J. of Korean Ind. & Eng. Chemistry,
Vol. 10, No. 1, February 1999, 24-29

Cun S92 Q|E s BuMoz ZujsiE IS 088 XM2lof et AT

#3708 FPATL BAATAE, "EYUAT FHUY AT
(19984 39 59 A4, 1998 10€ 9% AH)

A Study on Treatment of Soils Contaminated by Diesel and Kerosene Using Hydrogen
Peroxide Catalyzed by Naturally Occurring Iron Minerals

Jin-Ho Choi, Sang-Dae Kim*, Sei-Ki Moon*, and Sung-Ho Kong*
Hanwha group R&E Center, Taejon 305-335, Korea

*Department of Chemical Engineering, Hanyang University, Seoul 133-791, Korea
(Received March 5, 1998; accepted October 9, 1995)

=]

r

&= ABAQ goethite, magnetitest FAFFALFE o] &3 HAE 84} ¥ (Fenton-like oxidation)& FE3te &

% silica sand® 834 Azdoz Azisel ngdh FAsELsel pHE, 7) FEO%, 1%, 7%, 15%, 35%), 27 2

s

2

o

rlo n

to
o rﬁ‘

=

°

'?T
g]
o

% &9 gl
%

H&2

R o
off 3

i

]
=
K

0.

73 02, 05, 10 g-9. 9 8/kg-2a), 283 E3 (ron minerals)®} %0, 1, 5 wt % magnetite £ goethite)¢ 22stel H$2AEE 24
89t} Silica sand-2 34 -H0» systemIHe] 2 @€ $lE FE Total Petroleum Hydrocarbon(TPH)®} 5 E& ¥Aste] gasginth HH 4
pHE 30l%%, AB4de] BEZFR02 A8 297} FeSOs &0 2rIgoz ALY AR H59 427 oA o EgFelUt 271 24
2o ¥ 10 g-2WE/ke-2HG wt % magnetite)e] FAsFaFe] FEE 0%, 1%, 7%, 15%, a8z B%z ZeEste B 23 8YF A7 0%,
245%, 44%, 50%, 283 70% TPH 222 BT 2& 298 FE3A 15%9 FABEAE AR, AFA ] o] O, 1, 5 10 wt %= W3}
G908 A, edEe AALEE magnetited AHEA 27 0%, 335%, 50%, 60%, gocthite®] AFSAE Zhzh 0%, 29%, 41%, 53%°ITh. Magnetite
system® iron(ID iron(Il)e] F&3}e], vike] B4 2ol 28522 goethite system®TH S EES] Haizt o Bol dolute Aoz mpar 23y
S89 AR WAH Fuol FABe| Pl HolA Ho FFH ¥ ARTHEH S AT L G525 E quenchingA71E RL2 A
At 185t goethite systemol A FHAEFAS7E HA ARH ] magnetite systemBTH Y& Helags /AE Ao eyt EFE shaker®
olg3te] A7 At 2F29) AAZ| magnetited] 2 41%, goethited] B¢ N%TF z7lagt ol d7¢ AFE Soo] ¥ o AAEFS
£ magnetite®} goethite® & EFAol FiHol gonz Wxe AL Azkedel FAsEASe Hwmozk: Mz 248 EFY in-situ £
ex-sid H27} 715 Neg Bdd.

