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SPECIMENS 

9, 13,14 : 
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335 

·ET AL(l969) 

Fe -13WT% Mn -0·25 WT%S 

Fe -13 WT% .Mn-0·29 WTG.4 Zr02 

ALBERNY ETAL: Fe-0·35WT%C-0·3WT%Si-0·009WTcroP 
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FIGURE 6.3.32 

10
2 

GROWTH RATE CM/HR 

Relationships Between Primary and Secondary 
Dendrite Arm Spacings (d1 and d2 ) and Growth 
Rate for Various Iron-Base Alloys. 



FIGURE 6.3.33-a 
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FIGURE 6.3.33-b 

Cross-Section of Specimen 6. X20. 
1000 microns = 
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Distribution of Manganese along a 
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[x] Pa th (A--. B) and a (+] Pa th (C -.n). 



FIGURE 6.3,34-a 
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FIGURE 6.3.34-b 

Cross-Section of Specimen 9. X50. 
100 microns = ~ 
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Distribution of Manganese along a 
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B 

0 

600 

(x) Pa th ( A-- D) and a [ +] Pa th (C-+D). 



FIGURE 6.3.35-a 
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FIGURE 6.3.35-b 

Cross-Section of Specimen 13. X50. 
100 microns == t--1 

[X] PATH 
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200 300 40.0 !500 600 

DISTANCE MICRONS 

Distribution of Manganese Along a 
(x] Path (A-+ B) and a [ +) Path ( C -.D). 



FIGURE 6.3.36-a 
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FIGURE 6.3.36-b 

Cross-Section of Specimen 14. X50. 
100 microns = ~ 
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Distribution of Manganese Along a 
(X] Path (A-.B) and a (+] Path (C-.D) 



-FIGURE 6. 3. 37 Micrograph Shows Dendrite Arms in the 
Vicinity of Primary Arm Tips Just Prior 
to Quenching. The Electron Probe Trace 
A-B for Microanalysis of Mn Is Also 
Indicated. Section Parallel to Growth 
Direction. Sulphide Tint. X45. 
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A DISTANCE 2·7 MICRONS/SMALL DIVISION 

FIGURE 6.3.38 Manganese Segregation in Group of Cells Marked in 
F.igure 6.3.37. Note the Brace-like~Distribution of Mn. 

B 

~ 
~ 
1-J 



FIGURE 6.4.1 
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FIGURE 6.4.2 
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. •; ... 

Specimen 12. Inclusions in Ce l l Boundaries. 
No Sulphur Was Detected. Longitudinal 
Section. Unetched. X200. 
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Specimen 10. (Fe, Mn) (S, 0) Inclusions. 
Longitudinal Section. Unetched. X200. 



FIGURE 6.4.3 

FIGURE 6.4.4 
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Specimen 10. (Fe, Mn) (S, 0) Inclusions. 
Longitudinal Section. Unetched. X200. 
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Specimen 1. (Fe, Mn) (S, 0) Inclusions. 
Longitudinal Section. Unetched. X200. 
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FIGURE 6.4.5 Specimen 2. Formation of MnS Inclusions in 
Steady-State Region. Unetched. X200. 

·FIGURE 6. 4. 6. Specimen 2. "Sinusoidal" MnS Inclusions 
in Steady-State Region. Unetched. XSOO. 
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FIGURE 6.4.7 

FIGURE 6.4.8 
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Specimen 2. "Sinusoidal" MnS Inclusions 
Near Initial Position of Solid-Liquid 
Interface. Unetched. X200. 
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Specimen 5. Translucent Angular Inclusions. 
Longitudinal Section. Unetched. XSOO. 



FIGUR;E 6.4.9 

FIGURE 6.4.10 
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• 

Specimen 5. Translucent and Opaque Inclusions. 
Longitudinal Section. Unetched. X200 • 

., . 

Specimen 6. Typical Angular and Isolated 
MnS Inclusion. Unetched. X200. 



FIGURE 6.4.11 

FIGURE 6.4.12 
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Specimen 7. (Fe, Mn) (S, 0) Duplex Inclusions. 
Longitudinal Section. Unetched. X800 . 

•• _, 

'. 

Specimen 9. Faceted MnS Inclusions Near 
Initial Position of Solid-Liquid Interface. 
Unetched. X200. 



FIGURE 6.4.13 
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FIGURE 6.4.14 
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• 

Specimen 9. Detail of MnS Inclusion Near 
Initial Position of Solid-Liquid Interface. 
Unetched. X800. 
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Specimen 9. MnS Inclusions in Region 
Immediately Below Initial Position of 
Solid-Liquid Interface. The Inclusions 
Are Relatively Numerous. and Small, and 
Elongated in the Direction of Mechanical 
Working. Unetched. X200. 



