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�e petroleum re�ning industry employs a wide variety of heat transfer-based equipment which tend to foul due to the complex
nature of associated �uid streams and process conditions. Over the years, di�erent test methods have been researched to
understand fouling at the lab, pilot, and/or plant level. Several of these investigations have been limited to understanding fouling
in static re�nery streams or under non-practical operating conditions. �e present study experimentally demonstrates the
potential of a high-temperature batch stirred coupon test rig to characterize fouling under noncoking conditions for a speci�c
re�nery stream of interest. Experiments were conducted using a representative crude oil stream (obtained from a re�nery) in a 2-
liter batch autoclave system with a facility to immerse coupons attached to a rotating shaft into the stream during related test runs.
�e couponMaterial of Construction (MOC) was chosen similar to the MOC of the tubes used in a re�nery crude heat exchanger
train. Experiments covered a range of bulk temperatures from 250°C to 300°C at 100 RPM. �e foulant deposits obtained were
found to have a strong (hard) and weakly (soft) adhering component. In the temperature range investigated, the hard and soft
deposits were largely inorganic and organic in nature, respectively. �e �uid bulk temperature was found to in�uence hard and
soft deposit formation. �e foulant deposits were characterized using TGA, CHNS, XRD, and SEM/EDAX, respectively. �e iron
and sulfur content in the hard deposit was more than 45% in total, indicating that the fouling mechanism was corrosion-based
resulting from the formation of FeS on the surface.�e thermal history of the soft deposit was distinct from the crude oil used.�e
results obtained con�rm the potential of the coupon test rig for understanding fouling in re�nery streams.

1. Introduction

Petroleum or crude oil re�ning has long been the primary
backbone for meeting global energy demands, producing
fuels that have been used in industry, transportation, and
homes. Fouling has been identi�ed as a major cause of sub-
optimal operation in re�nery systems leading to plant
downtime and production loss [1, 2]. �is occurs as a result
of increased thermal resistance caused by the deposition of
unwanted organic and/or inorganic materials present in a
petroleum stream when �owing over surfaces of processing
equipment [3, 4]. More than 3% reduction in re�nery

operational e£ciency and revenue can be attributed to
fouling in such equipment, particularly at higher temper-
atures. Furthermore, the environmental impact due to
fouling in re�neries accounts for signi�cant emissions of
carbon dioxide (CO2) [5, 6]. Any attempt to mitigate fouling
will help address this dual problem of energy and the en-
vironment simultaneously.

Many fouling mechanisms have been identi�ed to occur
in re�nery equipment, which include crystallization, cor-
rosion, chemical reaction, and particulate deposition. �ese
mechanisms act individually or in combination with each
other [7]. Several theoretical and experimental studies to
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date have attempted to better understand these complex
mechanisms. One approach involves characterizing oils
under static conditions and evaluating fouling propensity
based on stream incompatibility and concentration of sat-
urates, aromatics, resins, and asphaltenes [8–16]. *is is,
however, of little interest in refineries where the unit pro-
cesses and operations involved are dynamic in nature.
Fouling is also dependent on factors such as temperature,
flow velocity, time, and equipment surface characteristics.
*e emphasis should therefore be on predicting fouling
under dynamic conditions, utilizing the most advanced test
rigs to generate foulant deposits for characterization, and
eventually extrapolating this information to systems in
practice. Laboratory test setups have been developed for this
purpose. Some of the major approaches in the design of such
setups have been patented [17–22]. Table 1 presents a
summary of significant experimental investigations con-
ducted over the years with the associated fluids used and
operating temperatures.

*ese studies were mainly concerned with examining the
impact of fouling on heat transfer on tubular test surfaces.
However, these investigations are limited by the constraints
imposed by

(i) Accelerated fouling promoted by electrical heating,
resulting in nonuniform surface temperatures [26]

(ii) Nonpractical temperature differences between the
test surface and fluid [1, 24–27, 29]

(iii) Use of test fluids that are distinct from crude and
heavy oils [23, 29]

(iv) High sample requirement [17]
(v) Cumbersome experimental protocols [26, 28, 31]

Attempts have also been made to characterize foulant
deposits in some of these studies [26, 31–39]. However, the
deposits characterized were those that adhered non-
uniformly to heated surfaces under varying operating
conditions. Deposit characterization has also been based on
the flow of multiple streams of different nature over surfaces,
especially when such studies were carried out in systems
encountered in practice [32].

