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Fundamental Study on Improved Phosphorus Recovery
from Sewage Sludge Incinerated Ash

Masanobu TAKASHIMA™
" Faculty of Engineering, Department of Architecture and Civil Engineering

In this study, improved methods of acid extraction and alkali extraction were proposed and examined for efficient
recovery of phosphorus from sewage sludge incinerated ash. In the acid extraction method, iron phosphate was chosen
to precipitate phosphate from the acid extraction solution, and EDTA was added to keep heavy metals soluble. The
experimental results showed that 91-100% of phosphorus was recovered as iron phosphate. Also, the EDTA addition
decreased the heavy metal content in the precipitate, but its effect appears to be limited. In the alkali extraction
method, 55% of phosphorus was extracted by the conventional method using 0.1M NaOH at 70°C. Carbon dioxide
was applied to the alkali treated ash, and dissolved 24% of phosphorus. Thus, phosphorus recovery was increased to a

total of 79% from the sewage sludge incinerated ash by the improved alkali method.
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Table 1 Characteristics of acid and alkali extraction methods.

Acid extraction Alkali extraction
(Gifu-City and Tottori-City)

P form extracted Fe-P o o

Al-P o o

Ca-P o x

Si-P o x
Maximum P recovery Appro. 100% 50~60%
Final P compound Ca3(POy),, Mg(NH4)PO,, etc. Ca;3(POy),, etc.
Others Necessary for separating heavy metals Reusable of the alkali-treated ash

N ) HEORHS A £ L 5. BRMEIEIL 100%000 Y EIERNARETH L b 00, U Uk E oA E e
BERFEOIEHL, ZORBERHELNE W ETRS 5. 7B U IHEL, ESROMETVRNE 00, i
KU BITERD 50~60% & LR &) #E A 3o,

FREDO X ST, BEHERS KO 0 U HREICIXETT A FET 5. AR T, L 0EN Y A
SEHEL, ENENOEFTEGIRT 57 ODOUBIEEBRL, FEERIICHE - fERE L7z,
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2.2 EmHGE

2.2.1 BEEHEDIER

HEf S W7 BERK 50g & 2B 7K 500mL (L/S tb=10) %5 7 A —H—IZ A, FilE2% 0.5M L7225 X512
%, 4 W, 100rpm THEEHE &L 5 L, —BiEE L% 0 LB IR ARG L Lz, - OFERSME, KISk
[ 1 BFRE G U ARHANRIERKICET D L0 ), B O L THES ©o@msIic SV Tin 5.

2.2.2 ) UEE#OENR

RO X ITELNREEED Y VA Y UEEERE LTHRIEN Lz, FHEARA S O U U EIIZIWT
1L, EREXI T RE A RO VB~ TR LT BT L E LTEINT S 2 E N THhDH. ZZTY
fagk L LCEINT 50X, Table 2 (262 & 9 1ZEEM: pH &M CHILEDSIER SN, EAEZ YRS 2 algettns &
FLMOTHD. IR T O IR 2RO/ NE W2, Fe/P=1.1 OE/NMLE 2D L 91T
{b#% (FeCly-6H,0) ZiRMML7z. £z, D& &, {FHLRF L — MITH S EDTA (=F L2 U7 I U TUFHR)
DEBE R 5T 0.01 £720150.1M OEESMETHIN L

FOGHZR & LT PP BLE.OVE, s ORE L LT 20mL 2z, ZHcF L— bl & pH O 700
10M KER(LTF b U 7 AR AZ AN L, =RIE, 100rpm T2 BiE L 9 L TRIGSY, pH 2R, @iz
Lx (10,000rpm, 10 43) (28 - CTibl & BRI ZBEL 72, 0BG, 2t mL OM/K TRILICE L, 110CT
W SED 2 LICh > TCEOMBERAZIIE Lz, £/, IREBOMARSITICIE, SR 2 s S8, =
DIRBHMIAK TAIR LT KR & V=,

Table 2 Predominance of phosphate precipitates”.

pH range <3 3~6 <6
. Calcium phosphate
Predominant ) ]
. Iron phosphate Aluminum phosphate Hydoroxyapatite
precipitates . .
Magnesium ammonium phosphate
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2.3 FILAYHHE

2.3.1 7ILAHYUHHEDIER

TV YA, FAKIGIRBERNK 2> 5 U w B A FEf LT DI R OZE® 28 L7z, HEHIK 50g 25 A
ST H T A —A—IZ 500mL @ 1M NaOH &R # AL (L/S tb=10), 70°C, 100rpm T 1 FRFfH] A & —F —fiH#
L. 20, —BFFE LI2tho BBRE TV VIR E Uiz, £72, o BEHIKZ AR AN O
K ZERN-%, 1MOC TS 602 7 VAR E L, FOiEREE T L.

