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12 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

TABLE 1 

COMPOSITION OF INDUSTRIALLY IMPORTANT OXIDES 

Iron Ore Fe Refractories Cement 
Constituent ~ S~gs Ceramics Limestone Glass 
"F 0.1-10 
Na 2 0 0.1-1 
AI 2 03 0.4-25 0.3-25 
Mg 0 0.1-6 0.1-25 
Si 02 0.5-40 0.2-60 
P2 05 0.01-10 0.1-20 
S 03 0.005-0.5 0.01-10 
K2 0 0.2-1.5 
Co 0 0.1-25 0.4.60 
TI 02 0.04-I 0.02-2.5 
Cr2 03 0.01-6.5 
Mn 0 0.05-2.5 O. 1-20 
Fe2 03 
Fe 18-70 0.2-70 

0.05-0.2 0.05-1 10-15 
0.1-98 0.5-20 I-3 
0.01-65 0.1-6 0.1-5 
0.5-99 1-65 65 -75 

0.02 0.05-0.5 
0.01-11 0.1-3 0.5-1.5 
0.06-3 1-55 10-15 
0.01-2 0.1-0.2 
0.01--40 0.15-0.25 
0o01-0.5 0.05..0.2 
0.03-16 0. I-10 0.04-0.5 

TABLE 2 

Cr• 
Bauxite 

20 -30 
10-65 

1-40 

3-6 
0.5-3 

0.5-50 

,,DAY-TO-DAY REPRODUCIBILITY OF IRON ORE SINTER ANALYSIS 
"" - ( QUA NTOVA~:" - I~R'IQUETTE )-" 

Day Fe CaO $102 P205 MnO MgO AI203 S 

1 54,8 7.2 8,05 0,33 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 54,6 7,3 8.20 0,33 1.53 1.07 2.96 0.009 
4 54.7 7.4 8.07 0.35 1.56 1.13 2.79 0.009 
5 55,0 7.2 7.83 0.34 1.58 1.10 2.79 0.009 
6 54,7 7.2 8.09 0.34 1.49 1.10 3.06 0.007 
7 54,4 7.6 8.22 0.33 1 .56  1.09 2.92 0.007 
8 54,4 7,5 8.22 0.34 1.56 1.12 2.98 0.008 
9 54,5 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 
11 54,7 7.2 8.18 0.35 1.60 1.10 3.08 0.007 

Mean analysis 54.6 7.3 8.13 0.34 1.56 1.10 2.97 0.008 

Range: mln. 54.4 7.2 7.83 0.33 1.49 1.07 2.79 0.007 
max. 55.0 7.6 8.24 0.35 1.60 1.13 3.08 0.010 

Standard 
0.18 0.14 0.118 0,008 0.028 0.017 0.089 0.0010 deviation 

A.C.Knott, E.D.Aldaya. J. Iron & Steel Institute 
November 1964 
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RAMSDEN ON MULTI-CHANNEL SPECTROMETERS 13 

TABLE 3 

PERFORMANCE OF MULTICHANNEL XRF SYSTEMS 

ON OXIDE MATERIALS ( i960-65 ) 

Prec ~slan Accuracy Material Constituent s.cl. at %o A ~ / O  Range 

Slag Fe 0.055Q61% 0.25 52-64% 
Slag Fe 0 0.02@ 25% 0.45 14-30% 
Slag Fe 0 0.02 @ 27% 0.6 20-30% 
Sinter Fe 0.055@6]% 0.25 52-64% 
Sinter Fe 0.01 @ 57% 0.1 55-65% 
Cement Fe 2 03 0. 009@3.4% 0.08 2-4.5% 

Slag Ca 0 0.07 @ 35% 0.15 14-54% 
Slag Ca 0 0.038@38% 0.37 35-45% 
Sinter Ca 0 0.004@7.5% 0.25 5-10% 
Sinter Ca 0 0.01 @ 5.3% 0.09 2-10% 
Cement Ca 0 0.02 @ 41% O. 10 38-48% 

Slag Si 02 O. 15 @ 24% O. 28 5-56% 
Slag Si 02 0.08 @ 33% 0.6 30-36% 
Sinter Si 02 0.06 @ 5.4% O. 1 4-13% 
Sinter Si 02 O. 17 @ 6% 1.5 4-7% 
Cement Si 02 0.11 @ 17% 0.07 8-18% 

