THE ANALYSIS OF SLAGS AND
RELATED OXIDE-TYPE MATERIALS

il

A symposium

presented at the

Pittsburgh Conference
Cleveland, Chio, 7 March 1973
sponsored by ASTM E-2 on
Emission Spectroscopy

ASTM SPECIAL TECHNICAL PUBLICATION 542
G. L. Mason, symposium chairman

List Price $12.75
lllustration pamphlet and two tape cassettes
04-542000-39

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race Street, Philadelphia, Pa. 19103



Contents

Introductory Remarks—G. L. Mason

The Application of Multi-Channel Spectrometers to the
Elemental Analysis of Oxide Materials—W. Ramsden,
Applied Research Laboratories, Ltd., Luton {Beds.),
England

Current Status of X-Ray Emission Analysis for the Analysis
of Slags and Related Oxide-Type Materials—R. Jen-
kins, Philips Electronic Instruments, Mount Vernon,
N.Y. 10550

Atomic Absorption Spectrophotometry in the Analysis of Slags
and Oxides—M. D. Amos, Varian Techtron Pty. Ltd.,
Melbourne, Australia 3171

Utility of the Optical Emission Spectrometer in the Analysis
of Refractories, Slags, and Other Oxide Materials—
J. R. Ryan and R. K. Scott, Garber Research Center,
Harbison-Walker Refractories, Division of Dresser In-
dustries, Inc., Pittsburgh, Pa. 15227

X-Ray Emission Spectrometer Analysis of Slags and Related
Materials—J. C. Cline and R. A. Pontello, Globe
Metallurgical Corp., Division of Interlake, Inc., Bev-
erly, Ohio 45715

Analysis of Slags by Atomic Absorption Spectrophotometry-—
H. G. Zelinske and D. H. Arendt, Amsted Research
Labs., Bensenville, Ill. 60106

Questions and Answers

Tape
1

Side
1

l1—con-
tinued
Side 2

1—con-
tinued
Side 2

© BY AMERICAN SOCIETY FOR TESTING AND MATERIALS 1973



STP542-EB/Mar. 1973

W. Ramsden

The Application of Multi-Channel
Spectrometers to the Elemental
Analysis of Oxide Materials
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FIG. 1 -- Effect of particle size on emission.
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Fig. 3
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SORRECTED  X-RAY  INTENSITY
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12 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

TABLE 1
COMPOSITION OF INDUSTRIALLY IMPORTANT OXIDES

lron Ore Fe Refractories Cement Cryolite

Constituent Sinter Slags ~ Ceramics Limestone Glass Bauxite
F 0.1-10 40-30
Nag 0 0.1-1 0.05-0.2 0.05-1 10-15 20-30
Alp 03 0.4-25 0.3-25 0.1-98 0,5-20 1-3 10-65
Mg 0 0.1-6 0.1-25 0.01-65 0.1-6 0.1-5

S$i 02 0.5-40 0.2-60 0.5-99 165 65-75 1-40
P2 05 0.01-10 0.1-20

S03 0.005-0.5 0.01-10 0.02 0.05-0.5

K20 0.2-1.5 0.01-11 0.1-3 0.5-1.5

Ca0 0.1-25 0.4-60 0,06-3 1-55 10-15 3-6

Ti 02 0.04-1 0.02-2,5 0,012 0,1-0.2 0.5-3
Cr203 0.01-6.5 0.01-40 0.15-0.25

Mn 0 0.05-2.5 0.1-20 0.01-0.5 0.05-0.2 0.5-50
Fe2 03 0.03-16 0.1-10 0.04-0.5

Fe 18-70 0.2-70

TABLE 2

DAY-TO-DAY REPRODUCIBILITY OF IRON ORE SINTER ANALYSIS
{ QUANTOVAC - BRIQUETIE )

