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Study on Hot Working Performance to Typical Cr-Ni-Mo-N
High Alloy Duplex Stainless Steel

Shen Guoxiong,Xu Jianping, Wu Hanmin, Tang Lei, Xia Yajin and Wu Liyang
(Zhejiang Zhongda Special Steel Co Ltd, Jiaxing 314312)

Abstract Tested typical duplex stainless steel grades S32707 (022Cr27Ni7Mo5N) 832750 (022CR25Ni7TMo4N) |
832205 (022Cr23Ni5Mo3N) and S31803(022Cr22Ni5Mo3N) are sampled from produced billet, and by various heat treat-
ment , hot working and hot piercing process as well as chemical composition adjustment ,the effect of microstructure and pro-
duced process on hot working performance has been studied. The results show that the phase ratio and o phase precipitation
are closely related to the temperature of hot piercing and solution treatment and cold forming annealing, and the precipitation
speed and amount of second phase in 832707 far exceed $32750, 532205 and S31803 duplex stainless steel grades. For
§32707 duplex stainless grades,lowering Cr(Cr<<27% ) and N(N=<0.4% ) content, increasing Mo(4% ~5% Mo) con-
tent, properly controlling the heating rate(2 ~2.5 C/min) and finishing rolling ( forging) temperature{ =1 060 C) and
paying attention to the effect of reheating and tube billet drilling could improve hot working ductility and prevent cracking.

Material Index Hyer Duplex Stainless Steel 022Cr27Ni7TMo5N ( $32707) , Hot Piercing, o Phase, Final Rolling
(Forging) Temperature ,Solution Treatment of Finished Product.
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(1) AOD mdtE5| 3/ 6 + FEREXEH I
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Table 1 chemical composition of test steel /%

w453/ %

Ll ez C Si Mn P S Cr Ni Mo N Cu Co PRE
AG-1 0.021 0.38 1.18 0.030 0. 0005 28.59 8.71 4.30 0.42 0.57 0.61 49. 50

S$32707 AG-2 0.023 0.32 1.17 0.028 0.001 28.02 8.76 4.34 0.43 0.67 0.64 49,22
AG-3 0.020 0.36 0.94 0.032 0. 0005 26.65 6.85 4.85 0.40 0.70 0.71 49.05

S$32750 BG-1 0.021 0.58 0.74 0.027 0.001 25.50 6.26 3.42 0.28 0.04 0.04 41.27
$32205 CG-1 0.020 0.40 1.32 0.023 0.001 22.13 4,68 3.25 0.15 0.07 0.04 35.26
S31803  DG-1 0.026 0.37 1.36 0.029 0. 001 22.21 4.74 2.86 0.17 0.10 0.04 34.37

I (1)PRE = Cr +3.3% Mo +16% N; (2) PRE & 30 . PRE s/ SRR Y, e EAWH R F B W SR ERNERETER Cr. Mo N, i S8
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1080 ~1 200 °C;S32205 J% S31803 41040 ~ 1100 C,
PEEFLIEE G R P65 mm x (5 ~6) mm ~ D100 mm
x (9 ~10)mm,

(7)LG60 B LG30 X5 MK 2.0 mx1.2 m &
SR RAE IR W sl R, Bk P ER KSR
HTEEAKT 60% ,832707 FfER k1 150 ~
1200 °C, /R E AL FE R R 1100 ~1 160 C;
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1050 C,
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FRE, RIEBA KA SBIT B R bk ; x H7E
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950 °C .S32750:900 °C ,S32205 K& S31803:850 C)
F 1838 5.10.15 .20 .30 min /5, BIZK 3, RIGWE o
o MFE2 f1FH, 832707 (AG3) o HHIMTH E
% :5 min21. 2% ,30 min 31.5%, 5 min ¥ & &
30 minff H B 67.3% , HEWMM L&KW
J& $32750,5 min 3. 5% ,30 min 9.2% , S32205 &%
S31803 HrH B4/, 30 min BT E 508 3. 22%
#12.36% ,S31803 7£ 5 min MIAFH BN 0, S32707
£ o AMF U BURIE E 950 C |, 0 48 100 s % 150 s
BT B AR 3% B 1%

