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 A MATHEMATICAL MODEL TO PREDICT δ-FERRITE CONTENT IN AUSTENITIC STAINLESS STEEL WELD METALS

The δ-ferrite level can be controlled by taking real measure-
ments, in most cases by using magnetic determination or 
in the minority by quantitative metallographic determination, 
or alternatively by using well-recognised forecast methods 
like the WRC-1992 diagram or the FNN-1999 artifi cial 
neural network which are derived from the chemical com-
position of the weld deposit. These forecast methods are 
essential during the design stage of a project when the 
weld pad is not available or when different options of weld-
ing consumables are being considered in order to have a 
good approach of the δ-ferrite level that will be achieved. 

Historically, different methods have been used for the 
forecast of δ-ferrite in stainless steels. In 1985, Olson 
[18] contributed to the literature with a comprehensive 
compilation of them. A summarised chronology of the 
most important events in the δ-ferrite prediction is pre-
sented in Table 1.

The current paper presents a new contribution to δ-ferrite 
prediction in austenitic stainless steel arc-welded metals.

  1 Introduction 

Controlling the δ-ferrite content in stainless steels is 
of utmost importance, as its content will infl uence the 
material properties and its on-site behaviour in terms of 
weldability, corrosion resistance, toughness and thermal 
stability. Hot cracking phenomenon and low temperature 
toughness have been extensively studied [1-17] and it is 
commonly agreed that the absence or low δ-ferrite levels, 
which are the result of austenitic [A] or austenitic-ferritic 
[AF] solidifi cation modes, leads to hot cracking phenom-
ena during arc welding solidifi cation and also that values 
over 5 FN are detrimental to low temperature toughness. 
Therefore, it is vital to control δ-ferrite in those welding 
consumables which are intended for cryogenic applica-
tions. On the other hand, high levels of δ-ferrite coupled 
with long-time high-temperature cycles may cause embrit-
tlement phenomena due to the spinodal decomposition of 
δ-ferrite, or the formation of undesirable δ-sigma phase. 

This paper presents a mathematical model to forecast the level of residual δ ferrite in terms of FN in austenitic 
stainless steel welds at cooling rates between 10 ºC/s up to 103 ºC/s. With this aim, two series of austenitic 
steel specimens were prepared using an electric arc remelt furnace. Whilst the alloying level was kept con-
stant at [Creq+Nieq] = 30 % and [Creq+Nieq] = 40 %, the Creq/Nieq ratio was gradually increased from 1.22 up 
to 2.00 in each series. For each alloying level, a highly correlated polynomial function (FN vs. Creq/Nieq), was 
found, being Creq and Nieq Hammar and Svensson’s equivalents. These experimental results have led to the 
importance of [Creq+Nieq] and (Creq/Nieq) variables in the forecast of the residual ferrite content and a general 
expression including both variables is proposed.

 

The proposed model is able to forecast the level of δ ferrite with a mean error of +1.01 FN within a deviation 
of +/- 2.12 FN with 95 % probability by just considering the chemical composition of the alloy. This level of 
error has been proved to be lower than DeLong’s and WRC-1988 diagrams errors. Moreover, the proposed 
model has also been compared with WRC-1992 diagram and FNN-1999 neural network and it provides a 
more accurate FN forecast within the range of compositions and cooling rates considered.

IIW-Thesaurus keywords: Electric arc, Austenitic Stainless Steels, δ-ferrite, FN, Gas Tungsten Arc Welding 
(GTAW), Chromium equivalent, Nickel equivalent.
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Researchers Year Event Signifi cance

Strauss 
& Maurer [19]

1920
Ni vs. Cr diagram to forecast the metallographic 
phases in rolled stainless steels.

First diagram to predict metallographic phases in 
relation to chemical composition in rolled stainless 
steels.

Newell 
& Fleischman [20]

1938
First mathematical equation to describe the boundary 
between austenitic and (γ+δ) mixed microstructure in 
wrought stainless steels.

Mathematical expressions defi ning δ-ferrite and 
γ-austenite phases’ stability as a function of the 
chemical composition of the alloy.

Feild, Bloom 
& Linnert [21]

1943
Mathematical equation to predict austenitic weld 
metal microstructure when welding armour steels 
with austenitic stainless steel consumables.

Binder, Brown 
& Franks [22]

1949
Austenite stability versus ferrite stability 
as a mathematical expression.

Campbell 
& Thomas [23]

1946
Microstructure and mechanical properties of welded 
25Cr20Ni alloy correlated to chemical composition.

First time proposing the concept of “equivalent”, 
by grouping in the same arm of the expression 
all the alloying elements promoting the same 
microstructural phase.

Schaeffl er [24-26]
1947-
1949

Development of 3 diagrams in which the author 
gradually refi ned the Cr equivalent expression. Second 
and third versions also included iso-ferrite lines 
expressed as % volume ferrite.

First time of a diagram including Cr equivalent 
and Ni equivalent on the axes and weld metal 
microstructural phases plotted, together with ferrite 
content determined by quantitative metallography.

DeLong 
& Reid [27, 28]

1956

Diagram focused on the austenite-ferrite transition 
of Schaeffl er’s diagram. The infl uence of the N on 
the reduction of δ-ferrite content in the weld metal is 
quantifi ed in the expression of Ni equivalent

Increased the number of austenitic alloys analysed 
to improve the precision of Schaeffl er’s diagram. 
Instead of quantitative metallography, magnetic 
determination of δ-ferrite was carried out and 
expressed as % volume ferrite.

Long 
& DeLong [29-31]

1973

Revision of former diagram including experimental 
data of alloys with higher δ-ferrite contents than 
8 FN to replace previous extrapolations in his former 
diagram

First time using the new standardised Ferrite Number 
(FN) scale proposed by the Welding Research 
Council (WRC) and the International Institute 
of Welding (IIW)

Between 1973 and 1988 some studies were carried out in relation to the effect of alloying elements on the δ-ferrite content, resulting in new 
expressions for chromium and nickel equivalents. During that period Suutala et al. [2, 3, 6-8] proposed the solidifi cation modes [A, AF, FA, F] 
and Kotecki [32, 33] found a solution to extend the measurement of δ-ferrite content to the duplex stainless steels

Siewert, McCowan 
& Olson [34]

1988

WRC-1988 diagram based on multivariable 
linear regressions from the WRC database [35] 
which included the chemical composition and the 
experimental FN value of 923 stainless steels.

Differently from previous ones, the diagram included 
duplex and highly alloyed stainless steels data, 
increasing the forecast to 100 FN and it is the 
fi rst one in stating the solidifi cation modes and its 
transition lines instead of the metallographic phases

Kotecki 
& Siewert [36, 37]

1992

WRC-1992 diagram improved WRC-1988 diagram 
by adding the Cu contribution to the nickel equivalent 
in order to extend the diagram to those duplex 
containing around 2% Cu in their composition.

The diagram was designed with extended 
axis-similarly to Schaeffl er’s diagram- in order 
to make possible the forecast of the chemical 
composition and the δ-ferrite content of dissimilar 
welds. This WRC-1992 diagram is still valid 
in ASME III code

Kotecki [38, 39] 1999
WRC-1992 diagram including the martensite limit 
formation for 1 %, 4 % and 10 % Mn claddings on it.

Increased the applicability of the WRC-1992 diagram 
for claddings.

Balmforth 
& Lippold [40]

2000 Diagram for ferritic and martensitic stainless steels
It depicts microstructures and δ-ferrite (as % ferrite) 
determined by quantitative metallography (as both 
martensite and ferrite have magnetic response).

Since the end of the 90’s until today, the most signifi cant advance in the prediction of FN has been the development of artifi cial neural networks. 
Vasudevan et al. [41] and Vitek et al. [42-45] based their models on multivariable non-linear regressions between the chemical composition, the 
solidifi cation mode, the cooling rate - which in turn controls the solid state transformation δ→γ- and the FN value. Vitek developed two neural 
networks, the FNN-1999 considering only the chemical composition as input variable and the ORFN in 2003 including the cooling rate as an 
additional parameter. Both researchers took the WRC database [35] as input data.

Table 1 — Summarised chronology of methods for δ-ferrite forecast
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by the current author [48], evidences of compositional 
heterogeneity were found and some modifi cations were 
recommended to the ASTM in order to ensure homoge-
neous samples. Consequently, ASTM issued a new revi-
sion to the standard, ASTM E1306-07 [49]. The same 
work demonstrated that, for a satisfactory sample, the 
optimum parameters for the remelting process were; -cur-
rent 550 A, voltage 30 V, holding duration 60 s and then 
followed by 3 min cooling inside the furnace. Accordingly, 
these settings were applied to all sample preparation of 
the current work.

