«0070
«0300
« 0047
«0050

«0060
0070
«5500
«0030
+0060

...91'—.




TABLE 2
Laboratory means, coefficients of variation and summary of t-tests on results between bottles for SL-1

SILICA (WEIGHT PERCENT)

BOTTLE 1 ROTTLE 2 OVERALL
---------------------------- - NULL HYPOTH. ————— s — S ——
N MEAN ST.DEV. N MEAN ST.DEV. N MEAN ST.DEV. CoVe(R)

LAB=- ? 4 35,9425 0450 4 36,0250 .1287 A 8 35.9838 . 0996 .28
LAB- 4 3 35.8200 .1510 3 35.7800 .0200 A 6 35.8000 .0988 .28
LaB- S (GRAV.) 3 35.8100 .2816 3 35.8933 0115 A 6 35.8517 « 1840 .51
LAB- 4 3 35.1800 0600 3 35.5633 .0058 REJECT 6 35.3717 2134 60
LAB- 7 2 35.9267 .1002 3 36.0067 .0208 A 6 35.9667 <0781 22
LAR= 9 (GRAV,) 3 35.7067 +0462 3 35.6800 <0346 A 6 35.6933 «0393 o11
LAB-10  (GRAV.) 3 36.0667 0577 3 36.0667 0577 [ 6 3A.0667 .0516 .14
LAR=-11 (GRAV.) 4 35.6250 0500 4 35.7500 +0577 REJECT 8 35.6875 +0R35 .23
LaB-12 (GRAV.) 3 35.6467 0473 3 35.6633 . 0666 A 6 35.6550 0524 .15
LAB=13 (GRAV.) 3 35.8867 .N306 3 35.8800 +0200 A 6 35.8833 .N234 .07
LaB=-14  (GRAV,) 3 35.5300 <0794 3 35.5600 «N656 A 6 35.5450 L0672 .19
LaB-1A (GRAV.) 3 35.5100 0529 3 35,5533 .0252 A 6 35.5317 <0440 12
LaB-1A (ALAL) 3 35.6000 £1732 3 35.4333 .1155 A ] 35.5167 <1602 45
LAR=17 (XRF) 2 35.7000 0.0000 2 35.0500 2121 HAHUR U 4 35.3750 «3948 1.12
LAB-17 (GRAV.) INSUFFICIENT DATA 2 36.2200 «02R3 .08
LaB-21 (xRF) 5 35.8960 0773 S 36.0600 «1310 REJECT 10 35.9780 1332 «37
LaB=21 (A.A.) 2 35.4750 «3889 2 35.5900 « 0424 A 4 35.532% «2354 «6A
LAR-21  (GRAV.) 2 35.2700 0424 2 35.3900 +1273 A 4 35.3300 .103% 29

TOTAL 1né 35.7342 «2h4S o Tl

TWO-SIGMA LIMITS 35.205297 ANn 36.263194

A Null hypothesis accepted
REJECT = Null hypothesis rejected
***R¥* - Null hypothesis rejected due to zero within-bottle variance

LT -



LAB-
LAB-
LAB-
LaB~-
LAR-
LAB-
LaB-10
LaB-10
LAB-11
LAB-11
LAB~1?
LAB~13
LAB=-14
LAB-14
LAB~16
LAB-17
LaB=-17
LAB-18
LAR-20
LaR=21
LAB~-2]
LAR-22
LAR-2?2
LAB=-23
LAB-24
LaB=-25

NI APLr WY

(A.A.)

(VOL.)

(VOL.)
(A.A.)
(COMPL.)

(GRAV.)
(VOL.)
(VOL.)
(GRAV.)
(A.A)
(XRF)
(A.AL)

(A.A,)
(XRF)
(GRAV.)
(XRF)
(VOL.)
(VOL.)
(GRAV.)
(GRAV.)

