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Behavior of Precipitates in High Carbon Austenitic Heat-resisting
Steels during Creep Rupture Test at 1050°C

Kiichi NARITA, Kotaro YAMAMOTO, Kazuyo KANAMONO, and Chikako HAYASHI

Synopsis :

A study has been made on the behavior of precipitates in niobium or titanium and niobium-containing
centrifugal cast heat-resisting steels (HK40, HP and IN519) during creep rupture test at 1050°C.

(1) In the as-cast condition, iron chromium carbide of M,C; type precipitates, except for steel IN519
(0.339,C-249%,Cr-249%Ni) where M, Cq type precipitates.  Titanium niobium carbonitride (MX)
precipitates in the steel containing titanium and niobium, and niobium carbonitride (NbX) precipitates
in the steel containing only niobium. Chromium nitride (Cr,N) precipitates except in the steel con-
taining only niobium.

(2) During creep rupture test, M;C, in the as-cast steel changes to (Crq ssFe,.15) 23Ce.  As the results
of nitriding by air, Cr,N increases and complex nitride, (Cr, Fe)NbN of tetragonal lattice, precipitates
in the niobium-containing steel. Moreover, substitution reaction proceeds between carbon and nitrogen
or between titanium and niobium with change of lattice parameter.

(3) MyCe, Cr,N and AIN are completely decomposed by hydrochloric acid (1+1) at 90°C. By
the same acid M;C;, MX and NbX are decomposed gradually but (Cr, Fe) NbN is hardly decomposed.
Based upon the differences in chemical stability of precipitates, the chemical composition and amount

of each kind of precipitates can be successfully determined.
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Table 1. Chemical composition (wt%) and creep rupture test condition of specimen.
Steel C Si Mn Ni Cr N> Ti N Creep time(h) at 1050°C
Mod. BST 045 | 050 [0-67 | 22.2| 23.8| 0-62 | 0.16 |0-035 | O(as cast), 100 (1.8),5200(1.3)
BST 043 (158 11.34 | 19.7] 25.3]0.73 | 0-19 (0.023 | O(as cast), 100 (1.8), 2800 (1.3)
25Cr-35Ni-Nb | 046 | 0.99 | 133 | 35.1| 24.8| 1.38 | - [0.046 | O(as cast), 100(1.8), 3300 (1.0)
INS19 033 {075 (098 | 24.3| 23.7( 1.58 | - |0.056 | O (as cast), 100(1.8), 1700 (1.0)
HK 40 040 | 113 0.5 | 20.7| 24.8| - - 10043 | 0(as cast), 100(1.1), 7000 (0-6)
Note ; ( ):stress, kgt/mm2 , 100h creep :interrupted ,Long-time creep: ruptured

M OIS L0 2 ) — TN RB AT
L Table | Dt bhTHA.

EHOBREA - A7 > 1 + Rt #EML 0.4%C-25%
Cr-20%Ni o HK40 %34 L 1< Ti s LT ONb
EEAEMBD A Nb 2B HEMLi-bDTHh,
300kVA BREESEHEF b b T k&P T 500kg 7 #%
L, BOEEC X OTHRE 135~150mm, B X 20 mm,
R 4AmoOEHCHESE L.

7V — 7HEMRABAIER 10mm, £ R E§ 50
mm CHb, EHOPRELLRFEHEACER L. F
B D F FORM L ITIERE UALE D ST LT,

7 ) — FHEKIRBIT 1050°C T ey, REE L
Tix Table 1 RLA X351 1.1 50k 1.8kgf/
mm? DIEHIT2 ) —7TRABREY I cv 100h CREBAY
db LB K (LLUF, 100h 2y — S 34 X,
0.6~1.3 kgf/mm? DEHTREMZ YV — 7RBY -
7e\ > 1700~7000 h CHMT Lic3ABRHA (LUTF, B8RS 2
V—FHEEET) bk,

AR RO ML EFRB I OTBETL L LD
CETFEHESFL LDV THHEBEE S IO L 7Y
BRI OTHEL, HBRAFETFRET /OB
BOXHEITC X h iTHHERAE L. EXgEire
— 775 Nelson-Relay B2 % 3 L THEHOHK
FEEE® b LDk,

it oMt/ & &Moo M T
BT EREN 26 TV3Y 10% 75+ 17« b v-1
% TrYFAFAT VYE=DVAIRF A F-AFAT La
—NERYBEMEEL L TO LW A EBMNEMRELYHAL
1o, EREREHLACBEEMORECH 0TI,
REYEBEE LTERY -\, B LERTBES X
Ot ositE - OBGR) SERMmH A = 7c 5 BAL
DWW T EDL. LI, Ly EHEINCE
BT s, ERBHEBEC ST HCI(1+1) »3%
BT 0°Ciek\THRNE (LLF, HCl mmr 3
T) HEIR, TOSRERYE

