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Effect of Nitrogen in Solution on High Temperature Creep Resistance of High Purity Chromium
Yoshihivo Konoo, Koji MaTsuNaGa, Jirou Namekata and Takashi Sakaxi

Synopsis : The effect of solute nitrogen on the high temperature creep resistance of pure chromium has been investigated in argon
atmosphere using the specimens aged for 3.6X10% at 1273K (200ppm Nitrogen) and as solution treated (without
nitrogen). The minimum creep rate of the prior-aged specimen was lower than that of the as solution treated one. The
evolution of subgrains during creep was suppressed in the prior-aged specimen compared with the as solution treated
one. Stress reduction tests were conducted at the minimum creep rate, in order to evaluate the creep rates under the
same subgrain size. Under the same subgrain size, the creep rate of the prior-aged specimen was 1/5 of the as solution
treated one. The higher creep resistance of the prior-aged specimen was attributed to the solid solution strengthening

due to nitrogen.
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Fig. 1. Change in nitrogen content of pure chro-
mium with aging time at 1273K in air and

optical microstructures of pure chromium
and nitrogen containing one.
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Fig. 2. Creep curves of pure chromium and nitrogen
containing one at 1273K and 49.0MPa.
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Fig. 3. Creep rate-time curves of pure chromium
and nitrogen containing one at 1273K and

49.0MPa.
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Fig. 4. Stress-minimum creep rate curves of pure
chromium and nitrogen containing one at
1273K.
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Fig. 5. Transmission electron micrographs of pure
chromium crept up to minimum creep stage
at 1273K and 49.0 or 19.6MPa.
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Fig. 6. Transmission electron micrographs of nitro-
gen containing chromium crept up to mini-
mum creep stage at 1273K and 49.0, 24.5 or
19.6MPa.
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Fig. 7. Optical micrographs of pure chromium crept
up to minimum creep stage at 1273K and 49.0
or 19.6MPa.
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Fig. 8. Optical micrographs of nitrogen containing
chromium crept up to minimum creep stage
at 1273K and 49.0 or 24.5MPa.
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Fig. 9. Stress dependence of subgrain size of pure
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273K.
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Fig. 10. Creep rate-time curve of pure chromium

subjected to the stress reduction test from
39.2 to 24.5MPa. The stress reduction was
conducted at the minimum creep rate.
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Fig. 11. Optical micrographs of nitrogen containing
chromium subjected to the stress reduction
test from 49.0 to 24.5MPa.
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Fig. 12. Stress dependence of creep rate of pure
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Fig. 13. Stress qleperidence of creep rate of nitrogen
containing chromium after the stress reduc-
tion at 1273K.

MozuarklTEER2 0 208N 2 ) —FHEDEHIS
BY:, @Al Tzhezn st 8 L, ISHBRRRER:
L BIT-2 ) — 7 EE MO IS HIE K N K S DR,
CTROEIRNEEF T2 v A4 L OHIRALDHEIT LT 3
CELIERTAIEVHLHLTH B,

Figs.12% & U'13%2° 651124 .5MPall s} 2 &4 72" L 4
YFARD2 Y —FHE RS, WFHORE % Fig 14157 T,
BB 70 aBL UMzl b2 Y —PHERY T2
AT ARCIREIKBBIT 5, 2, yHHAS BT 2
7 ) =T LR AR L OBIMRD 6 b B R sE R~
VAb, DFIWHBOLE NG, AR Iv LD LY —F
WEVHZ 0 8K/ S G LY TH B, 2

104
1 273K, 24.5MPa

-

(=]
n
T

Pure
chromium

~
T

)
T

Creep rate (s
w

-

o
N &
T

®
Nitrogen comaining\

chromium o,

o

3
T

10-7 L 1 L 1 L L

5 7 10 20 30 50 70 100
Subgrain size (um)

Fig. 14. Subgrain size dependence of creep rate of

pure chromium and nitrogen containing one
at 1273K and 24.5MPa. '



DR EREVF T v A v RHHIT A LI2L 5 2) =7
BEORDSEPRC, fizuosiixdTsRERI/ 2L
EXBOWS, T b bH160ppmDER D EIEHRILD A 12
22V —THEDORIILLTD 5,

- ¥, #160ppm D BEIEBR T 72 v 4 LB HIHIT

22 L85 2) —FHEEORLILCOCTRNT S, L

AT, BEELRORIMRFER I NI TRCEHLL
NTER, L L, PHRIZyEMHEDNI-Crad s DEE
TR ZEFERANTHEMBBML A ZOCT, INLEHK
2 & B RESFRILR OISR 2T, ZDRR, D5
—FE AL TR EEELE SN RFERED b

