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A Preliminary Ferritic-Martensitic Stainless Steel 
Constitution Diagram 

New diagram allows the prediction of ferrite and martensite in arc welds based on 
weld metal composition 

BY M. C. BALMFORTH A N D  J. C. LIPPOLD 

ABSTRACT. This paper describes prelim- 
inary research to develop a constitution 
diagram that will more accurately predict 
the microstructure of ferritic and marten- 
sitic stainless steel weld deposits. A but- 
ton melting technique was used to pro- 
duce a wide range of compositions using 
mixtures of conventional ferritic and 
martensitic stainless steels, including 
types 403, 409, 410, 430, 439 and 444. 
These samples were prepared metallo- 
graphically, and the vol-% ferrite and 
martensite was determined quantita- 
tively. In addition, the hardness and fer- 
rite number (FN) were measured. Using 
this data, a preliminary constitution dia- 
gram is proposed that provides a more 
accurate method for predicting the mi- 
crostructures of arc welds in ferritic and 
martensitic stainless steels. 

Introduction 

The use of ferritic and martensitic 
stainless steels has expanded into a wide 
range of manufacturing applications and 
industry sectors during the past 10 years. 
Low-chromium grades of these steels are 
less costly than competing austenitic 
grades and, in many applications, have 
distinct performance advantages. For ex- 
ample, ferritic stainless steels possess 
better machinability, higher thermal con- 
ductivity, lower thermal expansion and 
immunity to chloride stress corrosion 
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cracking, while much higher strength 
and abrasion resistance can be obtained 
with the martensitic alloys. 

The use of both martensitic and ferritic 
grades has been limited, in part, by diffi- 
culties encountered during welding. 
Weld zone mechanical properties often 
are severely reduced from those of the 
base metal. Formation of martensite and 
high temperature embrittlement are in- 
herent problems associated with ferritic 
stainless steels. Both beneficial and detri- 
mental effects have been shown to exist 
as a result of the presence of martensite 
in ferritic stainless steels. It has been re- 
ported that appreciable quantities of 
martensite promote hydrogen-induced 
cracking similar to that experienced in 
structural steels (Ref. 1), although little 
data are available to support this claim. 

The effect of martensite on toughness 
and ductility is somewhat controversial. 
Eckenrod and Kovach (Ref. 2) reported an 
increase in toughness with increased 
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heat-affected zone (HAZ) martensite 
content in a number of 12Cr steels. In 
contrast, a number of investigators argue 
that martensite is a source of brittleness 
due to its fracture and deformation char- 
acteristics relative to the ferrite matrix 
(Refs. 3-5). It is clear, however, that the 
presence of martensite in low-chromium 
ferritic stainless steels is related to a de- 
crease in corrosion resistance (Ref. 5). It 
is apparent that control of weld metal 
martensite content is essential in appli- 
cations involving welded ferritic stainless 
steels. 

The presence of ferrite in martensitic 
stainless steel welds has been reported to 
impair toughness when present to any 
marked extent due to the notch sensitiv- 
ity of the delta ferrite phase (Ref. 3). It ap- 
pears that solidification cracking in some 
martensitic stainless alloys is most pro- 
nounced when substantial amounts of 
delta ferrite (approximately 25%) are re- 
tained at room temperature (Ref. 6). It 
also is proposed that ~' or (~-phase em- 
brittlement of the ferrite due to interme- 
diate service temperatures may result in 
a loss of desirable properties (Ref. 7). 
Thus, to improve mechanical properties 
and to reduce the risk of solidification 
cracking, it appears that ferrite levels in 
martensitic stainless steels should be 
maintained at relatively low values. 

The successful application of marten- 
sitic and ferritic stainless steels in welded 
applications is thus dependent on mi- 
crostructure control, and a method for 
predicting weld metal microstructure is 
needed. The Schaeffler constitution dia- 
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Fig. 1--  The Schaeffler constitution diagram. 
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Fig. 2 - -  The ferritic stainless steel constitution diagram 

Table 1 - -Chromium and Nickel Equivalent Formulae 

Source Year 

Schaeffler 1949 
DeLong, et aL 1956 
Kaltenhauser 1971 
WRC-1992 1992 

Cr-Equivalent, wt-% 

Cr+Mo+ 1.5Si+0.5Nb 
Cr + Mo + 1.5Si + 0.5Nb 
Cr + 6Si + 8Ti + 4Mo + 2AI 
Cr + Mo + 0.7Nb 

gram (Ref. 8) (Fig. 1) has been widely 
used to predict weld metal microstruc- 
ture (or constitution) in stainless steels, 
however, it has been found to contain 
some inaccuracies. Considerable work 
has concentrated on improving the pre- 
dictive accuracy of specific regions of the 
Schaeffler diagram, particularly the fer- 
rite plus austenite field. This has led to the 
development of the DeLong (Ref. 9), 
WRC-1988 (Ref. 10), and, most recently, 
WRC-1992 diagrams (Ref. 11) and the 
modification of the Cr- and Ni-equivalent 
formulas (Table 1). 