The solid and homogeneous sample obtained was then 
cut in two halves (see Figure 2) by a cooled and lubricated 
sawblade and the transversal cross-section (Figure 3), 
which is considered for δ-ferrite measurements, was 
slightly ground by using P400 silicon carbide abrasive 
paper.

As depicted in Figure 3, the transversal cross-section 
is geometrically characterised by a rectangle of 30 mm 
length and 7 mm height together with a circular seg-
ment of a 30 mm chord and 3 mm height, giving a result-
ing grid of 12 columns and 5 rows with a minimum of 
50 squares each one of an approximate surface of 6 mm2. 
The overall surface was divided into three zones contain-
ing 12 squares each, as shown in Figure 4: the upper 
one (coloured in yellow) which was in contact with the 
inert gas, the lower one (coloured in green) which was 
in contact with the copper crucible and the central one 
(coloured in rose) which was considered representative of 
an as-welded GTAW deposit in terms of cooling rate [48] 
and therefore was specifi cally investigated.

An M10B-FE Fischer feritscope was used for the δ-ferrite 
measurements in terms of Ferrite Number (FN). It was 
calibrated against a set of IIW (International Institute of 
Welding) secondary calibration standards according to 
the international standard EN ISO 8249:2000 [50]. The 
procedure for the use of the feritscope includes the list of 
tolerances of the equipment for the different FN bands, 
and the higher the FN the less stringent the tolerance. 
Tolerances are as follow: +/- 1FN for (0-14) FN, +/-2 FN 
for (14-24) FN, +/-3 FN for (24-40) FN and +/-4 FN for 
(40-70) FN.

Five individual FN measurements were taken at each 
of the 12 central squares of the transversal cross-sec-
tion (rose zone in Figure 4); therefore each sample is 
described by 60 individual readings and its average value.

  2 Experimental procedure 

Two series of austenitic steel specimens were designed 
and prepared; the fi rst one consisted of 45 samples with a 
constant alloying level of [Creq+Nieq] = 40 % and the sec-
ond one consisted of 42 samples with a constant alloying 
level of [Creq+Nieq] = 30 %. Whilst the alloying level was 
kept constant, the Creq/Nieq ratio was gradually increased 
from 1.22 up to 2.00 in steps between 0.01 and 0.03. 
Chromium and Nickel equivalents (Creq, Nieq) were cal-
culated using the equations established by Hammar and 
Svensson [46] [Equations 1. a), b)]. Suutala et al. [3, 6-8], 
who established the solidifi cation modes, also stated 
that these equivalents gave a better correlation between 
composition and solidifi cation modes than Schaeffl er’s or 
DeLong’s ones. Moreover, as it will be shown later in this 
paper, the use of Hammar and Svensson’s equivalents 
compared with WRC equivalents [36], results in a math-
ematical model with lower error in the FN prediction.

Creq = Cr + 1.37 Mo (1.a)

Nieq = Ni + 0.31 Mn + 22 C + 14.2 N (1.b)

The base materials used for sample preparation were 
three grades of solid wires for Gas Tungsten Arc Welding 
(GTAW), including one mild steel grade and two austenitic 
grades whose designations and chemical compositions 
are shown in Table 2. Except for the molybdenum content 
which was analysed by OES at the author’s laboratory, 
the wires’ analyses were conducted by an external and 
independent laboratory. According to their test report, sili-
con, manganese, phosphorous, chromium and nickel were 
analysed by wet process defi ned in BS Handbook no. 19, 
BS 6200. Carbon and sulphur were analysed by combus-
tion IR ABS whilst nitrogen and oxygen were analysed by 
inert gas fusion process. 

The pre-cleaned wires were cut into segments between 
10-18 mm in length and mixed in required proportions as 
per Appendixes 1 and 2, so that the designed arc melted 
samples (buttons) be in accordance with desired levels 
of [Creq+Nieq] and Creq/Nieq ratios. Later on, in Section 3, 
these designed compositions will be compared with 
the experimental compositions determined by Optical 
Emission Spectroscopy (OES). The total weight of each 
batch of the samples was 50 g which were melted in a 
pure argon atmosphere using the electric arc remelt fur-
nace, based on GTAW process which is recommended 
by the ASTM E1306-94 standard [47] and depicted in 
Figure 1. In a previous detailed research on the standard 

AWS
designation

Lot C Mn Si S P Cr Ni O N Mo

ER310 WO11557 0.108 1.70 0.34 0.0018 0.013 25.92 20.65 0.008 0.043 0.06

ER70S-6 WO20929 0.076 1.43 0.81 0.0112 0.011 0.025 0.015 0.010 0.003 0.006

ER312 WO14634 0.105 1.85 0.41 0.0006 0.021 30.31 9.15 0.010 0.151 0.11

ER312 WO11381 0.105 1.80 0.31 0.0005 0.023 30.35 9.12 0.010 0.087 0.20

  Table 2 — Chemical composition of the base materials used [wt. %]
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Figure 4 – Transversal cross-section zones: 
upper (yellow), central (rose) and lower (green)

Figure 5 – Macrograph showing the GTAW remelt

Figure 1 – Schematic illustration of the furnace

Figure 2 – Upper and lower half-button surfaces

Figure 3 – Transversal cross-section grid 
for δ-ferrite measurements

Table 3 — Average and standard deviation

Sample
Cell (R1,C6) 

lower
Cell (R3,C6) 

central
Cell (R5,C6) 

upper

Lower 
transversal 

cross-section

Central 
transversal 

cross-section

Upper transversal 
cross-section

5 readings 5 readings 5 readings 60 readings 60 readings 60 readings

A22R 2.32 0.098 1.10 0.109 2.26 0.08 1.35 0.86 1.74 0.44 1.79 0.37

A731 27.56 0.87 38.42 1.92 30.94 1.47 29.79 2.96 36.85 2.99 31.04 2.12

FN FN FN FN FN FN

To provide with information about variability in these 
experimental FN measurements, sample A22R (Creq/
Nieq = 1.30, [Creq+Nieq] = 40 %) as representative of 
low ferrite samples and sample A731 (Creq/Nieq = 2.00, 
[Creq+Nieq] = 40 %) as representative of high ferrite sam-
ples were considered. Table 3 shows the results obtained 
when recording the average FN value and the standard 
deviation in three specifi c cells of the central column 
and also in each zone of the transversal cross-section 
(Figure 4). In all these cases, the standard deviations of 
the average values are lower than the feritscope toler-
ances for the specifi c FN band, as stated above.

In order to compare the results under a higher cooling rate, 
the central cross-sections of 6 selected samples for their 
different solidifi cation modes were additionally remelted, 
as shown in Figure 5, using a conventional GTAW process 
with the following parameters: 60 A, 11 V and holding 

σ σ σ σ σ σ
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time 15 s, 8 l/min argon gas fl ow, 14 °C room tempera-
ture, 2 % thoriated tungsten diameter 2.4 mm. Twenty FN 
measurements were taken in the remelted area and the 
average FN value was calculated.

As has been previously referred, with the aim to check 
possible variations in the chemical composition caused by 
vaporization or by segregations during the melting pro-
cess, samples were analysed by using Optical Emission 
Spectroscopy with a Spectrolab equipment. One analysis 
per sample was conducted at the centre of the transversal 
cross-section.

Table 4 — Average FN at the central zone:
series [Creq+ Nieq] = 40 %

Sample ref. Creq/Nieq

FN 
(60 readings average)

A18 1.22 00.00
A19 1.24 00.06
A20 1.26 00.11
A21 1.28 00.82

A22R 1.30 01.74
A23 1.31 02.27
A24 1.32 03.14
A25 1.34 03.88
A26 1.37 04.39
A27 1.38 05.19

A28R 1.40 05.73
A29 1.42 05.92
A30 1.43 06.80
A31 1.44 07.18
A32 1.46 07.16
A33 1.48 08.04

A34R 1.50 08.36
A35 1.52 08.30

A54R 1.54 11.49
A55R 1.55 12.30
A56R 1.57 11.89
A57R 1.59 14.03
A58R 1.60 13.68
A59R 1.62 13.40
A60 1.64 15.14
A61 1.65 15.24
A62 1.67 16.04
A63 1.68 16.38
A64 1.70 17.57
A65 1.72 18.17

A66R 1.73 19.33
A67R 1.75 21.15
A68R 1.76 23.92
A69R 1.78 22.79
A70R 1.79 23.71
A71R 1.81 23.65
A711 1.83 26.04
A712 1.85 24.77
A713 1.87 25.45
A714 1.89 27.65
A715 1.91 29.27
A716 1.93 30.81
A72R 1.95 34.88
A73 1.97 31.43

A731 2.00 36.85

Table 5 — Average FN at the central zone:
series [Creq+ Nieq] = 30 %

Sample ref. Creq/Nieq

FN 
(60 readings average)

