REAFEEBUKNSFY

Tohoku University Repository

Dissolution of Ferrous Alloys into Molten Pure
Aluminium under Forced Flow

0ad Niinomi Mitsuo, Suzuki Yukinao, Ueda
Yoshisada

journal or Transactions of the Japan Institute of Metals

publication title

volume 25

number 6

page range 429-439

year 1984

URL http://hdl.handle.net/10097/53389




Transactions of the Japan Institute of Metals, Vol. 25, No. 6 (1984), pp. 429 to 439

Dissolution of Ferrous Alloys into Molten
Pure Aluminium under Forced Flow*

By Mitsuo Niinomi**, Yukinao Suzuki*** and Yoshisada Ueda****

Commercially pure iron, S45C, Fe-Cr, Fe-Si and Fe-C alloys were dipped into molten alu-
minium (99.8 %) mostly at 1073 K and rotated at various speeds for various times. Then an alloy
layer formed on each alloy was examined, and the dissolution process of these alloys was studied.
The thickness of the alloy layers became thinner with increasing rotating speed. With regard to the
composition of the alloy layers, Fe,Als occupied the major portion in the same manner as under the
static condition. The shape of the alloy layers formed on commercially pure iron, Fe-Cr and Fe-Si
alloys changed from tongue-like to band-like, as the rotating speed increased. For Fe-C alloy, the
alloy layer is band-like at every rotating speed.

The dissolution rate of each alloy layer increased, as the rotating speed increased. As under
the static condition, the dissolution resistance against molten aluminium is the highest in Fe-C
alloy and the lowest in Fe-Si alloy. The dissolution process of commercially pure iron, S45C, Fe-Cr
and Fe-Si alloys is controlled by the diffusion of Fe in molten aluminium. Moreover, in commercially
pure iron, Fe-Cr and Fe-Si alloys, the dissolution is accelerated by natural convection and flaking
of the alloy layer at lower rotating speed, while, at higher rotating speed, it is accelerated by flaking
of the alloy layer and mechanical erosion due to molten aluminium or by turblent flow near the
rugged surface of alloys. The dissolution of Fe-C alloy, however, was controlled by the chemical
reaction or mass transfer in the alloy layer and the diffusion of Fe in molten aluminium.

(Received September 28, 1983)
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I. Introduction

The dissolution of various ferrous alloys into
static molten aluminium bath has been studied
fundamentally, in order to obtain a ferrous
alloy with high resistance against molten alumi-
nium® ~®, In melting and casting processes
of aluminium, however, ferrous alloys are often
in contact with flowing molten aluminium.
Hence, the corrosion of ferrous alloy by molten
aluminium under the forced flow must be dis-
cussed in detail.

As a model, the investigation on the dissolu-
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tion of ferrous alloys by rotating cylindrical
specimens in molten aluminium can be con-
sidered. Concerning the dissolution of solid
metal into molten metal, many studies have
been performed with the solid Fe-C alloy-
liquid Fe-C alloy system™~®_ but few with
the alloy system in this study‘>®1%_ More-
over, the study using ferrous alloys of various
compositions for solid metal was very few.

In the present investigation, commercially
pure iron, Fe-C, Fe-Si and Fe-Cr alloys were
dipped into molten pure aluminium and
rotated at various speeds for various times,
and then the effect of the forced flow on the
dissolution of ferrous alloys into molten
aluminium was studied.

II. Experimental Procedure

1. Dipping and rotating of ferrous alloys

Various ferrous alloys were prepared in the
same manner as in a previous report). The
composition of these alloys is shown in Table 1.
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Table 1 Chemical composition of specimens (mass %).

Specimen C Si Mn P S Cr
Commercially
pure iron 0.01 0.20 0.22 0.014 0.009 —
Fe-3C 2.94 0.24 0.23 0.018 0.004 —
Fe-3Si 0.033 2.91 0.22 0.002 0.005 —_
Fe-3Cr 0.009 0.15 0.18 0.001 0.006 2.94
S45C 0.43 0.25 0.80 0.008 0.023 —

The specimen was attached to a rotator of
changeable speed, dipped constantly by 0.03 m
in depth in the center of molten pure aluminium
bath (0.35 kg) at 1073 K, then took out and air
cooled. The rotating speed and the dipping time
were variable.