Fouling mechanisms can be better understood by testing
a specific stream of interest under fixed operating condi-
tions. *e know-how can then be applied to study heat
transfer on surfaces that foul when exposed to changing

temperatures and fluid velocities. *is formed the genesis of
the present work which aims to demonstrate the potential of
a novel batch coupon test rig with an autoclave in predicting
fouling under dynamic flow conditions.

*e autoclave design was based on an approach adopted
by Wang andWatkinson [31, 40, 41] who studied fouling on
a cylindrical surface immersed in a rotating fluid maintained
at a constant temperature. *e coupons represent differ-
ential surface elements of fouling heat transfer surfaces at
constant temperature and near-uniform shear stress [42].
*e rig facilitates easy removal of deposits for further
analysis and characterization. *is work emphasizes on
relating inorganic foulant deposition on a surface to the
easily measurable fluid bulk temperature as against the
surface temperature, which has been the focus in past in-
vestigations, but is never monitored in practice. *e tem-
perature range chosen for this study corresponds to the
conditions under which corrosion fouling has been widely
observed in refinery systems. Details of the rig, experiments
performed, and results are presented herewith.

2. Materials and Methods

2.1. Experimental Test Rig. A photograph of the assembled
test rig is shown in Figure 1. *e 2-liter autoclave (120mm
ID and 300mm height) was made of SS-316L and sur-
rounded by a 2.5 kW ceramic band heater (127mm ID and
260mm height) fitted with a cascade controller. *e

Table 1: Summary of important experimental investigations conducted on fouling.

Test facility Test fluid Tbi (°C) Tbo (°C) Tw (°C)

Continuous flow system [17] Crude oil 130 220 300
Batch autoclave [23] 10% Indene in kerosene 82 — 188
Continuous flow loop system [24] Crude oil 70–85 — 100–125
Continuous hot liquid process simulator (HLPS) [25] Light crude oil 65 — 250–400
Batch stirred cell system [26] Crude oil blends 240–280 — 345–420
Pilot-scale parallel tube apparatus [27] Maya crude oil 150 — 250–280
Continuous flow loop system with recirculation [1] Crude oil and heavy oil blends 85 — 220–370
Continuous high-temperature fouling unit [28] Crude oils 40–300 — 114–515
High-pressure crude oil fouling rig [29] Nonfouling oil <100 — −

Continuous bench-type fouling test rig [30] Crude oils and blends — — 393

Reflux Condenser

Head assembly

Bayonet
temperature

sensor

Vent valve

Pressure gauge
Pressure transmitter

Autoclave with
heater

assembly 

Figure 1: Photograph of the test rig.
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controller was driven by a temperature sensor that measured
the outer surface temperature of the autoclave. *is tem-
perature, based on trial run investigations, was always
maintained at a set value above the bulk temperature of the
fluid inside the autoclave. *is difference was on average
around 35°C and facilitated maintaining the fluid temper-
ature at the desired value.*e autoclave and heater assembly
were insulated using glass wool to prevent heat loss. A head
assembly was used to close the system when in operation.

A Bourdon pressure gauge attached to this assembly
(WIKAmake, range: 0–100 bar, accuracy: ±1.0% of full scale)
was used to measure the inside pressure of the autoclave. *e
pressure was also recorded using a WIKA make pressure
transmitter (range: 0–150 bar, accuracy: ±0.5% of full scale).
Cooling water was circulated through a jacket enclosing the
pressure gauge and pressure transmitter to avoid overheating
these systems. A reflux condenser was used to condense any
low boiling vapors arising from the sample during the test
runs, which were directed back into the autoclave by gravity.
A vent valve at the outlet of the condenser in a closed position
helped maintain the system pressure and prevent the release
of any vapor into the atmosphere during experimentation.
*e same valve was opened and used to depressurize the
system at the end of every run.*e autoclave was designed to
operate below pressure and temperature of 100 bar (g) and
500°C, respectively. *e fluid temperature was measured
using two Nickel-chromium/Nickel-aluminum (K−type)
thermocouples positioned at a distance of 135mm and
290mm from the head assembly. A flush bottom valve
provided at the bottom of the autoclave was used to discard
the sample after each experimental run.

*e coupons used for experimentation were made of
carbon steel (AISI 1060) with dimensions of 7.5 cm
(length)× 1.2 cm (breath)× 0.1 cm (thickness). *ese cou-
pons were positioned vertically at two prescribed levels on a
solid central shaft (290mm in height) mounted on the head
assembly. At a particular level, the coupons were anchored
between two adjustable circular discs using ceramic washers
and screws. A maximum of 6 coupons (at 60° positions on a
disc) could be anchored at a particular level. In all, a
maximum of 12 coupons could be accommodated across the
two levels.