Doy Fe CaO §i02 P205 MnO MgO Al203 S

1 548 7.2 8,05 03 1,55 1,10 3.00 0.010
2 54,6 7,3 8,12 0,35 1,57 1,10 3,03 0.009
3 546 7.3 82 0,33 1,53 1,07 296 0,009
4 54,7 7.4 8.07 035 1,56 1,13 2,79 0.009
5 550 7,2 7.83 03¢ 1,58 1,10 2,79 0.009
6 54,7 7.2 8.09 034 1,49 1,10 3,06 0,007
7 54,4 7.6 8.22 0,35 1,56 1,09 2,92 0,007
8 544 7,5 8,22 0,34 1,56 1,12 2,98 0,008
9 545 7.4 8.18 0.35 1,56 1,08 3.00 0.008
10 54,5 7.4 8,24 0.34 1,57 1,09 3.02 0.009
1 547 7.2 8.18 0,35 1,60 1,10 3.08 0.007

~
w
e <]
w
o
w
S

Mean analysis 54,6 1,56 1,10 2,97 0.008

Range: min. 54,4 7.2 7.83 0.33 1,49 1,07 2.79 0.007
mox. 55,0 7.6 8.24 0.35 1,60 1,13 3.08 0,010

Standerd .18 0.14 0.118 0.008 0.028 0.017 0.089 0.0010
eviation

A.C.Knott, E.D.Aldaya. J.lron & Steel [nstitute
November 1964
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TABLE 3

PERFORMANCE OF MULTICHANNEL XRF SYSTEMS

Material

ON OXIDE MATERIALS ( 1960-65 }

Constituent

Slag
Slag
Slag
Sinter
Sinter
Cement

Slag
Slag
Sinter
Sinter
Cement

Slag
Slag
Sinter
Sinter
Cement

EFFECT

Fe

Fe O
Fe O
Fe

Fe

Fep 03

Ca 0
Ca 0
Ca 0
Ca 0
Ca0

Si 0o
Si 02
Si 02
Si 02
Si 02

OF GRIND.NG  TIME

Precision Accuracy
s.d. at % Av.Dev., % Range
0.055@ 61% 0.25 52-64%
0.02@ 25% 0.45 14-30%
0.02 @ 27% 0.6 20-30%
0.055@61% 0.25 52-64%
0.01 @ 57% 0.1 55-65%
0.009@3.4%  0.08 2-4.5%
0.07 @ 35% 0.15 14~54%
0.038@38% 0.37 35-45%
0.004@7.5% 0.25 5-10%
0.01@5.3% 0.09 2-10%
0.02@ #1% 0.10 38-48%
0.15@ 24% 0.28 5-56%
0.08 @ 33% 0.6 30-36%
0.06@5.4% 0.1 4-13%
0.17@ 6% 1.5 4-7%
0.11@ 17% 0.07 8-18%
TABLE 4

ON XRF

INTENSITIES  OF

IRON ORE SINTER

Grinding tlime (min), 0 0.5 1 2 4 8
low Grade OQie

Appaient e % 38.9 39.5 39.86 39.9 .2
Apparent CaC % 17,6 17.9 18.0 18.1 17.7 17.5
Apparent Si02% 13.1 13,92 13.8 13.3 7 1.7
High Grade Oie

Apparent re % 58.2 60.i5 6.1  61.1 61,4 61.1
Apparent Ca 0 % 5.6 5.6 5.8 5.7 5.7 5.5
Apparent Si 02 % 5.6 5.3 4.9 4.5 3.8 2,9

TABLE 5
EFFECT OF GRINDING TIME ON XRF [INTENSITIES

AFTER FUSION - IRON ORE SINTER (1:5)

Grinding time (min), 0.5 4

Appurent Fe % 59.0 59.0
Apparent Ca 0 % 6.0 5.8
Apparent Si 07 % 5.5 5.5

13



14 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

TABLE 6

TYPICAL 72000 X-RAY QUANTOMETER ARRAY FOR

Element

OXIDE MATERIALS

Wave-=length Crystal

Detector

Na Ket
Mg Ke
Al K«
Si Ke
P Ke
S Ket
K Kea
Ca Ka
Ti Kex
Cr Ka
Mn Ka
Fe Ka

X=-ray Tube: Rh; 50 Kv 40 ma

COMPARISON OF SHORT-TERM PRECISION OF

11.909 A 4" RAP
9.889 A 4" ADP
8.339 A 4°E DDT
7.126 &  4"E DDT

6.155 & 4" Ge
53738 4" Ge
3.744 R 4" LiF
3.360 R 4" LiF
2.750 & 4" LiF
2.291 & 4" LiF
2,103 8 4" LiF
1.937 & 4" LiF

TABLE 7

Flow Prop. P

-10. P.H.D

Ne Prop. Al Window
Ne Prop. Al Window

Ne Prop. Be Window
Ne Prop. Be Window P.

