AR N3 A 128 (A45), 447~459, 2003
J. of the Environmental Sciences

Microwave EnergyS 0|&
o] 7] &-

2%0|M Phenol?| £&

ol Ef £-d & o}

BFECisa XPImsiChs &ata
(200244 59 82 M4 20034 48 102 Fe)

Extraction of Phenol from the Contaminated Soil Using
Microwave Energy

Ki-Hwan Lee, Tae-Ho Lee and Yoon-A Kim
Dept. of Chemistry, College of Natural Science, Kongju National University, Kongju 314701, Korea
(Manuscript received 8 May, 2002 accepted 10 April 2003)

This study was carried out to develop an efficient process for the elimination of phenol pollutant from soils.
An microwave-assisted process (MAP) and a conventional Soxhlet extraction method (SEM) were employed to
extract phenol from two types of soils. The effects of extraction methods, aged time of the spiked soil samples,
extraction solvent and extraction time on the extraction performance were compared. Our results demonstrate that
the recoveries from standard soil spiked were at least 10% higher for MAP than those for the conventional
Soxhlet. The extraction time by MAP requires significantly shorter time (1 min) than 18 h of the conventional
Soxhlet. The recoveries from non-contaminated soil spiked with phenol were also almost identical for above
results. The reduction of the extraction times with efficiency higher than that afforded by the conventional
Soxhlet technique supports the suitability of the MAP method,
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Table 1. Extraction conditions of phenol from the spiked standard soil by Soxhlet extraction method and

microwave-assisted process

Soxhlet extraction method(SEM)

Microwave-assisted process(MAP)

Sample Aging Extraction Extraction Sample Aging Extraction Extraction

No. time (h) solvent timeth)  No. time (h) solvent time(sec)

5-1 24 methanol 100 mL 6 M-1 24 methanol 100 mlL 30
methanol 50 mlL methanol 50 mlL

5-2 A water 50 mL 12 M-2 A water 50 mL 60

5-3 24 water 100 mL 18 M-3 24 water 100 mL o 4]

5-4 43 methanol 100 mL 18 M-4 43 methanol 100 mL 90
methanol 50 mL methanol 50 ml.

S5 8 water 50 mL 6 M-5 8 water 50 mL 30

5-6 48 water 100 mL 12 M-6 48 water 100 mL 60

S-7 72 methanol 100 mL 12 M-7 72 methano] 100 mL 60
methanol 50 mL methanol 50 mlL

5-8 72 water 50 mL 18 M-8 72 water 50 mL %

5-9 72 water 100 mL 6 M-9 72 water 100 mL 30
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Table 2. Chemical compounds and mineral matters of the soil

Chemical compounds of the soil (%)

Si0, AbOs  FeDs Ca0 MgO Nax0O K20 SOs TiOy P:0s  Cllppm) Igloss
62.30 19.70 410 0.40 050 0.80 37 0.10 053 0.06 34 7.76
Mineral matters of the soil
major minor
Quartz (a~Si0y) . .
Albite (NasO + AlsOs - 6510) Muscovite (K20 * 34105 - 65i0; - 2Hz0)

Orthoclase (K:0 - AL:Qs - 65i02)

Kaolinite

(ALO; - 25i0: - ZH0)

Table 3. Extraction conditions of phenol from the spiked soil

microwave-assisted process

by Soxhlet extraction method and

Soxhlet extraction method(SEM)

Microwave-assisted process(MAP)

Sample Aging Extraction Extraction Sample Aging Extraction Extraction
No. time (h) solvent time (h) No. time (h) solvent time (sec)
5-28 12 methanol 100 mL 6 M-28 12 methanol 100 mL 20

_ methanol 50 mL _ methanol 50 mL
5-29 12 water 50 il 12 M-29 12 water 50 ml 40
5-30 12 water 100 ml 13 M-30 12 water 100 mL 60
531 24 methanol 100 mL 18 M-31 24 methanol 100 mL 60

~ methanol 50 mL _ methanol 50 mL
52 A Gaer  Soml 6 M-32 A e S0ml 2
5-3 A water 100 mL 12 M-33 4 water 100 mL 40
534 36 methanol 100 mL 12 M-34 36 methanol 100 mL 40

methanol 50 mL . methanol 50 mL
5% B e  Hml 18 M-3% B water S0ml %
S-3 » water 100 mL 6 M-36 36 water 100 mL 20
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Table 4. Extraction conditions of phenol from the
spiked soil by microwave-assisted process

