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Clad-Rolled plates, which are based on carbon structural steels, low alloy high strength structural steels or high strength
quenched and tempered steels as the base plate, single or both sides combined with stainless steel, special steel, etc. in a
certain degree through the clad rolling technology, to produce the Clad-Rolled plates.

This base material-cladding material combined mode, realizes different kinds of steel material properties blending into one.
In the use of functions, both the base plate strength as a structural component meets the requires of customers’ machining
and processing performance, and the cladding material with excellent corrosion resistance, wear resistance, high strength
are obtained. Moreover, Clad-Rolled plates, compared to the original single cladding plate production, have substitution and
high cost performance. Therefore, Clad-Rolled plate is a more economical and efficient Cladding product.

Baosteel Clad-Rolled plates are employed in nuclear power, hydropower, pressure vessel, ship, structure steel, pipeline, deco-
ration, such as a variety of industry applications.

Our company, based on high grade heavy plate produce technology, and also using scientific research results over the years,
achieves full coverage of heavy plate, hot rolling and cold rolling coil, so as to supply Clad-Rolled plate/sheet with multiple
thickness specifications for customers.

Thank you for choosing Baosteel Clad-Rolled productions.
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Baosteel produces high technology, high value-added steel prod-
ucts, and has formed three major general product series : carbon
steel, stainless steel, special steel. Baosteel has two heavy plate
mill, several hot rolling and cold rolling production lines. Bao-
steel steel products can meet the customer’s demands at home
and abroad, exporting to Japan, South Korea, Europe , the United
States and other forty countries and regions. Baosteel products
are widely used in automobiles, home appliances, petrochemical
industry, machinery manufacturing, energy, transportation, metal
products, aerospace, nuclear power, electronic instrumentation
and other industries.

BN

Carbon Steels

5N

Stainless Steels

154N
Specialty Alloys
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Clad plate can be divided into three types: mechanical clad,
explosion clad and Clad-Rolled plate. Mechanical clad is gen-
erally used in production of clad pipe directly, and explosion
clad. rolled- clad commonly produce clad steel plate first,
and then make into clad pipe or hot rolling. cold rolling clad
plate/coil.

The clad steel plate/coil of Baosteel is produced by Clad-Rolled
technology. After preparation work such as slab-clad, the clad
plate is integrated with base plate by heating and rolling
technology. The production processes are basically the same
with ordinary steel production. And explosive clad technique
is that a layer of explosives is laid on the cladding plate. The
technology utilizes ultra-high pressure and ultra-high speed
impact energy, to achieve the solid metallurgy association.

Because of the different clad technology principle, Clad-
Rolled combined with explosion clad in dimensional accuracy,
surface condition and microstructure performance have their
respective advantages and disadvantages.

Therefore, Clad-Rolled technology can entirely replace explo-
sive clad technique, and the more accurate size control, the
more excellent surface quality and the better using perfor-
mance.

Welcome you to choose Clad-Rolled plate/coil of baosteel !
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Standard for Clad Plate

SARIEBNEFRERN _EWNTRERR: Chinese National Standards for Stainless Steel Clad Plate:
NB47002.1-2009. GB/T8165-2008 NB47002.1-2009. GB/T8165-2008

TEENE SR Stainless steel-clad plate

E561REBERRERN LN TRRR: International Standards for clad plate:

ASTM A263-2012 BRERNFEINE SN ASTM A263-2012 Stainless Chromium steel-clad plate

ASTM A264-2012 % ET%%%DEAHQ ASTM A264-2012 Stainless Cr-Ni steel-clad plate
ASTM A265-2012 Ni-Ni-B lloy-clad steel plat

ASTM A265-2012 BFIEA S S AR i-Ni-Base alloy-clad steel plate
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Base Plate
HEimEBirgERN LN TR Chinese National Standards or International Standards:
GB/T 700-2006 fxEZEHMN GB/T 700-2006 Carbon structural steel
GB/T 16270-2009 S 2 EEMAERMNIR ~ GB/T 16270-2009 High strength quenched and tempered
GB/T 1591-2008 &4 £7532 ELEIH S
GB/T 1591-2008 High strength low alloy structural steel
EN10025 Hot rolled products of structural steels
JIS G 3101 Rolled steels for general structure
JISG 3106 Rolled steels for welded structure
ASTM A709 Standard specification for structural steel for bridges
ASTM A572 Standard specification for High-strength low-alloy columbium - vanadium structural steel
GB/T 713 Steel plates for boilers and pressure vessels
ASME SA-387/SA-387M Pressure vessel plates, Alloy steel, Chromium-molybdenum
ASME SA-516/SA-516M Standard specification for pressure vessel Plates, Carbon Steel, for Moderate- and Lower - temperature service
ASME SA-533/SA-533M Pressure Vessel Plates, Alloy Steel, Quenched and Tempered, Manganese-Molybdenum and Manga-
nese-Molybdenum-Nickel.
API 5L Specification for Line pipe
|
||

03/

iR
Cladding Plate

SREBRERN LN TRAR: Chinese National Standards or International Standards:

GB/T 4237 AFNHAELNIRFNINTG GB/T 4237 Hot rolled stainless steel plate, sheet and strip

GB 24511 EEREBAFEMINIR KN GB 24511 Stainless steel plate, sheet and strip for pressure equipments
GB/T 2054-2013 EREBEE &R GB/T 2054-2013 Nickel and nickel alloy plate

ASTM A240/A240M Standard Specification for Chromium and Chromium- Nickel Stainless
Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications

04
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According to the Production Line

FS No. FF4 Production line [EFESEE Thickness(mm) RSB Width(mm)
01 [E#R Heavy plate 5-400 900-4500
02 #%5L% hot rolled coil 1.5-25.4 600-1600
03 $%L% cold rolled coil 0.17-4.5 700-1500

02/

HEESEH
According to the cladding layers

FS No. S8/Z2%0 Cladding layer quantity
01 EAEES single side cladded
02 WHEEE Double side cladded

03/

REEMRER
According to the Cladding Material

HZEMH Base material SE## Cladding material
BHEES SUESEERE £ GBi#= AISIHES HHESEERR
Steel grade  Characteristicsand Classification GB Steel grade AlSI Steel grade  characteristics and main
main purposes purposes
Q235A 12Cr17Ni7 301
NS ZNAENGEM, 58
Q2358 12Cr18Ni9 302 St RN R R
Q235¢ —RRRE RIS BHERFAOMIRIE, EIEFRFIETR
WAMWLLR ED 06Cr19Ni10 304 R, ISR, BTaH (LT,
osn B EMAW, BF e, PREIRIRE. BT,
RIFMEENTE BEATHER  0220r19Ni10 304L RENT. BREmETL.
Q345B [ES-1=0 Austenitic stain-
less steel : Most widely used stainless steel ,has
Q345C Gtenetral sltrer:jgth . 10CrigNiT2 305 good corrosion resistance plasticity
structura Iant plres stoughness,weldability property in
55400 ;“'e Vesff y ef]' ) 06Cr20Ni11 308 strong oxidizing, neutral and weak
caalsgrc(;c;))er?:sc ant- reducing medium.Used in petro-
. . leum, chemical industry, nuclear
Q245R 06Cr23Ni13 3095 power, medical equipment, and

other industries.
Q345R 06Cr25Ni20 310S
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EE## Base material

SEMEL Cladding material

BHES SUHS5EERE £5 GBi#= AISIFES SHESEERAER
Steelgrade  Characteristicsand  Classification GB Steel grade AlSI Steel grade  characteristics and main

main purposes purposes
Q390 BSIRE R 015Cr20Ni18Mo6 312
Q420 MEN, BF& o

T 4 K 518 06Cr17Ni12Mo2 316 R Z A INmTT, 7558
Q460 Mo Ima S Ae S, PHEFISSEEMEN RIS
Q550 B 022Cr17Ni12Mo2  316L EERIFAOMIRIE, BRI

_ B, I2ERT, BTAE. L.

Q690 High strength stiuc- 0CrI8NiI12Mo3Ti  316Ti 1282, SHREDRIBE, EFTRRiL.

