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Sintering Rate of Creep Cavities in Heat Resisting Steel

Junro Kyono, Norio Suinva, Hideaki Kusuima and Ryo HorwcHi

Synopsis :

Experimental measurements of kinetics of creep cavity elimination by annealing and compressive creep are reported for

a 1.3Mn-0.5Mo-0.5Ni steel. Samples of the steel were crept to implant creep cavities in the grain boundaries. The mean
cavity size and spacing were obtained after measuring approximately 200 cavities and used for theoretical sintering rate
calculation. The samples were then annealed for 800h at 550-700°C and compressively crept for 400h under 59-235 MPa
and at 550-600°C to make the cavities shrink, and the creep cavity sintering rates were monitored using the highly

sensitive density measurement technique.

The results showed that sintering rates under.compressive creep are rapid and depend proportionally on compressive
creep rates, whereas annealing causes only slight sintering. Two models of diffusional and constrained cavity growth
were applied for the calculation of sintering rate, and it was shown that the sintering rates calculated using the
constrained cavity growth model coincides with the experimental data. This coincidence means that the contraction
in the neighborhood of cavitied grain boundary due to the atom flow from grain boundary to cavity surface during
sintering is costrained by the adjoining grain, causes local tensile strain in the neighborhood, and decreases the sintering
rate drived by surface energy of creep cavity. Therefor it was indicated that the local tensile strain must be removed
by compressive creep in the adjoining grains for progressive sintering.

Key words : sintering of creep cavities ; sintering rate ; constrained diffusion model ; heat resisting steel.

1. #&

[

NSRS OB B RIFR 2 ) — 73 ¢ 5 ¢,
BRCZZ)—=F2 7 4 5ERL, 36121, 206’
HEFELT, EEORCEERZAEL Y,

D7V =X x T 4, RN T TIEEMIIK
BLTWY, whEBREHETAE ASEEELRB, 2010
», HIPIZ & 2 SIEREMMVLIE R OFEiEc L T
b, FEBROMFEAERE { OMBEEZ U TIER L Tl
EFHELOLNE, 22T, 0L kBmicly, 2 —
TE YT 4 RBES T, MBI EEES Y, Fak
RS ARAD I INTEN, L2 LEDE, 20D

£ BRI X A MR FHLEMEORRIEED LT 2
bOO, BXaEY DFEMLFAERMMEMC L H#E5H
ES%, WHEL s hTuwikw2d thoTvb, ZDER

HPHEBELT, 2)—7Fv 7 4 DRETANT ZEE)
hEL, BRESEEL LI22) =% v 5 1 OBEER
ERX»oTHIN2 L5300 2) =% 7 4 RIHEKL
TORGONZ L2 2 ) —FX v U7 4 D ERMN 7
Wi +ok 2 ba¥iong 5,

Z ) =7"%x T 4 RCET 2 Bol OBGRII Y 10
AL, KRR E ST 2MREERT 2 08 %
FERL TV, ZOMRIZ2ZY) =X 5 4o LRR
~OWEBENES OTFAILL VAL 29 LTy, 2
U—f%?wi4ﬁ#rkvf%ﬁﬁ#%&v—fifw

TANOWERBRENCL 20 TADRUE LS 2R EY 3
IFILYVEHEILLNE, 2) X TARELLEITS
MR REZR O ANT, WD T2V X1 7 [ DB
FPERLTC28BYMET20EVHs EHELOLNS,

ARFFETIZIEHE OSERINB N 2, BEAS 0k > B HE)
L AUTAEEMNTAANTIERZ )V —FMETFT 2
— XX T A DB R IT o, BoNIERY 2 Y —F
¥ U7 A RECHET 2R ICHETCT, B L I,

2. RERFGE

2.1 HEM

R L LT, KA 5 HMHNDL. 3Mn-0.5Mo-0.5NiéH
(JISSBV 2) ZHw 7z, Rz TIX, 2) —77—
Z—MERDIZD, 5Fv—0OHIzoeT, M0G0

T 4FE9H 2 BZMN PR 4412H 8 HZH (Received on Sep. 2, 1992 ; Accepted on Dec. 8, 1992)
*  EREMEHEINITZRT (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku Tokyo 153)

* 2 HARKRPHE T

68

# (College of Science and Technology, Nihon University)



Bl TozY —FROEZY —7HEMaER%iT-o T 519, 2
DFHFEL, HERPERE TR -2 ) — X T4 8%
B L, AREETE ORIRBGEE 2 42 C 519, ARFFFR X, 3R
PITo T35 F ¥ —YOWMOFT, 72)—7TFx 74
SR BEE L F o — YOOI ADORMECLE L L
BEESBOKRE S, A EE30umTH - 72,

2:2 O)—TEXxpEF1BADIHDI)—T

HEEA D> 6 AR 8 mm, A REEEEIOOmmD 7 ) — 7R
BRF R 8RECL, 550°C, 118MPaT 2 ) — 7R B %1772,
BRI 5 A (t. = 900h) (3t 3 2 #&5%0.6 (540h) K TF0.8(720
hDRT 27 Y —FRERPHITL, 2V —Xv 74 %28
AL 28/, t/t,=0.605FGFOFEHE, BEEERRLC
ZRVLEL LI2OT, B0z Y —7hikralR%e 2 BT
v, 2ARDZ Y -F Xy T 4 BEAREBRN £EH,
2:3 21) =%y ET 1 OBEERIE

