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Abstract. Raw crude oils are mainly composed of various hydrocarbons while having trace amounts of corrosive
compounds such as sulphur compounds, naphthenic acids, and salts. In the existing research, there were expected to
investigate the impact of such corrosive properties on the corrosion of seven different types of ferrous metals. As the
methodology, the major corrosive properties of selected two different types of crude oils and the chemical composi-
tions of seven selected metal types were measured and analyzed by the standard methodologies and recommend in-
struments. The corrosion rates of such metals were determined by the relative weight loss method after certain im-
mersion time periods simultaneously with the microscopic analysis of corroded metal surfaces. In addition, the de-
cayed metallic elemental concentrations from metals into crude oils were analyzed by the atomic absorption spectros-
copy (AAS) and the impact of the corrosion on the initial hardness of metals were measured by the Vickers hardness
tester. As the results and outcomes of the entire research that there observed relatively lower corrosion rates from
stainless steels with at least 12 % of chromium and some amount of nickel, higher corrosive impact from salts on the
metallic corrosion, formations of FeS, Fe,03, corrosion cracks and pitting on the metal surfaces, decay of copper and
ferrous from some of metals sometimes in significantly and small reductions of the initial hardness of most of metals

due to the corrosion.

Keywords: raw crude oils, corrosive compounds, metals, weight loss, decay, corrosion.

1 Introduction

Raw crude oils are dominant earth resources that found
from the interior part of the earth that mostly composed
with various hydrocarbons since having less amounts of
some other compounds foremost of the corrosive com-
pounds [1-6]. According to the explanations of the phe-
nomenon of corrosion it is usually defined as the for-
mations of the relevant metal sulfides, oxides or hydrox-
ides on the metal surface as the result of either chemical
or electrochemical reaction on the metallic surfaces due
to the interactions of such metals either with some strong
oxidizing chemical compound or any system which is
composed with both water and oxygen. The corrosion
process may be quietly different with the conditions of
such corrosive compounds or the supportive conditions
such as the temperature [4—15].

According to the recently performed experiments and
literature reviews of the chemical engineering concepts
that there were speculated some significant impact from
various sulfur compounds such as sulfoxides, thiophenes,
hydrogen sulfides and also elemental sulfur in the most of
investigations under different conditions and the impact

of salts and organic acids also play a dominant back-
ground in the metallic corrosion [6—15].

In the existing research mainly, there were expected to
analyze the impact of elemental sulfur, Mercaptans, or-
ganic acids and salts of different types of selected crude
oils on the corrosion of seven different types of selected
ferrous metals which are widely used in the industry of
crude oils refining. The investigations were based on both
qualitatively and quantitatively analysis of the corrosion.

2 Research Methodology

According to the availability and the requirements of
the existing research two different types of crude oils
were selected for the experiments which are slightly dif-
ferent in their chemical compositions including corrosive
composites. Those are namely as Murban and Das Blend
also with the sulfur content Das Blend may have higher
amount of sulfur which is an important factor for the
corrosion. The elemental sulfur contents, Mercaptans
contents, organic acid contents and salt contents of both
crude oils were measured by the standard methods and
instruments as explained in Table 1.
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Table 1 — Analysis of the corrosive properties of crude oils

Property Method Readings
Sulfur content | Directly used the crude oil | Direct
samples to the XRF analyz- | reading
er
Acidity Each sample was dissolved | End point
in a mixture of toluene and
isopropyl and titrated with
potassium hydroxide
Mercaptans Each sample was dissolved | End point
content in sodium acetate and titrat-
ed with silver nitrate
Salt content Each sample was dissolved | Direct
in organic solvent and ex- | reading
posed to the cell of analyzer

By considering the applicability of the metals in the
industry of crude oil refining and the variability of the
chemical compositions of such metals seven different
types of metals were selected as the corrosion determina-
tion samples. The selected metals and some of their ap-
plications are given in the below:

—carbon steel (high) — transportation tubes, storage
tanks;

—carbon steel (medium) — storage tanks, transportation
tubes;

— carbon steel (mild steel) — storage tanks;

—410-MN: 1.8 420-MN: 2.8 (stainless steel) — heat
exchangers, pre-heaters;

—410-MN: 1.7 420-MN: 1.7 (stainless steel) — crude
distillation columns, pre-heaters;

—321-MN: 1.4 304-MN: 1.9 (stainless steel) — crude
distillation columns;

— Monel 400 — pre-heaters, heat exchangers, desalting
units.

