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Basic Study on Recycling of the Sludge Produced by the Treatment
of Arsenic Removal from Geathermal Water
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Kentaro KAWANO
Kenjiro YANAGASE
Tomio MAETO

Abstract
Basic investigation on recycling of the sludge produced by the treatment of arsenic removal at
Ohtake geothermal power plant was made. Following results were obtained :

{1) The average water content of the sludge = 75 %,

(2) Specific gravity of the dried sludge = 2.67 (at 20°C),

(3) The average composition of the dried sludge;

Fe: 310 (mg/g-dry sludge) = 5.55 (m mol/g)}
Si0,: 400 (mg/g-dry sludge)} = 6.66 (m moal/g)
As: 22 (mg/g-dry sludge) = 0.29 (m mol/g)

(4) Theoretical quantity of HCl for the Fe-extraction from the dried sludge = 16.7 (sn mol HCl/g-dry
sludge)

Net quantity of HCl consumed for the Fe-extraction from the dried sludge = 18.3 (s mal HCl/g-
dry sludge)

Real quantity of HCl to make the Fe-extraction efficiency highest = 2.1 times that of theoretical
= 35.4 (m mol HCl/g-dry sludge),

(5) Filtration time and washing time for the HCl treated sludge; [dried sludge 5g + H.O 100ml +
conc. HCI 4—50m! (std. 15ml)]
average filtration time = 60 10 hrs [= 7 min. (in vacuo)]
average washing time = 40+ 10 hrs [= 191 min. (in vacuo)]

{6) Some trials such as frozen method in a deep freeze {(at —20C), alkali addition method and heat-
ing time elongation were done expecting the improvement in filterability of hot HCl treated
sludge, cnly to fail.

{7) No difference between the dried-sludge and the raw-sludge in the quantity of HCl for Fe.
extraction was found. Although the raw-sludge which was ground in mortar showed a little bet-
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ter Fe-extraction efficiency comparing with non-ground one, filterability was relatively bad on the

contrary.

(8) The filtration residue of hot HCl treated sludge is mainly composed of silica.

residue was alkali soluble.

96.7 percent of the

(9) Filtrate of hot HCI treated sludge mainly contains iron with fairly high concentration of arsenic.

Arsenic removal was carried out by blowing the H.S gas into the filtrate.

Residual arsenic con-

centration obtained was 0.01 ppm, enoughly attained the environmental critical concentration of

0.05 ppm.
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#— 1 Components of geothermal
waters (in ppm)

Com. Otake Ouke Otake Hatcho-
ponent Well Well Well baru
No.8 No.9 Neo.l¢ Well
Li 4.35 5.15 5.68 1.1
Na B80S 936 1098 1356
K 108 131 143 289
NH; 0.05 0.06 0.15 0.11
Mg 0.06 0.19 0.01 0.16
Ca 19.8 12.3 20.1 5.9
Mn 0.00 0.01 0.00 0.00
Fe 0.05 0.03 0.06 0.15
Al 0.02 0.02 0.03 0.09
As 2.n* 3.7*
F 4.18 4.65 4.20 4.95
Cl 1243 1474 1753 2327
Br 2.82 3.40 4.15 6.28
I 0.22 0.26 0.33 0.51
{oN 202 136 112 98
H;PO, 0.02 0.04 0.02 0.22
HPG, 1.23 1.02 0.75 2.05
HCO; 65 46 66 58
COy 1.80 1.44 1.86 1.89
HBO; 62.4 74.1 87.3 118.4
H-8i0 631 81] 772 1380
HSiO; 31.2 23.2 8.2 38.9
Sl0; 0.013 0.012 0.01s 0.00s
OH .00y 00  0.04 0.02
pH 84 815 84 8IS
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E—1 Procedure for the analysis of solubla silica.
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Relative weight of sludge, W/W, (%)
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to 100
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(V. ot} \H:S0,
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const.

Weighing &
Analysis

Analysis

B—3 Procedure for siudge treatment.

