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Abstract

Physical activation and chemical activation
in a rotary furnace regenerated a spent
bleaching earth (SBE} from an edible oil
tefinery. Results show that temperature and its
holding time are important parameters based on
mesoporous  structure  measurements, In
addition, acid-washing and ultrasonic cleaning
also play influencing factors on the pore
development of crude products. Ultrasonic
cleaning as a clean technology was confirmed to
be similar to acid-washing with the comparison
of physical properties, but the true densities and
porosities of the former have larger values than
those the later., However, it indicated some
mesopores are still closed and/or clogged by
carbon residues from the pore properties of
regenerated solids. Further, the regeneration
methods studied in the present work have

negligible effects on the chemical change
compared to fresh bleaching earth from the
results of XRD, ICP-AES, FTIR and EDX.

Keywords: Spent bleaching earth, Regeneration,
Chemical  activation,  Physical
activation, Characterization
measurements, Clean technology
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Table 2 Samples identification and their
washing conditions in the present study *

Sample ID Washing conditions
RBE-AC1 distilled water °
RBE-AC2 0.3 N HCI®
RBE-AC3 1.0 NHC!®
RBE-AC4 3.0 N HCI®
RBE-ACS 3.0 N H,S0O,°

N RBE-AC6 3.0 N HNO,"
RBE-AC7 3.0 N H;PO,°
Fig. 1. Schematic diagram of regeneration apparatus: 1. RBE-US1 0.5 hr ultrasonic cleaning, 60 °C
No/CO, gas cylinder, 2. Regulator, 2. Molecular sicve distilled water ©
column, 4. Mass flow controller, $. Humidity monitor, 6. RBE-US2 1.0 hr ultrasonic cleaning, 60 °C

distilled water ©
RBE-US3 2.0 hr ultrasonic cleaning, 60 °C
distilled water °©
Thermocouples, 13. Temperature recorder, 14. Tar RBE-US4 1.0 hr ultrasonic cleaning, 30 °C
collector. distilled water ©

* Thermochemical {impregnated by ZnCly) regeneration

. . ; . in the conditions with N, flow of 250 cm’/min, the
Table 1. Samples (RBE series) identification and constant ramp rate of 10 'C/min, temperature of 570

their physical activation conditions * ‘C., holding time of 1 hr.

Syringe pump, 7. Heating belt, 8. Gear pump, 9. Heating
furnace, 10. Reactor, 11. Temperature coniroller, 12

Crude products after thermochemical regeneration

Sample Activating  Activation  Holding were stired and heated at 60 C with 250 cm® of

ID gasa temperature ( C) time (hr) various concentrations of acid solutions for 30 min,
RBE-1 CO, 800 1 ® Crude products after thermochemical regeneration
RBE-2 Coza 800 2 were stirred at 250 cm’ of 30 or 60 °C distilled water
RBE-3 CO;* 800 3 with different times of ultrasonic cleaning {43 kHz ) .

a
E‘ng ; EI%" ggg ? Table 3a. Main physical properties of
) 2 regenerated solids (RBE series) from physical
RBE-6 H2Ob 800 - activation of bleaching earth waste, _
RBE-7 HEOb 900 1 Sample  Sger” vV D' o4 S
RBE-8 H,0 800 2 D (mYg) (emg) (nm) (wem®) (gem’) (-)
b
RBE-9  H;O 800 3 RBE-] 832 0169 811 1885 1430 0.241
RBE-10 HZO']J 800 4 RBE-2 1015 0204 804 1825 1330 0271
* Prepared in the activation conditions of constant ramp RBE-3  B2.1 0186 £36 1961 1437 0267
rate of 10 "C/min under N; flow of 300 cm*min and RBE-4 860 0184 852 1750 1324 0.243
CO, flow of 300 cm*/min at activation temperature. RBE-S 1170 0221 755 1968 1368 0305
® Prepared in the activation conditions of constant ramp RBE-6 1064 0208 783 200z 1413 @294
rate of 10 C/min and water injection flow of about RBE-7 976 0191 784 2024 1460 0279
0.05 c1n3a’m1n at activation temperature under N, flow RBE-8 104.5 0.200 766 1.925 1300 0278

3 .
of 300 em™/min RBE-9 928 0195 839 [819 1343 0262

EBE-10 70.1 Q.171 9.76 1987 1.083 0254
* Denoted as BET surface area.
* Denoted as total pore volume.
° Denoted as pore diameter, which is estimated by 4 V,/Sger.
4 Denoted as true density.
® Denoted as particle density, which is calculated below

0= V[VH1/ )]

"Denated as particle porosity, which is computed below :

ep=H(ppipy)




Table 3b. Main physical properties of samples
( RBE series )} with different washing methods