2.1.2 4B IAAARGEMN $32707 #y Cr . Mo N &
B

AR TUAE A 65 9 45 41 B 39 46 2% B 43 1) EDS
WMEMTRAY SRR ER AR RREANEE
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31,2018 4E 3 A HER) #LE RS $32707 S AL
E4EH:.Cr:26% ~29% ,Mo:4% ~5% ,N:0.30%
~0.50% , TR H H i S32707 (AG-1)700 kg SR&ES
Cr:28.59% Mo:4.3% N:0.42% , 0% 1 fim. %
EE A S AT, B AR SR AL 6 B,
A8 ISR RAERT. W3R 3 fim o HE% .4,
o MRS K Cr:28. 23% . Mo: 8. 16% . Ni:
4.71% Mn:0.77% .5i:0.5% , 440 Cr KF 28%
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Table 2 Preciptation speed and amout of ¢ phase in typical duplex stainless steel grades

mH $32707 $32750 $32205 $31803
P aa=7 AG3 BG-1 CG-1 DG-1
R 950 CTAURERE + kW 900 TTIURBHIE + KW 850 CTFURMERE + k¥ 850 CTAURBBFE + K

%}ﬁl:i 5 10 15 20 30 5 10 15 20

o HHT
HE/% 21.2 24.4 27.2 29.7 31.5 3.5 59 7.3 8

9.2 0.8 1.65 1.98 2.11 3.22 O

5 10 15 20 30 5 10 15 20 30

1.26 1.52 1.94 2.36

F3 EDS SHEIEHEMS/ %
#* 3 Mass fractions of each phases by EDS analysis %

JTE A v o
Si 0.36 £0.04 0.34+0.03 0.5 +£0.08
Mn 0.69 £0.11 0.95x0.18 0.77 £0.19
Cr 26.61 +0.59 24.41 £0.36 28.23 +0.56
Mo 5.11 £0.34 3.36 £0.22 8.16 £0.21
Ni 5.59 +0.45 8.03 +0.33 4.71 £0.24

B, 5 o M Cr FEBEAMHE, WK Cr REY
BEXBT o tHP CrMEE, XEREMRT o M
RIPTIEE, Y NEBRTF0.4% , LK L
MR TR Cr S ESLHT, Cr,N BT H 5 B f g
T Co,N #HFHES ., o R NSELHIRE
26.65% ;% 0.4% ,Mo HFEREZ 4.85 [5HY S32707
(AG-3)700 kg {REETEFELEY i, BiA B A= Mg
FHHNE, RIMELF AL P65 mm [FHEE, HEEE
HTFCr&EBEE26.65% 5,8 /NF o Mt Cr
By 28.23% , Bt Cr MY B)G HEEAE] o HHK
Cr &8, XMESET o MEHT H B BT &, W
Mo S REMEREE 5% , LT T o H+ Mo 1 8.
16% , REZY BEAEER o MBS Mo &
B, BR Mo WER—EBE L&FmPun T84,
B5 o APRBETHAE L, FEXFHom TR &
HE/h, 75N EFEXREEEATE Cr,N B8 8
=

R FE Cr<27% ,N<0.4% ,Mo 7EFRHEE R
B 4% ~5% W& HFA%, AT ZE#{* PRE=49 K4
T, BB ff S32707 Ay#tin T84 HE B o 3, X4
55 Sandvik 3B H SAF 2707HD #)4 L AL2E R 4
Cr:27% Mo:5% N:0.4% , 24,
2.1.3 IHAERHAEL T EZMHIT
2.1.3.1 FEEHEZEL(RRE

IR BB ARGHN o HRESBBRBE R
%7:832707:1 060 °C; S32750: 1010 C; S32205 R
$1803:930 C (A KXIM E LR ) o — ML FRERIE
il E B2 EL (3] WIRE R R TR E, MTER 960
~®100 mm FHNH T4 P FRIEE 24 L R TH & 40 ~

50 °C, FrIAXTF_E 3R S32707 S SUAH R 540 7T
BB RAHEZEEE, BT I o HELBFE
JE{S 30 ~40 °C ;1 32707 B Ho A s BEAR R, BT th
BXZ, MEELH () WEEN TR ER, R
HHEtr—E BN o 8, NIRRT EHE TR,
FEAERLL, Bl R {E S32707 #y#EL (8R) IAI#1T,
HAF () ZEBELTIEHE c HELBHRE
B, B =1060 C,
2.1.3.2 PEgEElinaEE

