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ZErRE L, T, EESYE LU Takahashi 5%
EFARBIRBEHIE A S 7V A DB &7 A% 100 %
JEBEDAL LTHINTE A EaiF L7z, E5612
5 S NLFAKFREHIKA S0 ) AR ay b7
7 v MIBWTKEELF YA (NaOH) Tl L7z
DAZZEMYA1~20% D EEATAHD ARRIEE L
THRTE 22 & %2/RL, WE a2~ 8000 M/ton-HE
FIKLUT & L 720

AV AL ) AOFREERINIZOWT, Akagi b2 134
b5 FEAL % NaOH & HCLIZ X 1) pH 11~13 [2F% L
2T VA ) REERIZ LY 60~T70% O H ) 7 AT
EHZEEWHOENT L. S HITHFIY) ABAEH % I H
LTCOABES ) T A7 Yy AHVERT S 2 & & i
L7z,

CDEINNZ, NA T ADBIKR FALW 6 )
AR AZHBEINTE 52 L IZWASHTH HA, FB
DA F Y AR ORFIL ST SETH Y, FEoR,
BNA & = ZAPRBEIKRANRAE S 2 RS H 50 LA L
HEH S N RBEK 2 TR & 12l L CIUET 5 2 L i
<, SFEFRNA T ARDBEIRBEIK D S 7
VAR AZRBINT 52 &2 METLUEND L,

RIF7ETIX, F5sAXL Y MREEIK (LUF, CDP
ash), FARIBIRAL v MREEIK (LT, SSP ash) B &
O T v 7BEIK (BUF, BC ash) O#AMRBEK (L
T, Mixed ash) Zxt$I27 0 7 A% D AOHHE - FIL
EE L7z, Co&E, BEIRTP LD, SRR L
BOBES A 7 AOFEIE 0.01 mol - L™ HCI,
D A O 05 mol - L7 HoSOAS# T 5 2 &A%
Mo TWvb, 2 THRIRTE, MEEOBRRE DK
U A AN L2221 ) AR S &) Bt T
BAEMET L2 L2 HMIC, AU AMBTRETO) A
BEORERR, ) A TR TO ) AR KAEFH I
£ 0 ADWEREDYIN A MG L 7ze AW, Y)Y
L D ADBEREHIZ L B0 w4 - ) AR
ZEMEL, FRL 2740w 24L& E D ALEY O IRE:
B L C oM oW TG L7z,

2. ¥ B A &
2.1 BB OBE

B BRBEIR DA D W TIEBEH? X ) 5 L,
Table 1 127”9 CDP I, F5A EAREHZFRL2:1

THAL, BBXZF 6mmX12mm DXL v MIEIE
L7zo SSP &, FHEBIHEELY v & — OBKHRE AR
R ARARKIL 21 TRAL, FRIZRL Yy MEL 7,
LB, REBZESARBIKGRAY SRS EZRIL, K
LRI T A0, 72, F vy TIEEY
VT EEER MY L, FoR—FHWTT v T
OEENM1~6cm (F¥4cm) t&%i’)@]ﬂfﬁ[,f:f(ﬁ,
EIRFEDHY 50 wt% 4 5 20 wt% LLF 27 % £ 9 12
== ANT 1 H Fﬁﬁ%ﬁzké’éf’r‘r%/*JW\?Hk
L7ze SNHEDRL v b - F v THEEFHNIRE 650~
900 T OEBER A 7 — THBESE, IKE B L 72, BRIE
RO R7zBOMEIRIZHIRTH 5722 s, Ik sk
THWE L7k, Bt (7 X7 0®, 7y y—71r
¥ — WB-1) TEOHIIHIEL, L (BB 150
um) THMUTHEHR L, &b, REBREIKTH D
Mixed ash & CDP ash & SSP ash & BC ash % 5BRI1)12
EaE1:1: 1 TRAELTER L,