A clamp was used to hold the shaft in place, thereby
eliminating vibration of the shaft while rotating at RPM
values greater than 500.*e shaft rotation could be varied up
to a maximum of 1400 RPM. A detachable agitator at the
lower end of the shaft prevented the formation of dead zones
at the autoclave bottom and ensured sufficient mixing of the
sample mass. Figures 2(a) and 2(b) show photographs of a
test coupon and a set of coupons anchored to the shaft along
with the agitator, respectively.

*e central shaft was rotated using a magnetic drive unit
comprising two interconnected magnets arranged concen-
trically. While the inner magnet was connected to the shaft,
the outer magnet was coupled to an electric motor (1/4 HP,
AC supply) mounted on a support plate through a torque
sensor (0−10 N–m). A SCADA-based Data Acquisition
System (AMARDAS 4.0) provided by Amar Equipment Pvt.
Ltd. (Mumbai, India) was used to record data. *e product

gases from the autoclave were safely released into the at-
mosphere through the outlet of the condenser before
opening the reactor system at the end of each test run.

2.2. Experimental Method. Prior to the start of a run, all
coupons were polished using sandpaper (Grit size: 180) to
remove surface flaws, if any, and washed with distilled water
and acetone. After cleaning, these coupons were dried at
room temperature and their surface roughness was mea-
sured using a portable surface roughness tester (Surftest SJ-
410 Series, Mitutoyo make, Japan).

*e coupons were independently weighed using an
analytical balance (Shimadzu make, accuracy: 0.1mg) and
mounted on the shaft using the anchoring arrangement
discussed in Section 2.1. *e autoclave was filled with ap-
proximately 1.8 liters of crude oil and closed by bolting the
head assembly. *e motor was coupled to the shaft via the
magnetic drive and locked into position. With the vent valve
at the reflux condenser outlet closed, the system was pres-
surized to 30 bar (g) with nitrogen and leak tested for 2 hours
to assess the integrity of the test rig. *e system was then
depressurized to ∼8 bar (g).

*e fluid was heated to attain the desired bulk tem-
perature of 250°C at 100 RPM. *e two thermocouples used
to measure the bulk temperature were within 1°C of each
other under these conditions. Tests showed that no signif-
icant deposition occurred during this heating process. *e
system was allowed to operate for 80 hours following which
the heater was switched off and the fluid cooled to ∼120°C
without agitation. *e system was then depressurized to
atmospheric pressure using the vent valve.

*e head assembly along with coupons attached to the
shaft was thereafter unbolted from the autoclave and kept on
a custom-designed side seat for 8 hours.*is enabled cooling
of the assembly to room temperature and gravity draining of
the test fluid which would have adhered to the coupons
during removal. Each coupon with accumulated foulant
deposits was detached from the shaft, washed using 100ml
of n-heptane as a solvent, dried for 1 hour at room tem-
perature, and weighed. Deposits washed away with n-hep-
tane were collected in a Petri dish. *e Petri dish and its
contents were placed in an oven for 8 hours, maintained at
100°C to evaporate the solvent, and its weight was subse-
quently noted. *e above protocol was repeated at 275 and
300°C at the same agitation speed with the test fluid sample
taken afresh in each experiment.

*e relatively long experimentation time and limited
availability of test samples posed a constraint on repeating
experiments using a single coupon under the same operating
conditions. Results from multiple coupons immersed in the
autoclave fluid during a particular test run were therefore
used to confirm the consistency of the results.

3. Results and Discussion

3.1.NatureofDeposits. Fouling was promoted on the surface
of 12 coupons immersed in a crude oil sample provided by
BPCL Corporate R&D Center. *e important properties of
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the oil are listed in Table 2. As mentioned in Section 2.2, each
coupon was removed and washed independently with
n-heptane. A part of the foulant deposits formed was found
to be carried away by n-heptane, while a portion remained
strongly adhered to the coupon surface and could only be
removed by scraping.*ese are henceforth referred to as soft
and hard deposits, respectively. Figures 3(a) and 3(b) show
hard deposits (HD) accumulated on a coupon and collected
after scraping. *e soft deposit (SD) in n-heptane and after
drying is shown in Figures 4(a) and 4(b), respectively.

