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Research Activities
The University of Tulsa is drawing on its downstream expertise and the support of 24 member companies to
understand the delayed coking process. Through one of its 14 research consortia, TUDCP, it has added a “one of
a kind” gamma densitometer system that provides a way to visualize what is going on in a coke drum that is at
temperatures up to 950 degrees Fahrenheit. This device allows one to study both morphology and foaming. This
research project is developing robust screening and process
optimization models that result in savings of energy as well as
maximizes product yields to enhance refinery margins by finding
ways to reduce the amount of contaminants in coke, making it
better suited for commercial use in the metals or chemistry
industry, as well as ways to reduce the amount of sulfur in the
gasoline and diesel fractions to meet the stringent sulfur
requirements. This work is also resulting in a better
understanding of how coke morphology is affected by feedstock
and processing parameters, allowing better prediction of shot
coke formation and minimizing HES related concerns by
providing insight as to why settling, poor drainage and hotspots
occur in coke drums. Foaming studies are providing better
understanding of the foaming process in the coke drum and will
result in refinery cost savings through optimized use of
antifoams. Reducing the amount of antifoam used in the coke
drum by $.10 per ton would save refiners $5 million per year. A
unique quartz coker that operates at a pilot scale allows
visualization of foaming events as well as quantification of
parameters relevant to foaming through the use of a near infrared
Gamma Densitometer Scans
camera. In partnership with members, new research areas are
focusing on ways to increase the amount of liquids and reduce the amount of coke produced to economically
significant levels by adjusting the operation conditions as well as through the use of additives the most recent of
which are hydrogen donor additives. Kinetic studies that focus on reactions in the furnace as well as in the coke
drum have been successfully concluded to enable proper modeling and optimization of the delayed coking
process as well as the refinery at large. Fouling, although generally considered stochastic is another area of
research that if well understood has the potential of saving millions of dollars for refiners. This is an area for
which the project has generated valuable information and correlations as well as data to enable the detailed
modeling of the coker furnace fouling. Other areas of research are the detailed characterization of the sub
product liquids from the coker to predict and subsequently control properties of these subproducts, changing
the coke morphology to increase coke product quality, and development of nonsilicon based antifoams that
would save millions of dollars by not fouling catalysts. The research budget is in excess of $2,000,000 per year.
Time Frame
Phase I January 1999 to May 2002
Phase II June 2002 to May 2005
Phase III June 2005 to May 2008
Phase IV June 2008 to May 2011
Phase V June 2011 to May 2014
Phase VI June 2014 to May 2017
Industry Leveraging: 20 to 1

Funding
$35,000/yr
$40,000/yr
$45,000/yr
$50,000/yr
$55,000/yr
$65,000/yr
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Facilities
TUDCP currently has six small scale facilities (Mini coker,
Hot liquid process simulator (HLPS), BR distillation unit,
Fouling facility, Easeofremoval device and the foaming
unit) and a two coke drum pilot unit. In the past a micro
reactor, a stirred batch reactor and glass batch reactor were
used. The microreactor was used as a screening tool to
characterize coker resid feedstocks’ tendency to make liquid,
gas, and coke products and to do so via a small feed sample
and minimal setup and run time. The stirred batch reactor
was used in the kinetic studies to identify coke precursors, to
study the heat effect on yields (simulate furnace tube), and to
study the kinetics of the thermal cracking reactions during
the tests. The batch glass coker was used to gain an
understanding of what feedstock properties impact foaming.
The pilot unit is used to reproducibly mimic commercial
operation producing sufficient quantities of coke, liquids and
gasses for testing; to investigate and correlate the effect of
feedstock composition and reactor conditions on product
rates and compositions; to quantity sulfur and subproduct
distributions and coke morphology, especially as related to
HES issues; to maximize distillate product
production and minimize coke and gas production;
to study foaming; to find ways to reduce tube
fouling; and to investigate scaleup issues.
Currently, the Minicoker as the name implies is a
scaled down version of the pilot unit. It has a
continuous feed system and products collection
system. The reactions in the coke drum can be
stopped at any time by quenching the reactor with
liquefied CO2. The HLPS and the fouling
facilities are used for detailed studies of fouling at
different fouling regimes. The BR distillation unit
is used primarily for the distillation of coker
product liquids to subfractions in other to
estimate the effect of operating parameters as well
as feed properties on subproduct distribution.
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Database
The number of tests conducted through December 2015 is 2,405. 1,636 tests are delayed coking runs to quantify
yields, study morphology, additives and recycle effects; 125 tests have been conducted to study foaming while
244 tests have been conducted to understand the kinetics in the batch reactor, furnace coil and minicoker. 124
fouling tests have been conducted on the HLPS and serpentine coil. Water and gas samples for environmental
studies have also been collected. All these tests have been conducted using 22 different feedstocks. For each test,
analytical tests are conducted on the coke and liquid products as well as on the deposits in the case of fouling
and the foam samples in the study of foaming. On the coke CHN, Ash, Volatile Matter, Metals and HGI (if
appropriate) are measured. For the liquids and subproduct liquids, API, Sulfur, Metals, SimDist and PIONA
analyses are conducted on the appropriate samples while pH, Phenols and Cyanides are measured on the water
samples. Twentytwo components are measured in an online gas chromatography on a continuous basis on the
gas that is produced. It’s probably fair to say that TUDCP has one of the world’s largest delayed coking
databases.
A master database has been developed to create a unified record for easy access of detailed pilot unit
experimental data by members. It was built using 23 different feedstocks from 11 companies. Over 300+
experimental results from 2005 to 2013 are included in the database. It is continuously being updated.