A36 1.22 00.00
A37 1.24 00.00
A38 1.26 00.00
A39 1.28 00.00

A40R 1.30 00.00
A41 1.31 00.00
A42 1.33 00.00
A43 1.35 00.24
A44 1.37 00.36
A45 1.38 00.48

A46R 1.40 00.96
A47 1.41 00.59
A48 1.43 00.86
A49 1.45 00.89
A50 1.47 01.20
A51 1.48 00.86

A52R 1.50 02.57
A53 1.53 02.07

A531 1.55 04.35
A532 1.57 03.65
A533 1.59 04.41
A74 1.61 03.80
A75 1.63 04.24
A76 1.65 04.87
A77 1.68 06.51
A78 1.70 06.97
A79 1.71 05.44

A80R 1.73 07.20
A81R 1.75 08.40
A82R 1.77 08.81
A83R 1.79 12.33
A84R 1.81 09.01
A85 1.83 09.56
A86 1.85 10.44
A87 1.87 11.98
A88 1.88 10.51
A89 1.90 12.37
A90 1.92 12.90
A91 1.95 13.56
A92 1.96 14.29
A93 1.98 14.34
A94 2.00 16.90

  3 Results and discussion 

The individual FN measurements taken on each square of 
the 87 samples are available in a previous research docu-
ment by the current author [48]; however Tables 4 and 5 
show the average FN value obtained at the central zone 
of the transversal cross-section for each sample series.

Figure 6 illustrates the relationship between the average 
FN and the Creq/Nieq ratio shown in Tables 4 and 5. The 
data are fi tted using minimum squares according to a 
second degree polynomial and the results are depicted 
graphically on the same Figure 6 and numerically on 



09
10  2012  Vol. 56  WELDING IN THE WORLD  Peer-reviewed SectionN°

53

A MATHEMATICAL MODEL TO PREDICT δ-FERRITE CONTENT IN AUSTENITIC STAINLESS STEEL WELD METALS

y > 0 : the amounts of δ-ferrite are enough to be detected 
by the feritscope,

1.22 < x < 2.00 : austenitic stainless steels condition,

0.2 < z < 0.5 : austenitic stainless steels condition.

The main problem lies in fi nding the functions f(z), g(z) and 
h(z) that correlate the variation of the polynomial expres-
sion versus the variable z. As the coeffi cient values are 
known for z = 0.3 (30 % series) and z = 0.4 (40 % series) 
(see Table 6), a linear variation of the coeffi cients is ini-
tially assumed (see Equations 4, 5 and 6)

f(z) = a = α + βz (4)

g(z) = b = α′ + β′z (5)

h(z) = c = α″ + β″z (6)

Replacing the pair of known values (a, z) of Table 6 in 
Equation (4), it leads to a determined 2-equation system 
which can be solved and as a result, the 2 unknown val-
ues (α, β) are calculated. Repeating the same process 
with the pair of known numbers (b, z) in Equation (5) and 
(c, z) in Equation (6) it is possible to calculate the remain-
ing unknown values (α′, β′) and (α″, β″).

Equations (7-9) are the result of rewriting Equations (4-6) 
but introducing the calculated coeffi cients obtained. 

f(z) = a = 54.22 – 126.26z (7)

g(z) = a = - 48.11 + 37.14z (8)

h(z) = a = - 0.23 + 61.95z (9)

Replacing the above mentioned expressions in the gen-
eral expression of Equation (3), it is possible to obtain y as 

Table 6. Only those data with FN > 0 have been con-
sidered for mathematical fi tting. It is clearly shown that 
the experimental data and the second degree polynomial 
functions are strongly correlated, as it is demonstrated by 
the R-square values.

These results demonstrate that for every alloying level 
[Creq+Nieq] there is a highly correlated polynomial function 
to fi t the experimental FN values and the Creq/Nieq ratio. 
Therefore, these results lead to the conclusion that FN 
depends on both variables: the alloying level [Creq+Nieq] 
and the Creq/Nieq ratio. Taking this point into consideration, 
a general expression for the FN forecast in the austenitic 
stainless steels under arc electric solidifi cation conditions 
is proposed herein.

Variables are defi ned according to Equation (2) and a 
general expression is proposed considering the fact that 
the relationship between variables FN and Creq/Nieq is 
described by a second degree polynomial function accord-
ing to Equation (3).

      
    

(2)

 (3)

Boundary conditions are: 

Figure 6 – FN vs. Creq/Nieq and polynomial regression

Table 6 — Resulting coeffi cients 
for the second degree polynomial regression 

Series a b c R-square

30 % 16.34 -36.97 18.35 0.97

40 % 03.72 -33.25 24.55 0.99
y = a + b*x + c*x2, being y = FN and x = Creq/Nieq
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a dependent function of the variables x and z, as it can be 
seen in Equation (10).

y = 54.22- 126.26 z + (- 48.11+ 37.14z) x + 
(- 0.23+ 61.95z) x2   (10)

Rewriting Equation (10) but using the physical variables, 
the general function for predicting the FN in austenitic 
stainless steels by means of its chemical composition is 
expressed as Equation (11).

In order to validate the general expression obtained, the 
WRC database [35] is used. It contains the chemical 
composition and the FN experimental measurements of 
923 different stainless steels, therefore, the Creq and Nieq 
were calculated from the chemical composition provided 
by the database and then the [Creq+Nieq] and (Creq/Nieq) 
values were calculated for each sample and introduced in 
the Equation (11) in order to obtain a predicted FN value. 

 A MATHEMATICAL MODEL TO PREDICT δ-FERRITE CONTENT IN AUSTENITIC STAINLESS STEEL WELD METALS

Figure 8 – Frequency histogram showing the absolute difference between the predicted FN and the experimental FN 
(279 austenitic samples)

(11)

Each predicted FN value was then compared with the 
experimental FN provided by the database and the abso-
lute difference between both values is shown in Figure 7 
for the complete set of data.

The statistical processing of the 923 results leads to con-
clude that the error or absolute difference follows a nor-
mal distribution where the expected error is + 2.47 FN 
with a +/- 5.75 FN confi dence interval for 68 % of cases. 
Considering that the 923 data include all sort of stain-
less steels (martensitic, ferritic duplex and superausten-
itic), and not only the austenitics which are the aim of the 
current research, it can be concluded that the dispersion 
between the predicted FN by the Equation (11) and the 
experimental FN stated by the WRC is acceptable.

However, as depicted in Figure 8, if the comparison is done 
but only considering the 279 samples of the database 
whose chemical compositions are within the range of the 

Figure 7 – Frequency histogram showing the absolute difference between the predicted FN 
and the experimental FN (923 data)
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Figure 9 – Histograms 
of WRC-1988/DeLong/Schaeffl er’s diagrams [35]

Figure 10 – Comparison between forecast methods: General expression, WRC-1992 Diagram and FNN-1999 neural network

austenitics [Cr: 19-27 %, Ni: 6.6-20 %, Mn: 1-2 %, C: 0.02-
0.08 %, Mo: 0-2 %, N < 0.15 %], then the statistical pro-
cessing confi rms that the expected error is + 1.01 FN with 
a +/- 1.06 FN interval confi dence for 68 % of cases and 
a +/- 2.12 FN interval confi dence for a probability of 
95 %. Therefore, the general expression provides for 95 % 
of samples an error better than 1.01 FN +/- 2.12 FN.

This level of error given by the general expression has 
been compared with DeLong Diagram’s error and with 
WRC-1988 Diagram’s error [34, 35, 51]. As it is shown 
in Figure 9, for the FN range between (0-18), DeLong’s 
histogram is claimed to be centred in an error of +2 FN 
with a +/-8 FN interval confi dence, and for the same FN 
range, the WRC-1988 is claimed to be centred in -1 FN 
with a +/-4 FN for an interval confi dence of 95 %. These 
are higher errors than the obtained with the general 
expression proposed here. 

The author recognises that the proposed mathemati-
cal model is based on the measurements taken by one 
single feritscope and on the chemical analysis of one 
single laboratory, and that although these equipments are 
properly calibrated, they could be subjected to a degree 
of uncertainty compared to the results given by a different 
equipment or laboratory. However, the fact that the math-
ematical model has been successfully contrasted with the 
experimental values given by the WRC database, which 
contains data from very different sources, it contributes to 
validate the mathematical model proposed herein.

It is well known that nowadays the most accurate meth-
ods for the FN forecast in arc welding are the WRC-1992 
Diagram and the FNN-1999 neural network, therefore, in 
order to compare the accuracy and goodness between the 
above mentioned methods and the general expression found 
in this research, the chemical composition of 87 samples 

prepared in this research were used as input data for the 
three methods and results are depicted in Figure 10. The 
dotted red line represents the ideal method, where the 
experimental and the calculated FN values match. The rose 
circles represent the correlation between the experimen-
tal FN and the predicted FN by the WRC-1992 diagram, 
whilst the orange triangles refer to the FNN-1999 neural 
network and the green squares represent the correlation of 
the general expression proposed here. It is shown that the 
WRC-1992 underestimates the FN value throughout all the 
compositions range whilst the FNN-1999 makes an accu-
rate forecast for samples with FN < 10 and that similarly to 
WRC-1992, the method also underestimates the values for 
samples with FN >15. It is clear that the general expression 
(Equation 11) provides better matching than WRC-1992 
and FNN-1999 for these 87 samples.

