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Conventional Converter — Features
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Metalized carbon steel shell
and brick-lined for bed 1
thermal protection

Side inlet and outlet oblong
nozzles
Catalyst support

- Meehanite cast iron post
and grate

- Cr-Mo beam and
Meehanite cast iron grate

Meehanite cast iron divider
plate

Dished head
Flat floor
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Conventional Converter — Features (cont’'d)
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Beam & Grate Catalyst Support
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Conventional Converter — Operating Issues

SO,/SO; Leaks

- Oblong Nozzles
Weld cracking at corners due to uneven stresses

Weld cracking at top flat surface due to thermal shock upon

water INgress
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Conventional Converter — Operating Issues (cont’d)

SO,/SO; Leaks

- Oblong Nozzles
Weld cracking at corners due to uneven stresses

Weld cracking at top flat surface due to thermal shock upon
water ingress

Leaking Weld Glob Left Side of Oblong Nozzle
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Conventional Converter — Operating Issues (cont’d)

SO,/SO; Leaks

- Oblong Nozzles
Weld cracking at corners due to uneven stresses

Weld cracking at top flat surface due to thermal shock upon
water ingress

2
7

Right Side of Oblong Nozzle Crack at Edge of Weld
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Conventional Converter — Operating Issues (cont’d)

SO,/SO; Leaks

- Oblong Nozzles
Weld cracking at corners due to uneven stresses

Weld cracking at top flat surface due to thermal shock upon
water ingress

Patches around oblong nozzle to
seal leaking nozzle-to-shell weld
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Conventional Converter — Operating Issues (cont’d)

Gas Distribution - Top Inlet and Side Outlet

- Predominant flow at outer radius of mitered elbow and
through perforated plate
Higher gas flow results in lower exit temperature
Measured exit temperature variation: T, —-T, ~ 60 C (108 F)

S0,/0,

Thermocouple  High flow

ﬂh S0,/0,

Perforated plate
Low flow

S0,/0,/SO,

S0,/0,/SO,
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Conventional Converter — Operating Issues (cont’d)
Gas Distribution — Side Inlet and Side Outlet

- Low velocity through bed at inlet nozzle

- High velocity through bed at outlet nozzle

,QOHW

High velocity

2XWOHW x
2XWOHW

<

,QOHW
<
Low velocity
2XWOHW
,QOHW

07/11/2011 Slide 10 © Copyright 2011, a Jacobs company. All rights reserved.



Conventional Converter — Operating Issues (cont’d)

Temperature Distribution — Side Inlet and Side Outlet
- Low velocity through bed results in higher exit temperature
- High velocity through bed results in lower exit temperature

Low velocity area

High velocity area/

150 mm into Catalyst Bed-1 Exit
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Conventional Converter — Operating Issues (cont’d)

Gas Maldistribution Effects

Uneven exit temperature causes:
Grate separation
Grate rib failure

> — Grate collapse
Divider plate settlement

- Gas by-passing increases stack
SO, emission

Grate rib deformation
Grate Separation Grate Rib Failure Post buckling

7 4
1 114 4
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Grate Collapse Divider Settlement Grate Rib Deformation Post Buckling
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Conventional Converter — Operating Issues (cont’d)

Flat Floor

- Prone to cracking at floor welds and floor-to-shell weld
due to non-uniform temperature distribution

Flat Floor Leaking floor weld
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Radial Flow Converter — Design Philosophy

07/11/2011

Provide better mechanical integrity of catalyst bed
support

Prevent leakage of SO,/SO4 to the environment
Eliminate internal gas leakage
Provide good access for maintenance

Provide uniform gas distribution
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Radial Flow Converter — Features

Core tube
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Dished roof \

=) CN

Y g\
Bed 4

Circular & & & 5
nozzles Bed 3
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Dished floor  Radial Flow Converter with
Internal Hot Exchanger
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All welded 304H stainless steel

Radial gas flow trough core tube
and riser tubes ensures uniform
gas distribution in each bed

Unencumbered access for catalyst
maintenance in all beds

Circular nozzles ensures no weld
cracking at nozzle-to-shell joint

Efficient use of real estate through
Internal exchanger

Dished roof allows water to run off
of the insulation cladding

Dished floor ensures no weld
cracking at floor-to-shell joint
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Converter Flow Path — Sulphur Burning Plants

