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W2, BRI T 2 Ch L, WEMEBRO R
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52 TEAERL, TORIBEFARDZEDTH 5.
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ERE L BV TV ORER, okEE (DR2300/
W7 4 — 7 — 7 —tt8) 2T, VgAY
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ERRD ) VB KFEA ) v 4 (KHPOy) %Ak
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KH. PO (3 &R AMAICIE ML, F-E8EE1, ¥
% B KHPO 34 TKHY & POY ICEHET 28
LR,

(3) WEWE

RIFRETIE, VVBOREDMELE LT, 2137,
K3, & Ao, MARKEGOARFMIZHEAHL,
INo DWREREN A Mat L. £ 1LICWEWE DLy
MREEEDD., £F, AL FTEMAIIZH W TH
MOBIZRET IR FOZ LT, HL hEFREDH
e L THlibh TRz ZHIZHIR DK & WU L
BAPIA, F7-8b & LT oI R R &
LTHUARTE 3. ZHidB < ISRty & 5 i
BOWWESEIRENIN 2206 TH5. Lrl, BE
FeffinFE L, ) VA& ER & 3 2 AR 85
T2, ZORMFEEOEXH» 5 ML FTORMIZIEL
AEEL ol ZTDRY, BETIZZLL DFHEEN
IR E Sh b, Zhaasicflfs5 2 &g,
PO EFIKIZ & D h %,

YA ARRRIHER DK FIBIC R H U 72, L3I
BOKHD S D% A7z, KEIZRZED L ERIHGE L
U TR EALSBE DS G-l S T B 28, ZHUdK 3§
BT ENZIRE T B BRI KIS O H RIS+ % ARO1E
i, ¥ XU OB ITIRREIZ I\ W TR O & 12
FOBEEHA RN B 25 Th 5. I LEIFER
RN Y Y OB IR AR T O THAUL, ) Ol
INEFRHOY A 2L nMMictEd 2 &R RAEHh
5. i, LEONFEMMER2ITRT.

G Aikld, FEFEBRICRREICIS O TRET 2 EIED
Thb. LhL, EIESETHRADZ E AL 0D

®1 BEEFWE O AHDK

DI B (%) pIE B (%)
BN Tt

NH;4 0.00071 Fe:03 7.5

K 0.0478 MnO: 0.16

P 0.004 Alz03 16.1

C 44.1 Si02 43.7

N 0.17 C 1.57

H 0.58

N 0.14

& At AR

Fe203 0.0089 CaCOs3 99.8

AlxO3 0.012 Si02 0.1
SiO2 1.25
P20s 0.18
Na:0 0.02

K20 0.65
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F2 TIEOKEM

W 51 Kt (mm) PR A (%)
100
75
53
37.5
26.5
19
550 9.5 100.0
g 4.75 99.3
2 94.8
0.85 87.2
0.425 81.1
0.25 74.1
0.106 64.0
0.075 60.7
0.0534 56.4
0.0382 52.8
0.0245 46.7
Tk 0.0145 38.2
g 0.0104 33.3
0.0074 26.0
0.0038 16.3
0.0015 10.2
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TS S D, KB TIRE&RTHEIEEhTn3iE
EThD. ZDOXIIZ, BEIZEABOWUMIZERE L
TWBEVWSBRES 5. ZThefashcfHTsZL
i, BREOAFEIOAHIRIZE Dhhb.

KA RFRA &3 O F K S O — i RO
TH5b. APERBRFZEL DALY I L EEALTE
D, ZTOEZBRBANLY I L LK S>TNE, AW
KTy Vg4 4 v ERIBL, YV VEBILY Y LEE
KB ETPRIND =0, @0 YORERRAEHh
5. F7, AKERTEMORBH LY Y LD &
LT, KEICFHEShTED, —#BTiEdsH, B
ENTZEDOHBEEH, F3BIRC XN ERHE L
LTHMLTWAS, X502, AIKEEIHFRIZLAL »
DREIAHELTHY, SPWEKFEE L TIBLL DA
Eck 5 BEEIZX100%TH 5. D720, [EERM
BRI IS, RE LGN RAE TS 729,
WA L LCHERE TS 5.

