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Abstract

For 13Cr4Ni martensitic stainless steel, the traditional heat treatment process is normalizing and
adding two high temperature tempering, the purpose of two tempering is to obtain stable inverter
austenite, and then get good impact performance, so the two tempering temperatures are selected
in the two-phase zone, which makes the tensile property be relatively low. Using 950°C~1050°C
normalizing + 200°C low temperature tempering process, the purpose is to obtain higher strength
at the same time, keep the low temperature impact performance above 100 J. The influence of dif-
ferent normalizing temperature and low temperature tempering process on the high strength of
13Cr4Ni martensitic stainless steel was studied by OM, SEM and XRD. The results show that the
microstructure of 13Cr4Ni stainless steel after heat treatment is full martensite structure without
obvious precipitate at room temperature. After normalizing at 950°C ~1050°C and tempering at
200°C, the impact fracture morphology of —40°C has no obvious difference, and all of them are duc-
tile fracture. With the increase of normalizing temperature, the grain size increases gradually,
while the dislocation density decreases gradually. The yield strength and elongation of the steel
tested by 950°C normalizing + 200°C tempering are the highest, and the low temperature impact
work of the three processes has little difference. Therefore, the comprehensive mechanical prop-
erties of 950°C normalizing + 200°C tempering are better.
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HFART AR Z, R HR IR R 2, /K )k F & H AT 5oy RO R AR .
IKEEHVFFCAE 7K T R LA R LA 2 —, BT R oy B 22 . RS AR S P 868k, 20
40 30 AR Z WA FHIRIN . &4, B 60 FAALISKIFaaEH AEN[L] [2] [3]. £0d 2 F4K % 13CraNi
O ARV T B A& KU M £ E MR —.
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54t 13CraNi 5 [RAA N BRI A 3 T 2020 TR A B Ik, Ml vh i e K K3 . — ik
[ K A B P AR (1 RGBS s ME AU AS e MR LU e 22, T 200 R I [ K AT DA padfi A B P 1) 7 i Je
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PROGIEAS I8 38 VRGSE, JFIA T ABEITER, A RS RGRE, 5 —J5 CL N
SR R AR E o R, TR eI AN Ni 245, @ id #h) Ni 0 Cr 24 &b, A A4 i
BRER A SEANE I AR IR B T ZORERFUAN A IE JGIR L S AR S U e vE R At IR ARER
(8] K L 2R PRAEAT R e 9

2. EWMBEEZE
2.1 SEIaMRY

A28 Bt AR 13CraNI D ERARANEEAN, K VIF-200 BB 25 8N G Fa ki i, e Ja i
BREERH TG, B0E 120N 1150°C ORI 6 /NI, URHBHETE 1150°C, AMBEEE 950°C, =M =Hk)E, B
BUH RSN 09 mm R, #5278, SKRHDG RN 2 B R L 1.

Table 1. Chemical composition of experimental steel (mass fraction, %)

* 1 REWHUFERD (REDH, %)

C Si Mn Cr Ni Mo N
0.068 0.39 0.67 13.23 4.25 0.57 0.022

22. EWAHE

FBE BRI 11 x 11 x 70 mm fK5%, £E SXL-1200C LA A B b AT e FE . 6 T
13CraNi 5 RAAGEN, BRI RH RS, M S SBURALR FAOR, TP H R
PERE, PAUEIE G EIEFF 950°C~1050°C, n#id <0y 300°C/h, WHITr ¥ N, BT ZNE 2. £
KL BRI B N T s A Ao A et ik

Table 2. Heat treatment process
2 BMAETZ

= PR TE

1# 950°C x 2h iEk +200°C x3h [Hk
24 1000°C x 2 h IEk +200°C x 3 h [A]:k
3 1050C x 2h IEk +200C x 3h [A]k

XA [ FAAEHE T 2R R GBIT 228.1-2010 (& J@ AR ARREG SR 1 884y =R L) » M
FH TSE504D JJ RERIG MU = iR frfhPERE, 418 GBIT 229-2020 (4@ i1kl & b4 ph i iR 58 %)
N H SANS-ZB2452-C i ik S AL A il —40°C & Le o IR W e &

REEL G, K 59 =& bk +50 ml 22 + 100 ml /KT &, 23548 F Olympus 627 B il
B FEI Inspect F50 F51# B T 08 LS [R KL B T2 T I BN 2L S5 W U3, 6] BE S 5 f Rt ik
TR o, BTAFN 1L g MR ERER + 10 ml BRER + 90 ml /K, BHRFRRIETEZAFT, B THIRKS
By R 40 min, ZKWRER 65°C, SRR NI E G S, T T 4iil, A Photoshop #X
PERES: R T, R Image-Pro Plus 6.0 A Gi it SR f-F R B AR RS B f5 i & 20 0 10%
{10 e SR TR R P ' 25 BRI 77, R H AR RigaKU #E 24k SmartLab B4 X S 26 A7 S 2 A
A T2 R IATET g s ve, 3811 Williamson-Hall [8] (WH)J5 i1 5 A [7) #3541 15 () Ar i 5 1
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3. SRR
3.1 HE MR
RFERAHARA TSR L 3. MRS PEREAE S, AR R OS5 F—40°C

HIAALA K, 1#. 2#. SHRFERIPLHIIRE 2> 7~ 1245 MPa. 1235 MPa. 1248 MPa, il Th4r5lh 131
Jv 1440, 137, {H W#FEMPIEIRGRE . EMRTEE, 455k %F T 1034 MPa. 18.8%.