“Revised Schaeffl er” means DeLong Diagram and “new diagram” refers to WRC-1988.
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In a previous research work by the current author [48], it 
was determined by DAS (Dendrite Arm Spacing) that these 
samples prepared using the electric arc furnace were 
cooled at 10ºC/s whilst the central area remelted using 
conventional GTAW was cooled at 102-103 ºC/s. Cooling 
rates in the orders of magnitude between 10-103 ºC/s 
are considered typical for the arc welding processes [52-
54]. Table 7 shows the experimental FN measurements 
taken in both cooling conditions and also the FN values 
obtained using the general expression [Equation (11)]. It 
is clearly shown that the general expression provides an 
excellent forecast for the FN value under both cooling con-
ditions. The only case where the forecast differs from the 
experimental measurements is in the specifi c case of the 
sample with primary ferritic solidifi cation mode [F], which 
is more related to the duplex stainless steels than to the 
austenitics. The cooling rate highly infl uences the pres-
ence of residual δ-ferrite at room temperature in primary 
ferritic modes [F] because high cooling rates limit the dif-
fusion and the solid state transformation δ  γ, therefore 
it is logical to observe higher FN values at higher cooling 
rates as long as the working conditions will be in the order 
of magnitude of the arc electric cooling rates. However, 
under extremely high cooling conditions (104-107 ºC/s) 
usually related to Laser Beam Welding or Electron Beam 
Welding, researchers found that those samples which 
would present [F] solidifi cation mode under arc welding 
cooling rates, turn to present γ-austenite as stable phase 
at room temperature. Elmer et al. [53, 55], Anderson et 
al. [56] and Inoue et al. [57] propose that samples with 
ferritic primary solidifi cation mode [F] under high cooling 
conditions could experience δ  γ massive transforma-
tion, whilst other researchers [58] also explain the lack 
of δ-ferrite at room temperature by a shift from [F] to [A] 
solidifi cation mode caused by the dendrite tip undercool-
ing phenomenon.

A thorough mathematical development of Equation (11) 
has been carried out in previous research work [48], and 
other practical and additional results related to the design 
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Table 7 — Predicted FN values vs. measured FN at different cooling rates

Sample 
ref.

Creq/Nieq [Creq+Nieq]
Solidif. 
Mode 
[48]

Avg FN GTAW 
Experim. 

VR = 102-103 ºC/s

FN forecast 
(Equation 11)

Avg. FN 
furnace 
Experim. 

VR = 10 ºC/s

Feritscope 
error

A39 1.28 30 % A 10.0 (-0.9) 10.0 +/- 1

A42 1.33 30 % AF 110.01 (-0.4) 10.0 +/- 1

A21 1.28 40 % AF/FA 10.6 11.4 10.8 +/- 1

A74 1.61 30 % FA 13.7 14.4 13.8 +/- 1

A57R 1.59 40 % FA 12.8 12.9 14.0 +/- 1

A94 2.00 30 % FA/F 20.4 15.8 16.9 +/- 2

A731 2.00 40 % F 60.5 35.4 36.8 +/- 5

of austenitic alloys have been proposed, for example it 
is possible to know for whatever alloying level [Creq+Nieq] 
which would be the minimum Creq/Nieq ratio to detect 
δ-ferrite (see Equation (12)), or inversely for a fi xed Creq/
Nieq ratio, it would be possible to fi nd the linear expression 
which defi nes the FN value versus the alloying level.

In order to check any possible infl uence of the arc melting 
process on the chemical composition of the samples, a 
comparison has been established between the designed 
compositions, which were calculated from the experi-
mental composition of the initial wires (see Table 2 and 
Appendices 3 and 4), and the buttons’ compositions 
which were determined by Optical Emission Spectroscopy 
(see Appendices 5 and 6). One analysis per sample was 
conducted at the centre of the transversal cross-section. 

With this aim, a deviation ratio (ε) was defi ned as the 
quotient between the experimental composition and 
the designed composition. Therefore, elements with ε 
=1 indicate that there is no deviation between their ini-
tially designed composition and the experimental one in 
the area analysed, whilst ε >1 and ε <1 indicate a local 
increase or loss respectively. Figure 11 summarises the 
results obtained.

The experimental values for nitrogen and oxygen obtained 
by OES are abnormally high (Appendixes 5 and 6), giving 
ε values up to 8, so they cannot be considered for any 
further discussion and this also prevents the calculation 
of experimental Nieq values and their possible comparison 
with the initially designed Nieq values. When plotting the 
nitrogen and oxygen deviations, it was found that both 
elements present the same trend in the same samples, 
and from metallographic inspection nor oxides nor nitrides 
are observed in the samples, therefore, these facts seem 
to indicate that the difference in dimensions between the 
sample and the spectrometer fi xture has allowed some 
air to enter into the analysis chamber, giving these abnor-
mally high values for nitrogen and oxygen. 

(12)
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elements, it is possible to demonstrate that a reduction of 
13 % in carbon and of a 4 % in manganese do not infl u-
ence on the initially designed value of nickel equivalent.

Chromium and nickel, which are the main responsible 
elements for the δ-ferrite content and which have the most 
important contribution to the calculation of the equivalents, 
do not experience a signifi cant variation in their chemical 
composition (average εCr = 1.00 and εNi = 1.01) due to the 
arc melting process. From the above mentioned results, 
it is possible to conclude that the initially designed Creq/
Nieq ratios remain unchanged despite the melting process.

The currently developed mathematical model uses the 
Hammar & Svensson’s equivalents. Below, the same 
mathematical procedure was applied again, but this 
time using three different equivalents as input data and 

Regarding silicon, it does not have a specifi c weight in the 
Hammar & Svensson’s equivalents, but a local increase 
was evident. By using SEM microscopy and EDS micro-
analysis, the current author [48] found clear evidences 
of spherical particles of one micrometre diameter which 
were mainly enriched in silicon and in minor contribution 
included sulphur and traces of aluminium. From 2 to 3 
particles were found in an area of 40 x 60 μm. Therefore, 
it seems very possible that OES analysis shows a local 
increase in silicon due to this segregation phenomenon.

Carbon and manganese experience a loss during the melt-
ing process which has been previously related to vaporiza-
tion by some authors [59-62], however, considering the 
relative weight that carbon and manganese have in the 
calculation of the Hammar & Svensson’s nickel equiva-
lent and considering also the low initial contents of these 
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Figure 11 – Deviation ratios for the chemical composition of the samples

Figure 12 – FN vs. Creq/Nieq (WRC)
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consequently obtaining three new mathematical expres-
sions. Therefore, fi rstly experimental FN vs. each different 
CreqX/NieqX were plotted and second degree polynomial 
fi t were interpolated, secondly the general second degree 
polynomial function was calculated and fi nally, the general 
function obtained was validated by comparison between 
the predicted FN and the WRC experimental database. 

Table 8 — Error comparison with different models

Equivalents
Expected error
(Average error)

Confi dence interval 
for a probability of 68 %

Confi dence interval 
for a probability of 95 %

WRC 2.45 FN +/- 1.00 FN +/- 2.00 FN

OES Cr, Ni -1.29 FN +/- 2.38 FN +/- 4.76 FN

Designed Cr, Ni -1.96 FN +/- 3.07 FN +/- 6.14 FN

Figure 14 – FN vs. Cr/Ni (Designed)

Figure 13 – FN vs. Cr/Ni (OES)

The equivalents used as input data were: the current 
WRC equivalents [36], the chromium and nickel values 
obtained from OES analysis of the samples and fi nally, 
the chromium and nickel values designed from weight 
combination of the initial wires. Figures 12, 13 and 14 
illustrate the relationship between the experimental FN 
values and the above mentioned equivalent ratios. As 
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depicted, data were fi tted using minimum squares to sec-
ond degree polynomial functions and similarly to Figure 6 
with Hammar and Svensson’s equivalents, a strong cor-
relation (R-square) was found in all the cases, indepen-
dently of the equivalents used.

It is worthy to note that the best correlations are found 
when using Hammar and Svensson’s and WRC equiva-
lents, even with the same R-square values. Therefore, 
as it was foreseeable, the use of equivalents rather than 
only Cr and Ni compositions confi rms the infl uence of the 
alloying elements –ferrite promoters and austenite pro-
moters- on the FN values.