. [E3] = = e e
S355M sorts of industrial %EH$T%}3%M BRIl EREEmET.,
structure and facili- Austenitic stain- 06Cr19Ni13Mo3 317 )

S420M ties, good mechani- less steel Most widely used stainless steel ,has
S460M cal properties. good corrosion resistance plasticity
ttoughness,weldability property in
N P strong oxidizing, neutral and weak
X52 E/Ef%%ﬁ@ 022Cr19Ni13Mo3 317L reducing medium.Used in petro-

EEXAMN, 5 leum, chemical industry, nuclear

ME 4G ; f dical i t, d
X65 R 06CrBNIT 21 power medical equipment, an

Oil and gas pipeline '

X70 ztaﬁer,';gsggiS‘fCha”" 06Cr18Ni11Nb 347

12CrMo 022Cr23Ni5SMo3N 2205 FE B A RAETFERAIN

CiMOR WA RIS, BFAB LIS B

o N N Duplex stain- 022Cr23Ni4MoCuN 2304 KAMEBS

14CrMo SIRED %‘_‘ﬁﬁ less steel ) Excellent characteristics both aus-
™, BEE—ERm 022Cr25Ni6Mo2N 2506 tenite and ferrite stainless steel,

14CrMoR SE AL R T used in oil, chemical containers, wa-

15CrMo HsE R, 022Cr25Ni7Mo4N 2507 ter treatment facilities, etc.

High temperature . .
1sCrMoR IR temberad 06Cr13Al 405 BRI, SERBIRAN LY
SA516Gr70  steelwith high tem- NERERE, BT MENRE.

perature resistant 10Cr15 429 B SHIERS.
SA387Gr11  performanceand  PRER{RAEEN

good mechamcal Ferritic stainless 10CH7 430 Good resistance to pitting corro-
SA387Gr.12  properties. steel sion, crevice corrosion and chloride

stress corrosion resistance, used for
SA387Gr.22 10Cr17Mo 434 seawater equipment, organic acid
SAS33CLT and alkali production equipment.
019Cr21CuTi 443
12Cr12 403
TERTXRE. EEMMEL
A/B/D/E 12613 410 SRS, MEREERRE
DEAERER KiuE7s
iti 1 41
DH32 ﬂ:irrzleensssltsltceel 06Cr13 05 Mainly used for high strength, hard-
rERBRELKNS ness and wear resistance, and do
DH36 EEEESIRE 20Cr13/30Cr13 420 not require corrosion resistance
N, HESERLR ‘ field.
EH36 RSB, 14CN7Ni2 431

Ship plate, comply . =aeEE B Aty
EH40 o g —— 05Cr17Ni4CudNb 630 ] Eﬁ?};\\ .a%ﬂli'—i?ﬁ?‘_ﬂgﬁj e

ments of classifica- ;)ﬂ"E =ThEETS %, BEFEAME. MR, =2E

tion societ recipitation- 07Cr17Ni7Al 631 5
FH36 Y hardening stainless -

steel i High strength, toughness and good
FH40 07Cr15Ni7Mo2Al 632 corrosion resistance, usually as

wear-resisting, corrosion resistant
structure parts .
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Supply Capacity
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@ CEEEE0.9-400mmES AR, HESE S
EESAIRMIEEN.

© EERFNERNLE, NATHZEHEREES
AR Ik EFEEH S .
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@ TLUZBBPERTEMEUNEEIR.

8 S AYM FE oy
Product Application

The ability to produce Clad-Rolled steels with higher re-
quirements, including single side, multi-layers, and differ-
ent materials Clad-Rolled steels, etc.

The ability to supply the thickness ranges from 0.9 to
400mm and wider range Clad-Rolled plates.

Good performance, such as the application to the safety
injection tank in nuclear power station, with a very high
security.

The team has the ability to provide material design, use
technology for customers.

The ability to develop a personalized Clad-Rolled plates for
customers.

08
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AENEGRAT LIRS REEBIIEFE, KIBER
RIREN. BRI ERNZETERERENGE
=5, BERFIVMIERE, TLUAITRE. R3.
PEREERMINT. RIBFEENTERR, £E
MRETLAEAQ235B. Q345RESMEHINIIE
22N, EERMETLUER304. 316LAXUEHEN
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Electrical Engineering

For the steel liners used in sediment bottom holes, diver-
sion bottom outlets, lock culverts and gates in hydropower
industry, the basic requirements are high wear resistance,
good impact resistance and adequate corrosion resis-
tance. The liners are mainly used for silos, hoppers, chutes,
dehydrators and other parts.

Due to the more strictly enviromental protection policies,
some air desulfurization projects are applied in order to re-
duce SO, in the air. For those projects, the clad steel plates
will become the preferred material of thermal power
plants.

Pressure Vessels, Storage Tanks

Clad steel plates can reduce the consumption of high price
metals or alloys, and reduce project cost significantly. Clad
steel has excellent mechanical properties. The base ma-
terial and cladding layer can form strongly metallurgical
combination. Clad steel can be processed with a variety
of hot pressing, bending, cutting, welding, etc. According
to the applications of storage tanks, the base material can
be selected from Q235B, Q345R carbon steels and other
vessel steels. The cladding layer can be austenitic stainless
steels such as 304, 316L, duplex stainless steel, and so on.
The materials and the thicknesses can be freely combined
to meet the property requirements of the different chemi-
cal storage tanks.
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Petrochemical Industry

Clad steel has been widely used as containers, towers, heat
exchangers, pipes in petrochemical equipment. For refin-
ing high-sulfur, high-salt and high acidity crude oil, clad
steel can replace carbon steel and stainless steel used in
the main refining equipment such as vacuum towers, ab-
sorption towers, fractionating towers, and the stabilizers,
which increases corrosion resistance, heat resistance, as
well as the service life of equipment. The advantages of
clad steel are more obvious in the development of oil and
natural gas fields with high H,S, SO and nitrogen ions.

Coal Chemical Industry

China has plentiful coal resources and the large-scale coal
industry is demanding new energy-saving materials for its
applications. Stainless steel clad plates have been widely
used in the equipment of coal chemical gasification, lig-
uefaction, coking and coal tar chemicals for their excellent
performance.

Constructional Molding Plate

With the development of the construction industry, con-
structional mold plates will be extensively used. Currently
carbon steel is mainly used as constructional mold plates
on market. Some pure ferritic and austenitic stainless steel
are used in some high-end products. But the disadvan-
tages of the carbon steel, pure ferritic stainless steel or
pure austenitic stainless steel limit its use in the field of the
constructional mold plates. For carbon steel, it has poor
corrosion resistance, and low surface quality. For ferritic
stainless steel, it has very poor low temperature tough-
ness, while for austenitic stainless steel, it does not have
ferromagnetism which is important for the installation of
side mold plates. With the combination of carbon steel
and ferritic stainless steel, the clad steel can obtain the
best match of the corrosion resistance and toughness, and
therefore it may have bright application prospects.

Mobile Containers and Ancillary Transport Equipment

For manufacturing tanks or dedicated tankers for glycol,
olive oil, chemicals and other liquids.
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@D RawE Dimension Precision
THEFASEINESESINREERBERSIA, An example for the dimension precision of stainless steel
Clad-Rolled plates.
EH B AEREES2MM, EIREE/MM, EE

The aim is the base plate with thickness 62mm, the clad-

NEZRERFNERD N (0-2mm) , ERLINEF ding plate with thickness 7mm, the tolerance for both lay-
it ers are (0-2mm), which has been successfully produced
e and supplying.

