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Effects of Hydroxides and Temperature on Soil Washing
Technology Enhanced by Nonionic Surfactants
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E7F $7485 AlAEE-Z NaOH > KOH > Mg(OH), > Al(OH); &4 2 F71513lt}. A(OH) = A2 A E
SAANA MREEL iy F%ch D59 v]o] A AMR-GA] POE| NaOHE d7lsh= 7% 4 55
0.01 M3} 0.1 Moll4] 217} 62.5%8} 67.3%2 FZ3HA A E &) 3pgsltirl 1 Mo] FEolA o 42%E F43)
Zazsigich. 3 AHEA Aol NaOHE 001 M 47138& of,, A71ebA] gb& i} i go] S713i3ict
NaOH7} 71514 & wlo} &3 A @A Aol A= POE;/POE,0] F58|7F 1.8%/12% Wi A= i go] 7}
7 FXANE, 001 M| NaOHS A7l wle 1.2%/1.8%0l 4 854%2] 2 A a&E vehligiet. &9 A
HA A|[POE;/POE, [&Hell el NaOH H7}gel] whE i A3 CMC ko] HE-E =A% 23},
NaOHE: H7bste ¢ & A9 A= & FHaAF e} 34, ulol 2 A] Al 24 4le] HLBzko| F
VP E 2L SR, £ o] LxollA AXE o] 43 AadE & Ui

Abstract : The effect of non-ionic surfactants added by hydroxides was studied to wash HOCs-contaminated soil.
The kinds and concentrations of additives-mixed surfactants suitable for the soil washing were found. The effects of
temperature on the soil washing were analyzed and the relations of HLB and cloud point were estabilished. As the
base strength was increased, the washing efficiency was increased : NaOH > KOH > Mg(OH), > A(OH),. Washing
efficiency was not enhanced by A{OH); for coagulation effect. When NaOH was added to POE;, washing
efficiencies by 0.01 M and 0.1 M solutions were increased to 62.5% and 67.3%, respectively. At 1 M of NaOH
washing efficiency was decreased to 4.2%. The Optimum concentration ratic of mixed surfactant [POE;/POE,,] was
1.8%,/1.2% without additives. But optimum concentration ratio of surfactants was changed to 1.2%/1.8% with 0.01
M of NaOH addition. The surface tensions and CMCs of mixed surfactant added by NaOH solutions were
investigated. The addition of NaOH reduces the surface tension of more hydrophobic surfactants. The nonionic
surfactant of higher HLB showed highed cloud point.
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£ AdstE A TAE wek 3tEo] §E A9E 2 EAT
22 S AESS A& Agetool gttt ESGE & - 318
Aoz Astryle EFAHA 7 (soll washing)e thgFgt )
9] 29U E AE3HA AT 4 A& et ol @4 A 84
o] A1 AAA R F84go] Hold A oz 14
31 9t (West, 1992).
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784 W A4
dAe A7 Al EFE AL FFY FxHo] wet ¥ AW Table 1. Surfactants tested in this study
ZAAGE Aolgt nATFEE BT 2 dED g & Commercial o Molecular Formular ~ Avg. (o o
A=E et vladTze 2719 HEE edEH name (Avg.) MW
Ssist A BAV} Yo, ANESI} Y5 UM BAS POE  oxyeriienc G GO ONT &5 118
Aok (FH3 9, 1997). maba] mjde] A7)0 AAES & POE,,  oleyl ester CpH,COO(CH,0)H 898 13.6
o MFEES FTVNZE F e EF AUZAAE Aestn
B FF L FES AR de WS Fas
At} t Mg(OH),, 18)1 37)9] $-4t8}o] 2-& EF3l Al(OH),
HLB ko] Aolgh vlo| 24 AWMEAAE EFsle A5, 1 & dgstdd, 89 FoA g7le] F&o|2e] 413 o] 27
Ag YASHE BP9 head B2 77t A2 D27 RE =8 WSAY 2F HloleA ARBAASL EFY & Y=
o ztzte] mlde] %o dFAs A3 wjA o kT F2E S
FYBTHI A, 1992). o)sh o] HHH M)A 5o} 254
ro] 254 f71098 0] N} Bol SaYER A¥EE O 9=t 54
o A5 ANTHARY 9, 1997). A EGe NEEEA B¥T AT i yae
ol 2 A& A ] vlgte] vlo]&A] ARG 2= opitellA AFHSFAH #12A)(1.7 mm)E ol &3ty F& LA
WA ST dehliel, 257k 4530l vet vjdel vigs o E4S AAR F, 110°CY] 2EZ o 297 ARAZT