A starting point for the development 
of a ferrit ic-martensit ic stainless steel 
constitution diagram is one proposed by 
Lippold (Ref. 12). This diagram used 
compositional factors from Kaltenhauser 
(Ref. 13) and microstructural data from 
Lefevre, et al. (Ref. 14), and is shown in 
Fig. 2. It consists simply of the martensite, 
ferrite and martensite plus ferrite regions. 

Iso-ferrite lines, which would a l low 
the prediction of vol-% ferrite or marten- 
site in the weld metal, are absent since 
insufficient data is available in the litera- 
ture. Further evaluation, veri f icat ion 
and/or modification of this diagram is the 
pr incipal  object ive of the current re- 
search. Development of a diagram that 
allows more accurate prediction of the 
composi t ional  inf luence on weld mi- 
crostructure wi l l  facilitate both al loy de- 
velopment and selection for welded ap- 
pl icat ions and wi l l  instil l added 
conf idence in the use of ferrit ic and 
martensitic stainless steels. 

E x p e r i m e n t a l  P r o c e d u r e  

Several commercial  ferrit ic and 
martensitic stainless steel alloys were ob- 
tained. Their chemical compositions are 

Ni-Equivalent, wt-% 

Ni+ 0.5Mn + 30C 
Ni + 0.5Mn + 30C + 30N 
40[C + N] + 2Mn + 4Ni 
Ni + 35C + 20N + 0.25Cu 

Table 2--Composition of Stainless Steels Used in This Study (wt-%) 

Alloy C Mn P S Si Cr 

409 0.018 0.28 0.023 0.001 0.49 11.54 
444 0.02 0.36 0.031 0.001 0.23 17.85 
430-A 0.046 0.45 0.026 0.003 0.38 16.48 
430-B 0.036 0.47 - -  - -  0.31 16.1 
439 0.02 0.3 - -  - -  0.4 17.89 
403-A 0.11 0.37 0.015 0.004 0.35 12.38 
403-B 0.089 0.65 0.019 0.002 0.33 12.15 
410 0.106 0.38 0.002 0.025 0.37 12.52 
A36 steel 0.088 0.627 0.005 0.025 0.236 - -  

Ni AI 

0.14 
0.37 
0.27 0.005 
0.11 
0.2 
0.28 0.003 
0.32 0.003 
0.23 

Mo 

1.92 
0.09 
0.02 
0.04 
0.069 
0.036 
0.02 

Cu Nb ]5 N 

- -  - -  0.18 - -  
- -  0.33 0.33 0.019 
0.08 - -  0.003 0.046 
0.08 - -  - -  0 . 0 3 5  

0.07 0.48 0.41 - -  
0.099 0.008 0.002 0.028 
0.08 0.003 0.002 0.029 
- -  - -  - -  0 . 0 5 3  
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10 / listed in Table 2. These compositions 
were then plotted on the 
Lippold/Kaltenhauser ferritic stainless 
steel constitution diagram. Table 3 gives 
the Kaltenhauser equivalents, with those 
of the Schaeffler and WRC-1992 dia- 
grams included for comparison. 

After locating these alloys on the var- 
ious diagrams, a number of combina- 
tions were selected that would transect 
the ferrite plus martensite region. These 
combinations were then mixed in differ- 
ent dilutions using a button melting tech- 
nique in order to develop a range of so- 
lidification structures. The buttons were 
made by melting 4 g of material, (e.g., 3 
g of one type of stainless steel with 1 g of 
another) in a water-cooled copper cru- 
cible using the gas tungsten arc welding 
(GTAW) process. The base metals, which 
were provided as thin plate or bar stock, 
were prepared for melting into buttons by 
cutting them into small pieces with an 
abrasive saw. A digital scale and a belt 
sander were used to size the pieces 
within 0.1 g of the target weight. 