2.3.2 “EaibpFRmH

FROLITELNTZT D VPR 1g &R K 90mL % 100mL OJEFZEEHIAI, EIDERELE & 72 5 &
INCH ARG CO ZE A LT, K3 RefElffE L=, LEAEAE CO MR & L.

2.4 SWAE

pH I, AN T AEM A8 L= pH it (F-52S, HORIBA) Z 7=, U UERRED %, 7 A= /L E
Vg (Standard Methods™ 4500E) (2 & 0 436 RE (DR/4000U, HACH) % FWVCHIIE L7-.

SIBIEEIL, AL (2-5010, ASinA T 27 /) ao—X) [ZX57 L—LETER L. CaDIID
WL, U T R AEERI D, 10wh%DHE LT v 2 IR Z BN 1/100 BRI L CTHIE L. £7-, B
HIK D AJRFESHT ORI L UC, hyEg-Yamsi /0 f#1% (Standard Methods 3030F) £ L7-.

3. RBERBLUBE

3.1 HEBEAR DR

AR T KIBIRBERIR Ok 2, FTETLHREIZOWNT Table 3 1R T. £z, &L LTRRY VA O—f%AIHM
Bebad. R L7BERIRIE, VU U SiAICHS, VUERRIIBLZYDT, &8 OLI=vl, ghiind) ,
A3, BAEE Gh, @iEhe ) BEhoTe. —H, VALV U AOERENEDOO TEL, E&REE
2L ELHERLOLIFET D EVWH ZETHDY.

Table 3 Major constituents of incinerated ash and phosphate rock.

Incinerated ash used Ref: Phosphate rock™®
P (%) 6.7 14~17
Ca (%) 7.9 34~38
Fe (%) 5.2 0.1~0.5
Al (%) 3.6 0.1~0.4
Mg (%) 0.80 0.1~0.6
Si (%) 26 1~5
Cd (mg/kg) 4.0 0.1~15
Pb (mg/kg) 110 1~15
Zn (mg/kg) 1,800 10~300
3.2 Bk
3.2.1 B
FEERORER, BRI L2 ) VEEIRIELT 6,620mgP/L Th o7, U AhHERIT 99.5% & FtE S, 1Z1X

100%{ 2TV MEA S BTz,

3.2.2 V) UEEKEIIR

U VERERIEIUZ 30T B U AR Fig. 1, VU EH &% Fig 2 (T, £z, VBT o8B EH &% Fig
3R

£7, EDTA OWMB72WGE, U VEIEBL KOG HEIZENEIN 98.7%, 8.7% ThH Y, Mkt
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Fig. 1 Phosphorus recovery in acid extraction method. Fig. 2 Phosphorus content in acid extraction method.
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Fig. 3 Metal content in iron phosphate recovered.

FEDIZIFE 100% % EULATEETH o 72, Table 4121, HH72Y Y ENWIOME, RO (U @iy
TA) LHEETE DL HICHETHD. VR ORENR R D720 VEFRBICRERERDH DL DODZED
FFEOHITIE, Al, Mg, Cd, Cr, Zn 72 EIZOWT, HERBNEN LT WEB A THE LN Y Viggkd T
VB UHIHIETELNZY VALY T A LRIL-SVOEREETH-T-. LE-> T, FEESBOHHRE VD
SUTBWTIE, U UK X A EINEILS HRREOSRERE LB N5,

WNT, FL— MITH D EDTA 23U U EESRILIEFH IR S N6 OFER S Fig 1~3 1RSI TW5. U v
[EIERIT EDTA WIEE 0.01M TIXIEIE 100% T 7225, 0.IM ([ZHIINT 25 &5 91%Icid L, UV oaFaRE
EDTARE & & BIIK T Lz, £/, B VESHF OSRBEA ZITO0NT Y XINH 5 6 O0, 2RHIZITEDTA
TEFE DI BT TR Az H - 7-.

W, [ER Y RS O Al ARSI L CU e, Table 521X EDTA & A AL DOF L— NEEEE
HERT. Fl— NEEETEHIT 8.69~25.1 OHEPFAIZH Y, FKICHET-EEA AL OFTIXERA 4> DI IR
THY, FMEEHIRT ORE L KEV. AT, PEH Table2 128 % K 912 pH2~3 fHTIZRB VT Fe'' & AP*
TV UBEDSVFATDIOT, FENENELFL— MESNIRTH DL EBEZLND.

PEXY, REHRFL— MITH D EDTA ITHEEGREAELZHD SELNZOHFITDTNTHY, —HT
T VEINREEK T ST 8~ T2AOER L H 5 Litmirions.