Ne Multitron
Ne Multitron
Ne Multitron
Ne Multitron
Ne Multitron
Ne Multitron

72000 - FUSION TECHNIQUE (1972) AND

BRIQUETTING TECHNIQUE ( 1960 - 1965 )

Constituent Material  Briquette (1962)
S.D.

Fe Sinter Ores 0.01-0,05 @ 50-60%
Slag 0.008 @ 1%

Mn Any 0.001-0.1 @0.2-2%

Si 02 Any 0.06-0.4 @ 5-35%

Ca0 Any 0.01-0,07@ 30-40%

Mg 0 Any 0.05-0.06 @ 2-10%

Al 03 Any

0.03-0.1 @ 2-10%

P.H.D.

P.H.D.

Ne Prop. Be Window P.H.D.
P.H.D.

H.D.

Be Window
Be Window
Be Window
Be Window
Be Window
Be Window

72000 - Fusion (1972)

Dil. Factor

1,28
5.6

5.6, 11,28
5.6, 11,28
5.6, 11,28
5.6, 11,28
5.6, 11,28

s.D.

0.02-0.04@ 45-67%
0.001-0.002@0. 4-2%
0.001-0,004@0.05-2%
0.02-0.07@ 1-40%
0.01-0.04 @ 1-45%
0.02-0.04 @0.02-6.5%
0.01-0,02 @ 0.2-15%
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R. Jenkins

Current Status of X-ray Emission Analysis
for the Analysis of Slags and Related
Oxide-Type Materials

Sources of error in X-ray
fluorescence spectrometry

Sampling

Counting statistics

(dependent only on time)
Random errors Generator and X-ray tube

stability( 0.1%)

Equipment errors

(< 0.05%)
Sampling
Sample Absorption (100%)
Systematic errors Enhancement {10%)
errors Particle effects {100%)
Chemical state (5%)
Equipment errors { < 0.05%)

Note: Ali errors quoted are given in terms of 1¢

Figure #1
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16 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

Phase Fluorescing element Absorption for Effect
measured wavelength

Phase 1 Present Same Grain size

Phase 2 Absent

Phase 1 Present Different Inter-mineral

Phase 2 Absent

Phase 1 Prasent Different Mineralogical

Phase 2 Present

The particie effect in X-ray fluorescence spectrometry (see text).

Figure # 2

EXCITATION EFFICIENCY
lodge

Amin
for same equipment using fixed excitation
conditions for a fixed wavelength (A;) slope of
calibration curve m o C(AN) ie.the efficiency
factor
Hila)

ZI‘, C; [pi (A) +A.pi (Aj)]

where(1) is the "optimum excitation wavelength’

Figure #3



JENKINS ON CURRENT STATUS OF X-RAY EMISSION

161
C =
[""n] Fe(161+131) + Cr (131 + 668)

292 819
100 T T
OOL
60}
/
/
1] o // b',
A// o <N 7
20 A -
A
/ x7
oUa==" Z I 1 I

20 40 60 80 100(%Fe)

| — 1 L 1 J
819 668 556 424 292 (p)
Figure #4

ALGORITHMS FOR MATRIX CORRECTION

i = Wi K;
z
i Wi
I = Wi Kj
E
s g% Wy
I; = wW; K;
z
b+ 5 ki I

Figure # 5

17
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Resolution, %

Scintillation counter

Flow counter

20

o

—— X —_——
10 30 ] 03 2]

Wavchnoth,l
Comparative resolutions of the fiow counter, the scintiilation counter, the semiconductor
counter, and the crystal spectrometer.