SO, from
Boiler
l Superheater

e I I s

S0,/SO;
o AT = =
SO, from Cold
Reheat Exch.
3-1 Converter
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SO, from waste heat boiler flows
radially into Bed #1

SO,/SO; from bed 1 is cooled in
superheater prior to entering bed 2

SO,/SO; from bed 2 is cooled in tube
side of inter reheat exchanger prior to
entering bed 3

SO,/SO, from bed 3 is cooled in cold
reheat exchanger prior to absorption of
SO, in IAT

SO, from IAT is heated in cold reheat
and inter reheat exchangers prior to
entering bed 4 for further SO,
conversion

Bed 4 inlet temperature is controlled
through SO2 by-pass

SO, from bed 4 is cooled in
economizer prior to absorption of SO,
in FAT
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Converter Flow Path — Met & Regen Plants

ISOZ By-Pass

S0,/0; from
Cold Exch. -

S0O,/0; from Cold
Reheat Exch. / IAT

l : l
11 [1 Bed # 4

S04/0,to Cold pu <P
Exch. / FAT
e < 2
Bed # 3
802/02/803 to <P I \
Cold Reheat
Exch. / IAT Y o -
I Bed # 2
802/02/803 to » »
Inter Reheat I I
Exch. YavYe % YavYe%

/ Bed # 1
Hot Exchanger I L’ 4"
AL

3-1 Converter
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S0O,/0,/SO,
from Inter

l l Reheat Exch.

SO, from cold exchanger is heated
in tube side of hot exchanger

Bed 1 inlet temperature is controlled
through SO, by-pass

SO,/SO, from bed 1 is cooled in hot
exchanger prior to entering bed 2

SO,/SO, from bed 2 is cooled in
inter reheat exchanger prior to
entering bed 3

SO,/SO, from bed 3 is cooled in
cold reheat exchanger prior to
absorption of SO in IAT

SO, from IAT is heated in cold
reheat and inter reheat exchangers
prior to entering bed 4 for further
SO, conversion

SO, from bed 4 is cooled in cold

exchanger prior to absorption of
SO, in FAT
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Radial Flow Converter — Catalyst Bed Makeup

Core tube
Core tube
50 mm Quartz Rocks SO/, She{‘ \
Catalyst 1
Thermocouple
50 mm Quartz Rocks
38 mm Saddles — 1
S0O,/0,/SO,
Shel Catalyst Support

“Blooper Plate”
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Radial Flow Converter — Construction

Exit of catalyst layer showing
perforated support plate

\
\

/

Outlet nozzle

/
Solid division plate
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/

/
Catalyst support plate

© Copyright 2011, a Jacobs company. All rights reserved.




Radial Flow Converter — Construction (cont’d)

Solid division plate welded to
Multiple inlet gas ports for uniform shell and core tube for positive
gas distribution in each bed isolation\

N\

/

Unrestricted access for catalyst Riser tube distributing gas into Bed 1
maintenance providing good gas distribution
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Radial Flow Converter — Construction (cont’d)

By-pass duct Internal Inter Reheat Exchanger

/

Inter Reheat Exchanger Installation Inter Reheat Exchanger Installation

07/11/2011 Slide 21 © Copyright 2011, a Jacobs company. All rights reserved.



Radial Flow Converter — Construction (cont’d)

Internal Superheater Installation Internal Superheater Installation
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Converter Replacement — Copebras

Existing Cold Reheat Exchanger

Existing Converter

New Preheater

/
O

07/11/2011
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New Inter Economizer

New Final Economizer

— Internal Superheater

New 3:1 Converter (11.85 m @ x 21.45 m H)

— Internal Inter Reheat Exchanger
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Converter Replacement — Copebras (cont’d)

New Converter \

Available Area for New Converter
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Converter Replacement — Copebras (cont’d)
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New Converter
\ Existing Converter

|New Inter Economizer

e

INew Final Economizer

3D Model
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Radial Flow Converter — Gas Distribution
Core In/ Shell Out

- More uniform velocity through bed

,QOHW

2XW

2>[WOHW

2XWOHW

<
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Radial Flow Converter — Temperature Distribution
Core In/ Shell Out

- More uniform exit temperature

150 mm into Catalyst Bed-1 Exit
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Temperature Distribution — Conventional vs. Radial F  low

