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1. Two coking mechanisms dominate the internal fouling rates in delayed
coker heaters

[

A.

Bulk cracking

Film cracking

Bulk cracking

Normal or conventional coker heater analysis is based on bulk cracking
models

« Minimize the bulk fiuid time above 800°F

Film cracking - TRANSACTIONS OF THE ASME

“There is another type of decomposition produced in heaters, “Film Cracking”, which is
independent of mass decomposition and which occurs when the film is overheated
because of higher heat inputs to the tubes than the charge can absorb. Film cracking
can occur below temperatures of mass decomposition and may become serious where
evaporation in the heater (two phase flow) forms a viscous emulsion of vapors and
liquid with liquid as the outer phase. Film cracking, occurring when the charge is above
the temperature of initial decomposition, may cause heavy coke deposits in the tubes
and premature shutdown of the heater. A well designed heater not only must produce
the desired time-temperature effects (bulk cracking analysis) but do this with linear and
mass velocities and vaporization in the tube which will produce a sufficiently turbulent
flow to tear up the film so that even if it is overheated temporarily or locally it is quickly
guenched in the main flow.”

April 24, 2002
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II. Film cracking

e The primary cause of elevated rates of tube side fouling

e Primary design variables influencing film cracking:
v Flowing conditions at the tube wall
v' Peak radiant flux rate
v Asphaltenes
v Pressure
v Bulk fluid and film temperature
v Cracked heavy gas oil (CHGO) recycle rates and composition
v Inside heat transfer rate

A. Flowing conditions at the tube wall

\ Parabolic Curve

\ Pipe Flow Velocity - Turbulent
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II. Film cracking (continued)
A. Flowing conditions at the tube wall (continued)
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II. Film cracking (continued)

A. Flowing conditions at the tube wall (continued)
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II.  Film cracking (continued)

B. What is the allowable peak radiant flux rate for the film condition?

RATE OF COKING IN HEATER TUBES
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C. Asphaltenes

The condensed aromatic rings
exist in the form of a
non-homogeneous flat sheet
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II. Film cracking (continued)
C. Asphaltenes (continued)

3D Picture of Carbognani's Model
of Venezuelan Crude Asphaltene
Molecule - 2

{(Courtesy of Prof. 1. Murgich)

@ Suiphur
W Nitrogen |

W Asphaltene molecule with NSO
atoms and probably vanadium
and nickei complexes - 2
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II. Film
C.

cracking (continued)
Asphaltenes (continued)

Flocculation/Aggregation of
Venezuelan Crude Asphaltene
Molecules - 2

(Courtesy of Prof. J. Murgich)

Asphaltene moiecule -
compact stack of thin sheets
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II.  Film cracking (continued)

C.

Asphaltenes (continued)
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Flocculated Asphaltene
Various stages of asphaltene
flocculation due to excess
amounts of paraffins in the
sotution

various shapes of asphaitene
micelies formed in the presence
of large amaunts of polar or
aromatic solvents
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II. Film cracking (continued)
C. Asphaltenes (continued)
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II.  Film cracking (continued)

D.

E.

F.

G.

H.

Pressure

Bulk fluid and film temperature

Cracked heavy gas oil (CHGO) recycle rates and composition
Inside heat transfer rate

Peak radiant flux rate

III. Conditions that influence Asphaltene destabilization and the formation
of dry sludge on the heater tube wall

A.

B.

Higher Asphaltene concentration increases fouling rates
Higher pressures in the coil increase fouling rates
Higher bulk and film temperatures increase fouling rates
Lower CHGO recycle rates increase fouling rates

CHGO composition can increase fouling rates

Low inside heat transfer rates can increase fouling rates (low mass
velocities in heater coil)

Higher peak radiant flux rates increase fouling rates
More velocity steam does not help and can actually increase fouling rates

Anti-foulants — do not reduce the fouling rates in delayed coker heaters

Fouling rates are increased when the previous adverse conditions
cause an overheating of the fluid film and form a dry sludge on the
heater tube wall which is not mixed back into the bulk fluid.

IV. Results from case studies

April 24, 2002
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V. Petro-Chem Film Cooling Technologies ™

A. Providing new “knobs” for operators to turn to:

1.

2.

Control the film

Control the flux

B. Producing RESULTS:

1.

2.

