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Oct. 06.2015 09:00~16:00

l1. Introduction

2. Terminology

3. Kinetics/Process Variables
4.Radiant Coil System

5.Coil Coking/Feed Contaminants

Oct. 06.2015 09:00~16:00
6. TLE Design and Fouling
7. Coke Inhibition

8. Decoking

9. Burners

Oct. 08.2015 09:00~16:00

10. Convection Section

11. Start up and Shutdown

12. Control and Instrumentation

13. Trips, Interlocks & Emergency Operations

Oct. 09.2015 09:00~1600
14. Furnance Modeling
15. Revamps

16.NOX Emissions

17. Troubleshooting
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Radiant Coil
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TLE

To heater for superheating

Steam

Drum Quench Fitting

Pre-heated BFW

|Salurated steam

T TLE
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Shorter residence times, at a
given severity, result in higher
yield of ethylene.
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F\:\r’?nug ’ Limited by strength
45 ft (13.7 m)

+———— Radiant Tube

Floor Firing

Limited by hearth firing
41 ft (12.5 m)
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TS typically equals 1.5 to 1.9 x OD as a minimum

Min. TMT=990°C
TS
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' Peak TMT=1015 °c‘

TS limited by mechanical considerations

Clearance for welding

Tolerance on tube manufacture
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Shorter © mmp Smaller tubes & fewer passes

!

Higher
selectivity

More sensitive
to coking

|

Higher surface to volume
promotes catalytic coke

!

Reduced RL

4-4.2 % HC A R i

Lower HCPP m®) Lower pressure drop

!

Higher
selectivity

Larger tube ID mmp Poorer heat transfer
coefficient

More surface area
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Micro-species (MW < 100)
- Acetylene
« Ethylene
» Other olefins
+ Butadiene Free radicals

= Methyl, ethyl, phenyl, and benzyl
free radicals I
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The relative rates of coking are:

Feeds Relative Coking Rate
Paraffins 0.8

Naphthenes 1.2

Aromatics 1.15

Note — Xylene is considered to have a coking rate of 1.0

m High EBP will favor condensation coking
* Added coil coking and TLE fouling
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The oxide layers help prevent catalytic coking
and carburization
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Oxide layer by coating

Coatings cover the coil with a layer rich in Cr, Si,
and other beneficial compounds

i cr g Enrichment Layer
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Conventional
Mixing element

New slit mixing
element to reduce
pressure drop

@MEM Trademark of Kubota Metl Corp
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Oxide layer by coating

The protective oxide layer is formed from
material in the enrichment layer
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/ 1060°C

860°C

820°C

860°C

Tube with turbulence device

Fins inside the coil increase the surface area and

therefore improve the

heat transfer.

Improved heat transfer results in lower metal
temperatures which favors less coking. It also reduces
start of run tube metal temperatures resulting in longer
run lengths.
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Vulcan Tube
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Cau’se‘s‘ '
1. Loss of Power
2.  Motor Trip Feed =i
Dilution
Steam

Conseguences

—
Steam

' Detected by low motor current
Time delay 0-5 sec

High Box Pressure
Substoichiometric
Combustion

Flames Escaping the
Heater Box
Afterburning

Fuel to pilot ="

BFW ¢ 7 :

Consequences

1o

Conseguences

1

2
3.

ses

V\MMIW e

D

BFW Pump
Failure
Accidentally shut
valve

Feed —

Control failure
Dilution
Steam

Loss of level in steam
drum

Loss of BFW to TLE's
Eventually overheat
convection section due to
loss of steam generated in
steam drum

High ID fan temperature

Fuel to pilot =]

B,

% Effluent
Fuel to Wall
Fuel to
Hearth
d by flow

Time delay 60 sec

Additional operator actions
may be necessary based
on monitoring level

Effluent

—<+— Fuel to Wall

Effluent

L I Fuel to
Hearth
- N Fe W b .
A FE LW
Causes
1. ' Loss of BFW F—
2. Level Control
3. failure
4. BFW preheat Feed —= Detected by level
coil rupture BFW (2 out of 3)
5. TLE tube failure
Dilution Z
Steam z

Loss of BFW to TLE’s,
which could lead to
tube failure

Eventually overheat
convection section due
to loss of steam
generated in steam
drum

and depressurize
Steam drum

Operator Close TLV



Quench Fitting E & 3

1 Quench pump
failure

Valve
accidentally
shut

Plugged filter

Feed ——

Dilution
Steam

Consequences

1. High temperature in the

Gasoline Fractionator

Fuel to pilot =

<
=
=]