The dipping was also performed at 1023 and
973 K for only commercially pure iron. Com-
mercial S45C which has low carbon content
was also dipped at 1073 K, because the alloys
except Fe—-C showed a rugged surface as men-
tioned later.

2. Measurement of the thickness of the
alloy layers

The dipping regions of the specimens were
cut out with a microcutter and embeded in
resin. Thereafter, the thickness of the alloy
layers was measured in the same manner as in
the previous paper®.

3. Measurement of the diameter of the
specimens and calculation of the
corrected diameter

The diameter of the specimens was meas-
ured in the same manner as in the previous
paper?). Since the dipped and rotated speci-
mens showed the rugged surface generally in
this work, the diameter of the specimens was
estimated from the average diameter of the
upper and lower halves of the dipped speci-
mens. That is to say, the diameter was calculated
by the following equations:

dy= 2\/ WirnLyps, dy= 2\/ Wy/mLyps
and
d=(d+dy)/2,

where

dy, dyy:  average diameters of the upper or

lower halves of the specimen (m)

Wi, Wy weight of the upper or lower half of
the specimen (kg)
Ly, Ly: length of the upper or lower half of

the specimen (m)
ps: density of the ferrous alloy meas-
ured previously (kg/m?)
and
d: average diameter of the specimen
(m)

These calculated average diameters (d) were
corrected for the weight Wy and W* on the
assumption that Fe,Als; occupied the whole
alloy layer, because Fe,Als occupied the major
portion of the alloy layer in this work as in the
static bath‘¥, as is mentioned later.

4, X-ray diffraction analysis and hardness
measurement of the alloy layers

For X-ray diffraction analysis, a rod sample
0.01 m in length was cut out from the dipped
and rotated specimen. For EPMA analysis
and hardness measurement, the remainder of
the specimen was used. The subsequent proce-
dure was carried out in the same manner as in
the previous paper(?.

III. Experimental Results and Discussion

1. Composition of the alloy layer formed on
each ferrous alloy

Figure 1 shows typical X-ray diffraction
patterns of the alloy layer formed on Fe-3Cr
alloy rotated at 2.67 s~'. These patterns are
almost in agreement with those of the alloy
layer under the static condition(®).

EPMA analysis in the center of the alloy layer
showed a little change in intensity of Fe— and
Al-K lines, but this change did not exceed the



Dissolution of Ferrous Alloys into Molten Pure Aluminium under Forced Flow 431

FeAlz(004)

—~
~
-
=
0
~
&

Intensity

Fe,Al002)

45 50 55
20/(r/180)rad

Fig.1 X-ray diffraction patterns (Fe-3Cr alloy
rotated at 2.67 s~! in molten pure aluminium at
1073 K).

(a) Surface of the alloy layer.
(b) Center of the alloy layer.
(c) Alloy layer near the base iron.

Table2 Al/(Fe-M) atomic ratio of the alloy layer
obtained by EPMA analysis.

Al/(Fe-M)
Specimens, Dipping temp.
Rotating speed, Under tUnder the
Dipping time the forced static®
flow condition
Commercially pure iron, 1073 K,
2.63s7 1, 0.6 ks 2.2
Commercially pure iron, 1073 K, 2.7
518571, 0.9ks 2.5
Commercially pure iron, 973 K,
2.67s7 % 1.5ks 2.3
Commercially pure iron, 973 K, 2.8
47251, 1.2 ks 2.2
Fe-3C, 1073 K,
2.63s71, 1.2ks 2.8
Fe-3C, 1073 K, 2.4-2.5
522571 1.2ks 2.4
Fe-3Cr, 1073 K,
2.67s71, 0.6 ks 2.4
Fe-3Cr, 1073 K, 2.5
472571, 0.9ks 2.7
Fe-3Si, 1073 K,
2.67s~%, 0.6 ks 2.4 2.3

t In the case of static condition, the dipping time
differs from that in the case of forced flow.

