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Equation

Making ammonia Iron

O Njfg) + 3Hyg) === 2NHs(g)

Making synthesis gas (carbon monoxide and hydrogen) | Nickel

CHy(g) + H0(g) === CO(g) + 3H(9)

Catalytic cracking of gas oil Zeolite

Produces:

a gas (e.g. ethene, propene)
a liquid (e.g.petrol)

a residue (e.g. fuel oil)

Reforming of naphtha

Platinum and rhenium on alumina

CHLCHLHLHLHLCHy(g) —> O(Q) + Halg)

Making epoxyethane Silver on alumina

(o)
CoHa(g) + %0,(g) —> Hzc/_\CHz(g)

Making sulfuric acid Vanadium(V) oxide on silica

SO,(g) + 205(g) —> SO3(g)

Making nitric acid Platinum and rhodium

4NHs(g) + 50,(g) —> 4NO(g) + 6H,0(g)

Table 1 Examples of industrial processes using heterogeneous catalysis.

https://www.essentialchemicalindustry.org/processes/

catalysis-in-industry.html

Production of the synthesis mixture

methane CHy
water H0
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Production of ammonia
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- + reactor effluent
to fractionator

cyclone vessel

.
stripping steam
tripping

catalyst
regenerator

standpipe
regenerator

andpipe

riser reactor
air

air heater

dispersion steam

© 1999 Encyclopadia Britannica, Inc.
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Technology Fundamentals

* lonic liquids are pure salts that are liquid around ambient temperature
— Not simple salts like alkali halides
* Many favorable properties
— Nonvolatile
— Anhydrous
— High thermal stability
— Huge chemical diversity
— High intrinsic CO, solubility and selectivity

Examples of cations Examples of anions
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mol CO, / mol IL

- Retain amine in ring structure

- Further reduce free hydrogens to reduce hydrogen bonding

*96H13 N =N
CeH13—P—Ci4H29 7/C
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>
& & o (o] >
= 0.8 & O > — 0.8
= = T * N.
< [T R Cabhg w - 0.6
s Op . CeH13—P—CiqH2g
8 0.4 - g; CeHia CF, — 0.4
° D [Pggs J[3-CF3pym]
E 024¢% o Pegalz-CNpy] | [02
[
0.0 — 0.0
T T T T T
0.2 04 0.6 0.8 1.0
Pressure (bar) 3
Gurkan et al., JPC Lett, 2010
i b -aasadbe’
N ZN
* -
P+(CgH,3)3C14H29 U’ c
1.0 - - 1.0
0.8 - 0 - 0.8
.
A
- O - A A
0.6 O — 0.6
g Pl ° ° "
A
0.4 — 204
J) A
021, °° v - 0.2
0 : .
,',.‘.}:
0.0 s — 0.0
| | | 1 | |
0.0 02 04 0.6 0.8 1.0

Pressure (bar)

Experimental confirmation, Gurkan et al.:
approaches 1:1 IL to CO, binding ratio
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