o

2 2A8t a3 polyoxyethylene Al&3} B8] 47T 0| A
suo] Zo g BT P DRI,
1993; Cross, 1987). o] 9} o] AHBHA] Fhe] L7}
kol uheh AR dAo] Yo}, SHo] BEHAA Hul,
o] gk o] Uojul &5 E 23 (cloud point)o]} st}
(Myers, 1992). dukd o 2 Hlo| &4 ARBYAY 7%, EO
(cthylene oxide)9] ¥-71247} Z713tel] wha} E4o] v
o2 Zrlels Aoz HA Qon, ol ARBAYAY I
A7)o] ek $31u-g (hydration)e] EO B7}E57t Z71ato)
ule} AR 7] u# o]t} (Rosen, 1978).

B AT EGARIEE AL 47 AT 254
F7109EAR 09 ERS Qslals Ao dokd AL
o2 HAg ulo) LA AVBYAZ NAsT, AVIYAS) A
H 58S FANY & Y= PHE 9 FRY FA5ES
HgA7|H, BrlAel EFe FEo] B2 FugE CMC 3t
o WaE AMEy, BEYAHGoT Fas ANTYA 2 3
7S E5ot AA $EE £E TR QT £ 1o}
ANBHAE o] g3l EXS AHFE AL, APHL F
2% eHZAY L9 YL AWBr] Yot $8(cloud
point) ¥ 917} Ao| gk Hlo] £ ARWBAYAE 23T £ AW
gyAE exde Fead, exd e AHEse] WS
gty 23 AUSAA e HLB 33 edo| AApAS 7
st nt st

SR
ChHat AlHEdH o "otEe M3

E40] Az oleAPol} olemPel A% Y] AF
7¥sAdol AL o] A AUBAA F polyoxyethylene oleyl
ester AG ] AMBAAE MASATHTable 1). AR o]
et BAo] FFE Fol PGB T £aHe FA
2 F e 7HF FASES Ak A, FF 2 TRl o
8 EFAH e 42 AIEAT. £ F 19 F4tst
o]2& ¥3slE NaOHe KOH, 2719 F4tsto| 28 £§e}
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AZA EY dAZFE &7]d ¥ A% 7712954 n-
dodecane$ n-hexaneo]] &3jA|7] &, o}l5 Ey] ¥0o] %
HEE S HEFAA | FAste 27 wnkssitt. AA @3
o] QHAESTH FAG FHE L EA717] H3h < 8719 <
A3t A 7R

Y eHEYY pHE EYSEAR(EA7Isd T4, 1988)
of AIAR WHeR SA Ax} oF 443t EFY particle
density= 2.48 g/cm®, bulk density= 1.43 g/cm’, 23 &S
oF 0430t} B9 f7]E FHF-L 600°Ce| 52 A=
g o] &3l Y uPELS AT 2 1.6%ATh ol
X &-8-8F(cation exchange capacity, CEC)& USEPA Method
9080(USEPA, 1986)% o)&3}e] 243 A}, 4.08 meq/100
g of soile]t}h. At @ FE e t)g E41L Table 20 Q9F
skt

=
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g o ARBYAE A5 LTI 2540
H| 34 2He712 UH e, 22 3 24H87)9 B8R0 24
2 F840] FUlsle]l EFAHA nlAEYo] Fo| FRE=
B, FAE719 EE o] Ho] & HLB(hydrophile-
liphophile balance)Z UEhlE AREARAAE $840) Hasdt
o 23} whagtozs 24402 099 EU gl Fol

AA ddH ez vAESe] 4A $RAH Tleters Aol
wAgeHA gt ol2id Ao Qs HLB gho] e AWE

Table 2. The characteristics of the soil

Property Measurement
pH 44
Particle density 2.48 g/cm’
Bulk density 143 g/cm’
Porosity 0.43
Organic content 1.6%
Effective size (Do) 0.18 mm
Uniformity coefficient (Dg/Dy)  8.89

Cation exchange capacity 4.08 meq/100 g of soil




Hlo]&A AHLA S o] &8 EFAHZI AN TS Hrte 2= %

THEAY 9], 1997). wpebA] H|o] &4
< 2 QARG Y AHE
&2 BT 4T BAE vebi, 5A S F5tE el 3 &

to
!l

B AgadAE vo]2A AREAAA Y FEE B4 4
n X oFe FatsE
IE s, A 2579 pHet AH R LS 4BTA
a3t