ERMBERES IO HCl ABEBEOBRTEOER
i, BEZ2MLIcOD Table 2 wpRTHEkic LI -T

Table 2. Analytical method for residue extracted

electrolytically or residue extracted and treated
with HCl (1+1) at 90°C.

Element Analytical method
Fe o-phenanthroline - spectrophotometry
Cr Diphenyicarbazide - spectrophotometry
Nb Suttochlorophenol. S - spectrophotometry
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Table 3. Results of X-ray diffraction and selected area electron diffraction

analysis of precipitates in specimens.
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M7C3 M7C3 M7C3 M23C6 MqC3
MX MX NbX NbX CroN
as cast
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AN AIN
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MX MX NbX NbX CroN
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M23C¢ M23Cq M23Cg M23Ce M23Cg
Lot MX MX NbX NbX CryN
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100h creep

Long-time creep

Photo. 1.
creep rupture test at 1050°C.
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Photo. 2. Electron microscope images of precipitates in Mod.BST and IN519

steel after creep rupture test at 1050°C.

&; x---x 25Cr- 35Ni-Nb,3300h
o 0—o IN519,1700h /.
< o/
E 50 F ’
Fo /x/
= ,
C o
[ I
© /,('/
T 25 °
e /
o/ //x
/ _ X
O0F o'x~
1 1 1 1
6.0
g ——% - X === x-
9% 50T
[ R
3
55 6of
e -0 o o—
E 30
g ~ 07 [
5 K= ————- X—— == x--
g ¢ 06 —o o o—
< 05
0 f" 1 1 1 1
-200 0 +200 +400

Anode potentiat (mV vs SCE)

Fig. 1. Anode potential versus current density
and amount of extracted residue of 25Cr-35Ni-
Nb and IN 519 steel crept at 1050°C for 3300
and 1 700h.

6.0 .
X Residue extracted from
- 25Cr-35Ni-Nb (3300h )
s° with electrolysis
5.0 C
20
=
- .,
[o] ~—
(7] L .¢
cto \ — .
0-5 L: X
\ Cr
x x X
o | 0——o Fe o o
L 1 1 1
0 1 2 3

Standing time (h)

Fig. 2. Effect of standing time on decomposition,
with HCl (1+1) at 90°C, of residue extracted
electrolytically from 25Cr-35Ni-Nb steel crept at
1050°C for 3300h.

DEEAEL, EAMmEEE o Ti, Nb $s XN
M MX Bz NbX i Lo s, 2 ofbfr
i Fe, Cr % JOND HEI L& &2T CoN KX
O MG ot MGy o Bd LN THS.

— 121 —



122 & & M

® 69 & (1983) g1z

Table 4. Chemical properties of precipitates in
specimens.

Precipitate Electrolysis | HCI treat.
M.’Ca o A
M23Cg ° x
(Nb,Ti)(CN) o a
Nb(C ,N) [o} A
Cr2N o X
(Cr,Fe INBN o o
AIN o X

: Extracted quantitatively or not decomposed

: Decomposed gradually
: Decomposed completely

x>0

[ Existence of CzFONON |
No

Yes

Amount of (CrFe)NbN
Fe (HCI) = FedCrre)NoN)
Cr (HCU) <= Cr {CrFe)NON)

Determination of C/N of MX or NbX
Nb (HCI) - Nb ACrFENDN) = Nb{MX or NbX )
Ti (HCl) = Ti(MX)
N (HQ) - NUCrFNDN) = N(MX or NbX)
then
MX : (Nb,Ti)(C,N)
NbX : Nb(C,N)

Amount of MX or NbX
Nb(P.E.) - NbqCrFe)NoN? = Nb {MX or NbX)
Ti (P-E.) = Ti{MX)
C/N is aiready known

Amount of CroN
N(P-E.)- NECrFNON ) - NCMX or NbX)-NCAIN) = N{(CroN)

