chemical manufacturing A

|
a
\
I
i |
& A

Electrification and decarbonization of ﬁ'
!

{
Karthish Manthiram

Assistant Professor
Ins”t_itute of Technolo

I |

C L LT TR
e FRINERENT 1S
BRI Y

gy,

EIRrim i,

mer -
il




1605 Industry generates 33% of Ammonia - 390
i global anthropogenic

140 greenhouse gas emissions ¢ Ethylene - 300
—_ .
O — ~
g 120 550 g
S =
= 100 o
Y Methanol i - 200 o
% 80 1 4 Propylene %
3 - 150 3
S 60 - z
S S
40 - Ethylesa oxide - 100 s
+ ® BTX g

20 a, *_ - 50

n, °
0 I | | 0
0 50 000 100 000 150 000 200 000
Production volume (kt)

b Acrylonitrile @ Caprolactam B Cumene Ethylene Glycol W Ethylene Oxide @ Phenol -+ Polyethylene

I Propylene Oxide mm Polypropylene < ParaXylene & Styrene % Terephthalic Acid @ Vinylchloride

|||II LaB Source: DECHEMA



aHome & Heavens, Seattle Fabrics

Ha

I

©
©
(]
=3
=
=
W
()




make ammonia (NH;3) today ‘ ,
O Large carbon footprint ana harsh
! condaitions that require centralization

3H,

-

>700 °oC
N>

Sy

400-500 °C
150-250 bar

Py ——

S R A
A5 o \ 3413
> v X i S




PAAY

o
Feedstock associated
emissions require process Burning fossil fuels Industrial processes are
changes for heat highly integrated

salp

"

. L Commodity products for
Facilities have long lifetimes which externalities are not

valued




Electrification of chemical manufacturing
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Ammonia from air and water N, + 3H,0 - 2NHs+3/,0, CEliminate carbon footprint and
25 oC operate at ambient conditions,

1 bar enabling distributed synthesis
Renewable power
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Pressure (atm)

1/, N +3/, H; > NH3

Thermochemical Conversion ~ Electrochemical
X At ambient pressure (1 atm):
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Need for high temperatures and pressures can be replaced
with voltage for appropriate reactions

Z. J. Schiffer and K. Manthiram Jou/e 1 10-14 (2017).
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Lab-scale prototype of a
fully electrified process
for converting air and
water info ammonia
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Synthesis of ammonia at ambient conditions

Ammonia synthesis at ambient conditions
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Ambient conditions and no CO, footprint

Lazouski et al. Nature Catalysis 3 (2020)
Lazouski et al., Joule 3 (2019)
Lazouski et al., Trends in Chem. 1 (2019)
Schiffer et al., J. Phys. Chem. C123 (2019)
Schiffer et al., Joule 1 (2017)
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New architecture for fast gas transport in non-aqueous medium

Highest rates of ammonia synthesis
at ambient conditions \
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Impact: Highest rates of continuous ammonia
synthesis at ambient conditions enabled through
new architecture which facilitates transport of

sparingly soluble reagents in non-aqueous solvents
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Irecting carbon dioxide 1o syngas from water to hydrocarbons
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