Increase capacity

Increase run lengths

Reduction in fouling rates

Reduction in tube metal temperatures

Increased tube life

C. Recent patents

1. Upflow Double Fired Control the film and flux

2. Double Row, Double Fired Control the flux

3. Feed Preheater and Controls Control the flux

4. Circumferential Injection through
Special Return Bends of
CLGO/CHGO or Any Other
Beneficial Fluid into the Fluid Film

Control the film

5. Adjustable Louvers Control the flux

6. Insitu Flux Probe Control the flux

See “Appendix Three: Petro-Chem Patents” for patent summaries

April 24, 2002
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;

Appendix One: Information Inquiry Form

Information Inquiry
Petro-Chem Development Co., Inc.

Interest: (state your firm’s needed technology or problem)

Name:

Firm:
Address:

Email:

Telephone:

Fax:

Please give your inquiry to Bill Gibson at the end of the presentation or mail it to:

Ms. Cindy Gildersleeve
Petro-Chem Development Co., Inc.
8310 East 73™ Street South

Tulsa, OK 74133

or email us at:

CGilders@Petro-ChemTulsa.com
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Appendix Two: Partial List of delayed coker heater studies and revamps:

SUN Ol e s s Tulsa, OK
Marathon Ol ... e Robinson, IL
Marathon Oil....eeeeveviericrrreier e Robinson, IL

01 1=V o o T Salt Lake City, UT
1] (oo LU Lemont, IL
Marathon Ol .....ceeeviiiiiicrree e Robinson, IL
(0113 ] o TP Pascagoula, MS
=)= [0 T P Anacortes, WA

JL 01 o TP Rodeo, CA

Citgo ....ovvvunnns e erererrrereenar e aa Lemont, IL
=2 [0 TN Wilmington, CA
(01 13V, (o ] TR El Segundo, CA
Koch RefiniNg.....cceeecriirmmennrcnniininieresnennnnn, Pine Bend, MN
Clark REfiNING ...cccvvvnnerrinirinicrenniniiniennnnns Hartford, IL
Koch Refining (Transfer Line Study) ............... Pine Bend, MN
011 (o[ YO Lemont, IL

Koch Refining (21 UNit) eveeevrirvinnccnininn, Pine Bend, MN
BP AMOCO c.vvviiieiieeniereeieeeierarne s s s een e eenns Texas City, TX
Citgo Petroleum .......c.cooovvevienniiniiiiinennn, Lemont, IL

(@11 1 PP Hartford, IL
Clark RefiNiNg ..cu.oveeiiviiiinircnr e Hartford, IL

1] (oo T Lake Charles, LA
Shell Oil.uieeieeiiiiireiireerive e e rrene s renas Deer Park, TX
Koch RefinNing....ccccevvieeernnecincennnsenrnannnsnnnns Corpus Christi, TX
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Appendix Three: Recent Petro-Chem Patents
Petro-Chem Film Cooling Technologies ™

1. Upflow Double Fired

2. Double Row, Double Fired

3. Feed Preheater and Controls

4, Circumferential Injection through Special Return Bends of CLGO/CHGO or
Any Other Beneficial Fluid into the Fluid Film

5. Adjustable Louvers

6. Insitu Flux Probe

Please review the included patent summaries.

April 24, 2002 Page: 17



Coking.com Best Practices Seminar

Recent Advances in Delayed Coker Heater Technologies

% %
I b
illll!ll'lllllii :IIIII

. US0052418558
az United States Patent ao) Patent No.:  US 6,241,855 B1
Gibson et al. sy Date of Patent: *Jun. 5, 2001
(54} UPFLOW DELAYED COKER CHARGER S28I438 * VI MCGHI & 2l oo 4310
HEATER AND PROCESS S636,150 * $/1997 Reed ot & e, 20848 R
E095.007 * 87000 GbSOR € &l oo IUIET.
(75) inventors: William C. Gibson, Tulsa; Robert L. . :
Gibson, Broken Ammow; James T. ited by examiner
Rischen, Tulsa, all of OK (US) Primary Examiner—Bexir L. Yildirim
{74) Atormney. Agen;, or Firm—Head, Johnson and
{(73) Assignee: Petro-Chem Development Co. Inc.. Kxchigian
New York. NY (US) 0 ABSTRACT
{*) Notice:  Subject o any disclaimer, the term of this

is extended or sdjusted under 35

patent
U.S.C. 154(b) by O days.

This palent is subject to 2 termina dis-

claimer.