3.3 FILAYHHHE

3.3.1 ZIAhUHH

EBROFER, 7k VR TICAEE U U BRI X 3,070mg/L Th o7z, AT FAIBIRBERIK 2 5

DY AR 55%ITAHE 95, —RITIE 50~60% & HiE S TWHOTY, 5L Z OFPANICAD & D

THD. FEAKNSDOT VA VRHICEBIT D060, IFO L S ICHESINS.
FePO,+3NaOH—Fe(OH);+3Na'+P0O,* (1)
2AIPO,+2NaOH+6H,0—2Na[Al(OH),]+2PO+3H, 2)
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Table 4 Major constituents of products. Table 5 Chelate stability constant of
Iron phosphate Ref: Calcium EDTA (logKy)"'".
(this study) phosphate Al 16.13
(Gifu-City)®1? Ca™” 10.96
P (%) 8.7 26 cd” 16.46
Ca (%) 0.02 56 cr’ 23.40
Fe (%) 23 0.17 Cu”™ 18.80
Al (%) 22 38 Fe'* 25.1
Mg (%) 0.11 031 Mg 8.69
Cd (mg/kg) 1.4 2.2 Zn” 16.50
Cr (mg/kg) 47 35
Pb (mg/kg) 290 17
Zn (mg/kg) 580 300

IHRDOEE, SITAH UMEICEIN D EBRMED L 0 mUKEREL L RES L TR L, TV = Al
TR THLDTT NI IWETT VI UEEE LTEML, fERE LTY VBRSNS & 93 2SN T
L. )y, BERIRHPICY VAU LREE LTHET 2 U A%, VBT MIT VI UM & L
TEELTWDLDOTY VBBOMHIZZRWDITTh 5.

3.3.2 CO,¥H

TIVH UALERIR 235 U kA CO, i L7 S % Fig. 4 (2”3, CO, D EDHEMNIEE, IR Y VRO X
ER LD, COE 1~3atm M TIRTHIT B/~ 7. WF, KRETHRIENMTONS LHEESN D20,
ZAUTITWERATIE 150mgP/L O U S FEMREEH L, ZAUIBEHIK D O U VU BIULER 24%I2F %435, Lizn-> T,
THA VI E DV CEEROEFHE T9%E 720, 7B VHHOZD 1.5 f50< £TY Uil adEcE 2
LT 5.
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Fig. 4 Metal content in iron phosphate recovered.

T A BIEIE CO, & IG5 2 & TR D RIE K B & TERL LR SRS 2 2 L A STV
20 FAH VIR T OV L OFEEL LTE RRx 7 -2 A bRET S L, ROWTHET X 5 ITREAED
N NE) URIIRTH LB BNS.

Cao(PO4)g(OH),+20CO,+18H,0—10Ca(HCO;),+6H;PO, (3)

CO, TIKTNCEIRT 5 &, FEORIBICEMENDL T ATHS. =0 CO, ZHiH#HIE LTHWUSE, #FE T
pHI2 ETFNRD Z L2 ia, BEEIKD S OEABIRHITIZE A LB E WO FLERH 5. —F, CO,
IR LT A TH D720, WEICHEH SHR20BUENERIND. ZO8, B~y RAR—2Z/ S LTHE
HAEEDVRI LY, CODBRMUTIIRERYE LA LY T2 0T RPN E LT 5.



TARTGIBERNK 2 & D 1) ¥ UL O K it

4. #B ]

AWFFETIE, TAGIRBERIK S Y R SEeflitiEls KO v U HIIEICRS W T, U RIS EE
GBROGHEAZUEL LY ERBIHDOTHD

1) BREERHETIE, £7, K 05MMlRIZ X o THAKD B U 589 100%aH L. IRWT, L7z &
fea ) ogkl LTRULIZE Z A, FL— MO EDTA BFAEL TH 1%L, LD U U EIGERARETH > 72,
—7J7, EDTA (Z[EMLY Ik P OESBE AR IK TS E2b 00, FIFRENTH -7
2) WRTAAVHIHETIE, £, EFTPERUSFMETT AL VHIHZ R L72& 25, 55%D Y R
BEONTZ. IRWT, o727 A VALK Z CO I L7z & 2 A I BT 24%D U S EERBGE L, BEtLT
U RN 79%H3EERL S A7

Mk & S « RFRIGREZRIRE L TRL TV DD, SR%ITL D EREEZED, BIREIZEE 2T
KHOHDTHS.

£ i
TARIGIRBERIR I TEHEWIN T (BF) 2Ot L T2, F72, ABFEO—EBI3EH LRI
B LA ESZ T, I Lo EERTS.
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