$32205 F S31803 4R o T H B EBE, HT
HERD>, EAMATEPE. E—BASHH;
$32750 8 o AT H S BE AR N B, AT Y B AR
£, FTUAANRETE o AT MIBETEE N, 55 o M
B W BUBGR B L (Bt Kad A B REZ B
IR B, — RS B A S B R
M, S32707 WK o MITHBERHR, THEE, R
g RAE It B R R AE FFRBLE , A%
A IR IR, X R R BMBRIE T,
—F HEREW D IMRAKEE IR o FHT IR E
BRI, FrAlE o HEHTH IR EEIX (850 ~1 050 C)
s R, —EEAEET 2.5 h B —FEE
AEER A R BGE B, — R S T B
#:2 ~2.5 C/min, -
2.1.3.3 TR

$32707 (AG-3) J& S32750( BG-1) &M K nh
REMAZEEN o HEL2BEMROMMEE
1060 °C 2 1010 C,{R{BATE 30 min, R/5F AP .
FRIKBEFRXLHEZZR,WE o HITHE K
T, Mk 4, WNFE4 FEH, HIRKBEE R
oo M, PRI o #, 2T & S32707 (AG-3)
1 33.86% L 2T S32750 (BG-1) ) 13. 7% ; 5%,
$32707 (AG-3) A 5.28% 19 o A7 4 &, $32750
(BG-1) Kt o #H; sh i IES o HHTHER 2
VG, o T ERZE, i B ERL,

MARFERFNZE IR 700 kg WsE T REER
EA K 965 mm EEHFTSMHBUE, A S H4b
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Table 4 Effect of cooling speed from 1 060 °C and 1010 °C

to room temperature on ¢ phase precipitated amount and

impact toughness of duplex stainless steel

e m#g  REs wH oM mhiEw
B/ [@)/min FR /% # AKV/)

yg 33.86 2

$32707 ~

(AG3) 1060 30 = 5.28 145
7K 0 260
ks 13.7 5.17

S32750 .

(BG-1) 1010 30 =8 0 232.25
K 0 239.20

HOEBNESAW o HiITHE, HERRTES,
P& WSRO TR B 41 (500x) L 1,

£S5 832707 (AG-1) WEE, FPAMARE
1210 C, TR 6 H;S32707 (AG-2) 3% F 4k
ZF 870 CLAET, FFRA 7 ¥, 0P8, LK 2, K
AFIEEREMME 1190 ~1 210 °C, 5 BT
BN AP P IE R EER,

5 3207 . $32205 (CG-1) K& S31803 (DG-1) 3k
W o AT H ;832750 & 6.67% B0 & o FMBT;
S32707 (AG-1 ,AG-2 AG-3) B £/ o M, H
B S32707 (AG-2) M B E o T ERE,
H19.52% X R B K EF e, BRTHE—
KBESE T RN o HITHEZH TR o

Bl1 (a)S32707 (AG-1);(b)S32707 (AG-2); (¢)S32707 ( AG-3); (d) $32750
(BG-1) ;(e)S32205(CG-1) ;(f)S31803(DG-1) SHHARGH R ALIESR
Fig.1 Morphology of structure of duplex stainless steel (a)$32707 (AG-1);(b)
§32707( AG-2) ;(¢) S32707 (AG-3) ; (d) S32750( BG-1) ;(e)S32205(CG-1) and
(f)S31803(DG-1)

AHBERER THIFH, EZEUTILA:

(1)832205 J S31803 ) o AHAT R #1E,
TR, — AR,

(2)S32750 §IKY o HADT H B BE AR AR, T4
EZWRPELE o T, (H REET A/ ML
BraEEH MR EE, 7 o HIT B NRERE
W, A E R A, EP A — R AR TR,

(3)S32707 WY o T HBBERAR, THAES
BHREREZHE o M, BTLURB IR T 47D
A TFRY, O RR AT G S B 40 B A A, s L
., W RER A GE A T4 ao#him TEA M, 5 T4
(8) ER/PRT, UM TH SR EE £/ &4
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Table 5 ¢ phase precipitated amount in duplex stainless
steel after forging or rolling and air-cooling to room temper-
ature

