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Research and application of TP316L stainless steel cladding process on
20MnNiMo steel surface

WANG Xuejiao
(Erzhong(Deyang) Heavy Equipment Co.,Ltd., Deyang 618000, China)

Abstract: To address the insufficient corrosion resistance of 20MnNiMo steel in specific environments , three welding processes ,
electroslag welding (ESW), flux cored arc welding (FCAW) , and gas tungsten arc welding (GTAW) , were employed to overlay a
TP316L stainless steel layer on its surface to improve corrosion resistance. Stable welding parameters were determined through
welding process tests, and the cladding layers were subjected to chemical composition analysis, side bend tests, hardness tests,
intergranular corrosion tests, and metallographic structure observation.The results indicate that the chemical composition of the
cladding layers is uniform and meets standard requirements (Ni mass fraction: 11.0% to 15.0%, Cr mass fraction: 16.0% to
20.0%) ; no cracks were generated in the side bend tests; hardness values were all below 250HV10; intergranular corrosion
performance was qualified; and the microstructure consisted of a uniform austenitic matrix with a small amount of ferrite. The
study confirms that all three processes, ESW, FCAW, and GTAW, can meet equipment manufacturing requirements. ESW uses
single layer strip cladding with a cladding thickness of 4.0 to 4.5 mm; FCAW and GTAW require a two layer cladding of transition
layer TP309L and corrosion resistant layer TP316L, with at least one layer for FCAW and at least two layers for GTAW in the
corrosion resistant layer, and a total cladding thickness of 5.0 to 5.5 mm.This research provides reliable data support and process
guidance for the engineering application of 20MnNiMo steel in corrosive environments, demonstrating significant practical
engineering value.
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Tab.1 Chemical composition requirements of cladding layer %
WFTeR C Mn Si P S Ni Cr Mo Cu
HE <0.04 <2.5 <1.00 <0.030 <0.020 11.0~15.0 16.0~20.0 2.0~3.0 <0.75

(VN - SIS RN OIS S N <l S O
(Max.PWHT) A (590£10) “Cx9§! h, ft /M J& #Hkb
H (Min. PWHT) 2 (590+10) ‘Cx3§" ho 7E # il
Min. PWHT Al Max. PWHT IR 25 5 #E 47 68 25 i 56
£ Max. PWHTIRES T E47 25 i s [R]85 ol L TlOM 42
FHARES -

1 BEAe

1.1 BERZE
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o DRI, ST TR AR HE SR BB A, SR FH HE SR AK02R
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ORI AR 2 WK 20 WA AR B U
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Tab.2  Chemical composition of 20MnNiMo steel %
(R C Si Mn p S Cr Mo
BORIH 0.17~0.23 0.15~0.40 1.20~1.50 <0.012 <0.005 <0.30 0.45~0.60
S 0.20 0.25 1.31 0.006 0.001 0.18 0.50
IR Ni % As Sn Sh Pb Bi
HORAE 0.40~1.00 <0.050 <0.015 <0.015 <0.010 <0.010 <0.010
S 0.43 0.003 0.006 0.003 0.001 0.001 0.001
W& As+Sn+Sh+Pb+Bi H(0.001%0)  0(0.001%0)  N(0.001%0) Cu —
HORIH <0.035 SR HE <0.20 —
S 0.012 0.6 13 50 0.06 —

3 20MnNiMo R0 S M RE

Tab.3 Mechanical properties of 20MnNiMo steel
i H PALFDIRES BRI SEE
R,/MPa 620~790 672
R,;/MPa Max.PWHT =450 542
Al% 216 23.0
KV,(=20 ‘C)/J =47 214,229,228
L MinPWHT D=3a, ERE  TRE
T £ /HBW RAHERE 215,220,222

LR 75 R IRE L ZVE i oA R B 7 o M HE A
P A2 T 1R AL, A B LA : ESW O 50 mmx
250 mmx400 mm, FCAW & 40 mmx250 mmx
400 mm, GTAW A5 mmx250 mmx400 mm.
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Tab.4  Chemical composition of welding strip %
HEILER C Si Mn P S Cr Ni Mo Cu
FORIH <0.030 <1.00 0.5~2.5 <0.025 <0.015 21.0~25.0 9.0~14.0 2.0~3.5 <0.75
S 0.027 0.38 1.92 0.015 0.001 6 21.25 13.39 2.59 0.039

FCAW A1 GTAW HEJE N, % fg e 5t FE e &
S ICER MR RE , i R AR E A R
FEMER, RS 255 1 BRI IE 2, &
Cr, Ni 542 70 & & & 5 & 10 TP309L M& 44 i3k 47 1
W2 ZNMm e E, K5 ol 2k — 80w
TP316L S AT HESR

3P [ Py A F B RAL , FCAW : 1% 2 24558
18 22 E309LT0-1, & 1.6 mm, i 1t /2 24 i85 15 42
E316LT0-1, 1.6 mm, J4 84 J& 22 B 7 W3R 5
Hi7R s GTAW : i V¥ J2 45 £2 ER309L, & 1.2 mm, i
h 4R 42 ER316L, @ 1.2 mm, 15 22 (146 5 %43
K6 FR.