The general second degree polynomial functions found 
for each of the three above mentioned cases are Equation 
(13) for WRC equivalents, Equation (14) for OES (Cr, Ni) 
compositions and Equation (15) for designed (Cr, Ni) 
compositions.

In order to validate these expressions, the predicted 
FN values were compared against the 279 austen-
itic samples of the WRC experimental database [35]. 
Results are summarised in Table 8 and from the three 
different equivalents evaluated, it seems clear that the 
model with the WRC ones presents the best ones with 
the lowest confi dence interval. However, as it was noted 
previously, the currently developed model with Hammar 
and Svensson’s equivalents has an expected error 
of +1.01 FN, a +/-1.06 FN interval confi dence for 
68 % cases and a +/- 2.12 FN interval confi dence 
for 95 % cases. When comparing it with the model 
obtained with WRC equivalents, it is clear that there is 
no signifi cant difference in terms of confi dence intervals, 
but there is a higher expected error (+2.45 FN) in the 
model with WRC equivalents. Therefore, it could be con-
cluded that the mathematical expression with Hammar 
and Svensson’s equivalents results in the lower error for 
FN prediction.

  4 Conclusion 

It has been found that the δ-ferrite content (expressed as 
FN) versus the Creq/Nieq ratio can be mathematically fi tted 
by a highly correlated second degree polynomial for each 
constant alloying level [Creq+Nieq]: 

FN= 16.34 - 36.97(Creq/Nieq) + 18.35(Creq/Nieq)
2    

for [Creq+Nieq] = 30 %

FN= 3.72 - 33.25(Creq/Nieq) + 24.55(Creq/Nieq)
2 

for [Creq+Nieq] = 40 %

Based on these results, a general expression has been 
developed in order to propose a new tool to forecast the 
level of δ-ferrite in the austenitic stainless steels (from 
FN = 0 up to FN = 37) under arc electric solidifi cation 
conditions (cooling rates from 10ºC/s up to 103 ºC/s), 
just by using the chemical composition as input data.

It has been demonstrated that the expression gives a 
forecasted FN value which could differ from the experi-
mental value between -1.11 and +3.13 with 95 % confi -
dence interval. This is an excellent level of error taking into 
consideration that other highly recognised methods like 
DeLong Diagram claimed to present an error of +/-8 FN 
or WRC-1988 Diagram which claimed to present a devia-
tion of +/-4 FN for the same confi dence level. On the 
other hand, the FN values predicted by the expression 
found in this research present less deviation than the pre-
dictions made for the same samples using the currently 
international methods WRC-1992 Diagram and FNN-
1999 neural network, and moreover its use only needs 
the input of the Creq and the Nieq in the general expression, 
which is simpler than using a diagram or running a neural 
network in a computer.

It has been found that the model with Hammar and 
Svensson’s equivalents results in the lower error for FN 
predictions in comparison with WRC equivalents and in 
comparison with equivalents considering only Cr and Ni 
compositions (even if they are designed compositions or 
determined by OES). It is also worthy to notice that FN 
versus Creq/Nieq follows second degree polynomial func-
tions for a constant level of alloy [Creq+Nieq] independently 
from the equivalents used.

The mathematical processing of the general expression 
has led to fi nd other mathematical expressions of interest 
in the austenitic stainless steel design, for example in the 

  (13)

 (14)

 (15)

Being Creq and Nieq Hammar & Svensson’s equivalents.
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cryogenic fi eld where δ-ferrite needs to be carefully con-
trolled. Therefore, it is possible to calculate the chemical 
composition boundaries for base materials and welding 
consumables in order to achieve low levels of δ-ferrite.

The general expression proposed in this work also pro-
vides an excellent forecast for FN in austenitic stainless 
steels in the range of cooling rates of 102-103 ºC/s. The 
only case where the forecast differs from the experimen-
tal measurements is in the specifi c case of the sample 
with primary ferritic solidifi cation mode [F], which is 
more related to the duplex stainless steels than to the 
austenitics.
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Calculated samples series [Creq+Nieq] = 40 %

Creq/Nieq

Creq+Nieq

[%]

ER310 ER312 ER70S-6 Sample weight
[g][%] [g] [%] [g] [%] [g]

1.22 40.49 61.97 30.99 20.20 10.10 (a) 17.83 8.92 50.01

1.24 40.52 60.41 30.20 22.00 11.00 (a) 17.59 8.79 49.99

1.26 40.53 58.71 29.36 23.98 11.99 (a) 17.31 8.66 50.01

1.28 40.58 57.01 28.50 26.01 13.00 (a) 16.98 8.49 49.99

1.30 40.04 55.70 27.85 26.70 13.35 (b) 17.60 8.80 50.00

1.31 40.58 54.01 26.99 29.40 14.69 (a) 16.59 8.29 49.97

1.32 40.58 52.59 26.29 30.99 15.49 (a) 16.42 8.21 49.99

1.34 40.62 51.00 25.50 32.90 16.45 (a) 16.10 8.05 50.00

1.37 40.65 49.02 24.50 35.19 17.59 (a) 15.79 7.89 49.98

1.38 40.61 47.70 23.85 36.60 18.30 (a) 15.70 7.85 50.00

1.40 40.01 48.00 24.00 35.50 17.75 (b) 16.50 8.25 50.00

1.42 40.67 44.79 22.39 40.03 20.01 (a) 15.18 7.59 49.99

1.43 40.68 43.50 21.75 41.50 20.75 (a) 15.00 7.50 50.00

1.44 40.66 42.50 21.25 42.60 21.30 (a) 14.90 7.45 50.00

1.46 40.67 41.10 20.56 44.18 22.10 (a) 14.72 7.36 50.02

1.48 40.71 39.50 19.74 46.10 23.04 (a) 14.40 7.20 49.98

1.50 40.02 41.00 20.50 43.60 21.80 (b) 15.40 7.70 50.00

1.52 40.71 36.49 18.25 49.49 24.75 (a) 14.02 7.01 50.01

1.54 40.00 38.00 19.00 47.00 23.50 (b) 15.00 7.50 50.00

1.55 40.01 37.50 18.75 47.60 23.80 (b) 14.90 7.45 50.00

1.57 40.03 36.50 18.25 48.80 24.40 (b) 14.70 7.35 50.00

1.59 40.02 35.00 17.50 50.50 25.25 (b) 14.50 7.25 50.00

1.60 40.04 34.60 17.30 51.00 25.50 (b) 14.40 7.20 50.00

1.62 40.00 33.30 16.65 52.40 26.20 (b) 14.30 7.15 50.00

1.64 40.81 28.20 14.10 59.10 29.55 (a) 12.70 6.35 50.00

1.65 40.77 27.00 13.51 60.38 30.21 (a) 12.62 6.31 50.03

1.67 40.80 25.99 13.00 61.59 30.80 (a) 12.42 6.21 50.01

1.68 40.81 25.03 12.51 62.69 31.34 (a) 12.28 6.14 49.99

1.70 40.82 23.99 12.00 63.89 31.95 (a) 12.12 6.06 50.01

1.72 40.81 22.99 11.50 64.99 32.50 (a) 12.02 6.01 50.01

1.73 40.02 26.40 13.20 60.40 30.20 (b) 13.20 6.60 50.00

1.75 40.02 25.10 12.55 61.90 30.95 (b) 13.00 6.50 50.00

1.76 40.00 24.80 12.40 62.20 31.10 (b) 13.00 6.50 50.00

1.78 40.00 23.50 11.75 63.70 31.85 (b) 12.80 6.40 50.00

1.79 40.01 23.00 11.50 64.30 32.15 (b) 12.70 6.35 50.00

1.81 40.00 22.10 11.05 65.30 32.65 (b) 12.60 6.30 50.00

1.83 40.01 21.00 10.50 66.60 33.30 (b) 12.40 6.20 50.00

1.85 40.03 20.00 10.00 67.80 33.90 (b) 12.20 6.10 50.00

1.87 40.00 18.90 9.45 69.00 34.50 (b) 12.10 6.05 50.00

1.89 40.02 17.90 8.95 70.20 35.10 (b) 11.90 5.95 50.00

1.91 40.00 16.90 8.45 71.30 35.65 (b) 11.80 5.90 50.00

1.93 40.02 15.90 7.95 72.50 36.25 (b) 11.60 5.80 50.00

1.95 40.02 14.50 7.25 74.10 37.05 (b) 11.40 5.70 50.00

1.97 40.44 14.00 7.00 75.70 37.85 (b) 10.30 5.15 50.00

2.00 40.02 12.00 6.00 77.00 38.50 (b) 11.00 5.50 50.00
(a) Lot WO14634 and (b) lot WO11381. Different lots of ER312 wire.

