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Investigation of CO, Capture Characteristics from Engine Exhaust Gas using Adsorption Method with Zeolite
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Abstract: In this study, CO, capture characteristics for gasoline engine emissions using the adsorption method with

Zeolite was investigated. The test gas used was a representative gas consisting of only air and CO, and had a similar

gas flow rate and CO; concentration to gasoline engine exhaust. The test gas was introduced to a canister with an

internal volume of 6.5 L that contained 4.65 kg of Zeolite 13X to adsorb the CO,. After absorption, the pressure

inside the canister was reduced using a vacuum pump to desorb the CO,, and then the desorbed CO, was introduced

to a capture tank. The results showed the CO; capture rate was affected by the vacuum decompression time and

canister heating during the decompression. The approximate CO; capture rate was 50% at 30 minutes after vacuuming

and approximately 60% at one hour with heating.
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Fig. 1 Skeletal structure of Zeolite 13X
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Fig.2 Schematic diagram of experimental setup
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Table 1. Specifications of experimental equipment

Synthetic zeolite, 13X

Zeolite type - (Tosoh F-9)

Zeolite shape (diameter) - Spherical (® 2.36 —4.75)

Zeolite canister volume L 6.5

Zeolite total amount in

the canister ke 4.65
CO, adsorpti i
, a sor.p ion capacity L — 665
(ideal)
Vacuum pump .
exhaust flow rate L/min 7
COz capture tank volume L 39
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Process Conditions
Air-CO, mixture
Flow rate = 15.1 L/min

(@ | Adsorption test CO, & 93 vol. %

O +  Space velocity = 139 h"
+  Test duration = 30 min

Zeolite
@ heating

O
@ Desorption test

Temperature = 245+ 25 °C

Vacuum time =0, 0.5,
1.0, 2.0 and 3.0 hr.
Heating during the
G L vacuum = ON or OFF

Air purge

[Purpose]
@ » Measurement of
residual CO, amount
» Zeolite regeneration

Air only

Flow rate = 60 L/min
Purge duration = 50 min
with heating

Fig. 3 Test procedure
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Table. 2 Experimental conditions

Total gas flow rate L/min = 151
Air flow rate L/min = 13.7
Adsorption COz flow rate L/min = 141
test COz concentration | vol. % = 93
Space velocity h! = 139
Adsorption time min 30
Temperature inside
canister at the °C 245 = 25
Desorption | beginning of the tests
test Vacuum 0.5,1.0,2.0,
Y h
decompression time 3.0
Heating - ON, OFF
Air flow rate L/min 60
Air purge Air purge time min 50
Heating - ON
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Table 3 Test number and parameters

Test no. #1 | #2 | #3 | #4 | #5 | #6 | #7
Vacuum
decompression | 0 0.5 1 2 0.5 1 3
time [h]
Heating dur. ) OFF ON
vacuum
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Fig. 4 COz adsorption characteristics
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