{21)  Appl. No.: 09/379,775

{22y Filed: Auvg. 24, 1999

{51} B QL7 e .. C10B 17/0; C10B 154,
F22B 21724

152y US. Cl i 200124, 202127 196117,

122174, 120235, 14: 122236 122356

{58) Ficld of Search oo - 2081432, 131,
208750, 1227355, 511, 208, 2354, 236,

174, 356; 2024124, 127; 1964117

{56} References Cited
1.5, PATENT DOCUMENTS
J,002,149 ¢ 1IPTT Yamamoro et ol .occonn, JI3SE
5.078.887 1992 Mel 2087132

An improved process and article of manufacture to cffectu-
ale pressure reduction in 3 delayed coker charge heater's
radiant best section outler and feedswek process coil, by

ing coker feedstock through 3 singie or double row,
single or double fired, feedstock process coil. The innovative
upflowing of coker feedstek as disclosed by the present
invention allows BFW/Steam injection snd vaporiziag
hydrocarbons Yo rise in the same fiow direction xs the coker
feedstock, resulting in an enhanced mixing of fuid Slm and
coker feedstock. Such enhanced muxing, in tun, increases
heat aansfer rates to the feedstock. As coker charge heater
bumers are commonly locatzd in the bottom of the beater,
the Jower portion of the beater is typicaliy the Jocation of
highest processing temperatures and tube side fouling.
Upfiowing the process coil places migrates the hottest
peocessing section w2 cooler Jocation in the heater, and
thus, contributes to conditions which reduce coking/fouling
rates within the feedstock process coil, increaxe feedstock
process coil tube life, reduce tube skin temperatires, and
increase run time between deocoking the intetior poction of
the feedstock process coil.

10 Clalmg, 5 Drawing Sheets
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US006264798B1

azn United States Patent o) Patent No.:  US 6,264,798 B1
Gibson et al. «5) Date of Patent: Jul. 24, 2001
(54) DELAYED COKER CHARGE HEATER AND SO78857  M1992 MeBOn oo asens 2OBE32
PROCESS $284438 * 21994 MGl @ &l e 4319
5656150 * M1997 Reed &t Al v imanisseenn, SOBME R
(75) Inventors; William C. Gibson, Tuisa; Robert L. 6095097 * S72000 Gibson et &l .. 1223501
Gibson, Broken Arrow; James T,
Eischen, Tulsa, all of OK (US) * cited by examiner
(73} Assignee: Petro-Chem Development Co. Inc.,
New York, NY (US) Primary Exuminer~Bekir L. Yildirim
(718) Atrorney, Agen:, or Firm—Head, Johnson & Kachigian
(") Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 (57 ABSTRACT
U.S.C. 154(b) by O days. An and article of ©
(21) Appl. No.: 09/357,544 heater performance and reduce the cost of delayed coker

@
(619]

Filed: Jul. 20, 1999

52)

Int CL” s C108 1700; C10B 1/04;

F2B 2124

US. CL v 20U124; 202/127; 1967117,

| 122174; 122235.14; 122236; 1221356

(58}

Field of Search oo 2087132, 131,

208750; 1227385, 511, 208, 235.14, 236,
174, 356; 202124, 127; 196/117

(56) References Cited

U.S. PATENT DOCUMENTS
4002149 * /1977 Yamamors et al ccimsomer: 12356

charge beaters. Such improved pedformance is realized by
routing delayed coker feedstock through a double row,
double fired, heating conduit thus creating s chanel to
contain previously hested flue gas and resulting in the
introduction of dowrnflow, backside convective beat transfer
w0 the interior portion of the beating conduit. When replacing
the present at's single row coker tubes with the double row
beating conduit alforded by the instant invention, the back-
side convective heat transfer introduced to the interior
poction of the beating conduit eliminates the necessity of

«double firing the present art's single row coker heater tubes

to schieve similar results.

13 Qlaims, 4 Drawing Sheets
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B

S006245218B1

az United States Patent (o) Patent No.:  US 6,245,218 Bl
Gibson et al. (4s) Date of Patent: Jun, 12, 2001

(54) SYSTEM AND METHOD TO EFFECTUATE Primary Examiner—Bekir L. Yildirim
AND CONTROL COKER CHARGE HEATER (74) Atorney, Agent, or Firm—Head, Johnson & Kachigian