Sample ID

3
Sger

v

{m’/g) (cm’/g)

c
Dl.\"e

(nm)

o

(g/em’) (g/om®)

&

Pp

£
Ep

(-

RBE-AC1
RBE-AC2
RBE-AC3
RBE-AC4
RBE-ACS
RBE-AC6
RBE-ACT
RBE-USI
RBE-US2
RBE-US3
RBE-US4

68.60
78.70
£1.83
78.41
91.74
75.59
84.71
76.85
73.70
77.19
74.92

0.147
0,159
0.161
0.157
0.172
0.1539
0.1691
0.1685
0.1507
0.1527
0.1528

§5.83
80.98
78.83
80.15
75.06
81.48
79.82
87.68
§1.80
79.12
81.59

1.624
1.484
1.555
2132
1.526
1.433
1.543
2.179
2.275
2.278
2.336

1.311
1.200
1.243
1.597
1.209
1.174
1224
1.594
1.694
1.650
1.721

0.193
0.191
0.201
0.251
0.208
0.181
0.207
0.269
0.255
0.258
0.263

Table 4b. Carbon, hydrogen and nitrogen
element analyses of samples (RBE series) from
thermochemical regeneration of bleaching
earth waste.

Sample ID C (wt. %) H(wt%) N (wt%)

SBE*
RBE-AC1
RBE-AC2
RBE-AC3
RBE-AC4
RBE-AC5
RBE-AC6
RBE-AC7

26.22 4.26 0.37
15.31 1.67 0.38
15.54 1.45 0.20
15.54 1.36 0.14
15.96 1.94 0.37
15.46 1.26 0.32
15.70 1.39 0.24
14.91 1.38 0.41

? Reference [11]

Table 5a. Metal composition analyses (unit:
weight percent) of samples (RBE series) from
physical activation of spent bleaching earth

(SBE)

* Denoted as BET surface arca.
® Denoted as total pore volume.
® Denoted as pore diameter, which is estimated by 4 ¥, /Sggr.
4 Denoted as true density.
*Denoted as particle density, which is calculated from ¥, and
g i, 2=V 1/ 2]

fDenoted as particle porosity, which is computed from ., and

O i.e, £p=1- Ol Oy

Table 4a. Carbon, hydrogen and nitrogen
element analyses of samples (RBE series) from

physical activation of bleaching earth waste

Sample  Si (%)

ID

Al
(%)

Fe Mg Na K Ca Ti
o) () () (%8 (B) (%)

SBE*®
RBE-1

RBE-2
RBE-3
RBE-4
RBE-6
REE-8
RBE-?
RBE-10

223
28.6

279
26.8
27.1
271
274
26.3
262

2.11
1.88

1.84
1.78
2.51
315
2.13
2.03
237

0.617 0.552 0.240 0,423 0.264 0.084
0.368 0.881 0.184 0.286 0.163 0.102

0.679 0.582 0.339 0.242 0.169 0.097
0.707 0.512 0.341 0.195 0.195 0.097
0.529 0.875 0.322 0.460 0.276 0.092
0.728 0.922 0.388 0.461 0.154 0.097
0.687 0.663 0.355 0.308 0.142 0.094
0.358 0.765 0.215 0.430 0.143 0.095
0.441 Q.813 0.279 0.395 0.279 0.092

Sample ID C (wt. %) H (wt. %) N (wt. %)
0.37
0.14
0.17
0.05
0.10
0.11
0.07
022
0.24

SBE*®
RBE-1
RBE-2
RBE-3
RBE-4
RBE-6
RBE-8
RBE-9

RBE-10

26.22
12.94
13.54
14.18
14.28
12.96
12.92
13.78
15.45

4.26
0.97
0.87
0.88
0.90
0.92
0.91
0.73
1.11

® Reference [11].

Reference [18)

Table Sb. Metal composition analyses (unit:
weight percent) of samples (RBE series) from
thermochemical
bleaching earth (SBE)

regeneration  of  spent

Sample
ID

Si

Al

Fe Mg Na K Ca Ti

o) (o) (%) o) () (%) Ca) (%)

RBE-ACI
RBE-AC2
RBE-AC3
RBE-AC4
RBE-ACS
RBE-ACY
RBE-AC7

26.3
26.3
25.0
234
22.8
286
235

252
2.41
2.67
1.96
2.31
2.16
1.78

0462 0.810 0.254 0.555 0.370 0.092
0.483 0.772 0.28% 0.483 0.096 0.096
0.575 0.725 0.275 (.375 0.100 0.100
0.344 0.668 0.258 0.452 0.086 0.086
0.589 0.589 0.306 0.330 0.117 0.094
0.279 0.744 0.093 0.372 0.209 0.093
0.379 0,580 0.245 0.357 0.066 0.089




