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Mechanical Alloying

“MA isatechnique for processing of powder in ahigh-energy ball mill.
Originally it was developed to produce oxide-dispersion strengthened Ni- and
Fe-based superalloys for application in aerospace industry.

MA has now been shown to be capable of synthesizing avariety of equilibrium
and non-equilibrium phases starting from blended elemental or prealloyed
powders.

The non-equilibrium phases include: supersaturated solid solutions, metastable
crystalline and quasicrystalline phases, nano structures and amorphous alloys

C. Suryanarayana. Progress in Material Science, 46, 2001, 1-184



Mechanical Alloying

Different types of high-energy milling equipment are
used to produce mechanically alloyed powders.

They differ in their capacity, efficiency of milling and
additional arrangements for cooling, heating, etc.

A conventional ball mill consists of a rotating drum
(horizontal or planet-like movement of its vials) half-
filled with small steel balls and powder (few hundred g
of the powder can be milled at a time).

C. Suryanarayana. Progress in Material Science, 46, 2001, 1-184



Planetary ball-mill (Pulverisette-6)

thevials and the supporting disk rotate in opposite directions
the F_ alternately act in like and opposite directions
Thiscauses

thefriction effect

the impact effect @ 4

Horizontal Section
Movement of the

supporting disc

Centrifugal
force

Rotation of the grinding bowl

View of ball mill Scheme of grinding 5



Attritor mills.(Model I-S attrito)

a vertical drum with a series of
iImpellersinsideit

this causes shearing and impact forces
on the material

®, ~ 250 rpm o siatonery tank
guantities of powder 0.5-40kg can be

milled at atime

View of ball mill

Steel ball
bearings

Ball mill

Rotating impeller

Inside of mill 6




Ultrasoni¢. Grinding Mill
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Ultrasomc.mlllmg actionr

One can see how the ultrasonic milli ng ever can provide a

mechanical alloying process.

The metallic balls
both rotate and
collide during
treatment. These
rotation and impacts
lead to grinding,
flattening, fraction,
fragmenting, cold
welding and result
In aloying of
powders.

— —
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During high-energy ball milling the“powder particles
are repeatedly flattened, cold welded, fractured and
rewelded.

(g) Flattening

== -—

{b) Cold Welding




Fe-C

* Fe-C systemisthe basis of anumber of steels.

The solubility of C
Iin ao—Feis approximately 0.02 wt %
in y—Feis2.1 wt %
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E.Bauer-Grosse, G. Le Caer —» Fe,C,
H,=23.0T,

H,=205T,

H;=165T

E.Bauer-Grosse, G. Le Caer —» Fe,C,
v'Stable up to 800 K

v Trigonal-prism chains

..

v'short-range order typical of
ortorombic carbide

v Crystalization of amorphous Fe-C

-5||||1_|l::|-i|-||? a“Oy,

velocity (mm/s)

vSynthesized-at-high temperature
(1400C) and pressure (80 kbar)11



High-energy ball milling

Powder atomic ratio at../at. = 85:15 or 75:25

5-Fe
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MA FetC > AmP Fe-C - Fe,C

E.P. Yelsukov, G.A. Dorofeev, et al., Mater. Sci. Eng., A 369, 2004, 16-22



High-energy ball milling

Powder mass ratio mg./m. = 80:20
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1998, p.565-70. 13



to reveal the change in structure and the hyperfine
parameters in Fe-particles without alloying and alloyed
with C (at../at. = 46:54) by means of power
ultrasonics in He environment
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Materials

o-Fe-powder
Cr Mn Co NI Cu Ti
+0.005 +£0.005 +0.01

0040 009 <0016 004 <001 <0.02

The Fe and C powder atomic ratio mg./m. = 80:20

f.c.c. Fe-30,3%Ni alloy
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“o-Fe USM inHe 50 hrs
4 ;,:' .an.' & * e U &

General view of part
of asample of
processed o-Fe

View of separated
processed particles of a-Fe

Particles looks like flattened foils (scal es)
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a-Fe USM In-He 50 hrs
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o-Fe-Powder-USM in He 50

R e R o
5;5-_ o e Yk
glo:.