2.2 AV LHEHEAE

H) Y A TR % Fig 1 IR T, EBRIG=ER 20~
27 C CAT7% - 720 CDP ash, SSP ash, BC ash 8 £ "
Mixed ash X ZRIZA ) 7 A2 L, REKOH ) 7
LA O B OMER L R TR TO ) AOIREL % FF-l L
720 HHIE (21X 0.01 mol - L7 HCIL % I v, i
(mass:vol) 1&1:10 (5¢g:50mL) & L7z, fliH#EIEL
DTFIR T, it a A7z R) 7oL VR MLz
PRIGER 72 AL, 180 rpm CTHEAEFATIRE 912X ) 2 e
B L7z 20, 4500 rpm T 15 45 [ w04 B L,
i(&%ﬂ&O%mn@}/77/74w7 2k s
WL AWEHOPH ZWWEL, B Y T AREEITT L —

LEF RO D (WS ERIET, AA-680), R
_m&éﬂébhmﬁai%U77/ﬁthr&

(0 B & #ERT, UV-1800) 12X vl L, X () 12
DL E L7,

Table 1 Elemental components of BC?, SSP? and CDP? ashes

g-kg™ mg-kg™!
Al Fe Ca Na K Mg Ti P Mn Cd Cr Cu Ni Pb Zn  As F
BCash 430 260 259 300 150 195 0.00 123 46 N.D* 193 131 293 N.D* 294 262
CDPash 828 101 532 295 732 149 042 198 070 11 90 119 29 13 389 3 133
SSPash 410 229 635 682 656 340 222 709 330 12 340 618 77 33 591 11 159

* Not detected
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TR D D ABHEOE SSP ash xR & L7z,

PP bottle e 0 A I L —— -
) Extractant MO KERHIZ L 5 ) AMETEZ Fig 2 1257,
(0.01 mol-L-! HCI) 212 0.5 mol - L HoSO0s% fivi7ze i35 L9
12, oz ASEIE (DU, P1S-HaSO) (23
Each incineration ash
v L < SSPash &ML T2 &, Hon)AER
Shaking (180 rpm, 2 h) fri (BLF, P2S-H.SO.) @ pH A" EH L7272
P1S-H.S0412 70 % H>SO:% 1.6 vol % ¥ LT 2 [l B &
Solid-liquid separation HEHIS AL L 720
‘ 70 % H2SO RN & P1S-H.SO #1727 SSP ash %
B 1010 TNz, FREEHL % 47 v P2S-H.S0. & L
Potassium and Phosphorus analysis 2o X 51270 % HSO4% 7RI L 72 P2S-H.S0, % AT

[FREDIIETH AZHI L, S50 720 AGHHE =
Fig.1 Flow diagram of potassium extraction process P3S-H.SO0.& L72. %28, 1 E O TIix SSP ash &
JREIEL 5 g1 50 mL TdH 5 A5, 2 [al H LAl &

— X100 (1) WA 2720, BEHAT]:1012% 5 £ 5 12 SSP ash
IS LR L7z BUXL 7240 AR o ) AR

ST, EH) I AFE) AMEE [wt%], C: JEXEY) 77 ST L e L.
MO H ) 7 L F/203 0 AEE (mg- L7, Vel
Wi (L], We: BBEKEIMNE [g], Ax: BRBEIKO A
VY LELIR)AERR (mg- g ' 1 TH b,

2.4 HYUTLEYNADBRRIEME & BIIRORE
WAL TR % Fig 3 12897, #BEK1E Mixed
2.3 HEORERIC & 3 1) AREEIIORE Ash EHRISL, IMBIKSRESNTOA Y T4 - )
S L7220 ARV S ARINT OV ) W Xy AETIETREAES L 2o ) v AR 2.2 1S LT
N A0 AEEWE LCHEINT 22, Lo,  T&272H, #RE ) #T RO TS 4 F
T2 0 AR 2 B0 TS FIFD & &b, ZHWTHHE A EOBRBEIK Z BT L 720 dev> TaY
FULAE A 7 < LT TV 1) SRS % 3 & -1 2 ek L725%E (QRBEIREE) 2512 2.3 128 LCTh AL
TR N TE D, 22T, O ASNE A8 Y K L L, PIM-H.SO.& L7z0 2 H & 3 W HEIZZNZLH
HLT, 1) AREOHIIISOWCHRE L7, &b, At 7<% Mixed ash HZ2 Gl TH ) 7 A2 L7z