TARLE 2

LIME (WEIGHT PERCENT)

(continued)

BOTTLE 1
N MEAN ST.DEV.
4 37.0450 «0915
INSUFFICIENT DATA
3 38.5000 0.0000
3 37.5600 «1039
3 37.5600 . 0800
3 37.1800 « 0265
3 37.3667 « 0577
3 374333 2887
5 37.2200 «2010
g 37.1080 . 0228
3 37.6R33 2120
3 37.8333 <0577
3 3843000 0000
3 37.5200 0755
3 37.4000 0.0000
2 3640500 0707
INSUFFICIENT DATA
6 36.8483 «1120
S 37.4800 « 0837
5 37.3300 2556
2 36.9500 « 0424
5 37.6080 .1112
5 37.6940 1553
S 37.6380 « 0449
5 38.1360 «3245
S 37.3840 <0378
AND 38,

TWO-SIGMA LIMITS 36.527463

THE, FOLLOWING LIE OUTSIDE

LAB- &
LAB-17 (XRF)

MEAN
MEAN

THESE LIMITS

38,416667
26,000000

BOTTLE 2

N MEAN ST.DEV.
4 36.9550 .0208
3 38.3333 2887
3 37.4733 .1518
3 37.4800 . 0200
3 37.2833 .0153
3 37.3667 0577
3 37.6000 0.0000
4 37.2400 2661
-5 37.1200 0200
3 37.7033 .0153
3 37.7667 «0577
3 38.2333 «0577
3 37.3867 0416
3 37.3333 1155
2 - 35.9500 .2121
6 36.9800 « 0587
S 37.5000 <1414
5 36.9480 3152
2 36.9750 « 0354
5 37.8200 .1306
5 37.7480 .0867
5 37.5500 0453
5 37.8600 2760
S 37.3980

. 0438

‘REJ

NULL HYPOTH.

P

(@]
p

PPN >D>D

REJECT
A

A

A
REJECT

A
REJECT

A

A

TOTAL

OVERALL
N ME AN ST.DEV.  C.V. (%)
8  37.0000 .0780 .21
2 38.1300 .0990 .26
6 38.4167 .2041 .53
6 37.5167 .1256 .33
6 37.5200 L0681 .13
6 37.2317 .0598 .16
6  37.3667 .0516 .14
6 37.5167 .2041 .54
9  37.2622 .2172 .58
10 37.1140 L0212 .06
6 37.6933 .1349 .36
6 37.8000 .0641 .17
6  38.2667 .0516 .13
6 37.4533 L0911 .24
6 37.3667 L0816 .22
4  36.0000 L1414 .39
2  36.5500 L0707 .19
12 36.9142 .1095 .30
10 37.4900 L1101 .29
10 37.1390 .3373 .91
4 36.9675 .0350 .05
10 37.7140 .1599 e
10 37.7210 .1220 .32
10 37.5940 .0629 .17
10 37.99a0 .3191 .84
10 37.3910 .0393 .11
187 37.4441 1.22

«45R3

8T -



TABLE 2 (continued)

MAGNESIA (WEIGHT PERCENT)

BOTTLE 1 ROTTLE 2 OVFRALL
—————————————————————————————————————————————— NULL HYPOTH. e e e ——
N MEAN ST.DEV. N MEAN ST.DEV, N MEAN ST.DEV. C.V. (%)

LaB- ? 4 12.3925 «0435 4 12.4500 <1074 A 8 12.4213 .0818 66
LaB- 3 (A.AL) INSUFFICIENT DATA 2 12.2300 0424 .35
LAB= 4 3 11.8800 «0000 3 11.8300 0000 A 6 11.8800 0000 <00
LAB- 5 (GRAV.) 3 11.9600 «1852 3 12.0067 .0115 A 6 11.9833 <1201 1.00
LAB=- A 3 11.9333 «1550 3 11.6267 0416 REJECT 6 11.7800 <1963 1.67
Lapg- 7 3 11.8633 0326 3 11.8833 .0252 A 6 11.8733 «0?PR0 24
LAB= Q@ (A.A,.) 3 12.2333 . 0577 3 12.2667 1155 A 6 12.2500 .0837 «6R
LAB=10 (GRAV.) 3 12.6000 0000 3 12.6333 0577 A 6 12.6167 «0408 «32
LAB=10 (A.A.) 3 12.4000 .0000 3 12.4000 .0000 A 6 172.4000 .0000 «00
£aB-11 (COMPL.) B 12.8733 .0898 6 12.9917 .2170 A 12 12.9375 1700 1.31
LaB-11 5 12.6040 « 0404 5 12.5560 .0270 A 10 12.5800 0411 «33
LAB-12  (GRAV.) 3 12.7433 .02048 3 12.6667 «1115 A 6 12.7050 .0831 65
LaB=-13  (A.A.) 3 12.1600 .1905 3 12,0500 .1905 A 6 12.1050 .1807 1.49
LAB-14  (GRAV,) 3 12.3967 .0289 3 12.4300 «0300 A 6 12.4133 <0324 26
LaB-1s (GRAV.) 3 12.1467 «0569 3 12.2200 0173 A 6 12.1833 «0550 45
LaB-16 (A.A.) 3 12.1000 .N000 3 12.2000 .0000 #RERER 6 172.1500 0548 «45
LaB-17 (xRF) 2 13.1500 «0707 2 13.1500 .2121 A 4 13.1500 1791 «98
LaB=17 (A.AL) INSUFFICIENT DATA 2 11.6900 0141 .12
Lag-1a 6 11.9933 1405 6 11.9300 «1543 A 12 11.9617 1445 1.21
LAB=-20 (A.A,) 5 12.1400 .0548 5 12.1600 0548 A 10 12.1500 0577 43
LAaR=2]  (XRF) S 12.1200 .1628 5 12.15620 «0993 A 10 12.15560 1327 1.09
LAB=21 (A.A.) 2 12.2700 .1131 2 12.2300 «0566 A 4 12.2500 0766 .63
LAB=-21 (GRAV.) 2 12.3750 «0071 2 12.4150 .0071 REJECT 4 12.3950 0238 .19
LAB=22 (XRF) 5 11.7000 1345 5 12.0960 .1218 REJECT 10 11.8980 2412 2.03
taB-2?2 (VOL.) 5 11.6780 1438 5 12.0640 0932 REJECT 10 11.8710 «2333 1.97
LAB=23 (VOL.) 5 12.6120 «0502 5 12.5420 « 0467 A 10 12.5770 .0598 48
LAB=24 (GRAV.) 5 12.8800 .3388 5 12.8520 3238 A 10 17.8660 «3128 243
LAB-25 (GRAV,) 5 12.1200 «0997 5 12.0260 0740 A 10 12.0730 « 0965 .80