limit within which the concentrations could be
considered almost constant. Therefore, Al/
(Fe-M) atomic ratios (M: the third element)
of the alloy layers, obtained in the same
manner as in the previous paper™), are given in
Table 2 with those under the static condition.
These values are in the range from FeAl,
to Fe,Als phases which exist at room tem-
perature in the Fe-Al phase diagram®b,
Most values indicate Fe,Als; phase. The dis-
tribution of alloying elements dissolved into
the alloy layers was examined by EPMA line
analysis. It was found that Cr was dissolved
to some extent in the alloy layer of Fe-3Cr
alloy.

Hardness measurement indicated that the
hardness of the alloy layer almost coincided
with that of FeAl, to Fe,Als phase!?,

These results are almost in agreement with
those in the static bath. The alloy layer formed
on each ferrous alloy is mostly FeAl; near the
base metal, while Fe,Als; occupied the major
portion of the alloy layer.

2. Metallographic observation of the alloy
layers

In the static pure aluminium bath®, the
alloy layers formed on commercially pure iron,
Fe-3Cr and Fe-3Si alloys were markedly
tongue-like, and that formed on Fe-3C alloy
was almost band-like and slightly tongue-like
at the tip. However, under the forced flow, as
shown in Fig. 2 and Fig. 3, the alloy layers on
commercially pure iron, Fe-3Cr and Fe-3Si
alloys changed from tongue-like to band-like,
as the rotating speed increased. The alloy layer
on Fe-3Si alloy approached the band-like
shape at a rotating speed lower than those for
commercially pure iron and Fe-3Cr alloy. For
Fe-3C alloy, the shape of the layer did not
change and was band-like similar to that in the
static condition, even if the rotating speed
increased.

For the static bath, a narrow range of Fe-Al
solid solution existed inside the tongue-like
Fe,Als; phase in commercially pure iron,
Fe-3Cr and Fe-3Si alloys. Such a solid solu-
tion was also observed at lower rotating speed,
but not at higher rotating speed.

The shape of the alloy layer near the adhering
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Fig.2 Alloy layers formed on commercially pure iron and Fe-3Cr alloy rotated in molten pure

aluminium at 1073 K.

(@) Commercially pure iron, rotated at 2.63 s=* for 600s.
(@) Commercially pure iron, rotated at 13.63 s~ for 300 s.
(b) Fe-3Cr alloy, rotated at 2.67 s~ for 300s.

(b") Fe-3Cr alloy, rotated at 13.63 s~* for 300s.

aluminium was flat in the static bath, but rugged
for the rotated specimens, as shown by the
arrow in Fig. 1 and Fig. 2. The rugged shape
may be an evidence of flaking of the alloy
layer. However, this phenomenon cannot be
observed for Fe-3C alloy.

3. Growth of the alloy layers

Figure 4 shows the relation between the thick-
ness of the alloy layer and the dipping time for
commercially pure iron as a typical example.

The thickness of the alloy layers decreased with
increasing rotating speed for almost all speci-
mens. The tendency that the thickness in-
creases with dipping time as observed in the
static bath® could not be observed.

The differences in the thickness of the alloy
layers among the specimens, and among the
temperatures for commercially pure iron are
shown in Fig. 5 at rotating speed of 2.67 s™1.
The alloy layer of Fe-3Si alloy was considerably
thinner than the other alloys. The difference
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Fig. 3 Alloy layers formed on Fe-3C and Fe-3Si
alloys rotated in molten pure aluminium at 1073 K.
(a) Fe-3C alloy, rotated at 2.67 s~ for 1200 s.
(b) Fe-3Si alloy, rotated at 2.67 s~* for 600 s.

among the other alloys, however, was rather
small in comparison with the large difference
observed in the case of static bath"), The differ-
ence in the thickness of the alloy layers among
temperatures for commercially pure iron could
be hardly observed at the same rotating speed.