BEEEEMENER Sampling measurement of substrate layer thickness

70.0
67.5

65.0 -
77777777777777777777777777777 64

62.5 ._.___./."\0—0—40—0—”—"——’ o

60.0

[EFE Thickness (mm)

57.5

55.0 —T

ME S Measurement points

@ ZARA Cladding Boundary

WEESHELNR ( L EEAFINER+ NI NETR ) Single side cladded hot rolling plate (stainless steel on the

upper layer + carbon steel on the bottom layer)

S2:304L

HJZ: SA-533

(a) Z=MHZER / Macroscopic morphology (b) BRLBL / Micro-structure
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= EE&HRELINIR (_ETERMm304L, Fi8Q235B)
Double sides cladded hot rolling plate (304L on up and bottom sides, Q235B in the middle)

(a) BEEZEWIZSR / Macroscopic morphology (b) £5& 5 / Micro-structure

=REELILMR (L FFm304L, F1Ea0Q235B)
Double sides cladded cold rolling plate (304L on up and bottom sides, Q235B in the middle)

(a) BEEZEWIZER / Macroscopic morphology (b) 545 M / Micro-structure
© sRE Shearing Strength
DI FEZEBAGINESiREtsa a4 An application example of stainless clad rolled plate to the

safety injection tank in nuclear power station as follow:
Shear strength results

LI RERTES EaREE W E Z5k (MPa) SME (MPa)
Steel grade Delivery condition Thickness(mm) Sample location Technical Measurement

requirements

SA-533TypeB QT+SPWHT 70 SLER =310 350~460
Cl.14+SA-240 Head
Type304L
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AR Standard: GB/T 6396-2008

- e i 'S
; 90°%.
o E 7
N1 i |7_ / o

|//|o.os|A>—| [Llo0s[e}— [L]o0s]e]

25+0.2

B

65 )

W=1.5a_+0.1a <3mm; a, 22W

@ SHhtEsE Bend Property
TEHERNGINESTRE /G F An example for bend property of stainless clad steel as follow
IVEtRE: GB/T 6396-2008 External bend test standard: GB/T 6396-2008
1)'1” 7%:4;2'—_\ )& - GB/T 6396-2008 Side bend test standard: GB/T 6396-2008

o ErisE. ASME SA264 Bond test standard: ASME SA264

YMEHZ3R / External bend test sample

MIZFHZ3R / Side bend test sample
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=EEAIR3041L+Q235B+304 L BZsR (£, &) €48 (f)
Bend test samples of 304L+Q235B+304L

© mEttae Hardness Property
LA304L+Q235B+304L 4L 5 /041 304L+Q235B+304L as an example(hot rolled coil)

(a) #ELESE R (Hv 259) / Clad layer on hot rolling steel  (b) #ELZSEE (Hv 152) / Base layer on hot rolling steel

_

_100em i Y g
P tI.EB_I_f--":] [ .-.- ; g A L | 5-_1.\";:&
Y e R st i el

L F m il .E'-\.
Lt I T TR

(a) RELEASER (Hv 169)

Clad layer on cold rolling steel(solid solution) Base layer on cold rolling steel(solid solution)
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@ fifpitae Tensile Strength
LL3041L+Q235B+304L#ELE R A, iR 304L+Q235B+304L as an example (hot rolled coil)
T DE

RIBZ5R / Tensile test sample

@ ReEmiphias Corrosion Resistance of Weld
LU1.5 mmilig3041L+Q235B+304L iS5 A 555X 304L+Q235B+304L as an example (cold rolled coil)
S&RA%

SERSEERT MELE 2 SERIBESEm L

I24ETZ57 / Appearance of welding seam

(@ SRIFFEM Intergranular Corrosion
K MIFRAE / Test standard: ASTM A262 E

sl

=

SBIB)EHAZIR / Intergranular corrosion sample
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@ FENEEmNTIEE

Surface Machinery Performance of Stainless Steel cladded Plate

\ o T

(c) HLEEM / HL surface (d) 2EL R\ EEI0m

Longitudinal cutting section of cold rolling plate

SatRitieiRE
Test Equipment 10

BN MEREIEIR

Equipment name Performance

BRI 1600KN

Max. load

HERBE 0.54% (14%)

Accuracy

St RIERKE

Extensometer Gage length:10 mm-205 mm
SHERTTHEE 1%

Accuracy

®RE 0.001-300mm/min

Speed
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@ FEHhERIEH  Impact Testing Equipment

BT 5 H, / Shear testing machine

BiR MEREIEIR
Equipment name Performance
BRAMEESE 750J

Max. Impact Energy

e ToE 809%*750)
Testrange

SRR ASTM/JIS/ISO/GB
Standards

HEIRE 5.42m/s
Impact speed

REFEMEIEREREE  HHE

Data acquisition device

R

Low temperature testing box

Resolution : 360/10000 = 0.036°

g
=im

Room temp ~-196C

BT BG 28 / Shear testing rig



@ mEiikIiRE  Corrosion Testing Equipment

> ZIBEBEB{Y Multichannel potentiostat

> =Y Pitting corrosion instrument

> REABRKE

Intercrystalline corrosion test

CLAD-ROLLED FLAT STEELS _ EL4IE & NIR/E

BIR MEREIEIR
Equipment name Performance
[BERASEE +10V
Potential range

[EREATSEE 10nA~400mA
Current range

BEH 5

Channel num

BRBEE 0.5%
Accuracy of current

AR TEREIRIR
Equipment name Performance
AiEEE 120mmx90mm
Scanning range

REE mv
Sensitivity

o PR 0.5pum

Stitch resolution

IREhiRE 0~60um
Amplitude

B MHEEEIER
Equipment name Performance
BRI 1000W

Power of electric furnace
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SatRitieieE
Test Equipment

> EWEMIIERE  Cycle corrosion testing equipment

S5RAEE

Welding Technology of Clad Plate

BZIR MEREIE IR
Equipment name Performance
B =R

Temperature range Room temp~60TC

T A

Humidity range

PIAENEAEE
Saturated humidity : 100%

1-2ml/h

s =P
INEEE

Spray capacity

11

ERBERER

LTI EHAAFNESIRAE, EGIRSEETNT
Amm. FHNEGIREESERMHMLEM D SRS
R B BRI EER .

Applied Situation and Requirement

The stainless steel clad plates used in most of industrial structure
are included with the wall thickness no more than 4mm. The
chemical composition and properties of the base plate and clad-
ding plate shall meet the respective standard requirement.

AENESRISEEESR
THEREAROSEIESERAEIE:

(1) BEHRHEETHRASEILEE;

() ERBELRSERIVELE 2 DIEE R/
X3 LI BERORAN

HT AT RRER, ERRIEE2E
RERBUER, FHBUARERR RN ST
ERBIER.

Stainless Steel Clad Plate Weldability Characteristics
There are 2 issues in the weldability of stainless steel clad plate:

(1) Respective weldability of carbon steel base plate and stain-
less steel cladding plate.

(2) Effective of base and cladding weld metal diluting each
other to weld joint properties.

To decrease the above dilution, transition layer is needed between
base and cladding weld, and welding quality will be guaranteed
by consumables optimal section and welding procedure.

BEEMHSSEEMRIEERN

T ERRBAENESREEMH —RAEEMR
AIRIRNER & 2258 R11-1FIRATRBIRER
BNEGIRERMHIREMER.

Base and Cladding Plate Weldability

The base plate of industrial structure stainless steel clad plate is
low carbon or low alloy high strength steel with good weldability.
Table 11-1 shows cladding plate weldability characteristics of dif-
ferent kinds of stainless steel clad plate.
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F11-1 FRAMEFERESREETEHREMEISS
Table 11-1 Cladding plate weldability of different kinds of stainless steel clad plate

sk BRAUERF
Kinds Typical products

IR R

Weldability characteristics

022Cr19Ni10(304L)
A 022Cr17Ni12Mo2(316L)
06Cr18NiT1Ti(321)

DEEEE RPN

2) IR BB L R A B BB

3) \E IS PTREH 6 k=Kl o IRSEAIRIE B

4) BIRE, BT EINEEHRRIFRISENT

1) High hot cracking sensitivity;

2) Obvious intergranular and stress corrosion sensitivity in weld joint;

3) Low temperature brittlement caused by possibly appeared -ferrite and o
phase in weld joint;

4) Overall, austenite stainless steel has good weldabillity.

022Cr23Ni5Mo3N(2205)

DF .
022Cr25Ni7Mo04N(2507)

1) BB RIFAIEEN, RETURLLHI=HISE;

2) B ErIRetHIBLLAICEH SR,

3) Tt o AR RIS PlZ KB AL ST TR B2

1) Good weldabillity if the rate of double phase is optimal;

2) Possibly phase rate missing will decrease weld metal property;

3) The precipitating o phase and carbonitride causes weld joint brittlement
and decrease the corrosion resistance.

10Cr15(429)
10Cr17(430)

1) B S BERSHIEECREURIYE;

2) PSR R EFEERIB AR o 1R,

3) A FEULIR EXBANEERIIX B =BT RIS fer™
SEREEMR,

1) Fairly high cold cracking sensitivity in certain situation;

2) Coarse grain and o phase brittlement in coarse grain heat affect zone (CGHAZ);

3) Precipitating of the carbonitride causes serious intergranular corrosion in the
local HAZ during sensitization temperature range.