3.2. Characterization of Hard Deposits. Hard deposits were
collected from two separate test runs carried out at 275 and
300°C for a duration of 80 hours.*ese deposits were scraped
from both surfaces of each coupon using a stainless steel
scalpel and cumulatively collected. Sufficient care was taken
during scraping to ensure that the couponswere not damaged
during the process (confirmed by measurement of surface
roughness prior to the commencement of the next run). *e
deposits were characterized using TGA, CHNS, XRD, and
SEM/EDAX.*echaracterizationprotocol adoptedwasbased
on an analysis philosophy suggested by Brons et al. [43] and
summarized by Chew et al. [44]. *e sequence of analyses
involved two levels as illustrated in Figure 5.

*ermogravimetric analysis (TGA) was used to estimate
the relative quantities of volatile/combustible (organic) and
nonvolatile (inorganic) components in the hard deposits.
Tests were performed using a TGA–DSC (Make: TA In-
struments (Waters), Model: Discovery SDT 650). Approx-
imately 9mg of HD sample was first heated in a nitrogen
environment from 30°C to a final temperature of 800°C at a
scanning rate of 10°C/min and subsequently combusted in
the air for 20minutes at 800°C. *ese parameters were se-
lected on the basis of trial runs and information provided in
the literature [44].

Table 3 shows the weight percentage of volatiles, com-
bustibles, and ash in the deposits collected at 275°C and
300°C at 100 RPM. *e organic content is found to increase
with temperature. *e high percentage of ash confirms the
deposits to be predominantly inorganic in nature.

*e sulfur content in the deposits was estimated using a
CHNS analyzer (*ermo Scientific make, Model FLASH
2000). *is analysis also helped quantify the content of
carbon (C), hydrogen (H), and nitrogen (N) in the deposits.
*e results are tabulated in Table 4.

*e results indicate a relatively high content of sulfur in
the deposit samples (∼30% and above). *e hydrogen to
carbon ratio was found to be 1.73 and 1.93 at 275 and 300°C,

Table 2: Properties of sample 1.

Element Result
API 30.87
Viscosity (cP) @ 38°C 2.631
Viscosity (cP) @ 200°C 0.843
C (wt. %) 84.72
H (wt. %) 12.43
N (wt. %) 1.93
S (wt. %) 1.83
Saturates (wt. %) 25.58
Aromatics (wt. %) 44.38
Resins (wt. %) 27.37
C7 asphaltenes∗ (wt. %) 1.76
CII 0.38
Fe (ppm)∗∗ 2.31
Mg (ppm)∗∗ 1.26
Na (ppm)∗∗ 7.16
Ni (ppm)∗∗ 6.95
Si (ppm)∗∗ 86.54
V (ppm)∗∗ 17.7
∗Estimated using ASTM D 6560 protocol. ∗∗Elemental analysis done using
ICP-AES.

(a)

Shaft

Coupon

Agitator

Clamp

(b)

Figure 2: (a) Test coupon. (b) Photograph of the shaft, coupon assembly, and agitator (only 2 coupons shown attached at each level).
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respectively. *ese H/C values indicate that the organic
content in the deposit at the two temperatures investigated
has degraded less with time to form coke-like material [44].

*e XRD spectrum of hard deposit samples at the two
temperatures is shown in Figure 6.*e analysis was done for
2θ values from 10 to 80° using an X-Ray Diffractometer
(Model: Bruker D8 Advance).

*e spectra show characteristic peaks of iron sulfide and
iron oxide at both temperatures. *e peak intensities con-
firm the deposit samples to mainly contain iron sulfide
compared to iron oxide. *e XRD pattern at 300°C shows a
dominant peak of sulfur at a 2-theta position of 27.32° [45].
*e presence of sulfur in refinery deposits has been reported
in the literature [38].*e crystallite size of FeS was calculated
using the Scherrer equation and estimated to be 40.92 nm
and 85.93 nm at 275 and 300°C, respectively. *e crystallite
size of iron oxide was also found to increase with temper-
ature and was estimated to be 7.70 nm at 275°C and 15.98 nm
at 300°C. *e relative crystallite sizes obtained confirm the
formation of FeS to dominate the formation of iron oxide at
the respective temperatures.

3.3. Characterization of Soft Deposits. *e soft deposit col-
lected was also analyzed using a TGA. Figure 7 shows the
thermal behavior of soft deposits collected at 300°C and 100
RPM.

*e soft deposit is largely organic in nature with the
composition of volatiles and combustibles being more than

(a) (b)

Figure 3: (a) Hard deposit on the coupon before scraping. (b) Hard deposit after scraping (obtained at 275°C, 100 RPM, after 80 hours of test
run).