PROCESS FLUID TEMPERATURE
57 ABSTRACT
(75) Inventors: William C. Gibson, Tulsa; Robert L.
Gibson, Broken Arrow, both of OK A system and method to improve the efficiency of delayed
s coker charge beating by effecting and controlling the tem-
; . Petro-Chem proen perature of a coker process fluid, prior 1o its introduction to
() Assignes: New York. Nym(:g t Co. Inc. a coker charge heater. In its preferred embodiment, the

instant invention strategically positions and controls a pre-

(*) Notice:  Subject to any disclaimer, the term of this  heater 10 sutomatically stabilize and minimize delayed coker
patent is extended or adjusted under 35 cparpe heater firing rates. Said pre-bheater’s set point is

US.C. 154(b) by 0 days. derived by a feed forward control system that allows for the

- 097387 detection of process fluid temperature within a combination

@b @1. No-: ns6 tower bottont, and communicates that temperature value to
() Filed:  Awg.31, 1999 2 pre-heater. Based upon the temperamre value communi-

1) Int. CU7 C10G 9720  cated to the pre-heater, the pre-heater intensifies, maintains,
(52) US.CL e, 2087131; 202/153; 202/159  OF decreases ils firing to effect an operationally consistent
(58) Field of Search ... 208/50, 131, 132;  combination tower bonoms temperature. By maintaining

202/153, 159  nearly constant combination tower bottoms temperature, a
delayed coker charge heater derives enhanced operstional

(36) References Cited efficiency and increases its life expectancy. Such benefits
U.S. PATENT DOCUMENTS result from 2 nearly constant coker charge heater process
4661241 ¢ 4/1987 Dabkowski et &l s, 2087131 fiuid inlet temperature and optimized coker firing rates.
4983272 ¢ 11991 SEVIDPOUIOS cerorreeeeunserssmarans 208/50
* cited by examiner 6 Claims, 6 Drawing Sheets
>
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(12)

”
B

United States Patent

Gibson et sl

R

US 6,270,656 B1
Aug. 7, 2001

(10) Patent No.:
(as) Date of Patent:

(59

{75)

73

*)

@n
)

(51
62

(58)

{56)

REDUCTION OF COKER FURNACE TUBE
FOULING IN A DELAYED COKING
PROCESS

4,455,219 * 61984
4,518,487 = Sn98s
4,549,934 * 1071983
4561241 * 471987

laventors: Willism C. Gibson, Tulsa; Robert L. 4,720,338 * 11988
Gibson, Broken Arrow, both of OK 4,797,197 * 11989
(us) 5,645,712 * WP RO weocorrsemcerrormrer 2131
SH24,194 * JWI998 Kause .ovnovimmroninsnimmrss SOLSRD
Assignee: Petro-Chemt Development Co, Inc.,
New York, NY (US) * cited by examinec
Notice:  Subject (o any discbiumt the wrm of this
%agaé is cxteegedozr adjusted under 35 Primary Exeminer—Bekit L. Yildisim
C. 154(b) by O days. (74) Anoraey, Agent, or Firm—Breiner & Breines
Appt. No.: 09/370,165
Filed:  Aug. 9, 1999 6N ABSTRACT
Int. C)7 C10G 9716 In s delayed coking process, furnace tube fouling is mini-
US. Cl e 208/131; 208/48 R; 208/48 AA;  mized by including a measured amouat of full boiling range
- 208/S0  heavy gas oil 33 an additive in the furnsce feed, preferably
Fleid of Search .o 2087131, 132, by forced recycle from a beavy gas oil siteam. As sdditive
208/50, 48 R, 48 AA; 201/28, 29, 30 i preferably supplied directly 10 individual furmace tubes by
Res Cited mluplc cqul injection wpstreacs of each tube
recriving the additive.
U.S. PATENT DOCUMENTS
IZIBOBE ¢ 471975 Nabes el al oocncnnrinirennnn 208/50 3 Clalms, 2 Drawing Sheets
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United States Patent (o

Gibson et al.

3 IH‘ 1
i fa }
i it

USO06095097A
(11j Patent Number: 6,095,097
145)  Date of Patent: Aug. 1, 2000

{54] ADJUSTABLE LOUVER SYSTEM FOR
RADIANT HEAT TRANSFER CONTROLIN A

DIRECT-FIRED HEATER

{73} inventors: William C. Gibson: James T, Eischen.

both of Tulsa, Okla.

{731 Assignee: Petro-Chem Development Co.. Inc..

Tulsa. Okla.

[21]  Appl. No.: 09/378,850
[22] Fikd: Aug. 23, 1999

151) fnt CLY i F22B 23/06: F22B 11110
1521 US. Cl o 122/387,1: 16596 165/DIG. 132
{58] Field of Search ..

