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Chromizing of Austenitic Heat Resistant Alloys

Jun HoasHi, Mitsunori YOSHIMOTO, Makoto KATSUTA, and Hiroshi YOSHIDA

Synopsis:

One of the most serious problems in gas turbines in which residual fuel oil is used would be the control of
accelerated corrosion caused by fuel ash. In this paper, were studied chromium diffusion coating (chromiz—
ing) by powder method for austenitic heat resistant alloys used for gas turbine blades. The depth of chro—
mium diffusion layer and surface chromium concentration of the layer were proved to be determined primarily
by chemical compositions of the base alloy when the chromizing condition was fixed.

When super alloys such as S590 or S816 that have low iron contents were chromized by a mixture of chro—
mium powder, alumina powder, and ammonium chloride, the thickness of the layer was limited to a small
value mainly because of low diffusion constant of chromium in these alloys.

The maximum depth of the layer on $590 alloy obtained by powder method was 50 microns and surface
chromium concentration was 84 wt per cent.

Addition of iron powder in the above chromizing powder showed a considerable effect on the growth of dif—
fusion layer. This effect can be explained by a pronounced increase of chromium diffusion constant caused
by dilution of chromium concentration in the layer. Chromium concentration of the layer decreases almost
linearly with addition of iron powder. When S590 alloy was chromized with powder consisted of 209, chro-
mium=10%, iron-70% alumina, the surface chromium concentration of the layer was 60 per cent.
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Table 1. Chemical composition of test specimens.

Cr Ni . Co Mo w Ti . Al C Others

S 590 2015 19°90 | 20-15| 395 | 395 4-05 — — 0-43 Rem Fe

S 816 20-05; 20°05| Rem 4-05 3-90 4-05 — — 0-37 Fe 4-00
16Cr-14Ni-3W | 16°05 1 1410 | — — 2:75 | 050 | - 0°13  Rem Fe
18Cr-8Ni 18:10  805| — — = — 1020 | Rem Fe
12Cr 1220  — — 0-13 — — - 0-12 . Rem Fe
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Fig. 1. Retort for pack powder method.

Table 2. Effect of powder composition on depth of
chromized layer (treated at 1 100°C for 10hr).

Composition of powder | Depth of
Test N chromized
_ ® |CALO,  NHCL | Jayer( )
weight ratio  (wt9%)
3-2 1/1 1 11-19
3-4 1/2 2 15-19
3-6 1/2 0-5 11-19
3-8 1/4 2 20-28
3-10 1/4 1 15-19
3-12 L/4 05 11-22
5-3 1/4 02 4-15
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Fig. 2. Variation with temperature of the equi-
librium constant for the reactions.
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Photo. 1. Microstructure of chromized layer on
S 590 alloy (treated at 1 100°C for 10 hr
by pack method). X240 (2/3)
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Fig. 3. Chromium concentration profile for chro-
mized layer of S 590 alloy (by EPMA).
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Fig. 4. Retort for powder method with hydrogen
gas flow.
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Fig. 5. Temperature dependence for depth of
chromized layer on various alloys
(treated at 1050°C for 10 hr by powder
method with hydrogen gas flow).
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Photo. 2. Microstructure of chromized layer on various alloys (treated at 1050°C for 10 hr
by powder method with hydrogen gas flow). (1/2)
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Fig. 6. Chromium concentration profiles for chromized layers of various alloys (by EPMA).
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Table 3. Surface chromium concentration and
depth of chromized layer.

A Depth of
Surface chromium 5 0 - layer

concentration (%) (>402,Cr)

$500 | 84 40
S 816 76 | 31
16Cr-14Ni-3W 57 ‘ 64
18Cr-8Ni 67 . 63
12Cr 79 : 7
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BER s 04 ARBOESHRDH 0, EMobgil
K, EEEREIC XD Cr OILECEEED B L7720 TH
5.

s a2 A Z RGO IHEM OILF R X0 TR L
H, wE TFe %7213 Fe-Cr G4 0G4 HA5 kL,
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Table 4. Composition of powder and heating condition for modified

}‘5 56 4 (1970) %1415-

pack chromizing.

