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Corrosion Analysis and Optimization Strategy for Heat—Affected Zone of Welds on
Concentrated Sulfuric Acid Pipelines
Ming Liu
Sinopec Shijiazhuang Refining & Chemical Company

[Abstract] Austenitic stainless steel 316L is widely used for concentrated sulfuric—acid (= 93 wt %) piping
owing to its 2 ~ 3 % Mo content and stable passive film. However, failure statistics show that over 60 % of leaks
originate not from the base metal but from the weld joint—particularly the heat—affected zone (HAZ). This
paper investigates HAZ corrosion failure in 316L H2SO4+ pipes through chemical analysis, SEM, metallography
and corrosion—product characterisation (XRD/EDS), revealing the precipitation of Crz23Ces at grain
boundaries and the resulting Cr—depletion when the HAZ dwells in the sensitization window of 450-850 °C.
The electrochemical micro—cell mechanism is then explained, together with the dual oxidising/reducing
character of H2SO4. Detection techniques (metallographic etching, ASTM A262/G108 EPR, ferrite—content
PMLI, acoustic emission) are critically reviewed. A "filler—process—post—weld treatment" trinity strategy is finally
proposed and validated:HAZ corrosion rate in 98 % H2SO4 at 60 °C drops from 1.85 to 0.11 mm/y, with
service life extended from=1.5 to=~12 years.

[Key words] 316L stainless steel; concentrated H2SO4 piping; heat—affected zone; intergranular corrosion;

sensitization; Crz3Cs; EPR; anti—corrosion strategy
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1 316L WG L IR BER A R X A 2y (wt %)

PR avACH C Si Mn Cr Ni Mo S P
BEF BM 0. 022 0.42 1.32 17.05 11.20 2.45 0.002 0. 025
JRgETL WM 0. 023 0.45 1. 35 17.10 11.15 2.40 0.002 0. 026
HAZ GEJ&E20) 0. 025 0.43 1.33 14.62 11.05 2.38 0.003 0. 025
HAZ (T34 20) 0. 024 0.42 1.32 15.85 11.10 2.42 0.003 0. 025

Figure 1 Schematic of weld joint zones in a 316L sulfuric-acid pipeline
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AR IR ARG i T, MR R ADURB0% LA AR 7E AR &
L) PRI X (Heat—Affected Zone, fAiFRHAZ) , ELJE b i 213
AT IABER 10-2518 .

JREER Pl “REIA M — DA A (M RE . REA R
[X AR PG R h B4 7450 “C-850 “C Y “ Ak X 8] s
7 P T R IX 1] 452 B3, S o R 37 7 B B A 3 1 rp I R 2 S5
S5, WS AT HHCr 2 o Co 55 B B B ALY, S8 i A PFHECr & & F
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Figure 2 SEM-like micrographs of base metal vs. HAZ after exposure to concentrated H,S0,

(a) Base metal: equiaxed austenite grains
with annealing twins

(b) HAZ: coarsened grains with intergranular
corrosion ditches after acid attack

TRtergranular

corrosion ditches

B 2 WKEiRRIZ )G A 5 HAZ 1) SEM TESiRT R &

Figure 3 Schematic of sensitization and Cr-depletion mechanism in the HAZ
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(uniform Cr distribution)

distributed

(b) Sensitized state
(grain-boundary carbide + Cr depletion)
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Figure 4 Chromium concentration profile across a grain boundary
(before and after sensitization)
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Figure 5 Typical welding thermal cycles at different HAZ locations
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Figure 6 Electrochemical mechanism of intergranular corrosion in the sensitized HAZ
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Figure 7 Potentiodynamic polarization curves of BM, WM and HAZ
in concentrated sulfuric acid (representative)
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Figure 8 Corrosion rate of different zones in 98% H,S0,4 at 60 °C
(immersion test, 30 days)
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Figure 9 Integrated strategy framework for improving corrosion
resistance of the HAZ in 316L H250, piping

Enhanced corrosion resistance of HAZ
in concentrated H.S0O; piping
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Figure 10 Validation of the integrated anti-corrosion strategy

(a) Corrosion-rate evolution over service time
2.5

(b) Service-life gain from each measure

= Before optimization
= After integrated strategy
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