Abstract: Naturally-occurring iron minerals, goethite, magnetite, and hydrogen peroxide were used to catalyze and initiate Fenton-like oxidation of
silica sand contaminated with mixture of diesel and kerosene in batch system. Optimal reaction conditions were investigated by varying pH@G, 7),
HyO: concentration(0%, 1%, 7%, 15%, 35%), initial contaminant concentration(0.2, 05, 1.0 g-mixture of diesel and kerosene/ kg-soil), and iron
mineral contents(l, 5, and 10 wt % magnetitc or goethite). Contaminant degradations in silica sand-iron mineral-Hx0» systems were identified by
determining total petroleum hydrocarbon(TPH) concentration. The optimal pH of the system was 3. The system which iron minerals were the only
iron source was more efficient than the system with FeSOs solution due to lower Ho0» consumption. In case of initial contaminant concentration of
1g-contaminant/kg-soil with 5 wt % magnetite, addition of 0%, 1%, 7%, 15%, and 35% of HoOy showed 096, 24.5%, 44%, 52% and 70% of TPH
reduction in 8 days, respectively. When the mineral contents were varied 0, 1, 5, and 10wt%, removal of contaminants were 0%, 33.5%, 50%, and
60% for magnetitc and 0%, 29%, 41%, and 53% for gocthite, respectively. Reaction of magnetite system showed higher degradation than that of
gocthite system due to dissolution of iron and mixed presence of iron(II) and iron(I); however, dissolved iron precipitated on the surface of iron
mineral and scemed to cause reducing clectron transfer activity on the surface and quenching HoO». The system using goethite has better treatment
cfficiency duc to less H:O» consumption. When cach system was mixed by shaker, removal of contaminants increased by 41% for magnetite and
309 for goethite. Results of this study showed catalyzed H:O» system made in-situ or cx-situ treatment of soil contaminated with petroleum
possible without addition of iron source since natural soils gencrally contain iron mincrals such as magnetite and goethite.
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Table 1. Silica Sand Properties (Field Capacity and Particle
Size Distribution)

Field Capacity(ml/g) 0.267
Sieve number 205F (g) &l (%)

4 N.D. 0
8 N.D. 0
16 03 0.1
30 1975 9388
30 22 1.1
100 N.D.
200 N.D.

below 200 N.D.

N.D. : Not Detected.

Field capacity was measured through the KS F 2504 method.
Particle size distribution was measured through the KS F 2502
method.

21. M =2

AHEE SHES &4 50 BHAY 9 d8H 5o
S5 FH49 A3 AR WA FE2
ddsE dAd F/7F AHEEA Silica sande 57

13 Zth 98 fAF W8S fr=sty] HE Ad EgE 2ol 5
e 234 magnetite(Fes0s), goethite(a-FEOOH)E 2+ %
50 mesh®] sieveE FIHE RS AHESHT. FasFas
(H%, sEg3sh = AT AL

2

2P YA FHE 22 FF UER A F=U HA B
o) (n-pentane)d] =% &4 silica sando] #&3 &ujre 3
HAAAN QLEAZIT ol¥A 2H¥ silica sand® 40 mL boro-
silicate glass vialdl 233 dA vl& (1, 5 282 10 wt %
AFNE HolA 5 g8 Ya, 94 Fx9 HAseLS 5 mLE
< %, 01 N H:S0, NaOH £9¢ ©|83te pHE 3 52 72
Zotglth FeSOs £48 AL 44 vialdl 299 2S5 ¢,
23 F=9 FAEL 5 mlE ¥3 9AFE (1 mM, 10 mM)
9] FeSOs £94& F4U% ¥ vldvkx] ez pHE A8
ettt pHE 733921, ethyl acetate® shaking extraction
8 ¥ Gas Chromatography (Hewlett Packard 6890)% o¢]&3}o
& Total Petroleum Hydrocarbon (TPH)9 FEE EAshych
o] W TPHSY %%+ integratoritoll A 2~238 Alo]e] BE peak
£ AEsto AXteldh GCY %7] ¢XE 46 T, 3% 25
250 T, program rate= 10 TC/min°]®, column®®¥ HP-5
capillary column (W73 320 ym)& AMEEISTh o] We A& 34
ZF 1%0Tl s UV-TiSOs WY, 1% olAdAE iodometry
BHS o839 ZHYA9] 28T soluble ironTAZL vial
W A5AL 2000 pmold 5 minF¢ YAEEF
membrane 92 (02 pm nitrate cellouse membrane)E AHA
Inductively Coupled Plasma (ICP)& ol&3}o] £413ldth. E%9
E3H& shaker-tableS o] &3t} HAlstgT)
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Figure 1. Breakdown of mixture of diesel and kerosene at
different pH values with 15% H:Os, 10 g contaminant/kg soil,
and 5 wt % magnetite.
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Figure 2. Breakdown of mixture of diesel and kerosene at
different iron sources with 15% H0; and 1.0 g contaminant/kg
soil.
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Figure 3. Breakdown of mixture of diesel and kerosene at
different concentrations of H»0; with 1.0 g contaminant/kg soil
and 5 wt % magnetite.
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Figure 4. Breakdown of mixture of diesel and kerosene at
different contents of magnetite with 1.0 g contaminant/kg soil
and 15% Ho0s.
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Figure 5. Breakdown of mixture of diesel and kerosene at
different contents of goethite with 1.0 g contaminant/kg soil and
15% Ha0On.
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Figure 6. Breakdown of H;O: at different species and amounts
of iron minerals with 1.0 g contaminant/kg soil and 15% H.O».
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Figure 7. Breakdown of mixture of diesel and kerosene at
different species and amounts of iron minerals with 10 g
contaminant/kg soil and 15% H.On.
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Table 2. Generation of Soluble Iron from Magnetite and
Goethite with 15% H:O» after 5 days