Amount of Cr-carbide
Fe(P.E) - Fe {CrFe)NDN) = Fe ¢ Cr- carbide)
Cr(P-E)- CrUCrFe)NoN)> - Cr {Cra N> = Cr (Cr-carbide)
then
Cr-carbide : (CrFe )9C3 or (CrFe )23C¢

(P-E.): Extracted with electrolysis
(HC1) : HCI insoluble
¢ . in phase

Fig. 3. Procedure for morphorogical analysis of
precipitates in specimens.
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Fig. 4. Changes in constituent of M,G,, M,,C,,
MX and NbX in specimens during creep rupture
test at 1 050°C.
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Fig. 6. Relation between atomic fraction, Cr/(Cr
+Fe) and lattice parameter, g, of (Cr, Fe)3,Ce.
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BlEE ISHIBLT VB Z Epdbrd, T, ZOfK
DEERB IR KZENDLOEICIOTRA L 72 N it
MX B2k NbX LRG3 s toTieETL
HEEZBRD.

NbX o FEH & N/(C+N) HoBIfFE»R7 & Fig.
8 iy Thh, NbDX oBRFEHIE N/(C+N) i
ORI ESO>OTEA L THh, AXOBTE X 5t
LT3, 2oz itk Fig. 6 TR L7-MpCe D
BELRBETHY, AHRECKCTRR T OEE
AN DORREBE L EDEFENEL LD THD,
HEIIRIELDOTHHLEL L LNTESL, *
7z, NbX oS &KFE U N/(C+N) HThoT LT
EERHLT I LD T3, CoBEBE LTLEILD
FENEZ G DA FHE ORI CILHRECIZ T X 7ohn

HEXhTkxbo, iz (Fe, Mn, Cr),(Nb, Mo),;N; o
Mn X0 Mo 75 @& L T W 7g\s (Fe, Cr) (NbyN,
b L<ik GrNbN o Cr of7Eic Fe 7 & & L -
(Cr, Fe)NbN o Fhh b Ex bhan, Xl
TORESHSHTORED HIZARD TR TH 2 5K
EIXTE A, L Liga s, Rl7- o Es
HE BB TEK Y (Fe, Cr) NbyN; & L34
12, BEPC CoN AREXR TV BICL b b F
T ORFEIC R OCTHEE LV g/ 12, NbX
DRETEBMHAT HHALRT O LT, C/(C+
N) HeA Gt D 5 2 Tzl LT Vegard o g:flic—%
Lig\wigEDFERE Ui, Lich > THK%E (Cr, Fe)
NbN LEZ 143 52 24 ThH, CrNbN DB TFEH
0=4.283 A, ¢,=7.360 A izxf LT - & % ¥ Mod.
BST EKERM 27 Y — 7 OB 8800 (Cro.gsF ey 12)
NbN, ¥ FEBUL aa=4.278 A, ¢,=7.359A ¢ n, Fe n

Table 5. Results of X-ray diffraction of complex
nitride.

(Fe, l\gn. (%_r)c(Nb, Mo )N, CTrNbN |
—_— ys. Tetragonal Sys. Tetragonal
This work S.G. P4/nmm S.G. P4 bm

H. HUGHESs 'V P. ETTMAYER '

d(A) 11, d(A) VI, hk! d(A) I/l, hkl

7.39 5 001

3.69 5 002 3. 65 8 002
2. 795 25 2.807 25 121 2.788 25 111
2. 447 25 2.462 25 003 2. 445 20 003
2.336 100 2.344 100 112 2,332 100 112
2. 140 70 2.145 70 130 2.137 75 200
1. 901 30 1912 30 123 1. 903 20 113
1. 850 5 1.855 5 132 1. 847 4 202
1. 833 10 1,847 10 004 1. 834 6 004
1. 609 25 1.618 25 133 1.610 30 203
1. 566 5 1.578 5 124 1. 570 4 114
1. 513 20 1.517 20 240 1. 512 25 220

1. 486 5 241
1. 468 5 1.477 5 005 1. 469 6 005
1. 392 10 1,400 10 134 1. 395 10 222, 204
1. 331 5 1.341 5 333 1. 329 6 311
1. 320 15 1.335 15 051, 341 1. 321 6 115
1. 287 10 1.292 10 243 1. 287 10 223
1. 270 25 1.274 25 052, 342 1.271 25 312

1. 231 5 006
L 211 10 11217 10 135 1.213 14 205
1. 185 5 1.188 5 053, 343 1.185 8 313
1. 167 5 1172 5 153, 244 1. 168 4 224

1. 095 5 344, 226 1. 091 4 314
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PrHBL RS @ OMERATHRTO A E S, KTRHE
M ARERL S OoBIREEFECBERL TS,
HLOBEHIC OV TR I h E T BRND 5V ER
BT\ A ULARBIVARIB IR TV X5, FiltiHo
SECREELA T oM X, TR, BAH, Fm=x
AF—Te A EETHLEND S, EEINCIZAT RS
PR TFRIBEME VN X L, RN KEVIREZ Y
— 7HHEREL EAT 5.