Ty

i R W
V, mm/s

1373 K
H=33T
G =0.27 mm/s
Didlocations were
collected in grains

(@)

grinding of particles and they
annihilated at thelr boundaries

TEM analysis pointsto Fe-O oxide

Y] 201
e A e after USM
G : {50 hrs H=33T
_g F b) X g2 RS _-4
R s USM does not
<05\mmﬁmmr_ 75 1rs change even G
4+ T g i, S -
12} : : : J Fe-O, Fe,0O,;, Fe,0O,
A /
V, mm/s
not xS - T T S R
after IS S s e Yal 5 A e
Orghifto i e e - .
24 2 o 1
3
o 7 a
< f | A | N | 1 | | | |
A 1S o S e 6 4 Sultckili2
V, mm/s 18



Fe,; C.,USMIn He-50 hrs

Meess cs4 — 2-1 O

Genera view of part of asample  View of separated
of-processed-+e,,C;, particlesof-Fe,; C;
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Fe,; C.,USMIn He-50 hrs

1IN Meess csa = 2-1 O
674_ Nparticles ~ 1348
| <D> = 1950 nm
539-
© _ D _=10nm
A ilaiH DmaX: 29000 nm
270 \
1351
NN

0 S 10 15 20 25 30

™

Distribution of sizes of scales is much narrow, from 10 nmto 29 um

The process of grinding of Fe powder with C goes more effectively under USM than

without C
It is consistent to E.P. Yelsukov, G.A. Dorofeev's MA-data (<L{> = 13 nm, <L...> = 7 nm)
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Distribution of Measg cs5a — 5.7 g
reflections  and  ring S &

width ae close to
graphite lattice

e

Tozswer [ dark-field image

measured In
reflections of
graphite

All electron diffraction is formed by complex
participation of crystallites of Fe, carbides, oxides.
Diffuse character lines Is associated with their
dispersion. s s 4
(no amorphous state) 21



Fe,; C.,USMIn He-50 hrs

b.c.c. Fe
(112),

dark-field image

The elements of ~50 nm are single crystals (without defects)

Dislocations and cellular structure in particles of < 50 nm were
not revealed

Contrast is attributed to high level of strains due to defects of

crystal structure in particles larger than 150 nm. P
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In particular the calculation of electron diffrtios poi nts to
existence of oxides and the the most probable is Fe,O, Diffuse
broadening means their dispersion.

Some reflections on electron diffractions on their parameters are
attributed to Fe C , carbides. However, the data are limited for

exact thar identification. analysis of dark-field images show the
existence of Fe particles and 2
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Ultrasonic-milling

as-received Fe-powder
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Ultrasonic miliing
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C clusters O_OOOQM _
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CarbideFe,C, L
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Oxides 27



H=208210T 0.00 WMMM/\M s
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Ultrasonic miling+ Ageing

Line | Experiment a-Fe
No d, nm [1]
hk

1 0.2629539 I5;
2 0.2550530
3 0.2384291
4 0.2240548 | (110)B
5 0.2107304
6 0.2066304
7 0.2031318 | (110)q
8 0.2014488 022; 103
9 0.1975928 211
10 0.1872829 113
11 0.1856237 122
.2 0.1759389 212
13 0.1686038 004; 023
14 0.1583966 | (200)g (130
15 0.1432947 | (200)c
16 0.1289839 | (211)B
17 0.1172382 | (211)«a
18 0.1172327 | (211)a

[1] The International Center for Diffraction Data (Table 17-0333). .

1273 K
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Ultrasonic milling
81,9% (SSFeC+FeC,+APFeC)— = 9,5% (Fe +FeC)
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Counts in channel
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USM FCC (Fe5Niq0)4cCes

He 20 hrs
O-I U |
A g amk | *Martensite
e - d = 0,2029 nm
Austenite 5 °f | A0,
§1(2)2 ! o scementit
_ Fe,C (?)
So: crystallites
8t d = 0,168 nm
12+ d =0,119 nm
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8 4 V,eww/ 4 8
1373 K ey
v No carbides
No martensite
Solid solution

QignaS = 3MCcirqzHe

U SM ﬁ 0.0041

0.000+

1
|I T T
1 20 4
| AT 23



A o

- “Conclusjons —*

V4

*The ultrasonic milling in a gaseous He environment results in more
effective grinding of Fe particles in blend of Fe-C-powder (at../at. =
46:54) than without C and dissolution of C iniron particles.

*The distribution of carbon in Fe particles is inhomogeneous and
characterised by existing of single C atoms, carbon clusters, iron
carbide Fe,C, . The iron oxides are observed and an existence of
am.phase is not excluded.

*Ageing of US treated Fe-C powder results in Fe,.C; — Fe,C
transition.

*The ultrasonic milling Is an effective technique for grinding of

~powdersand-MA— -
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