When ferrous alloys are rotated, the amount
of dissolution increases as mentioned later. As a
result, the alloy layers become thinner and ap-
proach the band-like shape. Moreover, for
commercially pure iron and Fe-Si alloy, the
decrease of the thickness of the alloy layer may
be enhanced by flaking.

4. Decreasing amount of the corrected
diameter of ferrous alloys

Figure 6 shows the change in the corrected
diameter with dipping time and rotating speed
for Fe-3Cr alloy, where the result under the
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Fig. 4 Relation between thickness of the alloy layer
and dipping time.
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Fig. 5 Relation between thickness of the alloy layer
and dipping time and temperature.

static pure Al-bath is added. The decreasing
amount of the corrected diameter of ferrous
alloys increases, as the rotating speed. increases
linearly with dipping time. But, in the static
bath, the corrected diameter decreased linearly
with dipping time only for Fe-3Si alloy.
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5. Dissolution process of each ferrous alloy

(1) Correlative equation of mass transfer
under the forced flow

When dissolution of solid into liquid is
controlled by the diffusion of solute element in
the liquid, mass transfer between solid and
liquid under the forced convection can be ex-
pressed by the following non-dimensional
correlative equation:

Tp=(ke/u)(Sc)'=c.(Re)™", )

where
Jp: Jp factor
k.: mass transfer coefficient (m/s)
u: relative velocity between solid and
liquid (m/s)
Sc:  Schmidt number (Sc=pu/p,D)
Re: Reynolds number (Re=Lup,/u)

a, b, c: constants
L;: characteristic length (m) (corrected
diameter)

u: viscosity coefficient (kg/m-s)
p1: density of liquid (kg/m?)
and
D: diffusion coefficient (m?/s)

This non-dimensional correlative equation
can be applied not only to flat plate and cylin-
drical models but also to various models such
as rotated, oval, prismatic and cubic models.
Furthermore, the equation can be used for
liquid metal in the same manner as for usual
viscous fluid*?.

Various non-dimensional correlative equa-
tions as mentioned above were reported by ex-
perimental investigations on mass transfer
between solid and liquid using a rotated
cylinder. Typical examples are as follows:

JIp=(k [/u)(Sc)°-®**=0.0791(Re) " °-3°, (2)
where Re=150—152000 and Sc¢=3835—11000,
for benzonic acid and -water and -glycerin by
Eisenberg et al. !4

Jp=(k u)(Sc)°°=0.135(Re)" %4,  (3)
where Re=200—2.5 x 10° and Sc=462 — 31200,
for benzonic acid -water and -sucrose solution
by Bennet and Lewis*™.

Jp=(k.[u)(Sc)°-®**=0.112(Re)"°-33°, (4)
where Re=900— 40000,
for steel cylinder-molten iron (Fe-C) by Kim
and Pelke(”,

Jp=(k, /u)(Sc)*'®*=0.12(Re)~°-31, %)
where Re=29—260,
for solid MgO-molten Fe,0-Ca0O-Si0O, slag by
Umakoshi et al.*®
Jp=0.83Re™ 03

for solid lime-molten CaO-Al,0;-SiO, slag by
Kawai'?.

Besides, the correlative equation for benzonic
acid-water (Re=>50—34700, Sc=942) was re-
ported by Sherwood and Ryan'®), which was
in good agreement with that by Eisenberg
et al. (!

Smith and Greif*® reported the following
correlative equation by a theoretical study:

Sh=3K-3%"/2n-(f]2)"/>
+(Sc/Sc)'*(1+4B/Re-2)1°,  (7)

(laminal flow region) (6)

where

Sh: Sherwood number (Sh=Lk./D)
k.: mass transfer coefficient (cm/s)
K: constant (7.47 x 1072)
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p: constant (=5)

St friction coefficient (f/2=0.079(Re)™°-3%)
and
Se¢,:  Schmidt number for turbulent flow (= 1.0)
Jp value can be obtained by changing this
theoretical equation.