{56} References Cited
U.S. PATENT DOCUMENTS

4611870 WU Huwaso et sl i iinn
rnravenrin 1203671

S 305885 LIS ATOBON e

122442, 1882,
1227503, 3671, 367.2, 6L 432175:
110761, 262, 263, 264, 265 16596, DIG. 132

Primary Examiner—Denise L. Ferentic
Assisuunt Exuminer—Jiping Lu
Attemey. Agens, or Firm—Head, Johnson & Kachigian

57} ABSTRACT

An adjustable Jouser system for controlling the dinect ther-
mal radistion reaching Auid tubes in a direct-fired heaier. An
anguiar position of louver blades of (e louver system is
adjusted by rotating first and second axles attached 1o the
Jouver blades. The louver blades may be positioned manu-
ally or by an electric or paeumatic motor. A hand crank or
knob locazed outcide the heater manually turnis the louver
biades. The motor, which i< also located outside the heater,
is controliable by a1 temperature actuator. ln some
crubadimentx, the Jouver blades have pivot pins which fir
into slots of & conmexting plate. Rotation of one of the louver
blade causex the connecting plate 1o rotate all of tw bouver
blades simohancously, In some embodiments. ti louver
Blades are verticalh potitioned and the Jouver axles fit into
holes in upper and lower guide plates. ln other
emboditnents, the fouvers are hotizontally disposed and the
Jouver axles fit into openings in the heater walis.

16 Claims, 6 Drawing Sheets
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NEIENEEERNAREIE

a» United States Patent
Gibson et al.

{10) Patent No.:
45) Date of Patent:

US 6,325,535 B1
Dec. 4, 2001

{54) INSITU RADIANT HEAT FLUX PROBE

COOLED BY SUCTION OF AMBIENT AIR

foveston: Willlam C. Geon; Mike Dullald;
Jages T, Eischn, all of Tulsa, Robert
L. Gibeon, Broken Arrow, sl of OK
{us)

: Peteo-Chaen
New Yoek, NY (US)

Notice:  Subject to any disclsimer, the serm of this
pateot is extended oc adjustod woder 35
US.C, 154(b) by O dayx.

Appl. Na.: 09/379,044

Filed:  Aug. 23, 1999

Int. CL7 .. GoIK 1700
UB.CL oo o STY29; 3741141; Y179,
1225042

as)

{73 Co, Inc.,

)

@
)

1
2

(58)

Field of Semrch .. .. .. oo IW1TE, 29, 141

136/230, 233; 1225042

Reforvoces Clted
U.S. PATERT DOCUMENTS

FATERLL * JUUOX FORIY ..o romcmrn vmermenene SINLTY
BI0T * NPT VAR o e SIE2XD
3935032 * 17Y% Beaadsbecry ot al. i1
4514196 * ANVES Wymapckyjetal .. TN
4319530 * /1985 Wolax
STRAHIG ¢ 298 levett of o).
4554720 ¢ Q1Y oo ...
GLHBAKS * 1271909 Gestyy ...
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6N ABSTRACT

A probe for Seiermining the hoat Bux in s direct-fired boator.
The direct-fired beater is under a vacuurn . This

throagh & coramic insulsting tubx and cveatually inio the
beater. The induced air cuols sn sbuber bead and
receptacie, causing beat 1o Sow from a target 10 3 base. The
target 1 an owier surface of the absorber hoad cxposed ¥
oachiant beat imide the direct-fired beater. The base is that
portion of the alworher hoad and rocupiacic which has a
suctacs exposed 1o cooling air within the ceremic tobe, The
vacoum prossure inside the beatec causes ambicnt air 10 de
induced igto 3 second eod of the ceramic tobe. Alr pasages
ot & first cod of the ceramic tube cause the induced air % Bow
past the base and inlo the beater. A thermocouple ix Sited
into 2 cylmdncal slot inside the recoptacie. Fisst and sovond
thermocoupke wires extead from the fhermocouple 10 &
weathorbead, wisich has eloctrical contacts which connect to
the Srst and secopd thermocowple wires apd o
instrumentation, s as » digital meier oc other iapwt,
output device such s 3 microprocesar oc computer for
mopitor and vonirol of beat flux. Afler mexsuring the ther-
mocouple teamperatuse i the revepiacie, one can then deker-
mive the beas fiux through the target by experimental
corrclations.
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