Screening Studies
Microreactor runs 284
Pilot Unit Studies
Pilot unit runs 1,636
Additive Studies
Morphology Studies
Environmental Studies
Water samples 27
Gas emission samples 18
Recycle Studies
Subproduct Studies
Foaming Studies
A. Batch glass flask 24
B. Batch glass coker 60
C. Continuous glass coker 41
Kinetic Studies
A. Batch reactor 82
B. Kinetic unit (Furnace tube) 90
C. MiniCoker 72
Fouling Studies
A. HLPS 71
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Screening Studies
Micro Coker Studies
The microcoker is a screening tool which was used at the inception of the project. It allows estimating the
coking product yields as well as products quality from a given feedstock in a short period of time. The micro
reactor consists of a syringe pump, preheater (corresponding to the commercial furnace), a coke drum, three
cooled liquid traps, a wet gas meter, and an online GC. Operating conditions for this system are: Temperature
900 to 950 °F, Pressure 6 to 40 psig, and Sample Volume 1/8 Gallon. A set of correlations based on 277 runs
using 11 feeds was developed to predict coke, liquid, gas, gasoline, diesel, gasoil yields and sulfur in the
products for the microreactor. The microcoker correlations have been modified for better predictions based on
pilot plant and industrial yield data.

Coke Produced in MicroCoker

MicroCoker

Pilot Unit Studies
With our Pilot Unit, we have the capability of per forming
many kinds of studies of the delayed coking process.
The following are some of our study objectives:
• Generate data sets for modeling efforts
• Conduct additive studies (current focus on
hydrogen donors)
• Identify key promoters of foaming via parametric
studies
• Foaming optimization and modeling studies
• Identify ways to change morphology and increase
liquid yield
• Stripping and Quenching studies
• Databases for Model Development
• Velocity steam replacement with hydrocarbon gas
• Recycle studies and subproduct liquid studies
• Environmental Studies

Test condition variables
• Temperature 880°F – 950°F
• Pressure 10psi – 70psi
• Feed Rate 1,200 – 18,000 gm/hr
• Feed with or without natural recycle
• Velocity steam or hydrocarbon gas
• Resid Requirements: 10 – 40 gallons
• Antifoam injected via feed line or overhead
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The pilot coker consists of a feed tank and a heated circulation system, and a furnace with both the preheater and
the coke drum. The feed drum holds approximately forty gallons of resid and is mounted on a scale. The outlet
of the drum goes to a pump. All the lines are heat traced. From the pump, the resid can be returned to the feed
tank, sent to a slop tank, or sent to the furnace. Initially, the flow is circulated through the feed tank to allow for
stabilization of the feed flow rate and temperature. Once the unit is “lined out”, the feed can be switched to a
slop tank to establish the flow rate. If the flow rate is correct, the resid is sent to the furnace. In the furnace, the
resid flows first to a preheater coil (mimicking the commercial furnace) and then to a coke drum. Two coke
drum options are available: 3” X 80”, and 5” X 80”. The drum is placed in a furnace that prevents heat loss.
Commercial coke drums are well insulated and have a high volumetosurface area ratio, making them adiabatic.
To simulate commercial steam, water is injected upstream of the preheater coil. Operating variables include
temperature, pressure, steam injection rate, and charge flow rate. The latter two variables affect residence time
and Reynolds number in the preheater coil.