TABLE 4 

EFFECT OF GR~ND,NG TIME ON XRF 

]NTE.ix;SIT:,s OF I,~<ON ORE SINTER 

Grh)dlng z;me (rain). 0 0.5 1 2 4 8 

Low Grade Ore 
Apparent Fe %- 38.9 39.5 39.6 39.9 40.2 40.5 
Apparent Ca 0 % t7.6 17.9 ]8.0 18.1 17.7 17.5 
Apparent Si 02 % 13.1 13.9 13.8 13.3 12.7 11.7 

High Grade O~e 
Apparent Fe'%-- 58.2 60. i5 61.1 61.1 6 t .4  61.1 
Apparent Ca 0 o/ 5.6 5.6 5.8 5.7 5.7 5.5 
Apparent S~ 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 Hme (mln). 0.5 4 

Apparent Fe % 59.0 59.0 
Apparent Ca 0 % 6.0 5.8 
Apparent Si 0 2 % 5.5 5.5 

Copyright by ASTM Int ' l  (all  r ights reserved);  Sun Jan  3 21:31:53 EST 2016
Downloaded/printed by
University of Washington (University of Washington) pursuant to License Agreement.  No further reproductions authorized.



14 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

TYPICAL 72000 

TABLE 6 

X-RAY QUANTOMETER ARRAY FOR 

OXIDE MATERIALS 

Element Wave-length Crystal Detector 
O 

Na K~ 11.909 A 4" RAP Flow Prop. P-10. P.H.D. 
Mg Kin. 9.889~, 4" ADP Ne Prop. AI Window P.H.D. 
AI K~ 8.339 ~ 4"E DDT Ne Prop. AI Window P.H.D. 
Si K~ 7.126 ~ 4"E DDT Ne Prop. Be Window P.H.D. 
P Ke, 6.155 ~ 4" Ge Ne Prop. Be Window P.H.D. 
S K~ 5.373 ~ 4" Ge Ne Prop. Be Window P.H.D. 
K Kel,  3.744 ~ 4" LiF Ne Multltron Be Window 
Ca K4 3.360 ,~ 4" LiF Ne Multitron Be Window 
Ti Ke 2.750 ~ 4" LIF Ne MulHtron Be W~ndow 
Cr Kdl 2.291 ~ 4" LiF Ne Multitron Be Window 
Mn K6 2. 103 ~ 4" LiF Ne Multltron Be Window 
Fe Kei 1.937 ~ 4" LIF Ne Multitron Be Window 

X-ray Tube: Rh; 50 Kv 40 ma 

TA B LE 7 

COMPARISON OF SHORT-TERM PRECISION OF 

72000 - FUSION TECHNIQUE ( 1972 ) AND 

BRIQUETTING TECHNIQUE ( 1960- 1965 ) 

Constituent Material Briquette (1962) 
S.D. Dil. Factor 

Fe Sinter Ores 0.01-0.05@50-60% 11,28 
Slag 0.008 @ i% 5.6 

Mn Any 0.001-0.1 @0.2-2% 5.6, 11,28 
Si 02 Any 0.06-0.4@ 5-,35% 5.6, 11,28 
Ca0 Any 0.01-0.07@30-40% 5.6, 11,28 
Mg 0 Any 0.05-0.06@ 2-10% 5.6, 11,28 
AI203 Any 0.03-0.1 @2-10% 5.6, 11,28 

72000 - Fusion (1972) 
S.D. 

0.02-0.04@ 45-67% 
0. 001-0. 002Co~0. 4-2% 
0.001-0.004Cccc~. 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% 

Copyright by ASTM Int'l (all rights reserved); Sun Jan  3 21:31:53 EST 2016
Downloaded/printed by
University of Washington (University of Washington) pursuant to License Agreement. No further reproductions authorized.
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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 

Random errors 

Sampling 
Counting statistics 
(dependent only on time) 
Generator end X-ray tube 
stabi l i ty(0.1%) 
Equipment errors 
( < 0.05%) 

Systematic 
errors 

I Sampling 
I Sample Absorption 1100%1 

errors Enhancement (10%) 
Particle effects (100%) 
Chemical state (5%) 