The alloys were melted under an 
argon shielding atmosphere. Before 
melting, they were held in the argon at- 
mosphere for 5 min to ensure proper 
purging of the system. Melting was re- 
peated two to three times to ensure ho- 
mogeneous mixing of the two alloys 
through convective stirring of the molten 
metal. The buttons then were allowed to 
cool in argon for 2 min to prevent at- 
mospheric contamination. 

These procedures were strictly ad- 
hered to for production of the buttons to 
ensure that differences in cooling rate did 
not influence the microstructure. Ini- 
tially, dilutions of 25%, 50% and 75% of 
each base metal were prepared. Button 
melts of the undiluted base metals also 
were made. Later, intermediate dilutions, 
such as 12.5%, were made in order to fill 
in appropriate areas on the diagram. 

The button melt samples were pre- 
pared metallographically by sectioning 
with a slow-speed abrasive saw, mount- 
ing and polishing through colloidal sil- 
ica. The specimens were etched either 
with Villella's etchant or electrolytically 
with 10% oxalic acid, examined using 
optical microscopy and representative 
photomicrographs were taken. Quantita- 
tive analysis was performed, using the 
point-count method according to ASTM 
E562, to determine the vol-% ferrite or 
martensite in each sample. Two other 
methods of evaluation, namely hardness 
and FN, also were performed on the sam- 
ples. Hardness was measured using a mi- 
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Fig. 3 - -  Ferritic compositions on the ferritic stainless steel constitution diagram. 
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crohardness testing machine with a Vick- 
ers microhardness indenter at a load of 1 
kg. Average hardness values for each 
sample were determined. Microhardness 
of individual phases also was determined 
using a Vickers indenter at a load of 25 g. 
The FN was measured using a Magne- 
Gage and the method devised by Kotecki 
(Ref. 15). 

Results and Discussion 

The nominal compositions of the fer- 
ritic and martensitic stainless steels are 
shown plotted on the ferritic stainless 
steel diagram in Figs. 3 and 4, respec- 
tively. It can be seen that, although a 
stainless steel alloy is termed ferritic or 

martensitic, the actual microstructures 
range from fully ferritic or martensitic to 
mostly ferrite with some martensite, or 
mostly martensite with some ferrite. 
These microstructures may depend upon 
the thermal history, with the heat input 
and cooling rates associated with weld- 
ing affecting the final microstructure of 
these alloys. 

The data for vol-% ferrite was plotted 
on the Schaeffler diagram - -  Fig. 5. This 
data shows the inadequacy of the Scha- 
effler diagram with respect to the ferrite- 
martensite region. Martensitic alloys pre- 
dicted to contain some amount of ferrite 
might actually be fully martensitic. Al- 
though the Schaeffler diagram has been 
employed extensively for many years and 
provides a good basis for determining 
weld metal microstructure, it is evident 
from this data that it is not sufficient for 
accurately predicting weld metal consti- 
tution in the ferrite-martensite region. In 
particular, the line separating the marten- 
site and martensite-plus-ferrite regions is 
not at all predictive. 

Figure 6 shows the vol-% ferrite data 
plotted on the ferritic stainless steel con- 
stitution diagram. The line separating the 
ferrite and ferrite-plus-martensite regions 
appears to be reasonably accurate for the 
combinations evaluated, although it is 
felt that further improvement is possible. 

Hardness measurements also were 
made on each of the button samples' and 
average values are plotted on the ferritic- 
martensitic stainless steel constitution di- 
agram - -  Fig. 7. As expected, average 
hardness decreased as vol-% ferrite in- 
creased relative to martensite - -  Fig. 8. 
Most notable was the drop in hardness 
when ferritic alloys were combined with 
the martensitic alloys 410 and 403. A 
small amount of ferrite (less than 20 vol- 
%) was effective in reducing the hardness 
more than 100 points on the Vickers 
scale. This drop could prove significant 
when employing martensitic stainless 
steel alloys for their hardness and 
strength properties. No attempt has been 
made to superimpose iso-hardness lines 
on the diagram. Variations in hardness 