PP bottle PP bottle

0.5 mol L H,S0,| E—
Fresh SSP ash Fresh SSP ash

Shaking (180 rpm, 2 h) Shaking (180 rpm, 2 h)
‘ 70% H,80, [ ‘
(Additive ratio of 1.6%) >
Solid-liquid Solid-liquid
separation separation

| Residual ash | Extract :

| Residual ash | Extract |

Reuse
(For 2nd extraction)

Disposal Disposal Phosphorus
analysis

Reuse
(For 3rd extraction)

Fig. 2 Flow diagram of extraction process with repeated use of extractant to enrich phosphorus

— 120 —



INA F R ARREVRBEIR 20 5 D F1 1) 7 2 &) A Dl

[Potassium extraction process]

PP bottle

0.01 mol-L-! HCI
Fresh mixed ash

[Phosphorus extraction process]

PP bottle
<= 0.5 mol-L"' H,SO,

(1st extraction)

-
<

Shaking (180 rpm, 2 h)

|

Solid-liquid
separation

- Reuse
Extract| [Residual ash

\;

Potassium recovery

"l
. Reuse
Shaking (180 rpm, 2 h) J(2nd and 3rd extraction)

|

Solid-liquid
separation

Residual ash| | Extract l—

* *(Aﬂer 3rd extraction)
Disposal  Phosphorus recovery

e 70%H,S0,
(Additive ratio of 1.6%)

Fig.3 Flow diagram of sequential iterative extraction process

#, 70 9% H:SO0.% 1.6 vol % L 7= fEH 554 0 AdhiH
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H.S04, 31 H% PSM-H.S0.& L 726
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U abEWE LTI L 720 ) w7 AENERIE,
RO O ) v At (Pl &R S 5HH)
EH T AR SELBOERRTO N ) Y AROED
S5 Ik EML,

AEK_ARK

Re=—"1.

X 100 (2)
ST, Re: S OB ) AEIE (%), Aw:
BEEF O O A ) v AR (g), Aw: BHTOR
L (@) Thoe

D AERMEE DS O AR, P3M*H280475_’}ﬁ
FUZBER O TN 720 Thb b, ) AHIHRIC
WV Al e LT CaCl K 2 3 L 7212 6 mol -
L™' NaOH KiE# = iV C pH & LA S TH ARV
Py afbEmEER S, oL &, CaCLB D
FEIZ500g - L7 imIERIZ 75 vol % & L7zs 0 AT
iE, LHOMEEF O AR (HE & RE,SH
o) ERUSBRICAER LY AlRA VY 7 2MEEW E 58
XL 720 A0 ) Ao, 653 (3) 12X ) EH
L7z

Agp— Are

=

x 100 (3)

CIT, R MBSO ARIE (%), A KIS
HOHIER O ) AR (g), Aw: HBOD Am (g)
ThHb,

FUXL 724 ) 7 2 LB & D ARSIV 7 AEEWIE
105 C C 24 BEHEz S S, g - 9k L CRIEE 1 mm
DIFIC L, e & B OGS IS A 2 Z 5
G EAT G o F72, MR X MEETEE (R 77,
SmartLab) % V> CEIRAL AW ORER S A] O[] 58 %
Tho7z,

