DOT:10. 19591/. cnki. enl11-1974/tf. 1988. 04. 001

Vol,8 No 4 wREEER

Powder Metallurgy Technology

1988, 11

TR n
raruRg H
T

N

ks

PR EE R Bk B ARG

NRAETH

FHE Dr, Lars Arnberg*
GRERPNE T AED (& B RD

(B AXARTHEERARELRRKETEH 316L FEHHAALTH. R
BAEB, 900°CHRERMEL. MAWAMY BN TRBTER, HBEF G R
KR BRAAHBH R RER, BHARDENE LAY . £RRLEIEF, ¥
BN ABAHETER, HRMERNE Mt WAL THEEREENE N H,

—. WE

SULAE AR BT R A, B
TSR, R R T
(R T, [ARHESE T 535 i
PO—0, PRI mEE 15 k. . A
SRR LI IR, BT AR A L,
AT 1 AL Al SRR L A, 4R R b
MBI RIE Y. A DIE R R AR, % TR
PR B P R AL T B A R TS 69,
{FL BB 1T 1 BT e A ML T
A MR TRSE, T B T2 e R o
BALIA AR R, KGTTIEREA G, B
He S BT T B BE P VT B e it
B, Bk A R, BHEA G
B 5B B 4 LA 2/ L R4 T 38 A3
BT YR A TE R SR
Bh. ARTEMERS G55 5. B
B, PRI bR B S G £ S 4 A
FE A5 % R,

ASCAME T Yt B B 4 5316 LT B4k
RILEHOTIE, BRI Sh®E. ©
PREERIAAE . SUIL AT AS LA T B B B B

‘S BRI RGeE T

BIF.

= AR

RPFFTH AR 3161 + 0,53 % Ti(Wt,)
fn316L+0,97 %Ti(Wt) B Kk R B#.
SHETE B e TSR POR BB WA, HHE
Eoh2s—r0um, HFXEHMGEE TZE. L
CEERHEMRME B RESE T 2R X
BRCTD,

RILEER P LT, MR FH
Ar+5%H, (72 im #h Fn & H 8 H D fn
N, +5 % H (H fe B D), B 2514
30em?®/sfn18cm®/s, 4 fk iR B 2 800—
1000°C, Z{k B} A (D AR 3% 3E 78 (Fick)
B8R,

REFERE e — &5 8
.

12« W,

L=y D, wsol '71{;—
Ao Lt RN A P BB B, ABFRE
W EEE~ ¢ x107%em; DG & 7

D=D.exp

(1)

—~Q/RT (2)



194 B Kk B

& & A

Vol, 8

#HE D,=2,7x107%cm*/sF1Q=2,3x 10°
J/mol(5y T-) (BI55 x 10° /24y F) (93]

—~F
wE D =5.8x10"%m?/s(800°C)

=2,8x10 %m?/s(900°C)
=1,0x 107 "cm?/5(1000°C)
MR P HWnhE &Kk,
sr A A 0.53f10,97; WR'HE E& &
bR AR E, BHREC), EREM D

Wty N= 1 (Wto;Cr+Wt%Mn)
100
(3)
SAATFIARG WEGN = (17,35 +

1.19) =0,185; (1) R {5 14514855 BIJY & M
PR . ML EBOR R

tgo0°c = 35min

tgooc = 7. 3min

t1000°c = 2 min
SURHEIE TSy B A TR AT &
A

12= 9Dt

tgooc = 25min

(4)

Xt

togoc = 5 min
t1000°c =1, 5 min

RERAFAN A RENEYE, &
800°CH4 1t BT fE]14304> B, 900°CH 7 4
Bh, 1000°C2H 2 534l

BEAMBREFT T1150°CR X 1/ B g iR
G, HWWTET T sk b v £ b I i 25 4
PR
T IR E TR R 313,

A P AR AT T 4x 4l B LB
(TEM) Fi43 1 7% 5t #2582 (STEM) W il B {2 i
B8 % 0 o

=, SRR

SALIE R BN, RILH S
21 /DR R A A AR R b B 1 PR
R A o LR NN RRIEDE =
W, BAAEAR, SEmh Y A S [,
800°CH 1L 305> 805 (B 1 @), Wik RKiE kS
R, WETFEEESREOEE, XN
RS, PPN AET
55 BB U Tl e, LT 16 R R AT
AL, X LR R R B K, IR R R
e, BB K. XU
1702 14T A R L RSO o R
o oA B I s AL SR I T 3 e ££900°C
R 7 e nfE1000 THLME 2 or B iy IR AR

