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Effect of Composition of Substrates and Constituent of Chromizing Powder
on Properties of Chromized Layer Formed on Heat-resistant Alloys

Jun Hoasw1, Mitsunori YOsHIMOTO, Makoto KATSUTA, and Hiroshi YOSHIDA

Synopsis:

Effects of chemical composition of substrates and constituents of chromizing powder on the thickness and
chromium concentration of chromized layer have been investigated. The thickness of chromized layer on
austenitic alloy is determined by contents of carbon and carbide forming elements in the substrate. The
thickness of chromized layer of Cr—Ni austenitic steel which contains more than 0:2% C is limited to a
small value because chromium carbides formed on boundaries of chromized layer and the substrate be—
come a barrier against chromium diffusion. But chromized layer of more than 100 4 is obtained on high
carbon super alloys such as S590 and S816, primarily because these alloys contain large amounts of
carbide forming elements.

A clear relationship is found between the thickness of the chromized layer on ferritic stainless steel and the
chromium equivalent of the substrate steel. A remarkable increase of thickness of the layer is detected
when chromium equivalent of the substrate steel exceeds 7-5. It has been already reported that addition
of iron powder to Cr-Al,Oy chromizing powder gives a pronounced effect on growth of chromized layer
of austenitic alloys, but the use of ferro—chromium power is not so effective as the addition of iron powder.

(Received Oct. 9, 1971)
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Table 1. Chemical composition and particle size of powder used for chromizing.
Symbol Designation Composition Particle size
Cr-1 Medium mesh electrolytic chromium powder C 0011z —60 mesh
Cr-2 Fine mesh electrolytic chromium powder C 0-011¢, —270 mesh
FC-1 High carbon ferrochromium powder (ér OSSSFOO/A” Fe 46°1% —60 mesh
o
. Cr 71-39,, Fe 28'7%
FC-2 Low carbon ferrochromium powder C 0-0039, —60 mesh
Fe-1 Medium mesh iron powder C 0°0059 —60 mesh
Fe-2 Fine mesh iron powder C 0°0059, —325 mesh
Al-1 Medium mesh alumina powder — i%gg rmn::2 gg:ggfﬁ
Al-2 Fine particle alumina powder — —10p

Table 2. Mixing ratio of powder for chromizing.

. Wt 25 of Cr or Wt 9, of Wt 94 of NH,Cl
Experiment No Ferro-Cr powder Wt % of Fe powder Al,O, powder (for total pow4der)
Cr-1 Fe- 1 Al-1
© 20% 109 ‘ 70% 1%
Cr-2 Fe- 2 Al-2

® 209 109 70% L%
FC-1 Al-2

® 302, - 709, 1'%
FC-2 Al-2

@ 309 - | 709 1%

Table 4. Conditions for analyses of Cr concent-
ration in chromized layer by EPMA.

Accelerating voltage 15kV

Sample current 0-06p4A
X-rays Cr Ka, Fe Ka
Crystal LiF
Detector Kr exa.

20 mm/min
8y /min, 24p/min

Chart speed
Sample speed

1 X1 No @ D¥EIx Cr, Fe [RABEDID DT,
IR LRHEREEDDIDTH S
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Takle 5. Depth of chromized layer.

Constituents of powder

Material of for chromizing

substrate i ® ® ) @
A SUS 24 800 350 820 900
D SUS 52 156 122 240 150
E SUS 53 54 65 145 63
G SUH 1 24 24 19 15
H SUH 2 131 127 230 155
X SUS 338 450 306 335 490
B SUHS! 15 10 12 10
C SUS 33 141 156 94 122
F SuUS 27 141 127 96 131
J SUS 29 151 161 98 131
K SUH32 141 156 58 112
I. SUH33 141 127 51 83
S GT6N 141 136 33 102
VvV A 286 12:4 122 23 88
W B50A146B 63 58 60 44
VV U500 141 14] 20 68
YY IN 100 146 117 21 102
17 INCO713C 151 107 29 112
T ™M252 122 112 21 63
U S590 100 102 12 49
Y S8l6 102 112 11 44
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Fig. 2. The effect of carbon content in austenitic substrates on depth of chromized layers.
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The effect of carbon content in ferritic steel substrates on depth of chromized layers.
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Fig. 4. The effect of chromium equivalent of substrates on depth of chromized layers,
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Fig. 6. Chromium concentration profiles of chromized layers on ferritic
steels obtained by experiment No @. (1 100°C/10 hr)
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Fig. 7. Chromium concentration profiles of chromized layers on super-alloys
obtained by experiment No @. (1100°Cx 10 hr)
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Fig. 8. Relation between carbon content in ferritic steel substrates and average
chromium concentration of chromized layers. (Experiment No @)
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Fig. 9. Relation between carbon content in austenitic steel substrates and average
chromium concentration of chromized layers. (Experiment No @)
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Fig. 10. Comparison of chromium concentration profiles of chromized layer-on $ 59C

obtained by experiment No @ and that by No @. (1 100x 10 hr)
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"Photo. 1. Micro-structures of chromized layers
on ferritic steels (experiment No ).
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Photo. 2. Micro-structures of chromized layers -
: on austenitic steels (experimentNo @).
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(a) SUS 29, (b) SUH 32, (c) SUS 27, (d) SUH 33

Photo. 3. Micro-structures of chromized layers
on austenitic steels (experiment No @).
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Photo. 4. Micro-structures of boundary between
chromized -layers and substrate for
high carbon austenitic steel.
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Udimet 500

Photo. 7. Electron micrographs of chromized layers
by plastic replica (experiment No @).
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Fig. 11. Hardness distributions of chromized layers

on austenitic steels and super alloys.
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Fig. 12. Hardness distributions of chromized layers on ferritc steels.
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