Additive Studies
A large number of runs have been made for the twenty two resids using a wide range of temperatures and
pressures and additives. A data base has been generated using various types of additives such as metal oxides,
chlorides, hydroxides, various polymers, organometallic complexes etc. at various concentrations. Ways to alter
these yields are also being studied. Additives have been tested to reduce sulfur in the liquids or to increase liquid
products. Tests to determine
whether steam and oxygenates
could reduce sulfur in the liquids
and whether oxides or chlorides
would increase liquid yields have
been conducted. Results show that
morphology can be changed and
liquid yields can be increased up to
10%, up to a 5 fold increase in
hydrogen has been obtained and
additives were identified that
resulted in a clean coke drum wall.
Pilot unit additive studies are now
focused on hydrogen donor
additives (patent pending). In order
to improve the economics of the
delayed coker by increasing the
Methane as HDonor
liquid yield, solid additives are
replaced with low cost coker gaseous hydrocarbons as Hdonor. This study takes advantage of the fact that
hydrogen is added through free radical reaction mechanisms at coking conditions. An increase in liquid yield of
up to 8.0 wt% has been recorded at high concentrations of rich gas. This translates to a net increase in liquid
yield of 2,000 BPD for a 25,000 BPD commercial delayed coker.
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Morphology Studies
The feedstock properties have the most effect on the type of coke that a sample will produce. There are criteria
that can be used to try to predict what type of coke a feedstock will produce. The heavier feedstocks tend to
produce more shot coke. However, there is more to the story than just API gravity. Capillary pressure,
permeability and porosity, and thin section analysis are conducted on coke samples to determine the differences
in coke morphology. Based on results from detailed research, a criteria has been established to classify/predict
three classes of coke morphologies based on the Asphaltene/MCR ratio of the feed. Coke produced in the pilot
coker ranges from light sponge to dense shot coke, depending on operating conditions and feedstock.

Shot Coke

Sponge Coke

Environmental Studies
The environmental studies focus on two main parts. The first one deals with the effluent water quality from the
coke drum. The two major toxins being studied are phenols and cyanides. Phenols and cyanides in water usually
come from industrial pollution and petroleum industry is one of industries responsible for the production of
phenols. Increasing amount of phenols in the water stream is a significant toxicity hazard and removing that
toxicity is necessary and of interest for the petroleum industry. In phase VI, TUDCP has started investigating the
cause of these toxins from the commercial delayed coking operation. The main objective of this project will be
to determine their rate of production with types of feedstocks. Also, the effect of coking operating conditions
such as temperature and pressure on the phenol formation will be studied.
The second part of the study deals with the volatile organic compounds
(VOCs) emissions during coke drum venting. Volatile organic compound
(VOC) emissions from delayed coking drums have come under increasing
scrutiny from environmental regulatory agencies in recent years. These
emissions come primarily from venting the drum, following water quenching.
Unfortunately, there is little hard data on how much VOCs are released during
venting. The objective of this project is to gather hard data on the VOCs
PolyPhenols
released from the venting process following quench. The emissions are
expected to be a function of drum pressure/temperature, total quench water used (which is in turn a function of
coke porosity and morphology), feedstock properties, and operating conditions (temperature, pressure).
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Recycle Studies
Recycle experiments have been performed by TUDCP for several years. The method used to study this
phenomenon has evolved. As an overview, the old method to perform these experiments was to mix the recycle
sent by the JIP members into the feed tank with the resid to be tested. The pilot unit has been retrofitted in order
to produce online HCGO recycle. By performing these new natural recycle production experiments the
potential amount of natural recycle produced for different types of feedstock at different operating conditions
can be quantified. This is important for estimating the limiting amount of recycle to be injected into the coke
drum with the residue feed. The recycle cut point can be adjusted to produce different natural recycle liquid
temperature cuts by means of heat tracing. The effect of recycle on the coker products and subproducts are
being correlated.

