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Study on microstructure and properties of narrow gap TIG welded joints of Q235 steel
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Abstract In this study, narrow-gap TIG welding was performed on the butt joint of Q235 thick-walled pipes featuring a deep U-
shaped groove. Subsequently, mechanical property evaluations, including tensile, bending, and impact tests, were conducted
on the welded joints. Additionally, the microstructure, fracture morphology, hardness, and corrosion resistance of the joints
were comprehensively analyzed using metallographic microscopy, electron microscopy, electrochemical workstations, and
hardness testing equipment. The results show that the narrow-gap TIG welded joints of Q235 carbon steel exhibit excellent
weldability and mechanical properties. The average tensile strength of the welded joint is approximately 450 MPa, and the
average elongation is about 26.3%. The tensile fracture surface shows obvious dimple morphology. The average impact energy of
the weld zone is 91.1 J, and that of the heat-affected zone is 60.1 J. The impact fracture surface is mainly quasi-cleavage fracture.
The microstructure within the weld zone undergoes recrystallization, forming fine equiaxed grains, which enhances hardness and
tensile strength. Notably, due to the disruption of material uniformity in the heat-affected zone (HAZ), the corrosion resistance
of the HAZ is substantially lower than that of both the weld zone and the base metal zone.
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Table 1 Chemical compositions of Q235 steel pipe and welding
wire (mass fraction/%)

g C Si  Mn S P Ni  Cu Cr
0235  0.14~0.22 <035 <1.40 <0.045 <0.045 — — —
MG-51T  0.11 053 1.15 0011 0.012 0.021 0.18 0.02
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Fig.1 Schematic diagram of welding groove dimensions (mm)
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Table 2 Welding process parameters for narrow gap TIG of Q235 steel

K KHEEH/A  RWE/(Lomin')  BOHESMA/C)  ESEE/(C) st R/ (mmemin!) IEEEREATE]s KR/ (mm e min )
o 180~185 20 7~8 25 650~700 3~3.5 33~39
g 175~180 19 6~7 22 550~600 2.5~3 26~33
HRFB 160~170 18 6~7 20 500~550 2-2.5 20~26
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SR o KPR L W IO R R &R L 3 447
AR T R AR PR RE I, HURE Jy Rl i e BR
GB/T 2651—2023 FpifEiH AT, I MTS Ho F-hifiilgn dlL ik
R i . & hdige T GB/T 229—2020
PRI, M B A 23 °Co RIAERT, H 10 mmx10 mmx
55 mm, 5 2 mm R VI B AR E B G a3 kE
VIR 11437 B S A S 4 X R R B A A 4 2 mm A
FFAGEA X X RS T TS | v S AR S 118 A
DX IR 3 A~ ks 1R A0 A 7 5 e bl e DU 4
PO A B 0 13 20T 1 100 g, #4ESL 2818 s A RE 2
T, i I R I 10 s J IR AR AT . Q235 HEdid
S P B T3 359 DA A A S A 38 A 0 B4, )

XFTOUER | H AR T A

H A 22 ) PR I 7E Origaflex 223 18 M AL~ T AE Y
PEAT IR A TAE A Q235 23k kE i FE RS A
10 mmx10 mmx10 mm , KE4E A DL sy 205 i il =
AR P4 R AR R I T TS D 2R EHE
o MREEEL AL L, DU AT H R AR
Z: LU, E AR AR Rl Bl AR, S Il e B Tt 43
H°h 3.5%19 NaCl, B2 FH 3N 1 mVis,

2 #R5i%®

2.1 BRI

P2 Sk Q235 #975 [B] B TIG AR 1E e 5 . i E] 2
AT, SR 2 (B B TIG AR Q235 4K A5 4 2 31 40 %%
(A IRAR , To AL L ORI B RIS A SR

Q235 T 4 7 [ B TLG 422 22 Sk Atk 188 1 22 O 46 A
ME 3R, ATLVE Y, Rk R R4y, SR 4k 48
RN HZ R 0, TERRERT S ARSI L
2R 0, SRS LT AR 5 A AR )y A



ol

SR 0235 FNAE AT TIG M54 3k B 2H 4Pk fiE 39

P2 25 DX A TE T A
Fig.2 Surface morphology of welds in each area
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Fig.3 Macroscopic morphology of cross-section of welded joint
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Fig.4 Microstructure of welded joints

T JE SRR X AT — I AR PR IR I 4R
WP IR EERAE T ) A rpO A K T Sl . TR,
T — BRI AL AT — B MR e A 2 UR A AHAE
HLE T, E— ARl R

G M DX AR 5 B o 2 [ 1) e 8 DX, LA 41
AR SZ SRR R 0 0 R . Hh A R — )
S ERFREE R X (CGHAZ) ML AR A X 287 1 200~
1300 “CEpii, BRERMBEOLIRTE 2 BRI, B T
B IC R AR R R T 1A, hr 38 o 7 A 488 o T
R B EVE T BORL R 1Y 2 Bk R AR -ERoe 4
TRAML, KRN S 9, SR IR —0h 40 i
MG X (FGHAZ) , H e Az AHAR AV 45 5, — 2 40
PO A5 A RSE o 40 it $RG2 ) DX 3L 9 1610 Al (&Y
727 °C) & Ac3(855 °C) , 7F It X ] PN BRCAAR RN 72k
FRARIG A Sy BLICAR  (H F T2 A B L8 20 A
PR, R T8 GV ik ) B EC AR R AR AHAR AR A T LA/ N 2
SUNIZT SN IE7 S LA EA WY AN g B W M N
RIEIREN T 7%,
2.3 HEESkRIfhiERE

P S S TR | Hrs AR ) B AR A T 24Uk it
FERIKTZOT B3 M B, PLRRER & A TR R R
(VSBPEASTE A7 B S 4 R4



40 EBMER S T

548 4

(SRIE OAGTEInv

Fig.5 Tensile fracture specimen
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Table 3 Tensile test results of welded joint

R A =

1 14.559 466 229 L)
HRER 2 13.357 427 23.7 BEpF

3 14.438 462 23.7 BERF

4 13.804 442 27.7 B
g 5 14.374 460 26.5 BERF

6 14.301 458 27.8 B

7 14.020 449 28.7 BERF
TR 8 14.496 464 28.2 BERF

9 14.374 460 27.6 BERF
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Fig.6 Tensile fracture morphology of welded joint
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Fig.7 Morphology of impact fracture surface of welded joint
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Fig.8 Hardness distribution curves of welded joint
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Table 4 Results of self-corrosion potential and
self-corrosion current
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