B g4eRENrmaa|Ey x 2000

VL, ABR&ERERRELBEELE |



No, 4

D BEE & BRI R E RN E LT A

195

(E1b.c), RIiLHpBbLan/h, 2mHs. G
B R A (R B T,

B 2 AHRERES LR, WS
W PIR TG 0 B B s B i L P ) oy
R 2. Rreinsy 7 7E @08 R LA B i
WH LR BR. PR R)IHT
1 RIHT R BIRTH 0,5~ 3 um,
di el pE 290, 2uml 13, SHAEIREAE 5] 2 W
BHSE. T REGLA LRIty

450, 2um, T TREMBR LGB &
0.02um, BGRIAFNER B E, &S
WRERLYEEHEENEREER, FUR
Re i R w8 72 9 AR NP - %2 1 A )
BB HL0YTIAS/mB, N B B 102 HAS/
m®, HR 4% 5 H RO VR RT3 R 5 Bk
#, NAEER00C, MR T4 8h K
CRFEHNEL,

REFNRILyRF Y, BT TERAHR

B2 900°CH{L7mingy & Tiz1 LRSS TEME K

£ EHEEHUNER
naR [ | s [EUe ] ERBRIRON [BERY BERY RHBREE, &/m
NGRS _—
wtls ’\ C Win | X pm ‘ /N pm | pm pm R 101 7-100° ) 102 0-7020
053 | asQGREM) | — | — - — |o 5—2 | 0.2 -~ —
asQ L 820 30 [0.1—0. zo 02—0.032—3 | 0.2—0.3 200 10
" oaco 7 lo.1—o. 3‘< 0.01 ‘2—4 0.2 10 10—15
| 1200 0.1—0.2 0.0z uz-—3 [ 0.2 30—40 7
c.w | 800 30 10.1—0.2/0.02—0.042—3 | 0.3—0.4 100 4
| 900 0.3 0.02 |2—3 |0.2—0.3 5 6
} 1000 2 0.170.20.0270.042—3 0.2 40 7
0 97M'{ asQ | 00 30 |o.1—o. 5;0 01-0.02 |1—2 | 0.1 700 5
! 90 7 0.170.60.02-0.08 |23 0.2 100 8
| i " lo.2¢0.005
! | 1oioﬁ 0.10.57" 2 oy 2 0.2 600 6
c.W ( 200 30 0.1—0.5.0.01—0.02'1—2 0.2 300 10
300 7 10.1—0.50.01—0.02[1—5 0.2 20 14
f 1000 2 0.1—0.5{ 0.02  [1—2 0.2 30 8
0.53 asQ '
(1150°C1h l 900 7 p.1—0.4 0.05 [3—s | 0.5—0.5 800 3
s |

+ CW —¥nTk: asQ—HkE



196 B K &

& B R

Vol, 8

AEFE, FTHA:
AG®=AH®-TAS® (5)
fn
BELY
n
axg ¢ ag

agiesh R & TR Ly TIN, CrN,

AG = AG”® + RTIn- (6)

AGrinz — 2,34 x 10°7/mol(4F) (Bl -56FR/%45rF) (800°C)
=~ -2,26x%10°)/mol(5yF) (Bl -S54 /55 F) (900°C)
=~ —~2,18x10°J/mol(syF) (Hi-52F-FK/74rF) (1000°C)
AGern = - 0,75x 105 /mol(43-F) (B - 18T/ 1) (800°C)
2 -0,71x1057/mol(s>F) (BI- 17F-R/5oTF) (900°C)
> -0,71x10%3/mol(5yF) (- 17F+K/%0T) (1000°C)
AGenw= - 0,59% 10°T/mol (4yF) (i - 14TFFK/m4 T (800°C)
= -0,54x10°/mol (437 (M- 13FR) ") (900°C)
= - 0,54 % 10°3/mol (43 F) (B0 - 13FK/Fsr1) (1000°C)
AGyron=0,42 x 10%3/mol (5yF)  (HIIOT§ /5T (800°C)
=0,50x 105/mol(5y¥) (Bp12F+R/%isr F) (900°C)
= 0,54 x 10°J/mol(5rF) (AI3TF-R/3EH T (1000°C)
LREBERLTHES, F, ARk AL, HAGTRERRL
HEL LA, EARTIEmARLEE  BBmiibik. BT digs (STEM) sy 47 &
) & EA R XM RN (L F1s T8
- T B4 R L HB B B ki AT
Wl W, MBEEERTIFH 2. MR BRES
HHCr, LB SRELER TK, X
oL s BUA e R A L 7T R, W L,
- 3I6L AR &17.35%Cr, 10 & In £k
E | - 538 FUAT 0.53% H10.97%. M I T K
) £///// E?iﬁﬁ%&ﬁ%i;ﬁcw;ﬁﬁnéz%%k
ot T - RTINS £ X H % BT MR
‘ . (1,28 RO BB T (1,46 ) /b, 3B
oo Bt Bk, REHRFIMCKMADERE
= PER T RS, BT ATRE S 4 R AL
s o B1150°CRK 1 /DG, BbAmE
_\7‘\ SRR, RAEMM, HEBRNES R
PoF «\Q:i‘ 7 HERBRESENLIE, FAREERSES
/%gQ‘ B BRL (F 2). S BLTER B A M S AL A
M TiNeS #AL LB ok S A RIR TR, XD

