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Study on Properties of Chromized Austenitic Alloys

Jun HoAsHI, Mitsunori YOSHIMOTO, Matsuo MIYAZAKI,

Makoto KATSUTA, and Hiroshi YOSHIDA

Synopsis:

An extensive study has been made on corrosion characteristics and mechanical properties of $590 alloy
chromized by powder method. Chromized S590 alloy showed slight gradual weight gain and was not
suffered from accelerated corrosion when it was exposed in combustion gas of buncker C residual fuel at a
velocity of 40—50 m/sec and at a temperature of 720—790°C for 600 hr, while the same alloy without
chromized layer indicated a remarkable weight loss according to linear rate law.

Chromizing was also proved to be very effective by full immersion test and contact test using synthetic
fuel ash. There were some changes in corrosion resistance of chromized 8590 in synthetic fuel ash depend—
ing on chromizing method by Cr-Al,0,; powder mixture and that by Cr-Fe-Al,O; mixture due to differences
of surface chromium concentration of the layer.

When solution treated and aged S590 alloy was chromlzed at 1050°C for 10 hr, some deterioration of

mechanical properties were observed.
coagulation of coarse carbides.

This deterioration resulted from resolution of fine carbides and

Among various heat treatments prior and posterior to chromizing, the following process was proved
to be most favourable for mechanical properties of chromized $590, that is, solution treatment at 1 180°C—
chromizing at 1 050°C for 10 hr,—aging at 760°C for 16 hr.
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Table 1.

Composmon of powder @ Cr powder

Alzog powdcr— 1:

Chromizing condition.

4 NH¢CI 2% (wtth hydrogen gas ﬂow)

for chromizing (weight |— -
ratio) @ 01 powder

Heatmg condmon 1 030°C %10 hr

Fe powder

A1203 powder—— HE B

7, Nl—LCl 2% (pack method)

Table 2. Chemical compositions of alloys.

Cr Ni Co Mo Nb w Ti C

% % % % % % % % Others
S 590 20-15 19-90 2015 3:05 3:95 4-05 —_ 0-43 Rem. Fe
S816 20-05 20°05 Rem. 4:05 390 4-05 — 0-37 Fe 4-00
16Cr-14N1-3 W 16-05 14-10 —_ —_ —_ 275 0°50 013 Rem. Fe
SUS 27 18-10 8:05 — — — — — 0-20 Rem. Fe
Udimet 500 T 18-70 Rem. 18:55 4-24 — — 3-03 0:08 Al 2:99

Table 3. Depth of chromized layer of specimens
() -
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Fig.' 1. Pilot combustor for corrosion test.
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Fig. 2. Supporting device.
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Table 4. Chemical analysis of bunker C fuel
used for corrosion test.

Sampling| S Na A% Mg Total Ash
No % | ppm | ppm | ppm ppm
1 268 1 480 16°7 230 320
2 2:68 [ 57°0 | 24-2 | 24-0 220
3 2:77 1290 | 30°0 | 20°7 250
4 2:86| 312 (2301195 190
5 2:55(50°0339(323 220
6 2:90 [ 52°0 | 46°0 — 220
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Tensile specimen.

XU e O BIAME AT o 7.

3. R BB R

1 CEAMEN LI BRAR

3.1-1 i K IR

s S JOE Y oy 0)&[&11)&‘2)&:‘1%’&3‘5 T a=w4

S Biviz, O
(v Fivd 600 hr

HoIKIL)
(1) & oawq4 PGS Fo34

(Mg /cm? )

Weight change

$816. - HE 0°5mm, EFX 0-4mm BEOILEN
MFCTEL TS,

16Cr-14Ni-3W -+ - FLAE {3 7 < BEAR DO E W MDA 582
(FEZ'E5 0°2mm).

Udimet500--- - FLA L2 MM RS S TRImE T
H5.

SUS 27K IENIC B TH H 2 EMERIC X
DEFE, FEx L3045 mmphs{EDC
WA,

(2) J oA RN 5E

$590, S816, 16Cr-14Ni-3W, Udimet 500, SUS 27

WENRD BEEAEI4Ae < By LT R FIRCh

5. FREER, BEXORAORED BNV

3-1.2 Tﬁiaﬁé{bm“k&b%ﬂ’b%ﬂiﬁﬁ
R OBERZ(LY Fig. 5 WRY. IhbHD

%%#b%%#mlokﬁov4Xénfvtwﬁﬁﬁ
Udimet 500 Z[@ W CE L WEBEREDSED NG, T
bt 8590 ¢ix 10lmg/cm?/600hr, S816 Tix 115
mg/cm?2/600hr, 16Cr-14Ni-3W X 140mg/cm?/600
hr, SUS 27 T3 178 mg/cm?2/600hr DIF R E & /)5

T —hr e A SNPGRS TRBRRME L b2
@ BRI ERMINETRL, 28 <4 XA &

[ X Tw5b 2 Eddbinb.