TOTAL 200 12.2843 3822 3.11

TWO-SIGMA LIMITS 11.519950 ANp 13.048750

THE FOLLOWING LIE OUTSIDE THESE LIMITS

LAB=17 (XRF) MEAN = 13.150000




TABLE 2 (continued)

ALUMINA (WEIGHT PERCENT)

BROTTLE 1 BOTTLE 2 OVERALL
——————————————————————— - NULL HYPOTH. - - - - ——
N MEAN ST.DEV. N MEAN ST.DEV. N ME AN ST.NEV, CaVe (%)

LaB- 2 4 $9.5475 0506 4 3.9650 1636 A 8 9.9713 »1335 1.34 |

LaB~ 3 (A.AL) TNSUFFICIENT DATA 2 $.4050 .0919% .38

LAB- & 3 9.4533 «4272 3 S.5467 «2540 A 6 ' 9.5000 «3185 3.35

LARB- S (GRAV.) 3 $.5300 <0624 3 3.5500 0721 A 6 9.5400 0613 64

LAB- 7 ’ 3 9.6533 0153 3 S.6567 .0208 A 6 ‘G.6550 0164 el

LAB= 9  (A.A.) 3 TB.9667 « 0577 3 940667 <1155 A 6 9.0167 0983 1.09

LAB~10  (GRAV.) 3 ©9.6000 0.0000 3 $.6000 0.0000 #HHRIU 6 S.6000 <0000 .00

LAB-10  (A.4.) 3 9.6000 0.0000 3 9.6000 0.0000 FEERER 6 S.6000 .0000 00

LaR=11 ({COMPL.) 4 3.7300 <0283 4 " 8.7500 .0283 A 8 S.7500 0262 " W27

‘LaB-12  (GRAV.) 3 9.6133 0326 3 9.6100 «0624 A 6 9.6117 « 0445 46

LAB=-13  (AJAL) 3 - 9.4000 1000 3 9.3300 - 1572 A 6 93650 1239 1.32

Lap-1la (vOL.) 3 9.6167 «1041 3 '9.5000 0.0000 A 6 9.5583 0017 .96

LAB=1A  (A.AL) 3 9.6333 « 0463 3 5.6367 « 0462 A 6 9.6350 0428 oGb

LaB~17  (XRF) 2 - 9.8550 « 3465 2 S.4450 2758 A 4 9.6500 +3484 361

LAB-17 (AL.AL) INSUFFICIENT DATA 2 9.5200 0.0000 0.00 [

LAB-21 (XRF) 5 9.6160 «0594 5 9.6500 «1151 A 10 9.6530 0548 .58 o

LAB-21 (GRAV.) 2 9.5900 «1273 2 3.5600 .0283 A 4 S.5750 0772 «81 )

