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Abstract—Despite all the technological advances and the control
mechanisms that exist today to achieve the control of corrosion in
overhead systems in atmospheric crude oil distillation units, there
is still a high level of difficulty in predicting the phenomenon due
to the complexity of the chemical compounds involved in the entire
process. The study of this practical case aims to determine what
control mechanisms should be optimized in a refinery located in
the Autonomous Region of Iraqi Kurdistan to prevent corrosion
phenomena’s in this specific system and how it should be done to
achieve these improvements. It has been suggested that the corrosion
mechanisms by hydrochloric acid and by ammonium chloride
have been those that have acted in the operational context of the
mentioned facility. To test this hypothesis, a study of the unit’s
operational conditions and analytical tests were carried out on
the construction material of various components and the products
(sediments) found inside the tower. The results show that a lack of
control in the salts and sediments content of the feed crude have
caused an increase in the hydrolysis process of certain components
upstream of the tower and thus the generation of acids and salts
was promoted. On this basis, it is necessary to optimize the primary
treatment of crude oil and update the chemical treatments and
washing water systems to adapt to the new conditions of the feed
of the refinery.

Index Terms—Ammonium chloride, Crude overhead, Dew point,
HCI, Salt formation, Salt hydrolysis.

I. INTRODUCTION

The crude distillation unit (CDU) in question is going
through a forced maintenance stage, due to operational and
processes upsetting that do not allow obtaining the products
with the required quality and quantity.

Since the beginning of 2020, the main problems in the
process were thought to be associated with the efficiency
and performance of the crude heater, assuming that it was
plugged due to coke deposition phenomena. Due to this, the
unit was put out-of-service to check for damage and perform
deep cleaning on the heater tubes. This problem was fixed
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and now it has moved to the atmospheric tower, where it has
been observed that there is no outlet for Kerosene and Diesel
products. In addition, there were problems in maintaining
the profile of the tower, which is why it was decided to put
the unit out-of-service to verify, now in greater depth, the
problems in the aforementioned tower.

II. BACKGROUND

A. Corrosion in Crude Distillation Overhead Systems

Corrosion in crude distillation overhead systems is a common
problem in refineries. According to The National Association
for Corrosion Engineers International Publication 34109, the
primary mechanism of concern in the overhead system is the
acidic attack of unit metallurgy due to the presence of high
concentrations of HCI in condensing water. Under-deposit
corrosion and fouling usually resulting from unintended
consequences of acid neutralization and/or inefficient desalter
operations are also a big problem (Chambers et al., 2011,
Duggan and Rechtien, 1998, Eaton et al., 2009).

Crude oils contain varying amounts of chloride salts
(NaCl, MgCl,, and CaCl,), and these salts generally account
for the bulk of the HCI formation and corrosion in CDUs,
specifically in the overhead system.

The HCI is evolved from the hydrolysis of MgCl, and
CaCl, to form HCI during heating in the crude oil preheat
train and associated heaters. NaCl does not hydrolyze to a
great extent under normal CDU furnace conditions. Therefore,
NaCl generally is not considered a significant contributor to
CDU distillation tower overhead system corrosion. Table I
shows the hydrolysis reactions involved in this context.

Studies made by Schempp et al., Thornthwaite, et al., and
Braden et al., confirm that HCl does not cause corrosion
problems at temperatures above the aqueous dew point.
However, at temperatures equal to or below the aqueous
dew point, HCI readily dissolves in water to form corrosive
hydrochloric acid. At temperatures above the aqueous dew point,
HCI can react with some alkaline species to form corrosive salts.

HCI, formed in the process as previously described,
often combines with NH, to form solid NH,CI salt in CDU
distillation tower overhead systems (Saab et al., 2005). The
temperature at which NH,Cl forms is dependent on the
partial pressures of HCl and NH,. These partial pressures can
be estimated from the chloride and NH, contents measured in
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the water phase of the associated overhead drum, accounting
for the presence of water and hydrocarbon vapors in the
system. Fig. 1 (Fan et al., 2001) shows the graphs normally
used for this purpose.