Detailed SubProduct Studies
This project focuses on the detailed analysis of delayed coker
liquid subproduct. The liquid product from the pilot coker is
distilled in the inhouse BR distillation unit. Associated analytical
tests are conducted on the subfractions. This is an important area
to study as it can help to predict the quality of delayed coker
products, to estimate impact of coker products on downstream
operations as well as to help with handling changes in feed
composition or operating conditions. The project objectives
included conducting detailed analysis on a wide range of
feedstock with the aim to develop correlations to predict sub
product yields, PIONA component in the naphtha fraction,
viscosity of the HCGO fraction, and API gravity and sulfur
content of the subfractions. The effects of recycle on these sub
products are also documented and correlated.

BR distillation unit

Sulfur in distillation cuts

• 2liter D2892 distillation
• 1liter D5236 distillation
• A 15 theoretical plate crude Distillation unit
• Capable of atmospheric and vacuum
distillation with continuous 8 fractions
collection capabilities
• Automatic temperature control and fraction
collector system
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Foaming Studies
The foaming studies have evolved over the years. Initially, they were conducted in a
small glass coker that consists of a syringe pump with stirrer, preheater
(corresponding to the commercial furnace), a glass reactor, three cooled liquid traps,
a wet gas meter, and an online GC. Now, the foaming unit is a 4foot long 3inch
borosillacate (or quartz) coker connected to a feed system similar to the pilot unit
feed system and capable of running 3,600g/hr and operating at pressures up to 40 psi..
A near infrared camera is used to visualize foaming events in this unit.
The foaming studies have evolved over the years. Initially, they were conducted in a Bubbles forming during foaming
small glass coker that consists of a syringe pump with stirrer, preheater (corresponding to the commercial
furnace), a glass reactor, three cooled liquid traps, a wet gas meter, and an online GC. Now, the foaming unit is a
4foot long 3inch borosillacate (or quartz) coker connected to a feed system similar to the pilot unit feed system
and capable of running 3,600g/hr and operating at pressures up to 40 psi. A near infrared camera is used to
visualize foaming events in this unit.
Initial glass coker studies were made to study foam height using
batch or continuous feed modes, runs using solids, and other
additions to study the effect on foaming. Yields were also obtained.
Bubble size and other properties that effect foaming, such as, solids,
TAN and natural surfactants were studied. The result was a first
generation foaming model. Now, the new system operates only in a
continuous mode and allows run times of up to 2 hours. This new
system also has a unique vacuum operated foam sampling device
that allows realtime foam sampling. Valuable analytical tests such
as API, simdist and surface tension are conducted on these foam
Foaming Tendencies
samples. Foaming information is also gathered from the pilot unit
via the gamma densitometer. This allowed the first generation model to be refined. NonSilicon based antifoams
have been identified and US Patent 8,419,931 B2 was filed and approved.

Tall Glass Reactor setup

Feed system for Continuous Flow Reactor
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Kinetic Studies

Panoramic view of the kinetic unit

The kinetic studies have been carried out in three stages. The first was in the batch reactor to get a first pass
model. The second was carried out in helical and serpentine furnace
coils which are part of the kinetic facility. This facility was constructed
in order to expand the range of experimental conditions and also to
generate data closer to industrial furnace conditions. The improved
experimental data from the new kinetics facility has been used to
improve the fit for the kinetic model. It ensures a more fundamental
approach using first principles and avoids the heavy use of empirical
correlations should ultimately prove more successful. The last study
was conducted on a continuous flow mini coker to simulate what
happens in the industrial coke drum. The details of these studies are
highlighted here.