LAB~22 (XRF) 5 9.6760 .0586 5 9.7020 «0923 A 10 3.6890 0742 77 '
TOTAL 108 $9.5965 «2258 235

TWO-SIGMA LIMITS G.147945 ANp 10.051129

THE FOLLOWING LIE. QUTSIDE THESE LIMITS

LAB= 9 (A.AW) MEAN = 9.016667



TABLE 2 (continued)

TITANIA (WEIGHT PERCENT)

BOTTLE 1 BOTTLE 2 OVERALL
---------------------------------------------- NULL HYPOTH. —-— - ———— ———————————
N MEAN ST.DEV, N MEAN ST.DEV. N ME AN ST.DEV. C.Va (%)

LaB~ 2 4 «3725 .0050 4 .3725 .0126 A 8 3725 .0089 2.38

LAB= 3  (A.A.) INSUFFICIENT DATA 2 4150 0071 1.70

LaB=- 5 (COLOR.) 3 «3633 .0058 3 «3600 0.0000 A 6 «3617 0041 1.13

LaB~ 7 2 3300 0.0000 2 «3300 0.0000 wERRQEH 4 «3300 .0000 .00

L8R-10 (COLOR.) 3 «3600 0.0000 3 <3600 0.0000 HERQIL 6 «3600 0.0000 0.00

LAB=-11 (COLOR.) 6 4100 0110 6 «4200 .0000 HHEREL i2 #4150 0090 2.18

LAR=1?2 (COLOR.) 3 «4100 0100 3 #4100 0000 A 6 <4100 0063 1.54

LAR=13  (COLOR.) 3 3700 .0100 3 « 3667 .0153 A 6 «3683 0117 3.17

LAB=-14  (COLOR.) 3 «3733 .0058 3 «3700 0000 A 6 #3717 0041 1.10

LAR-1Aa (COLOR.) 3 «3567 « 0058 3 «3633 .0058 A 6 3600 0063 1.76

LAB=16 (A.A.) 3 »3800 0000 3 «3800 <0000 A 6 «3800 .0000 00

LaB=17 (XRF) 2 «2750 0071 2 #2700 0.0000 A 4 2725 0050 1.83

. LAB=-17  (A.A.) INSUFFICIENT DATA 2 3350 0071 2.11
| LaB=-17 (SPECTR.1) 3 «3700 0000 3 «4033 «0153 HUUREE 6 3867 0207 5.34
‘ LaB=17 (SPECTR.2) 3 4233 « 0058 3 #4133 0115 A 6 «4183 .0098 2435
LaB=21 (XRF) 5 3740 0055 5 «3700 0071 A 10 «3720 «0063 1.70

LAR-21  (COLOR.) 4 3300 0082 4 «3400 0163 A 8 3350 .0131 3.91

TOTAL 104 «3728 0340 9.11

TWO-SIGMA LIMITS . 304839 AND L440738

THE FOLLOWING LLIE OUTSIDE THESE LIMITS

LAB=17 (XRF) MFAN = 272500




LAB-
LAR-
LAB=-
LAB-
LAB-
LaB-
LAB-
LAB~
LAB-10
LAB=11
LaB-12
LaB-12
LAB-13
LAB=-14
LAB-16
LAB=-17
LAB-17
LAB=-17
LAB-17
LaB-21
LAB-21

OO~ DN

(Aehs)

(VOL,)

{VOL.)
(AeAs)
(A.A,)
(COLOR.)
(VOL.)
(A.A,)
(A.AL)
(VOL.)
(A.AL)
{XRF)
(POTEN.)
(SPECTR.1)
(SPECTR.2)
(XRF)
(A.2,)

TABLE 2

(continued)

TOTAL IRON EXPRESSED AS FeO (WEIGHT PERCENT)

BOTTLE 1

N MEAN ST.DEV.
4 1.1125 « 0435
TNSUFFICIENT DATA

3 «9700  0.0000 -
3 «8877 . 0591
3 1.1400 0.0000
2 8750 0.0000
3 1.2433 0739
3 1.2307 0150
3 «8967 .0058
) »8983 0075
3 8867 .0115
3 «8833 «0058
3 «9260 0130
3 9137 0219
3 9360 .0000
2 «7830 0127
INSUFFICIENT DATA

3 «8600 0557
3 8600 « 0557
5 «9760 .0152
4 9500 .0115

TWO-SIGMA LIMITS 706697

AND 1.210788

THE FDLLOWING LIE OUTSIDE THESE LIMITS

LAR= 3 (A.A.)
LAB- G (VOL.)
LAR- 9 (A,A,)