Equipment errors ( <~ 0.05%) 

Note: All errors quoted are given in terms of 1 O" 

Figure ~1 

15  
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16 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

Phase Fluorescing element Absorption for Effect 
measured wavelength 

Ph-ee 1 Present Same Grain size 
Phase 2 Absent 

Phase 1 Present Different Inter-mineral 
Phase 2 Absent 

Phase t Present Different Mineralogical 
Phase 2 Present 

The particle effect In X-ray fluorescence spectrometry (see text), 

Figure # 2 

EXCITATION EFFICIENCY 

I j = P j . W j /  J ( X ) . C ( X ; L j ) .  d~. 

tJXmi~ 
for some equipment using fixed ~r 
conditions for o fixed wavelength (Z i) sLOpe of 
col.~ration curve m ec C(XX~) i.e.th~ efficiency 

factor 
pj(x) 

C(~.~j)= ~i ci [F i (JL)+A'~ i (~ 'J )1  

where().) is the "optimum excitation ~vetengt~' 

Figure #3  

C o p y r i g h t  b y  A S T M  I n t ' l  ( a l l  r i g h t s  r e s e r v e d ) ;  S u n  J a n   3  2 1 : 3 1 : 5 3  E S T  2 0 1 6
D o w n l o a d e d / p r i n t e d  b y
U n i v e r s i t y  o f  W a s h i n g t o n  ( U n i v e r s i t y  o f  W a s h i n g t o n )  p u r s u a n t  t o  L i c e n s e  A g r e e m e n t .  N o  f u r t h e r  r e p r o d u c t i o n s  a u t h o r i z e d .
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C [ ; IJLr, ]  = 

100 

eO 

60 

4~ 

2G 

e' 

1 
819 

161 
Fe(161 + 131) + Cr (131 + 668) 

292 819 

I ! ! I 

-i 
.,' .ooAj 

I = o~q,,*.#o 
/ ~Y. o;.? 

_i ~,t7_,4-7 

20 ,.o 6o 80 loo(./.F,) 

I I I I 
668 556 /,2/, 292 (p) 

Figure #4 

ALGORITHMS FOR MATRIX CORRECTION 

I i = W i K i 

Z 
j Wj = j  

I i = W i K i  
, r  

I + j a i j  Wj 

I i = W i K i  

I + ~ k i j  I j  

Figure # 5 
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18 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

11 

�9 ~ . crystal s p e c t r o m t e r J  j 

10 $0 1~ 0.2 04 
Wawlan~)th~ 

Comparative resolutions of the flow counter, the scintillation counter, the semiconductor 
counter, end the crystal spectrometer. 

Figure #6  

C o p y r i g h t  b y  A S T M  I n t ' l  ( a l l  r i g h t s  r e s e r v e d ) ;  S u n  J a n   3  2 1 : 3 1 : 5 3  E S T  2 0 1 6
D o w n l o a d e d / p r i n t e d  b y
U n i v e r s i t y  o f  W a s h i n g t o n  ( U n i v e r s i t y  o f  W a s h i n g t o n )  p u r s u a n t  t o  L i c e n s e  A g r e e m e n t .  N o  f u r t h e r  r e p r o d u c t i o n s  a u t h o r i z e d .



STP542-EB/Mar. 1973 

M. D. Amos 

Atomic Absorption s in 
the Analysis of Slags and Oxides 

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

Zn Fe AI Si Ca 
Detection Limit 0.000002 0.00001 0-00004 0.0005 0-000004 
Abs = 0.88 0-004 0.025 0.3 0.6 0.012 
Burner at 90 ~ 0.08 0.5 6 12 0.24 

FIG. 1 

Concentration of Analyte = 0-100 ~o 
Solution of lg  / 1000 ml 
Dilution is 1000:1 
Concentration in Solution is 1.00 mg/I 
If Analytical Measurement is in 
Error by 1~o (+ve )  
Concentration Found wil l  be 1-01 mg/ I  
and Result Obtained wi l l  be 0.101 ~ 
i.e. 1 ~o Error 

FIG. 2 

1 100 n~  Cement 

I 
500 mg Li, B,O 2 

Fusion 
75 ml HCI 
with La+Cs I 

Dilution 
A l , S i  det n. 