Table 3 - -Cr  and Ni Equivalent Values for Various Alloys 

Kaltenhauser Schaeffler WRC-1992 
Alloy Cr eq Ni eq Cr eq Ni eq Cr eq Ni eq 

409 15.92 1.84 12.275 0.82 11.54 0.77 
444 29.55 3.76 20.28 1.15 20.001 1.45 
430-A 19.154 5.66 17.14 1.875 16.57 2.82 
430-B 18.04 4.22 16.585 1.425 16.12 2.09 
439 23.73 2.2 18.77 0.95 18.266 0.9175 
403-A 14.778 7.38 12.978 3.765 12.4546 4.71475 
403-B 14.296 7.3 12.6825 3.315 12.1881 4.035 
410 14.82 8.04 13.095 3.6 12.54 5 
A36 steel 1.416 4.774 0.354 2.9535 0 3.08 
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(the scatter in Fig. 8) were found to be a 
function of both phase balance and com- 
position, with carbon content undoubt- 
edly influencing the maximum hardness 
obtained. Separate measurements also 
were made within the individual phases 
using low indentation loads. It was ob- 
served that the hardness of the ferrite was 
fairly constant from sample to sample, 
generally in the range of 150-200 VHN. 
The hardness of the martensite varied sig- 
nificantly among samples and could 
roughly be correlated to the nominal car- 
bon content of the sample• 

Ferrite number also was used to eval- 
uate the button melt samples• Although 
all the specimens contained various pro- 
portions of martensite and ferrite, both 
ferromagnetic phases, it was hoped that 
variations in the magnet tearing force, 
which determines FN, would provide 
some useful information. Experiments 
using magnetic saturation measurements 
to determine the absolute ferrite percent 
in austenitic weld metal have shown a 
dependence on not only volume percent 
but also the composition of the ferrite 
(Refs. 15, 16). It also has been shown that 
compositional differences within a given 
phase can influence the tearing force in 
duplex stainless steels (Ref. 1 7), and thus 
it was expected that compositional dif- 
ferences in these specimens should pro- 
duce some variation in measured FN. In 
general, a slight increase in FN was ob- 
served as vol-% ferrite increases, sug- 
gesting that ferrite is more ferromagnetic 
than martensite. The change in FN was 
not dramatic, however, and has little use- 
fulness in tracking relative proportions of 
ferrite and martensite. Data for Figs. 5 
through 8 is provided in the Appendix. 

The range of microstructures investi- 
gated for the 403/409 combination is 
represented in Fig. 9. The undiluted Type 
403 button melt was 89% martensitic, 
with ferrite appearing as a light-etching, 
featureless phase - -  Fig. 9A. With equal 
dilution of the two alloys, the martensite 
appears as islands in the ferrite matrix 
(Fig. 9B), having formed from austenite 
upon cooling from elevated temperature. 
The undiluted Type 409 exhibited large 
ferrite grains with a small amount of 
martensite (-1 vol %) at the ferrite grain 
boundary-- Fig. 9C. This variation in mi- 
crostructure is characteristic of other 
combinations that transected the two- 
phase region. 

The button melting technique facili- 
tated the production of a large number of 
samples over a wide range of composition 
with relatively precise control of dilution. 
One concern with the use of this method, 
however, was whether the button mi- 
crostructures were actually representative 
of weld metal. In order to determine this, 
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Fig. 8 - -  Average hardness vs. vol-% ferrite for the button melt  samples. 

a number of autogenous GTA 
welds were produced over a 
range of heat inputs (4.0-7.5 
kJ/in.) in the base materials and 
their microstructures compared 
to the button melt samples. The 
results of this analysis for Types 
444, 403 and 409 are reported 
in Table 4. As shown, the cor- 
relation between button melted 
vs. arc welded microstructures 
is reasonably good. Comparing 
the microstructures metallo- 
graphically (Fig. 10), it can be 
seen that effectively there is no 
difference, suggesting that the 
cooling rates achieved in the 
button melt apparatus are 
equivalent to those in actual arc 
welds. This observation con- 
firms that the button melting 
technique is a highly efficient 
and reliable method for devel- 
oping constitution diagrams. 

The microstructures gener- 
ated by button melting may not 
reflect those produced using 
processes that result in high so- 
lidification and cooling rates, 
such as laser or electron beam 
welding. Under these condi- 
tions, both the solidification 
and phase transformation be- 
havior may be altered relative 
to arc welds. This may result in 
different proportions of ferrite 
and martensite and could pro- 
mote the retention of austenite. 