Figure #6
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M. D. Amos

Atomic Absorption Spectrophotometry in
the Analysis of Slags and Oxides

Concentration Ranges (%) ( 5 g_/ 100ml)

In Fe Al Si Ca
Detection Limit 0-000002 0-00001 0-00004 0-0005 0-000004
Abs = 0-88 0004 0025 03 06 0012
Burner at 90° 0-08 05 6 12 0-24
FIG. 1

Concentration of Analyte =0-100 %
Solution of 1g/ 1000 m!

Dilution is 1000:1

Concentration in Solution is 1:00 mg/I
If Analytical Measurement is in

Error by 1% (+ve)

Concentration Found will be 1:01 mg /|
and Result Obtained will be 0-101 %,
i.e. 1% Error

FIG. 2

100 mg Cement
[

500 mg Li, B0,

Al - Si detl,
(0-5-5%) (8-25%)

Ca,Mg - Fe det?.
(65-85%) (1-3-3-3%) (0-8-4 %)

1:10 Dilution

e

FIG. 3

19
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20 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

DISADVANTAGES OF SOLUTION METHODS

1. Requirement to Devise Solution Method

FIG. 4

2. Additional Handling

3. Possibility of Dilution
or Calculation Errors

L

If Dilution Error of 1% (—ve)
is Made,Result will be 0-102 7,
ie. 2% Error

\f Dilution Error of 01% (-ve)
is Made,Result will be 0-1011 %,
i.e. 11 % Error

FIG. 5

ADVANTAGES OF SOLUTION METHODS

FIG. 6

Si0, Fe,0, ALO, CaO

1 14.93 2.23 2.62 42.74

2 15.09 2.28 2.62 42.60

3 15.04 2.20 2.54 42.74

4 15.09 2.20 2.62 42.74

5 14.85 2.23 2.62 42.46

6 15.09 218 2.62 42.87

1 14.89 2.20 2.62 42.87

8 15.09 229 269 42.60

9 14.82 2.23 2.62 42.60
10 14.99 2.4 2.62 42.46

1 15.09 215 2.62 43.01
12 14.99 2.20 2.62 42.72
Deviation 0.336 0.029  0.037 0.166
Average 14.98 2.2 2.62 42.70
c.ov. 0.80% 2.0% 118%  039%

FIG. 8

1. Minimization of Inhomogeneity Errors
2. ldeal "lso Formation”

3. Ease of Standardization

4. Ease of Dilution

F1G. 7

Ca0 — Ca’ + (0)

CaO .
Si Oz} Ca0.SiO,

CaO
Sio,; —
SrO

ca + (0)
Sr0.Si0,

FIG. 9



AMOS ON ATOMIC ABSORPTION SPECTROPHOTOMETRY

Na’= Na'+ e

Concentration Ranges (%) (0-1g /100 ml)

Zn Fe Al Si Ca
Detection Limit 0-0001 0-0005 0-002 0-025 0-0002
Abs = 0-38 02 125 15 30 06
Burner at 90° 4 25 100 100 12

FIG. 11

Concentration Ranges (%) (1g /100 ml)

Zn Fe Al Si Ca

Detection Limit  0-00001 0-00005 0-0002 0-0025 0-0002

Abs = 0-88 002 0125 15 3 0-06

Burner at 90° 04 25 30 60 12
FIG. 12

21
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J. R. Ryan and R. K. Scott

Utility of the Optical Emission Spectrometer
in the Analysis of Refractories, Slags, and
Other Oxide Materials

No Figures or Tables.

