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World Scale E/PE complex ) NOVA Chernicals

O Total ethylene production (6.7 bpy)

» Joffre, Alberta — 4.8 bpy from ethane cracking

» Corunna, Ontario — 1.9 bpy from liquid cracking
O Total polyethylene production (3.7 bpy)

N.D. Zelinsky Institute of Organic Chemistry
Russian Academy of Sciences 2


http://www.ioc.ac.ru/english/

Background S NOVA Chermicals

» Steam Cracking remains as the dominant process for large
scale ethylene production

» SC processes are known to be intensive in CAPEX/OPEX,
energy and emissions

» ODH process remains attractive due to significant reduction
In process temperature (~400°C), which means less energy
consumption and less emission

» Current development of V-Mo-Nb-Te-O, catalysts has pushed
ethylene yield close to that of conventional SC process.

» Many challenges remain before an ODH process becomes

commercially viable
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Research Objectives ) NOVA Chericals

Typical laboratory scale tests for ethane ODH
are carried out in pure gases

Objectives:

To evaluate the stability of V-Mo-Nb-Te-O, catalysts

In presence of typical impurity/recycle products for
low temperature ODH process:

- Feed impurities: CH,, CH;0H and S-VOC (e.g., (CH;S),).

- ODH products: C,H,and CO,,
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Experimental Conditions & NOVA Chemicals

Catalyst:
In-house made V-Mo-Nb-Te-O, Catalyst

Reaction conditions:

Temperature: 320 -450C

Pressure: atmospheric pressure
~eed Mixture: ~75% C,H; + ~25% O,
HGSV. 900 - 18000 h-t
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- S NOVA Chemicals
Effect of CH, (+15% to the feed mixture)
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A NOVA Chemicals

Effect of MeOH (+2000 wppm to the feed mixture)
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MeOH (0.2wt%) causes negligible change in ethane ODH

N.D. Zelinsky Institute of Organic Chemistry
Russian Academy of Sciences 7


http://www.ioc.ac.ru/english/

A NOVA Chemicals

Effect of S-VOC (+1000 wppm DMDS as S-vOC)

Conversion,
mmol/h per 1 g of cat.

Conversion,
mmol/h per 1 g of cat.

@

100 Conversion 1 Selectivity
] o 4500 h™
80 2 0,99 - without DMDS
1 |without DMDS C2Hg ° g
60 - 5 S 0,98
1 CoH =
a0 ] 2Hs $ £ o7+ ‘/Q—Q
20 1 é 0,96 -
] n
0 ; kﬁ& 0,95 T T T T T T T T T T T T T T
300 350 400 450 300 350 400 450
o
Temperature, °C Temperature, °C
1
100 0 4500 h
80 1 |with DMDS 2 099 1 |with DMDS
§ C2Hs ° g
60 - 5 S 098
I C2H, 2E
40 - 2 '6 0!97 N
: il 4
20 - % 0,96 -
- CO; n
0 T ‘ f ‘ |ﬁ_l_l_ 0,95 T T T T T T T T T T T T
300 350 400 450 300 350 400 450
Temperature, °C Temperature, °C

DMDS shows negligible impact on ethane ODH
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Effect of C02 ( +32wt% to the feed mixture) A NOVA Chermicals

40 _ 1
c
0
: 30 £ 0984 ‘\’_‘
c G L Csz onIy
0o 9 0,06 -
£ 2 g
o = ] <
2 2 ..g 0,94
8 % > in presence of CO,
g 10- S 092
i 8
0 3 0-,9 T T T T T T T T T T T T T T
300 350 400 4 300 350 400 450

(0]
Temperature, °C Temperature, °C

The presence of CO, shows detectable influence on both
conversion and selectivity
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Conversion, %

C02 (pure CO,, no oxygen in the reaction mixture)
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Effect of Ethylene (+18wt% to the feed miféur% WA Chemicals
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Effect of Ethylene (+18wto to the feed iR VA Cremiais
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Effect of Ethylene (ethane versus Ethylen‘e’} NOVA Chemicals
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Effect of Ethylene (ethane vs Ethylene) & NOVA Cremicdls

Ratio of Reaction Rates between:
- [ethane oxidation — ethylene] (k,), and
- [ethylene oxidation —» CO,] (k,)
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COﬂClUding Remarks A NOVA Chemicals

» As an impurity, methane did not show any impact on ethane ODH
reactions

» The presence of MeOH (2000ppm) and S-VOC (DMDS at 1000ppm)
had negligible impact on selectivity. However, the long term impact
of S (e.g., SOx) remains to be investigated

» The presence of CO, caused a 3-5% reduction in both ethane
conversion and ethylene selectivity (mechanism unknown)

» Competing with ethane ODH, ethylene converts to CO, at about
one order of magnitude lower than ethane ODH reaction

» A recycling operation appears to be viable for ethane ODH when
the ethane contains expected industrial impurities.

» Low temperature ethane ODH remains to be a promising process,
however, many technical challenges remain to be overcome
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Contact S NOVA Chemicals

For general information about NOVA Chemicals Corp.
www.novachem.com

For process related technical information:

Haiyong Cai, PhD, PEng

NOVA Chemicals Corp.

2928 — 16 Street NE

Calgary, Alberta

Canada

Tel: +1 403 717 — 0210

E-mail: cahaily@novachem.com
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