2.5 BEUXH YT LEEMEY AEEHMDIERIE LTO
STl
S IE AR TIRBIEE AR O 0 ARE & I OS]
% TdH 505, AL TIZIHEEGE 12 38 23510
LR ) AR O G LB L, B OBl
BRI L 720 HALME (KC) oAERBKIE, kS
ELTKREMEIE (LT, W-K.0) %850.0% M ETdh
R, T, AT aMEEW O W-K.0 SR #E % ]
HEHENHE L7z F72, 0 AR AR I3 2 55
HAEHY), TOFEIL > TRERBES B2 275 BE
b AR EIRE ) ABRIOEL O 2558 BIAE CEHE L 720 &l
B ATRIEEL O A EHABIT BRI S & LT, 23 ) A
fi# (LLF, CS-P) 23 P05 T 150 % DL Lo&HTH
5% o & 2 CHER® LIFARO JT CS-P 2 illE L C,
CSP &HEDOBIEA SR L L COFMTREEEIZ DOV
TG L 72,
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3.1 HAUDLHMETIRICEIDZAH) TLEY ADHEE
311 A AR TRIZBIT S ) ADEEIZOWT
H U7 A TR B 2 KBEFREDO 7 ) 7 A B X
Y A= % Fig. 4 I27R 3, BC ash, SSP ash, CDP
ash, Mixed ash ® ) AlII=RIE, 2 3.02, 118,
236X107°, 240 wt% LIFEITEA o7z, ZhUE, DA
I B ES VCIREORASVLETH DL Z L Z/RLT
BY, BEIKICEETND ) ALEWIERIERTIXIZE A
EBIREL ol lc0 b EZ LN, LI2HoT, A
T A TRICBWTY ADFERIZIZE A EHETH S
ZEHIRENTZ,
312 BRBEROIRAIZE D7) 7 AR~ 5
Fig. 4 12773 & ’) 12, Mixed ash ® 7 V) 7 a3l
334 wt% TdH - 7z, Ao BC ash, SSP ash, CDP ash
O EFITZE N ZN 654, 0.364, 604 wt% TdH 1, SSP
ash OIMHFENZE LB o720 2O A5, Mixed
ash O 7 ) 7 AHHEEE, 7)) 7 25RO RBEIK
DA ZT 5 T EATRENT BERO KIRBEK DR HE
X HETF 0K H L Y, CDP ash & BC ash ® 411 7 A1
KCl OKi#EME) & LTEH L TWw7z?55, SSP ash (213
KClOE =27 IZHBEINTB LT, L0 k) 2{LEW
THAVTAWREEENTWLD0bo> Ty, SSP
ash O ICFHLEANE OB IS CHTE T\ b
729, AlloAa ) 7 At 454 TH 5 0.01 mol -
HCl TUEIFEEN LD W E D HEZE S 115, SSP ash

MHO ) 7 AU EOUE IO WIS HROFET
5
100
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20
0 ;
BC SSP CDP Mixed
@ Potassium O Phosphorus
extraction ratio extraction ratio

Fig.4 Extraction ratios of potassium and phosphorus

from each incineration ash sample using 0.01
mol-L ' HCl at a solid/liquid ratio of 1/10 (error
bars indicate standard deviation)

wox ok M R
% 72, Mixed ash 22 Ll S 724 ) 7 AR X
3.22X10°mg - L' CH - 725 K2, BC ash & CDP ash

O 2 FEMHAE G CTHA LBRBEIK 04, flit =R 60
wt% L3 A&, AT AREREEIX 6,000 mg - LTREELC
BLyHEEn, %@ﬁUﬁAEW%m+m’%MT%%O
LA L, 4o Mixed ash ® X 91247 7 2 O
L WIRBEIKDSIRA L7CIRBIK O G, Az Aa )
2ALE WO ZT & & 72 6 T EEED S % o

3.2 MEROREFRICEL S AREDIEN

SSP ash % 72 &M EIZ 51 5 ) A% Fig.
51T, 1IHTH SN2 ) AR P1S-H.S0.
(No addition) @) A#EEIE 9.25X10°mg - L1 TH »
726 P1S-H.SO. (No addition) # 2 [aIH® ) Atz
OF FMA L7284, P2S-H,S0s (No addition) ® ) A
X 980X10°mg - L' THh Y, 2 [0 H DI
T AERD N h o7z, Hillitho pH 13 P1S-H.S0,
(No addition) Tix 0 T&H » 724, P2S-H.SO, (No ad-
dition) TI£ 23 FTEA L7 LaH o T, Hill
SSP ash Z{#INL T pH Z B ICHERFCE 5 L9512
H.SODBIMALEEE 2 biLlz, 2T, P2S-H,S0,
(No addition) @ pH 250 (275 70 % H.SO.DHE & LT
1.6 vol % % P1S-H.SOAZMT 2 2 & & L7,

70 % H.SO. & #hn L 72854 @ P1S-H.S0,, P2S-H,SO.,
P3S-H:S04 (Add 70 % H:S0.) OV AJREIZZENZI
9.48x10°, 171x10% 232X10*mg-L'TdH Y, 2 [0
HE3MEDO) AREIZZERZIEML72, L7255 T,
70 % HoSO & # IS 5 Z &1 5 ), SSP ash Tidd <
D 3PORERB T 25 BREETY AIRELZED 5
CENTE BB, 70 % H.SOBmMEHIC BT 5