MEAN
MEAN
MEAN

11.,245000
1.243333
1.241500

ROTTLE 2
N MEAN ST.DEV.
4 1.0850 «0129
3 1.0100 <0346
3 3880 0228
3 «9167 .0058
2 8750 0000
3 1.2433 «0739
3 1.2523 0199
3 8633 .0058
(<] «9017 . 0041
3 «8733 .0115
3 «8633 0058
3 9390 .0130
3 8923 «0150
3 9120 .0208
2 « 7965 <0064
3 «9667 . 0289
3 «7967: 0862
5 «5080 «0665
4 + 9450 0173

NULL HYPOTHe.

A

A

A
B3R
R R

A

A

A

A

A
REJECT

A

A

A

A

REJECT
A
A
A

OVERALL
N MEAN ST.DEV. CaVe ()
8 1.0988 0331 3.02
2 1.2450 0071 57
6 «9500 0310 3.13
6 .8878 «0400 4451
6 1.0283 .1224 11.90
4 «8750 0.0000 0.00
6 1.2433 0661 5.32
6 1.2415 .0197 1.56
6 +8950 0055 .61
12 <9000 0060 «67
6 8800 0126 l.44
6 .8733 .0121 1.39
6 «9325 0136 1l.46
6 = 9030 .0205 2.27
6 « 9240 .0186 2.01
4 + 7898 0115 1.45
2 «8685 <0451 5.20
6 +9133 0706 773
6 .8283 0736 8.89
10 «9420 0579 6.15
8 <9475 0139 1.47
TOTAL 128 « 9587 1260 13.14



LAR-
LAR~-
LAR=~
LAB-
LAB=~
LaR-
LAB~
LaB=-10
LAB-10
LAB-11
LAB=-1?2
LAB-13
LAB-14
LAB=-16
LaB-17
LAB-17
LAB-17
LaAB-17
LaB-21
LAB=-21

O~ MAH W

(A.AL)

(COLOR.)

(A.A,)
(COLOR.)
(AuAL)
(COLOR.)
(COLOR.)
(Adh,)
(VOL.)
(A.A,)
{XRF)
(A.AL)
(SPECTR.1)
(SPECTR.Z)
{XRF)
(AahAd)

BOTTLE 1

M MEAN ST.DEV.
4 1.0725 «0095
THERE IS ONLY 1 BOTTLE
3 7633 .0058
3 «8233 0115
3 «9500 0200
3 «B263 0042
3 «R500 0000
3 «A433 0058
3 8500 «0000
4 «9200 0163
3 8433 .0058
3 «A733 .0115
3 « 7867 .0289
6 8768 .0032
2 <7000 «0141
INSUFFICIENT DATA

3 8900 . 0265
3 «7900 0173
5 «9320 0084
4 «B550 « 0058

TWO-STGMA LIMITS  .712713

AND 1.023747

THE FOLLOWING LIE OUTSIDE THESE LIMITS

LAB~- 2
LAB-17 (XRF)

MEAN =
MEAN =

1.073750
.705000

NOAWHUWPAPUWWWWWW

SV W

TABLE 2

(continued)

Mn0 (WEIGHT PERCENT)

BOTTLE 2

1.0750

<7667
8067
9033
«A253
«8500
<8433
«8600
9025
<8467
«BABT
.8000
.8802
«7100

«9300
«7700
« 9240
«8525

OVERALL

----------------------- NULL HYPOTH. e -

ST.DEV. N MEAN ST.NEV. CoVe (%)
.0058 A 8 1.073R8 <0074 69
2 +9550 <0071 T4
.0058 A 6 « 7650 . 0055 72
.0115 A 6 «8150 .0138 1.69
<0404 A 6 «9267 +0383 4013
0031 A 6 +8258 .0033 W40
«0000 A 6 8500 0000 <00
0058 A 6 8433 0052 61
0173 A 6 +8550 0172 1.43
0206 A 8 9112 0196 2.15
0115 A 6 «8450 «00R4 «99
.0058 A 6 «8700 .0089 1.03
0173 A 6 «7933 .0228 787
0075 A 12 .8785 .0058 66
.0141 A 4 7050 .0129 1.83
2 8300 0.0000 0.00
.0361 A 6 9100 .0358 3.93
0265 A 6 7800 .0278 792
.0114 A 10 «92810 0103 1.11
0050 A 8 .B533 .0052 o61
TOTAL 126 .8687 .0778 R.95