5 E309LTO-1FIE316LT0-1 R4 I8 & B F RS

Tab.5 The chemical composition of deposited metal of E309LTO-1 and E316LT0-1 fluxpcored wire %
=T C Si Mn P S Cr Ni Mo Cu
3001 T0-1 HRME <0040 <1.00 0.5~2.5 <0040 <0.030 22.0~25.0 12.0~140  <0.75 <0.75
SEPME 0.031 049 1.24 0.012  0.002 8 2431 12.89 0.013 0.000 2
E3161T0-1 BRI <0.040 <1.00 0.5~25 <0.040 <0.030 17.0~20.0 11.0~14.0 2.0~3.0 <0.75
SCOME 0.022 042 1.28 0.014  0.003 4 18.38 13.01 2.810 0.043
%6 ER309LFER3IGLIEZMLFERS
Tab.6  Chemical composition of ER309L and ER316L welding wires %
[P N C Si Mn p S Cr Ni Mo Cu
ER300L R <003 0.30~0.65 1.00-2.50 <0.025 <0.020 23.0~25.0 12.0~140  <0.75 <0.75
SEOME 0.023 0.53 2.33 0.014  0.014 23.22 13.94 0.0010  0.0049
ER316L R <0.030 0.30~0.65 1.00~2.50 <0.025 <0.020 18.0~20.0 11.0~140 2.0~3.0  <0.75
SEll{E 0.019 0.54 2.04 0.022  0.016 18.88 11.92 2.18 0.042
14 BEIZ JEFEIEE 4.0~4.5 mm 45|, BT HORZR P HESR
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Tab.7  Chemical composition of the cladding layer %
(=PI N C Mn Si p S Ni Cr Mo Cu N

BURAE <0.040 <250 <I1.00 <0.030 <0.020 11.0~15.0 16.0~20.0 2.0~3.0 <0.75 S
- WAL 0026 135 049  0.016  0.005 12.70 19.67 2.53 0.04 0.05
WEE2 0026 136 052 0.016  0.002 12.62 19.57 2.53 0.04 0.05
FCAW WREEL 0027 125 047  0.016 0.006 12.93 18.22 2.56 0.01 0.02
w®EE2 0027 123 046  0.015 0.006 12.89 18.08 2.52 0.01 0.02
CTAW WEET 0013 199 052 0.021 0013 11.86 18.49 2.15 0.01 0.03
W®EE2 0012 2,00 053 0.021 0.013 11.84 18.42 2.15 0.01 0.03
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Fig.1 Dimensions of large and small side bend specimens

(3) 1) R 56 (Max. PWHT #AAEFDIR D o

FEHENR Z R 1 BT, ) T HUR BE 2 mm iR idE
AT v 1) J5 e 336, 35 FE R <) 80 mmx20 mm*2 mm,
Lok, M GB/T 4334—20204 4 J8 F1 & 410 &
Tt B R Bk B A - B IR AR CBURED AN B 4 i ]
Jeg b6 7 R ) v 7 1 E BT RS R R - B BR
P 0] a5 . BT A RS il 1807 )5 L 1E
10 R5 KBS ™ 525 HaRE I 43R T, 38R B
[R] i [0 JE3 s o 7 A2 P 2R

(4) B 5 I B (Min. PWHT A1 Max. PWHT #4ib
HRED .

1% GB/T 4340.1—2009C &= J@ A R} 4 R g
WIE 2815 R IG TR R, 78 HE 1l
R AR T b B, i 5 0, 3 s 5 4 R A5 T
X, B XD 3 4L, BRI S A 3FRAREE ik
£ Min. PWHT F1 Max. PWHT IR ZS T F A6 I 25 5L W,
2, BEFEAE 5/ T 250HV 10, 3 R 72 iRl
BRI B ARG DX R P {22 P AN R



T35 : 20MnNiMo X T TP3 16L ANEEANMELE T LAY S i FH 23

300  —+—Max.PWHTE [ #E0 [X. —=— Max. PWHTHF i 14 528
e Min. PW HTIF I 45 0 [X.

in. B 1 A 4
250 Min. PWHTH 145 A 2k

200 F

150
100

fifi EE{E/HV 10

7 8 9101112131415
R A
(a)ESW Iy [ fi /&

300 ——Max PWHTHIFIHZ X —o— Max.PWHTHT 15 2%
250 | ——Min PWHTIT i35 1 X Min.PW HTHF [ 45 454
200 ety
150
100