Batch Reactor Studies

Stirred Batch Reactor

To study the thermal cracking reactions, experimental runs were performed in a stirred batch reactor for
six different resids where the gas, liquid, and coke were analyzed through elemental analysis and simulated
distillation. During the experiments, resid samples were drawn from the reactor at different temperatures ranging
from 775°F to 850°F. Additionally, over 150 thermogravimetric tests (TGA) were conducted for the six resids
and the resid samples drawn from the reactor. The stirred batch and TGA results were used to develop a kinetic
model with three parallel reactions that produce gasoline, diesel, gas oil, gas, and an intermediate that forms
coke. The model uses one activation energy and three frequency factors for the three reactions to successfully
predict the production of liquid and its subproducts within + 2% error of the experimental data.
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Furnace Tube Studies
The kinetic facility is equipped with a vertical furnace containing a helical coil and a horizontal furnace
containing a serpentine coil that accurately represents furnace
coils used in industry. This aim of this project was to generate
coker furnace kinetic data closer to industrial conditions.
Experiments were made in both furnaces and data from the
serpentine coil was processed with CFD to obtain kinetics.
HYSYS was used to predict properties for the products.
Correlations for kinetic parameters were developed as a
function of T and feedstock properties. The correlated kinetics
were used to compare CFD yields with the regressed kinetics.
An Excel model was completed and it was found to agree very
well with the experimental/CFD data.
Horizontal Furnace – Serpentine coil

MiniCoker Studies
The need for a thorough study on the kinetics of mesophase and coke formation as it applies to industrial coke
drums is justified based on the gaps obvious in the information available in the literature. Such a model will be
beneficial in helping with decision making during a shutin; it will also be helpful for producers who are
interested in varying the volatile matter of the coke; finally, it will be useful for producers using additives that
affect mesophase formation. The goal of this project was to develop a kinetic model that predicts the rate of
formation of coke and other products in a delayed coker for different feeds at different conditions. The data for
this model was gathered from a unique continuous flow minicoker designed especially for this purpose. A
simple model that accurately describes the chemistry and physics of the delayed coker was desirable. One such
model has been developed by TUDCP.

MiniCoker
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Fouling Studies
Fouling is an important although not very well understood topic in delayed coking. The goal for the fouling
project at TUDCP has grown and evolved over the years. Two devices are used to study fouling. One, a smaller
scale device called the Hot Liquid Process Simulator (HLPS), operates at a different severity level than the
second, a pilot scale furnace containing a
serpentine coil. The pilot scale device is used
in conjunction with an EaseofRemoval
(EOR) tool to collect the deposits in the coil.
Both devices give interesting insights into the
mechanisms of fouling. The effect of certain
metals on the fouling as well as the deposition
of these metals in the foulant layer have been
studied, quantified and correlated (using
C7/MCR, Temperature, Pressure, metals).
Recently, the mechanism of fouling has been
investigated and studies carried out with
straight resid show clearly either of two fouling
mechanisms (asphaltene precipitation or
coking) dominating depending on the C7/MCR
ratio of the resid. The eventual goal is to build
Hot Process Liquid Simulator
a fouling model that functions well at both extremes of the fouling mechanism taking into account the SARA,
C7/MCR, and metals contents of the feeds as well as the operating condition such as the temperature, pressure
and residence time of the runs.
In a commercial coking operation, steam is used to
reduce fouling in the furnace tubing. It is well known
fact that steam is expensive and reducing steam
utilization improves economics of a refinery. Thus,
another objective of the fouling study is to study the
effect of replacing steam with a gaseous hydrocarbon
mixture from the coker offgas stream on fouling. Data
for this portion of the project is gathered from the
hydrogen donor runs on the pilot unit.

Ease of Removal Device
Showing the motors (top right) and drill bit (bot right)
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Modeling Efforts
To date, a CFD and an excel furnace tube model, an empirical coker yield prediction model, a quench model, a
coke morphology model, a foaming model and a kinetic coke drum model, have all been developed. These
models are constantly being updated and improved as the project acquires more feeds or various origins to make
the models versatile. A fouling model is currently being developed. A few of these models are highlighted here.

Furnace Tube Kinetic Model
Our goal was to create a model for predicting conditions at the exit of the furnace tube and entrance to the drum,
i.e. the vapor fraction, the liquid and vapor properties, and the twophase flow regime characteristics (vapor and
liquid velocities). These are essential for predicting foaming and coke morphology. The furnace tube model
includes the ability to predict the temperature and concentration distributions along the furnace, predict the
pressure drop, and model tube fouling, thus allowing optimization of furnace tube conditions. The
Computational fluid Dynamics (CFD) Model that predicts the temperature profile, pressure drops and the
species produced was developed for the commercial furnace in a joint venture with CDAdapco. Current efforts
are focusing on fouling.

