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Dendrite Arm Spacing in Iron-Carbon-Chromium Alloys
Taira OKAMOTO, Shusuke MATsuZ, and Katsuhiko KISHITAKE

Synopsis:

Dendrite arm spacings in unidirectionally solidified iron-carbon—chromium alloys with chromium and
carbon less than 159 and 29, respectively, wers measured and discussed on the basis of the results for iron—
base binary alloy described in the previous paper. The results obtained are as follows:

1) Primary and secc..dsry arm spacings in the iron-carbon-chromium alloys are inversely proportional
to the square root and the cube one, respectively, of cooling rate in similar way as those in iron—base binary
alloys.

2) Primary arm spacings in the alloys which form y—iron as the primary phase decrease with increasing
the chromium content or witn decreasing the carbon content, With the carbon content of the alloys less than
the critical value below which the primary phase becomes é-iron, the arm spacing becomes much larger than
not would be expected from the extrapolation of data above the critical value.

3) Secondary arm spacings decrease with increasing the carbon content or chromium content. They arc
discontinuously varied by the change from d-iron to y—iron in the primary phase.

4) It is shown that a parameter proposed in iron-base binary alloys as expressing the effect of alloying
elements on dendrite arm spacings is determined from the ternary phase diagram and is also applicable to the
ternary alloy.

Table 1. Chemical composition of Fe-C-Cr alloys.

1. % =
EEORMBC SV THRESTAEOF Y K4 b Alloy Chemical composition (%)
F =i o A= RS E, EE&TTEOHEES X c Cr
CEHE L DX S5 BRI /LHED. L0 9Cr 0.5C 0.35 1.82
BizkbE, —R7—h 22— FIBEEEDFE 2Gr 2Cr 1.0C 0.82 1.81
_ i _ 2Cr 1.5C 1.28 1.95
FRICRIEFI L, BE&ETROEE L LT mC(k-1) TR 2Cr 2.0C 1.56 1.99
85 A — & — D 6 FARIC HA z Lath

5,85 Z—0 6 FiR H:/FﬁH‘Za_ &7):&2 ) 3Cr 0.5C 028 5 68
oo T CmIXAERORE, CREE&TEELEEE, 3Cr 3Cr 1.0C 0.77 2.61
SERPRINCD 5. ST h Aoy i | m | B
i Karramis 612 X > TG Sl EERIZ X 2T
) . 7Cr0.5C | 0.41 6.71
#E#bhxh, @E!ﬁlﬁ”éfﬁi@ 3%&:&@1& mC(k—l) D3 7Cr i 7Cr 1.0C 0.87 6.94

e 3. [E s gy Lol T - 4 B8 "7Cr1.5C | 1.24 6.86
FERIC BT 5 23, ﬁkﬁ'cwqézm%a)bﬁﬁiﬂ_%ﬁﬁ l 7Cr2.0G | 197 6 04
FBFHZ2BELPCERE. DX STHETTESS L
e E AT T b S R O 2, It DL 15Cr 0.5C 0.24 14.2
KENTCTFYRIA b T b AR— 2 FCHET sCr 15Cr 1.0C 067 14.0
SEETEORTF & LT, WRRODERS LU FESER | iggr;gg .24 14.2
S BEER GRS o0 LRH IR, ThbDE g T ' '

* OHRFN 50 &£ 10 BALBEKRSITRE WM 51 £7 A5 AFft (Received July 5, 1976)
¥ RBRKRFELHEHAF I8 (The Institute of Scientific and Industrial Research, Osaka
University, Yamadakami Suita 565)
Wk BT SETFTBS A T35 (Katsuta Works, Hitachi Litd.)
Rk REAFEEHMZETER T (B AMIZEXA%¥) (The Institute of Scientific and Industrial
Research, Osaka University)

— 38 —



Fe-C-Cr ¢ D0F v F 54} - 7T—A - A= vy 937

o : S : _..(b)m
Photo. 1. Dendrite structures on (a) the longitudinal and (b) transverse sections in alloy

3Crl.0C (Fe-2.619,Cr-0.779,C).  Cooling rate is 2.4°C/sec.

o LR 5 g
Photo. 2. Dendrite structures on (a) the longitudinal and (b) transverse sections in alloy
7Cr0.5C (Fe-6.719,Cr-0.4194,C).  Cooling rate is 4.4°C/ sec.

Photo. 3. Dendrite structures on (a) the longitudinal and (b) transverse sections in alloy
15Cr2.0C (Fe-14.59,Cr-1.8726C).  Cooling rate is 0.7°C/ sec.
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Fig. 1. Primary arm spacing, 4, and secondary arm

spacing, d;, as a function of cooling rate, V
for 2Cr and 3Cr alloys.
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Fig. 2. Primary arm spacing, d, and secondary arm
spacing, d, as a function of cooling rate, V
for 7Cr alloys.
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Fig. 3. Primary arm spacing, d, and secondary arm
spacing, d, as a function of cooling rate, V
for 15Cr alloys.
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Fig. 4. Values of 4, in eq. (5) and 4, in eq. (6) as a function of carbon content.
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