According to Lordo (2006), NH, may be carried into the
CDU from multiple sources including the presence of NH, in
desalter wash water or from the use of NH, as a neutralizer.
Fig. 2 presents a diagram of NH,CI salt formation at various
temperatures and concentrations of NH, and HCI in an
overhead system. The knowledge of the salt formation

TaBLE |
HyDRrROLYSIS REACTIONS

Reaction Approximate Approximate degree
starting temperature, of hydrolysis at
°C(°F) 340°C(650°F)
MgCl,+2H,0—Mg(OH),+2HCI 120(248) 90%
CaCl,+H,0—~Ca(OH) ,+2HCI 210(410) 10%
NaCl+H,0—NaOH+HCI >500(>930) 2%
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Fig. 1. NH,Cl deposition temperature estimation (Turner et al., 1998).
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Fig. 2. NH,Cl salt formation at various overhead temperatures (Lordo
et al., 20006).
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thermodynamics, as stated by Duggan et al., (1998) allows
the construction of a figure for injection rates of neutralizer
to avoid salt formation, as shown in Fig. 3.

The partial pressure of each component, that is, can be
calculated by taking the moles of the component in the
vapor phase divided by the total moles in the vapor phase
multiplied by the absolute pressure (P) in the process.

Ppi = (ni vapor phase) / (ntotal vapor phase) x P

Where ni, is the mole fraction (in the vapor) of the component.

The same procedure can be used to estimate the NH,CI
deposition temperature from Fig. 1.

The net NH, yield can be calculated from the nitrogen
level in the feed and the percent denitrification.

Giesbrecht, et al., and Gutzeit, in their studies, established
that the control of NH,CI corrosion is generally approached
in one of three ways. The first is lowering the formation
temperature of the salt by reducing the HCI and NH, contents
in the overhead system. These reductions are often achieved
by improving desalter operation to reduce chloride and NH,
carry-over or by eliminating external sources of NH,. Once
NH,CI is formed, corrosion is commonly controlled using
continuous or intermittent water wash that is adequately
distributed. Excess water is normally added to ensure that all
the water is not evaporated. A common range of excess water
is between 10 and 25 vol%. This is the amount of water that
is required to saturate the overhead vapor. Second, changing
operations to maintain equipment temperatures above the salt
formation temperature are sometimes feasible. Finally, for
systems using NH, as a neutralizer, limiting the amount of
NH, added to that required for pH control of the accumulated
water in the overhead drum is commonly practiced.

B. Process Description of the Unit Under Study

The distillation unit has a standard configuration without
facilities for crude desalination. Fig. 4 shows a simplified
schematic of the unit. The crude desalter is the main defense
against the presence of excessive amounts of inorganic
chloride salts. The limitation of inorganic chloride salts
entering the CDU substantially reduces the presence of HCI
in the CDU overhead circuit. Experience shows that chloride
content of the desalted crude feed to the CDU that exceeds
20 ppm have the potential of leading to significant corrosion
and fouling problems in the overhead circuit.
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Fig. 3. Neutralizer monographs (Duggan et al., 1998).
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Fig. 4. Simplified scheme of the distillation unit under study (modified figure).

Crude oil feed is received from the crude feed pump and
sent through a series of heat exchangers to a temperature
around 162°C. The crude oil is heated at 370°C in crude
heater and enters atmospheric tower where it is fractionated
into the following products:

Off gas

Light naphtha

Heavy naphtha

Kerosene

Diesel

Atmospheric residue or tower bottoms (ATB or residual
fuel oil).

The overhead vapor is condensed by an air cooler and the
off gas is either routed to the heater as fuel gas or to the flare
depending on pressure in the overhead accumulator drum.
Naphtha collects in the drum and part is pumped back to the
tower as reflux and the other part pumped normally to further
processing or alternately to storage.

Unstripped kerosene and diesel products are drawn from
the crude tower and fed to the top of the side steam stripper.
Steam stripped vapors are returned to the crude tower above
the draw tray. The stripped kerosene and diesel are pumped
through rundown coolers to the kerosene treater unit provided
by others and storage.

Below the flash zone the residue is steam stripped inside
the crude column to reduce the volatiles. The atmospheric
tower bottoms product is fuel oil and is cooled by heat
exchange with the crude rundown to storage.

III. CaSE STUDY

Fig. 5 shows a simple schematic of the tower. It is an
equipment manufactured basically in Monel (alloy 400),
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Fig. 5. V-111 simplified scheme.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



24

carbon steel and martensitic stainless steel. The solid Monel
is above the tray 25, between tray 5 and 25 is carbon steel
and below tray 5 there is SS410.

The tower has a 20-inch manhole for the entry and
removal of trays; these are attached to the tower with support
rings. Its diameter is 21634 mm, except for the three first
trays, which have 1524 mm in diameter. The flow control
mechanism is through Glitsch V-1 type valves.