The chemical compositions of such metals were tested
by the X-ray fluorescence detector. A batch of similar
sized metal coupons was prepared from such metal types
and the surfaces of such metal coupons were cleaned by
the isooctane and sand papers. The initial weight and the
dimensions of such metal coupons were measured by in
order of analytical balance and micrometer. The prepared
metal coupons have been shown in Figure 1.
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Figure 1 — Prepared metal coupons for the experiment

The prepared metal coupons were immersed in beakers
which are filled with crude oils as three homogeneous
metal coupons in each crude oil container.

After 15 days immersion time period one metal cou-
pon from each crude oil container was taken out and the
corroded metal surfaces were observed through 400X
lens of an optical microscope. The corroded metal surfac-
es of such metal coupons were cleaned by the isooctane
and sand papers, and the final weight of each metal cou-
pon was measured by the analytical balance based on the
determinations of the corrosion rate of each metal coupon
by the weight loss method as discussed in the below
[9, 10]:

CR=W-k/(D-A-1), (1)

where CR — corrosion rate of metal piece; W — weight
loss due to the corrosion, g; k=22.3 — constant;
D — metal density, g/cm3; A — area of metal piece, inchz;
t — time, days.

By following the same methodology, the corrosion
rates of another two similar sets of metal coupons were
determined in order of after 30 and 45 days from the im-
mersion including each analysis stage that mentioned for
the first set of metal coupons.

In addition to the basic analysis the decayed metallic
concentrations from each metal while the immersion in
crude oil samples were tested by the atomic absorption
spectroscopy (AAS). The actual reason for this investiga-
tion was the observed invisible weight loss of some met-
als during the determinations of the corrosion rates of
metals. In the sample preparation 1 ml of each crude oil
sample was diluted with 9 ml of 2-propanol and filtered.

As the last experiment of the current research the vari-
ations of the initial hardness of metal coupons after the
corrosion were measured by the Vickers hardness tester.
The working theories of such instruments have been ap-
plied using the following equation:

HV = 1.854-(P/L)*, )

where HV — hardness; P — applied Load on the surface
of metal; L — diagonal length of a square.

As the essential measurements the initial hardness and
hardness after the corrosion of metal coupons were meas-
ured by such instrument. By considering the accuracy the
hardness of at least three positions on the metal coupons
were measured for on measurement.

3 Results and Discussion

The basic results for the analysis of the chemical com-
positions of the selected ferrous metals have been given
in Table 2.

According to the above results it can be obtained some
higher ferrous contents in carbon steels, moderate ferrous
contents in stainless steels and trace ferrous concentra-
tions in Monel metal. Beside of that there were observed
some trace compositions of d-block elements such as
nickel, copper and chromium especially in stainless steels
because of the aims and objectives of the enhancements
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of the strength and corrosive reduction method. Because
the combination of the chromium and nickel is a good
buffer for the corrosion on the metal surfaces itself when
having at least 12 % of chromium and sufficient amount
of nickel [1, 3-6].

Table 2 — Chemical compositions of metals, %

Metal Fe Ni Cr Cu
carbon steel 98.60 0.17 0.14 0.37
(high)
carbon steel
(medium)
carbon steel
(mild steel)
410-MN: 1.8
420-MN: 2.8
(stainless
steel)
410-MN: 1.7
420-MN: 1.7
(stainless
steel)
321-MN:1.4
304-MN:1.9
(stainless
steel)

Monel 400 1.40

99.36 - - -

99.46 - <0.07 -

88.25 0.18 10.92 0.10

87.44 - 11.99 -

72.47 8.65 17.14 -

64.36 | <0.04 | 33.29

According to the analysis of the corrosive compounds
of both crude oils the obtained results have been shortlist-
ed in Table 3.