- €T ~



LAB-
LAB=-
LAB=-
LAB=-
LaB=
LaB=- g
LAB-10
LAB-10
LAB-11
LaB=-12
LaB-1?2
LaB-13
LaB=-14
LAB=-16
LaB-17
LaB=-21
LaB-21

NP e

BOTTLE 1 .
N MEAN  ST.DEV.
4 1.3100 .0082
. 3 1.3200 0 .0400 .
" (GRAV.) 3 1.2333 .0153
3 1.1667 .0252
3 1.2600 <0100
(coMa,) 3 1.2200 «0100
(GRAV.) 3 1.2867 .0058
(COMB.) 3 1.2667 L0577
{GRAV.) 6 1.2817 .0232
(COMB.) 3 1.2367 0231
(GRAV.) 3 1.1733 .0252
(COMB.,) 3 1.2567 .0058
(GRAV.) 3 1.2667 <0153
(COMB.) 3 1.2867.  .0058
(COMB.) INSUFFICIENT DATA.
(GRAV.) 2 1.2350 0354
(COMB.) 2

1.3200 0.0000

TWO-SIGMA LIMITS 1.155169 . AND  1.357306

(continued)

(WEIGHT PERCENT)

TABLE 2

SULPHUR

ROTTLE 2
N MEAN ST.DEV.
4 1.3325 .0250
3 1.2767 .0404
3 1.2400 .0100
3 1.1733 .0058
3 1.2533 .0058
3 1.1667 L0115
3 1.2933 .0058
3 1.2867 L0115
5 1.2640 .0207
3 1.2533 .0115
3 1.1767 L0153
3 1.2533 .0058
3 1.2667 .0058
3 1.2833 .0058
2 1.2500 L0624
2 1.3400  0.0000

OVERALL

NULL HYPOTH. - - -

N MEAN  ST.DEV.
A 8  1.3213 0210
A 6  1.2983 0431
A 6  1.2367  .0121
A 6  1.1700 L0167
A 6  1.2547 0082
REJECT 6  1.1933 .0308
A 6  1.2900 0063
A 6 1.2767  .0388
A 11 1.2736  .0229
A 6  1.2450 0187
A 6  1.1750 0187
A 6 1.2550 .0055
A 6 1.2667 40103
A 6 1.2850 .0055
2 1.1600  0.0000
A 4 1.2425  .0330
#aRwEE 4. 1.3300  .0115

TOTAL 1ol 1.2562 .0505

CoeVe (D)

1.59
3.32
98
1.43
«65
258
49
3.04
1.80
1.50
1.59
b
82
43
0.00
2:66

.87

4.02



LaB- 2
LAB- &4
LaB~ 7
1.a8=-190
LAB-12
LAB=-13
LaB=-14
LAB=-16
LaB=-17

N
4
3
2
(COLORS) 5
(COLOR.) 3
(VOL.) 3
(VOL.) 3
(COLOR.) 3
(XRF) 2

TWO-SIGMA LIMITS

BOTTLE 1

MEAN ST.DEV.
<0070 .0008
0297 +0040
<0055 0007
.0011 «0001
.0303 .0029
.0183 .0006

. 0267 .0058
0200 0.0000

« 0400 0141

-.008989 AND 047237

TABLE 2

(continued)

P;05 (WEIGHT PERCENT)

BOTTLE 2
—— NULL HYPOTHe  —==—=

N MEAN ST.DEV. N
4 0060 .0008 A 8
3 0420 .0069 A 6
2 0055 .0007 A 4
4 .0000 0001 REJECT 9
3 0303 .0029 A 6
3 «0190 0010 A 6
3 0367 .0058 A 6
3 0200 0.0000 HHAR R 6
2 .0350 0071 A 4

TOTAL 55

OVERALL
MEAN ST.DEV. C.Ve (%)
«0065 .0009 14.24
0358 .0084 23.58
0055 .0006 10.50
.0010 .0001 14.26
0303 0026 R.51
.0187 .0008 4437
»0317 0075 23.77
0200 0.0000 0.00
«0375 .0096 25.53
«0191 0141 73.50

GC -



BOTTLE 1

N MEAN ST.DEV.