Table 3. Mechanical properties of different heat treatment processes
2 3. TRIPAIBET ZMAFEE

G Reo2 (MPa) Rm (MPa) A (%) Z (%) KV2 (J)
1# 1034 1245 18.8 715 131
24 964 1235 17.3 715 144
3 977 1248 18 69.5 137

= IREE—40C T R i i RSN A 1 PR . SRR DA L, = BT S A
Wizd, H¥Is K/MEX 5. —J571H, BT 13CraNi I IR A SNBSS ARAR, 124N R R e
KAERE, £03d 950°C~1050CIE K + 200C Rk 2 J&, R WHERER D ARN S, FFRMEAT i, RAAE
KMtk 53 —J5m, & PR RN ALY e A BEAS AR FI R T 2% 1 R P B 2% [9]- 7E 950°C~1050°C 1E K
ARBE, FRRERA S RAFIAZIS AL IR R AR AR R BERL A, ARORHIBERS T REUNT e Btah,
Oy RARAFAE S AL T, RO TR B 5 RAANCRIL T . BARIL T, REERNRAY R4 iR
SRSV o PRI 200°C [0 K5 PRAIE Ry 3 B[R, 385 RAF APk g .

ﬂ\ o = J ;
(@) 950C x2h+200C x3h (b) 950°C x2h+200C x3h (€)950°C x2h+200C x3h

Figure 1. Impact fracture morphology under different heat treatment processes
1. AEFACIET Z TR OR SR

3.2. BfgALR

B 2 =M TZTReMmasE . NEHTLUEH, £5d 950°C~1050C 1EK +200°CH k2 J5,
13Cr4Ni L [RRAGEAN I == iR 2H IS AR SOIR D AR, IR A A i B IR AR AR 45 I RS = T =i
Rltk, 7E25A 2R, BRI NS AR, TS RIRMIC,  RUAEARE B K A
oAb, B IE KGR RINOR, SRR B AR fR KN I R 2% R DL B SRl A AR AR k. A
P 72 S e AN () DX IR B8 ek P AN [ s o
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Figure 2. Microstructure under different heat treatment processes
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ST D [RAAAEE AR, 13CraNi B FAR AN AN 14 i 5 32 BER R T 5 DA 1) s 25 2 6
FEAGHR B K T TIE REAAR , DRI i 8 B s LR R ) F R R 2 — o IR, ARk /N4
(B A P B ARG AR KM o OGS [ AR B T 20 PRl 2 B R0 R RN AT TR 5 8.

3 N =FFESH ) XRD T8 S, A EH AT %, 13CraNI ANVHENL S A F PG =I5 T LRl
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Al K J5 = iR LU 4 ) IR AR 2

—1#
—2#
(110), —3#
_ J (200,  (211),  (220),  (310),
S
L
=2
2
o A
c
\S

1 1 1 1 1 1 1

40 50 60 70 8 9 100 110 120
26(%)

Figure 3. X-ray diffraction pattern
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Oy €086, /A ~ 2e8in G, |4 (1)

A 8 AAFRTHIER TEA R, 6, NARNTHIERTRT S AT M, 2 9 X G2 (0.154056 nm).
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Figure 4. §,,c0s6,,/4 and 2siné,, /A fitting graphs
4. 8,4 €086, /A FA 2sin6,, /A AEE

Williamson 7l Smallman [10iA ATt 37 7 46 I 48 GRS E p TP R AR5
p =14.4¢ |0’ @

S b MR (0.248 nm)o ST, 1#RE SN EOAT IR, 9 1.498 x 10" m2, 3L AL b
JE AR, 9 1.388 x 10" m2,

I R R A+ IR R A VRO = R iR AT 5 SR bk, EDG 2 AR T O S I B AR kL, &) 5
TNe GG, 1. 2#. MRS I ARRLK/NT AN 47 pm. 53 pum. 62 pm, 5 281 3R L LHARE S
FISEA /N o SRLERZE, SRR Z, W CABHAS AL S s ARG AR A AR T IR AR AR A J5 R 2 Aor
ERORTARITEN, e B R, T BRSSP g BE K, (Rl SR AL 1 3 [ A
13 1R SRS 1R AR

P SN
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Figure 5. Grain size under different heat treatment processes
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4. SRR

1) 13Cr4Ni & [RAEAEEN 2 (950°C~1050°C) IE K + 200 CAIG IR [ K AbHE, 24 4H 233 i 26 1 EGAA,
T BT BEE ORI, SROEETK K. TR R, SRR, XA B Bl T
PHASERSRZY, H—J7MH, AT AR, Sk kEZHEE, AT R, M.

2) W& IEJGRIE I Th i, A58 BT 4K, 950°CIE-K +200°C [m] KINy, HFArsas B e, fEAL
WIZE) IR BRI R A AN, AN TR AR R SR s, A 1 AR o

3) 13CraNi Ly [RAAAN B 1E KGR B K L2, MORMIS DR R i 5 BE AT R A (s PERE, —40°C e
HIWOREFFE 100 ) B L. 950°CIE-K +200°C [H] K J& 13CraNi X454 J1 e, A3 T msaBI eIt .

E&WE

Tolk5s%E 250 H (No. TC190A4DA/35).
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