Table 3 — Corrosive properties of crude oils

Property Murban | Das Blend
sulfur content, Wt. % 0.758 1.135
salt content, ptb 4.4 3.6
acidity, mg KOH/g 0.01 0.02
Mercaptans content, ppm 25 56

After referring above numerical values that it is possi-
ble to conclude the Das Blend crude oil may have higher
corrosive tendency because the above results show higher
elemental sulfur content, Mercaptans content, organic
acid content and lower salt content in Das Blend crude
oils when comparing with Murban crude oil. But, the
corrosive impact of some crude oil cannot be estimated
only considering the magnitudes of the concentrations of
the corrosive compounds in crude oils and it must be
considered the supporting conditions for the happening of
relevant chemical reactions as well. It has been discussed
in ahead with the obtained results in the existing research.

Organic acids are the dominant corrosive compounds
presence in most of crude oils since the occurrences be-
cause of the abundance of different organic acids in the
early living organisms. Such organic acid is also known
as naphthenic acids which are having the chemical for-
mula of “RCOOH” and the total amount of organic or

naphthenic acids of some crude oil is known as the acidi-
ty or total acid number (TAN) of such crude oil. The
general chemical reactions of the oxidizing process of
organic acids are given in the below [2, 4, 9, 12, 13, 15]:

Fe + 2RCOOH — Fe(RCO0)2 + H2; 3)
FeS + 2RCOOH — Fe(COOR), + H,S; )
Fe(COOR)2 + H2S — FeS + 2RCOOH. 5)

Salts are the foremost corrosive compounds find from
crude oils since the occurrences mainly as the forms of
NaCl, MgCl, and CaCl,.The total amount of such salts
presence in some crude oil is known as the salt content of
such crude oil. When increasing the temperature of crude
oils such salts tend to be broken into HCl molecules
which are inert in the same conditions. When decreasing
the temperature of the system such HCI molecules tend to
be reacted with water of even moisture and formed highly
corrosive hydrochloric acids. The general chemical reac-
tions between the salts and metals have been given in the
following equations [2, 4, 7, 11].

CaCl, + H,O — CaO + 2HCI, 6)
HCI + Fe — FeCl, + 2H,; (7
H2 + S — H,S; ®)

FeCl, + H,S — FeS + 2HCI. ©))

Sulfur compounds are some sort of corrosive com-
pounds because of the availability of wide range of vari-
ous active sulfur compounds with the highly volatile
functional groups. Among sulfur compounds most of
them are corrosive compounds such as elemental sulfur,
Mercaptans, sulfoxides and thiophenes. Mercaptans are
highly corrosive compounds which are having a molecu-
lar formula of “RSH” because of the high reactivity of
relevant functional group. The corrosion reactions may be
differing with the behaviors of such corrosive compounds
[4, 14]. The corrosion process due to the elemental sulfur
is known as the “localized corrosion” which is usually
happened at the temperature 80 °C properly.

Additionally, the corrosion process due to the Mercap-
tans is known as the “sulfidation” which is likely to be
happened at about 230 °C properly. The initiation chemi-
cal reactions of such corrosion processes have been given
in the flowing reactions [2, 4, 11, 13, 14]:

S8 (s) + 8H,0 (1) — 6H,S (aq) + 2H,SO, (aq); (10)
8Fe + S8 — 8FeS. (11)

Altogether the impact of such corrosive properties on
the metallic corrosion it is mandatory to mention about
the required supporting conditions when analyzing the
impact of such corrosive compounds. According to the
determinations of the corrosion rates of metals by the
weight loss method the obtained results have been inter-
preted with respect to the immersion time periods in Ta-
bles 4, 5.
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Table 4 — Corrosion rates of metals in Murban, cm3/(inch~day)

Table 5 — Corrosion rates of metals in Das Blend, cm3/(inch-day)