Composition of powder (wt%) W

Test
No Retort El.lﬁg:;?hy;:c Ege:trolytlc ];‘qus:;]dina Ammonium | Time-temperature curve
g d ____powder  powder  powder Cchloride - e
4-1  Fig.1(a) 285 0 66°7 48 | | 050%
4-2 Z 23-7 48 66°7 48
4-3 ” 19-0 95 667 48
4-4 y 167 11-8 66°7 48
4-5 ” 14-3 1425 66°7 48 e
4-6 ” 95 190 667 48 o 2O gl
5-1 | Fig.1(b) 19:6 9-8 686 20 .
5-2 % 245 49 68-6 2:0 r100%
5-3 ” 270 24 686 20 ‘
5-4 ” 280 1:0 686 2:0
5“2 ” 19-8 99 693 1:0
5- # 19-85 9-93 69-47 075 o
5-7 v 19-9 9-95 69-65 05 e —kir}-
5-8 # 19-8 9-9 69-3 1-0 | ' 030
5-9 w 196 9- | 686 20 | P S
ZBT Cr QUBGEEE 2 KX < T2/dA—25 F4 b I 1o
— 4 90
TR EAE S ORI IC, Fifkd # v F L CTHRISMOEL 2 16 | Chromium concentration o 8
L, 60T Cr %2 v % LT IhiBMaB 75 0%, <
EVIy) 2 Y] 4 70 @
100 HitROME - Cr KA BN S & & AR Sh 5
. - 60 s
TWBHD. KfELIDA Yy ¥ITLBY vv 4 XPE, 2 X ool \\ o s
450 23
Bl 2 v T2, 2[EIDFIZE T OYEBEMAER T LA 24 g 701 w© g2
2 eof ‘ R
Wi O TEMBSTL TR L < SRORMeETS. 2o T 3 sof| e o et
Y DIHRIBORBE L, L Ty 0% 1 AFeRES g ol 2o B2
EHLEHAMEL, CrFeilRaHRICIB /0y &1k S 20p o o
5V A XPIERS, & I Fe ROBAHERY 0 3 ‘ol
4 XBOFEE, Cr BEEC & XIE T I >\ T A N T s i
L (4-1) (4-2) (4-3) (4-5) (4-8)-—-Test No
4.2 SEAE Fig. 8. Effect of Fe powder/Cr powder ratio on

AR DEER T L7z Cr, AlOy Y93k, A% 1 o
NH, Gl & —100 x v v 0BMEHERELESL,
Fig. 1(a) %7:1% Fig. 1(b) xR+ X 57 18-8 25
YUY PV MIZANT, S590 44 DRERE 41
BDIKFIFHRT S 07 4 TUBEBEFTR Dl MEEHEDOHL
ds X OB GAVE, Table 4 L3390 ThD
13 RRER

Cr/Fe 5Kt S BMSSHE» SHMENE s n <4 X
fAOE & 35 XUER CriE & o Fig. 8 257,

e MRDFEMLEDC Y ov 4 ZFEDEXH AT 5
#2, Cr/Fe % 50/50 LDIFIz3 % &8 5 X a8
%H. FiEmO Cr iR, Fe HXoimmizfEoTig
FESITRA TS Z 2 o, Cr/Fe 53k Heas
67/33 (Test No 4-3) DOLEUTELNIY 02 4 XfF

depth of chromized layer and surface
chromium concentration (1 050°C x 20 hr,
treated by small retort shown in Fig. 1.
(a), base metal: S 590).
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ST V. .
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Microstructure of chromized layer on
S 590 alloy obtained by modified pow-
der method (treated for 1050°C for
20 hr by small retort shown in Fig. 1.
(a), Cr powder/Fe powder =2/1).
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