No data

P1S-H.SOs4  P2S-H.SO.  P3S-H2SO.
B 70% H2SO04 added @ No addition

Fig.5 Extracted phosphorus concentrations of P1S—
HzSO4, PZS—H2504 and PSS—H2504 from SSP
ash in the extraction process with repeated
use of extractant (error bars indicate standard
deviation)
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Table 2 Amount of reagent required to extract and recover P from 3 kg of
SSP ash and reduction ratio of reagent usage due to repeat extraction

Extraction Recovery

70 % H.SO, 70 % H.SO,

for 0.5 mmol/L for direct NaOH CaClz
extractant addition
Three ti 1299 mL 0mL 1440 g 570 g
ree Umes (433 mL/kgx3) (480 g/kgx3) (190 g/kgx3)
- 433 mL 320 mL 1200 g 375 g
Repetition (160 mL/kg X 2)
Reagent reduction 42 % 17 % 34 %
ratio (as 70 % H.S0,)

P1S-H.SO4, P2S-H.SO. P3S-H.SO.® i i} #% @ pH
lEZNZ210, 06 06 THY, 2EHE 3EHOHIHTZE
ThoTH pHD ERA L do/z2 b0 s, MM E K
RS 5121 70 % H.S0,% —E =ML T pH O L
AEPHT 2 2 EPEETH D ERENT,

F72, SSP ash 2250 0 A - \IUI BT, @
O AR O FAERI S & 2 BEEO M= & s
% Table 2 12789« SSP ash % 1kg 92 3 [IZ471F Tl
L7285, 0.5 mol/L OHIIEZ RS % 72012 70 %
H,S0.% %9 1,300 mL 3 %0 — 75, e % [KAEH)
AL72a, LRHOMEEE 2 0 H - 3 8 H @RI
i3 % 70 % H.SOML A FHTH 750 mL THh bo L7z
255 T, AE O KA TR & %2 5 70 % H.SO,
OFHEH#F 42 % BlRT 5 Z LA TEz. F72, KRt

TIX SSP ash O &2 Bl L 72 1) ABGE R IZOWTIE
FITT 205, FEBICY ARE AAAER, U AR
MW2sflcEE o222k, L7 NaOH 13
#17 %, CaClaE (I 34 % BT 5 2 L2 CT&720 L
7o 3o T, HME O FAEAIEAIE T A b OIS AR
ThbIEDRENT,

3.3 AUDTLEY) ADERREMSE

KW IAICBI 27 ) 74, ) AREE Fig 6 1R
o M L2
0 AUEREIE PIM-H.SO4, P2M-H,S0,, P3M-H.SO04l238
W ENEN, 412x10° 7.83%x10° 1.15X10* mg -
L' Ch oo 3.2 THHRIZL/ASSP ash ) AGAHE
371wt% THY, fhib 3MED Y AL 2.32X10*
mg - L ' CdHh o720 Mixed ash D V) A&HHIZX 3.4 wt%
THY, SSPash D 50% DY AEGHERETHSZ L
5, Mixed ash O 3ETH O ) AEEEIE 11,000 mg -
L'BEICR S ETFHL . EBOREIL 1.15X10°
mg- LI Cho/zZ ehns, AU LM TREZ &%
PIKTHoTHBBOAREL/RESZT) AR
HIENTE, DAMIMREZ) AGHENSTRTE
LT EDNIRENTz, L7z > T, Mixed ash 1) 7 4

V7 AL 322X10°mg - LTITH D,

14,000
'TA 12,000 -
10,000 -

8,000 -
6,000 -
4,000 |-

Concentration (mg-L

2,000

I
Potassium P1M-H.SOs P2M-H.SOs P3M-H.SOs4

Fig.6 Extracted concentrations of potassium and phos-
phorus from mixed ash in the sequential iterative
extraction process (error bars indicate standard
deviation)

LTI A O EIRBIK DO A1) 7 LA DI LR S 12

BT CHIIMERAMLT 5 C L VR EN72h%, B

A etk L LA —DRBEIR PS5 ) v A e ) A

RIS TZ 2 2 EAURSN, D AIRELH 28

BImOONLZENRAL PR 72,

3.4 EUXHY T LEEME) AMEEMDORBHERE L
TOFHE

341 ) afLaEYoORLE R & LT@':%Zﬁ
710) T S S ST 2 £ 0 4572 7)) D AR
Wors R X X% Fig. 7 (2R #7177 A=Y