200 400 600 gue 1000 ‘T'C

@3 TiN, CrN, Cr,N, Fe«.NgyiR B gite

CrN, Fe,N 55 B, ® ik hamum= 1 -
agz A& ITCETI, Cr, PefyiF, "THEH
MERESEEECRE: ag IR W IEE,
FIH5y 6 W 55 i am~ v/ P ge =40, 95

HRE STk Q148 4 fHAH® FAS® i,
%'f%:

R BRLRLER DA, B FRERBILE
(B 4O WARR T X — /8- B 5oR TR gk



No, 4 Dl B B & sk K B R B I R IL 1T 197

;2 EHOBBHSTEMA &R
mon | TR W%
wOB
5= SN B N Fe cr T Ni Mo
0.53% Ti(wt) FAST * 37.8 14.9 1.3 1.8 44.2
&, 900°C, 7 min LS N 53.3 22.9 13.5 3.1 —
L B 400A 47.4 17.0 22.8 — —
A% 200A 33.2 18.0 27.5 — —
A 100A 23.3 15.7 48.7 4.7 7.8
BH 200A 12.8 12.4 55.6 3.3 15.9
Ti0,53% (wt)ik R 400A 30.6 11.7 47.6 — 5.0
#, 900°C, 7 min A0 3004 15.0 9.0 69.1 — —
ik, S11650°CHR 4] 150A 8.7 7.8 77.3 - —
k 1h, 8] 3204 19.5 13.4 66.9 — —_
4Z] 150A 27.5 16.9 46.1 — —
L5t N 34.2 10.4 47.0 6.0 —
ik - 67.1 20.0 0.2 11.6

B &, N(E)

BFRERE . cv

B4 17N HEFERRAKE
900°Cx 7 minf&fk, 1150°CX 1 kAL

By RAE Ao . SHE 2 MAxE, T
PAREL£&1150°C. 1 /MBI BAE W
BB REERBRTMENL & 8 HE
A, SRR, RESHEDEAB AR KM
Kt Bieoat @e), HEHAKLER
E, FHEMBRRKXGER. BhRsa
ATk O 18 R E R iy RE WL

Wi MRS RS . RiL/E
BT E TR R 15—500, BRoh BT 15343,
o TRE A3 S AL T B SR B 4R v i B B
% i 5w, Aghazadeh—Mohandesi(5) i
St HERRERE )50 B0 O 17 Ll
2, Hrhd gk A B NEUERmRaE

Es STEMBREIHRACHEE
900CX 7min%{k, 1150°CX 1 ik



198

Vol, 6

Bs STis1sLR HBEHTEMBE
900°Cx 7 min%({k, 1150°Cx 1 hsbE

F®3 BREE

Bt 0.53%TIWOWMNERTEEHM | 0.97% Ti(wt)FIIK B M EHM
2B °C, B fAlmin gt | AWmIE | g L amTs

REWL 184+16 310425 16617 248415,

800 3 251%16 343+33 250426 251435

900 7 2274117 272420 231421 234133

1000 2 218+19 261415 254+27 246419

(BiLBF1150°Cm#k 1 )

BEh260, PR LTRIEEER BN T E
B, WS/ GTERNHE LY
WA BRI IER. S/ &R &R
MR EE R S g E A —E
HIfEH.

PAAC B R BB i R AR LU R
EATEIMB.