22
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J. C. Cline and R. A. Pontello

X-Ray Emission Spectrometer Analysis of
Slags and Related Materials

FIG. 1

Copyright®1973 by ASTM International www.astm.org



24 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

TABLE 1 TABLE 2
CRy0z *SWEDE SLAGS $102 “SWEDE SLAGS
ABS.
o muen per pson B o wume we pue BB
I 20 .28 22 - 1 19,40 1966 I8.94 19,26
2 .10 15 <080 - 2 5,50 58 546  5.80
3 0 - - - 3 34,0 32,88 3441 33,90
4 0 - - - 4 34,10 31,35 3,40 33,44
5 \15 37 .25 - 5 57.00 57,20 56,91 56,39
6 .09 ,082 .081 - 6 22,70 26,05 24,20 24,00
7 46 45 43 - 7 20.50 19,68 20,01 20.00
8 3.70 3.45 3.82 - ] 39,90 4090 40,82 40,79
ADJ. COEF OF COREL ,9973 9991 - ADJ, COEF OF COREL, 9918 ,9992 ,9990
STD. ERROR OF EST. (741 L0442 STD, ERROR OF EST,  1.4D98 4321 L4883
TABLE 3 TABLE 4
EEQ *SWEDE SLAGS T} *SWEDE SLAGS
v . .
oo ocmEm per mue B o cwee weo ase HOB
1 16,60 7.8 1701 1645 1 18.60 15,92 1856  18.40
2 25,00 20,65 2121 23.66 2 4.80 416 BED MBS
3 110 L0 116 L3 3 2,40 2.50 245 2,33
4 40 35 " &0 4 1.60 1.9 .76 158
9, . . .
5 26.80 26,40 26,77 28,75 5 80 B2 BU105
6 2.20 2.17 2,00 213
6 4,20 4,07 3.9 427
7 5,30 4,67 513 510
7 18.70 18.05 17.65 17.74
8 4,70 4,67 4.9 4,73
8 .80 70 98 1,06

ADJ. COEF OF COREL, 9291 ,9624 ,9971
ADJ. COEF OF COREL. .9845  ,9903  ,9935
STb. ERROR OF EST, 1.5039  1.0947 \3017

STD. ERROR OF EST, 1.4050 1.1108 8137
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ADJ»

STD.
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CLINE AND PONTELLO ON X-RAY EMISSION SPECTROMETER 25

TABLE 5

CERTIFIED  DIRECT
3,10 3,50
.70 .57
9,40 9.67
12.40 12,26
1.70 1.57
1,90 1.79
2,10 2.17
6.80 6.86

COEF OF COREL, 9980

ERROR OF EsT. 1913

TABLE 7

*SWEDE SLAGS

EUSION
3.07
67
9.33
12,25

9997

0758

3.13

169

19995

10922

*“SWEDE SLAGS

MO,  CERTIFIED QIRECT  EUSION

1

8

\53

17

.89

1.25

42

18

V34

126

V57

.16

75

78

13

132

.25

ADJ. COEF OF COREL .8726

$TD. ERROR OF EST. 1360

.60
18

185

.65
16
35
.26
1956

,0799

v, ABS.

\61
121

.84

163
136
\35
130
. 9604

.0759

(:\}

TABLE &

W0,  CERTIFIED  DMRECT

8

ADJ. COEF OF COREL.

STD. ERROR OF EST.

HGo

32,60
43,90
42,20
40,00

2,20
59,10
44,00

36,50

34,56
45,68
38,61
36,35

3.32
58,25
45,15

35,60

TABLE 8

,9342

2,0401

“SWEDE SLAGS

sig BRI

33,42 33,07
45,04 44,18
40,53 41.76
38.84 39,55
2,55 2,22
58,92 59.25
45,09 43,90
35,95 36,30
9964 19996
,9753 13078

*SHEDE SLAGS

M. LD DBECT EUSION  HUAIAL

1
2

7
8

ADJ, COEF OF COREL. .8542

STD,

ERROR OF EST., 8322

19879
,2393

19939
.1698
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TABLE 34

D (R'Fe = Rre P 6 Ro) B

e Vg o el s
1 16.6 71 7.6 16,5 16.9

2 .0 a2 4.2 B7 5.5

3 11 116 % L3 1.0
4 4 4 2 .60 28
5 %.8 %.8 %.6 288 %.8

[ 4.2 3.2 4,10 4.7 4,41
7 8.7 7.7 18.1 7 18.8

8 8 H 73 1.06 78
#DJ. COEF OF coreL. (993 9%l 9B BB
s. error oF £sT,  LLI0B 4334 g% 1
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H. G. Zelinske and D. H. Arendt