32707 FF S32707 JF S32707 B 32750 $32205 S31803
s M gRE RE EE REE
BERL 704270 200x140  B65 65 65 D65
##%/mm
B AG1  AG2  AG3  BG-1 CGl  DG-

o ¥
/% 15.87 19.52 12.5 6.67 0 0

TiH

FRBRT, sl R T AKEM TS, LEDR T o
T B RERE
2.1.3.4 BRELPOHFLATZ MR
v g — MU WA A 85 4 B 4 R v
o LERELE  RFILA S BT, F AL
_ FRENRERBHBEE, <
o D80 mmfly S32707 Bl R .0
C LR RENNEREA RLTE,
. M OAEILARER, RENE
* HR M. ZRERE, &0
AR E: RER PG, BiTE
, EEAZEILALE, B R R
SR EAFINE, BEE—@
| ENERTSE, ~HETE XN R E 3
P TRIE, PO RS2 TR B VIR A A
BB A E R LR, foep
DESFLE R B IRFEF 3 o 4
PRBEAT H , W FLRE PN 3R T 32 1 A1 89
R4 Ry, XER >
@80 mmfy B EH F.OE LB
EHBEHRSBE, c HERDLEH
BT R AT et A —FE,
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B2 $32707( AG-2) 44 200 mm x 140 mm {&FFHEH

Fig.2 Photograph of steel S32707 ( AG-2)200 mm x 140 mm
cracking forged billet

55

(BG-1):900 C,a &8 23%;1 010 ~1 200 C,a &
35% ~ 52% ., o FHT H B 78 fk: S32707 (AG-3);
800 °C,o M 7% ,o HHHT H BYBURIREE 950 CHY, o 4H
31.5% ,c HHSEEIARHERE R 1 060 °C;S32750( BG-1)
800 °C,o i 1.6% ,o AHTH AURIR R 900°CHT, o 4
9.2% ,0 MHELEMEE RN 1010 C, MHILZTF,
$32707( AG-3) o AHHT i BT $32750 (BG-1) W&
3(a).(b), XFH Cr Mo FEEE A S32707 XUHH
AEMN o HERBEMBEHNEFTE Cr . Mo BIKH
$32750,3F B o AT H FBURIE B & FE% Cr Mo &
B,

& 4 Br/R N S32707 (AG-3),

50} (a) L (b)
45F a
40}
ast

g 30}

&n 251

10} L
af 4 | //\"(44—‘
of A

fn #8800 °C, 850 C,
. 900 <C 950 °C .1 000 °C .1 060 C,
R B 8] 24 30 min, 7K B 689 B 1
ZHZ(500X) .
SRS A EEFL N PR B
HREIRNA 0 LB RE
R FC AR B EL B A 3 A IR BE

800 900 1000 1100 1200 800 900
&/

B3 Bo#RBEXS (a) $32707(AG-3) MAN(b) S32750(BG-1) 4 o ##1 o HEEK

i

Fig.3 Effect of heating temperature on amount of o phase and ¢ phase in steel (a)

$32707( AG-3) and steel (b) S32750(BG-1)

2.2 S32707 & S32750 SUAAN 45 40 4 4L F bk g f A5
b B H St LA B T2 B

HE4T S32707 532750 BB AH LU, A EANT AT
RS BT AE LS T H R TR
2.2.1 S$32707 & S32750 ARt RE R L RS

HEFFLTZHITHRR

SAHARGE N PR R B KA R LA K o 4
Prib AR AR KR E L BOEFRELZER
5y FEMMLE R MR T , EEBOR Tk
HET, B3 BiR B R DU R G5 4 $32707
(AG-3) \S32750 ( BG-1) hm# i B (fin £ 8 BF 800 ~
1200 °C,££iR 30 min, K¥%) SR ESER o HK
THHBZEXR., NE3FH &R EEEBNiER
RBEE AR RS TS o M L B RH B
R FEE AR R S T, (B M BuR B A B &
H o T ERERRES BEENRAREREET
s  BEE o HESEM. S32707 K S32750 MK
BRI S B2 1k S32707 (AG3):800 C,a & &
13.5% ;1 060 ~1 200 °C, o & & 38% ~ 53% ;S32750

“Tooo 1100 1200 YLEH, EUFXUHEARGEM A, HERR

REC RERN 20 ~30% B, s
BAK, BAH B A s fE Y, B
4k A N B i B R R R
e, B AFE RN TEE: (1)
ARVFIAE R RIRE; (2) BT
B ETERIE IR ENERE; (3) Bl aiR
Fri (4) BEFALMSFIEE S . —MBER T RESRAESE
S ANERZRPAMBREEENT: (1)
$32707 N EA < D80 mmf¥[F R K1 140 ~1 160°C ;
B4 > 80 mm, F & F1170 ~ 1200 °C, (2)
$32750 , <®80 mm EJ[F4FEE K 1 080 ~1 140 °C ; HZ
> ®80 mm, [FEHRH 1150 ~ 1200 C , {RIE AT —fik
4720 ~40 min,
2.2.2  $32707 K S32750 A S5HaERIEL R H S
PUEBETZHITTHIR R