After all the cleaning and security protocols were followed,
an inspection was carried out on the inside of the atmospheric
tower. The entrance to the tower was made at the height of
plate 23, and then went up to the top of the tower and went
down tray by tray. The most relevant findings of this activity
are shown in Fig. 6.

Comments

TRAY 28-Monel

The tray is in an advanced state

of corrosion. It can be seen total
perforation of the tray. The valve

holes have lost dimension, which
compromises the operation of the
valves. The presence of salts adhered
to the tower walls and tray can be
observed. The presence of yellowish and
whitish products stands out. The former
is associated with sulfur products and
the latter with ammonia salts

Tray 24-SS410

Note the areas with large holes caused
by corrosion phenomena. This tray is
not completely plugged but does not
have associated valves. The valve ports
have completely lost their dimensions

Picture

Kerosene Nozzle

This nozzle is partially plugged. The

| withdrawal tray has a large number of
products and is deflected. There is no
way this nozzle would allow kerosene
removal. The red circle shows the
uniqueness of the nozzle

Fig. 6. Some of the inspection findings inside the atmospheric tower.
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The inspection allowed verifying that there is a serious
phenomenon of plugging and corrosion in the tower. The
main problem is in the quality of the feed supply to the unit;
it is obvious that the water and sediment content and the
concentration of salts are higher than the design of the unit
has the capacity to process. For this reason, it was defined
at this point that the main characteristic to study in this
phenomenon is the content of salts in the feed crude.

Throughout 2020, the content of salts in feed crude oil is
above 119 PTB, the month of March being the most critical
with values as high as 355 PTB. These values are high if
we consider that unit two does not have desalters, which are
considered the first barrier to protect against corrosion and
plugging.

Fig. 7 shows a graph with this year’s trend. It is known
that in previous years the salt content was much lower, even
in other units of the refinery, which processes the same crude
oil, work has been carried out even without a desalter, which
is an indicator that the content of salts has varied greatly
through time.

Apart from the precipitation temperature estimation
exercises described above, there are other mechanisms to
establish a relationship between salt content and corrosion
and plugging in the internal part of the tower. One of them
is the chemical analysis of the products found on the trays.
Fig. 8 shows the results obtained in a sample extracted from
the top section of the tower between trays 23 and 29. It can
be seen that only 9% of the sample evaporated at 500°C.
The rest of the sample is soluble in water and in a solution
acidified with HCI, which is indicative that its composition is
possibly salts and sediments, in addition to some corrosion
products.

After the inspection was completed and the condition of
the trays was verified, the question was raised as to whether
the metallurgy of these components was correct. The tower
has metallurgies set forth in the most recognized standards
and recommended practices in the refining industry. Fig. 9
shows a simplified schematization of the overhead systems
of the unit.

Three samples of Monel internals were analyzed using
optical emission spectrometry technique. Sample number 1
corresponds to the valves, number 2 to the trays, and number

Fig. 7. Salts PTB trend in crude feed — 2020.
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3 to the hardware. Taking into account the limitations of the
test method, the results appear to be OK for valves and plates.
The hardware turned out to be stainless steel. This represents
a deviation generated during the installation of the internals.

The same procedure was repeated for the stainless-steel
trays. The results area is presented in Tables II and III.

Nickel based alloys have been widely used in different
applications in petroleum refining, due to its high corrosion
resistant in different conditions (Groysman and Hiram, 1997).
Alloy 400, Monel, is a precipitation alloy of nickel containing
considerable amount of copper (approximately 30-33 wt%
copper) as a substantial element to provide solid solution
strengthening. Furthermore, small amount of iron is added to
improve the resistance of the alloy to cavitation and erosion
in condenser tube application. It was reported by Groysman
that, Monel 400, is susceptible to sulfide stress cracking
when the surrounding environment contains sulfurous
compounds such as hydrogen sulfide (H,S), mercury salts,
and hydrofluoric acid. The presence of oxidizing agents
(oxygen, ferric, and cupric ions) will increase the corrosion
rate, particularly for Alloy 400 and Alloy B-2.