 Appendix 1 
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 Appendix 2 
Calculated samples series [Creq+Nieq] = 30 %

Creq/Nieq

Creq+Nieq

[%]

310S94 312S94 ER70S-6 Sample weight
[g][%] [g] [%] [g] [%] [g]

1.22 30.34 41.71 20.86 19.18 9.59 (a) 39.11 19.56 50.01

1.24 30.35 40.20 20.10 20.90 10.45 (a) 38.90 19.45 50.00

1.26 30.38 39.09 19.55 22.22 11.11 (a) 38.69 19.35 50.01

1.28 30.37 37.49 18.74 24.00 12.00 (a) 38.51 19.25 49.99

1.30 30.01 38.00 19.00 23.00 11.50 (b) 39.00 19.50 50.00

1.31 30.39 35.69 17.85 26.10 13.05 (a) 38.21 19.11 50.01

1.33 30.40 34.29 17.14 27.70 13.85 (a) 38.01 19.00 49.99

1.35 30.42 33.01 16.51 29.19 14.60 (a) 37.80 18.91 50.02

1.37 30.41 32.01 16.01 30.31 15.16 (a) 37.68 18.85 50.02

1.38 30.40 31.19 15.60 31.19 15.60 (a) 37.62 18.81 50.01

1.40 30.04 31.90 15.95 30.10 15.05 (b) 38.00 19.00 50.00

1.41 30.46 29.11 14.55 33.69 16.84 (a) 37.20 18.59 49.98

1.43 30.44 27.92 13.96 34.98 17.49 (a) 37.10 18.55 50.00

1.45 30.48 27.12 13.56 35.99 18.00 (a) 36.89 18.45 50.01

1.47 30.47 26.00 13.00 37.22 18.61 (a) 36.78 18.39 50.00

1.48 30.49 25.02 12.51 38.39 19.19 (a) 36.59 18.29 49.99

1.50 30.00 26.70 13.35 36.00 18.00 (b) 37.30 18.65 50.00

1.53 30.47 22.50 11.25 41.19 20.59 (a) 36.31 18.15 49.99

1.55 30.00 24.00 12.00 39.10 19.55 (b) 36.90 18.45 50.00

1.57 30.00 22.80 11.40 40.50 20.25 (b) 36.70 18.35 50.00

1.59 30.04 22.10 11.05 41.40 20.70 (b) 36.50 18.25 50.00

1.61 30.23 21.20 10.60 42.90 21.45 (b) 35.90 17.95 50.00

1.63 30.25 20.20 10.10 44.10 22.05 (b) 35.70 17.85 50.00

1.65 30.23 19.19 9.60 45.20 22.61 (b) 35.61 17.81 50.02

1.68 30.25 18.19 9.10 46.40 23.21 (b) 35.41 17.71 50.02

1.70 30.24 17.30 8.65 47.40 23.70 (b) 35.30 17.65 50.00

1.71 30.24 16.80 8.40 47.99 24.00 (b) 35.21 17.61 50.01

1.73 30.01 15.70 7.85 48.70 24.35 (b) 35.60 17.80 50.00

1.75 30.03 14.70 7.35 49.90 24.95 (b) 35.40 17.70 50.00

1.77 30.02 13.90 6.95 50.80 25.40 (b) 35.30 17.65 50.00

1.79 30.01 13.00 6.50 51.80 25.90 (b) 35.20 17.60 50.00

1.81 30.01 12.30 6.15 52.60 26.30 (b) 35.10 17.55 50.00

1.83 30.25 11.60 5.80 54.00 27.00 (b) 34.40 17.20 50.00

1.85 30.25 10.90 5.45 54.80 27.40 (b) 34.30 17.15 50.00

1.87 30.28 10.00 5.00 55.90 27.95 (b) 34.10 17.05 50.00

1.88 30.25 9.50 4.75 56.40 28.20 (b) 34.10 17.05 50.00

1.90 30.28 8.70 4.35 57.40 28.70 (b) 33.90 16.95 50.00

1.92 30.27 7.90 3.95 58.30 29.15 (b) 33.80 16.90 50.00

1.95 30.25 7.00 3.50 59.29 29.65 (b) 33.71 16.86 50.01

1.96 30.26 6.40 3.20 60.00 30.00 (b) 33.60 16.80 50.00

1.98 30.26 5.80 2.90 60.70 30.35 (b) 33.50 16.75 50.00

2.00 30.00 5.00 2.50 61.00 30.50 (b) 34.00 17.00 50.00
(a) Lot WO14634 and (b) Lot WO11381. Different lots of ER312 wire.
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 Appendix 3 
Calculated chemical composition for [Creq+Nieq] = 40 % series [wt. %]

Sample C Mn Si S P Cr Ni N O Mo
Creq/
Nieq

A18 0.102 1.68 0.44 0.0032 0.014 22.19 14.65 0.058 0.009 0.06 1.22

A19 0.102 1.69 0.44 0.0032 0.014 22.33 14.49 0.060 0.009 0.06 1.24

A20 0.102 1.69 0.44 0.0031 0.015 22.49 14.32 0.062 0.009 0.06 1.26

A21 0.102 1.69 0.44 0.0031 0.015 22.66 14.15 0.064 0.009 0.06 1.28

A22R 0.102 1.68 0.41 0.0031 0.015 22.55 13.94 0.048 0.009 0.09 1.30

A23 0.102 1.70 0.44 0.0030 0.015 22.91 13.85 0.068 0.009 0.07 1.31

A24 0.102 1.70 0.44 0.0030 0.015 23.03 13.70 0.070 0.009 0.07 1.32

A25 0.102 1.71 0.44 0.0029 0.015 23.20 13.54 0.072 0.009 0.07 1.34

A26 0.102 1.71 0.44 0.0029 0.015 23.38 13.35 0.075 0.009 0.07 1.37

A27 0.102 1.71 0.44 0.0028 0.016 23.46 13.20 0.076 0.009 0.07 1.38

A28R 0.102 1.69 0.41 0.0029 0.016 23.22 13.15 0.052 0.009 0.10 1.40

A29 0.102 1.72 0.44 0.0027 0.016 23.75 12.91 0.080 0.009 0.07 1.42

A30 0.102 1.72 0.44 0.0027 0.016 23.86 12.78 0.082 0.009 0.07 1.43

A31 0.102 1.72 0.44 0.0027 0.016 23.93 12.68 0.083 0.009 0.07 1.44

A32 0.102 1.73 0.44 0.0027 0.016 24.05 12.53 0.085 0.009 0.07 1.46

A33 0.102 1.73 0.44 0.0026 0.016 24.21 12.38 0.087 0.009 0.08 1.48

A34R 0.102 1.70 0.40 0.0027 0.017 23.86 12.45 0.056 0.009 0.11 1.50

A35 0.102 1.74 0.44 0.0025 0.017 24.46 12.07 0.091 0.009 0.08 1.52

A54R 0.102 1.71 0.40 0.0026 0.017 24.12 12.14 0.058 0.009 0.12 1.54

A55R 0.102 1.71 0.40 0.0026 0.017 24.17 12.09 0.058 0.009 0.12 1.55

A56R 0.102 1.71 0.39 0.0025 0.018 24.28 11.99 0.059 0.009 0.12 1.57

A57R 0.102 1.71 0.39 0.0025 0.018 24.40 11.84 0.059 0.009 0.12 1.59

A58R 0.102 1.71 0.39 0.0025 0.018 24.45 11.80 0.060 0.009 0.12 1.60

A59R 0.102 1.71 0.39 0.0025 0.018 24.54 11.66 0.060 0.009 0.13 1.62

A60 0.102 1.75 0.44 0.0023 0.017 25.23 11.23 0.102 0.009 0.08 1.64

A61 0.102 1.76 0.44 0.0023 0.018 25.30 11.10 0.103 0.009 0.08 1.65

A62 0.102 1.76 0.44 0.0022 0.018 25.41 11.01 0.105 0.009 0.08 1.67

A63 0.102 1.76 0.44 0.0022 0.018 25.49 10.91 0.106 0.009 0.08 1.68

A64 0.102 1.76 0.44 0.0022 0.018 25.59 10.80 0.107 0.010 0.09 1.70

A65 0.102 1.77 0.44 0.0021 0.018 25.66 10.70 0.108 0.010 0.09 1.72

A66R 0.102 1.72 0.38 0.0023 0.019 25.18 10.96 0.064 0.009 0.14 1.73

A67R 0.102 1.73 0.38 0.0022 0.019 25.30 10.83 0.065 0.009 0.14 1.75

A68R 0.102 1.73 0.38 0.0022 0.019 25.31 10.80 0.065 0.010 0.14 1.76

A69R 0.102 1.73 0.38 0.0022 0.019 25.43 10.66 0.066 0.010 0.14 1.78

A70R 0.102 1.73 0.38 0.0022 0.019 25.48 10.62 0.066 0.010 0.14 1.79

A71R 0.102 1.73 0.38 0.0021 0.019 25.55 10.52 0.067 0.010 0.14 1.81

A711 0.102 1.73 0.38 0.0021 0.019 25.66 10.41 0.067 0.010 0.15 1.83

A712 0.102 1.73 0.38 0.0021 0.020 25.76 10.32 0.068 0.010 0.15 1.85

A713 0.102 1.74 0.38 0.0020 0.020 25.84 10.20 0.069 0.010 0.15 1.87

A714 0.102 1.74 0.37 0.0020 0.020 25.95 10.10 0.069 0.010 0.15 1.89

A715 0.102 1.74 0.37 0.0020 0.020 26.02 9.99 0.070 0.010 0.15 1.91

A716 0.102 1.74 0.37 0.0019 0.020 26.13 9.90 0.070 0.010 0.16 1.93

A72R 0.102 1.74 0.37 0.0019 0.020 26.25 9.75 0.071 0.010 0.16 1.95

A73 0.102 1.75 0.37 0.0018 0.020 26.61 9.80 0.072 0.010 0.16 1.97

A731 0.102 1.75 0.37 0.0018 0.020 26.48 9.50 0.072 0.010 0.16 2.00
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 Appendix 4 
Calculated chemical composition for [Creq+Nieq] = 30 % series [wt. %]