I m ~ (o.s-S?o) (8-2S~ m| 

t t:10 Dilution 
I I , Ca ,Mg-Fede t " .  

(65-85%) (1.3-3.3%) (0.8-4%) 

FIG. 3 
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20 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

FIG.  4 

If Dilution Error of 1 ~o ( -ve )  
is Made, Result will be 0-102 % 
i.e. 2 ~o Error 

If Dilution Error of 04% (-ve)  
is Made,Result will be 0.1011 ~ 
i,e. 1.1% Error 

FIG.  5 

DISADVANTAGES OF SOLUTION METHODS 

1. Requirement to Devise Solution Method 
2. Additional Handling 
3. Possibility of Dilution 

or Calculation Errors 

FIG.  6 

ADVANTAGES OF SOLUTION METHODS 

1. Minimization of Inhomogeneity Errors 
2. Ideal "lso Formation" 
3. Ease of Standardization 
4. Ease of Dilution 

FIG.  7 

SiO2 Fe20 ~ AI203 CaO 

1 M.03 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 2.82 42.74 
5 14.85 2.23 2.82 42.46 
6 15.09 2.18 2.62 42.87 
7 14.89 2.20 2.62 42.87 
8 15.09 2.29 2.69 42.60 
9 M.82 2.23 2.62 42.80 
10 14.99 2.14 2.62 42.46 
11 15.09 2.15 2.62 43.01 
12 t4.09 2.20 2.62 42.72 

Deviation 0.336 0.029 0.037 0.166 
Average 14.08 2.21 2.62 42.70 
C.O.V. 0.80% 2.0% 1.18% 0:39% 

FIG.  8 

CaO ~ Ca ~ + ( 0 )  

CaO~ ._, Ca O.Si O2 
Si O,J 

CaO~ 
si o21 ca~ + ( ~  
Sr OJ Sr O. Si 02 

FIG.  9 
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N a  ~ ~ N a  + + e -  

O + 

K ...-~ K + e-  

FIG. 10 

Concentration Ranges (%) (0.1 g /!00ml) 

Zn Fe AI Si Ca 
Detection Limit 0.0001 0.0005 0.002 0.025 0.0002 
Abs = 0.88 0.2 1.25 15 30 0.6 
Burner at 90 ~ 4 25 100 100 12 

FIG. 11 

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

Zn Fe AI Si Ca 
Detection Limit 0.00001 0.00005 0-0002 0.0025 0.0002 
Abs = 0 .88  0.02 0.125 1.5 3 0.06 
Burner at 90 ~ 0-4 2-5 30 60 1.2 

FIG.  12 
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Utility of the Optical Emission Spectrometer 
in the Analysis of Refractories, Slags, and 
Other Oxide Materials 

No Figures or Tables. 
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J. C. Cline and R. A. Pontello 

X-Ray Emission Spectrometer Analysis of 
Slags and Related Materials 

FIG.  1 

FIG.  2 

2.3 
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24 ANALYSIS OF SLAGS AND RELATED OXIDE-TYPE MATERIALS 

TABLE i 

CR2~ "SWEDE SLABS 

NO, C. ERTIFIED DIRECT ~USION R ~ '  

1 ,20 ,28 .22 

2 .I0 .15 ,080 

3 0 - 

4 0 - 

5 ,15 ,37 .25 

6 ,09 ,082 .081 

7 ,46 ,45 ,43 

8 3,70 5,45 3,82 

ADJ, COEF OF COREL .9973 ,9991 

STIr, ERROR OF EST, ,0741 ,0442 

TABLE 2 

*SWEDE SLAGS 

NO, ~ E ~  R ~  FUSIO~l ~ '  