Metal Number of days Average Metal Number of days Average
15 30 45 15 30 45

carbon steel 0.812 | 0.466 | 0.069 0.449 carbon steel 0.350 | 0.225 | 0.025 0.200
(high) (high)
carbon steel 0.818 | 0.180 | 0.073 0.357 carbon steel 0.481 | 0.141 | 0.059 0.227
(medium) (medium)
carbon steel 0.110 | 0.048 | 0.039 0.066 carbon steel 0.163 | 0.141 | 0.101 0.135
(mild steel) (mild steel)
410-MN: 1.8 0.042 | 0.016 | 0.012 0.023 410-MN: 1.8 0.044 | 0.034 | 0.006 0.028
420-MN: 2.8 420-MN: 2.8
(stainless (stainless
steel) steel)
410-MN: 1.7 0.116 | 0.012 | 0.008 0.045 410-MN: 1.7 0.054 | 0.035 | 0.016 0.035
420-MN: 1.7 420-MN: 1.7
(stainless (stainless
steel) steel)
321-MN: 1.4 0.017 | 0.007 | 0.006 0.010 321-MN: 1.4 0.023 | 0.007 | 0.003 0.011
304-MN:1.9 304-MN:1.9
(stainless (stainless
steel) steel)
Monel 400 0.356 | 0.035 | 0.027 0.139 Monel 400 0.062 | 0.038 | 0.016 0.038

The concluded interpretation of the above results has
been shown in Figure 2.
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Figure 2 — Average corrosion rates of metals

According to the above graph that it can be concluded
the higher corrosion rates from carbon steels, moderate
corrosion rates from Monel metal and the relatively lower
corrosion rates of stainless steels with respect to both
Murban and Das Blend crude oils. When comparing with
the corrosion rates of stainless steels the least corrosion
rates were observed from 321-N: 1.4304-MN: 1.9 (stain-
less steel) with respect to both Murban and Das Blend
crude oils which is having a chemical composition of
18 % of chromium and 8.65 % of nickel also a good
enough combination for the formation of the self-
corrosive protection film on the metal surfaces itself be-
cause the chromium and nickel are presence with the
sufficient amounts [1, 3—6].

When comparing the corrosion rates of metals in both
crude oils four types of metals showed their higher corro-
sion rates in Murban crude oil since the other three types
of metals were showing their higher corrosion rates in
Das Blend crude oil. According to such observations it is
possible to suggest the higher corrosive impact of salts on
the metallic corrosion when comparing with the other
corrosive compounds. Although it is better to recom-
mend some advanced corrosion rate analysis instrument
such as electrical instrument simultaneously with the
weight loss method and also investigations of the impact
of some more corrosive compounds in various tempera-
ture and other supplementary conditions for future works
[6-15].

According to the above results the variations of the
corrosion rates of metals with respect to the immersion
time periods in both crude oils have been interpreted in
Figures 3, 4.
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Figure 3 — Variations of the corrosion rates of metals in Murban
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Figure 4 — Variations of the corrosion rates of metals in Das Blend

The above corrosion curves showed some similar dis-
tributions of the corrosion rates of metals with the expo-
sure time by following the inversely proportional rela-
tionship between the two parameters of the corrosion rate
and the exposure time as explained under the weight loss
method [9, 10].

According to the explanations of the material and
chemical engineering the reductions of the corrosion rate
with the exposure time period is happened as the results
of the generating corrosion barrio from the formerly
formed corrosion compounds on the metal surfaces that
the continuously formation of the corrosion in the same
rate ahead.

Regarding the analysis of the corroded metal surfaces
through the 400X lens of an optical microscope there
were observed few of various results that similar with the
explanations in the corrosion processes and some sort of
different compounds as well. The most highlighted and
recognizable corrosion compounds have been interpreted
in Figure 5.

Figure 5 — Corroded metal surfaces:
A — ferrous sulfide (FeS); B — ferrous oxide (Fe,05);
C — corrosion cracks; D — pitting corrosion

Among the various observations some of distinguished
features have been emphasized with their physical ap-
pearances in Table 6 [1, 3, 6].