12Cr13(410)
20Cr13/30Cr13(420)

1) FRERERK, BHr IR EL

2) AT IS BIRE S EHREEDIERIFAYTIRS R, I8 ILREE03
EHEE;

3) EHMNEERANMERE ST L RS ERE .

1) High quench hardening tendency and cold crack often appear;

2) Regulating carbon content to obtain low carbon martensite with fairly good
strength and toughness in weld metal and improve its weldability;

3) Proper post-weld heat treatment will improve the integral property of the
weld joint.

18
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sk BRAUERF IR
Kinds Typical products Weldability characteristics

1) —ARIEERFRIREN, THIERITRFIER,

DN ACuN (630 2) TR RS ST AL, R — R BB TS
PH r7NI4CUAND(630) RO AT R BT,
07Cr17Ni7Al(631)
1) Commonly, it has good weldability, preheating and post-heating aren’t
needed;

2) Precipitation hardening aging treatment with the same procedure as base
metal is needed to assure the weld joint strength and corrosion resistance
properties.

Remarks: A: Austenite stainless steel; DF: Double phase stainless steel; F: Ferrite stainless steel; M: Martensite stainless steel;
PH: Precipitation hardening stainless steel

S BT RN SR EESS Transition Layer Design Principle and Weldability
Characteristics
BRI RN T:

o BERIREP UMD KRBT EDRABRLIN A

Transition layer design principles are as follows:

® Avoiding weld metal chemical composition miss matching

MECEaaE AR ;
XS PRHOIF ARG L to bring martensite and weld metal brittlement;
* I ERIBRIFRMERNEE TR BRE, ® Compensating alloy content decreasing caused by base
({RUFESL M E im 4 RE; plate dilution and assuring weld joint corrosion resistance
properties;
o BEERIFRIEMININE, BREMNNFRSEY.
® Good ductility and toughness to avoid stress cracking and
HF TSR ENE AR, TERRE—R failure of the structure.
12 25Cr-13Ni(Mo)F125Cr-20Ni(Mo) BL@ 1 #4, For the industrial structure stainless steel clad plates, 25Cr-
MNEEMAESRHE, BTN ESS: 13Ni(Mo) and 25Cr-20Ni(Mo) consumables are usually se-

lected for transition layer welding with the following feature:

° ZFPEREGIA IR 42 BA IR EATROURAIG;

© BERIELIEER N RIS AR R T;

® Obvious hot cracking sensitivity;

® [ntergranular corrosion need to be reduce through proper

© TERERIERSEEMA FRIGENRHTR  measures
BYE, ® |f chemical composition can be transited stably from base

plate to cladding plate, transition layer thickness should be as
thinner as it can.
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FENESRBEM LR
FERNESREE RIS R E2BELITERL:

o ERIREMHSEERINE DL LRI,
RIEERFERIIE;
o FEEEEVHEEBIMERSEENFMS M
FRiE;

BEIREMH SRR B INEEITER, RIERE
{JC%ESZ > SE—H.

F11-2. 11-303INERABREGRER. 1
ERREVRIEFIRES R

TEES

F®11-2 ERTERESREREMEFRELTR

Consumables Selection for Stainless Steel Clad Plate

The main principles for the consumables selection for stain-
less steel clad plate are as follows:

® Equal strength matching assures the strength and tough-
ness of base plate weld;

® Chemical composition can be transited stably from base
plate to cladding plate;

® For cladding plate consumable selection, weld metal chem-
ical composition shall be identical to stainless steel cladding
plate.

Table 11-2 and 11-3 show the recommend consumable se-
lection plans for the base plate, transition layer and cladding
plate of common stainless steel clad plate.

Table 11-2 Recommend consumable selection plans for base plate of common stainless steel clad plate

FIBIES SHRIPIRZ 55K 18R 22 5185
HEEME Electrode Gas shielded solid wire and gas Submerged arc welding wire and flux
Baseplate  A\wg(GBR)ELE AWS(GB)ELS RIPSUAR BHI+HRL2AWS(GB)ELS
Specification Specification Gas Flux and wire speuﬁcatlon
E6013(E4303
Q235A~C E601SEE4315)) ER70S-6(ER50-6) F7A0-EL8
Q245R ER70S-G(ER50-G -
E6016(E4316) ( ) HJ431/5J101-HO8MnA
ArorCO,
Q345A~C E7015(E5015) ER70S-6(ER50-6) F7A2-EM12
Q345R E7016(E5016) ER70S-G(ER50-G) HJ431/SJ101-H10Mn2
Q390 E8015(E5515) F8A2-EA1
Q420 E8016(E5516) ER80S-G(ER55-G) HJ431/5J101-
Q460 E8018(E5518) HO08Mn2MoA/HO8Mn2SiA
E9015(E6015) FOA4-EA2
Q550 E9016(E6016) ER90S-G(ER60-G) Ar. €O, or HJ431/5J101-H10Mn2MoA
mixed gas
Q620 E10015(E7015) ER100S-G F8A4-EA3
E10016(E7016) (ER70-G) HJ431/5J101-H10Mn2MoA
Q690 E11015(E7515) ER110S-G F11A4-ENi1
E11016(E7516) (ER75-G) HJ431/5J101-H10MnNiMoA
E6010(E4310) ER70S-6(ER50-6) F8A2-EA1
X52/X60 Pure CO, or
E8010(E5510) ER70S-G(ER50-G) . HJ431/5J101-
X65/X70 mixed gas
E8018(E5518) ER80S-G(ER55-G) HO8Mn2MoA/HO8Mn2SiA

20
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SSRAIE

£

Welding Technology of Clad Plate

FIBIRE SINMRIPIRZLSSA 1R 2 5185
HEWME Electrode Gas shielded solid wire and gas Submerged arc welding wire and flux
Baseplate  \\5GR)EIS AWS(GB)HE RIPSIK 25 +HEZ AWS(GB)RE
Specification Specification Gas Flux and wire specification
E8015-B1
12CrMo (E5515-B1)
12CrMoR E8016-B1
(E5516-B1) ER80S-B2 Ar, CO, or F8A2-EB2
(ER55-B2) mixed gas (HJ350/SJ101-H13CrMoA)
14CrMo E8015-B2
14CrMoR (E5515-B2)
15CrMo E8016-B2
15CrMoR  (g5516-B2)
A/B/D/E E7015(E5015
DH32 (E5015) ER705-6(ER50-6) rror o F7A2-EM12
DH36 E7016(E5016) ER705-G(ER50-G) 2 (HJ431/5J101-H10Mn2)
EH36 E7018(E5018)
i:g: E8015(E5515) Ar, CO, or F8A4-ENi2
E8016(E5516) ER80S-G(ER55-G) mixed gas (HJ431/5J101-H10MnNi2A)
FH40 E8018(E5518)

#11-3 ERFENESRTEESERRHEFRIERE

Table 11-3 Recommend consumable selection plans for transition layer and cladding plate of common stain-

less steel clad plate

TEEIREMRHEFIERETSE  Consumable selection plans for transition layer

242 SRRIPEL 55
%Eit%ijnj{ier iﬁfde - ;ﬁﬁ;ﬁz;axfi and gas
material AWS(GB) Specification AWS(GB) Specification {RIPEIR Gas
304/304L/305/308  E309L (E309L) ER309L(ER309L)
3095/310S E310 (E310) ER310(ER310)
312 ENiCrMo-3 (ENiCrMo-3) ENiCrMo-3(ENiCrMo-3)
316/316L/317/317L  E309LMo (E309LMo) ER309LMo(ER309LMo)
321 E309L (E309L) ER309(ER309)
347 E309LNb (E309LNb) ER309LNb(ER309LNb) Ar or mixed gas
zoszos  Soie S e
2506 E309LMo (E309LMo) ER309LMo(ER309LMo)
2507 E2594 (E2594) E2594(E2594)
405/429/430 E309L (E309L) ER309L (ER309L)
434/443 E309LMo (E309LMo) ER309LMo (ER309LMo)
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WEREEMEHEFRES R

