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Natsuo Yukawa, Moritaka Hida, Toru Imura and Masao Kawamura : Structures of

Chromium Alloy Particles Prepared by Evaporation in Argon Gas.

Structures of Cr-Ni,

Cr-Fe and Cr-Co alloy particles prepared by evaporation in argon gas at low pressure were investigated
by means of X-ray and electron diffraction techniques. The results obtained are summerized as follows :
(1) The particles obtained are nearly spherical with the diameter of 100~1000 A, having no well-

defined crystal habit.

(2) In the high chromium alloys of the three alloy systems, the d-phase of the A-15 structure is

newly confirmed to occur.

The lattice parameters of the d-phase almost coincide with that of the 6-Cr phase(#,=4.588 A)

reported by Kimoto et al.

(3) In the Cr-Ni system, the g-phase of the g-uranium structure (D 8y) was confirmed to occur as it

has been suggested theoretically.

The lattice parameter almost coincides with those of the ¢-phase (in Co-Cr and Cr-Fe systems)

reported hitherto.

(4) Tentative phase diagrams of Cr-Ni, Cr-Fe and Cr-Co systems were proposed from the results

obtained.

(Received November 27, 1969)
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Table 1 Diffraction lines of d-phase (Kimoto et al)

N ‘\ ‘ dobs. lg e
grkeer) | BEL (Mo—%(a)) deat. (A)
. |
1 100 — 4588
2 110 — 3.244
3 111 — 2.649
1 200(s) 2.300 2.294
5 210(s) 2:049 2.052
6 211(s) 1873 1873
8 220 1611 1,622
9 300 = —
10 310 1.441 1.451
11 311 1.387 1.383
12 222(s) 1327 1324
13 320(s) 1274 1272
14 321(s) 1226 1226
16 400(s) 1145 1147
17 S R 1113
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Photo.2 X-ray Debye-Scherrer patterns of Cr-Ni
system particles
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Photo.3 Electron diffraction patterns of Cr-Ni

system particles
(a) 85 wt% Cr,
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Table 2 Identified results of 85 wt2 Cr-Ni alloy

a )
. TS — Note
B ‘gogs; . Ipe. | Index sin? Gobs. 1 sin? 6‘&1.7 o ‘Inﬁ{ ’
2,290 W 0.250 0.249 200
2.235 w Kﬁ,dﬁg-m
2.044 W 0.314 0.312 210 (110)
2.031 ' vs 110
1870 M 0.375 0.374 211
1439 s 200 .
1. vw 752 0.748 222
1.290 vw K8, d2=1}-175
1.272 vw 0.810 0.811 320 (211)
1.226 w 0.872 0.873 321
1176 Vs 211 |
© Lattice const. (&) | a=288, 4=458,
Table 3 Identified results of 68 wt%; Cr-Ni alloy
\::Q;\ - . Phase a ) ¢

_(Q)E:‘ — A Index Index sin? %?S;,,_L sin? Oca. : Iﬂndex
2290 | w 1 200 | 0250 | 0.240 002
2.152 w 1 | 0283 | 0.288 410
2:090 w o C 0300 | 0305 330
2.047 W J 210 | w
2037 | s S 110 ©0317 | 0308 202
1.984 w ‘ 0330 | 0.325 212
1.945 vw | f 0346 | 0.348 411
1.897 vw ‘ | 0364 0.365 l 331
1.870 vw 211 0.375 | 0.376 ! 222
1.774 VW ; 0.416 | g
1.437 W i 200 0.635 i 0.636 531
1.268 ww o 320 1
1.241 ww o 0.839 j 0.829 413
1.223 ww | 321 0876 | 0.867 612
1171 s J 211 0.956 ! 0.957 721
Lattice const. (A) ’ a=2.87, a=458, 4=8.82, ¢/a=052

| c=4.59;
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Table 4 Identified results of 50 wt?% Cr-Ni alloy

\"\* Phase « - 7
dobs. . Iops. Index Index Index
2.282 VW 002
2.111 VW 410
2.068 M 330 111
2.033 vs 110 202
1.971 VW 212
1.932 VW 411
1.888 VW 331
1.829 VW 222
1.789 vw 312 200
1.436 M 200 531
1.266 M 220
1171 vs 211 721
. j a=28.81,
Lattice const. (1) a=2.874| c=4.57; |a=359,
c/a=0.§;19 L.
Table 5 Identified results of 40 wt?% Cr-Ni alloy
= Phase | y N -
T~ | Note
dobs. Lobs. }:ndex Index ‘
2.201 vvw | unknown
2.072 | s | 111
2032 vs | 110
1.897 vwoo ! unknown
1.803 w : 200
1.435 W 200
1.264 | w ; [ 220
1.170 ‘ s | 211 | |
\ —
- |
Lattice const. (1)  |a=2.87,|a=359,
i 3
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Table 6 Lattice constant (;\) of each phase in Cr-Ni alloy