Table 6 — Visible appearemces of the corrosion compounds

Compound Appearances Observations
FeS black, brownish black, | observed most of
property of powder, | features in each
pitting, cracks metal piece
Fe,O; rusty color Observed rarely
CuS dark indigo / dark | unable to specify
blue, property of
powder

According to the observations and the identifications
of the microscopic analysis results basically it is possible
to conclude the formations of the ferrous sulfides (FeS) in
most of occasions same as the explanations of under the
theoretical conditions, rarely formations of ferrous oxides
(Fe,O3) due to the presence of both water and oxygen in
little amounts, corrosion cracks and some pitting on the
metal surfaces due to the decay of metals into crude oils.
As the uncertain observations some corrosion compounds
were identified that similar with the ferrous sulfides with
the visible features and most probably it might be copper
sulfide (CuS) although it is impossible to conclude as
CuS only having the visible features [1, 3—6, 13]. There-
fore, it is better to recommend some compositional analy-
sis of the corrosion compounds by an advanced analytical
method such as X-ray diffraction (XRD) for better analy-
sis.

According to the analysis of the decay of metallic ele-
ments from metals into crude oils by the atomic absorp-
tion spectroscopy (AAS) the obtained results have been
interpreted in Table 7.

Table 7 — Decayed metallic concentrations into crude oils / ppm

Metal Crude oil Fe Cu
Carbon Steel Murban 0.47 -
Das Blend 1.10 —
Carbon Steel Murban 0.54 -
Das Blend 0.02 —
Carbon Steel Murban -0.08 -
Das Blend -0.48 —
410-MN: 1.8 Murban —0.65 —
420- MN: 2.8 Das Blend -0.78 —
410-MN: 1.7 Murban -0.71 —
420-MN: 1.7 Das Blend -0.79 —
321-MN:1.4 Murban -0.44 —
304-MN:1.9 Das Blend | —0.17 -
Monel 400 Murban — 10.47
Das Blend - 9.49

Brief conclusions of above results have been shown in
Figures 6, 7.
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Figure 6 — Decayed ferrous concentrations into crude oils
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Figure 7 — Decayed copper concentrations into crude oils

Basically with the above graphs that there can be seen
significant decays of copper from Monel metal which
showed some intermediate corrosion rate, higher decays
of ferrous from carbon steels which showed the highest
corrosion rates and it was not observed any decay of nei-
ther copper nor ferrous from any stainless steel into crude
oils while the immersion which showed least corrosion
rates. According to the reasonable explanations that it is
possible to explain with the electron repulsive theory that
after formations of the corrosion compounds such corro-
sion compounds tend to be removed from the metal sur-
faces either partially or completely from the metal surfac-
es due to the repulsive and attractive forces between the
successive electrons and protons of the relevant com-
pounds [1, 3, 5, 6]. Therefore, the decayed metallic com-
pounds from metals into crude oil may be happened sim-
ultaneously with the process of corrosion.

According to the analysis of the variations of the initial
hardness of the metals due to the corrosion by the Vick-
er’s hardness tester the obtained results have been inter-
preted in Figures 8, 9.
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Figure 8 — Variations of the initial hardness of metals
due to the corrosion in Murban
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Figure 9 — Variations of the initial hardness of metals
due to the corrosion in Das Blend

The above results showed slight reductions of the ini-
tial hardness of most of metals after the formations of the
corrosion. This incident is possible to explain with the
electron repulsive concept and heterogeneity [1, 3, 5, 6]:

1) due to the repulsive and attractive forces between
successive electrons and protons it is possible to be
formed some uncertain conditions on the metal surfaces;

2) due to the heterogeneity of the corroded metal sur-
faces due to the contamination with the corrosion com-
pounds.

