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Chimie Durable:
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CO2 emission allowance €/tonne
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- 100€/t CO2 =» about 50 $/bl more on crude oil price




Fatty Acid Profile

Source: « Lexicon of Lipid Nutrition », Pure Appl. Chem., Vol 73, N°4, PP 685-744, 2001 and Oleon datasheets + internal data
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Metathesis of Vegetable Qils for

Aminoacids production
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ALTERNATIVE MONOMERS ROUTE

Marseille
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KINETIC MODELIZATION, SIPR VERSUS SIMES

COOMe —_— NC COOMe P~
/?\éf? + /\CN _— H\‘m + =

Conditions: continuous catalyst addition (100 and 30 ppm), half acrylonitrile at start of reaction and continuous addition,
Toluene solvent, reflux condition, 10 wt % 9-methyl decenoate in Toluene

HOVEYDA I M71- SiPr
100 100 I
20 1 = ' o0 | [ —DE18
\? 80 —NET | ® cl'?-’ —NE11 N P
2 . zgﬁgii o 8 %0 o DE18 EXP
2 7] ; $ 70 | o NE11 EXP /
>~ .
60 : -:N/u_‘\f\l/é /
50 ;';;E, : /
40 \I{/ \ \;‘ \ﬁ»"CF_, /
/
30 /
' 20
®os 10 /
0 20 40 60 80 100 - ' , , ,
Conversion (%) 0 oo ooan an 80 100
Conversion (%)

In general, SiPr catalysts are more active and SiMes Catalysts are more selective
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Castor based PA12 sample
Made with Arkema’s Methyl-10-undecenoate.




COSMOS: Camelina and crambe Oil crops as Sources
for Medium-chain Oils for Specialty oleochemicals
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Vegetable Oils Fatty Acids Profiles

CX:n (X=chain length, n=number of unsaturation or C=C bonds)

oil glalele|ele|e|alals|8|R]| R
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Rapeseed 4.5 2 57.5 23 11 0.6 2.3

Soybean 9.0 4.5 25 49.5 11

Palm Kernel 3.5 | 3.0 | 50.5 15.5 | 9.0 2.0 | 145 2.5 0.5

Coconut 8 7 48 16 9 2 7 2

Camelina 6 2 15 18 35 1 19 1

HEAR 2.5 2 17 18 10 1 45

Crambe 2.4 0.8 | 17.9 8.3 5.7 0.5 4.2 2.1 55.9

Need solutions to make short fatty acids from European crops
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Catalysis in Cosmos
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Fatty Acids conversions and applications

)

ARKEMA  fPSiTon
e Oxidative cleavage of MUFA:
X o e
— CN —_— +
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9-CARBONS DIACID: AZELAIC ACID

CRODA
CRODA SIPO \N\NWA/\[r“"

0
@ A y Ozonolysis or| H202 Oxidative Cleavage
v
& “ ﬂ
MATRICA W
NOVAMONT OH oH

25 JEAN-LUC DUBOIS - DECEMBER 14TH 2021 ARKEMA

uuuuuuuuuuuuuuuuuuu



PROCESS BLOCK DIAGRAM: 3 SCENARIOS
FROM THE OIL, FROM THE ESTER, WITHOUT FINAL PURIFICATIONS
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NET PRESENT VALUE, PAYBACK TIME, RISK ANALYSIS

Probability
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“# Net Present Value: Probability to make more money than a reference

Payback time: time needed to cover Investment costs

ngh Oleic Sunflower Oil, although taken at higher price, is a less risky

option. But still requires much time for Payback (Risk on Capital).

JL Dubois, 329 Annual Meeting AAIC, 5-9 September 2021 — Hybrid event
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ADDING VALUE TO CAMELINA AND CRAMBE OIL
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Alternative routes to Acrylic Acid
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Process selection may depend on local feedstock availability.
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ZOnvenhonnal Propylene oxidation process
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Acrolein/ Acrylic Acid: ARKEMA's Project

« Double internal dehydration of Glycerol leads to Acrolein, further oxidized to Acrylic acid
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Environmentally Friendly Process:
Avoid scenarios of past accidents

Pierre Bénite, France. July 10, 1976.
Taft, USA/ December 10, 1982.

T\ [\ BATAILLE DU RHONE 7"

Major contamination of
the Rhone River, during
clean-up of a train tank
367 Tons dead fish

500 soldats, des filets, des bateau; pour
écupérer 100 lonnes de poissons en putréfaction S
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The Daily Recard, Ellensburg, Wash., St Dec. 11, 362 Page 5
Explosion rocks Lovisiana phnf

plosion Pi:mmhnkuta w‘;.htgﬂmum mm,ummmum
L/ ‘.”E'r: % Po Louisiana’s industrial corridor, explosion potential,’ Union Carbide
« Ahg,,. a h\duﬂunmtmdupmﬁ.(m apakemnn Jim Tate said from a mmmﬂﬂﬂdﬂudﬂu

closing of the concrete command post on the plant  river to ship traffic,
Rlvu'tndlipm

No injuries or deaths were

=~ "' repo in the explosion and

* =/ resulting fire at the Union Carbide

/ plant. Company officials said the

storage tank was surrounded by

“Asa pnuﬂimlry measure and.

Mu‘u the pmﬂl of tear gas.

