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The Study of Phosphate Solution Transport through Porous
Medium by Using Oyster Shell
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Abstract

Oyster is a common marine-cultural product at the southwest coast of Taiwan; but
the by-product, oyster shell, often caused serious waste problem. If oyster shell could be
used at on-site treatment as a medium material to adsorb phosphorus in wastewater, it
might not only reduce the waste of oyster shell, but also reduce both the concentration
of phosphate and eutrophication problem.

This study is aim to use three different particle sizes of oyster shell between
0.42~0.84 mm and apply miscible displacement experiments to study the movement of
phosphate through three different particle sizes of oyster shell and calculate each
dispersion coefficients.

According to miscible displacement, the dispersion coefficient of phosphorus in
the oyster shell were 0.42mm: 17.05 cmz/s, 0.59mm: 0.90 cmz/s, 0.84mm: 0.21 cm?/s.
Dispersion Coefficient increased with the decreasing of particle sizes.

Through the study, this research might establish phosphate movement capacity and
related parameters of oyster shell.
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PGB S S8 FF 374% 048 Ao s g £ 4 (0.594%) ~ 4£(0.269%) ~
47(0.012%) ~ 4%(0.034%) % = & (Kwon et al., 2004) - 35403 A 9 5 241 glem’
(Yoon et al.,2004) » % & = *-Kk » ¥ B 5 afd ~ @R o i (TR £ 1
fF o
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C,(x1) = %Co{eif(m) Cafl—> )

Z(DI)I/Z (17
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FFALRBA AP DI %‘r 3t M 8 % 1B #c(p > number of pore volumes) °
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43 VIASL L 2 %% 53K 4 @mﬂgﬁ Fhik R T EQ0)E » 5(24)
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=S 33
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PR G IO = i - %J'—?f(Wtz)

3. A AR R B PR E Y BRI R GEES
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B.4#: ¥ 11 20 mg/L(Co) el ik B 73 % i

L& KEg g ¢ o RiEdH o 5~ 20 mg/L sHpkph B3 iR

2.F A et B8 4~6 -

3:3&—’{7]\@? T3 ’]\'g k3 BLE 'E?j&ﬁ’; BRI IR R ’El‘_*ﬁ/* I
ERA B BEENRE NS > £ BEERD kAR B R > B 3
PRI R B AL AL g R iR Q£ R R

BEBIRITE IR R LA 50 =T o

A BRI ANR R 0 VUK BHE R 2 — A kR R 4 F 5 2 (NIEA

W427.52B) » & 4775 % ¢ FRphi Bk R (C)) ©

322 B kALY M

1.A55(20) » 7 K17 & & i# & vy( Darcy’s velocity)
2895 Ci e Co et {8 > ed R cn B B p(ES QD Fes8 25) 48) > | %
B Ao 1R D T k(N (34)) -

3.2.3 38 ok thi(K)
1393 Darcy’s Law

o

AH
= KT (36)

e Grvgs AH~L o % 0 3953 3 -k % i K(cn/s) o
T~ Bk HH

B LB~ R F B o DRk B (C)frd 4ok B (Co=20 mg/L)mLL B2 p@E
WA BH)SE > Ry RF > 4oB 4-10 BlP = B 250 0 & x5 p(a
HMAA BE)LZ 1PF > REd M2 A5 s

1395 38 (34)fr 3 (36) > 7 4 17 4t §¢ % #(Dispersion coefficient)fr ¥k % #(K) >
Pa% L4 4l

41 AR R B AT R GRS

PEE FT 0.42 mm 0.59 mm 0.84 mm
L2272 %EER > cm) 10
v (L3t Mmoo cm/s) 1.05 x 10™ 7.46 x 107 1.24 x 10™
hop=l o RRLE RAF S 0.007 0.081 0.217
va(iE & i & 5 cm/s) 5.10x 10 3.72x 107 6.82 x 107
AH(CKEES ° cm) 3.7 2.3 4
a(GU B E > %) 48.5 49.9 55.0
K ($-k 4 > cm/s) 1.4x 107 1.6x 107 1.7x 107
D (2f §¢ 4 8 > cm’/s) 17.05 0.90 0.21
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K417 @3 ":s‘.*Lb_/)E‘“ B H S AR g o

ety > LIV ’ff"L./{;._ /| (particle size) sk ff &2 48 4 (a s
(Passioura and Rose, 1971) o K F 4.1 m&:}é » H 2 % £7 Passioura and Rose ma‘a
FFe oo FIPF Ay BAEHC Bty o 2R A @Qm&' <F B @ Bl 410 = R
R RO FEFRIR ) G P &;l F RGNk SRR Ty I B

ERSR o™ R fﬂm&' AR E > T o LR L—«‘f—“—i@’ 2
R TG AR Pgier B B F Cl/COmm ’i‘gﬁmﬂ"#; BhoH 3
HIF- T Em oM R ERAY A F '7;“ E LRI -F5- 315 T4 Gty o

FRpFE T 0 dod 425 Astatula ‘o) 0 B 137 cm ehd 4@ 5 2 IR gs L)
2mm o Brfs B RS T IRILINE S 3.42x 10° cm/s » a4 Al 5 4.28 x
107 em®/s (Mansell et al., 1985)