4 Conclusions

According to the results of the entire results of the re-
search there were investigated the lower corrosion rates
from stainless steels which are having at least 12 % of
chromium with sufficient amount of nickel because of the
nickel chromium corrosive protection film, relatively
higher corrosive impact from salts when comparing with
the corrosive impact of other corrosive compounds, for-
mations of FeS, Fe,Os, corrosion cracks and cavities on
the metal surfaces as the corrosion compounds, signifi-
cant decay of copper and ferrous from some of metals
into crude oils and small reductions of the initial hardness
of most of metals due to the corrosion.
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3arajbHi 0c00MBOCTI MeTaJIeBOi KOPO3ii y cupiii HeounueHiil HadTi
Anygixapa C.', TIpemaxanpa k. K.2

! Kadenpa xiMig9HOTO i TEXHOJIOTIYHOTO MAlIMHOOYAyBaHHs, YHiBepcuteT M. [lapanenis, 20400, m. [Tapanenis, [lpi-Jlanka;
% Kacenpa XiMigHOTO i TEXHOIOTTYHOTO MalIMHOGYIyBaHHs, YHiBepcuTeT Mopatysa, 10400, m. Kary6emna, LIpi-Jlanka

AnoTtanisi. Cupa HapTa YBOCHOBHOMY CKIIQAETHCS 3 PI3HUX BYTJICBOJHIB, MAlOUM y CBOEMY CKJali JIEsSKYy
KUTBKICTh KOPO3iMHUX CHONYK CipkKH, HaQTEHOBUX KHCIOT i COJei. Y NaHOMY JOCIiKEHHI TOCIIIKYBaBCs BILTHB
KOpO3iHHMX BJIACTMBOCTEH Ha KOPO3il0 CEMM Di3HUX THUIIIB YOPHHMX MeTasiB. Y OCHOBI METOAOJOTii JOCIiKeHb
oOpaHe BU3HAUYEHHS! OCHOBHUX KOPO3iHHUX BIACTHBOCTEH JBOX Pi3HUX BHIIB cUPOi HATH 1 XIMIYHOTO CKIAIy CeMU
o0OpaHuX THIIB MeTalliB. Pe3ybTaTi BUMipIOBaHb ITPOAHaJi30BaHi 32 CTAHAAPTHOIO METOIONIOTIEIO 13 3aCTOCYBaHHAM
3allpONIOHOBAHUX IHCTPYMeEHTIB. IIIBHIKICTE KOpO3il MeTalmiB BH3HAYAaBCS METOJOM BIJIHOCHOI BTpaTH Bard IMicIs
3aJJaHuX TIEPiOJIiB 3aHYPEHHS Ta OJHOYACHO 3 MIKPOCKOIIYHIM aHaJli30M KOpo3ii MeTaneBuX MmoBepxoHb. Kpim Toro,
PO3MOALT KOHIIEHTpAIlil MeTalIeBUX BKIIOYEHB Y cHpiili HadTi OyB mMpoaHaIi30BaHHUIA METOJOM aTOMHO-a0CcOpOMiHHOT
CIIEKTPOCKOITil, a BIUIUB KOPO3ii Ha TI0YaTKOBY TBEPICTh METaIiB BUMIpIOBaBCs 3a METOJIOM Bikkepca. Y pe3yibrar i
BCHOTO JOCII/DKCHHS CIOCTEPIirajics BiTHOCHO HH3bKI IMBHAKOCTI KOpPO3il HEp)KaBilOYHMX CTalieil 3 BMICTOM
npuHaiiMHi 12 % XpoMy i Jeskol KimbKkocTi Hikess. Takoxk croctepiraBest O1bLI BUCOKHI KOPO3iiHMIT BIUIUB coueit
Ha KOpO3il0 3 YTBOpEeHHSAM XimiuyauxX cnonyk FeS, Fe,O;, a Takox KOpO3iliHI TpIIIWMHU 1 BUPa3KH Ha METaJEBUX
MOBEPXHSIX.

Kirouosi cioBa: cupa HadTa, CKI1a0Bi KOPO3ii, METalH, BTPATH Bard, PO3KIIaJaHHs, KOPO3is.
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