FIGURE 6.4.15 

FIGURE 6.4.16 
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Specimen 13. MnS Inclusions and Segregation 
Pattern Near Original Position of Interface. 
Sulphide Tint. X50. 
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Specimen 12. Translucent Inclusions 
Containing Iron and Oxygen, but no 
Manganese or Sulphur. Longitudinal 
Section. Unetched. X200. 
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FIGURE 6.4.17 

FIGURE 6.4.18 
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... 

Specimen 1. Fe-3 wt% Mn-0.005 wt% S Alloy. 
Duplex Inclusions. Unetched. XlOOO. 

/ ;/ 

Specimen 2. Fe-0.5 wt% Mn-0.03 wt% S-0.4 wt% C 
Alloy. Duplex Inclusions. Unetched. XlOOO. 



FIGURE 6.4.19 
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FIGURE 6.4.20 
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Specimen 7. Fe-3 wt% Mn-0.005 wt% S Alloy. 
Duplex Inclusion. Unetched. XlOOO . 

Specimen 10. Fe-0.5 wt% Mn-0.03 wt% S Alloy. 
Duplex Inclusions. Unetched. XlOOO. 



FIGURE 6.4.21 

FIGURE 6.4.22 

352 

Specimen 2. Fe-0.5 wt% Mn-0.03 wt% S-0.4 wt% C 
Alloy. Mediwn Grey Inclusions Surrounded by 
Ferrite. Specimen Was Austenitized and Slowly 
Cooled. Nital Etch. X200. 

Specimen 23. Fe-0.03 wt% S-0.4 wt% C Alloy. 
Tan-Coloured FeS Inclusion; There Is no 
Marked Correlation Between the Ferrite Regions 
(White) and the Position of the Inclusion. 
X400. 



-FIGURE 7. 1.1 
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Wax ~odel and Isometric Sketch of Dendritic 
Skeleton Showing Primary and Secondary Arm 
Spacings d 1 and ct 2 in Open Type of Structure. 



.FIGURE 7.1.2 
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a) 

b) 

Two-Dimensional Solidification Structures. 
a) Open Structure b) Close-Packed Structure. 
The Area of a Segregation Cell in the latter 
Structure Is One-Quarter the Area of a Cell 
in the Former Structure. 
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FIGURE 7 .1. 3 

0·1 0·2 0·3 0 ·!5 0·6 . 
C CONCENTRATION IN LIQUID PHASE 

Calculated Variation of Manganese and Carbon 
Equilibrium Partition Coefficients with Cross­
Interaction Parameters and Carbon Concentration 
in the YFe + Liquid System at 149ooc. 



PRIMARY ARM TIP · -;- INTERPRIMARY 
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ARM LIQUID 

SECONDARY 

ARM ·TIP 

FIGURE7.1.4 

J 

a) 

b) 

Sketch of Longitudinal Section a) and 
Transverse Section b) of Primary Dendrite 
Arms Growing into the Liquid Phase. This 
Sketch Corresponds Roughly to Figure 6.3.22. 
The Solute Flow Is Indicated by Arrows. 
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FIGURE 7.1.5 

DISTANCE 

Solute Distributions in the Solid Phase. 
a) Relatively High Cooling Rate in which 

357 

Ct.t 

Case the Solute Builds up at the Solid-Liquid 
Interface during Solidification. 
b) Relatively Low Cooling Rate in which Case 
the Solute Concentration in the Liquid Phase 
Is Uniform during Solidification. 
The Degree of Segregation Is Greater in Case 
b) than in Case a). However the Segregation 
ratios, Is= CM/Cm, Are Similar in Both Cases. 
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FIGURE 7.2.1. 

358 

I I! I L1 +L2+8MnS 

Mn CONCENTRATION 

Segregation Trajectories of Two Alloys 
of Average Composition, Given by Points 
A and C, along Metastable Extensions of 
the Iron Liquidus Surface (Broken Lines). 
The Metastable Extensions of the Liquid 
FeS (L2), Liquid Iron (Li and Li) and 
Solid MnS </J~InS) Equilibria Taken from 
Figure 2.2.4-d Are also Shown. 
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FIGURE 7.2.2 

MnS 

Schematic Version of the Fe-Mn-S Isotherm at 1300°c 
Presented in Figure 2.2.5, Showing Several Diffusion 
Paths Relating to the Transformation of FeS Inclusions 
into MnS Inclusions. 
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