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Abstract — UiO-66 particles were synthesized under various synthesis conditions to study the adsorption of carbon
dioxide for hydrogen purification. For the purpose, the design and analysis of experiments was performed using statis-
tical design of experiment method. As the synthesis time, temperature and acetic acid amount increased, the crystallinity
of UiO-66 particles increased. Especially, the amount of acetic acid was confirmed as an important factor in determin-
ing the crystallinity of the particles. The specific surface area of the particles measured by the nitrogen adsorption
method also showed a similar tendency. Using the general factor analysis in the experimental design method, the main
effects and interactions of major factors were analyzed. In addition, the carbon dioxide adsorption capacity was pre-
dicted using a nonlinear regression method. Then, the adsorption performance was shown through surface and contour
maps for all ranges.
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Table 1. Independent variables and their levels in the experiments
design for CO, adsorption by UiO-66

. Levels
Indepentant varialbes -
-1 (low) 0 (central) 1 (high)

(X1) Time (h) 12 18 24

(X2) Temperature (°C) 130 180 230

(X3) HAce (ml) 0 10 20
24 h

)
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2-theta [degree]

Fig. 1. XRD pattern of UiO-66 prepared with various time under
identical synthesis conditions (Temperature: 130 °C, HAce:
0 ml).
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Table 2. BET surface area of UiO-66 particle prepared with various synthesis conditions

. Time (h)? Temperature (°C)° HAce (ml)°
Variables
12 18 24 180 230 0 10 20
BET S.A. (m%/g) 886.9 899.6 956.1 886.9 1003.8 1093.2 886.9 1335.0 1815.0
#Temperature: 130 °C, HAce: 0 ml
"Time: 12 h, HAce: 0 ml
“Time: 12 h, Temperature: 130 °C
230°C
= ~ A
S
=
£ 180 °C
130°C
A A ‘
5 10 15 20 25 30 35 40

2-theta [degree]

Fig. 2. XRD pattern of UiO-66 prepared with various temperatures
under identical synthesis conditions (Time: 12 h, HAce: 0 ml).
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Fig. 3. XRD pattern of UiO-66 prepared with various acetic acid
amounts under identical synthesis conditions (Time: 12 h, Tem-
perature: 130 °C).
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Fig. 4. SEM image of UiO-66 prepared for 12 h, at 130 °C and HAce
20 ml.
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Table 3. Obtained values from experiment design for CO, adsorption

by UiO-66
Run X, X, X3 Adsorption (mmol/g)
1 24 230 20 9.0
2 24 130 0 2.8
3 24 230 0 4.0
4 12 230 20 8.4
5 12 130 20 7.2
6 12 230 0 35
7 18 180 10 53
8 24 130 20 7.5
9 12 130 0 23
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Fig. 5. Main effect plot for CO, adsorption of UiO-66 synthesized under 3 different conditions.
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Fig. 6. Interaction plot for CO, adsorption of UiO-66 synthesized under 3 different conditions.
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