1 19,40 19.64 18.94 19,26 

2 5,50 5,89 5,46 5.80 

3 34.0 32.88 34.41 33,90 

4 34.10 31,35 34.40 33.44 

5 57,00 57.20 56,91 56,39 

6 23.70 26.03 24.20 24,00 

7 20.50 19,68 20,01 20,00 

8 39,90 40,90 40,82 4039 

ADJ, COEF OF COREL. ,9918 ,9992 ,9990 

$TI). ERROR OF EST. 1.4098 .4321 .4883 

TABLE 3 

FEO "SWEDE SLAGS 

~ DIRECT FUSION R~B~' 

i 16,60 

2 25,00 

3 1,10 

4 ,40 

5 26,80 

6 4,20 

7 18,70 

8 ,80 

17,83 17,11 16,45 

20,45 21.21 23.66 

1,01 1,16 1,32 

,35 ,44 .60 

26,40 26,77 28,75 

4,07 3,92 4,27 

18,05 17,65 17,74 

,70 ,94 1.06 

ADJ, COEF OF COREL. ,9845 ,9903 .9935 

$TI), ERROR OF EST, !,40BO I , i i08 ,g137 

TABLE 

MNO *SWEDE SLAGS 

NO, CERIIFIED ~ ~ ~ "  

i IB,60 15,92 18,56 18.40 

2 4,80 4,16 4,60 4,65 

3 2.40 2,50 2,45 2,33 

4 1.60 1,94 1,76 1,58 

5 9,80 13,26 13,17 10,59 

6 2,20 2,17 2.09 2,13 

7 5.30 4,67 5.13 5,10 

8 4,70 4,67 4,97 4,73 

ADJ. COEF OF COREL, .9291 .9624 ,9971 

STD. ERROR OF EST, 1,5039 1,0947 .3017 
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TABLE 

AL203 *SWEDE SLAGS 

HV, ABS, 
CERTIFIED DIRECT FUSIO~ FUSION 

3,10 3,50 3,07 3,13 

,70 ,57 ,57 ,69 

9,40 9,67 9,33 9,29 

12,40 12,26 12,25 12.11 

1.70 1.57 1,74 1,6G 

1,90 1,79 1,83 1,81 

2,10 2,17 2,06 2,07 

6,80 6.86 6.94 6,92 

ADJ, COEF OF COREL, ,9980 ,9997 ,9995 

STD, ERROR OF EST. ,1913 .0758 ,0922 

TABLE 

"SWEDE SLAGS 

CERTIFIED DIRECT FUSION ~ '  

1 32.60 34,56 33,42 33,07 

2 43.90 45.68 45.D4 44,18 

3 42,20 38,61 40,53 41,76 

4 40.00 36,35 38,84 39,55 

5 2,20 3,32 2.55 2,22 

6 59,10 58,25 58,92 59.25 

7 44,00 45.15 45,09 43,90 

8 36,50 35,60 35,95 36,30 

ADJ, COEF OF COREL, ,9842 .9964 .9996 

STD, ERROR OF EST, 2,0401 ,9753 ,3078 

TABLE 7 

TI02 "SWEDE SLAGS 

HV,ABS. 
NO. CERTIFIED DIRECT FUSION FUSION 

1 ,53 ,57 ,60 .61 

2 ,17 ,16 ,18 ,21 

3 ,89 .75 ,85 ,84 

4 1,25 1,10 1.23 1.24 

5 ,42 ,78 ,65 ,63 

6 ,18 .13 ,16 ,136 

7 ,34 ,32 ,35 ,35 

8 ,26 ,25 ,26 .30 

ADJ, COEF OF COREL .8726 ,956 ,9604 

STD, ERROR OF EST, ,1360 ,0799 ,0759 

TABLE B 

{iC.tQ *SWEDE SLAGS 

•V,ABS, 
NO. ~ DIRECT FUSION FUSION 

1 8,00 6,48 8,37 8,08 

2 8,70 6,56 8.89 8,58 

3 5,20 6,29 5,03 5,02 

4 6,70 7,60 6,91 6,14 

5 1,50 2.32 1.94 1.37 

6 5,90 6,30 5,99 5,73 

7 6,70 6,10 6,55 6,45 

8 5,70 6,67 5,45 5,61 

ADJ, COEF OF COREL, ,8542 ,9879 ,9939 

STD, ERROR OF EST, ,8322 .2393 ,1698 
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TABLE 3A 

FEO (R'FE = P~E EXP S PC.A) Z 

PJSICCI II.A. Ft:SIO(I 
tl~. CERTIFIEI) O~..SF_RVD Ca~CTED OP3FJT.~EI) COR~_CIT~ 

1 ~,G U.I U.6 ~.5 ~.9 

2 ~.0 ~,2 ~.2 ~,7 ~.5 

3 i . i  i .~  .~ I ,~ l .g  

4 ,4 .~ ,~ .~ .~ 

6 4,2 3.~ 4.~ 4,~ 4.~ 

7 B.7 9,7 ~.1 ~.7 ~.8 

~ , ~ c ~ .  ,9903 .~1 .9~B5 .~gB 
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STP542-EB/Mar. 1973 