O MIEME
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y=-0.0107x+1.4257

InC (mg/l)

0 100
t(h)
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K220 HINEERIEIZ & B ) v ORI % 58
BT 22 THBEDT, FROMEL S &I+
TV, BEFIIEG SH2. ZOBEOETFILEEH
A &l 5 Z & TEF L OB A Bt L,
BMOEWET L ESHBOMFICHNS Z L & L.
22T, WEREOHBEFLIZOWTIL, MIBHE
e T E RS G T (Karaca etal. 2004) %
ZFREFNTRIGE 2B DOWTH L 72, & 72,
e EHRED T F LI DOV TIE, IRESERD
Langmuir ! & Freundlich B4 % bk LU 7z, &€ 7 LIE5-
AONEBREME S L ICHYETY, K10 XS
JERPE N2 IS X DR B AR KD 2. B 57z
AWl E T T E LT, e & k45 Z &
THBEMEOMGEE L 7=,

(2) RIS i€ 7
AEFLFIDEERE O (1) TREhd (H
Ab2E2, 1975).

dc _ o
& ke (1)

Z 2T, HIFEER (h), CRIEWThO ) VRS &
(mg/l), KIZRIEEER, niZRIGKETH 5. Pl
WEECoTRTEE, LROMY I YRR %155.
RIS (n=1)

InC =—kt + Cy (2)
C=Coexp(—ki) (3)
C2RRIS (n=2)
.
lnc——kl‘+co (4)
_ Co
C= okt )
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X (2), (4) koo EkEwEEL, X (3), (5)
EHOZ Ny FRBAEROMHEZ M C TREET LD
A MGE L 72,

(3) W& HERERET L
AETFIINEEERL O (6) TREND.

‘2—3 =k(q,—q)" (6)
22T, qid ) VIR (mg/g), g X FEIRIEIZ B
%) VR (ng/g), KIS g wE R, nld IR E
Thb. XHICqiERD LI IZEkEhB.

q#%—@(%J (7)

ZZT, ViBKBEROER (D), mIJEFHOER (9 Td
5. ZOHBA, MGt Eq=0TH 50T, A (6)
ORFIZLTOLHITRkDENS.

SRR (n=1)

In (g — q¢) = — kt + Inge (8)
4= qe— geexp (— ki) (9)
C2RRIE (n=2)
t t 1
70 Tr (10)
thq
171 Yikg, (11)

A (8), (10) XML =msEdsERs s &g,
A (9), (11) Z#HOT Ny Fikli2FHH L, Wl
JEFR OIS DWW TG L 7=,

(4) WESENET L

W S &3 xk (AR A —EWE FlicknT
[ERIZRE SN BBEOIES) (IRIE) & W MBI
HRERLAEATH S, WEFHAITEN L O 0HH
HMENTWBER, ZOIFEAERREMNZAGOhZY
DThBH. T TIIHEGHMEIL % F5D Langmuir DX
L, R TIE D B IS HEIPH DA Freundlich D
LIS T D S W DOBYHE % RHT L 72,
Langmuir B0 O Z5R0%, WEERRAN O 4 B
ATEOAEREL L ED, —EREIZHT 2WE
DWEREIENOBBE LTELEMGHTHS. -
TUEFEERIZ & B KEOWEFIZ LI LIS h %75,
AT TIREMRIC X 2 WRD WA 122 H1T % 7210,
JEhEmEL LTS, ZoX4EHT372012, O
[ R 2T DU 7 I3 TR AR T %, @120
W55 (A4 ) 121005 TDAEFT S, O&T
DOWEFHFH A MEFTH 5, OIS AR
W, UED4ADERET 5L, WA FERREZE R
ATcEEhs (W - Hf, 2010).

re=ki[v]-C. (12)

ra=kalo] (13)
ZZC, rold W, r 3R, kAR WL
TR,k ZIBEE RIS B R,k (k= ku/ka) 13 W 16 2 K
Thb. i, eldidzhrthax 4 bz
YA bETBE, BERIE0=[0]/([o] +[v]) T
END. XHIZCAIHERD PHIRIEIZ B 2 IRIE %
(mg/)TH 5. FHIREEOL X, n=rTdhH 5 DT,
X (12), (13) &b, &KXEH3.