(1) &4 AAEAA N A& FAEHE Hto & 9%

£ A¥elA s HLB7} sol 4AdS yehlin], E¢A A
Hasl derdo] 2 FAEHA &= polyoxyethylene oleyl ester
A9 vlo]& ANBAA £ £2F 1 molF ethylene oxide?]
H7MEa7h 591 POE 74 FA8ES w2 Frleto
SHEY] AH g 2 AH F559 pHE A8 vl o]
27 AMEdA POES 3%(w/v)E A8t 4t F4tstE
(NaOH, KOH, Mg(OH),, AlOH),}& 10 M~1M¢] %
He2 Edsidct. olue] JGu|(ERS] FA : AHBAA
follo] Byl)= 14o]n CHEY F #124(1.7 mm)E 743
Eg o83l B U YBEEE Ao 2N Z4F A
HAo o8 JFe WL BAIYTE WM 2EE
25°CE 1A% F, 250 rpme} wRtEE s AAAYS A5
Hrh 2447 Bt ARFE F AIRE 1083 AAA o2 1

%

S 0.5 mLE viald] £33} n-hexane 0.8 mL¢} NaCl 0.3
g2 Hriste] 387F S83] wtsta o 3087 AAANA FE
o] AR A & ¥, GCE o] &ate] £33 GC 4
Z72 Table 33} Zt}. NaCl2 AlHEA A §9] o] 2827
& WA A B v Fo 3lE a5 fUIEER] &
o2 AANEE 2850 AR F9 i f71edE49]
Tyt A8e) 2HE F UEE S

(2) £ AAEAA ] E F4HEE

HLB gto] T AWEAAE £33 F, NaOHE H7}3}od
AHage Wie dUstu AHEss
AW E A9} NaOHE E2718 =539t} Polyoxyethy-
lene oleyl esterA|F 2] AHEAA 5 HLB 47} 1} & POE 9}

j=|

N

Table 3. Analytical condition of organic contaminants by gas chro-

matography
GC model HP 5890 II
Column HP-1
Injection mode Split
Injection temperature [°C] 220
Detector temperature [°C] 250
Carrier gas N.
Flow rate [mL/min] 5
Detector FID
Injection volume [p/] 1
Injection technique Cold needle technique

(A, 1995)

POE. 8 AAFEE 3%(w/V)E ILAAT|L, Z ARBGA ]
E38|(POE,9] % E%/POE,,o] ¥ E%)Z z+2} 0%/3%, 0.6%/
2.4%, 1.2%/1.8%, 1.8%/1.2%, 2.4%,/0.6%, 3%/0%%. #7434
Agsztgon ojue] A= 1490 AHA AGAToA
T AHEE] 48 Ao wkd 0.01 Me] NaOHE &
3 - g3t #1242 E93 QJEY tls] 25°C, 250
rpme| A} ZIBH gk 3h T,

Z+E A AEEAAA £4-E 0.0001~1%(FHH])e] =
92 A% & FHA=7(Yoshida Seisakusho Co., Ltd.,
Japan)g o] -&3le] XHAH 9 M3E SAHIHUT. BRHHLS
AREAA Y F=7} wolge wt Friste AEE UEy
H, or dAT pEHIM FHFAH] FAHA VA
FtHHall er al., 1980). ¥ o] 543] F7t8le FEF7
I fustA F7keE FETHE APE EAEted A4S
T3 H, 2719} FAF M wAH F=E CMC ez A4
st AWEAGA Y 25 CMC & &l A mjd
(micelle)e #A5l7] A)zshs ABEAAY JhFEEA
CMC 3to] A&4E, /9 vdE FA st AUEdA dF
A)2] 3]%4=(aggregation number)7} F7}8HA| Ho] & mjAdS
Bk, @3trs L AER e faFo] FletA dot
2 dAFoM e Z4F EF ABEAdA S NaOHe| H7te] w2
EWAHEs CMC gt ¥3ts gelsta AAHgg&ae] 4ad
AL TH S

E8 AlHgMH el 2Fol| E MASY

HLBF7} oh2 AHEAGA e FE8)E =t £ AW
AL 2AT F 7 2204 ARARE AASATt A
A 28717t 22 ARBAA Y] 75, ethylene oxide F-7HE4
7t Ve E HLBF = F71skAl ¥1 &3 o] As3tA |rt.
oA AlH A o] HLB9F 4o AddA, $4% ES
AA=e] FAE vl - FHELEN EEAH I AEst
AREGA Y 225 AA 3N}

HLBG7} o2 Z+F £ AHEAAE A 23l 22 B
HHAEE A 319G} Polyoxyethylene oleyl ester] 2] POE,
9} POE8] HAAFEE 3%(w/V)E THAITI ‘@%H](POES
9 5% %/POE,,2 5E%)7 22 0%/3%, 0.6%/2.4%, 1.2%/
1.8%, 1.8%,/1.2%, 2.4%,/0.6%, 3%/0%0]™ Zeha]7} 1:490 7
2. #1245 £33 Bk 8] W& EE 250 rpmo| 3 £
Tg 25, 35,45°CE =43l MAAEE AT