_._
b
wh
aL
wb
ok

T {E/HV 10

1 23 45 6 7 8 9101112131415
LiGRIIPEY
(b)FCAW Iy T A

300 I o Max PWHTH A0 KX —=— Max. PWHTH #4282
250 | ——Min. PWHTI} i $4 5% 1 [X Min. PWHTH? i 5 £ 2%
200 2 ¥‘!/‘9>: o

150
100

R EAE/HV 10

1I é 3I ;1 é é 7 é éll()lllll21l3ll4-ll5
RTINSy
(c)GTAW Wy T i
El2 HEEREERN
Fig.2 Cladding layer hardness test data

(5D TOWL 4 A0 2H 23 53 it (Max. PWHT #4 4k
KRB

TEHESR Z 3R T S LA T 2.0 mm ¥ B A7 B HURE
BEAT WOW B AH AL S0 B, e R L3, & AHAH
ZUNI A1) B IR+ D Bk 3 AR A2 i 2
FOR AT ER  HESR R R S LA R 2 mm B8 DA
%*ﬁfﬂddﬁﬁ ’U i % Eﬁﬁi#i%?» AL ﬁ HI.

Xt 3 PR 773k ESW dlo kAR SRR, iR
i ARIA s FCAW doRLEL A /), 2 55 A 5 B0 A8 B T
A GTAW Snkif A2 /0N, 5240 /NS5 2l i B HRDIR
B . X B TR SR ORGP 77 A
(], B0 I v 4 00 3 5 R ot o 2 K S5 A AN [ T i
JR ) . ESW AN fi iy, 1 it v AR LR, R
A RIS [A] A A, T BB A K B FEIR A 20 21
FCAW R 2, 23545 22 v (1) 38 70 R0 3 W 711 T 1%
PRAG, FELOIRR R T I, s it 74 2003 AH X A
P T SRR AR, AR A )
GTAW ffI& , HLOINAE H, 5 vl 74 10 T FE B, it bz ok
AN PR BRI AR

ZiE LIRR IR S5 R vl LUE H, 150 % (1 3
12 T2 RE KA 7 B o3 R RE S5 A2 e 46 )it 22
SRIVHERRJZ , ISR 7 HEMR T 20 IR, R&7E
R i F S O o

3 AN

281 B B R T MR, 76 A A AR
LAV SR W R HEIE T 2AE = 5 N BE AT
HESENIF o 45 R H, 77 S 2 R L R AT
RI-FE . F2 SRR ESW A 4.3~5.0 mm;
FCAW 45.3~5.6 mm; GTAW 45.2~5.3 mm. £/
A HEIE 2 T N 1.5~2.0 mm Y8 B Y BUREBEAT 4k 2
FRAHEI £ 70 F AR 305 2 i R AR S A sk, B
HEJEJZ 22 100%PT A1 1009%UT K630 , 255 /& 1 K&
MR, B ﬁﬁ»ﬁz%&ﬁ%

s:'s:;a paeys

(b)FCAW
B3 RUEEEAR 200%
Fig.3  Microstructure 200%

(1)1 20MnNiMo 4R _I HE J& AN 85 W I ) 1 2
Ko sk 3 2 B P HGR BE>125 °C, J2 835 B ) R
125~200 °C.

(2)ESW, FCAW #1 GTAW 3 fih 45 43 75 ¥k 16
20MnNiMo 40 FF b HEAR J5 , HEAR 2 R 2 1 Il R
U, R TH T4 AL R Y L T P R AT S o A
B R RS EOR . o, R ESW HEAR
2 E 4.0~4.5 mm; 15 22 ME SR B 7R A O 2



24

PRESSURE VESSEL TECHNOLOGY

Vol.42,No.6,2025

TP309L+iil 7t )22 TP316L X2 HEAR , i h )2 FCAW
/01 2 TR GTAW &0 2 |2, MR 2 5 B
W2 5.0~5.5 mm 3K .

(3) 3 i %F 20MnNiMo 4% 2 1 TP316L A 4544

HENR T 20 70 LR T N S0, iz kL i RS
LR AL 7 e SR AN S AR 3

SH3CRK:

(1]

[2]

[3]

[4]

[5]

(6]

FBR BRKMR R EE R, SF LR R I\ R B
20MnNiMo # R 4EVERE I FEEILY ]. P36 4, 2016,
39(6):1-4.

WANG Q,MA Y L, CHEN Z Y, et al.Effect of welding
heat input on properties of weld seam of thick 20MnNiMo
steel[J ].Shanxi Metallurgy ,2016,39(6) : 1-4.