3-1-3  GEMBLSEHR

J o4 XX S590, S816, Udimet 500,
16Cr-14Ni-3W, SUS 27 @ 7 v = 4 X[&3, 600hr O
fERER{% L Photo. 2 IZ/RT X 5 Wit hTwy

S 590--- - AN 75 KMV AS LD BAL D . fo. —H o e w4 KM TN EWEEEOEE, 5
S50 T
R ;o |
i I I . ® ° . . @ ) oe o oe 3% ! oo e ©® r |
o |2 “ o | o—
P !
-50 ° T
i ° : T
-100 ¢ 2 2
)
-150 § -
¢ Chromized 3
¢ Not chromized
-200 i p—
S590 S816 _ 16G6- 14Ni-3W usS00 sus27,
250 | | || [ 1
0 200 400 600 O 200 400 6000 200 400 600 0 200 400 600 0O 200 400 600

Exposure time

Fig. 5.-

(hr)

Weight change of various alloys exposed in residual fuel combustion gas at 720-790°C.
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Photo. 2. Cross-sectional micrographs of various alloys exposed for 600 hr
in residual fuel combustion gas at 720~790°C. X400 (2/5)
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Fig. 6. Analysis of surface layer after exposure in residual fuel combustion
gas at 720-790°C for 600hr (by EPMA).

e

1, 2: S$590 (not chromized) F1, F2: Chromized by method 1 F9, Fi0: Chromized by method 2
Photo. 3. Surface appearance of S530 specimens after contact test in synthetic fuel ash.
(750°C x 10hr).
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Fig. 7. Effect of test duration on weight loss of
S 590 specimens by contact test.
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Fig. 8. Effect of test duration on weight loss of
S 590 specimens by full immersion test.
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Table 5 Heat treatment before and after chromlzmg

Designation Heat treatment — chromizing —  Heat treatment
before chromizing after chromizing
Material A 1 180°C><l 5 hr+ — —
760°C x 16 hr
” B e 2t L, 1050°C X 10 —
v C 1180°C % 1°5 hr+ 1180°Cx4°5hr+
760°C x 16 hr - 1050°Cx10hr —  760°Cx 16 hr
7 D 1180°Cx1'5hr+ — 1050°Cx10hr — 760°C < 16 hr
760°Cx 16 hr
4 E 1180°Cx1'5hr — 1050°Cx10hr — 760°C x 16 hr
Table 6. Effect of heat treatment on material properties of chromized S590 alloy.
Condition Material @ Material ® Material © Material © Material @®
Tensile strength (kg/mm?) 92:8 | 848 946 889 92-0
0-29, off set proof strength . . . . .
(kg/mm?) 47-0 410 51-3 435 455
Elongation (%) | 255 i 30°8 224 27-0 26°5
Reduction of area (%) 29-0 33-2 233 31°5 30-5
Hardness (BHN) 252 224 242 234 - 240
) W EEIE K E L 2TV 5D, BEHTNT570=
btioe: 4 KIEE & OFHEER LD bV, BH ORI
e Udimet 500 ’{ﬁ’bbf, 7 =Rt 2‘%@%@: @@;‘E@il"\éb‘- J;L_I:-o)
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g 300 4 XX Ty 4E41: 380~600mg/cm?/5hr 7
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Fig. 9. Weight loss of various alloys after full
immersion test in 809% V,0;-209,Na.SO,
synthetic ash at 850°C.
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Fig. 10. Effect of chromizing and heat treatment

after chromizing on creep rupture strength
of S590 alloy.
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- Table 7. Creep rupture strength of chromized S 3590 alloys.

650°C 750°C
100 hr 1 000 hr 100 hr 1 000 hr
Material A 375 kg/mm? 29°0 kg/mm? 20°0 kg/mm? 14.0 kg/mm?
Material B 33-0 7 250 7 17:0 7 1000 #»
Material E 350 ~#» 27'5 # 18:5 # 125 »
‘ol
f - % 4 . « )
S r X L0 S

e

(a) Material A o]

7 A(b) h;faééria! B
Photo. 6. Electron microstructure of $590 alloy (Carbon extraction replica).
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Table 8. Summary of corrosion test for S590 alloy in synthetic fuel ash.

Test temperature (°C) 850 750
Methodof corrosion test Full immersion Full immersion Contact
Corrosion- rate of S 590 chromized by method @ | 10mg/cm?.5hr 8'0 mg/cm?- 5hr 4:8mg/cm?-5 hr
Corrosion rate of S590 chromized by method @ 9:5 7 57 o
Corrosion rate of S590 (not chromized) 600mg/cm?-5hr | 1450 # 16:0 ”
L TEL 5. REHE@ITL DS I v =4 0. 5 _
. 5

PO TLOCMEIESE 525, ZHRELHRD TR~
7ixh, FEOR XDV o<4 X[ED Cr REH 84%
THHOEHL, FHEQOFEIIH 60% WinbdidT
H5.
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40 THHORKL, HEOTINEN 0p OFF
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