Sample C Mn Si S P Cr Ni N O Mo
Creq/
Nieq

A36 0.095 1.62 0.54 0.0052 0.014 16.63 10.37 0.048 0.009 0.05 1.22

A37 0.095 1.63 0.54 0.0052 0.014 16.76 10.22 0.050 0.009 0.05 1.24

A38 0.095 1.63 0.54 0.0052 0.014 16.88 10.11 0.052 0.009 0.05 1.26

A39 0.095 1.63 0.54 0.0051 0.014 17.00 9.94 0.054 0.009 0.05 1.28

A40R 0.095 1.62 0.52 0.0052 0.015 16.84 9.95 0.038 0.009 0.07 1.30

A41 0.095 1.64 0.54 0.0051 0.014 17.17 9.76 0.056 0.009 0.05 1.31

A42 0.095 1.64 0.54 0.0050 0.014 17.29 9.62 0.058 0.009 0.05 1.33

A43 0.095 1.64 0.54 0.0050 0.015 17.41 9.49 0.059 0.009 0.05 1.35

A44 0.095 1.64 0.54 0.0050 0.015 17.49 9.39 0.061 0.009 0.05 1.37

A45 0.095 1.65 0.54 0.0050 0.015 17.55 9.30 0.062 0.009 0.06 1.38

A46R 0.095 1.63 0.51 0.0050 0.015 17.41 9.34 0.041 0.009 0.08 1.40

A47 0.095 1.65 0.54 0.0049 0.015 17.77 9.10 0.065 0.009 0.06 1.41

A48 0.095 1.65 0.54 0.0049 0.015 17.85 8.97 0.066 0.009 0.06 1.43

A49 0.095 1.65 0.54 0.0048 0.015 17.95 8.90 0.067 0.009 0.06 1.45

A50 0.095 1.66 0.54 0.0048 0.015 18.03 8.78 0.068 0.009 0.06 1.47

A51 0.095 1.66 0.54 0.0048 0.015 18.13 8.69 0.070 0.009 0.06 1.48

A52R 0.095 1.64 0.50 0.0048 0.016 17.86 8.80 0.044 0.009 0.09 1.50

A53 0.095 1.66 0.54 0.0047 0.016 18.33 8.42 0.073 0.010 0.06 1.53

A531 0.095 1.64 0.50 0.0048 0.016 18.10 8.53 0.045 0.010 0.09 1.55

A532 0.095 1.64 0.50 0.0047 0.016 18.21 8.41 0.046 0.010 0.10 1.57

A533 0.095 1.64 0.50 0.0047 0.016 18.30 8.34 0.047 0.010 0.10 1.59

A74 0.095 1.65 0.50 0.0046 0.017 18.52 8.30 0.048 0.010 0.10 1.61

A75 0.095 1.65 0.49 0.0046 0.017 18.63 8.20 0.048 0.010 0.10 1.63

A76 0.095 1.65 0.49 0.0046 0.017 18.70 8.09 0.049 0.010 0.10 1.65

A77 0.095 1.65 0.49 0.0045 0.017 18.81 7.99 0.049 0.010 0.11 1.68

A78 0.095 1.65 0.49 0.0045 0.017 18.88 7.90 0.050 0.010 0.11 1.70

A79 0.095 1.65 0.49 0.0045 0.017 18.93 7.85 0.050 0.010 0.11 1.71

A80R 0.095 1.65 0.49 0.0045 0.017 18.86 7.69 0.050 0.010 0.11 1.73

A81R 0.095 1.65 0.49 0.0045 0.017 18.96 7.59 0.051 0.010 0.11 1.75

A82R 0.095 1.66 0.49 0.0045 0.017 19.03 7.51 0.051 0.010 0.11 1.77

A83R 0.095 1.66 0.49 0.0044 0.017 19.10 7.41 0.052 0.010 0.11 1.79

A84R 0.095 1.66 0.49 0.0044 0.018 19.16 7.34 0.052 0.010 0.11 1.81

A85 0.095 1.66 0.49 0.0043 0.018 19.40 7.33 0.053 0.010 0.12 1.83

A86 0.095 1.66 0.48 0.0043 0.018 19.47 7.25 0.053 0.010 0.12 1.85

A87 0.095 1.66 0.48 0.0043 0.018 19.57 7.17 0.054 0.010 0.12 1.87

A88 0.095 1.66 0.48 0.0043 0.018 19.59 7.11 0.054 0.010 0.12 1.88

A89 0.095 1.67 0.48 0.0042 0.018 19.68 7.04 0.055 0.010 0.12 1.90

A90 0.095 1.67 0.48 0.0042 0.018 19.75 6.95 0.055 0.010 0.12 1.92

A91 0.095 1.67 0.48 0.0042 0.018 19.82 6.86 0.056 0.010 0.12 1.95

A92 0.095 1.67 0.48 0.0042 0.018 19.88 6.80 0.056 0.010 0.13 1.96

A93 0.095 1.67 0.48 0.0042 0.018 19.93 6.74 0.056 0.010 0.13 1.98

A94 0.095 1.67 0.48 0.0042 0.018 19.82 6.60 0.056 0.010 0.13 2.00
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 Appendix 5 
Experimental chemical composition of [Creq+Nieq] = 40 % series (OES determination) [wt. %]