2 Y — R RER T b 6 BHAAH 8 mm, & 3 H10mmDH
FERakEE 2 5 0 IS L T, BEREEBRICHV TS,

2V —7F 27 4 OB IIBRANCERMBIC L YT
72, HEEIEINEEE %550, 6005 UF700°C, % L TR INEAKE
i%800ht L, Z DR, FrEDR:BIRRET R & msdr &
DEL O ML, EEFFBSEERE LY, BEROETRI
PAE LT, RS, JEMISN FINBAOEM 2 Y — 7R IET
T2Y) =% v 7 4 OBERITo 0. BERERME, RE
550°CiZ D T, JEMENS /159 ~235MPaDFi D 7 BFg D
B, % LTI H159MPatz o v TRS75 4 U5600°C % N
LI 3EEOAF ISNTH 5., Z DEMSH TmEL,
2 Y — RO M E AR AR E I A TT
w, FREOREIOEME 2 V — 7%, REZEO ML, BE
HIE 2ITG, BEOHITRIKZHIBLIC, 2O, MHHER
KREOMMEMOEIHERITC, EHZ ) —70TAb
HIE LTz,
24 2)—TF o ETF 1« DERERUEHA

2V —FX 7 4 QEBVEENL, MHEREROHEE
DH 2R - IBAEL, EEEHIZL VT

BgEsh 2 ) =727 4 3N 5 CIERIRT
HoHH, TOKREIRRTDI, fgiboizn, EHE LK
EFL, FOEBTETILICLL, 31, BEINDN,
SRR O—WE T H 2 DT, WHDEZED LERE DO
WOEFEZKD 5 DIZFullman'?D Jiik % Bl Ic.5HI L7
7Y —F X2 7 4 BIB200ATH B, 272, 7)) —TF~
T AR ERD 3120 DFHINL, 7Y =X T 4D
s ER L T s RBEHNR T2, 72) —7%
YEFARRAEL TH Y, —EHORFCHEERL, 2D
RREOZ) =X T A VEREDEL ZHD TV 5,
BEINAKBRLOZ ) =7 % v V7 1 BOFHEEREEDY G,
7)) =X YT A DOKREIVFHRTH 2 LIRELTHR
WMEDZ ) =227 4 DAERECEERZEINL, 3612
EREEED L RO 7 ) -2 7 4 BREYHE. &

69

EEHD 7 ) — "% v U F 4 DBERERIE

HIZ 2000~ 50005 TH0MBF Iz DV TiT» 12, 2V —FF %
T 4 OAERER USSR, BEEAEDORZITV, 2
—FEx T4 EL TRV ) —RERACHT 5%
FEEZEAL (AD/D) = & b ERBACIEIE L IC, s, MO
MR & 2 BE~OBEIHE 2 6 N5 DTHMREID
BErIESaizHhIl, 2V X7 4 BARBRFORL
Ui & SEEHIE R 2RI L, BEAS LB L [F] U il
MM LIoR, BEMEZIT- I,

3. REER

3:1 2)—7RBRBRICLVBEASOhEI—-THFrET«
3 ELD1.3Mn-0.5Mo-0.5Ni#i D550°C, 118MPail i
22— L 2 Y — 7otk S BEDRA R % Fig. 1
R t/te=0.6THHF L7 2 RDRBRIT AR BIZDW
TOEFNENOBEERLZXPIIR LI, BEORBDEE
W, t/t,=0.63F TIZHEREE G AT, 24 & b b REEHMANC
I p AR T 5, ZOESERK, 2 Y — 7 HERD
I Y — BT B 2 ) — P FEEOIMEMR & XIS
DI H 5, Is 30, BEMTEREBR T O EERIE X, EE» 610mm
VbsEn?: S2OAEC TR CERa L b EREL 3Bz
WTET-» 2o

2) —7X v 7 [ BEEBRAREL, t/t.=0.60AK
UCBOMRER)T 2 GIERELL 12, B A D GERHL 7250R
DEEZEILIL, AD/D=—0.37~—0.48x1073, & L THER
B B» 6 0akHE, AD/D=—0.51~—0.78 X 10 *D&iB (=
Hotze TOLXIIHRBFALBLETIRZY) X2 7

A4 DERBRIZRL Y, FRFE—REBRA T b ERILEC XY,

t/tr
0 0.2 0.4 0.6 0.8 1.0
0 T T T
‘r—\l\gA
B —-
~ -1F
2 \\ 15
- L}
X L
§§ 550°C, 118MPa
g O Change in density =®
= -3 F O Creep strain Jdig =
= E
g f %
= a2 ° g
® —19}— / S
o0 -5
S o -—
s
< -20} o
AD/D=-2X 102
-2l 1 ] ] ! 1o
0 200 400 600 800 1000
Time (h)

Fig. 1. Creep curve and change in density during
creep at 550°C and 118MPa of 1.3Mn-0.56Mo~

0.5Ni steel.
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Fig. 2. Creep cavities formed in a specimen crept
for 540h at 550°C and 118MPa.
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Fig. 3. Effect of normal annealing on change in
density of crept specimens; change in den-
sity resulting from microstructural effect is
compensared for the data annealed at 700°C.
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Fig. 5. Compressive creep curves.
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Table 1. The parameter and physical constants used
for the calculation of creep cavity sintering
rate.

Q=1.18%X10"*m?
Dgp=2.24 %10 %exp (-174000/RT)m?*/sec

Atomic volume

Grain boundary self
diffusion coefficient®®
Gas constant R=8.31]/mol/K
Grain boundary width®® 6=5X10""m
Surface energy?®” ¥s=2.2]/m?
Boltzman’s constant k=1.38%10"*J/K
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Fig. 7. Comparison between calculated sintering
rate based on grain boundary diffusion
model and experimental data of annealing.
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compressive creep.
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