B 5 KB 6 itz 43 BIAH R Ry S32707 (AG-3) |
$32750(BG-1) 4%, A~ [B] i #4 il B2 (hn #4318 & 800 ~
1200 °C ,{F-4BEHE] K 30 min, /KE) SREBERMEE
B PR X R PR ARG R B H A
JE ARGR BEER B , WS (e K R AR R, 2 BIFE E 0%
9% ; ERMEEIME(AKV) 3B E2 T F9 T, 34
PR BEFHEZE 1200 C LA L, FiRAE R5E A B
BREES X BEREMET HRMN M, I
#Bit 50% AR FSIERNGEY LB S, X
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B w5 80 7 T - S32707 (AG-
®4 3) . S32750 ( BG-1) By w5 I
AW (AKV) XA 2, BAWHE
. 230 ~295 ] P, [FES , BESRA IR
i I RRERE NS
1070 CULEBRTHE FHRM
g M XHIE TSR ERNERE
g PRI, S BB TR, A
b AR ESERRSE, WA 6,
BRI T 72 o 8 [a) R
KB R B I B A T i B
 WF
(1) S32707 4R, 8] 38 k.
1150 ~1 200 °C, g5 B A3

EBEXR1100~1160 C;
&4 S32707( AG-3)40(2)800 C 30 min;(b)850 C 30 min; (¢)900 C 30 min; (d) .
950 °C 30 min; ()1 000 C 30 min ; (£)1060 C 30 min AHF ALV (2) 832750 4, i ] i oK
Fig.4 Morphology of microstructure of $32707 ( AG-3) steel heating at 800 C 30 min 1 100 ~ 1 150 °C, g%, 5 [E & 4b 3
(a) ;850 °C 30 min (b) ;900 °C 30 min (¢) ;950 °C 30 min (d) ;1 000 °C 30 min (e) B4 1050 ~1120 °C,

and 1060 °C 30 min (f) (BB ] — A 5 15 ~

o 35 min i,

1000} iﬁﬂﬁ@ﬁ%E“S mm
Mo & SRR AT 1Y, HA R 45 R
o SR ERRERRI SR+
gsoo i,
= 750 3 45iF

700}

650} (1)S32707 SR — IR AEHT H

600000 1050 1100 1150 1200 800 900 1000 1100 1200 EERR ITHERE, $32707,

HE/T R $32750,S32205 % S31803 i o

BS RN (2)$32707( AG-3) #F1(b) S32750( BG-1) MEBA M HERRRIRN bl B A B BURIE I KB4 5
Fig.5 Effect of heating tempreature on tensile property of (a)S32707 (AG-3) steel and
(b)S32750(BG-1) steel at room temperature R H:950 C,900 €850 C,

850 °C ;o MR KB 5

300 N A:1060 °C.1010 °C.930 C,

" S {“” 930 C;7E% 11 o AEAF HURK

| r B USRI 30 min, K

i yam B,o Mth B &4 5 MR
| 31.5% .9.2% 3.22% 2.36% .

(2)S32750.,832205 K S31803

! TP RRELE R TR,

e T T e T AALOB) RER R T

BEC EEE/C MR, F5b,XF $32750 B3k hi

F6 AUHMRERT (a) S32707(AG-3) HIFI(b)S32750(BG-1) Wb ey 20 o Eel INAGREE, By b TAF 2
Fig.6 Effect of heating tempreature on impact toughness of (a)S$32707 (AG-3)steel and AT, 7F o M H IR E

{b)S32750(BG-1) steel at room temperature X, 4% B 2 BT 4 % LB 9
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(3) Bi1k S32707 (PRE =49 ) 84 A X0 &
HBEEH M Cr<27% N<0.4% , 3 E4EH
Mo & E;—MHEHEAEMBEE R 2 ~2.5 C/min,
7 o FEVTH B BFIX 850 ~ 1 050 C =6 [E], NE A
142.5 h; PRI AL () REIRELE o HEHIR
BE(1060 CYPLE,

(4) ABh 1k S32707 40 T4 Bl I ARTHSb 2 %
Frith o M, TS B EN T HE o #HBERMELEFF
W, —HENEEERS T Cr Mo N F &, A —HH
R ek 4 B 0 B AR, A b dE LA 4, B
RATREH T () E8/MRGH, DR TR 4)
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