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Synopsis :

The principle of the process and the equipment for the production of water atomized
iron powders, as well as powder metallurgical characteristics of the products, are
explained. The process of atomization has been investigated from the viewpoint of the
theories of chemical engineering, and the relation between the average diameter of
produced powder particles and the condition of atomization has been described. On the
powder metallurgical characteristics, the difference between the qualities of the iron
powders which are produced by atomization and by the method, together with the

characteristics of the atomized alloy steel powders, has also been described.
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The principle of the process and the equipment lor the production ol water atomized iron powders,

as well as powder metallurgical characteristics of the products, are explained. The process ol atomization

has been investigated from the viewpoint of the theories of chemical engineering, and the relation

between the average diameter of produced powder particles and the condition of atomization has

been described.

On the powder metallurgical cherecteristics, the difference between the qualities of the iron powders

which are produced by atomization and by the methods, together with the characteristics of the atomized

alloy stee! powders, has also been described.
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Table 1 Experimental and calculated values of harmonic average diameter
of atomized metal powder partmles

Kind ot Velomty of : Flow rate cf

\ ;
| metals water jet ! molten metal

Ex.No. ‘ i
i U | Wo
% 10% m/h kg/h
] ‘ Fe ! 666 : 277
2 ; Fe 508 : 277
3 j Fe j 523 277
4 ' Fe 496 ‘ 277
5 ! Fe 412 | 370
B ! Fe 601 : 370
7 3 Fe : 432 i 370
8 } Fe 601 5 370
9 Fe 601 ‘ 370
10 Cu 609 ! 300
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dr gk (h)

Conre ! AL BOER IL#, (keal/kg®C)
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(kcal,’mh"C)
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ty 0RO RO # A AR PR

(kg/mh)
Copow o P -f 0 IO 77 A AT R
03 | (kcal/kg°C)

dv DRUT £ 0 A KON SR (m/h)

(2+4) A B-T100°C o kS D kit 2
1,850°C om0 Rk oRH o B HEE
Fr, KAEREGOMMEE S 300x10° m/h &

LCRHEL-H %% Table 2 o5,
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Flow rr;te of Harmoﬁic average
water d:ameter, Dy
W Fxpenmental Calculated
x10% kg/n x1076 m x1078 m
15.05 | 53 51
15.79% 48 57
17.73 47 65
18.69 ‘ 52 i 68
‘ 18.59 53 B2
| 13.59 I 54 57
0.7 67 : 79
é 13.59 59 | 57
| .
: 13.59 I 53 57

13.8) 40 44

Table 2 Cooling rates of the surface of
spherical molten iron particle in
water vapor

Diameter of the Cooling rate

sphere ‘
n ‘ °C/h
25 ‘ 1.830x 109
50 1 0.551 x 108
100 0,171 %109
200 0.054 109
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Fig. 2 Production process of the water
atomized iron powder
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Table 3 Effects of finishing reduction for the

atomized iren powder

Reduction time Reduction loss Micro-vickers
hardness of

3.0 0.06

particle
h % pHv
v] 2.94 : 362
0.5 0.3 _ —
1.0 0.17 114
2.0 ; 0.15 | 9
: %

Reduction ato'mosphere AX gas
Reduction temperature g00°C
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Table 4 Powder metajlurgical characteristics of various kinds of iron powders

Method of

Characteristics of sintered compacts

' Characteristics of powders ! Characteristics
production i of green compacts |
Apparent iFIow rate| Reduction ‘ Density | Ratiler ‘ Density EDimensiomal‘ Tensile | Elongation
density ' loss 1 value ichange on . strenwth -
sintering |
| og/em® | sec/50Z ; % I g/emd | 05 U ogiemd o llcgﬂmm? 0%
i ' 1 1 ] P
T __"1.- 77777| T | T T | i ! |
2,64 ! 25.3 | 0.15 o682 0.7l ‘ 6.90 | —0.i8 ‘ 18.8 17.9
Atomization of ' ) I i ‘ | i i o h— .
low carbon steel | I [ _|_ i I : ' |
263 | 27.0 | 0.2 7.02 1 0.4 . 7.0 1 —0m | 17.2 12.7
. e ] L — AR B -
Awmization of 507 | a1 | g3 s 1 o3 | —0.47 | 7.1 12.9
electrolytic iron 1 < b : i ! : . : i : =
Crushing of Cooe = | - | |
doctrolyti iron | T8 | 5.3 0.07 6.9 2.20 6.85 -0.0) 190 | 10.8
Reduction of . -
iron ore 2.42 3.1 0.49 6.65 .36 6.6 —0.21 16.2 9.5
Reduction of 2.54 27,4 0,22 5.83 0.45 6.8 —0.24 i6.5 12.1

steel mill scale

Compacting pressure: 5 t/cm’

Sintering atomosphere: AX gas
Sintering temperature and time: 1,150°Cx1 h
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fa) Atomized iron (lh  Crushed electrolytic iron

fc) Reduced iron ore {d) Reduced steel mill scale

Photo. 1 Opitical micrographs of various kinds of iron powder particles ( x400)

1@l Afomized iron

by Crushed electrolytic iron
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Photo. 2 Scanning eleciron microscopic figures of various kinds of iron powder particles { x400)
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Fig. 6 Compressibility of various kinds of
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Table 5 (a) Chemical composition of
atomized alloy steel powders

Kind of

alloys M| C ‘St ‘\In' P ! }M |\’I:)
B ”_ \ | ; i ;
Fe-Ni ‘93 BSOOLS)U!GIQ 040 0.i44.79 —
Fe-Mo
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Table 5 ( h ) Powder metallurgical characteristics of atomized alloy steel powders

Characteristics of sintered compacts

‘ Charactensncs of powders | Characteristics ‘

i of green compacts .
Kind of Apparent Flow rate, Reductmn|Hardness of Density | Rattlerﬁl.Densily ?Dimensionai}! Tensile iElongation
alloys ‘density ‘loss partlcle i value E‘ chavge on ; strength |

! ‘ | ‘ sintering ‘ ‘

E g/em? | sec/50g 9 ‘ gHY | g/ecm? . % #/cm3 l % . kg/mm? %
Fe-Ni ‘ 251 | .5 e s 6.54 | 087 | 665 « —0.10 i 21 | 87
Fe-Mo 281 | 238 ' 0.11 ‘ 162 6.72 | 154 | 6.95 | —1.20 25.9 | 14.4
Fe-Ni-Mo| 2.64 |26 ‘ 0.68 167 6.52 ‘ Lzt 6T -0.68 | w7 | 78

Compacting pressure: 5 t/cm®

Sintering temperature and time:

Sintering atomosphere: AX gas
1,150°Cx1 h

2 % x #

1y M HFIHELY, FE 43-6389

2) HEAL, &8I SRR eETEY, 12 (1969) 1, 63
3) AF, RE: #iks D osEae, 11 (1964) 4, 192
4 HiH, R Bk DM AES, 12 (1965) 1, 25

5) &L, WA persimerss, 5 (1949) 18, 136

6) S.Small, T,J. Bruce: Int. .

Powder Metallurgy, 4 (1968) 3, 7

7) N.Dautzenberg: Arch. Eisenhiittenw., 40 (1969) 4, 351
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