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Abstract: The microstructures of the composite interface of the hot-rolled coil and the weld joint of the
composite pipe were observed using an optical microscope (OM) and a scanning electron microscope
(SEM). The line distribution curve of the element content change at the interface was determined by en-
ergy dispersive spectrometer (EDS) line scanning test, and the distribution of elements in different mi-
cro-regions of the fusion zone of the composite pipe weld joint was measured by EDS mapping analysis.
Meanwhile, tensile test, Charpy impact test, bending test, microhardness test and corrosion test were
carried out on the weld joint of the composite pipe. The results indicate that the submerged arc welding
(SAW) process can be successfully used for the commercial production of 304/Q235B €610 mmx(6+1)
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mm composite pipes. The microstructure of the cladding weld of the composite pipe is a duplex struc-
ture consisting of acicular austenite + banded or worm-like ferrite, while the base weld exhibits a du-
plex structure of reduced proeutectoid ferrite + acicular ferrite. All mechanical properties including weld
strength, low-temperature toughness, microhardness, and plastic deformation, as well as intergranular
corrosion resistance, fully meet the requirements specified in the national standard GB/T 31940-2015
bimetallic composite corrosion-resistant steel pipes for fluid transport. Therefore, this research results
can be used as a theoretical reference and technical support for the commercial production of high-qual-

ity bimetallic composite pipes.

Key words: bimetallic composite pipe; composite interface; submerged arc welding; intergranular cor-

rosion resistance
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Table1 Submerged arc welding process scheme and parameters for 304/Q235B bimetallic composite pipes

Welding methods Welding current/A Arc voltage/V

Welding speed/(m-min™") Welding heat input/(kJ-mm™")

Internal welding 390 30.5
External welding 850 325

1.7 0.378
1.7 0.829
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Table 2 Chemical compositions of 304/Q235B composite steel coil and welding wire %
Experimental materials C Si Mn P S Ni Cr Mo Cu
Q235B 0.140 0.220 0.610 0.012 0.003 0.010 0.030 0.010 0.020
304 0.054 0.506 1.085 0.035 0.006 10.150 18.680
CHW-309L 0.025 0.530 1.580 0.016 0.006 13.620 23.890 0.016 0.007
BG-HO8E 0.120 0.120 1.870 0.006 0.004 0.320 0.005 0.031

R 3 304/Q235B EAWERAI S MERE
Table 3 Mechanical properties of 304/Q235B composite steel coil materials

Tensile strength Yield strength Elongation Impact energy (20 C) Shear strength
R,/MPa R/MPa Al% Ax/J t/MPa
Measured value 437,426,423 265,243,246 26.2,26.5,26 122,120, 119 388,385
Standard requirements 370 ~ 500 =235 =26 =27 =210
. EERUETTIRE I, 361 LeicaMEF-4M St B i & F

AN 777777

0.5~1.5
1 R OMKSE( B AL mm)

Fig. 1 Dimensions of welding groove
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Fig.2 Schematic diagram of the cutting position and
notch opening position of impact specimens in the
weld center and heat-affected zone of welded joints
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Fig.3 Microstructure morphology characteristics at the composite interface of hot-rolled composite coils
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Fig. 4 Bonding characteristics and elements distribution at the composite interface of hot-rolled composite coils
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Fig.5 Macrostructure of the composite pipe weld and microstructure of each zone
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Table 4 Micro-area elements mapping detection results of

the weld metal fusion zone %
NO. Cr Mn Fe Ni
1 13.73 1.63 77.87 6.77
2 1.94 96.95 1.11
3 4.19 0.96 92.30 2.55
4 2.50 96.11 1.39

R5 304/Q235B EREIRLENM. i THMBEREEXBER

Table 5 Experimental results of tensile, impact, bending and micro-hardness tests for 304/Q235B composite pipe welds

Microhard HV10
Item Weld joint tensile Impact energy/J fcrohardness( ) Bending (Bending
strength/MPa Weld center HAZ Cladding layer Base layer axis d=35 mm)
244,250,300,296, 149,165, 196,216,  No cracks on the tensile
497, 480, 4 106, 108, 12 2,55,4
Measured value 97.480.479 106108120 62.55.47 300 292 255,242 232,224,162, 149 specimen surface
No cracks on the tensile
Standard requirement =370 =24 <300 <248

specimen surface

R 6 304/Q235B ESENFMITLER B G HIXLLER
Table 6 Intergranular corrosion test results of 304/Q235B
composite pipe stainless steel welds

Bending axis

Sample No. diameter/mm Bending angle/(°) Result
H-1 1 180 Qualified
H-2 1 180 Qualified

HAZ-1 1 180 Qualified
HAZ-2 1 180 Qualified

(a)f4Eh.0; (b)HAZ
6 EAEERBER LR HAZREE X HESH
&#R
Fig. 6 Bending results of intergranular corrosion resist-
ant specimens at the center of the cladding weld
and in the HAZ of the composite pipe
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