Vol.5 N2 1

TRANSACTIONS OF NFsoc Mar. 1995

EFFECT OF ALUMINIUM AND BORON ON
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ABSTRACT

The surface modification of some materials (45, T8, 5CrMnMo, 3Cr2W8V) in fused borax

bath added with aluminium oxide powders and reductant was probed. The results showed that with proper salt

composition and technical parameters, and B/Al ratio 1. 3~3. 2 in salt bath, the boron atoms and aluminium atoms

can co-diffuse in steels, thus an ideal B-Al co-diffusion layer can be obtained which contains ferro-boron phases and
ferro-aluminium phases and ensues surface modification in steels.
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1 INTRODUCTION

Boron-diffusion has been applied early in
industrial departments of metallurgy and ma-
chine manufacture, but the boron-diffusion
layer is brittle and its densification is poor, so
its application range has been restricted. The
brittleness of itself, depends mainly on the
difference of the specific volume between
boride and basal-body. The work by Liliental
and others indicates that not only the brittle-
ness of the two-phase boride-layer is great,
but also the anti-wear property is not so good,
besides, when loaded, it is easy to be bited!!!.
Generally considering, one-phase layer of
Fe,B is more ideal, because it not only has
better wearability, but also bears certain
rushing load. On the diffusion-layer of Fe,B
(chemical compound layer) whose thickness is
about 75 pm, when the diffusion-layer of 250
pm{both ferrites and carburation-body bearing
boron) is added on, it would produce the best
property “. The densification of boron-diffu-
sion among the borides would be evident
which would ensue the reducing of the antioxi-
dization capability and would not be suitable
for the condition of heat work. So, some per-
sons at home and abroad have carried out the
research work on B-Al co-diffusion so as to
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improve the brittleness and densification of
the diffusion layers and have also obtained a
great deal of progress in their works™~%,

Up to now, under the laboratory condi-
tion, they have approached powder-method,
melt-salt method, gaseity
method, electuary method and so on, which
are all co-diffusion methods. But they are rel-
atively complex in technology, the differential
property of co-diffusion structures is great,
and difficult for use in production.

The purpose of this article is to probe the
law of surface modification owing to Al-B
atom diffusion among some materials most in
use when added with aluminium oxide and re-
ductant in borax fusion bath.

electroanalysis

2 EXPERIMENTAL

2.1 Sample Preparation

After being annealed, the bars of 45,
T8, 5CrMnMo, 3Cr2WS8V were processed in-
to the samples of 422 mm X 4 mm. The rust
and deterge oil were eliminated with one tenth
oxalic acid solution and acetone.

2.2 Salt Bath Composition and Technic

The co-diffusion agent consists of borax,
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aluminium oxide, silicoiron, fluorate, and
rare-earth, the solvate of above elements can
compose the salt bath according to right pro-
portion. and at 850 C , it would have excellent
flowability.

The samples of co-diffusion were heated
separately to 850, 900, 950 and 1000 C, and
each kind of temperature was kept separately
for 2, 3, 4, 5, 6h, after diffusion. Then the
samples were air-cooled.

2.3  Structure and Components of
Diffusion layer

The diffusion layer structure was dis-
played with p. p. p. reagent, and then ob-
served and photographed with Nikon (Japan)
microscopes, the diffusion-layer structure was
also analyzed with Mode D-9C diffractometer,
the shape and face was observed with X-650
scanning electron microscope, and the alu-
minium in the diffusion layer was scanned to
its energy spectrum and wave pattern,

Fig. 1
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3 RESULTS AND DISCUSSION

3.1 Structure of Diffusion Layer

The structures of the co-diffusion layer of
45, T8, 5Cr2WB8V are shown in Fig. 1.

Fig. 1 indicates that shape and face of the
co-diffusion layer structure appear mostly in
the shape of comb-tooth, the top surface layer
presents some irregular circle blocks, just like
boriding layer, there are distributions of fine-
strip shape and grain-shape phases within
tooth and among teeth.

The analysis result by X-ray diffractome-
ter shows that the thin surface layers present
the phases of Fe,B, Fe,Al or Fe,Al;, as
shown in Fig. 2. The comb-tooth shape phase
of the secondary-surface layer has been im-
mersed with p. p. p reagent and measured to
be Fe,B by microhardness.

Among the phases of 45, T8 there are
Fe;Al with strip-shape and block-shape, and
Fe, (C,B) of which the dissolvability could be

variable!’', as shown in Fig. 1¢a) and (b). In

The air-cooled structures of co-diffusion at 500 C for 4 h of

(a) 453 (b) -T8; ()~ 5CrMnMo; (d)--3Cr2WgV
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Fe,B phase of 3Cr2W8V, VC!! distributed in
dissemination, as shown in Fig. 1(d).

The measured results with probes on the
phase of iron-aluminium in 5CrMnMo co-dif-
fusion-layer are shown in Table 1. From
Table 1, we can see, Al-content is quite high.