Fi¥E 2 Ak s %“2mm’£;irr§ AmEpE 3 eh T i a5 177 x 107
cm/s > AT Al S 6.71 x 10° em®/s 5 slag A i) *+ 0.06 mm > FEFL TR R n
slag T 3234 B ymiE 5 3.53x 107 cm/s » 4t 45 % #ich 1.58 x 10™ cm’/s (Lee et al.,
1997) -

Aikensoil > A & 7 & 5 3 Eﬁ 4 (kaohnltlc) FRRPE R R SRS ) Y 2 mm eh
Aiken soil » H T 353  ponig L 6.11x 10* em/s » i $c a8 % 8.33x 10* cm /s(De
Camargo et al.,1979) -

Slag 7 dust fr cake % L+J;M~ 18y m~2 mm > # T35 inid 5 3.53x 107
cm/s > M Al h 2.71 x 10™ em?/s (Lee et al., 1997) -

B bR g PR At ST R B B 0 P IR PE B P B Gl Be S 0 H
RFIT A & 0 SHHR I B F G Mo B PR ol Bt - SR 0 2
FURE S A TR o DTS e T E o $T T e g frat 4 ik
PR o ¥ Bgitt ¢ BERAY R F o Flpt o PO E IR @ s
MR ok T S ) A Bl Rt 0 A AR T e

Korte i& 77 11 /873 [ a2 B F R £ F % > TR URBY 8 fFi

= ﬁ %% ! a x> %A (complete breakthrough) : wa Foor MR R ek R o B A4
SRR AR & o b.AE Tk ik (steady state) T ALK R 2B R Uk B R A Tk
B P ERFMABR ccpTRIIHATED T @ R NR R
ERAPE o 2R R fodedek B et B8 K0T 0.1(Korte et al., 1976) -

JER 4-1 ¢ > % 0.84 mm v 0.59 mm 1245 Korte %7 7 > Z_ 3048 2Kk i «n
RAE B kg2 042 mm > d 3 C e Co et B3+ 0.1 njy},%* BRIV AT
£ Y b e il A Y P T ARt b 0.42 mmo $UEER R B o v
£ S F A o

#Am ok B (Co=20 mg/L)jp & 41 in ik fi(C1) “% AR 0V EERA “f

F (%) ° ﬂi—/faﬁzﬁ%“/‘ A RPET AR " ERI42-B43 -RBl44 AN
FAT e };Iiﬁ’ 5 fr TR @ o d l%]ﬁf‘—" ke 042 mm kR H l‘f by
g it 5 99 %_L 94%,059mm’,}§7§:7f%“/]€ Fegit i 97 %3 47 %; - 0.84 mm>
/f;ﬂ}:ﬁ%“f PR 5 94 %3 30 % > /fafiﬁ%“f—f LEAFERH AP 7% AR
Fl i P R R F R AR R e "E K o AP T 042 mm pF o d 3T H K
fi%%“,%i""i Mohg R ] o Fb ke A iE o

P T R BRI 1 IRE ¢ kIR AL S A B
ﬁﬂiféfiﬁ%“,ff%" 5 62% (37 2 5 2009) 0 d AP @ F G BFIIER XS
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AR Pt Bk R B R 5P SR R e

BRI S A AT UR > T TR 45 Bl 46~ B 470 A u Lz R
Tk Gl(K)fr kAP R o d BV o 2042 mm o Fok Glceh® o
142 0.59 mm - 0.84 mm $ 5 £ % > £ & 71 5 0.59 mm fr 0.84 mm A > &
FHRF %a P BHILIE RSB T o g’ﬁ 5 ;?,é" IELOVE B =& B QYT i%?»°
f042mm > d 3ok GEAER FIUt B B % SR 5 42452045 5 5 (laminar
flow) » i B > FHFPPERE > srrie ok & o
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090 -
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070 - . .o r o :‘.
060 - N : ¢ #084mm y =021 75+ 0.0189
¢ R*— (19897
¢ . I
030 - ot ! [y
*e .I [ ]
040 o ¢ ¢ _— i " WO59mm y -0 0819+ 0.006
o * R:=0.9284
' Y
030 - oo! -
' -ll A 2mm
020 - . o y=0.0079x+0.0093
e R"=0.9871
0.10 -
sk
000 AA MM AAAAAAA A AA AM A A AA AAMM AMAR AM | |
0 1 2 3 ] 5 6 7 8
p(number of pors volumes)
Bl 4-1 = 4 s 4 e b o 5L
F 42 PuREG H i T 305t R et TR BT )
B T35t ok | aEriadk
7L FAE (mm) ) X iR
(cm/s) (cm’/s)
Astatula ‘m %) <2mm 3.42x10° | 428x 107 (Mansell et al., 1985)
7y <2mm 177x10° | 6.71x10°
(Lee et al., 1997)
slag <0.06 mm 3.53x10° 1.58 x 10™
Aiken soil <2mm 6.11x 10 8.33x 10* | (De Camargo et al.,1979)
slag érdust fvcake | 18um~2 mm 3.53x10° 2.71x 10 (Lee et al., 1997)
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