Relative weight of sludge, W/W, (%)
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®—2 (b) Dehydration curvas of raw-sludge
by heating
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—4 Thermal analysis of air-drled sludge.
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B—5 X-ray diffraction pattern of roasted siudge.
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— 6 Dependence of HCI
quantity on Fe-extraction
from drled sludge.

(sludge : 5¢g, H>O ! 100ml)
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— 10 Dependence of HCI

quantity on Fe extraction
from raw sludge.

H.0 : 100ml, sludge(as dry): 5g.

(& @) : Filtration time
(5,0) - Washing time

] 1 | I I
0 10 20 30 40 5
Conc HClLml/5g-(as dry sludge)

E-11 The relationship between
filtration {or washing) time
and HC! (conc) quantity
on sludge treatment.

(A} © Fully blended raw-
sludge, (B} : (A)+ thoroughly
mixed in a mortal with a

pestle.
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CH R2TED, FeifiidLnwIE&#RLTWLE,
—HEHIH L, R—IUIT¥ &9 1058, s
BIRT v YDFMAZXT v FEDEBEMEELTV57,
SHUIBIA T » SOKNTFHRILL Cr220BEh
BILBVWAHEEDbNE, T8, thirEl e
AT YOWEERLE Y, R (HAVIIRAE) 12X
HEMNELTWD, THby, HWERNE (20ml 21
DFPAT) HBVHHPBRITAYE 2 A HBIATED &
b,

34 EZASVVORMABIBEIIZIRS v VROR

F—NLT v TR

CHEFTCOHEETIRIERRS » ¥, 2T 2P0
NERVEPETLIRHBRAS » VRETS g% 1 [
R L7, FEROME TR 5O CTERER
230Gl (Fhbbh, ERAT7 5 YELTIS
FEFT), RORKH Fe b e mfitkic ok
IRBRERITTALE~ -, SONE, I DL
KAFTHOTERKIGFEMES conc HCl 600 mi( 47. 2 m
mol HCl / g-dry sludge) [6. TM] %M L 7. F 7%
RELZ%EML TI00T X30 min Tit#4 {, 85T X30
min & L7z, iPMBIEFIHaEEAYy, 77F-u—
220 cm # DL D E RV, &R Fe ibmICBALT
290+ 7 {mg/ g-dry sludge) #FF & 4172, T 72, 178,
BEOEEHEN (1 @100 ml TR 2 ELTR
8.5+1.5min, 100123 min(n =14 ) TH o7

Fe iHERIIE®RA S » VRN TS g FEROBELC
HEL 6 %RkEVlEE-sTnd, —2OFHELT
IFIURBEE % 100C Tid 4 < T, 85T & LA LA5Y
LILE S, BEBIEMII DL TIIHALHRIITAZNT
Li3HL»THE, LL, O-+OMEERT» IR
DL E-THhBE, ZOWE, H{IERLH oY
B TBE L 2 Tnd, LIzt T, WG B@dk
BIFic o TWA, TOX A, Ry —AT»7ilLD
BEAE L (M AR FORBIBL TR,
3.5, WRiEIUHIONME

ChITHERTIAEE LT FeMBRICEELTSE
7oA, PBERPIIEL LTI AALMoTWVAI EN
Do TVBERTL Y ALDERET 720 3.4.OIT
RULAKRTHGALPARYE MY, —BNBEL
LOEAKTT O2EL, WEREE L. HEIRER
HURLAL S W ThHD, 7T=96.7%(W,=0.4010g,
Wo =0.4147 g) 2k b iz, Sofiiiax s » Y OME