Helical Coil

Serpentine Coil

Firebox gas temperature
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Quench Model
A coke morphology/quench model was developed that
uses feedstock properties as input to classify coke
morphology, specifically the ratio of C7 Asphaltenes to
Micro Carbon Residue. Three morphologies are used,
sponge, shot and mixed. Once the morphology has been
defined, porosity is obtained from the correlations. The
Permeability Quantification
permeability of the coke bed can either be calculated
from the individual resid correlation or the overall correlation. For mixed morphology producing resids the
correlations account for the ineffective porosity that causes hot spots. This model is also used to predict
temperature profiles during the quench process.

Porosity vs. Permeability Comparisons

1.5% vs 18%

Quantification of Ineffective Porosity

Darcy's Law
Cracking, channeling, or dense zone bypasses
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Foaming Model
The foaming model is used to predict the foam
growth rate in the coker. The inputs to the model
currently are the simdist data and the C7A/MCR
ratio of the feed. All other parameters needed to
make the model function are calculated from
correlations developed inhouse as well as those
available in literature. Average bubble size,
viscosity and surface tension are measured
experimentally and imbedded into the model
through correlations.
ξ = C7A/MCR

Integrated Yield and Morphology Model
To facilitate the use of the correlations developed in this research project, ensuring their appropriate use, a
graphical interface in MSExcel was developed using Visual Basic for Applications as compilation language. In
addition to the creation of the interface for the model to predict yields and properties of the delayed coking
process, the morphology model was integrated in this spreadsheet and a common inputsheet for the two models
was created.
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Coke Drum Kinetic Model
A simple model that accurately describes the chemistry and physics of the delayed coker is desirable. One such
model has been developed by TUDCP. A 4 lump pseudocomponent reaction mechanism was proposed. The
material balance and kinetic rate equations were developed for this mechanism. These equations were then used
to obtain kinetic constants for each residue/condition from the experimental data generated in the continuous
flow reactor. These rate constants follow the Arrhenius law at 0 Psig which enabled the calculation of activation
energies and preexponential factors for various feeds and conditions. The activation energies and pre
exponential factors correlate very well with feed properties of the resids. These correlations have been built into
a userfriendly excel model that helps predict the concentration of each pseudocomponent as a function of time.

Project Summary
The project is currently in its sixth phase. The first phase began in 1999 when two facilities were constructed:
the microcoker and the pilot unit. Parametric studies were conducted with both facilities. Additions to the
facilities have been made over the years to include a batch reactor to study kinetics; expansion of the pilot unit
to include two coke drums that are equipped with gamma densitometers to study foaming and the inclusion of a
recycle system to allowing production and operation of natural recycle; a continuous feed tall glass/quartz coker
to study foaming; a furnace set up to study fouling and kinetics; an Alcor HLPS unit to study fouling; an EOR
device to help cut out fouling deposits from furnace tubes; a BR distillation unit to facilitate sub product studies;
a continuous flow mini coker to study coke drum kinetics; and a host of analytical devices to allow inhouse
measurements of frequently run analysis.
Several models have been developed with the data generated from these tests. Data from both the microreactor
and pilot unit have been used to develop correlation models for predicting yields. The main products and sub
products yields were successfully modeled using multivariable linear correlations. Recently, the effects of
recycle on the yields as well as the subproduct properties are being studied. Novel approaches for removing
sulfur and for enhancing liquid production were tested as were ways to reduce sulfur in the liquids to help
refiners meet the stringent sulfur requirements. Results from this study may assist a refinery in meeting sulfur
specs.
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Computational Fluid Dynamic (CFD) has been utilized to develop operational models for the furnace tube.
Detailed morphology studies on the coke have been conducted and models of complex morphologies in the
coke drum have been developed. These studies quantify the porosity (void space available for storage) and the
permeability (ability to flow through a porous media) to quantify drainage vs. coke morphology. Ineffective
porosity that causes hot spots was quantified and inserted into the model. The gamma densitometer is utilized to
quantify settling of the contents prior to quenching each pilot unit run and again after the contents have been
quenched. A quench model was developed for sponge, shot and mixed morphology coke.