Conventional Converter Radial Flow Converter

6" into Catalyst

Temp. Variation < 6 IC (11 F)

Temp. Variation > 20 1IC (36 1F)

Bed-1 Exit
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Stainless Steel Converter Issues

Thermal Protection

- Poor installation and/or lack of
maintenance allows water ingress

Sudden cooling causes weld failure

Retained water on flat and toroidal
roofs leads to chloride stress
corrosion cracking

Toroidal Roof

/

Corrosion under Insulation: Chloride SCC
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Stainless Steel Converter Issues — Scaling

Scaling is high-temperature Top of Bed #1 Bottom of Internal H.E.
oxidation

Scales form above 480<C [1]
Scale analysis [2]

- 50% magnetite (Fe;O,)

- 10% hematite (Fe,O)

- 10% iron-potassium sulphate
(KFe(S0O,),)

- 10% iron sulphate hydrate
(FeeSg0O33 2H,0)

- 20% amorphous

Scales flake off due to growth
stresses and thermal cycling [3]

- High flaking in metallurgical
plants is due to cyclic operation
and occasional high gas strength

- Moderate flaking in regen plants

- Low flaking in sulphur burning
plants

Scales easily plugs up bed 1 -, | |
perforated screen Cata|ySt Support [1] Benac, D. J.: “Principles of Failure Analysis: Elevated Temperature

Failures.” ASM International Course 0335, Lesson 7 (2002)

Flakes can |ncrease pressure [2] Lab Analysis, Stork Southwestern Laboratories (2006)
drop |n bed 2 [3] Danielewski, M.: “Gaseous Corrosion Mechanisms.” ASM Int’l (2003)

Bottom of External H.E. Top of Bed #2
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Summary

Conventional converter

- Prone to SO,/SO, leaks at nozzles and flat bottom — less
reliable

- Inefficient conversion due to poor gas distribution
Radial flow converter

- All welded construction prevents internal and external gas
leaks — more reliable

- Efficient conversion due to better gas distribution
- Efficient use of real estate through internal exchangers

Stainless steel converters

- Weld cracking on flat and toroidal roofs and corrosion
under insulation upon ingress of water

- Scaling continues to be an issue for metallurgical plants
especially with perforated screen catalyst support
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Thank you for your attention
Questions?
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Copyright

Copyright of all published material including photographs, drawings and images in this document remains
vested in Jacobs and third party contributors as appropriate. Accordingly, neither the whole nor any part
of this document shall be reproduced in any form nor used in any manner without express prior
permission and applicable acknowledgements. No trademark, copyright or other notice shall be altered or
removed from any reproduction.
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Disclaimer

This Presentation includes and is based, inter alia, on forward-looking information and statements that
are subject to risks and uncertainties that could cause actual results to differ. These statements and this
Presentation are based on current expectations, estimates and projections about global economic
conditions, the economic conditions of the regions and industries that are major markets for Jacobs
Engineering Group Inc. (including subsidiaries and affiliates) lines of business. These expectations,
estimates and projections are generally identifiable by statements containing words such as “expects”,
“believes”, “estimates” or similar expressions. Important factors that could cause actual results to differ
materially from those expectations include, among others, economic and market conditions in the
geographic areas and industries that are or will be major markets for Jacobs’ businesses, oil prices,
market acceptance of new products and services, changes in governmental regulations, interest rates,
fluctuations in currency exchange rates and such other factors as may be discussed from time to time in
the Presentation. Although Jacobs Engineering Group Inc. believes that its expectations and the
Presentation are based upon reasonable assumptions, it can give no assurance that those expectations
will be achieved or that the actual results will be as set out in the Presentation. Jacobs Engineering
Group Inc. is making no representation or warranty, expressed or implied, as to the accuracy, reliability or
completeness of the Presentation, and neither Jacobs Engineering Inc. nor any of its directors, officers or
employees will have any liability to you or any other persons resulting from your use.

Jacobs consists of many legally independent entities, constituting their own separate identities. Jacobs is
used as the common brand or trade mark for most of these entities. In this presentation we may

sometimes use “Jacobs”, “we” or “us” when we refer to Jacobs companies in general or where no useful
purpose is served by identifying any particular Jacobs company.
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