_kC.
I=1+ic. (14)
+ Langmuir B OREFEFEBRXETF IV
kC.
=g 0=
e = dnl = n T (15)
1 1 1 1
= R
9. 4.,k C.  q, (16)
- Freundlich 2 O EF B E T IV
1
g, =kC! (17)
1
In(q,) =71n(Ce)+ln(k) (18)

ZZTC, qul3WEORANER (mg/g) THD, KT
FAZE T BNEE R Ak, WEREREs TFRT (B,
1997). X (16), (18) kv EHAHEEL, DN T
X (15), (17) ZHOTNy FRRERAGREHIET 3 Z
& TSRO BN A M L 72,

(5) FEMEORKGE

Y Eomss 7 O it &Rk d 5 72012, K€
FLERNTNy F7 2 MEREHBILEZ KETL
DOF RS %2 & LT FIUE & JIE O B OHEaxT 75
% absL % P\ 7= (Kouznetsova et al. 2007). Z DA,
absL DIED/NE N EFEREEN RV L2 RT. )
FMFEHEE T T, OGBBE R T T & W
T TN AT S 72012 RA T absL 2 EFE L 77,

- NEBIEHIRE TV OIREE
[ 10gCexp — 108 C oa |
absL = 2! log :n 08 % md (19)

ZZT, CpldV) VIREOMEM (mg/D, CuoaldV) v
WRIE ORI, min=10) BMWET -2 K THS. *
7z, WOE MR E 7 UVIMEA ¢(mg/g) TERLTWS 7
W, X (7) 2RAXDOXIIZEFL, Clmg/D 1IZBL
THKL.

m - q

1%

C=C,— (20)

t

TZC, GuoalZWEE ROFHAE (mg/g) TH 5.
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5 SR G E T 2 RIS D HBL

Z 2T, Qoo (T FHRIRREIC I B ) VIS RO HIENR,
Gemot T PHAARTIEIZ T T 5 ) WS RO F LA, m(m=
4) BHlETF—-2TH 5.

MR & F

1. Ny FREEER

FFAMBEOWEMBEIZTL, FH—0) viRE
(100mg/1) DFRBREWE & Ty y FikBR & 110, 2
DFEREX 218 T, FX» 5 BRKIEHDOADY v
W DORBR O N7z 72 2 THRKRIG AW TR
&% AFEOFM YV RE (5, 30, 100, 150mg/)
DIRBREI & T Yy FIlB A 170, 2 ORR%EX
3T, FXKD, BROVIHIREIZX > T, WE
R PHIRRE IS X 2 IR IRV L S iz, RRIC,
IGIREE D & 21T EWIHTIREE (233 2 Mo 3B Lh s/ &
WZ &, ) VIEEA100mg/l & 150me/l D & X DOWLFE
WEITIFEELWZ L, L THREICE T 2 RS
BHHIRE DO KR E SICHBR & 2 Z 8B Foh 3.

K 3oz fE8icx L, BosmITR L& H ICmk
R W EHRRE IS T CETF ML AT . %
DFERZEX 4 ~X 812/,

2. WMEETILDOHS:

X4 ~[X| 8 12789 E FIE & Pl o it iz 50T
B EERIMAELSITR L2, FE» 6, W
HHET L Th 2 RISHERET T L RERERETT
L DI C RGO S 18— RIS & 1) FFBE A BAT
ThHBZENIND. £z, EFAMICHO TR
G R 7OV RIS G E T & O AT B
Motz koT, WERERTT IO IRKIEA,
RKBELT & POT ARIETE O W AT B RE % fir & BT IS FFBL
LTW3EEAS. X610, WS FHRkEOHBIEF
MAZ DWW TR, W 23R A O Langmuir Y 28 absL, =
0.0500, Freundlich! #3absL,=0.1773T &» 0,
Langmuir B4 J5 235 O ik & RAFIZ B L Tu
LRV AN
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—HT, BETHBHETD) VI TFARENKEIZHEA
L, ZLEWEAB S, —BTIRRE S TE2S
72O ERFBN AN TS, 2O &S BRI
T, WELZEHBRAEH, 2OHEFHLR VY
YO Y 2T ADBEEOAEIIB W TIERT &
Ko TW5.