WREE B, SRR KPR S THOUBUITS » 55 . 72 At N 0] 4 JEE AR
20MnNiMo fF4E 5% A B ) BIFEMA L) 1. AR b 7 2
#%,2013,34(1): 76-80.

CHEN Z Y, MA Y L, XING S Q, et al. Effect of
welding heat input on welding residual stress in
submerged-arc welds of thick plate 20MnNiMo joints
[J]. Transactions of Materials and Heat Treatment,
2013,34(1):76-80.

IR EREE PRI R BRI AR, 55 R 5 AR B R JE AR
20MnNiMo #4254 AR BT HIFEMA L) 1. AR b B 2
#%,2012,33(4):96-99.

CHI L X, CHEN Z Y, MA Y L, et al. Effect of
post-weld heat treatment on residual stress in
submerged-arc welds of 20MnNiMo steel heavy plate
[J]. Transactions of Materials and Heat Treatment,
2012,33(4):96-99.

il S, £, TR HE . 20MnNiMo HX 15 42 G2 1 X
A AN S R SR EURFAE L ). 8 3 2 4
2000,21(1):9-12.

ZHANG X H, JIAO W, TAN C Y. HAZ structure,
toughness and characteristics to hydrogen-induced
cracking (HIC) of steel 20MnNiMo[ J ]. Transactions of
the China Welding Institution,2000,21(1):9-12.

5K BN, R, KB 20MnNiMo B9 48 1 A S R 4L
FRAECID L) ] AR E541, 2002,23(3) :23-25.
ZHANG X H, JIAO W, TAN C Y.Hydrogen-induced
cracking feature of steel 20MnNiMo C I ) [J].
Transactions of the China Welding Institution, 2002,
23(3):23-25.

A T A COp 25 L2 T ARIT (FCAW) £E I ZUR

A3 AER:
I 20MnNiMo HK1 TP316L A HESR T2 70 SR LY. i J0%4,2025,42(6) : 19-24.

WANG Xuejiao.Research and application of TP316L stainless steel cladding process on 20MnNiMo steel surface[J].Pressure Vessel Technology ,
2025,42(6):19-24.

[7]

(8]

(9]

[10]

(11]

AR P EEANEAREAR P N A L ). e oin T G
BT ,2009(12):25-29.

LIU Y H. Application of CO, flux-cored wire arc
welding (FCAW) in stainless steel surfacing on the
inner wall of hydrogenation reactor nozzle [J]. MW
Metal Forming,2009(12) :25-29.

FHERR, FII, /NS L [ F= AN 500 X0 e v A A
BHE LRI U B g% S LY ] KBB4 AT
2021(5):28-31.

WANG H Q, WANG X J, YE X S. Application of
stainless  steel

domestic double-layer electro-slag

surfacing on the vanadium steel hydrogenation reactor
[J].Heavy Casting and Forging,2021(5):28-31.
TR AR A L AR UM AN B T 2]
7 4%,2024,41(11):74-84.

XING Z.Overview of surfacing duplex stainless steel
on tubesheets by electroslag strip welding[ J 1. Pressure
Vessel Technology,2024,41(11) : 74-84.

Wi 5K, RS2 .90 mm B 7 5 A AR B IR A AN B 4
(A 27 By B AR PN A AT L) ). R 14545, 2011,
28(11):41-46.

CHEN Z L, LIU Y H.Chemical elements and ferrite
number analysis of austenitic stainless steel surfacing
process with 90 mm strip electrode [J]. Pressure
Vessel Technology,2011,28(11) :41-46.

ETH, JEHBE , &3, 4% .2.25Cr-1Mo-0.25V 4
R AR B B L HE SR R A L], K
i, 2023(5) :32-36.

WANG X J,FAN Y Y, YAN ] W, et al.The technology
study of single-layer ESW cladding on 2.25Cr—1Mo-0.25V
steel surface using domestic welding materials [J].
Heavy Casting and Forging,2023(5) :32-36.

ERYF, EIH 28 3,5 N RN A8 E309L i
IR 2 PWHT J HERR BRFR A% E347 X AP RO 5E
W) 1. %5 %%, 2016,33(3):61-68.

WANG X J, WANG Y J, YAN J W, et al.Influence of
welding or cladding E347 on E309L transition layer
after PWHT to substrate material in hydrogenation
reactor[ J ].Pressure Vessel Technology,2016,33(3):
61-68.

TEZBEN: THH978), &, IEm A TR, EENHES
IR IE B I 7T 5 K AR lAE Hikilk - 618000 U )1 44
TERH T 5 (FERHD TR R & A B A W T8 )8 98 Rz iR
WA, E-mail : NN791H528@163.com.



	目次
	试验研究
	20MnNiMo钢表面TP316L不锈钢堆焊工艺研究及应用


	Contents
	Column
	Research and application of TP316L stainless steel cladding process on 20MnNiMo steel surface