Jp values calculated by the above correlative
equations are plotted against Re number. Then,
the dissolution process of ferrous alloys can be
discussed by comparing J;, values obtained in
this study, which is called J,, hereafter, with
the calculated J,, values.

(2) Calculation of J, values in this study

In order to estimate J,, values, the apparent
mass transfer coeflicient k, (equivalent to k, or
k; in the equations), the relative velocity u,
Schmidt number Sc and the constant @ must be
estimated, as shown in eq. (1).

As described by the static bath‘®, when the
dissolution of solid specimen is controlled by
mass transfer in molten metal, k,, can be ob-

tained by the following equation:

ko= —ry-py(dry/dz)
/(Y6%1s P15/100— 70X+ p1/100)r5,
where
ry: corrected radius (one-half of corrected
diameter) (m)
ry: distance from the center of the speci-
men to the surface of the alloy layer
(m)
%x: solute concentration in molten metal
(mass %)
py:  density of molten metal (kg/m?3)
%%1s: saturated solute concentration in mol-
ten metal (mass %)
and

P15t density of molten metal saturated with

solute (kg/m?3)

The relative velocity « (m/s) can be calculated
by the equation, u=2nr, R, where R is the rotat-
ing speed of specimen per second (s~ 1).

The constant a is 1/3-2/3 for various models

10° —————
1073k @Fommercialypured ;) Eisenberg,Tobias and wilke
a=0.644
@545C é3ngnnet and Lewis a=0.660
O Fe-3C 4)Kim and Pehlke a=0.644
©Fe-3Cr (5)Umakoshi ,Mori and Kawai
— 0 . a=2/3
*o\\ l ' (6)Kawai,Mori and Matsushima
(7)R.N.Smith & R.Greijf
o 101
O
(92]
N
~—~
3
~
X
N
n
=
2
10
1 2 3
10 10 10

Re=LuS’9J

Fig. 7 Non-dimentional correlation of mass-transfer from rotated solid ferrous alloy into

molten pure aluminium bath.
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and systems, and a=2/3 is adopted in this
experiment.

The diffusion coefficient, the density and
the viscosity of molten aluminium are required
in order to calculate S¢ number. The values
used for the discussion on the static bath are
adopted@®®~(2) for the calculation of Re
number in this study. For %x,, the value in the
previous paper?® is also used.

(3) Discussion on controlling step of
dissolution of ferrous alloys

Jo, values obtained in this study are plotted
against Re number in Figs. 7 and 8. Figure 7
shows the results of commercially pure iron,
Fe-3C and Fe-3Cr alloys at 1073 K, and Fig. 8
shows the results of Fe-3Si at 1073 K and com-
mercially pure iron at 1023 and 973 K. The
results of S45C at 1073 K are given in both
figures. The values obtained by the non-
dimensional correlative equation shown in
5.(1) are also given. The exponent of Sc number

Mitsuo Niinomi, Yukinao Suzuki and Yoshisada Ueda

in Jy, factor is expressed by a. J;, changes with
time, and the time progress is expressed by the
arrow. The exponent of Sc¢ number in each
equation is not always 2/3, but this value may
be used for the purpose of comparison and
discussion, because the accuracy of each physi-
cal property is not high.

When the non-dimensional correlative equa-
tions shown in these figures are compared
among one another, egs. (2), (3), (4) and
(5) are in good agreement, but eq. (6) gives a
considerably higher J, value. Many other
papers report the equations which are also in
good agreement with egs. (2), (3), (4) and
(5)®@H@Eete. - Fyurthermore, these equations
agree also with the theoretical correlative eq.
(7). Therefore, egs. (2)-(7) may be considered as
the standard. If the experimental values agree
with these equations, the dissolution of ferrous
alloy can be considered to be controlled by the
diffusion process that Fe atoms diffuse through
the diffusion layer into bulk in molten pure

10

O Fe-35i(1073K)