2 U DE

Ch AlHE ol MI7HEl itatEel Ae

o] 2=} £ F FEHAA e FitEES ¢ A4
A Q] POE| #7He w vehvbs EGAHH ] WgE v
W&ttt Figure 1o Uehd uikel o] NaOH > KOH>Mg
(OH), > AlOH),¢] A2, 894 F Hrtd sAstEe] 94714
o] F7TEFE AFE &0 71t A(OH)7t A7HE 239
AREALA7 SHHD BEF AFEELS A YeibA &%t
t}. NaOH9) A9 0.01 M3 0.1 M2 H7lste 25 62.5%%
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Figure 1. Removal rate vs. concentration of hydroxides.

67.3%2 FA3HA AHEE] AT} 1M ooz Hrlst
Bt MHEEC] oF 4.2%2 FH3] Zadt. ol g A4
KOH¢| 79dx #25gict. 0.01 Mo KOHY} #H71d
T AHE o) 2A FFHA oy 0.IMAM NHEE
ok 61%2 FA5EHE, 1 Mo TEEAE o 47.5%% T}
7ttt

39 o], ABREARA & Asf2e 7t
|

2 9 o rorfr

ol

7% CMCe Z28d4o) AZ=o, vo]& AN
A8 F¥ CMCY ZA2EdE mugt Aoz 934 o).
5] polyoxyethlene#] H]o]& AHRBAA S ZH$ fol2&
A7VsleE A CMCe) ZHa e wjujshy, £33 & .
Na', K 59 golecl At 4% FBEF polyoxy-
ethyleneo] 11215 FAstx, FAE uele) 27|} o] 24 2
717 AR B9 $AEI B A ol PEE F
A+ (pseudo-crown) =8} FtHDrew Myers, 1992). 1t
A oJd Ego] &5 gl 8 Ao 0] 28 A o]
2 gAFle FE, od B £I=r) 23 FEE
salting in&E 43 83|57} F43] 743 salting out EA4}o]
24, oleie Ae ST E B TR BoEE o
298] FRol wet Fg et 2 AEgaiA] £ Na',
K' &9 gol2g #Hrtele 4% 7129 =44 dishd
salting out /o] LAd= Ao 2 FAAHDrew Myers,
1992).

ForsEo] A7 R it A &S pHY 4BBAE
7] e, A% §E59) pHE ALt Figure 2). Yk
AN EGLE Aoz A4 §E4 94 A4S oA 8ot 2
2y FasES AU A9 pHE F715H) HH, A(OH)&
A g U A} FAakslge] FE7) 0.01 MojlA pH 6.8~8.82)
92 NaOH7F KOH¢} Mg(OH)oll Hls) Hujges g
AHELE 240 g 0.1M9] A8 E 9L HEsis 7
Soie EGAEEEY §2% 5718 Bo|x ¢t pHYL 12 o)A
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Figure 2. pH vs. concentration of hydroxides.
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W3 Agugt Autgos WE FrkA] A FEL 27}
SR T vo] 27 AWEAAIQ] POE; 449 NaOHZ
7V A, A7 @2 AR AEEE oF 20% A F
7+ 3101}, POELS] @9 &-<49] 7 9-oi= NaOHE #H7}s}
A & e AR &g A9 ReY NaOHE 7kl
et 60% g2 23 FeHAT. NaOHE H7elA] @&
Y= POE;/POE,¢ 5XH)7} 1.8%/1.2% 4 A&HE&o] 7}
4 ZskA 9, 0.01 Mo NaOHS #7138 wl= 1.2%/1.8%o]
X 85.4%2] 7H¢ & AHEALS e POES}t POE,,
o E89 F VA ANEAAY 7t AAS4E NaOH
& A7V A97t FoketA] & Aol vlE] MFH A &o] Tt

e

28 & = JrkFigure 3). o]w AjxLNHe NaOH 0.01 M
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Figure 3. Removal rate vs. concentration ratio of mixed surfactants.
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HeEn.
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AR 7
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NaOHe[ &7}oll & FHAZ D CMC 2ol &ig}