Studies to minimize coke yield and increase liquid yield have been conducted where thermal cracking under
conditions where the formation of aromatic radicals is minimized. Kinetics of coke (and mesophase) formation
gives valuable insight for this purpose. Use of lower coking temperatures and dispersing high molecular weight
coke precursors (asphaltenes) have been studied as well. Approaches studied include the use of additives (free
radical initiators or dispersants), steam, modifications to the furnace, addition of aspirators, etc. Liquid yield
increases up to 10% have been obtained to date. The effects of additive combinations have also been studied.
The most recent and ongoing additive study is the hydrogen donor study (patent pending). It was found that
there was an increase in liquid yield (5.0% to 8.0 wt% of the liquid yield) with the corresponding decrease in
coke yield with the increase in rich gas concentrations (10% to 20 wt% of the feed).
Detailed studies are being conducted to better understand the foaming process to minimize or eliminate process
upsets as well as optimize the use of antifoams thereby increasing refinery margins. Some of the critical
variables that affect foaming are T, P, feed rate, sodium and or particulates/solids in feed, velocity steam, TAN,
and feedstock structure (API gravity, asphaltene content, etc.) The effects of changing these variables have been
studied using ten resids to identify the key promoters of foaming. A first generation foaming model has been
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built using data from the tall glass reactor. This model is being modified to reflect the effect of recycle. The
choice of injection point for the antifoam in commercial operations is important so injecting the antifoam into
the feed (at the pump suction) was studied. The general consensus in industry is that the higher the viscosity of
the antifoam, the more effective the antifoam and the less entrainment you have into the product streams.
Commercially, these viscosities range from below 100,000 cp to 1,000,000 cp. In order to optimize where, how
much and how to inject the antifoam, studies have been conducted using antifoams of different viscosities, using
different carriers and dilution rates. Some are injected dilute while others are injected neat. Continuous and
intermittent injections have also been utilized. The general consensus is the lower the drum velocity in
commercial units, the less the foaming will be to some extent. To quantify this impact, studies were conducted
using drums of different diameters, with velocities that are equivalent to industrial units, approximately one half
and one tenth of commercial units. NonSilicon based antifoams have been identified with patents approved .
Another area of great interest and ongoing study is the fouling in the coker furnace. Fouling causes problems
such as increased heating costs as well as shortened run length both of which cause economic loss to refiners.
Mitigation of fouling is a valuable cause. The effect of certain metals on the fouling as well as the deposition of
these metals in the foulant layer have been studied, quantified and correlated (using C7/MCR, Temperature,
Pressure, metals). Our current approach is to try to understand the mechanisms of fouling that are dominating
for different feedstocks on the two devices used to study fouling. The effects of certain metals on fouling are
also being studied by doping the concentrations of these metals in the resid. Studies with unconventional
parrafinic resids such as tight oil resids, waxy resids have also commenced. The eventual goal is to build a
fouling model that functions well at both extremes of the fouling mechanism taking into account the SARA,
C7/MCR, and metals contents of the feeds as well as the operating condition such as the temperature, pressure
and residence time of the runs.
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Membership Information
The delayed coking project at the University of Tulsa began in 1999. We are currently in phase 6 of the project
which started in June 2014 and will run until May 2017. We currently have an average budget of $2,000,000 per
year with a leveraging of funds 20 to 1. Our studies include but are not limited to foaming, kinetics, and furnace
tube studies. Members since inception include 29 industry partners and the U.S. DOE.

Our mission is to advance the stateoftheart for the delayed coking process by performance optimization,
foaming optimization, and knowledge of resid behavior. We are also developing and testing novel concepts for
enhancing liquid production, reducing sulfur in gasolines and diesels, and changing coke morphologies and
densities.

For more information, contact:
Michael Volk, Jr. PhD., P.E., PI
VP, Research & Technical Development
Phone: 918.631.5127
michaelvolk@utulsa.edu
tudcp.utulsa.edu
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