TAFT, La. (UPI) — A fiery ex- meeﬂnmmdlddm ‘Civil Defense officials said as

describing
move as a precaution against
Acrolein

mediate danger was reported. The
wmmmumumun o o
hubunemudbyllum pungent liquid sometimes used for

17000 Louisiana Residents Beturn Home as Site of
Blast Is Declared Safie Acrial view of the wreckage of
tanks after an explosion and fire Saturday at the Union
Carbide chemical plant in Tafl, La, Residents within a
five-mile radius of the site were evacuated becanse of
the fear of toxie fumes friom the fire. They weare
permitted to rebum home yes-terday. River traffic near
the plant, situated on the banks of the MMississipp River
a0 miles west of Mew Orleans, was halted until fire
bumed itself out. The chemical in the tanks was
acrolein, which 15 usad o make algaecides, anmal lood
supplements and tear gas.

Elye Newr {Jork Eimes
Explosion of a Storage facility
17000 people evacuated
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ZHernqﬁve Routes to Acrolein & Acrylic Acid

ARKemA  Mixed alcohol direct oxidation via acrolein (2010-)

Cross metathesis (ethenolysis) of Fumaric or Muconic acids (2000s

Carbonylation of Ethylene Oxide via Propiolactone (mid 2000s-)

Gas to olefins
(via syngas and CH3OH)

Via Fermentation to 3-Hydroxypropionic acid /PHP (mid 2000s-)

ARKEMA Glycerol oxydehydration via acrolein (early 2000

ARKEMA Propane direct oxidation (1990-early 2000

Methanol to olefins/propylene

Propane dehydrogenation to propylene
ARKeEMA Propane — Ballast/Inert gas (1987-)

Lactic acid dehydration (1950s-)

Propylene oxidation (2 steps), 1970s

Propylene Oxidation (1 step) s i

Acrylonitrile Hydrolysis

Acetic acid to ketene+Formaldehyde, to
propiolactone, 1960s (not commercialized)

High T, High P, Reppe process, 1956 (Nickel free)
Reppe Chemistry, Acetylen+CO,+ROH 1954

Ethylene Cyanohydrin process, 1927
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CO: GAS FERMENTATION

OPPORTUNITIES AND
TECHNICAL CHALLENGES
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SCIENTIFIC DIRECTOR
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TARGET PRODUCT SELECTION: VALUE CREATION AND ENERGY CONSUMPTION

Heat of Combustion as image of energy consumed to produce the
molecule and Value created per CO2 consumed
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HEAT MANAGEMENT: ADIABATIC TEMPERATURE RISE

Adiabatic temperature rise Adiabatic temperature rise
during the production from CO2 and H2 during the production from CO2 and H2
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Process Intensification
in PMMA recycling

Jean-Luc DUBOIS Plastic Recycling
N December 14"

- Ay ARKEMA 2024
w") ‘A Vv »
ROV, CX

- This project has received funding from the European Union’s Horizon 2020
research and innovation program under grant agreement N° 820687.




Currently Recycled,
Mostly mechanically.
High volumes,

low prices

Medium High

Medium Low

=
100 ktly 1000 ktly 10 000 ktly

Polymers European market shares, Plastics Europe
Plastics converter demand by resin type (2016)

Source: JL DUBOIS -November 20th 2018
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Energy Consumption in Polymers

production:

High demand for technical polymers

M Total Feedstock Energy (MJ)

m Total Fuel Energy (MJ)

W Total Energy (MJ)
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Data processed from he latest Ecoprofiles
available from Plastics Europe
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LCA: M36 Main results

Main Results

Benchmarking with virgin technologies - Compared to virgin production, there is
a large impact reduction (more than -
75%) depending on the technology

.o Quantis

<
§ e - Comprared to other recycling
= 4'0 technologies, the impact reduction
S ' ranges between -20% to -60%
O 3.0
S 20 i
ﬁé : * More recycling processes to come
o 1.0 soon
0.0
O <V > &
_ ‘ ‘ N Data sets:
(,\@% » @@?‘ @@?‘ @® Virgin MMA: C2 route (3), C3 route (3), C4 route (3)
o & & S R-MMA: Lead Bath (3+1); Fluid Bed (2),
V’&$ & A\& Q'\K Rotating Drum (3), Dry Distillation (5), Stirred Tank (3)
®® @AO I Dry Distillation with biomass as energy Source (3)
v
N |
QD . . ARKEMA
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Chain of Custody:

Customer demand
ntity Preserved, d
:Sjeed itc?’ieljj epslz nteoI I:jfﬂe: i:)a(;c ?%, m m m

Segregated, Regenerated .

Single plant Batchwise I\/Ilf\g/IA 100 % Virgin MMA
Controlled Blending, .
Mixed stream, single product Regenerated MMA 50%

Regenerated Regenerated
Allocation, Physical link MMA 25% MMA 75 %

Mass Balance, Mixed streams.

Book & Claim
Credits and Products follow different path
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« Green Notes for Green Chemistry »

o Development of « Green » chemistry requires to
set the conditions to make money

o Use all parts of the crops
o Develop Safer processes

» Renewable chemicals with improved Life Cycle
Analysis

o Renewable (bio-based) # biodegradable # non-toxic

o High value polymers offer more opportunities for
recycling

ARKEermA

The world is our inspiration




TO LEARN MORE:
SEE MY CONTRIBUTIONS TO THE FOLLOWING BOOKS
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Building Blocks

INDUSTRIAL

BIORENEWABLES

WILEY

Chapter 2: Chapter 10: Chapter: Chapter: Chapter 2
Refinery of the Oil chemistry: Castor Reactive Arkema’s Integrated  Alternative routes to
future: feedstock, chemicals, Seed Crushing Plant-based more sustainable
processes, polymers, and fuels  Process to Factories acrylonitrile:
products (2015) Promote Castor (2016) biosourced
(2012) Cultivation acrylonitrile.

(2016) Chapter 4 Fatty

. E;glriges;zrt?on for
Thank you for your attention i
polymers.
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