@I%f; ¥'— 27 & LC Sylvine (KCl) % KMgCls»ME72
, KREEA ) T L E LTHILTE S 2 EAVREINTZ,

tca‘o KMgClL & N5 Mg 3R o 5 BEHED—>2T
HY, GHEICHEIIRVWEEZONL, —FH, BT A

HIHE A S D A1) 7 A BRI 15.6 wi% & i TR
fili & 720720 ZAUE, Hialk L7z & 9 12 Mixed ash 22 5
M L72h )T ZREPRL 722 EDHRATH %,
BC ash B X 512981 X10°mg - L' & W) Ewa )
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Fig. 7 XRD pattern of recovered potassium from mixed ash in potassium extraction
with sequential iterative extraction process

v AL (Fig 4) THIUSIHITHIC X 55 ) 7 400
WH%ESTH 5%, Mixed ash (3.22X10°mg - L1 @
E9NTH Y MREORCS S, BT L D)
A DEIRIIMEL b B U T ARIEEN LEE5S
Tl LT, RO ) v AR E B RO
H) 7 AR 5 2 &2 & B ED LA
EZONDD, FAETEOEMOWFENEL Vo - HE N
LHT B0, SHOBHPLETH S,

H) 7 A A O W-K.0 &H21E 396 % ThH D,
NEHNETH S 500% & FTlHlo7z0 S, 1) 7 4
M OMmR 2 ER S22 LA RN R S5,
T bbb, wrE O EIGAHET LL S8 LT
50mL ¥ TOMME LTV, AREFTIEA ) w7 Ak
JEDMED o722 8 s, ) ARIEED & 5% Sl
B LI L LISk L CH 20 mL & CRgf L 720
ZOFEE, H50mL FTOREMTIINELARVWITES
THHELCTH Y 7 AEIZIRA L 72720, Hxtiyic
W-K.0 EHEMET Lz RS NL, LA - T,
71) 7 AU & BEEECREE L CRI S 2854, BEEHR
GOBRMPO A T AEHROECEELEOFEE L
THHTEALZEAIRENT, ) T LEHEREED S
7ok, M) T AEHROEBCRIEIR A EET 5 L &
DI, MERIBMEELRETL2LENDHLEEZ HND,
nB, UUEIERRETIE, AU AR ERGS &Y B RIER
FHZ D HERGDED S, HERBROEREALTE & %
D2 ARKA Yy KA S & ORI T B T REEAS
Ve BEHRAY TIEA ) AU OAF ER S £ LT As,
Cd, Cr, Ni, Pb & {ll5E L 7z#& 2R, JRHEME RN T o 7227,
ARIFFEO WAL £ 5 7)) 7 AU O A ER 5 EH
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Fig. 8 XRD pattern of recovered phosphorus compounds from mixed ash in phosphorus extraction
process with sequential iterative extraction process
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Abstract

To utilize the incineration ashes of biomass fuels effectively, the recovery of potassium and phosphorus
contained in them was examined. Through sequential iterative extraction of potassium and phosphorus from
mixed ash (bamboo chips, cow dung pellets, sewage sludge pellets), potassium was selectively extracted
without loss of phosphorus by using 0.01 mol-L ' HCL. In addition, by adding 70% H.SO, to the phosphorus—
containing extract that was used once for phosphorus extraction, the extract could be used again as an ex-
tractant. By repeating the phosphorus extraction three times, the phosphorus concentration in the extract
was increased by as much as about 2.8 times. Therefore, it was possible to extract potassium and phosphorus
continuously from the same mixed combustion ash. The water—soluble potassium content in the recovered po-
tassium compound was 39.6%, and the content of citric-soluble phosphate in the recovered phosphorus com-
pound was 15.7%. Both the recovered potassium compound and phosphorus compound can be used as raw
materials for by—-product fertilizers with high concentrations of fertilizer components.

Keywords: incineration ash, potassium, phosphorus, extraction, recovery
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