— ~ Crwty [ | |
Pha | 85 | 75 68 60 50 40
S\ Latticetype | ] ‘ ,,,,,
« | A2 a=28 a=287, | a=281, ' a=287, | a=287, J 2=2.87,
P i A5 =458, a=458;, | =438, | — 1 — ’ —
] - | a=882 4=882, | a=881,
4 | D 8y — — c=4.59 c=4.56, c=4.57, —
| ¢/a=052, = ¢/a=051, | c/a=051,
r | a1 _ | _ | — | a=359, | a=358, l a=359,
I

Table 7 Lattice constants of ¢-phase in Cr-alloys

Lattice const. |

1 ady | k) | c/a
System S | j
Cr-Mn 8885 | 4587 | 0517
Cr-Fe 8799 | 4544 0517
Cr-Co 880 | 456 | 0518

L5,z LixERD Cr-Fe 3 X 08 Cr-Co R Ko\
THEKET H 5. BTFEST Table 6 it % X 5 e NiDwk
& & iz 6-Cr FHo 4.588 A X b @GN IHA L T\ 5,
DOFEII o HIL 68, 60 L 50wWt% Cr 540 3 ico
ERDLRIH, BWtY FENRIFETH o7, KM

BB, 76.4mmé)ic X b XIREFETino7. L2 ATE
DA A T FFEFERE H 107 torr BEET B - foted Bkt
DEREHEL < Cr,0; DEIFHEAE S Blbhic, TP
FesiAh Mo gic 4 %, Tk H, & (150 co/min) ©5
Brad 5 LTI LS THRREFREY 5 5 LY

7)
(18)

E.H.Hall and S.H.Algie : Met.Rev., 11 (1966), 61.
E. C. Bain and W. E. Griffiths : Trans. AIME, 75
(1927) , 166.

P.A. Beck and W.D. Manly : J. Metals, 1(1949),
354.

A.H.Sully : J.Inst.Met., 80 (1951) , 173.
H.J.Schiiller and P.Schwaab : Z.Metallk., 51 (1960),
81.
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Table 8 Lattice constant (A) of each phase in Cr-Fe alloy
=— _  Craty | 1 )
= 95 85 75 65 50
Phase ™ Lattice type ™ 1 |
a i A2 a=287, | a=287, ( =287, | a=287, { a=287, | a=287, | a=28l,
5 Al5 | a=458; | a=457, { a=456, | a=455 ’ 2=455, ' — —
| _ R R .
a=8.82 a=8.83 a=8.80 a=8.84
P D8 — — — c=456 c=457 c=455 c=458
| | ¢/a=0517 | ¢/a=0517 | ¢/a=0517 | c/a=0518

-
-

T5%, o iz 65at% Cr U FDEELTERL T B2,
NORASBRTFIASHINBEETallh L vHTHLE
bDEELLID,
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Table 9 Lattice constant (A) of each phase in Cr-Co alloy
__ Craty | 7
Sy ’ 85 75 ’ 65 ' 57 ’ 55 ‘ 50 o
Lattice type ™\, ]
a A2 a=287 0=287, | a=2.86, | a=286,  a=286, =286,  a=285,
5| A5 a=457; | a=456, | a=155, | a=455, i - | - -
| @ 1 | 4=874 | =884 | 2=880 | a=879 | a=883
p . D8 | - | — ¢=455 c=456 c=457 c=456 c=457
: } ' b ¢/a=0520 | ¢/a=0516 | c¢/a=0519| ¢/a=0519 | c¢/a=0518
v Al | — | = | — = — — | a=356

(24) A.R.Elsea et al : Trans.AIME, 180 (1949), 579.
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Fig.7 The formation region of phases
in Cr-Co system
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2) XBw X sHERNTT, ROFHERAEL L.

(i) Cr-Ni%:a(A2;2=2.87,~2.88,A),d(A15 ;a=
4.58,~4.58;A), o (D81 ;2=8.81,~8.82 A, c=4.56,~
4.5%A, ¢/a=0.51,~0.52,), 7 (A1 ; a=3.58,~3.59, A)

(ii) Cr-Fe % :a(A2;2=2.87,~2.87,4), (A 15 ;a=
4.55,~4.58,A) , 0 (D8b; 2=8.80~8.84 A, c=4.55~4.58
A, ¢/a=0.517~0.518)

(iii) Cr-Cos% : a(A2;a=2.85,~2.875 &), 6(A15 ;0=
4.55¢~4.57cA), o (D 81v;a=8.74~8.84 A, c=4.55~457
A, ¢/a=0.516~0.520), 7 (A1;2=3.56 A)
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TR IR, LU o A B bR, BEIXH
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