A £ AHEAA sl NaOHe} ¥rbrt gy
CMC gtell WA= Fg& dotrr] 9Ja) A=Al o] 85
W EF AWEYA £BL 0.0001~1%FFu] )] xrue
Z7% ¥, NaOHE 0.001~0.1M9] S5 Hrlstn gz
g % CMC gto] ¥3ls 238t POES] &3 sku]|7}
20%d A% EF AFGAA CMC gro] F73] "olx|thrt
POEs9] &3 Fx=H]7t 60% 039 7% THA) CMC grol 27}
St tH(Figure 4). by oz 72 Ao vlo|2A AHEA
Ale @A 2] S42-87]2 EO(ethylene oxide) B7124:7} &
TE T84S YERI CMC gtol F7181A HE o) uld
of vPgEE YAk vEAY SRR A, 17 e
Y37 $ete] 8 E = BEAle] $=(coagulation number)7}
dH ez F7t 57| fjFolth(Meguro ef al., 1987). wheka]
EO ¥7}247} 5709 POE:| H)3] EO BrtE47} 14709
POE,/} & 484% 49 CMC 3% At} o) L4 Ad
BEAE TF A9 7AEE v ugE e F7)7} Aol
g DFA S0l =UsA WX o] Gy AWBAA )8
CMC o] Zadte zo® wagohFigure 5). 18}
NaOH¢] 3710l o3 £ ARGAHA Y CMC e A W
s}ebA] skt

B8 AH B 2| 2E| T2 MYy
£ ANBAYA F9 POEY FEu)7}t 71852 HLBS
s At dRtE o2 ethoxyst® wo| 27 AWEA
Aol HLB g2 4 (1)7} Z2o] AH&5v] uloleA9) £8 A
B4R A4E g A (2)0 A& AR § AH(Graciaa et
al., 1981).
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HLB = wt.%sof EO 1)
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rp = (Wa X HLB,) + (W X HLBy) )
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Figure 4. CMC of mixed surfactants.
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Figure 5. Surface tension POE; solution added by NaOH.
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A2 HollA W, W EFABSAGA &9 Z ARAGAIA A,
B 39 $% ¥=H|E, HLB,, HLBy= A, B A'@ 844 HLB
e Yl € £9] POEJ} A3 558171 60%Y
w &3 A'984A[POE,/POEs]°] HLBE= 10.60|t};. &%
ABEAA S 2271 25°Co| A 35°CR Z7}aol wiel Al A&
£0] 69.6% 4 64.6%F 7t A3} 45°CER 57} Ak
gholl whet M ggo] 42%2 oF 60% o] FA5) A Holx|=
A4S A 4= A

AHLETL 24 =g wat T AT A s
BAE ATz} SE = Q QB et L Po) A
ot 23y POEg9] 5XH]7} 80%24] HLBS7} 9.621 &3 #)
WA S 25°ColM 35°C2 F71gto] wheh Maggol o
20%e M 2% mgto R FASA AL &, HLBS7) =
7V&r8 EF ARSAGA 2 BT ethylene oxided=7} Z7}5te]
o) Asttn MY exExA0 R wule AL HHE
&°) F43] 4TS & F YUt POE;9] FxH|7} 0%t
20%e M= 27t S7HEel wel 38 AHE L) E718Y
o FEEZE 0% ARBAAE 25 F7HA) F 15% AE
7Vt FER7E 20%9) E£F ARBAAE AHEEo)
9% 7t8td HLBF7} & AUBAA A4S £50] o2
7tEol 2& & 4 lrh(Figure 6).
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Figure 6. Effect of washing temperature on the removal rate by
mixed surfactants.
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1) BE oleARE 2E FEole FANES B AN
A%l PO H7kshe 39 EFAHAS vlag 27, 9]

Aol F7218+E AHFEo] F7)sbe], NaOH>KOH > Mg
(OH), > Al(OH);9l &=AE Jehligich. A(OH)S) 7%, $3
sto] AIFAELS Ao YehbA] FRAT NaOHE H7lehs
7% KOHS} Mg(OH)ol Hlg) Aoz e AYaee
Btk KOH 0.1 M =4 £€ EGAHELS Ry
pH7} AR o} FFo] o] $uz Ay os 25e W
of AHEEE FUAY & L pHE A0l A 433
= 0.01 M NaOHZ} EFA A o) nlgAs o2 fardr].

2) NaOHE #7betA] @& W= POE;/POE,9 F%H|7t
1.8%/1.2%0A MHE&o] 73 FUA ¢ 0 01 M2 NaOH
€ A7H9S W 1.2%/1.8%0 4] 85.4%2) B AHELS U
BRIt Hlo] A AREAAE o] &3 E-%L AR A A o
Ao NaOHE #7tto i AAE LS S g
$  obet 44 9] pHE FA4¥92 Z-Fo] B

O = s
TTETT

WY ¥ AFePTA £8HY YR B 5T R
o2 slgerk

Ao
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