1. ME L PR & ek 316 LR BN T 1y
RILHBE EES A TRAMGBIRBE, M
e A /hsy A0, 2umFno, o2um, LA B4
BH1017 7104 /mPFN 10207 A /m?,

2. AR IR E AL P 1 SR R T FRshL 7 1 4L

W, ZHiNHk, 900°C, T8N AE T M
BRI, 800°C, 3055h BAIE £ &
SRR, {ARREIERE R, PR A
R TS, WM& EE,

3.1 A i REH RIS R BT, &
TR FE SR ek I AL 4. £ 1150°C HALBE L /1
BHE, R HBEOEMLHETEE, RITL
EATERIHARMLY.

4,1150°C s 1 /MBS B B WK
iR R T RER Ly BB &, K/
oA, I RILER A R R e S WnE-.

5. PRI J5 4 B fE & (HM) 15218 —
254, RUPEMARILER BN B 5L
T%.

g F X B
£ 13 Billon, B ,and Hendy, A,, Heat Treatment, 84, Proc,of an Int, Conf,, The Metals

Society, London, 35, 1, 1984

[ 2 3 Unterweiser, P,M,, Boyer, H,E and Kubbs, J J,, Heat Treater’s Guide, American



No, 4 ' Pl B B 2 Sk RIR e R BB R IE T4 199

Society for Metals, Ohio, 401, 1982

(3 ) B, MNELEXSE, T ILNERY, 121, 1975

{43 Van Wiggen, P, ,C,, Rozendaal,H,C F, and Mittemeijer,E J, ,J, Met, Sci,, 20,4561, 1985

{ 5] Aghazadeh—Mohandesi, J,and Priestner, R,, Heat Treatment, 81, Prcc,of an Int,
Conf,, The Metals Society, London, 207, 1981

{ 6 J Kindlimann, L.E,and Ansell, G, S,, Met, Trans,, 1(1), 163, 1970,

£ 7314 Hgk, Arnberg, L., PusilERRRERENENT G BT, BRG &84k, 6(2),
65—68, 1983

[ 8 ) Hillert, M,, Course in Theory of Phase Transformations, KTH, Stockholm,
Sweden, 1986

(93 Weast, R,C ,and Astie, M,J,, CRC Handbook of Chemistry and Physics, CRC
Press, Inc,, Boca Raton, Florida, F— 4, PF—60, 1981—1982,

(10) Bapsekdy, A4W, HETHREE, 196, 1981,

INTERNALY NITRIDING BEHAVIOUR OF RAPIDLY SOLIDIFIED
TITANIUM MODIFIED AUSTENITE STAINLESS STEEL
Li Yuezhu and L,  Arnberg

(Central Steel and Iron Research Institute) (Sweden Metal Research Institute)

ABSTRACT In this paper we present results on the internaly nitriding beha-
viour of rapidly solidified Ti-containing 316L stainless steel, The material used
in this work was a type 316 L austenite stainless steel, The steels which contain
the additions of ¢, 53 wtojand 0, 97wty Ti were rapidly solidified into thin rib-
bons by the melt spinning process, Then nitriding was performed, The nitriding
temperatures chosen were 800-1000°C, The nitriding time at each nitriding tem-
perature was determined by calculations according to Fick’s diffusion laws, The
ribbons were observed by optical microscopy, transmission electron microscopy,
STEM and microprobe as well as measurement of microhardness,

The results show that the microstructure of internally nitrided, rapidly solidi-
fied Ti-modified 316L stainless steel consists of fine-scale grains (<{3um) and
finely dispersed nitride particles, The size of nitride particle was about ¢, 2pm
(at grain boundaries)and about 0, 02um (at cell boundaries) The number densities
of particles are estimated to be of the order of 10'7"!® particles/m® and 102¢~ 2!
particles/m?® respectively, The nitriding condition of 900°C, 7 min, is optimal with
respect to the size and number density of particles in this study, The calculation
of the standard free-energy and STEM analyses suggest that there is a possibi-
lity of simultaneous formation of both chromium nitride and titanium nitride
and preferential formation of chromium nitride After heat treatment for 1h at
1150°C, most of chromiun in the particles dessolves into the matrix In this case
the precipitates transform to titanium nitrides, Heat treatment of nitrided rib-
bon at 1150°C for 1h causes very little change in grain size and in morphology,
distribution and size of nitride particles, It means that titanium nitride parti-
cles are very stable and suppress grain growth during recrystallization, High mi-
crohardness values(218-254)are obtained by nitriding the rapidly solidified Ti-
-modified stainless steel, which confirms that rapid solidification process has a
promotive effect on precipitation hardening,