Consumable selection plans for transition layer

. FIBIRS SHRIPIRZZ 55K
ﬂ’EEME Electrode Gas shielded solid wire and gas
Transition layer
material AWS(GB) Specification AWS(GB) Specification ISR Gas
403/410/420/431 E309L (E309L) ER309L (ER309L)
Ar or mixed gas
E309L (E309L
630/631/632 309L (E309L) ER309L (ER309L)
E309LMo (E309Mol) ER309LMo (ER309MoL)
SRIREMRHEEIEES =R Consumable selection plans for cladding plate
FIBIRS SHRIPIRZ 55K 1B 518
SEME Electrode Gas shielded solid wire and gas Submerged arc welding wire and flux
Cladding plate AWS(GB)EE AWS(GB)EE RIPSIE 1ExI+8L£CBES
Specification Specification Gas Flux and wire specification

304/304L

305/308 E308L (E308L) ER308L (ER308L)
309/310S E310 (E310) ER309L (ER309L)
312 ENiCrMo-3 ERNiCrMo-3
(ENiCrMo-3) (ERNiCrMo-3)
316/316L E316L (E316L) ER316L (ER316L)
317/317L E317L (E317L) ER317L (ER317L)
321 E309L (E309L) ER321 (ER321)
E309LNb
347
(E309LNb) ER347(ER347)
2205 E2209(E2209) ER2209(ER2209)
2506 E2593(E2593) ER2553(ER2553)
2507 E2594(E2594) ER2594(ER2594)
425 EA30E430 craso(enaso
E308L(E308L)
430 ER308L(ER308L)
ER439(ER439)
E309LMo
434/443
(E309Mol) ER446LMo
(ER446LMo)
403/410/ E410(E410) ER410(ER410)
4105/420/431 E308L(E308L) ER420(ER420)
630 E630(E630) ER630(ER630)
631 E309L (E309L) ER309L (ER309L)
E309LMo ER309LMo
632 (E309LMo) (ER309LMo)

Ar or mixed gas

HJ260/5J601-HOCr21Ni10

HJ260/5J601-HOCr21Ni10

SJ601-HOCr19Ni12Mo2

$J601-HO0Cr22Ni9Mo3

22
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B#ETE Wwelding Procedure

BIRGEIERE

HU T ERBABNEGR, EERTNERMHANE
ETUXRBFILEEBINESMAW) BIR@IMNIE
(TIG) BURSMARIFIR(GMAW)  ZITIE(SAW)
%, TEERIE—RTRBIEINESAW).

Welding Process Selection

For industrial structure stainless steel clad plate, shielded metal
arc welding (SMAW), Tungsten inert gas arc welding (TIG), Gas
metal arc welding (GMAW), Submerged arc welding (SAW) etc.
are often applied in base and cladding plate welding, while SAW
isn't used in transition layer welding.

THSEZEORR

FERESWA AR BIMIDE TS ER-T TR, TIEIE
RRIF IR . ERRREROBUNR1-4P7,
BEN AR A .

F11-4 FERNESREZFRFEOR N
Table 11-4 The main welding bevel type

Blanking and Welding Bevel Type

Mechanical cutting is prior to be used in stainless steel clad plate
blanking with smooth and glossy surface. Table 11-4 shows the
main welding bevel type, including butt and fillet.

N7 PR {4
Applied condition

IBER O ERT

Welding bevel type and dimension

2+1
SEREE i W
Clad plate thickness<18mm ‘Oi_) <
\Y
\ 4 WY

EEREE

Clad plate thickness <18mm
FEREERHEEE

And only be single side welded

<18

" = 65° +5°
« H +
< Nv© _ @
[e0]
~ Pa
V
AARANNNN \\Y
.l
65° £ 5° <
65° +5°

4

Vv

i O
+

~

N
1+£0.5 UT
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Rz RS IR OF R ERT

Applied condition Welding bevel type and dimension

65° % 5° = oy
Hlw 10°+2°
2: 101 )~ ™ o 221(121) | )
JEON i Z A - =
samEE N / ~ / <15
Clad plate thickness 18~32mm M| < W 74NN Ny O
v/ & R6~R8 ?A
v | \)’ = ]

A
EaREE ©
Clad plate thickness >28mm N
N
Y
30°
65° +£5°
2+ 1(1411 A
BRE RIS ERREERRE % 7Y,
)i ¥
For situation of low dilution of base Y o407 ‘/‘:
weld to cladding weld (osk/é\ Hl+
>~ VN[O
Q’ @ ~
50 i 10
(10°£2°)
60° £5°

FENERAERMBIBEL

Stainless steel cladding plate is inside
of the fillet

FEWEREIMURIFBIEL

Stainless steel cladding plate is outside
of the fillet
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JWRZZE e IREROEASRY
Applied condition Welding bevel type and dimension
LD' ° 4 RO
S 50°+5
+ |_‘l\ ~
v , +
N ! >
TENEEREEaEX
Butt welding of stainless steel clad :
plate and tube | <
. | .
2% 45° ‘ 2] j)
| 20°+2°

BRI TES%E

THINEGIREIER, FEHTRXESETE £E28
RBIRERE. BEMHURBERFARZEFZ. I8
HEE BESENS. ATRILRERSE, FENA
PTTEZR B AEFBIEER O R ERM20mmiEE
WEIKD . B CRISEEETS. EERRNETA
B, MUEREEARE, BEELUBTNATERER
Em1/2, BARKRKF2mm. EERENAERNEER
FECNAZBR BRI ER T EMRSRERERO
L #17.

Preparation and Assembling Before Welding

Before welding of stainless steel clad plate, some related prepa-
rations are needed, in which welding equipment, consumables,
operators certifications, weldment cleaning and assembling, etc.
The water, corrosion and greasy shall be removed with mechani-
cal machining or organic solvent 20mm all around the bevel to
guarantee the welding quality. When assembling the weldment
with the same wall thickness, the misalignment shall be no more
than 1/2 of the wall thickness of cladding plate, and not exceed
2mm. While for the stainless steel clad plate with different wall
thickness, the company’s design requirement shall be observed.
Tack-weld shall be carried out in the base plate bevel.

BIETZER

FENESIRIEZLNEZINFZ: BEREEER
Wi, ARRETEER, &REEESEETHEN. IR
ERBXAPIREHRAT, WEEEEAFIRITER,

o BRSERENTESUERTENE;
o SRR, RSSEEEARE.5-2.5mm;

o TERREERE2~4mm, NEBEZERIBEMSH, 7+
REBVNRBIN;

o MIERIRE FHITEEIRE, ROJRERABRIY
IRIEEA

* LR ABINESIRTRICEN, FEHITIERTZ
e, IKIETEERNIEET S, mEIRETZAE, 7
IR B TR 1RIE ST,

Welding Procedure Requirement

The welding sequence of stainless steel clad plate is as follows:
firstly, base carbon steel plate is welded, then the transition layer,
finally the stainless steel cladding plate. If it is impossible, the de-
sign requirement shall be observed.

® The cladding stainless steel shall not be fused during the
base plate welding;

® Before transition layer welding, the distance between car-
bon weld and composite interface will be 1.5~2.5mm;

® Fairly lower heat input is recommended for transition layer
welding with thickness 2~4mm, which shall cover base weld
and base metal;

® Fairly lower heat input is recommended for cladding plate
welding on transition layer;

® Welding procedure qualification is necessary before the
stainless steel clad plate product. According to qualified weld-
ing procedure, welding procedure specification(WPS) will be
constituted and observed in the field construction.
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BREESHLE

TENESTIRETKE, FEBRIFERERMAY
IR BB SRS, RDREEN. WTREERE
NESREEM, HITEIRNRFALIEREE BRI
BIRARN, MRS TN DEIREENRIRSEF .

Post-weld Cleaning and Heat Treatment

After welding, the slag, overlap and spatters shall be cleaned in
the weld and all around it to assure good weld appearance. For
the thick stainless steel clad plate product, proper post-weld heat
treatment can eliminate welding residual stress, which is benefit
to improve the stress corrosion cracking resistance of the weld
joint.

FENEGRIEEELREBNENAL I T I IKEE
HIFFBERXEREBRIARET. IBERSENKE
BELFEEMAmENE. BEIFEIIZEEA
RINAIE, BAIEANT—EBILF. KmieleeiEsria
B, BREW. EHRRMNES RN, BEELHZ
taeidie., IR e

Welding Quality Inspection

Stainless steel clad plate weld joint quality inspection shall be
done by special training and certificated person. Welding quality
inspection includes process inspection and product inspection.
Welding working procedure can be shifted to the next one when
it is approved by the site inspector. Product inspection includes
visual inspection, non-destructive testing, pressure testing, leak-
age testing, mechanical and corrosion resistance testing of the
weld joint.

