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Abstract

Synthesis method and forming parameters influence the structural Received: 2 February 2022
properties of granules. In this paper, oil drop was used to synthesize Accepted: 18 March 2022
spherical y-alumina granules. Orthogonal matrix was applied in Page Number: 79-88

the Taguchi experimental design to investigate the effect of calcination
temperature, additive percentage (PVA %), and column length of oil drop
on the granule structures; including specific surface area, pore diameter,

and pore volume. XRD analysis confirmed the formation of y-alumina Keywords:
phase in the synthesized granules. According to the ANOVA, column Granule structures,
length had the most significant effect on the specific surface area PVA,

(61.7%), and on the pore volume of granules (82.4%). Additive Oil Drop,
percentage had the most significant effect on the pore diameter of Spherical Alumina,
y-alumina granules (92.8%). Maximum responses were achieved by Taguchi Method,
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tuning the additive percentage, column length, and calcination

. Optimization
temperature at 0%, 45 cm, and 500 °C, respectively. P
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7. Paraffin Oil
8. Ageing

9. Mesopore
10. HMTA

1. Precipitation

2. Sol-Gel

3. Hydrothermal
4. Mechanical

5. Spray Pyrolysis
6. Oil-Drop
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Table 1. Levels of parameters for the production of y-Alumina
in the oil drop method.

Factor
Additive (PVA) A % 0 5
Column Length B cm 140 45
lcinati
Calcination c oc 500 650
Temperature
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Table 2. Fixed parameters for the production of y-Alumina in the
oil drop method.

Parameters Value Unit
Aging time in the oil 15 h
Column temperature 85 °C

H'/Al 11 -
Al/CI 1:65 -
Ammonia solution purity 10 wit%
Ethanol solution purity 25 wit%
HMTA solution purity 35 wit%
Drying time 72 h
Nozzle diameter 1-2 mm
Aging temperatu're in Ammonia 80 oC
solution
Drying temperature 30 °C
Calcination time 6 h
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Table 3. Experimental design for the synthesis of spherical y-
Alumina granules according to L, orthogonal array.

Factor Levels

1 0 140 500
2 0 45 650
3 5 140 650
4 5 45 500
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Figure 1. Formation of y-alumina phase in granules produced by oil-drop method.
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Table 4. Structural characteristics of spherical y-Alumina

granules.
Sample A B SSA PV i
P mig) | ©mig) | @A)
1 0 140 500 189 0.44 18.90
2 0 45 650 202 0.55 16.18
3 5 140 650 157 0.42 8.95
4 5 45 500 203 0.50 8.93
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Figure 2. Nitrogen adsorption and desorption isotherm diagram (a) sample 1, (b) sample 2, (c) sample 3, (d) sample 4.
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4. |UPAC

2. Pore Volume
5. Hysteresis

3. Pore Diameter
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Table 7. Optimal conditions for the specific surface area response
of spherical y-alumina granules.

Factor Value Level
A 0 1
B 45 2
C 500 1
Expected response 218.5
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Table 5. Main effects analysis for the specific surface area
response of spherical y- alumina granules.

Factors Maineffect | Main effect Level 2-
inlevel 1 in level 2 Level 1
A 1955 180 155
‘ B 173 202.5 295 ’
179.5

‘ C 196 -16.5 ‘
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Table 6. ANOVA for the specific surface area response of
spherical y-Alumina granules.

Factor | DOF® SS? | Variance Plljrrﬁ P (%)
A 1 240.25 240.25  240.25 17.37
B 1 870.25 870.25 870.25 62.94
C 1 272.25 27225 27225 19.69

Total 3 1382.75 100

1. Main Effects
2. Sum of Squares
3. Degree of Freedom
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Table 10. Optimum conditions for the pore volume of spherical
v-alumina granules.

Expected response 0.546
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Table 11. Main effects analysis for the pore diameter
of y-Alumina spherical granules.

Factors l\/il:llr;\::‘elct l\/il:llr;:;‘:‘ezct Level 2-Level 1
17.54 8.94 -8.6
| B 13.924 12,555 -1.369 \
‘ C 13.914 12.565 -1.35 ‘
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Table 8. Main effects analysis for the pore volume of spherical
y-alumina granules.

Main effect Main effect
inlevel 1 in level 2

0.5 0.461

Level 2-

Factors
Level 1

0.435 0.527

0.473

0.488
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Table 9. ANOVA for the pore volume of y-alumina
Spherical granules.

Factor | DOF" ss' Variance | F-test | P (%)
A 1 0.001 0.001 6.67 12.96
B 1 0.008 0.008 37.617  82.39
© 1 0) Pooled

Error (1) 4.65

Total 3 1396.463 100
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