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Topics H 3%

 Yesterday: Past 30 Years — Innovation in Technology
and Equipment
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« Today: Mega Trends and Industry Transformation
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« Tomorrow: Innovation Today for Tomorrow’s Needs
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30-Year Industry Forces
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Cost Forcesfi A~ 1=

« Small Plants — increased demand for small plants across several
industries drove need for cost effective flow scheme (wet gas)

SRR T IR A

INBUT T
B %IEI’\JIZ“};‘EI‘U ( Llir&ﬁUE& )

 Large Plants — global competition drove need to leverage scale at
world class fertilizer and non-ferrous metals sites
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Wet Gas Summary;G=HIfE s

« 150+ plants in last 30 yearsfE1d &30 a5 150N A LT

« 120+ plants <100,000 tpyE 120N A EAYT ) F=8E£<100,000 Md/4F

« Several industries: refining, coking, non-ferrous metals, gasification, fibers,

ot EEHLAMTY - JioE. e, BERLE. S, fss
« Environmental/substitute need i Mw®/E{CHRAVES

» Trade-off: lower CAPEX versus higher ongoing OPEX (onstream time)
N . B RiRBRESELE TR (1E4%AE )

« Technology drivers 3 /RIKGIEZE :
> Simplified flowschemeiBE{tAI L 27
> Market tolerance for low volumes of off-spec acid concentrationtii7
bwpont DR BIEAESRIISHIER
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Mega Plant Issues AZ! T | |5JER
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25-40% more cost to build multiple plants
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When have Mega Plants been developed?

FERARER 2 Al &R REERA ?
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World Class Plant Capacity — 1 Train
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World Class Plant Capacity — 1 Train
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Right to Operate — Emissions1Ef

« Double Absorption — high cost but emissions reduced from 2000 ppm SO, to <400
ppm. ALK -S4 EZESO2EEAEM 2000ppm i@/ 2l <400 ppm

» Absorbents — e.g. carbon, limited effectivenessIZBiFI-tbaliE SR , ER—%

- Catalyst — increased activity, especially with the development of cesium-promotion{&

HAIHBIRANTH |, SRl REEEHIIET KRR

- Scrubbing — removal of SO, from tailgas using various reagentsEit—1zFAAERY A5
MESEFRSO2
> Caustic (high operating cost but very effective)Er 4N ( Ei={TERBIEEBTRR )
> Lime/limestone (low operating cost but headache)Gx/akA ({K=E{TE2EFRER
SALE)
> Peroxide (high operating cost but effective w/no effluent)X{&7K ( Bz TEANE
BREIRBSKA )

- Regenerative — relatively new, some operating cost and corrosion concernsB4:;%—1H
S | H—ERIE TR RIS
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Energy Recoveryge=[m|i

EratEAR Technology$i A Description#fiil

1980s Low temperature economizers More high pressure
RIRE A% steam B 2 5 [ 759
1990s HRS Intermediate pressure
RIEA R RS steamH & 7575
1990s Boiler feedwater preheaters Boiler feedwater heating
TP 2 K T FAES in acid circuit & 1) 78
om#AE b4 K
2000s Steam Injection Steam injection to
ZRVRIGE Y improve HRS efficiency
ARG U HRS R %
2010s SteaMax HRS® Full steam injection
SteaMax{iKim A [A Il R B¢ instead of dilution in
HRS 2z
HRSHiBE
Duront
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Summary of Last 30 Years1J &30 E%5

Industry Force LMV /J& | Technology Innovations$; REfi# | Equipment Innovations ¥ & B

Reduce cost

VERAND N

Maintain right to operate

UL R R AE

Improve energy
efficiency

it HE K

CLEAN TECHNOLOGIES

Economic wet gas process for
small plants/Ns B 257
LR 1.2,

Improved computer modeling
to predict fluid behavior in
large equipment Ui 1T A AR
PO TR AL AR AL KT £
R I

Double absorption ¥ #% P I
Improved tailgas treatment

options K 1) B T BE e £

Improved design to avoid dew
point corrosiontUiFE AL 11K
o 8 RUB T

HRSA i 4 [7]ie

Steam InjectionZ& 7 M &

Larger rotating equipment X
R B

Larger steam equipment A2
2R &

ZeCor & Mk}

Lower dp ME{K & 77 B 1 Bk 55
w

Improved catalyst2 B FIfE4L

il

Larger HRS acid pumps 5 K[
HRSTE A R 7%

Improved diluter design it
MR ATt

Improved steam injector
design {0t 2 VR ML s BTt
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« Today: Mega Trends and Industry Transformation
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Mega Trends -
2ntly protect and feed the'