Table 1 The results of measurement on
Fe-Al phase with probes

in 5CrMnMo co-diffusion-layer

Elements Weight Atom
specific (%) specific (%)

Al 34.82 50.10

Fe 41.03 26. 87

others omitted omitted

Fig. 3 shows the energy spectrum of 5
CrMnMo co-diffusion layer. Fig. 4 and Fig. 5
show Al-surface distribution and Al-line dis-
tribution of 5CrMnMo co-diffusion layer.

Among the co-diffusion layer, immersed
.with p. p. p reagent and measured by micro-
hardness, the boride types are relevant with
technical parameters, as shown in Table 2.

3.2 Formation of Diffusion-layer
Phase
In the four-components of Fe-Al-B-C,
the temperature at which aluminium and
boron form chemical compound is higher than
melting-point of iron'*’!, therefore, in the salt
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Fig. 2 Analysis spectrum (Fe.B-Fe;Al)
of the surface structre of 5CrMnMo
diffusion-layer

bath, there is no interreaction occurring, and
the carbon in Fe-C alloy would not form any
carbonide. So in the iron-sosoloid, action of
the atom diffusion of Al-B would depend en-
tirely on the properties of their interreaction
separately with iron'®,

The diffusion of boron in iron sosoloid
would be fast, but its solubility is minor, and
would form easily Fe-B chemical compound;
the solubility of Al in iron sosoloid would be
great, and aluminium could form both phases
of a, B, (Fe;Al), B, (FeAl), and phases of {

AlK,
1

FeK.
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Fig. 3 Energy spectrum of
5CrMnMo diffusion layer

Fig. 4 Al-surface distribution of
5CrMnMo co-diffusion layer
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thinnest layer should be Fe-B chemical com-
pound presenting irregular block-shape, being
fine-strip phase, 7 -phase and block-shape a -
phase, and HV1600~1 680 of Fe,B compound
presents hard-phase; HV675~790 of 7 -phase
and HV280 ~ 430 of 3, -phase present soft-
phases!7i,

The formations of Fe-Al phase and Fe-B
phase restrain the atom diffusion of aluminium
and boron to varying degrees, so that they
would affect the structure of the secondary
surface layer. The aluminium atoms could on-
ly diffuse through a -phase, when they reach
the limited dissolvability, they would form 8,
£y 7,0r O-phases, the diffusion resistance
would increase strikingly, but the boron atom
diffusion would be different. Munweriu and so
forth pointed out after researching that boron
Fig. 5 Al-line distribution of diffused into iron, Fe-B compounds would
5CrMnMo co-diffusion layer grow by presenting finger-shape, and express
preferred orientation so that boron could dif-
fuse and pass through easily its lattice’®', that
is, the Fe-B compounds would be considered
without evident influence to B-atom diffusion.
From this, we could sce that the increment
component of the diffusion resistance of
boron-atoms within the diffusion layer comes
mainly from the appearance of 8, 7, ¢ phases.
So, at the secondary surface layer, B-atom
diffusion still precedes stikingly the Al-atom
diffusion, and the growth of Fe-B compound
preferred orientation would present comb -
tooth shape. Fe-Al phases distribute on them

(FeAl,), 7 (Fe,Al;) and 0 (FeAl,). When the
atoms of aluminium and boron diffuse jointly
in iron sosoloid, the thinnest surface layer of
the sample would form Fe-B chemical com-
pound and e-phase which would affect the
continuous diffusion and permeance of the
atoms of aluminium and boron. Fe-B com-
pound would obstruct the diffusion of Al-
atom, in the process of its growth, it would
repel aluminium to make the adjacent « -phase
interface increase aluminium, when the dis-
solvability is at limit, it would form @ -phase
and 7 -phase, thus the structure of the

Table 2 Relations between boride-type in co-diffusion
layer and technical parameters

Boride-type in co-diffusion layer

Co-diffusion
technology 15 T8 5CrMnMo 3Cr2W8V
0C. 6h Feld Feuls FeiB Fe.B
900 . 4h FeB Fel3 Feals FeB
CeBa li . eB(a littl
900 C. 5~6h l-clieln;cllzulc) Fe:B hB(ae‘:“ e) FesB
. FeB FeBla little) FeB(a little)
950 C. 4h +Fe,B +Feyli +FeB Fe:B
. Fel FeB Felb FeB(a little)
950 C. 5~6h +FesB +Fe.3 +Fe:B +Fe;B
1000 C. 1 FeB FeB FeB FeB

+Fe:B +Fe:B +Fe:BB +Fe.B
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or among the teeth.