<

p— BFW

Total quench oil failure
detected by high
temperature in
(2 out of 3)

Effluent
Interlock only
active in Run

mode
Fuel to Wall

Fuel to

B

5

Causes ——]
1 Loss of BFW

supply Feed —
2 Control failure g
3 Control valve — BFW

fails shut Dilution e

Steam
Steam

Conseguences

1. High temperature in the
lower superheater coil
High temperature in
downstream piping

2

Fuel to pilot =

Hearth

Detected by temperature
(2 out of 3)

Effluent

—<+— Fuel to Wall

1 1 Fuel to
Hearth
b okl Ghr
Hearth Burner ¥sde #f :
Lo vurupany

Causes ——]
i ] Fuel supply

failure Feed —
2 Reduce firing

too low [— BFW
3. Control valve Dilution Z

fails shut Steam

>1.
Steam Effluent

Consequences S
1. Burner flameout
2. Explosion if fuel

returns after flameout

Id b
tegld box) Fuel to Wall

Fuel to pilot =

Detected by
pressure

Fuel to

Hearth



Pilot

Causes

Fuel supply
failure
Reduce firing
too low
Regulator

failure Di

Steam

Consequences

Pilot flameout
Explosion if fuel
returns after flame
(cold box)

Failure fo ignite he:
burner

Fuel to

Detected by

JRA e -

Feed —

lution

—
= |
=]
<

out

arth

Arch temperature
<
auto-ignition fuel
Action: Full Trip

— BFW

Effluent
Arch temperature
>
auto-ignition fuel

Action: Trip pilots onl
Iglgto Wall v

@)

pilot

Fuel to

pressure

,,.

iNOX ’
BR T

e 1

8. 1|z 5 B3 5 A%

8.2 Al =
A 4

4

8.3 bl A

L ##E%{Hﬁ
AN g

oy
7

BMER

£
R
F

P WEMER £ 2 RR

Hearth

R TIE I
NOX 2% & g i &

A .+. 5{« 'Eg#k ’%Q:‘FK

LIESEE S

4
4

’

P T LR (0 A2

Influence of Excess Oxygen
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06+ Increasing excess air reduces CO formation

0 Sl but increases NOx
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+ Fuel composition directly impacts flame temperature

+ Higher flame

Component

D0
Jaspice

temperatures favor NOy formation

Adiabatic Flame Temperature (Ambient Air)

b B R 3
oot g

7‘n

i

v & 5 4 NOX

EE R AR A% S 2 NOX

OC OF
201 3652
Actual firebox
1834 3334 temperatures are lower
because heat is
1952 3546 transferred away from
the flame zone, as the
1855 337 fuel combusts.
1916 3481
1858 3377



Influence of Firebox Temperature

16

15
14 /

Burner performance

2 P
3 is influenced by the
§ 13 / firebox temperature
g 12 Firebox temperature impacts flame temperature by

4 heat transfer away from the flame zone this in turn
impacts NOy

1
700.0 800.0 900.0 1000.0 1100.0
Firebox Temperature, C

1.1 1

8.4 iR &

Stoichiometry Design Excess Air
Mixture (Typ 10%)
/\ Diffusion Flame
r
w
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‘o
s
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£ +—— Flammability
® Limit
T
e
Premix Flame
<+— Rich Combustion Lean Combustion ——
Excess Air
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O
by
'%W
a]
oy
E =

Influence of Air Preheating

Air preheat temperature impacts flame temperat
and hence NOx

12
1.1 —

Relative NOx

T
0.0 50.0 100.0 150.0 2000 250.0 300.0 3500
Preheat Temperature, C
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PPN R B YRR, 5 RENOX 27 K R 0 "8 1 NOX # 3ot

Chemistry
4NO + 4NH, + O, —> 4N, + 6 H,0
6NO + 4NH, — 5 N, + 6H,0
NO + NO, +2NH, — 2N, +3H,0
2NO, + 4NH, + 20, > 3 N, + 6 H,0
6NO, + 8NH, —> 7N, + 12H,0
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- IQ_!@;L__% J SC.R. catalyst bed Iocatec.i at

optimal temperature window

i E *  Ammonia injection grid (AIG)
LEFWP, ___:

designed for uniform NH, mixing

SCR ' SCR E * Firebox decoking considered

. s * Chrome poisoning considered
——————

+  Ammonia flow control unit
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