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Coupled Erosive Behavior of Naphthenic Acid
and Sulfur at High Temperatures
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Abstract: Naphthenic acid and sulfur exist simultaneously during the refining process, and so its cou-
pled coordination corrosion affects the manufacture of oil refining enterprises. By simulating the corro-
sion of oil field, the coupled coordinated corrosion research of naphthenic acid and sulfur was carried
out in high-temperature reactor, and then the corrosion products were analyzed by EDS and XRD.
The results show that at high temperature, in sulfur only medium, the corrosion rate of two kinds of
steels increases firstly and then decreases with the increase of mass fraction of sulfur; in the condition
of coupled coordinated corrosion, when sulfur content is 1% (mass fraction), with the increase of acid
value the corrosion rate of Q235 increases all the way, and the increase tendency of corrosion becomes
bigger when acid value is over 9mgKOH » g~ '; while the corrosion rate of 316 steel increases firstly,

' and

decreases secondly and then increases, so 316 steel has two critical acid value of 9mgKOH + g~
12mgKOH + g7'; when acid value is 9mgKOH + g™', with the increase of mass fraction of sulfur the
corrosion rate of 316 increases firstly and then decreases, while Q235 increases all the way; after ana-
lyzed the corrosion films, found that the corrosion film of Q235 steel has crumbly Fe;Sg; sulfur con-
tent, acid value and temperature affect the corrosion membrane morphology of coupled coordinated
corrosion.
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Table 1 The chemical composition of Q235 and 316 steels (mass fraction/ %)
Steel C Mn Si P Ni Cr Mo Fe
Q235 0. 14-0. 22 0. 30-0. 65 <0. 30 <20. 050 <0. 045 — — — Bal
316 <0. 030 <2.00 <1.00 <0. 030 <0.035 12.0-15.0  16.0-17.0 2.0-3.0 Bal
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Fig. 1 The average corrosion rate of Q235 and 316 steels

in different acid value of naphthenic acid alone
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Fig. 2 The average corrosion rate of Q235 and 316 steels in
different acid value when mass fraction of sulfur is 1
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Fig. 4 The average corrosion rate of Q235 and 316 steels in

different sulfur content when acid value is 9mgKOH « g~ !

, 24h, 1.
1%, 6mgKOH » g !; 2:
3%, 9mgKOH » g™ !, 5 .
1 , Q235 280°C
360°C, s
360°C o
280~340°C , Q235
,Q235
; 360°C ,
) Q235
o s ,316

, 1%, 6mgKOH - g!

, 316 , 280~
360°C ; 316 Cr,Mo, Ni
6mgKOH « g'

, 316 o

2 .Q235 316
1 o
. Q235 . 280C 3%,
I9mgKOH + g ! )
1%, 6mgKOH « g* ,
s 3%, ImgKOH
. g—l s ,
280°C 1% ;
316 . 3%,

5 . Q235
316
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Fig.6 SEM morphologies of Q235 corrosion products after corroded in different acid value
(a)acid value is 15mgKOH « g~ ' only; (b)mass fraction of sulfur is 1% and acid value is 9ImgKOH « g7

(c)mass fraction of sulfur is 1% and acid value is 15mgKOH » g}
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Fig. 7 SEM morphologies of Q235 corrosion products after corroded in different mass fraction of sulfur
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(a)mass {raction of sulfur is 4% only;(b)acid value is 6mgKOH » g~ 'and mass fraction of sulfur is 2

(c)acid value is 6mgKOH + g~ 'and mass fraction of sulfur is 4 %
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Fig. 8 SEM morphologies of Q235 corrosion products after corroded at different temperatures (a)280°C ; (b)320°C ;(¢)360°C
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