Analysis of Slags by Atomic Absorption
Spectrophotometry

PERCENT CONCENTRATION RANGES OF SLAG CONSTITUENTS

CONSTITUENT % CONC. RANGE
SILICON OXIDE 0 — 80.0
CALCIUM OXIDE 0 — 00.0
ALUMINUM OXIDE 0 — 60.0
IRON OXIDE 0—80.0
CHROMIUM OXIDE o—48.0
MAGNESIUM OXIDE 0—40.0
MANGANESE OXIDE 0—30.0
TITANIUM OXIOE o— 1.28
FIG. 1
30 p
3 20l °/
=
<
-
=
o
"
-
<
0 p 0
(-]
0 A A M A -
0 20 40 60 80 100
PERCENT ALUMINUM OXIDE
FIG. 2
27
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80

40

ABSORBANCE

»
1=

ABSORBANCE

/

—

10 20 30 40 50
PERCENT MAGNESIUM OXIDE

FIG. 3
/o/
O
O
AL A A A J
20 40 60 80 100

PERCENT CALCIUM OXIDE

FIG. 4



60

ABSORBANCE
>
°

ZELINSKE AND ARENDT ON ANALYSIS OF SLAG

A L A L M )

.30

ABSORBANCE
i
©

10 20 30 40 $0
PERCENT MANGANESE OXIDE

FIG. 5

~

A A A A J

10 20 30 40 L

PERCENT IRON OXIDE

FIG. 6
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ABSORBANCE

ABSORBANCE

»
-

v
(3

05

| >
" (o)
- /O
/o
’o Fy a4 s a2 )
(] 10 20 30 40 50
PERCENT CHROME OXIDE
FIG. 7
O SYNTHETIC SLAGS
O SWEDISH STANDARD SLAG /
(o]
/ °
/B
o
,cr°/
i L . . L S |
0 20 40 80 80 100

PERCENT SILICON OXIDE

FIG. 8
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ZELINSKE AND ARENDT ON ANALYSIS OF SLAG 31

A N A A J

L 0 I8 20 28
PERCENT SILICON OXIDE

FIG. 9
o
o
o
0
o
/0
25 .50 Js 1.00 125

PERCENT TITANIUM OXIDE
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32 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS

8.0.F. SLAG
CONSTITUENT LAB_A
CHROMIUM OXIDE -
MANGANESE OXIDE 4.8
IRON OXIDE 26.5
CALCIUM OXIDE 44.2
MAGNESIUM OXIDE 5.5
ALUMINUM OXIDE 1.52
SILICON OXIDE 15.7
FIG. 11
BASIC SLAG
8.C.S. NO.I74-—)
CONSTITUENT _Bi
CHROMIUM OXIDE -
MANGANESE OXIDE 8.1
IRON OXIDE 10.88
CALCIUM OXIDE 44 .83
MAGNESIUM OXIDE T.18
ALUMINUM OXIDE 1.72
SILICON OXIDE 14.69

FIG. 13
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ELECTRIC FURNACE SLAG

STAINLESS STEEL

CONSTITUENT LAB.A  AMSTED
CHROMIUM OXIDE — .20
MANGANESE OXIDE .96 .98
IRON OXIDE 3.46  3.2)
CALCIUM OXIDE 24.48 24.8
MAGNESIUM OXIDE 6.30 6.12
ALUMINUM OXIDE 17.19  18.4
SILICON OXIDE 45.60 45.5

FIG. 12
IRON CUPOLA SLAG

CONSTITUENT LAB.A LAB.B  AMSTED

CHROMIUM OXIDE - - 328

MANGANESE OXIDE
IRON OXIDE
CALCIUM OXIDE
MAGNESIUM OXIDE
ALUMINUM OXIDE

SILICON OXIDE

4.33 3.88 4.29
6.94 7.72 8.55
15.50 15.4 18.0
10.00 9.77 10.18
t2.44 9.688 9.4

50.8 49.72 850.8

FIG. 14