HBRFNE SRR SIE L MEEIT

B2 ER6+2mmAIQ345+304L R ENE SIRIHT
THIERET ZHARRTSELEREITF M. B11-15F
TARBNESEEFENER, BMREGESE.
TEENEER, IBIRENXABFITIGEES ..
11-2(@)~C)FIRD AT ENESIRIEEFDIRES
THLER, B hsg EN557MPa, I MTE &4
VB, ED=4afRH M TIREELFEMETRE,
SHERBEIFR, NE11-3(), (b)FR, A5
SEIREREEIES TEERBEENRABMRITG, &
iI$1050C/30MINEBLIE, EAHERTIRESENS
15])jeg:e

E11-1 FENSESIRIEEEORN
Figure 11-1 The stainless steel clad plate bevel type

60°

(LN LSS

Representative Stainless Steel Clad Plate Welding
and Weld Joint Evaluation

Q345+304L stainless steel clad plate with wall thickness of 6+2mm
has been conducted welding test and evaluation to develop pipe
making welding procedure. Figure 11-1 shows the stainless steel
clad plate bevel type. The integral weld includes cladding weld,
transition layer weld and base weld, which have been welded by
manual TIG. Figure 11-2 (a)~(c) show different weld bead micro-
structure of stainless steel clad plate, respectively. In transverse
tensile test, the tensile strength is 557MPa and the specimen frac-
tured at base metal. The face and root bending test of weld joint
has been conducted at D=4a condition, and there isn't any cracks
in the tension surface. Figure 11-3 (a) and (b) show obvious inter-
granular corrosion in as-weld state in the stainless steel cladding
weld, while after solution treatment at 1050°C /30min, the inter-
granular corrosion almost disappear.

WOFELH0.5mm, [EE1mm

Root face is 0.5mm, assembling gap is Tmm
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SAIRAVERE
Welding Technology of Clad Plate

E11-2 FENESREETRARESHEEAR

Figure 11-2 Different weld bead microstructure of stainless steel clad plate

(a) ERJB%4% / Cladding weld (b) iTiERIE52 / Transition layer weld  (c) R4 / Base plate weld

E11-3 ESHEFLREFENESRERRER AR IMA I FARRSR

Figure 11-3 Stainless steel cladding weld metal microstructure after intergranular corrosion testing in as-
weld state and solution treatment state

(a) 1875 / As-weld state (b) EBLLIEZS / Solution treatment state
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Transportation, Storage, Cutting
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E5RIIEH . FiE

EHERY T B RERELD, FIRBRREIA, RATgExR
BABERERIPERY, DB RIS ENRESR, &
ER N FE.

PERHREZNEREINBE . UXERNLENE
Zigshiaek, REESZEN. WHFAERERE
[, &R

HEFEAEER, IR=IMFRHNSEERH. £
RFEME, NEETEREENNEESEE, BRER
[RSEENRREIRNIEMN SR AR,

RrgEse S5K5. R4 H. EIBIHEEEER, Linkx
EAES, B ERETRMIRE TR,

NERRFINREAZ BRNKDE, BIREERMELE
MERERTEIRIE IR .

@F{D%HﬁME&E:F)%\:FLﬁELHL RIFRERE

R, MARAIAGE NN i6E SR PRy E 5964k, MEAR NI E]
Bt s, 2RMEER (WESGH61A) RZBE
%, MRS EM BT RIE, AP ERE RN 78
PRizEAE,

SE51RAIIE

SEERITURBEBEFINE. BT LIRANMIEE D
IEIR

Transportation and Storage

Avoid surface scratches in transportation, rubber or sleeper can
be adopted, special tools will be better. Working with gloves to
prevent contamination with fingerprint.

Appropriative hanger is recommended.

Stored inside as you can as possible, it should be covered when
stored outside. Be careful range of temperature and moisture in
storehouse which may leads to condensation phenomena.

Avoid contact with aggressive medium like water, dust, all kinds of
acid and so on to prevent rust.

Be careful water invasion into metal surface and plastic film.

Keep storehouse clean, dry and ventilative. Clad plate covered
with plastic film should be stored away from direct sunlight, and
plastic film should be checked periodically.

Cutting

Cutting methods like plasma cutting and mechanical shearing are
viable.
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BRI meaa
Typical Products

13

1. ZBEZFEEAIRSA-240 Type304L+SA-533TypeB CI.1

Clad-rolled steel plate for safety injection tank of nuclear plants

Jee
B=

Eliz KR E TIZCAP14001ZB ik T FEFE &R,
EEEERERRBERAERS, EFEEX.

Background

Clad plates for safety injection tank of the nuclear plant CAP1400,
which is a demonstration project of pressurized water reactor de-
signed by State Nuclear Power Technology Corporation (SNPTC),
require high shear strength of bonding interface. Additionally,
there are strict standards of defect inspection for these clad plates,
which makes these plates rarely produced by Chinese before.

TR

FTREERBEZEIANRRPIEENNISLZER
&, E}iﬁﬁiﬁ}iﬁﬂﬁéﬁuqﬂ}fﬁﬂ, ZiEfERE R MER R
ENEDILLIERARHEIE G, REZBLRZE, HRRE
KAFEFHS

Service condition

Safety injection tank is an significant emergency facility of safety
injection system of nuclear plants. When the pressure in the nu-
clear reactor decreases to medium level, boric acid will be injected
into the core of the reactor unit to prevent the nuclear fuel rods
from melting to ensure the security of the nuclear plants, which
leads to the enhanced quality assurance of the secure injection
tank.

EATRERK

o DEVERE: . b, EIE. B M. T .
SRIAR. AT,

L %hﬁdﬂ LF‘:' EZZ VAN /’;5 JVENN é ;2_—050

* EERE: INEMTBNENNEEBEEZRS.

Requirements of Clad Steel

® Mechanical examination including tensile test, impact test,
drop-weight test, bend test, inter-granular corrosion and hard-
ness test.

® Non-destructive examination including ultrasonic examina-
tion, magnetic examination, permeation test and bonding area
fraction test.

® Accuracy of thickness: strict requirement on thickness control
of carbon steel as base material and stainless steel as clad material.
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ENERFPRZITESEE
ML EAE5RSA-240 Type304L+SA-533Ty-
peB CL1, SHiRAVBINIEREIB IR DX EIRFEK, FiE
EAFIZIIE, %8BT CAP1400/B ikRI %
I8, RSB P ENKESSRERRAIEFE XA
T—K&E,

&, EEIREMF= £ =T 1%

After the business contract between baosteel and customers
was signed, the clad-rolled steel plates SA-240 Type 304L+SA-
533 Type B Cl for safety injection tank of nuclear plants was pro-
duced on the heavy-plate product line (maximum width of 5 m)
in Baosteel. The properties of the steel plates fulfilled the require-
ment of the customers, and were supervised by customers. This
product will be used for safety injection tank of the nuclear plants
CAP1400,indicating a big step of steels produced by Chinese
steelworks towards high-quality heavy-plate steels.
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BRI 4R
Typlcal Products

PEBESLES  Properties

&= EE ffeid e (1) e (M) HRE S (i)
Steel Thickness Tensile test (transverse) Impact test (longitudinal) ~ Shear strength/MPa  Bending test (transverse)
grade (mm)
TER TURE (RiE RE MEE EEK SthaE SHER
BE Rm,MPa  Elongation A, Temperature Impact Required Bending Bending
Rel, MPa % T value J strength=210 angle diameter
SA533CL1 6247 555 661 25 10 230 393 180° 3.5a
+304L

HLESHHE  Supply date:2015.3

RSN EE  Supply dimensions and quantity

NAPRES EE BE KE & (5K) =8
Steel grade Thickness (mm) Width (mm) Length (mm) Quantity (piece) Total weight / (t)

SA533+304L 62+7 2000-2600 4000-7000 21 149.6




2. SRMHERSEE
Pipeline for Strongly acidic gas S31254+Q345B

El
B

S31254BBR R EATHER, HE527TECH Nii Mo
BEHRS, MMRMERE. RAES31264(FAEER
S31254+Q345BEG M AN OSKERNRIFES
&

gl

CLAD-ROLLED FLAT STEELS _ EL4IE & NIR/E

Background

531254 belongs to super austenitic stainless steel, excellent corro-
sion resistance due to its high content of Cr, Ni, Mo alloy elements.
Currently, S31254 + Q345B clad plate is mainly imported or do-
mestic Exploding Clad Plate.