Our collective challenge in the decay
* world’ssgrowing populati@n. 3115 ?ﬁxﬁlﬂ’ﬂ%?)jﬂ]ﬂm%ﬁﬁi@{iﬂ’lk »

This a common goal that spans cultures and nations.ix 2 & L AR 2 E B i1,

FOOD ENERGY PROTECTION
2] LA E3
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What is link between Mega Trend drivers and
sulfuric acid mdustry”

+ 2Bk ER B I iE S aeet0mEg Tl ?
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Impact of Food Mega Trend
on Sulfuric Acid

T =Yal RN EE N = Yl = AN

Issue ja] {3 Impact& i

Growth in population Increased supply of fertilizert¥
PNIRE: Yl JERH s

Need to improve Increased supply of fertilizert
utilization of fixed land  JIAEEMILZS

resources s 2 A R

= 3 B Y5 A

Rising costs in Need for lower cost processes

developing countriesx  to produce materials in the
e EKRI AR E  fertilizer chainf® AERHIL 3
T T EARRAS ) L 2R A
% *%L
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Impact of Energy Mega Trend

on Sulfuric Acid
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Impact of Safety Mega Trend

on Sulfuric Acid
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Increased greenhouse and
acid gas emissions
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Challenges Facing Future Sulfuric Acid
Production>kRAFESE = mElmaIPkak

€ Food &%)
oD
0 Safety 4=

Issue 5] 7

Lower cost to produce fertilizer IER}) 75
IR RS AR

Increased energy efficiency = LA
Reduced emissions4p i ] FEHE

Reduced effluent4f i 1175 7K HERX
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Topics H 3%

« Tomorrow: Innovation Today for Tomorrow’s Needs
HAK : SREIFT/IEARAYFEK
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“Those who do not remember the past
are condemned to repeat it”.

"R ST AN T EEE AR

Multiple SourcesZ /N ¥FifE
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Recap of 30-Year Progress

30FRYHBEE A
Things Done WellAh 3

RIS

Development of low cost, wet gas

design for small plants{iX AN & &,
NI R T2

Double absorption for large plants Xk
TN T2

Early (pre-2000) equipment
innovations for Mega Plants£- 1]

(20004FEH]) B H I i 2448
HRSAE I3 4 [=] i

DuPont

S u Sta i n a b le So IUti 0 n S Copyright © 2014. MECS, Inc. All rights reserved. The DuP

are trademarks or registered tradem

CLEAN TECHNOLOGIES

Things Not Done Well 5
b3 :
Post-2000 capital cost improvements2000

5 P A it

Post-2000 step change reduction in
emissions20004F J& BB T HF I HYIZ 25 ki /)

Post-2000 scale-up of equipment for even
larger Mega Plants2000%F 5 1 £ X T 58

KE TR T HITBOK
Increased high pressure steam recoveryl
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How Has Industry Performed in Last 15
Years?7td X155 8 Tl Z=INa0{a ?

€ Food &%)
oD
0 Safety 4=

Issue o]

Lower cost to produce fertilizer JEBH 75 /N A,
=230

Increased energy efficiency S HEX, E3)

Reduced emissionsZa ik ') B HE, ZZh
Reduced effluentZg I V5 /K HERL, ZZ)
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How Has Industry Performed in Last 15
Years?7td X155 8 Tl Z=INa0{a ?

New approach required to overcome poor
history of addressing issues related to current
Mega Trends

HHE N FEE IR T IR 5 I
BRERESNRIHE

‘ Food &%)
9 EnergyReii
0 Safety %’ 4=
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What is the new approach?

AR A ?

DuPont
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Challenges Facing Future Sulfuric Acid

Production>}ERYFRER 4= = HE[mAYH kLY

t Food &%)
oD
o Safety ZZ 4=

Issue o]

Lower cost to produce fertilizer i} &
Increased energy efficiency = G2
Reduced emissions4 i ) B HE

Reduced effluent4a ik i)75 7K AR

Enabling technology that provides integrated

solution for all issues
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Integrated Solution - Maxene™
=2Z-Maxene™
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