Based on this preliminary 
work, a revised ferritic/marten- 
sitic stainless steel constitution 
diagram is presented in Fig. 11. 
The positions of the ferrite and 
martensite boundary lines 
have been modified slightly 

~ Z ~Z 

CI~ 
r a i n  

Fig. ~ - -  Button melt microstructures for the Type 403/409 
combination, 200X. A - -  Undiluted 403; B - -  50% 403 
and 50% 409 and C - -  Undiluted 409. 
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Fig. 10 - -  Comparison between button melt samples and 
autogenous GTA weld microstructures in Type 409, 100X. 
A - -  Button sample; B - -  5.0 kJ/in.; and C - -  7.5 kJ/in. 

relative to the original diagram 
in Fig. 2. Also, preliminary iso- 
ferrite lines within the ferrite- 
martensite region have been 
added, based on the button 
melt sample data - -  Fig. 6. 
These lines are rough esti- 
mates, however, and need fur- 
ther verification. The produc- 
tion of additional samples over 
a wider range of composition 
and the use of linear regression 
analysis are planned to more 
accurately define the phase 
fields and relative proportions 
of ferrite and martensite as a 
function of composition. It is 
anticipated that this work will 
lead to a modification of the 
original Kaltenhauser factors 
and will allow the develop- 
ment of a reliable constitution 
diagram for ferritic and 
martensitic stainless steels, as 
well as for dissimilar material 
combinations that lie within 
this composition range. In the 
interim, it is felt that the con- 
stitution diagram proposed in 
Fig. 11 is a significant im- 
provement over currently 
available diagrams. 

Conclusions 

1 ) The Schaeffler diagram is 
inherently inaccurate in pre- 
dicting weld metal microstruc- 
ture in the ferrite-martensite 
region. This is most evident 
near the boundary between 
the martensite and martensite 
plus ferrite regions. 

2) A button melting tech- 
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Fig. 11 - -  Preliminary ferritic/martensitic stainless steel constitution diagram. Iso-ferrite lines are 
in vol-%. 

nique proved to be both efficient and re- 
liable for producing a range of ferritic, 
martensitic and ferritic/martensitic mi- 
crostructures that were representative of 
actual weld metals. 

3) A preliminary ferritic/martensitic 
constitution diagram is proposed that 
uses compositional factors originally in- 
troduced by Kaltenhauser. This new dia- 
gram includes iso-ferrite lines within the 
martensite plus ferrite region. 

Acknowledgments 

The authors acknowledge the support 
of Allegheny-Ludlum, and in particular 
Paul Lovejoy, for providing materials and 
invaluable advice and support on this 
project. The support of Edison Welding 
Institute is also appreciated for allowing 
use of the button melting equipment. 

References 

1. Nishio, Y., Ohmae, T., Yoshida, Y,. and 
Miura, A. 1971. Weld cracking and me- 
chanical properties of 17% chromium steel 
weldments. Welding Journal 50(1 ): 9-s. 

2. Eckenrod, J. J., and Kovach, C. W. 
1980. Development of a low-chromium 
stainless steel for structural application. 
Toughness of Ferritic Stainless Steels, ASTM 
STP 706, R. A. Lula, ed.,American Society 
for Testing and Materials, pp. 273-291. 

3. Castro, R. J., and de Cadenet, J. J. 
1968. Welding Metallurgy of Stainless and 
Heat-Resisting Steels, Cambridge Univer- 
sity Press, London. 

4. Folkard, E. 1984. Welding Metallurgy 
of Stainless Steels, Springer-Verlag, New 
York. 

5. Thomas, R., and Apps, R. L. 1980. 
Weld heat-affected zone properties in AISI 
409 ferritic stainless steel, Toughness offer- 
ritic Stainless Steels, ASTM STP 706, Amer- 
ican Society for Testing and Materials, 
pp.161-183. 

6. Morley, J. I., and McWilliam, J. A. 
1960. British Welding Journal 7(10): 
651-658. 

7. Lippold, J. C. 1997. Personal consul- 
tation at the Ohio State University. 

8. Schaeffler, A. L. 1949. Constitution 
diagram for stainless steel weld metal. Metal 
Progress 56(11 ):680-680B. 

9. Long, C. J., and DeLong, W. T. 1973. 
The ferrite content of austenitic stainless 
steel weld metal. Welding Journal 52(7): 
281 -s to 297-s. 

10. Siewert, T. A., McCowan, C. N., and 
Olson, D. L. 1988. Ferrite number predic- 
tion to 100 FN in stainless steel weld metal. 
Welding Journal 67(12): 289-s to 298-s. 

11. Kotecki, D. J., and Siewert, T. A. 
1992. WRC-1992 constitution diagram for 
stainless steel weld metals: a modification 
of the WRC-1988 diagram. Welding Journal 
71 (5): 171 -s to 178-s. 