TR

BERSIRE (>50T) Mgt (PH=2-3) AI™ETHY
FRIRIZARIZ o

Service condition

Gas with high temperature (> 50°C) . strong acidic (PH :2~3) and
corrosive.

EAIRER

o NFMERE: fufR. b, EY) BE EE.ME S8
0. EREEIR. IR MR N IRAEMI IR IERE

o RIHENK: BFE. E5%

* SEERBESX: WINERTTENNEERBEER
RS

Requirements of Clad Steel

® Mechanical examination including tensile test, impact test,
shearing test, bend test, pitting corrosion, inter-granular corro-
sion and welding performance.

® Non-destructive examination including ultrasonic examina-
tion, bonding area fraction test.

® Accuracy of thickness: strict requirement on thickness con-
trol of carbon steel as base material and stainless steel as clad
material.

[4BESEES  Properties
) EE ffidie (1&m) IR (Yhm) st E St (tEm)
Steel Thickness Tensile test (transverse) Impact test (longitudinal) ~ Shear strength /MPa  Bending test (transverse )
grade (mm)
TER MAGRE RiE RE MEE EEK THAE SHER
BE Rm, MPa  Elongation A, Temperature Impact Required Bending Bending
Rel, MPa % T value J strength=210 angle diameter
S$31254+  8-20 450 650 30 0 300 460 180° 2a

Q345B
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3. RESEEAIR
Nickel Based Alloy Clad Steel

Jee
B=

HSESESERAR, SBF MBREEFBEFMHER
SRAIERME . 82OIRE ST EAEANRAKRNSRE
BERENNR, JUMRIEEGEEBRRES M
LUK E R MR HRIE.

Background

Crude oil and natural gas exploited from fields often contain cor-
rosive substance such as hydrogen sulfide, chloride, sulfate and
other ions. UNS08825 nickel-based alloy clad steel has the advan-
tages of both base material and cladding material. Thus, it can en-
sure sufficient strength and toughness of backing steel as well as
the excellent corrosion resistance of the cladding material.

TRt

ERTABCTISERRNBRMENRNMETER. 1
FEHSHRSHZHEEREERS, TLURRES
fit. SRENHSHPHEE TFNZ2MEESRKH
ER%ED.

Service condition

The applications of nickel based alloy clad steel can be used in
high corrosive enviroment, such as transimission pipelines or stor-
age tanks of crude oil and natual gas. It can ensure safety and long
service life of pipes or storage tanks in high-sulfur, strong acid oil
and gas fields.

SEEIREK

o NFMREER: ERAMM. SIRAMH. IR/RE. &E.
S0, EHR. BAEEE. BRI

o BiRidle: AEEREMR. REBMR. BIUNENHE
&, EMRIHIC. SSCEiRitia.

o EABENR: EEHEASTM A265 ClassTHIMEEK.
° SEERESETRREEX.

TEBESESR  Properties

Requirements of Clad Steel

® Mechanical properties: Strength, toughness, DWTT, shear
strength, bending, hardness, CTOD, etc.

® Corrosion properties: Pitting corrosion, intergranular corro-
sion, SCC, HIC, etc.

® Bonding requirement: Fulfill ASTM A265 Class1.

® High surface quality and high thickness accuracy.

) EE hifRitia (1ma) IR () BisaE DWTT

Steel Thickness Tensile test (transverse) Impact test (longitudinal) ~ Shear strength /MPa

grade (mm) _ e
TER TUERE HikE mE MEE EEK Tempera-  BIYJJ[H]
BmE Rm,MPa  Elongation A, Temperature Impact Required ture RN E
Rel, MPa % T value J strength=250 C SA%

825+X65  3+22 500 594 46 -20 339 397 -10 100%

Hes Supplies

S aRTRABNEGIRHERTT TIRGITFE,
DEFO610mMMERESE, STtREHEER.

A joint assessment of 825+X65 clad pipe manufacturing has been
conducted by China National Petroleum Corporation(CNPC) and
Baosteel. A clad pipe has been successfully manufactured and
the pipe properties meet all the requirements of a certain CNPC
project.
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4. BRERRERMASILEER
Cold-Rolled Steel Sheet for Elevator

El
B

304L+BDTO1+304L BB HF AR INALILESRE—
ML AR WEBRELINEE—ERETS
NN B TREM K. ERDRIERMI T
155, MEETERmIRYT, NEERINRFNOF
tige, BN EITORBERER, BEME, A2
Rz AR T IR i .

gl

Background

304L+BDT01+304L cold-rolled steel sheet is a kind of energy-effi-
cient bimetallic material which is combined with carbon steel as
base metal and 304L stainless steel as clad metal on double sur-
face. It owns both excellent corrosion resistance of stainless steel
and good mechanical property of carbon steel, also noble metal is
saved compared with stainless steel 304L, the cost of this material
is obviously reduced, the application prospect of cold-rolled clad
material can be predicted.

TS

ERTASBRIRERMA TRSMPEISE, THH
REBAE TR . EXRMHEERFINFRERIGML. —&
BIRKTZE R 304 E N ERAIRE TR .

Service condition

Suitable used in atmospheric environment, such as decorative
panel in elevator. Excellent surface appearance, good formability
and corrosion resistance are required.

EAIRER

o REER: KIPMHZANTREAREERIFES,
XA R TR, ISRFRIE—REAIFLI, T
H R EfCRE R . Fe BT R A
EREREFIERmREEFIRAFR IR MER.

o BEER: —HERERTEL, BRIT. T 25

SMTH, BRVHEERFOREEEN. RIS
BERISIEIERE.

o RIS MEATHN—H, BREERERIFN

BRIkl RSB EI SR T E MRS M AR ST
TR,

o HEER NP RIBERTVENE.

4BESLES  Properties

e - il
(a) EE7=NHZSR / Cross sectionstate

(b) E#4 / Base metal

Requirements of Clad Steel

® Surface: High quality is necessary, defections such as
scratches, pits, creases, dirts are not permitted.

® Processing: Good formability and weldability are needed.

® Corrosion resistance: The same with conventional 304, it is
guaranteed by chemical composition and microstructure of
clad layer.

® Other requirements: Mechanical property, dimensional
precision and shape control etc.,

T '

-..._‘
!:-', a \1‘51
}t; b, g
| SN T
(b) B#F / Clad metal

RILFENESSIRARIFNAR
Typical microstructure of 304L+BDT01+304L cold-rolled sheet
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BRI 4R
Typlcal Products

WIPRES JEARRRE nfaE (=R EEEE S RHULE RE
Steel grade Yield Strength  Tensile Strength  Elongation Hardness of Erichsenvalue Deepdrawing Cold bend
Rp0.2,MPa Rm,MPa A50,% Base metal IE,;mm Value 180°(4d)
Hv LDR
304L+BDTO1+304L 395 540 32 158 11.5 2.2 &% Good

£5HER  Date: 2015.1-2015.8

HESHAE  Supply dimensions:

WFRRES & Fi&

Steel grade Specification Application
BB EHER

304L+BDT01+304L 0.89. 1.2, 1.4, 1.8%1219*C Outter panel

304L+BDTO1+304L 1.241219*C FE B ETIR
Elevator

304L+BDTO1+304L 1.2¥1219*C D%)J:%I—‘Mﬁ

= HERHE / Elevator EEIJIR / Door



5. EEEARKRFTERNESIK

Special Ferritic Stainless Steel Clad Plate for the Application of Precast Concrete Mold

El
B

T ErFRR LIS H B RN MRESRUEZ
FF W A RI R ER AR . ABBRINE A IN(ES
BRERERHFEESELURRNEE. KINEES
FIR, SR T REAYIS F . K ERAETEINERE
REY, BRERE. PHE, FRAIETIRLENE
SRR RETHARRUTENEGHREDE
RTINS ERMA MRS, PRk ER
AN SN BB IS AL T AL o

gl

CLAD-ROLLED FLAT STEELS _ EL4IE & NIR/E

Background

High quality precast concrete mold plate is the key point to the
production of precast concrete components in the moderniza-
tion of construction industry. As the material of mold plates, pure
carbon steel or pure stainless steel has its own insurmountable
issues. Carbon steel has poor corrosion resistance, and rust can
contaminate the surface of concrete products easily. While for
ferritic stainless steel, the strength and toughness are relatively
low, which may result in bending or cracking of mold plates in
use. Special ferritic stainless steel clad plate is designed and hot
rolled by a selection of high quality ferritic stainless steel and car-
bon steel with a complete consideration of the advantages and
disadvantages of both materials.