0480 0008
NSUFFICIENT DATA
LAB-10 (COLOR.) 0033 0006
LaB-11 (COLOR.) 0055 0021

LaB=- 2 &4
I
3
2
LAR-12 (COLOR.) 6 .0032 0001
3
3
3

LAB- 3 (A.A0)

LAB=13  (A.A,) .0050 0.0000
LAB=17 (SPECTR.1) .0060 0.0000
LAB=17 (SPECTR.2) .0043 0006

TWO-SIGMA LIMITS =-,022244 AND . 042196

THE FOLLOWING LIE OUTSIDE THESE LIMITS
LAB- 2 MEAN = « 048625

TAELE 2 (continued)

V205 (WEIGHT PERCENT)

BOTTLE 2

=4

Fy

WwWwwadNw

NULL HYPOTH.
MEAN  ST.DEV.

« 0493 .0010 A
.0033 .0006 A
« 0045 . 0007 A
0031 .0002 A
.0050 0.0000 #RHRNR
«0073 . 0006 . HUURHH
. 0037 0006 A

TOTAL

NOTE: Lab-3 (Mean = .0440) was also considered to be a possible outlier

OVERALL
N MEAN ST.DEV. C.Va (%)
8 « 0486 0011 2.18
2 « 0440 0028 6e43
6 <0033 . 0005 15.49
& «0050 «0014 2R.64
12 0032 .0002 4e 79
6 «0050 0.0000 0.00
6 0067 .0008 12.25
6 0040 0006 15.81
50 .0130 0176 135,71



TABLE 2 (continued)

Na;0 (WEIGHT PERCENT)

BOTTLF 1 ROTTLE 2 OVERALL

------- - NULL HYPOTH. et et e s s s e e

N MEAN ST.DEV. N MEAN ST.DEV. N MEAN ST.DEV. C.Ve ()
LaB-~ 2 4 3100 .0082 4 .3125 «0050 A 8 3113 0064 ?.06
LAB= 3 (A.A,) INSUFFICIENT DATA 2 4250 .0071 1.66
LAB= 4 (A.A) 3 3447 <0124 3 3377 . 0078 A 6 «3412 .0100 ?.94
LAB- 5 (A.A.) 3 «3933 0115 3 «3967 0153 A 6 «3950 0122 3.10
LaB- 9  (A.h.) 3 «3200 0.0000 3 3200 0.0000 HEERRL 6 «3200 0.0000 0.00
LaR=-10 (A.A.) 3 «4900 «0000 3 <4900 .0000 A 6 4900 .0000 .00
LAB=11  (FLAME) 4 3175 «0029 4 <3150 £ 0041 A 8 «31A3 .0035 1.12
LAB=-12  (A.A,) 3 «4367 .0208 3 4300 «0265 A 6 «4333 0216 4,99
LaB-13 (FLAME) 3 <4600 0.0090 3 <4600 0.0000 HuRRAE 6 <4600 0000 00
LAB=14  (FLAME) 3 «4033 0153 3 «3933 .0058 A 6 3983 .0117 2.93
LAB-17 (A.A.) INSUFFICIENT DATA 2 «3500 <0424 12.12
LAB=17 (SPECTR.1) 3 «4500 .0100 3 <4367 «0153 A 6 <4433 0137 3.08
TOTAL A8 «386A1 .0A32 16.35

TWO-SIGMA LIMITS .259832 AND .512433



LaR=22 (XRF)

TABLE 2 (continued)

Ko0 (WEIGHT PERCENT)

BOTTLE 1 ROTTLE 2 " OVERALL

NULL HYPOTH. -

N MEAN ST.DEV. N MEAN ST.DEV. N " MEAN ST.DEV, CoVe (%)
2 4 « 4350 «0100 4 «4400 .0082 A 8 <4375 .0089 2.03
3 {ALA,) INSUFFICIENT DATA 2 « 4450 0071 1.59
6 {A.A,) 3 «6073 .0131 3 «6113 .0216 A 6 «6093 0161 264
5  (A.A,) 3 « 4867 «0208 3 4867 0115 A 6 <4867 .0151 3.09
7 INSUFFICIENT DATA 2 5600 «0424 7«58
LaB= 9 (A,A,) 3 «3400 «0100 3 « 3433 .0058 A 6 #3417 .0075 2.20
10 (A.A.) 3 5100 0000 3 5133 0058 A 6 5117 «0041 «80
LAB=-11 (FLAME) 4 «4975 «0029 4 «4950 .0058 A 8 4963 «0044 «89
12 (a.A0) 3 «4700 «0000 3 «4733 0231 A 6 4717 0147 3.12
LAB=13 (FLAME) 3 .5200 0000 3 «5200 0000 A 6 5200 «0000 - 00
LAB-14  (FLAME) 3 <4767 0231 3 4767 .0231 A 6 4767 0207 4433
B-17 (XRF) 2 «6150 « 0354 2 «6300 .0141 A 4 6225 .0236 3.80
LaB=17 (2.A.) INSUFFICIENT DATA 2 «5350 0071 1.32
5 5080 «0084 5 <4920 .0084 REJECT 10 5000 0115 2.31
TOTAL 78 « 4942 <0675 13.65