KEETIE, ZORES 27 LDETH 5 WEH &
UG B OR e, 7 OWFSBIREDIRIT % 1T - 7.
FEROXNRIE L LT, e, HAMELR
T, E5BRAEI B LHOMBIZEE N D0
EWVWIH LN CEHRMETH B EHNL T, LIE A
W, OBIRKBIRAZBEIRL 7. Zho OERWEIZHN L
POI ARIEWE IS B W TIREEBR 41T > 72, % DFER,

MAKBADOARKELRY VIRERERLZZ &
5, R 3REICET 2 HARKIAONEEEMEL,
Z DBYRESFNT % AT > 7=,

Wet§ O & TS 2 7, BEICIKRET 5K
IEERFEGRE T L, do KOS ITIRAT 3 5 W A i
EFAO ARV, ThoDEFLIZZThTh
—WRE I TRBUE EARGE U 2z, W O T-HiIRTE % i
By 70id, WMESFERAA0d» 5 HEH0
Langmuir &, % X %5 D Freundlich FU o 2 ffi5H %
. ZhEhOETFLELKL, HEEORNED
BRI 72

T DFER, W OMFEO BRI B WX, Kind
JERTE TV & W R R T T IL DA T IR E A &
DEWHEBEAR L. £, 2EEOTFHORBM
TUE, MR E TV & D W & E 7L D
RIFTH 57z F/z, W AU K 2 Wl o Pk
BOBBRICKEWTIE, PR TH 2 Langmuir B D 7
ARERA T H 5 FreundlichZ &K 0, FFBIMER REAFT
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q. (mg/g)

q. (mg/g)

o HElE < —— FEME £3 WEHEFRFEBE S LOE (absL)

8 RISEERE L WL
[ SRS WIS B RS
L ) 5mg/! 0.0796  0.0351 0.0312  0.0386
L Langmuir % ° 30mg/l  0.2068  0.1084 0.0854  0.0295

100mg/!  0.3068  0.1056 0.0381  0.0805
150mg/!  0.3459  0.1103 0.4228  0.0456
T 0.2348  0.0801 0.1444  0.0486

L Freundlich 7!

Ce(mg/)

X8 WA AR DB
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Summary

The environmental stability of global reserves of rock phosphate is deteriorating due to excess con-
sumption. Phosphate is mostly obtained from mined rock phosphate and the main direction of phosphate
application is focused on agriculture where it is used as fertilizer. Presently, Japan 100% depends on
imports from overseas for all phosphate materials consumed in Japan. Therefore, there are concerns on
the supply stability of fertilizer in the future. At the same time large quantity of phosphorus is availa-
ble in wastewater, and phosphorus released from wastewater into resource water area constitutes the
main risk for reduced water quality. For that it is necessary to investigate various techniques and ma-
terials that could contribute to the removal and recycling of phosphorus from wastewater.

In this study four different natural materials marble dust, sawdust, soil, and rice husk were chosen in
order to test their phosphorus sorption capacity. The sorption of phosphorus using these materials was
studied by conducting batch tests and kinetic sorption model.

The kinetic models based on kinetic reaction, pseudo equation and isotherm equation was applied to
predict rate constants of sorption. Through investigations to understand the mechanism of phosphorus
sorption onto the natural materials using kinetic sorption models, pseudo second order is the most accu-
rate under the sorption process models, and Langmuir type of isotherm equation is the most accurate
under the sorption equivalent model.

Batch tests and kinetic sorption models results showed that using the marble dust as sorbent could be
removed more than 90% of phosphorus from aqueous solution.

To investigate more about phosphorus removal from wastewater, in next step the batch test results

will be integrated to conduct column experiment for the purpose of practice.

Key words: batch test, chemical kinetics, adsorption isotherm, adsorption model, marble dust