TR

ERTEXREREREIMEIGE, BEBRIFIIE
EYCEESMRME, AFREEMRAIMENE, HERIER

Service condition

Itis applicable for the production of high surface quality of precast
concrete components due to its good surface finishing quality
and corrosion resistance. Also, the installation of side mold plates

Z%, can be ensured with its excellent ferromagnetic properties.
S5IREXK Requirements of Clad Steel

s XEEX: FEAREBRIFES, —RADITFLIR
=L TR ISRERE.

o FREDK SARBTHSRALRE, BRBS
REOTEE.

* [BiRERE: EGNEEFTEEARSIIMBIRIE,
* NEFEMRE: BARSNERESHNE, URLRNES

t8E.

Sy

MEBESEER  Properties

g Specifications of supply: 10¥3000~4000mm*12000mm

® Surface quality: Very strict and high requirement of
surface quality. Generally, pitting, crease, contamination are
not allowed.

® Flatness: High flatness of clad plates is required for the
manufacture of precast concrete.

® Corrosion resistance: The cladding material shall have high
corrosion resistance.

® Mechanical Properties: High strength and toughness, as
well as excellent bonding properties.

HES EE frfeid 5 (1) s (Hhm) HE Sl HEEMmEHR
Steel Thickness Tensile test (TD) Impact test (longitudinal)  Bending(2d) Pitting Salt mist test
grade (mm) - potential(mv)
EREE TANRE (i RE A
YSRp0.2, UTSRm, ELA, %, Temperature Absorbed 180° 240h
MPa MPa T energy J
CR%E
AN = ey
i - 400 540 36 0 131 220-350
Special fer: Good Good

ritic stainless
stee+Q345

36



37 HEHIEAWMIR/AE  CLAD-ROLLED FLAT STEELS

6. MEFENESIR

Duplex Stainless Steel Clad Plate

El
B

WA BN E & Wk BT E BR300 = 13 2 P 82
o MR EFNR, BEEERES KR RER
EIRRIKFRBEFHBR, BN, EGEMRBIKNG
o, ILEEGIREERSNRENE, LIRTRAIRT
BRSNS ZESRIEFRZFNIEAEKEL
B 5Em TER.

gl

Background

The duplex stainless steel cladding layer in duplex stainless clad
steel has very good wear resistance and corrosion resistance, es-
pecially the corrosion caused by chlorine ions. Furthermore, the
clad steel has excellent strength and low temperature toughness,
as well as excellent weldability. Duplex stainless clad steels have
been extensively used in hydropower engineering and petro-
chemical fields in recent years.

TS

ERTYME. MRIEERSHERTE, THESS
BYHBMIE. KBS PERKRRERE, 1
ERTARCISNRESHRREERSERNE

B518%.

Service condition

The clad steel is suitable in wear and corrosive enviroment, espe-
cially in corrosive environment containing chlorine ions, such as
sediment culverts in hydropower station and petrochemical pipes
and equipment with requirements of high strength and high cor-
rosion resistance.

EGIRER

o NEMEREERK: AL, b, B RELS. SN BE.
EHEE.

o RIDER: BERRD, F5F—N.

o SIRENEEREENR: EGRAFEELURKINER
MAFEINEEBEERIIRS.

4 BESLES  Properties

HAS Specifications of supply: 4+20%12000mm*3000mm

Requirements of Clad Steel

® Mechanical properties: Tensile strength. toughness. shear
strength. bonding strength. bending. hardness.

® Bonding rate: Fulfill ASTM A265 Class1.

® Good plate flatness and high accuracy of thickness of clad
steel.

e BE e () AR () SR i3 (1)
Steel Thickness Tensile test (TD) CVN (RD) Shear Strength MPa  Bending ¥hitog
grade (mm) - g
BB MKE ORE PHE  REER T SiEE Bondng
BE RE EL Tem- Absorbed Requirement=210  Angle Diameter 9
A, % pera- 180° 3 MPa
YSRp0.2, UTSRm, A% Pera- energy @
MPa  MPa o
532205 4420 545 638 2 0o 2% 400 &t Good 414

+Q345C



7. MEEES SR
Clad Plate for Wear-Resisting Pipe 30Cr13+Q235B

H=
30Cr3RBERAHTER, HEG2TRC.CragRr

Cr
SEERGRAIM B RN — BRI IR 14

=
=]

CLAD-ROLLED FLAT STEELS _ EL4IE & NIR/E

Background

30Cr13 belongs to martensite stainless steel, with extremely
strong wear resistance and corrosion resistance due to its high
content of C, Cr alloy elements.

TR
BE—ERE (s150C) MRME. S5EIRINEIRIZ.

Service condition

Higher temperature (150 “C) | wear-resisting and corrosion en-
vironment.

EAIRER

o DFMEEEK: IINERPE. E5EEY). AENE
RN MIEE.

° RIHEK. 1B E5%,

* SEERBEEXR: INERIAHENNEEREERY

KBS

Requirements of Clad Steel

® Mechanical properties: Toughness. shear strength
hardness . Wear resistance.

® Non-destructive examination including ultrasonic exami-
nation, bonding area fraction test.

® Accuracy of thickness: Strict requirement on thickness
control of carbon steel as base material and stainless steel as
clad material.

THBESLER  Properties
S EE s RIS (Yhm) BitsaE S (&)
Steel Thickness hardness CVN(RD) Shear strength/MPa  Bending
grade (mm)
g2 HEZ RE PEE EEK SHpE SHER
Base plate Cladding plate Temperature Absorbed Requirement=210  Angle Diameter
T energy J 180° 3a
30Cr13 10-50 57HRC 115HB 0 50 350 25 >6a
+Q235B
HLEHH  Supply date: 2015.9
MEFE R EE  supply dimensions and quantity
WEES EE BE KE e (3K) BE
Steel grade Thickness (mm) Width(mm) Length (mm) Quantity(piece) Total weight/(t)
30Cr13+Q235B 6+8 2500-3000 12000 89 300
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8. Mt EES SN
Clad plate for corrosion resistant pipeline 316L+Q345B

g
il

316LEREAEAFEN, HEETRCn NIFERS,
BE&E—E8MMortE, MIRMRE,

Background

316L belongs to austenitic stainless steel, with good corrosion
resistance performance due to its high content of Cr, Ni and Mo
element.

TS

BEB—TIRE (<50C) fI5si % (PH=5-6) . &iBF
WETE100-1000 ppmikaiEERAIEIRIMEIRIR .

Service condition

At a certain temperature (<50°C) . weakly acidic (PH =5-6) and
Corrosive environment (chloride concentration :100~1000 ppm).

EGIRER

o NFMBEER: fufl, hdE. Y. BB, BB UE.
RIBIR. REBMR. IREM RN IRAEMIIRIEEE .

o RHER: BE. E45%.

o BEEBESR: HREEITARNEEEEERY

TEBESCSR  Properties

Requirements

® Mechanical examination including tensile test, impact test,
shearing test, bend test, Pitting corrosion ,inter-granular corro-
sion and Welding performance.

® Non-destructive examination including ultrasonic examina-
tion, bonding area fraction test.

® Accuracy of thickness: strict requirement on thickness
control of carbon steel as base material and stainless steel as
clad material.

s EE ffid i (1&m) IS (Hh@) IR Zfid e (1)

Steel Thickness Tensile test (TD) CVN(RD) Shear StrengthMPa  Bending

grade (mm) _
EREBE TRERE (R = MEE EEK SHAE SHER
YSRp0.2, UTSRm, EL A, %, Temperature Absorbed Requirement=210  Angle Diameter
MPa MPa T energy J 180° 2a

316L 8-20 430 580 30 0 300 450 &g d

+Q3458 & Goo

HEHER  Supply date: 2015.9

HENIENEHE supply dimensions and quantity

WS EE BE KE #HE (5K) B&

Steel grade Thickness (mm) Width(mm) Length (mm) Quantity(piece) Total weight/(t)

316L+Q3458B 3+10 2500-3000 12000 51 160
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