Having evaluated all the morphological characteristics
of the components degraded by corrosion, the chemical
composition of the products found in the internal part of the

Analysis steps Description
1— 5 g of sample in 500 ml of H,O reduce the pH
from 7 to 4.5
2— Ignition of 10 g at 500°C for 2 h and 30min.
: 9.6% wt. of organic compounds were lost
3— After ignition, 1 g of sample was dissolved in

HCI. 56.9% wt. was lost, indicating possible
inorganic products

4 — After ignition, 1 g of sample was dissolved
in H,0. 31% wt. was lost, indicating possible
salts

5— Additional analysis: CI=147 ppm, SO,?=236

ppm, Ca™?=6200 ppm. Na"'=108 ppm

Fig. 8. Lab results — sample taken from atmospheric tower internal trays.
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tower, as well as the metallurgy of the internal components,
it can be concluded that there are combined corrosion
mechanisms that affected the integrity of the atmospheric
distillation tower and internals. Those mechanisms can be
described as NH,Cl corrosion and HCI corrosion. These
mechanisms are described in the literature as very aggressive
and depend on the combination of a series of variables,
which are observed in Fig. 10.

TaBLE 11
CHEMICAL COMPOSITION OF THE TOWER INTERNALS IN THE MONEL SECTION.
1-VALVES, 2-TrAYS, 3-HARDWARE

Element Weight %-1 Weight %-2 Weight %-3
C 0.22 0.26 0.03
Si 0.95 1.56 0.45
P 0.01 0.01 0.03
S 0.03 0.04 0.01
Cr 0.2 0.13 13.4
Mo 0.18 0.23 0.01
Ni >52.2 >52.2 0.17
Al 0.39 0.4 0.01
Co 0.09 0.09 0.01
Cu >9.72 >9.72 0.21
Nb 0.24 0.27 0.04
Ti 0.69 0.38 0.01
\% 0.9 0.9 0.05
W 1.29 1.84 0.01
Pb 0.07 0.07 0.01
Sn 0.04 0.04 0.01
Mg 0.09 0.11 0.01
As 0.03 0.03 0
Zr 0.21 0.02 0
Bi 0.04 0.04 0
Ca 0.02 0.01 0
Ce 0.04 0.04 0
Sb 0.29 0.28 0
Te 0.06 0.06 0
B 0.01 0.01 0
Zn 0.05 0.05 0.01
La 0.03 0.03 0

Wiy Fipe: Carton Seel
Shell; Monel

Trays: Monel 1 26

dto %

Shell: Carbon S1eel

e Header: Carbon Steel
e Tubes: Carbon Steel

Fipe: Carbon el

Shell: Carban Sieel

Traye: 55 410
v 4
:
13 3
Shell; 55 410
Trays: 55 410 2
1

Pipe: Carbon Steel

Fig. 9. Simplified schematization of the overheads systems in the units plus the entire tower metallurgy description.
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Fig. 10. Schematic of crude feed, desalter, atmospheric distillation unit, and overhead circuit along with common corrosion and fouling problems
(Kapusta et al., 2001).

TaBLE 1T
CHEMICAL COMPOSITION OF THE TOWER INTERNALS IN THE STAINLESS-STEEL
SECTION. 1-VALVES 2-TRAYS 3-HARDWARE

Element Weight %-1 Weight %-2 Weight %-3
C 0.18 0.22 0.04
Mn 0.44 0.58 0.39
Si 0.39 0.48 0.49
S 0.01 0 0
P 0.04 0.04 0.05
Cr 12.46 13.91 13.19
Ni 0.17 0.07 0.15
Mo 0.02 0 0.01
Cu 0.04 0 0.18
A% 0.05 0.03 0.05
Ti 0 0 0
Al 0 0 0
Co 0.01 0 0.01
Nb 0 0 0
w 0.01 0.01 0.01
Pb 0 0 0
Sn 0.01 0 0.02
As 0.05 0.03 0.03
Ca 0 0 0
B 0 0 0
Fe 86.1 84.6 85.3
Sb 0 0.01 0.01

IV. CONCLUSIONS

After having evaluated the operational context and the
evidence of the inspections and analyzes carried out, it
can be concluded that the degradation mechanism that
has affected the internals of the atmospheric distillation
tower under study was Corrosion by Ammonium Chloride
(NH,CI) in Combination with Corrosion by Hydrochloric
Acid (HCI). These mechanisms caused irremediable damage
to the mechanical and metallurgical integrity of the tower’s
internals, making its operational performance impossible.

To remedy this problem and avoid a new occurrence,
it is necessary to implement operational improvements,
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such as optimizing the primary treatment of crude oil in
production facilities, reducing the water and sediment
content to a maximum of 1%, control the content of salts
after desalters to a maximum of 30 ptb, define a new
tankage strategy that improves dehydration, and, update
the operating model of chemical treatments and washing
water systems to adapt to the new conditions of the diets
of the refinery.
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