H. G. Zelinske and D. H. Arendt 

Analysis of Slags by Atomic Absorption 
Spectrophotometry 

PERCENT CONCENTRATION HAN4Jrs OF SLAG CONSTITUENTS 

CONSTITUENT % CONC. RANGE 

SILICON OXIDE 0 - -  8 0 . 0  

CALCIUM OXIO( 0 m 8 0 . 0  

ALUMINUM OXIDE 0 - -  DO.O 

IRON OXIOE 0 - -  5 0 . 0  

CHROMIUM OXIDE 0 - -  4 8 , 0  

MAGNESIUM OXIDE O - -  4 O .O 

MANGANESE OXIDE 0 -  3 0 . 0  

TITANIUM OXIDE O - -  I .Z6 

F IG .  1 

.30 

.20 

< .IO 

0 

f 
/o11~176 

0 20 40 RO DO 
PERCENT ALUMINUN OXIDE 

F IG .  2 

! 
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.60 

AO 

o 
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o /  

o / ~ 1 7 6  , , 
O I0 20 30 4O 50 

PERCENT MAGNESIUM OXIDE 

FIG.  3 
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FIG.  5 

.3O 

.20 

o 

.I0 

j J ~  
j j  ~ 

I I I ! I 

I0 ZO 30 40 SO 

PERCENT IRON OXIDE 
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PERCENT CHRONE OXIDE 

FIG.  7 
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B.O.F. SLAG 

CONSTITUENT LAB. A AMSTED 

CHROMIUM OXIDE - -  . I  3 

MANGANESE OXIDE 4 . 8  4 . 5 6  

IRON OXIDE 2 6 . 5  2 5 , 7 6  

CALCfUM OXIDE 4 4 . 2  4 5 . 0  

MAGNESIUM OXIDE 5 . 5  5 , 6 8  

ALUMINUM OXIDE 1 5 2  2 . 0  

SILICON OXIDE 15 .7  16 .7  

FIG. l 1 

ELECTRIC FURNACE SLAG 

STAINLESS STEEL 

CONSTITUENT LAB.  A AMSTED 

CHROMIUM OXIDE - -  .20 

MANGANESE OXIDE . 9 6  .98  

IRON OXIDE 3 , 4 6  3.21 

CALCIUM OXIDE 2 4 . 4 8  2 4 . 8  

MAGNESIUM OXIDE 6 . 3 0  6 . 1 2  

ALUMINUM OXIDE 17. 19 1 8 . 4  

SILICON OXIOE 4 5 . 6 0  4 5 . 5  

FIG. 12 

BASIC SLAG 

B.C.S. NO. 174--1 

CONSTITUENT 

CHROMIUM OXIDE 

MANGANESE OXIDE 

IRON OXIDE 

CALCIUM OXIDE 

MAGNESIUM OXIDE 

ALUMINUM OXIDE 

SILICON OXIDE 

FIG. 13 

8.C.S. AMSTED 

S. I I 5 . 0 4  

I 0 . 8 8  I 0 . 9 5  

4 4 . 6 5  4 4 .  I 

7 . 1 8  ? . 2  

I . 7 2  I .9 

1 4 . 6 9  1 5 . 2 0  

IRON CUPOLA SLAG 

CONSTITUENT 

CHROMIUM OXIDE 

MANGANESE OXIDE 

IRON OXIDE 

CALCIUM OXIDE 

MAGNESIUM OXIDE 

ALUMINUM OXIDE 

SILICON OXIDE 

LAB. A LAB, S AMSTED 

- -  - -  .:523 

4 . 5 3  3 . 8 5  4 .Z9  

6 . 9 4  7 . 7 2  8 . 5 5  

1 5 , 5 0  1 5 . 4  16.0 

1 0 . 0 0  9 , 7 7  10 ,13  

1 2 . 4 4  9 . 6 8  9 . 4  

5 0 . 8  4 9 . 7 2  SO.S 

FIG. 14 
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