G0 Mkmd s T A gD L ) #Th S
CEERLTED, A MREY, HoHvizraw b
7774 —METAME LTHMTEDWENAH B,
3.6, RSy VOEMARTHERL L EKOERED
AE

R T v VOB TSN PRI AR O RS
GEREERE) @ ENTwa, Z0RFOERME * Kb
TAZ7 » VORBETHE LL-EMOERR B L7,
WM A il & AV 72, BT AT (A HE+
freeHCl) #HE DU &2, FIAIX IN NaOH ¥ fiEH &
LTRIERELITAIL, AlBE free HOI %25 44
ERTE DA (Fe ()l + freeHCl) HikDBPEIZIZ
RETEY, WHOBRIHET M SN L23T
Hh, LI o TFe RICHML TS ETKRDZ L
B D, T ZTId KoCr,O7 BEREHIIZ X 5 58 TisE
ELI, TR, AT 2 JhaOBEGIT AN S ]G
TAHLRELZL ZOUEMOBGEHIERL V10% % E
BERACEMINR ENAZ EMbh o, g
DS, PIATRETOMOMEOHRRISHR 3D
A, B X BEREORN, ML LIILHLDTHH
Yo

3.7. PHBROBEREOIN

A5 2 VPO H EGRG EILTRMTELDL, PP
RS U EI T FRES I N TV DO TREOR
F#LHLTRHRT » YOERERME, BRI TELYy. £
ZTTRMERE L THRBLE ek & LTI ER
{oExRABT, THhbE, 3.2 1 LOBERTTCH
HRAPHEEMRIEE LTS %EEELT, £+ 70
R EAGCTRIEKRE S R4 84, PHPIZKER A,
WAL & DL R T R & 72 (2H3ASOy + 3H.S —
AgS; |+ 6H.0)e 57, HEAEK LB b
ZATHSHAOMEA& &b L, LB L4, 7
REL7ze RO ORI AGRIEIZ0.01 ppm Th o 7.
SRR MEETHA0.05ppm ¥ Hu D TFEbHoT
BORRT~EMiETIE I

4, RR

HEngRrs, UTOKRIMORE, 757702
4 — LTI b KRR O KBRSkt iR T4
L7-2% » i3

(1) X7 5 VOTEKS (%)=75(%)

(2) WERA T » FORHILM=2.67 (a1 20C )
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(3) EEMRT » VT HRGHLE LT,

Fe: 310 (mg / g-dry sludge) = 5. 55 (m mol / g}

Si0, : 400 (mg / g-dry sludge) =6. 66 (m mol / g)

AS 22 (mg/ g-dry sludge) =0. 29 (m mol / g)

4) AF 5 Id Fe flNIE4 5 MR B R E i

=16. 7 (m molHC! / g-dry sludge)
A F o i Fe fliH CHEBEIZHE LAERD
EEE
=18.3 (m mol HCl/ g dry sludge )
252 RO FeiiEERRIZTLADIEL
LREBRGT COEROLMERR (LWERY
)
=HERD2 1 =35 4 (m molHCL / g-dry
sludge)
(5) A7 v VOLMLEYOPA, hEEN
(W25 » ¥ 5g +AK100 ml + concHC) 4 ~50
ml(std. 15 ml) )
P HAM=60£10 hrs (BHRiPBE [=7
min (%3 1iFP@iE) ]
PRGN =40110 hrs (ERPALE) (=191
1 min (B315:Bi%)]

(6) MR T » Y OERMENIZN L, FEE, TH
# ) I, BB & RATIN, P
BEOEMITE A7

(7) £25 2 VEBOABETY Fe il 25
B AR (REE) BERZT o PERHCHEL

DEN ol ERS » VR TTIODORLL
LONHA, 3 LEVLOL DITHBHES LT,
CE s (#91.5%) A%, PHAZhEEHER TS
LBBENDOIOHMIIEL LI LN bh s/,
FrER T 5 VOEBLEIIEER T - J0ERL
Bio#) 5 o iRl £ ¥ LA (B8,

(8) PBRBROL ) AFEFHL, TIH ) ATiESE
SreLT96.7(%) (M) ofrEoshi,

(9) FeditH % TP OFKEBEETHST L
HH;S¥REAAKBEERILYE LTHRELLE
5, WREMEIREAD. 01 ppm &2 H BRI (0.
05ppm) ¥+ TEhailiti7
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