», TNFHE i 5 L EIERILRC)ICHIEFEYSTFET 5 2
FREHOLHLIZL, CRIBINLTEREOTMIPIF T2 v 4 v

OEREEICIMTHHE D 2 3MEE LI LICERT 5
SLERRLEW, 2O LR, BIEBLOSHEFEL 2 Y
— LR FTDH a7 2 v 4 >l ¥ OFERKRFREL,
EHATED A & 2 LB R HEFEE» w2 LR
BLTwb, AFREOEIRCF T, Mz sllxdd s
EREIZ0 2OBRIBERROBTOAIZL 55fLIx 2 ) —
PHEELHL/SHBLIEELDOEELOLNS, LI 5T,
WizasiixdT 3 ARE 0 20RBEREOH YT
A ALRIEIT A L& B2 ) — T BEDRED I,
Fig. 4 Tioh -8 2 ) — 7 HEMGTEAD b ekl o 4

LEER s L2 ) —FHEEL EEROREIEBRILO A IC
$22)—7HREORLLLDEATERIN, ZDMHEIX24.5
MPall L& BITIE e 150 #95/6 ThH 5, 212, 24.5
MPall FTIRRERA AT 297, 19.6MPaT b#1/2T
Hb,

VI FEO#R S v, Fig. 4 Dloh-Bh 2 ) —7HEMRT
Aoz st HFEFRI7vLD ) —THERELOK
BREFOBIEBILOA LY, FL—HIEFERICL
B2 A4 ALOEENC & 2R CHERT S b D LR
ans,

4. #®

BHFETIE, FORNL TEITREER 72 s Ll
rsasD2 ) —FERPHBTAILICLY, M2 LD
B2V —IENCRIETREIFZEROHEFTHL»ICL,
R TR L OBLER R LT, UTOKRER,

1)BEBEZ2 5D e pinld24. 5MPall ETRR#M2Z 1 2D

75

Mz oL@y Y —FEC RIS EBERORE 567 Il

1/6TH % 5%, 24 SMPaLl FTI21/102 2 T3 k5, 2
72, & mnDIBHIEE, n, WHMZ B ATRCTHOBHIT b
H9THz, L L, 8EXK 2 v 2Dnld24.5MPall LTI
#18, 24 5MPall FTI2121c 2 THmM¥ 3,

2)EAELHNEEBT YT v A Uiz v D2
) —EEM o TERESRS, Lrl, 88X 27un
D24 .5MPall FOMZIEM 33w TR FMEZEDEH 727 v
AVBEI N, 1, EEXRIZ7vu20H4 727 v [ v
P4 X7 v 2K E v,

EHBEHRBRTHEONICHMZ e s B I UEERI 0L
D7) —PHRELFT A UFAXEDOBBRITE b ofH
-1 DEGETBRHEIN, FER e LD 2 ) —FHE LM
Za sl =M E e,

U LORREL YV, FBR 702D 2 ) —FHESH 2
2 AN O REFR L EEMIC A, BIEE
EVEHIENPET I 23727 v 4 Y ER2HIHIS €
ZtitirbolEmans,

X 53

NIFEK—EL, EMEFEE, ITHE, W F, KH
+ 2, 3(1990), p.1952

EMEEES, NIER—IL, fTHTES, W &, ARE BB IELM, T8
(1992), p.947

JIR—iL, JEMEEE, 1TH T8, W &, KRB 83
+ A, 4(1991), p.883

SEREFEE, NAR—EL, ITH 8B, i 2 £k L 4R, 79 (1993), p.1299
T.Matsuo, N.Morioka, A.Kaise, M.Kikuchi and R.Tanaka :
Proc. Intern. Conf. High Nitrogen Steel <HNS88>, (1988),
p.213 .

T.Matsuo, N.Fujita and M.Kikuchi : Proc. Intern. Conf. High
Nitrogen Steel <HNS90>, (1990), p.182

Y.Terada, T.Matsuo and M.Kikuchi : Proc. Intern. Conf.
Stainless Steel, (1991), p.618 (ISIJ)

FHFE, AR Z, FHL '/ FRFE123FHIEHS, 31 (1990),
p.93

T.Matsuo, K.Nakajima, Y.Terada and M.Kikuchi : Mater.
Sci. Eng., A146 (1991), p. 261

T.Matsuo, K.Nakajima and M.Kikuchi : Proc. 7th JIM Int.
Symp. on Aspects of High Temperature Deformation and
Fracture in Crystaline Materials, (1993), p.99 (Japan Institute
of Metals)

S, R &£, GHEZ, HPRT LM, 65 (1979),
p.896

FHEEE, FHFL, BE E, FHH
29 (1988), p.275

Y.Terada, T.Matsuo and M.Kikuchi : Proc. 7th JIM Int.
Symp. on Aspects of High Temperature Deformation and
Fracture in Crystaline Materials, (1993), p.27 (Japan Institute
of Metals)

hE B REILEREEMRX (1992), p.69

1) BE Itk E e
2)
3) DHEE R
4)
5)
6)
7)
8)
9)

10)

11)
12) B IR 123B 0,

13)

14)