© commerciallypure

-H

i (2)Eisenberg ,Tobias and Wilke

iron(1023K a=0.644
®commercjalypure | (3)Bennet and Lewis a=0.60
iron (973K) (4)Kim and Pehlke a=0.644
—1 (5)UmakoshiMori and Kawai
® S45C(1073K) a=2/3
‘e\ .Q%é] (6)Kawai,Mori and Matsushima
— %, (7)R-N-Smith & R.Greif
<1
w. 10
(8}
(V2]
S
~~
3
~
~
A
]
=
=2
10
1 2 3
10 10 10
Re=Luf/ p

Fig. 8 Non-dimensional correlation of mass-transfer from rotated solid ferrous alloy into

molten pure aluminium bath.
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aluminium. If the experimental values are con-
siderably lower, processes such as the reaction
at the interface between ferrous alloy layers, the
diffusion process of Fe in the alloy layer and the
formation process of alloy layer, or the reaction
at the interface between alloy layer and molten
aluminium are the controlling step of dissolu-
tion.

In this experiment, the alloy layers of com-
mercially pure iron, Fe-3Cr and Fe-3Si alloys
flaked off as mentioned above. Moreover, the
rugged surface was observed for these specimens
inside the alloy layers rotated -at more than
2.67s~!. But this phenomenon was not ob-
served for Fe-3C alloy. Then a rather lower
carbon alloy, S45C, was dipped and rotated,
but the rugged surface was not observed on
the alloy layer (Fig.9) and also inside the
alloy layer (Fig. 10). For S45C, J,, was plotted
against Re number (Fig.7 or Fig. 8), which
agreed well with the non-dimensional correla-
tive equations. When rotated at 0.70s™1, J,,

Alloy layer

Adhering Al

=}
ot
o}
O]
2=

Fig.9 Alloy layer formed on S45C rotated at
10.0 s~*! in molten pure aluminium at 1073 K.

Fe-3C S45C Fe-3Si
13.33 s~ 10.0 s~ 10.0 s~
1.8 ks 1.2 ks 0.42 ks

Fig. 10 Surface of the ferrous alloy inside the adher-
ing aluminium and alloy layer.

was slightly higher, which will be mentioned
later.

(a) Dissolution of S45C

When S45C was rotated at 10 s™1, as shown
in Figs. 7 or 8, J,, was in good agreement with
the non-dimensional correlative equations.
When rotated at 0.70 s™!, the specimen was
more attacked at its upper portion than at its
lower portion. This is an evidence of the effect
of natural convection'®®), Therefore, J,, at
0.70 s™* can be considered to become greater
than J, of the non-dimensional correlative
equation. As J,, of S45C is in good agreement
with Jj, of the correlative equation, the dissolu-
tion of S45C is considered to be controlled by
the diffusion of Fe atoms in molten aluminium.

The mass transfer resistance or the chemical
reaction resistance was considered to exist in
the alloy layer for the dissolution of commer-
cially pure iron and Fe—C alloys (2% and 3 %C)
in the static bath®. Hence, such a resistance can
be also considered to exist in the alloy layer of
S45C. But this is negligible because of con-
siderably thin alloy layer. So, S45C can be
considered as a standard for the discussion
about the controlling step of dissolution of the
other alloys.

(b) Dissolution of commercially pure iron,
Fe-3Cr and Fe-3Si alloys

By the dissolution of commercially pure iron
and Fe-3Cr alloy in the static bath®, it is
clear that the alloy layer was thick, and the
mass transfer resistance or the chemical reac-
tion resistance was considered to exist in the
alloy layer. However, the alloy layers become
thinner for the rotated samples, and J,,, is much
greater than J,, of the non-dimensional corre-
lative equation and J,, of S45C. Therefore, in
this case, the mass transfer resistance in the
alloy layer can be considered negligible.

For Fe-3Si alloy, the mass transfer resistance
or the chemical reaction in the alloy layer
could be neglected in the static bath. Moreover,
when rotated, J,,, of dissolution is greater than
Jp and J,, of S45C. Therefore, for this alloy,
the mass transfer or the chemical reaction
resistance in the alloy layer can be considered
negligible.