Goethite
1 wt% 5wt % 1 wt% 5wt%
pH 3{pH 7|pH 3|pH 7|pH 3|pH 7{pH 3{pH 7

Magnetite

Soluble iron

\ 67 {ND.| 82 | 07 [ND.|ND.|ND.|ND.
concentration(ppm)

Table 3. Treatment Efficiencies After 120 hr Reaction with 1.0
g Contaminant/kg Soil

Hy0; concentration / Iron| 1% / 1% / 15% / | 15% /
minerals concentration | 1 wt % | 5wt % | 1wt % | 5wt %

Magnetite 44 338 288 244
Goethite 36 31 167 175

mg H,0, consumed
mg contaminant degraded

Treatment efficiency =

71 ZAHE Aoz ARsY ol 27 & A Soluble
iron®] °§° Table 20 ehiich o2l @ 754'“ 2e gl 2R
Aol A& % magnetite7t AHEE Aol Figure 6014 y__
‘3}9} Zo] FAElEAZSo Balzt o Bo] dojd Aorw ol
F 9tk a2y, Holfo| £5d A e HHEA A £
3117} dhadale] ARA ol Fwol #ojA ol LW/ gl
AgE A FBY EooAe dAmnge] 7187 s A
3 ABAM9 activityd 7 JHsAel $EHEE BEH
ol & ZALE & ojAoltt 121 magnetite® 7
29 Ra&Ert AU Jadsteas] 27 A
gojipe Ao 2 Hol magnetite TR HAZ] 9

2
"_‘lnH.O}mA&
&

L il rt U o o M
Ae)
i)

P85 A4 quenching EFE e Aoz BT AHSH
Al vw wye dsdoz F FPMd ok QHEHY
o O

A AEE T 2k o7 M Zgold oA T uig
2ol AHE 9% (UAN FH79 EFE) 10 mgd ¥
el 228 349 F (mg)d ¥E vt FAsiei s
AP 4 FFE o8 A2 9 Bl deA e A
3 A3l Table 338 2o, 714 73 e &
Bo 557t 10 g-2 B E/kg-58, A7) 120 hrs
At Fo Aot oM ¥ viel 2Fo] magnetiteS AHET 7
B QHE 9o| goethiteZ AHEE WHT o Be A&
& 4 glevt (Figure 7), H2] E&%We oI E goethite7t mag-
netite T o] £ A& & F Urh (Table 3). °|& magnetited]
A% Hol& £&o 8 AAE &eiAo 9% 49 quenching
4ol olaf TAgFArt AREHY GEQd Rog AlgHct

3.6. EY EHY I
9o} ARNE vg o Z in-sity, ex-sitn $F EY Edd A4S
8 shaker table® ol&3dl EY &7t £
HA AL 150 pmeE ¢ EX¥H IS FLFE £
o B 731}'5 Figure 87 2t} E%& s H4E &
AA E A 7‘°] magnetites AHEd 3971 goethite®
3 °] a7 f 22 A& U £ Qo =,
°ﬂ °‘°W 5’3*]7}.3: 1%251 2
9]

Fsteh A 104 A1 E 199

=
o°
o

40 1 g. 15% H,0,, 5wt% goethite

30 4 —® 15% H,0,, 5wt% magnetite

—a— 15% H,0,, 5wt% goethite, Mixing
20 4 _y 15% H,0,, 5wt% magnetite, Mixing
10
0 T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60
Time ( hrs )

Figure 8. Breakdown of mixture of diesel and keroseﬁe (10 g
contaminant/kg soil) under mixing with 15% H:Oz and 5 wt %
iron mineral.
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