(a) (b)

Figure 4: (a) Soft deposit in n-heptane. (b) Soft deposit after drying (obtained at 275°C, 100 RPM, after 80 hours of test run).

Sample Preparation TGA
Elemental Analysis

CHNS

Level 1 Analysis

Level 2 Analysis 

XRD

SEM /EDAX 

Figure 5: Fouling deposit analysis sequence.

Table 3: TGA results for hard deposits.

Components
Hard deposit composition

(wt. %)
275°C 300°C

Volatiles 8.2 9.6
Combustibles 7.5 11.3
Ash 84.3 79.1

Table 4: CHNS Analysis data for hard deposits.

Elements Composition (wt. %)
(275°C, 100 RPM)

Composition (wt. %)
(300°C, 100 RPM)

C 7.84 8.89
H 1.13 1.43
N 0.01 0.04
S 32.34 29.78
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95% at this temperature. No weight loss was observed in the
soft deposit sample up to 160°C. *e weight loss in SD is
∼14% and ∼85% at temperatures up to 300 and 475°C, re-
spectively. *is indicates the presence of heavier material in
the soft deposit which is potentially formed via chemical
reactions of precursors transported from the bulk or in the
crude sample near the coupon surface. *e combustible
component in the SD is ∼9.7% compared to ∼2.5% in the
crude. Past works have reported this part of the deposit to
contain trapped crude oil. Subsequently, a TGA analysis of
fresh and used crude from the above test run was also carried
out, the thermal behavior of which is also shown in Figure 7.
It is observed that the crude oil before and after use loses
appreciable weight (∼96%) as the temperature is ramped up
from 30 to 475°C. Figure 7 also shows the thermal history of
C7 asphaltenes extracted from the fresh crude sample. *e
nature of SD is also distinct from asphaltene.

3.4. Surface Morphology of Coupons. Figures 8(b) and 8(c)
show the morphology of the hard deposits on the surface of a
coupon (without scraping) at 275 and 300°C, respectively.

*e surface morphology of a clean coupon referred to as
control is also shown in Figure 8(a) for reference purposes.

*e SEM micrograph indicates the agglomeration of
deposit structures on the coupon at both temperatures. *e
agglomeration results in terrace-like structures at 300°C.
Elemental mapping of deposits on the surface at the two
temperatures is shown in Figure 9. *e presence of sulfur at
300°C is consistent with the XRD spectra obtained for this
element at the same temperature.

An EDAX analysis indicated the presence of carbon,
iron, sulfur, and oxygen. No sulfur was detected on the
control surface. *e composition of Fe and S in the deposit
layer was greater than 45% at the two temperatures
investigated.

*e characterization of the hard and soft deposits pre-
sented in the preceding sections leads to the following
observations:

(i) Both hard and soft deposits contribute to the fouling
process. *e results obtained in the present study
align with the hypothesis of Atkins [46] who pro-
posed that a fouling layer might comprise a porous
or tarry layer and a hard crust layer.

(ii) *emechanism of fouling is largely corrosion-based
at the temperatures investigated and driven by the
formation of FeS on the surface.*is agrees with the
identification of more than 45 wt. % in total of Fe
and S elements in the hard deposit.

(iii) *e presence of iron and oxygen in the hard de-
posits is indicative of iron oxide forming on the
surface, confirmed by a change in surface mor-
phology and confirmed by the XRD spectra shown
in Figure 6.

(iv) *e nature of SD is different from crude and its
effect on fouling must be accounted for when
predicting the associated fouling mechanisms.

*ese observations are consistent with the findings of
several laboratory studies made on crude oil corrosion
[31, 40, 41]. *ese studies, however, do not emphasize the
role of SD in the fouling phenomena. Sulfur is generally
present in refinery streams such as H2S, organosulfur (thiols,
mercaptans, sulfides, benzothiophenes, polysulfides, etc.),
and/or elemental sulfur. With sulfur being distributed across
the carbon chain in these compounds, the C–S bonds break
to form H2S under appropriate conditions of temperature.
In the absence of oxygen in the crude, naphthenic acid in
crude oil reacts with iron on the coupon surface to iron
naphthenate. Behranvand et al. [38] have shown carbon steel
surfaces to be susceptible to naphthenic acid attack at
temperatures above 260°C. *ese naphthenates decompose
at higher temperatures into FeO which react with H2S
eventually forming FeS. In another mechanism, FeO which
is thermodynamically unstable further forms Fe2O3/Fe3O4
and iron. *e iron reacts with H2S to form FeS. An XRF
analysis of the hard deposit at 300°C showed the absence of
FeO in the sample. An XRD analysis of hard deposits
confirmed the presence of Fe2O3/Fe3O4. *e formation of
this sulfide layer leads to changes in surface properties like
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interfacial tension, surface area, and surface roughness,
which in turn promotes further fouling which is largely
organic in nature and originates from the soft deposit ad-
jacent to the sulfide layer.