"TwOASIGMA LIMITS  .359257 AND  .629102

"THE FOLLOWING LIE OUTSIDE THESE LIMITS

LAB= 9 (A.A.) MEAN = 23461667



TABLE 2 (continued)

Cr03 (WEIGHT PERCENT)

20TTLF 1 BOTTLE 2 OVERALL

----------------------- -—— ————— NULL HYPOTH. ——————— e —————

N MEAN STW.DEV. N MEAN ST.DEV. N MEAN ST.DEV, CoVe (%)
LAR=- 3 (A.A.) INSUFFICIENT DATA 2 . 0550 0071 12.86
LAB= 4 (A.A.) 3 .00733 0006 3 0060 0017 A 6 0047 0019 39.99
LAR= O  (A,A.) 3 «0300 0000 3 0300 «0000 A 6 «0300 0000 «00
LaRr-1n  (fOLOR.) 3 .0048 0001 3 .0048 0001 A 6 0048 0001 1.0R8
LAR=1N  (A.A.) 3 0051 0002 3 .0050 0.0000 A 6 . 0051 .0001 239
LAR-11 (COMPL.) 2 0135 0007 2 .0130 0.0000 A 4 «0133 0005 3.77
LaR-12  (A.A,) 3 .02060 0.0000 3 .0060 0.0000 wRHRER 6 «0060 0.0000 0.00
LaR=13  (A.A.) 3 «0077 0006 3 «0073 0006 A 6 0075 .0005 7.30
LaR-17 (SPECTR.1) 3 0020 0.0000 3 <0027 0006 A 6 0023 0005 22.13
LaR=17 (SPECTR.2) 3 <0047 .0006 3 « 0057 .0006 A 6 <0052 .0008 14,57
TOTAL 54 .0103 01720 116.83

TWO-SIGMA LIMITS ~-,013761 AND 034354

THE FOLLOWING LIE OUTSIDE THESE LIMITS

LAR- 3 (A.A.) MEAN = 055000
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TABLE 3

Estimation of statistical parameters for SL-1

(After rejection of outliers)

Provisional Values for TiOp and MnO in SL-1

TiOp

MnO

NapO

K20

Provisional Value| 0. 38

0.86 |0.39

0.51

Total
S$i0p Cao MgO Alo03 | Fe as S | TiOp| MnO | NapO | Kp0 | P2Os Vy0g Cr,03
FeO -
No. of
Participating
Laboratories 14 20 21 14 13 14 12 14 11 12 9 5 5
No. of Sets
of Results 18 25 27 17 18 17 16 18 12 13 9 6 9
No. of
Observations 106 183 196 102 114 101 100 114 68 72 55 40 52
Median % 35.75 | 37.47 | 12.20 9.62 0.90 1.26 0.37{ 0.85] 0.39]| 0.50| 0.020 | 0.004| 0.006
Mean % 35,73 | 37.48 | 12.27 9.63 0.92 1.26) 0.38] 0.86| 0.39{ 0.51| 0.019 | 0.004| 0.009
95% Confidence
Limits of
the Mean, %
Low |35.61 137.30 |12,12 9.56 0.89 1.23| 0.36} 0.83} 0.34| 0.47| 0.008 | 0.003| 0.002
High |35.86 | 37.65 | 12.41 9.71 0.96 1.28| 0.39| 0.89] 0.43| 0.54| 0.030 | 0.006] 0.015
Certification
Factor 2.1 2.9 3.0 1.7 2.2 2.9 4.4 4,3 7.9 5.4 8.5 5.6 15.4
TABLE 4
Recommended values for reference blast-furnace slag, SL-1
Total
% Si0p | % Cao % MgO % Al,03 Fe as % S
. FeO
Recommended Value 35.73 37.48 12,27 9.63 0.92 1.26
95 % Confidence Limits
Low | 35.61 |37.30 |12.12 9.56 0.89 |1.23
High | 35.86 37.65 12.41 9.71 0.96 1.28
TABLE 5