438

As mentioned above, the dissolution of
commercially pure iron, Fe-3Cr and Fe-3Si
alloys under the rotation is considered to be
controlled by diffusion of Fe atoms in molten
aluminium. However, J,,, values of these alloys
are considerably larger. So, a factor, which
accelerates the dissolution, must be considered,
other than the decrease of thickness of the
alloy layer by the rotated specimen.

As mentioned above, by these alloys, some
trace of flaking of the alloy layer is observed at
every rotating speed. Moreover, for rotating
speed 0.70 s~ 1, the effect of natural convection
is recognized. At higher speed, the surface in-
side the alloy layer become rugged, and this
tendency becomes more noted with increasing
speed. This ruggedness is more remarkable for
Fe-3Si alloy than for commercially pure iron
and Fe-3Cr alloy at rapid rotation. Therefore,
the rugged surface may be considered as the
trace of erosion of the ferrous alloys by molten
aluminium. Furthermore, it can be also sus-
pected that a local turbulent condition in the
preferentially dissolved region or a mutual
effect of turbulent flow in the eroded region
becomes remarkable with increasing rotating
speed.

The dissolution process will be discussed now
by contrasting this phenomenon with J_, values.
Jy, values at a low rotating speed become
very large, when the dissolution is accelerated
by the nautral convection or flaking of the alloy
layer. As rotating speed increases, J,;,, values of
Fe-3Si alloy become larger than those of com-
mercially pure iron and Fe-3Cr alloy. The
tendency is in agreement with the increasing
ruggedness. Therefore, at a high rotating speed,
the dissolution may be accelerated by flaking
of the alloy layer and erosion of the ferrous
alloy by molten aluminium or by local turbulent
condition on the rugged site.

(¢) Dissolution of Fe-3C alloy

J, of Fe-3C alloy was slightly smaller than
that of S45C. Hence, the mass transfer resist-
ance or the chemical reaction resistance in the
alloy layer can be considered to exist. Rotation
of the specimen decreases the thickness of the
alloy layer considerably, and the mass transfer
resistance in the alloy layer decreases some-
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what, but not negligibly. The chemical reaction
resistance may exist at the interface of Fe-3C
alloy and alloy layer, because of the existence
of much eutectic cementite. Therefore, for the
dissolution of Fe-3C alloy, a little mass trans-
fer or chemical reaction resistance can be
considered to exist in the alloy layer.

IV. Conclusion

In order to study the dissolution of ferrous
alloys into molten aluminium under the forced
flow, commercially pure iron, S45C, Fe-3Cr,
Fe-3Si and Fe-3C alloys were dipped and
rotated in molten pure aluminium, and the
dissolution process of each ferrous alloy was
examined. The following results were obtained.

(1) The alloy layer becomes thinner with
increasing rotating speed, and the thickness is
constant for various dipping times. The shape
of the alloy layers formed on commercially
pure iron, Fe-3Cr and Fe-3Si alloys changes
from tongue-like to band-like, as the rotating
speed increased. For Fe-3C alloy, the alloy
layer is band-like with a slightly tongue-like tip
at every rotating speed.

(2) With regard to the composition of the
alloy layer, Fe,Als occupies the major portion
in the same manner as under the static condi-
tion.

(3) The dissolution rate of each alloy into
molten pure aluminium increases with increas-
ing rotating speed. The corrosion resistance
against molten aluminium is the highest for
Fe-3C alloy and the lowest for Fe-3Si alloy.
This result agrees with the tendency in the
static bath.

(4) The dissolution of commercially pure
iron, S45C, Fe-3Cr and Fe-3Si alloys is con-
trolled by the mass transfer of Fe in molten
aluminium. At lower rotating speed the dissolu-
tion is accelerated by natural convection and
flaking of the alloy layer, while at higher rotat-
ing speed the dissolution is accelerated by
flaking of the alloy layer and erosion by molten
aluminium or by turbulent flow at the rugged
site on the alloy surface.

In the alloy layer of Fe-3C alloy, there may
be a little mass transfer or chemical reaction
resistance in the molten aluminium under the
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forced flow condition as well as under the static
condition.
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