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Project Summary

Objective: Develop and optimize novel catalytic process for utilization of CO, as a feedstock and oxidant for the
production of valuable chemicals

Key Metrics U.S. DOE/NETL

° Demonstratlon Of COZ_ACN Catalyst Office of Fossil Energy
reactivity showing percent-level production

Project Manager — Andrew Jones RTI International

Wayne Holden, Ph.D.

====-{) d====7

ACN i RTl International : TechnologF\;-fl;lr IEr:1teer£?,aEth\)/irr1§1|ment, and prestdent and ¢EO
. 0 pata from lab-scale testing showing 1 [ . onp. !_ i MtL -|
| r. Mar al
20%yield CO [SSmmremmiesry || A ogan e p—
= _______ ’_ —______ _! Br_ian Don_ov_an (Co_ntracts)
SpeCIfIC Cha”enges Nichole DiPippo (Finance)
»  Development of catalyst with e N e,
. - |
required selectivity | Catalyst Development |
«  Cost competitiveness with i Qinghe Zheng, Pho. Process Development |
. ian-Pi ) i . |
commercial ACN | s Gl A iy b |
- . | Tim Bellamy |
Timeframe: 10/01/2017 to 06/30/2020 -

Development Team

Total Funding: $1,000,000



BP2 Tasks

BP2 Tasks
Task 6.0 Evaluation and Optimization of the CO,-Reducing Catalysts for

Propylene Ammoxidation

Task 7.0 Build Aspen Process Model for ACN Process
Task 8.0 ACN Process TEA and LCA

Task 9.0 Technology gap analysis




Novel Catalytic Process Technology for Utilization of CO, for Acrylonitrile Production

-0

downstream products @:‘

H propylene ammonia

carbon monoxide N Vs Mo \ ( /
ANVAVEE &

o o0 b - -
1 4

o-5-0
©-9-0

carbon dioxide acrylonitrile water




Acrylonitrile

Opportunity

Thermodynamics of CO, utilization for acrylonitrile $1500-$1700/ton
~10MT/year demand

~3.5% anticipated
growth
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Competitive Reaction of Propylene Reforming

Propylene CO, Utilization Routes
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Equilibrium Composition and Kinetic Control
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CO,-AN Path Underway (present status)

« Demonstration of CO,-ACN catalyst reactivity in fixed-bed
microreactor using initial catalyst formulations.

* Initial data gathering for process model.

« Data from lab-scale testing of CO,-ACN.

» Modifying catalyst formulations for improved performance
» Study of individual mechanistic steps




Experimental Set Up

MFC Portal (PID reactor built-in}
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Reaction Conditions
Feed Composition: Stoichiometric
Reaction T: 500-800° C

Reaction P: 1 atm
Catalyst Loading: 0.5 grams
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Renewable ammoxidation of propylene with CO, as sole oxidant

Propylene ammoxidation (SOHIO process)

C3H6 + 3/2 02 + NH3 - C3H3N + 3H20
55% ~83%
molar yield

RTI proposed CL-Ammoxidation process using CO, as sole oxidant

Ammoxidation step:

700—800 °C
CsHg + NH3 + 3MeO,———C3H3N + 3MeO,_; + 3H,0

CO, reduction (catalyst oxidation) step:

700—800 °C
3MeO,_; + 3C0,———3MeO, + 3CO

Chemical Looping Mode Operation




Chemical looping-ammoxidation with CO, (CO,-CL-Ammox)
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Chemical looping-ammoxidation with CO, (CO,-CL-Ammox)

C-product yield
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Chemical looping-ammoxidation with CO, (CO,-CL-Ammox)
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NH, oxidation- CO, reduction cycle test in AutoChem reactor

3 redox cycles, in each cycle:
Step 1: Reduction of metal (oxide) species with NH; (10% NH; in He)
at 500 °C.

NH;(g) — 1.5H,(g) + 0.5N,(g) AHJ5 = 45.9 k] mol~!
NH;(g) + 0.5M,0y — H,(g) + 0.5N,(g) + 0.5H,0(g) + 0.5M, 0y,

Step 2: TPO of metal oxides with CO, (20% CO, in He) from 200 °C to
700 °C at 10 °C/min.

M,0y_; + CO, = MO, + CO

* He purge in between Step 1 and 2 and during temperature ramp.

» Step 1 in prep mode (to avoid potential corrosion of TCD detector
with moist NH;.

* Step 2 in analysis mode and its TCD signals were recorded.



NH; oxidation- CO, reduction cycle test in AutoChem reactor
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Future Work

e Optimization of the CO,-Reducing Catalysts for
acrylonitrile and minimization of propylene reforming

» Build Aspen Process Model for ACN Process

« ACN Process TEA and LCA

* Technology gap analysis




« Conversion of CO, to acrylonitrile underway

 Initial test results show production of acrylonitrile

« Several other nitriles produced

» Catalyst can be improved for selectivity for
acrylonitrile to achieve project goals

» Autochem results consistent with mechanism

Thanks for your attention!
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