AR b bRk 1050°C wkiFs 2y — 7
WML, Ti kX0 Nb 2#EHEHMUICH AT
i b BB E THREA T OO LT, Nb & H
S lm LS S ERM o 7 ) — 7N A
PNEHETRIHETTL00HATHS.

Photo. 1 @ik LK ® 1 7 mlli i3, RFWCIX
FHIE MpCs 5 LOMX BB\ ik NDX 23 LTk
h, WFhoRFCEWTLREH 2 Y — 7B TR R
o Fr i E UBRECH A L TVv%. —J), Photo. 2
BB BT X 512, Nb B LRtk
BT L NbX A kT aar k&, 79—
MR R U C RS ¥ AR g T X o
7%, Ti B X0 Nb wfIraRIn U7zt Rt kN it L
- MX kb Lic< £, s b B E CHdls %
FTCHEELTC DI, 71 — 7 HKRE O Ffiio*f L
THMMEALTWL D EELbRD.

Pl Ficah St o L b, THEERCH 4 OTLFEL ML
CHMIbC X 5 27 U — FIEMEERE O H EA S50
13, BN cHit s RERAL AL TICBMR EE T
SRCHET D L ORI R I/ T ENEHET
H5.

5. &

ERFEA — AT F 1 b RGO 1050°C 124 13 %
7Y — THEMIARB RO YO EENCOWT T, Z0K
a7l Ty LM L.

(1) R¥rhosks e, Hfio ¥ ¥ 0RKT
1EM;Cy(IN 519 Tit MaCe) THbH, Ti L0V Nb
B wsinEicit (Nb, Ty (G, N) 25, Nb By
it Nb(C, N) 2 EfET 5. F0Ese Cr.N, AIN
e ESIEEL TS, 1050°C 1351t % 7 ) — 7 HK
Barhic M.Cs 12 MpCo (b L, Nb & 43258
CILBIME g b BT L oMt (Cr, Fe)NbN -
EX DALh.

(2) o oA PO MG

il

i L7~

HmEA— AT F A L Ao 1050°C 7 ) — 7

kAW OoEL 125

2.9% THb, 100h 27V —FHTiz MG DHTHE
13 5.9~6.3% wigint 5. B2 Y — 7 H CiiMod.
BST 35 7% 25Cr-35Ni-Nb 23\ Tt 100h 7 ) — 7
MIo 1.4 Bz 0.5% omsaRHHLRDLA, il
DRE TR E A ST MG 12500
D5 LTSRN TS, INSI9 TR CEHEN
Eut-diefitimo B+ L, #HEHD M,sCe 12
0.85% THn 7V —FHTH 3.0% LbhThgms
LT E e,

(Nb, Ti)(C, N) X Nb(C, N) i2g5EDF D
¥tz 0.8~1.0% THH,100h 7 ) — T IR
B 7 ) — P HIEBWTEZDORIZIZFEA LR L gL,

(3) ManuGCei2 7 v — 7EMRBPICEOHERLSEIL
L, ERH1Z7 v — 7H Tid (CrossFess)2sCs DRI
e L E Ni o 25Cr-35Ni-Nb cii B2 v —
THTH (CregsFes12)23Cs & Cr DL DOK XK
ThAh.

(Nb, Ti) (C, N) $ X0t Nb(C, N) 4 7 v — /i
REEACHLE L L, MayCe & RIS D BL & 4
FEFROFIZ XIS HIEL TV 5,

(4) EmphHREL 90°C o HCI(1+1) T@EL
7854, MyCs, CroN 35 LU0 AIN 11 h PP 3
parz AR L, (Nb, Ti) (G, N), Nb (C, N) i k¢
M,C; 24T 52 (Cr, F)NbN (ZiZ L A &
R, COWEOEEFA L TRABDONIY
DHEB IVEX S EHDH I ENTEI.
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