Sample C Mn Si S P Cr Ni N** O** Mo

A18 0.0776 1.593 0.4853 0.0080 0.0160 21.97 14.85 0.1748 0.0231 0.0755

A19 0.0805 1.607 0.4810 0.0055 0.0138 22.16 14.66 0.0629 0.0016 0.0769

A20 0.0863 1.600 0.4871 0.0051 0.0140 22.16 14.56 0.0522 0.0364 0.0783

A21 0.0945 1.616 0.4891 0.0050 0.0138 22.23 14.39 0.0496 0.0377 0.0790

A22R 0.0871 1.598 0.4946 0.0051 0.0169 22.60 14.16 0.2543 >0.0660 0.1030

A23 0.1005 1.622 0.5070 0.0044 0.0136 22.46 14.17 0.0537 0.0295 0.0812

A24 0.0857 1.605 0.4919 0.0052 0.0145 22.63 13.92 0.0517 0.0136 0.0818

A25 0.0830 1.624 0.4907 0.0047 0.0135 22.79 13.76 0.1461 0.0278 0.0827

A26 0.0968 1.612 0.5080 0.0047 0.0142 22.97 13.62 0.0515 0.0355 0.0847

A27 0.0820 1.639 0.4879 0.0061 0.0155 23.16 13.30 0.1050 0.0191 0.0837

A28R 0.0881 1.626 0.4841 0.0046 0.0170 23.27 13.37 0.2219 >0.0660 0.1129

A29 0.0865 1.647 0.4923 0.0055 0.0150 23.24 13.07 0.1248 0.0205 0.0852

A30 0.0823 1.642 0.4778 0.0058 0.0158 23.65 12.84 0.1143 0.0178 0.0860

A31 0.0876 1.652 0.4849 0.0053 0.0154 23.63 12.80 0.0812 0.0057 0.0881

A32 0.0862 1.658 0.4850 0.0054 0.0149 23.81 12.60 0.1342 0.0248 0.0875

A33 0.0911 1.661 0.4980 0.0042 0.0147 23.83 12.55 0.0607 0.0391 0.0900

A34R 0.0861 1.644 0.4755 0.0043 0.0182 23.77 12.75 0.1244 0.0630 0.1239

A35 0.0909 1.661 0.5000 0.0043 0.0151 24.06 12.26 0.0736 0.0209 0.0921

A54R 0.0874 1.652 0.4662 0.0039 0.0179 24.15 12.30 0.0410 0.0129 0.1294

A55R 0.0905 1.620 0.4165 0.0055 0.0192 24.06 12.01 >0.4800 0.0581 0.1291

A56R 0.0884 1.632 0.4241 0.0054 0.0201 24.19 12.15 0.1445 0.0068 0.1312

A57R 0.0845 1.608 0.4129 0.0054 0.0191 24.26 11.68 >0.4800 0.0617 0.1318

A58R 0.0863 1.630 0.4157 0.0051 0.0197 24.33 11.86 0.3562 0.0421 0.1336

A59R 0.0925 1.642 0.4222 0.0050 0.0197 24.41 11.81 0.2328 0.0294 0.1352

A60 0.1233 1.726 0.4705 0.0043 0.0157 24.94 11.22 0.0802 0.0280 0.0952

A61 0.1411 1.721 0.4698 0.0034 0.0149 25.41 11.11 0.0737 0.0165 0.0937

A62 0.1429 1.713 0.4751 0.0034 0.0154 25.30 11.02 0.0761 0.0329 0.0962

A63 0.1111 1.695 0.4533 0.0049 0.0172 25.73 10.70 0.1625 0.0199 0.0962

A64 0.0826 1.708 0.4741 0.0048 0.0173 25.70 10.79 0.1232 0.0142 0.0971

A65 0.0836 1.703 0.4711 0.0056 0.0180 25.83 10.64 0.1151 — 0.0969

A66R 0.0897 1.644 0.4145 0.0048 0.0208 24.98 11.13 0.2867 0.0331 0.1473

A67R 0.0894 1.642 0.4124 0.0051 0.0210 25.19 10.92 0.3836 0.0387 0.1497

A68R 0.0893 1.603 0.4125 0.0053 0.0216 25.09 10.93 0.2733 0.0135 0.1504

A69R 0.0937 1.654 0.4195 0.0043 0.0202 25.17 10.82 0.1072 0.0047 0.1524

A70R 0.0866 1.630 0.4063 0.0049 0.0212 25.29 10.66 0.4100 0.0443 0.1530

A71R 0.0910 1.653 0.4127 0.0049 0.0219 25.25 10.67 0.1212 <0.0010 0.1530

A711 0.0925 1.657 0.4167 0.0046 0.0216 25.33 10.56 0.1719 0.0193 0.1548

A712 0.0942 1.666 0.4187 0.0047 0.0221 25.36 10.55 0.1282 0.0078 0.1579

A713 0.0900 1.660 0.4052 0.0047 0.0219 25.56 10.29 >0.4800 0.0595 0.1581

A714 0.0921 1.657 0.4125 0.0049 0.0221 25.43 10.17 0.2909 0.0357 0.1595

A715 0.0889 1.656 0.4024 0.0047 0.0214 25.65 10.08 0.3074 0.0276 0.1609

A716 0.0915 1.658 0.4017 0.0049 0.0217 25.45 9.77 0.3370 0.0303 0.1616

A72R 0.0897 1.656 0.4017 0.0045 0.0224 26.00 9.79 0.1927 0.0128 0.1671

A73 0.0828 1.688 0.3974 0.0033 0.0206 26.72 9.81 0.0940 0.0048 0.1698

A731 0.0923 1.651 0.3936 0.0043 0.0221 26.27 9.46 0.3659 0.0418 0.1701
** Abnormal values. See text for explanation.
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 Appendix 6 
Experimental chemical composition of [Creq+Nieq] = 30 % series (OES determination) [wt. %]

Sample C Mn Si S P Cr Ni N** O** Mo

A36 0.0831 1.579 0.580 0.0094 0.0148 16.50 10.55 0.0714 0.0465 0.0598

A37 0.0844 1.589 0.576 0.0080 0.0133 16.71 10.38 0.1498 0.0596 0.0597

A38 0.0881 1.594 0.585 0.0075 0.0129 16.73 10.31 0.1068 0.0615 0.0620

A39 0.0866 1.598 0.584 0.0080 0.0142 16.95 10.15 0.1098 0.0661 0.0623

A40R 0.0933 1.563 0.615 0.0078 0.0160 16.67 10.25 0.1359 >0.2400 0.0845

A41 0.0945 1.594 0.590 0.0060 0.0122 16.98 10.05 0.0411 0.0479 0.0635

A42 0.0884 1.607 0.579 0.0073 0.0131 17.12 9.80 0.1147 0.0551 0.0714

A43 0.0816 1.611 0.549 0.0052 0.0110 17.33 9.57 0.0772 0.0100 0.0603

A44 0.0878 1.586 0.560 0.0059 0.0123 17.36 9.43 0.0639 0.0020 0.0616

A45 0.0875 1.572 0.558 0.0068 0.0132 17.46 9.34 0.1161 <0.0010 0.0624

A46R 0.0891 1.585 0.590 0.0061 0.0158 17.35 9.60 0.2974 0.1623 0.0923

A47 0.0893 1.597 0.560 0.0057 0.0124 17.71 9.16 0.1289 0.0024 0.0649

A48 0.0783 1.598 0.561 0.0057 0.0128 17.73 9.06 0.0644 <0.0010 0.0635

A49 0.0805 1.592 0.552 0.0063 0.0138 17.91 8.89 0.0856 <0.0010 0.0641

A50 0.0855 1.592 0.562 0.0065 0.0133 17.95 8.77 0.2242 0.0072 0.0652

A51 0.0821 1.598 0.553 0.0064 0.0141 18.07 8.65 0.0910 <0.0010 0.0650

A52R 0.0872 1.602 0.596 0.0054 0.0161 17.78 9.19 0.0928 0.0925 0.1005

A53 0.0838 1.602 0.561 0.0061 0.0140 18.23 8.49 0.0581 <0.0010 0.0669

A531 0.0789 1.607 0.586 0.0048 0.0156 18.31 8.80 0.0531 0.0518 0.1034

A532 0.0850 1.616 0.588 0.0054 0.0158 18.33 8.61 0.1612 0.0638 0.1053

A533 0.0843 1.609 0.583 0.0050 0.0167 18.54 8.65 0.0694 0.0264 0.1070

A74 0.1393 1.613 0.529 0.0060 0.0165 18.93 8.48 0.0594 0.0346 0.1116

A75 0.0757 1.613 0.510 0.0065 0.0175 19.15 8.27 0.0786 0.0108 0.1107

A76 0.0786 1.614 0.508 0.0058 0.0162 19.19 8.11 0.0571 0.0061 0.1126

A77 0.0822 1.612 0.523 0.0063 0.0162 19.30 8.17 0.0811 0.0258 0.1166

A78 0.0740 1.617 0.507 0.0065 0.0174 19.49 7.98 0.1013 0.0225 0.1153

A79 0.0844 1.618 0.507 0.0035 0.0137 19.44 7.93 0.1241 0.0298 0.1173

A80R 0.0857 1.615 0.525 0.0065 0.0188 18.83 7.97 0.1519 0.0279 0.1157

A81R 0.0813 1.596 0.514 0.0062 0.0183 18.97 7.82 0.1005 0.0134 0.1171

A82R 0.0889 1.606 0.531 0.0064 0.0191 19.16 7.73 0.1620 0.0153 0.1192

A83R 0.0821 1.554 0.526 0.0064 0.0188 19.06 7.75 0.1183 0.0248 0.1207

A84R 0.0867 1.611 0.521 0.0069 0.0197 19.15 7.56 0.2749 0.0318 0.1215

A85 0.0793 1.617 0.515 0.0064 0.0189 19.89 7.51 0.0492 -- 0.1252

A86 0.0739 1.612 0.496 0.0065 0.0192 20.00 7.36 0.0997 -- 0.1270

A87 0.0743 1.631 0.501 0.0059 0.0184 20.17 7.26 0.1120 -- 0.1277

A88 0.0720 1.619 0.511 0.0061 0.0185 20.05 7.30 0.0737 -- 0.1286

A89 0.0728 1.622 0.495 0.0057 0.0186 20.33 7.07 0.0884 -- 0.1305

A90 0.0791 1.642 0.503 0.0051 0.0176 20.21 7.14 0.0763 -- 0.1314

A91 0.0795 1.619 0.504 0.0060 0.0194 20.35 6.92 0.0628 -- 0.1345

A92 0.0833 1.633 0.506 0.0059 0.0193 20.37 6.95 0.0661 -- 0.1350

A93 0.0842 1.623 0.493 0.0042 0.0166 20.47 6.83 0.0690 -- 0.1379

A94 0.0897 1.611 0.512 0.0059 0.0200 19.86 6.76 0.1572 0.0118 0.1342
** Abnormal values. See text for explanation.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