Microwave-assisted process(MAP)

Sample  Aging Extraction Extraction
No.  time (h) solvent tire (sec)
M-10 12 acetone 100 mL 20
~ acetone 50 mL
M-11 12 bexane 50 miL, 40
M-12 12 hexane 100 mL 60
M-13 24 acetone 100 mL 60
. acetone 50 mL
M4 % e S0mL 2
M-15 24 hexane 100 mL 40
M-16 36 acetone 100 mL 40
_ acetone 50 mL
M-17 % hexane 50 mlL 60
M-18 3% hexane 100 mL 20
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Fig. 1. UV-Vis. absorption spectra (A) and calibration
curve (B) of phenol in 0.1 N HCI solution.
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Table 5. Recovery yield of phenol from the spiked
standard soil by Soxhlet extraction method

Table 6. Recovery yield of phenol from the spiked
standard soil by microwave-assisted process

Extraction condition Recovery Extraction condition Recovery
Semple Aging tim Extracti Extracti yield Sample Aging Extraction vield
No. ing time ction on No, i : ac
’ (h) solvent time (h) (%) ® e (p  EooTRction solvent ey (6)
51 24 methanol 10 mL. 6 4942 M-1 2 methanal 100 mL 30 49.12
. methanol 50 mL ~ methanol 30 mL
$-2 A water 50 ml, 12 58.16 M-2 2 water 50 mL 60 62.75
83 % water 100mL 18 67.19 M-3 % water 100 mL %0 60.23
54 48 methano! 100 mL 18 69.09 M-4 48 methanol 100 mL %0 69.85
~ methanol 50 mL . methanol 50 mL
55 48 water 50 ml, 6 7221 M-5 48 water 50 il 30 8093
56 48 water 10mL 12 4973 M-6 48 water 100 mL 60 6855
3-7 72 methanol 100 mL. 12 50,68 M-7 72 methanol 100 mL 60 B3
. methanol 50 ml. _ methanol 50 mL
58 7 water 50 oL, 18 62.29 M-8 72 water 50 mL %0 7651
59 72 water 0mL 6 64.20 M-9 72 water 100 mL 30 7428
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Table 7. Recovery vield of phenol from the spiked
soil by Soxhlet extraction method

Extraction condition

Sample Recovery
No. Aging Extraction Extraction yield (%)
time (h) solvent time (h)
5-10 12 methanol 100 mL 6 3701
2 methanol 50 mlL
s-1 12 water 50 12 56.15
512 12 water 100 mL 18 253
$-13 4 methanol 100 mL 18 56.69
_ methanol 50 mL
5-14 24 water 50 . 6 .24
5-15 24 water 100 mL 12 R16
5-16 % methanol 100 mL 12 7491
g methano! 50 mlL
517 36 water 50 mL 18 49.94
5-18 36 water 100 ml 6 5239
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Table 8. Recovery yield of phenol from the spiked soil
by microwave-assisted process

Table 9. Recovery yield of phenol from the spiked
g0il by microwave-assisted process

Extraction conditio
Sarngle — xtraction ¢ nE e Re;gsw
ing . xtraction
tme (h) Extraction solvent fime (sec) (%)
M-28 12 methanol 100 mL 20 0417
M-29 g methandl S0mLo %.17
water 50 mL '
M-30 12 water 100 mlL 60 95.27
M-31 24 methanol 100 mL 60 8.36
M-32 24 methanol 50 mL 20 ®12
water 50 mL
M-33 24 water 100 mL 40 75.03
M-34 36 methanol 100 mL 40 68.42
hanol 50 mL
M- % e &0 .
® water 50 mL 673
M-36 36 water 100 mL 2478

Extraction condition Recovery
Sample - - eld
No. g Eviract Ivent Extraction Y

time (h) “*ECION SOV e (sec) (%)

M-10 12 acetone 100 mL 20 86.87
~ acetone 50 mL

M-11 12 hexane 50 mlL 40 61.45

M-12 12 hexane 100 mL 60 4208

M-13 24 acetone 100 mL 60 84.16
acetone 50 ml

M-14 24 hexane 50 i, 20 68.44

M-15 24 hexane 100 mL 40 2742

M-16 36 acetone 100 mL 40 81.%
= acetone 50 mL

M-17 ¥ hexane 50 L. 60 7820

M-18 36 hexane 100 mL 20 RN
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5. Response surface analysis of recovery yield phenol from the spiked soil by microwave-assisted method.
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