3.5. Temperature Effect on the Formation of Hard and Soft
Deposits. *e influence of bulk temperature on the amount
of hard and soft deposits formed on a coupon surface is
discussed in this section. *e results for three different bulk
temperatures at 100 RPM are shown in Table 5. Both hard
and soft deposit formation is found to increase with
temperature.

*e amount of hard deposits formed at 250°C is one
order of magnitude lower than the amount of soft deposits
formed at the same temperature. *e order of magnitude,

however, becomes comparable at 275 and 300°C. *is can be
attributed to an increase in the rate of formation of FeS on
the coupon surface at these temperatures. *e higher
temperature also promotes chemical reactions in the soft
deposit and subsequent conversion of soft deposits to hard
deposits due to the change in surface characteristics. *e
reaction rate of the chemical species and adhesion in the soft
deposits dominates the rate of formation of FeS at higher
temperatures. Table 5 also shows the respective amounts of
deposits formed on another coupon under the same con-
ditions. *e results obtained are consistent with the data
obtained from the TGA analysis.

In practical systems at near-constant stream velocity,
fouling will depend on a combination of bulk and surface
temperatures, the effect of which based on the present in-
vestigation is summarized and shown in Table 6.*e Table is

(a) (b) (c)

Figure 8: SEM images of coupon surface (a) without deposit (b) with deposit at 275°C (c) with deposit at 300°C.

275°C 300°C 

Figure 9: Elemental mapping on coupon surface with hard deposits at 275 and 300°C.

Table 5: Effect of temperature on the formation of hard and soft deposits.

Bulk temperature at 100 RPM (°C)
Hard deposit (mg) Soft deposit (mg)

Coupon 1 Coupon 2 Coupon 1 Coupon 2
250 5.7 5.7 14.7 14.9
275 14.0 15.7 17.6 22.1
300 21.5 23.4 31.5 38.1

Table 6: Fouling potential of refinery streams based on the combination of bulk and surface temperature.

Bulk temperature Surface temperature Fouling potential Nature of foulant deposit
High High High Hard deposit
High Low Low Soft deposit
Low Low Low Soft deposit
Low High High Hard deposit

International Journal of Chemical Engineering 7



indicative and fouling will also be dependent on other factors
like changes in stream velocity, oil composition, and MOC
of the surface. *e results obtained present an excellent case
for adopting the test rig to characterize fouling associated
with liquid refinery streams. Future work involves operating
the rig at higher temperatures (greater than 330°C) and RPM
values to characterize asphaltene-based fouling and inves-
tigate the role of stream velocity on foulant deposition rate.

3.6. Conclusions. *e feasibility and potential of a custom-
designed coupon test rig have been experimentally dem-
onstrated to study fouling in refinery streams. *e test rig
facilitates the use of coupon strips of simple geometry in-
stead of the normally adopted tubular and annular surfaces,
which greatly enhances the ease of operation during ex-
perimentation. Using a limited amount of test samples, this
versatile test rig enables understanding of the effects of
varying bulk temperature (easier to measure against surface
temperature) on the foulant deposition rate and subsequent
collection of these deposits for further characterization using
a consistent repeatable and reproducible analytical protocol.
It facilitates easy estimation of fouling rates under specified
operating conditions. Studies conducted using a represen-
tative refinery stream indicated FeS-based corrosion to be
the primary cause of fouling at the temperature levels in-
vestigated. Foulant deposits on a coupon surface were found
to be hard and soft in nature. *e amount of hard and soft
deposits formed is influenced by bulk temperature. *e
effect of the soft deposit must be accounted for when
characterizing fouling. *e rig can be used to predict fouling
at temperatures greater than 300°C which is the scope of
future work. *e data obtained from this rig can be used in
conjunction with and supplement the fouling know-how
available from systems based on heat transfer studies, thus
providing further understanding of related complex fouling
phenomena.

Nomenclature

T: Temperature (°C)

Subscripts

b: Bulk
i: Inlet
o: Outlet
w: Wall.
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