12. Lippold, J. C. 1991. A review of the 
welding metallurgy and weldability of fer- 

6-S I JANUARY 1998 



rit ic stainless steels. EWl Research Brief 
B9101. 

13. Kaltenhauser, R. H. 1971. Improving 
the engineering properties of ferritic stain- Alloy 
less steels. Metals Engineering Quarterly 
11 (2): 41 4 7 .  T444 

14. Lefevre, J.,Tricot, R., and Castro, R. 
1973. Noveaux aciers inoxyables a 12% de 
chrome. Revue de Metallurgie 70(4): 259. 

15. Merinov, P., Entin, S., Beketov, B., T403 
and Runov, A. 1978. The magnetic testing 
of the ferrite content of austenitic stainless 
steel weld metal. NDT International 11 (1): T409 
9-14. 

16. Elmer, J. W., and Eagar, T. W. 1990. 
Measuring of the residual ferrite content of 
rapid ly  sol idi f ied stainless steel alloys. 
Welding Journal 69(4): 141 -s to 150-s. T430 

17. Kotecki, D. J. 1982. Extension of the 
WRC ferrite number system. Welding Jour- 
nal 61 (11 ): 352-s to 361 -s. 

Table 4--Volume Percent Ferrite for Button Melts vs. Actual Welds 

Button Actual Weld 
% ferrite heat input % ferrite 

100 7.5 kJ/in 100 
6.3 kJ/in 100 
4.4 kJ/in 100 
6.2 kJ/in 100 

8 ± 2 6.2 kJ/in 3 ± 6 
6.0 kJ/in 3 + 3 
7.5 kJ/in 9 ± 15 

99 -+ 0.8 7.5 kJ/in 98 _+ 0.7 
6.3 kJ/in 99 --- 0.5 
5.0 kJ/in 98 ± 0.7 
4.0 kJ/in 97 _+ 1 
4.7 kJ/in 97 _ 2 

94 _+ 2 3.9 kJ/in 83 ± 2 
4.6 kJ/in 87 _+ 2 
5.1 kJ/in 90 ± 2 
4.3 kJ/in 84 _+ 2 

Appendix--Data from Button Melt Samples 

Alloy Combination 

403 + 430 

430+439 

403 + 444 

403 + 409 

410+439 

409 + A36 

430 + A36 

Dilution Vol-% Ferrite FN Hardness (VHN) 

100% 403 11 --+- 5 149 407 
75% 403-25% 430 35 -----4 149 284 
50% 403-50% 430 66 -+ 3 150 243 
25% 403-75% 430 87 -+ 2 151 213 

100% 430 94 --- 2 152 180 
100% 430 96+2  151 166 

75% 430-25% 439 99.4 -+ 0.6 155 202 
50% 430-50% 439 100 155 204 
25% 430-75% 439 100 155 164 

100% 439 100 153 161 
100% 403 8 ± 2 148 406 

87.5% 403-12.5% 444 34 --- 3 148 390 
75% 403-25% 444 69 ± 3 151 235 

62.5% 403-37.5% 444 83 ± 2 149 202 
50% 403-50% 444 99.3 ± 0.5 152 183 
25% 403-75% 444 100 152 168 

100% 444 100 151 174 
100% 403 11 ± 5 148 407 

75% 403-25% 409 39 + 5 151 295 
50% 403-50% 409 44 ± 11 153 260 
25% 403-75% 409 67 ± 10 167 193 

100% 409 99 -+ 0.8 168 175 
100% 410 8 ± 2  147 415 

87.5% 410-12.5% 439 39_+3 148 285 
75% 410-25% 439 57 ± 3 149 270 

62.5% 410-37.5% 439 77 --- 3 151 209 
50% 410-50% 439 89 ± 1 150 199 
25% 410-75% 439 100 152 166 

100% A36 0 171 251 
75% A36-25% 409 0 144 425 
50% A36-50% 409 0 150 394 
25% A36-75% 409 0 151 348 

12.5% A36-87.5% 409 38 ± 5 152 243 
100% 409 99 ± 0.8 168 175 

75% A36-25% 430 0 152 406 
50% A36-50% 430 0 146 391 

37.5% A36-62.5% 430 0 143 385 
25% A36-75% 430 20 ± 2 150 345 

12.5% A36-87.5% 430 73 ± 3 151 206 
100% 430 94---2 152 180 
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