To sum up, it is not difficult to see that
the atom diffusion of aluminium and boron in
diffusion layer would restrain each other, and
structures of the diffusion layer would be con-
trolled by the Al-potential and B-potential.
5CrMnMo in salt-bath of different values of
B/Al through the same parameter co-diffusion
air-cooled would dispalay in structure that
when Al-potential is weak, but B-potential is
strong (B/Al1 = 3. 2), the Al-atom diffusion
would be restrained and its structure of diffu-
sion-layer would be like the usual B-diffusion
one; on the contrary, when the Al-potential is
quite higher than B-potential (B/AI<1. 3),
the B-atom diffusion would be restrained, the
surface structure of diffusion-layer would pre-
sent phases of 3, 7and secondary surface layer
would present @ -phase, as shown in Fig. 6,
only when B/Al=1.3~3. 2, atoms of Al and
B within the diffusion-layer would diffuse in
parity, we could obtain the diffusion-layer
which consists of Fe-Al phase Fe-B phase, as
shown in Fig. 1.

Of course, the carbon and alloy elements
in basal body could have nonegligible effect to
Al/B atom diffusion. In the periodic table of
elecments, carbon and boron are close, that’s
to say, they are alike, both of carbon atom is
smaller, and easy to keep gaps in Fe-sosoloid,
which would obstruct B-atom diffusion. The
diffusion and solating in of boron should repel
carbon entering the sosoloid around ( 7- Fe).
The higher the carbon content in basal body

Fig. 6 Structure of diffusion-layer
as B/AI<1. 3, X600

is, the greater the resistance of horon atom
diffusion would be; owing to the diffusion and
solvating in of aluminium, ¥- Fe would contin-
ue transforming into a, 8, 7 phases could not
solvate carbon generally, the Al-atom diffu-
sion and solvating in should also repel the car-
bon entering the sosoloid around (7- Fe),
which would lead to the appearance of high
carbon area at the diffusion layer and the in-
terface of basal body, thus there would exist
high carbon area and carboret in interfaces of
Fe-B phase and Fe-Al phase.

3.3 Factors Controlling Thickness of
Diffusion Layer

The air-cooled diffusion-layer thickness
of co-diffusion of T8, 5CrMnMo, 3Cr2W8V
is shown in Fig. 7. Tt is clear the effecting
laws of co-diffusion parameters on the diffu-
sion layer thickness of three kinds of steels are
basically identical, but the effecting degrees
are different. The effect of high temperature,
and long time would be great; when co-diffu-
sion time is long, the effect of temperature is
great, while the parameter is identical, the
diffusion layer of T8 would be thick, the dif-
fusion layer of 3Cr2W8V would be thin, the
diffusion layer of 5CrMnMo would be medi-
um. This is because the alloy-elements in
5CrMnMo and 3Cr2WS8v could both form car-
buret and solvate into sosoloid, the obstruc-
tion of which to Al-B atom diffusion would be
evident. But its properties and contents are
different, so the obstruction degrees of Al-B
atom diffusion are not alike. Among them,
strong carburet would form the element vana-
dium, generally it would form interval phase
VC (or V,C) distributing with dispersion in
the basal body. its stability is quite high. it
couldn’1 solvate at co-diffusion temperature,
its resistance to Al-B atom diffusion in diffu-
sion layer is the greatest, the medium-strong

carburet would form the elemental chromium,
when its content in steel is not high, it would
only form the alloy cementite (Fe, Cr);C, its
stability is not high, when its content is high,
it would form special carburet (Cr, Fe),Cs;
the medium-strong carburet would form the
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elements W and Mo, in steel, besides forming
alloy cementites (Fe, W),C, (Fe, Mo0);C, it
would still form some special carburets (W,
Fe),;Cs» (Mo, Fe),;Cq, WC, (Mo, Fe)C,
MoC, Mo,C. Their resistance to Al/B atom
diffusion is weaker than the elements formed
by strong carburets, the affility of Mn-ele-
ment formed by weak carburet for Fe would
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Fig. 7 Curve of temperature-time-thickness
of diffusion-layer
(a)—T8; (b)—5CrMnMo; (¢)—3Cr2W8V

be slightly stronger than that of Fe for C, its
dissolvability in ¥ -Fe is very high, and would
form alloy cementite (Fe, Mn);Cin general,
its stability is not evidently different from that
of Fe,C, its resistance to Al-B atom diffusion
would be alike to Fe,C™'®. Generally, the al-
loy elements such as Cr, Mn, Mo, W and V
within 5CrtMnMo, 3Cr2W8V would hinder B-
atom diffusion, so they would restrict the
growth of Fe,B phase. The rare-earth added
in co-diffusion bath has striking action of has-
ten-diffusion which would weaken gradually
as the co-diffusion time lasts, as shown by the
dotted line in Fig. 7.

4 CONCLUSIONS

(1) In non-electrolyte salt bath of borax,
alumium-oxide, right amount of reductant and
activator, Al/B co-diffusion of steelwork sur-
face could be realized, and diffusion layer
composed of Fe-B phases of high hardness and
Fe-Al phases of good toughness could be ob-
tained, the surface modification could also be
completed.

(2) The structure of modification layer
would mainly be controlled by ratio of B/Al
and technical parameter in salt bath.
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