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Preparation of Chromium Single Crystals

by Means of Secondary Recrystallization

Tsutomu KUNIYA
Koichi HANAWA
Tomoyuki OIKAWA

Secondary recrystallization phenomenon in chromium has been investigated and by means of this method

large single crystals of chromium have been prepared. It is generally accepted that the existence of pinning

for secondary recrystallization to occur. We have

found that both titanium oxide and calcium oxide function as pinning elements in chromium. However, we
also discover that a deformation texture is not necessary to cause the secondary grain growth. Our findings
cannot be completely explained in terms of the grain boundary energy. An additional energy term is thought

to be necessary to discribe the extremely fast grain growth observed during secondary recrystallization.
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Fig. 2 Flow chart of preparation for chromium

L Single-crystal

single crystal by means of secondary
recrystallization.

(R & OFABIRO—H 2R L1z, SUEHER DLt
X% Fig. 2 {ZR7,

ABOSICIRBEFESE 77 X~ BT T
(ICP), Bix=sr#ticiz LECO #H\, AR UREMARA
AT L7 B8 5 B o0 9 Wi ik = 0 L — i X AR
o#r (TEM-EDX) M\ 72,

3. ¥ KR # R

7 u ABEREM OBE, FHEMEROEBEE &
Table 1 &7=d, HIP £ 1 RO2icLvfEonizs
v LAOWEICY, ThZhosBEBEARC S KER
iz R ohz, Fig. 3 K RAFMEICLIVEDS

Table 1 Density, average grain size and microstruc-
ture dependence on HIP conditions.

HIP condition 1 HIP condition 2
1230 °C 1230 °C
1200 atm 1600 atm
30 min. 180 min.
Density (%) 100.0 100.0
Average
; ag 100 100

grain size

Microstructure

Fig. 3 Typical macrostructure of chromium single
crystals produced by means of secondary
recrystallization.
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Table 2 Macrostructure of different-purity
samples after heat treatment.

Macro- .
Purity Observation of sample surface
structure
N o ¢ Single crystal
o with some island grains

Mostly large secondary

3N
recrystallized grains

Partly large secondary

2N8
recrystallized grains

oN7 100% primary recrystallized
grains (fine grains)
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Fig. 4 Grain growth behaviors of chromium,

molybdenum* and tungsten®. (*:by Fujii)

Table 3 Chemical compositions of (a) starting chromium powder, (b) sintered compacts and (c) heat treated

compacts.
(a) Starting Cr powder unit: wt ppm
Na K Cu Ni Fe | Mg Si Ti Zr P B Pb Al Ca 0 C S
4N = — <5 — 20 | — 30 13| — <10 | — <5 30 7 60 8 | < 5
3N — — <5 — 900 | — 40 5| — 18| — | <5 10 22 320 | < 5| <5
2N8 | — == 8 — | 1900 | — 300 | < 5| — <10 | — 6 | 200 18 290 | 250 10
2N7 | — — 6 — | 1100 | — 20 | <5 | — 1| — 18 10 48 | 5600 | 380 | 250
(b) Sintered compacts unit: wt ppm
Na K Cu Ni Fe Mg Si Ti Zr p B Pb Al Ca 0 C S
¥ <5 | <5 <5 | <6 90 | <1 60 9| <5 | <10 | <5 | <5 8 23 210 60 30
<5 <5 <5 10| 990 | <1 110 11| <5 10 9 | < 5| <5 38 370 | 100 40
2N8 | <5 <5 8 16 | 1900 | <1 | 460 | < 5| <5 | <10 | <5 | < B 6 20 260 | 100 70
2N7 | <5 <5 5 9 | 1100 | <1 40 | < 5| <5 | <10 | <5 17 | <5 24 | 5700 | 100 | 220
(c) Heat treated compacts unit: wt ppm
Na K Cu Ni Fe | Mg Si Ti Zr P B Pb Al Ca 0] C S
4N <5 <5 <5 | <6 70 | <1 40 12| <5 | <10 | <5 | <5 10| 21 80 [ 20 30
3N__ <5 | <5 | <5 10 | 970 | <1 | 130 10| <5 | <10 <5 | <5 | <5]| 38 130 | 20 50
<5 <5 7 18 11900 | <1 | 440 | < 5| <5 | <10 | <5 | <5 12 | 21 130 | 20 40
| <5 <5 <5 14 | 1100 | <1 50 | < 5| <5 | <10 | <5 16 | < 5| 18 | 3200 | 30 160
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Fig. 5 TEM-EDX charts analyzing components of matrix of a chromium
grain and a second phase on a grain boundary.
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