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Chemical Consideration on the Formation of
Yunohana Sinter at the Myoban Area,
Beppu Hot Springs

Masami Icmikuni”?, Nobuhiro Kato? and Daijiro Oran®

Abstract

An evaporate-tike precipitate containing halotrichite and for alunogen, named Yuno-

hana or sinter for its use as bath additive, is produced in a thatched cottage at the
Myoban area, Beppu Hot Springs, by a traditional technique, which consists of percola-

i tion of HzS-containing fumarolic gases through blue clay bed and evaporalive crystalliza-

tion from resulting solution on the surface of the clay bed.

In this process, H,S is oxidized to HySO,, which exiracts aluminum and iron from clay
minerals. Blue clay, composed mainly of smectite and kaolinite, is also characterized by
the presence of fine-grained pyrite. Pyrite is oxidatively-decomposed to give HeSO, and
FeS0,. Chemical behavior of iron through the formation of Yunohana depends on its
oxidation state : Divalent iron forms halotrichite with Al (SO, while trivalent iron in-
dependent ferric minerals, thus resulting in red-colored Yunohana, To produce Yuno-

hana with a high yield, supply of blue clay rich in divalent iron is essential. The addition
of trivalent iron to blue clay was found to be ineffective in promoting halotrichite for-

mation.

Key words : Beppu Hot Springs, sinter, halotrichite, alunogen, blue clay
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1. FEBDHIC
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WisTH L, —hHi—RREOHE BRI - CHrd 2, oA sB2 L
Wb DT 2006 i I EO BRI RGN TR & h iz 8 (2007) REBOfEEo2Rch
fo BRI R EIEE LTREL

BOEOAFNTRIEEE LT 1960 BRCThhid, £nTbilE% < OREAMBERSNT
W2z, &z, BoEOMRB L TROEERSBOTEOEHIE - MR T X ARSI
150, FOkDICEROEN L B ENCEOL 3 REEL TV RS AMHIhTHE
W, COMROBINESEROBOTENEO AT T EIT) & & b, T0L)OFRHIGARORKR
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Table 1 Chemical composition of Yunohana Sintar
(Content given in %. ZFe/Al shows total Fe/Al In molar ratio. For the
iterns denoted by an asterisk, see foolnote.)

® 1 BOIEO5Ee
(Bififid %, 7721 ZFe/Al i Fe (1) +Fe (T & Al @k (=) ®5d,
*oftoiilE 3Bl W THBOTORSABES T &)

1 2 3 4

NagO 0.30 0.04 ¢.08 0.05
K0 0.10 0.04 0.03 0.02
MgO 0.66 0.61 0.34 0,13
Ca0 0.32 0.14

MnO ¢.21 0.05
FeO 4,73 * 5.75 9.00
FexOs 2.73 6.47* 1.75 0.22
AlLO, 19.19 14.37 11.23 10.61
80, * 50.08 33.03 35.89
H:0 28.41 24.07 46.28 43.78
Insol 4.17* 1.30

Total 99.98 49.25
ZFe/Al 0.27 ¢.29 0.46 .61

L KRBT & 5404 (58, 1965). SO; DR & 4 @bTHh
BEDTTORIIFREN M- T,

21 ROBSUREE CROBRELR, 1970, p. 457) I & 3, FeO ORI
B, CHREFe 2EENICFe0y & LTHER LA b EEZ LN, £/
At (Insol) R TAbEIMY, WHE S, Si0. & & 34 oE
Lich®DTh 5,

3:76 (1966) kB, MBI (2008) KHRLF— ¢ HRShTL 3,

4:Lovas (1986) Tk a3 b Vb~ D4MTHE

BOMPRRENAD P YA P TR TV =y HEBUT ERE L OTES I & - TishS
T T\W5, Table | THOTED SFe/Al @#FE o b Vb4 MicHd 205 b b/h3 W, oh
BT/ =Py OREZRET S, L U0 TREV. Bhodhil 3 Fed
—HiE 3 fioREIcH 3. BOTBBVEBOIEERVBOEOS 3 C LANLNTVE, K
i Fe () 1b&, B% S Cd—MTkBRES (1) 2XITATVWE SO, *OEEO{LAY
THAD. MLETTRBERT 2 2 &b kB (D) © OH HE RS SO ECERS
hToaZ ETHsh 3,

HYWBOELFOBOTEO R OB W EE <2 20, ZhEFRO 10% KEEOST 4
-7 BEEOBOILE 2005 i BO B OISR, o BS Nk bOTH A, 20BN
Table 2 DD TH 5, HWBBOMRAFLLLOARAELT PR ZOEEERALL. chidTx 5
REBALERIE LT Fe*t & Fe* OBEERH 21D TH S, SR Ke@ess s, &
55 ORMT b DEOREYIRY bl MEOAS SRS Fe** ORFCH 3. FVEOT
TRHALHIC Fe¥* ORBEME V. 0T &iEM (2007, p. 54) BEVEOIEEFROVEBOTEE K
BRELTEBLARKOROEVWE b—Ft 2.

COF—IOMRTHHH, &5 oOHM R A0 b YA b TRV, AP R YSA b
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Table 2 Chemical analysls of 10% solutions of PR T Felt APV ideatk T 1.2 Th B,
white-colored and red-colored Yunohana DHBEVEOIET 1 168, #ROWEOTET1: 167
Sinter (Concentration given in mg/L} L, APTAORE B3 Fett R L b

# 2 HLBOTES LTHRLEBOTE 10% Kig CERA D T CTCH AR OFTHAD R Y B

HEOSE (BEORLIE me/L
RO me/L) bR B b D & RET N, SROBR B

W hite-colored Red-colored

Yunohana Yunohana Bk (1) JkF CHEMREL (I AR & 723 Ch
Na* 13 0.9 OIRSFHNK S OB EY (BUF 2 h o 25k
K* <0.5 <0.5 SR ERRRRT B) AT EWi A, BREOEDS
Mgt 66 77 BT Fe (D) {L&oRESE Fh BTG EED -
Ca 21 47 SIEEAHOL LKL B, INMBRVWEOTETH
Mn?* 7.4 8.4 %, .
i o oo S B DBOAAIED TFe/Al H (EIVE) 1A
ARt 4900 1100 o) h A ORI AEE SFe/AL LI D HRE
- 35 g 7 W, TihDB, FeBEITH L. RO (1966) ik
CcI- 110 48 Ly BRI B W TR AOEM P L e TIRE
S04~ 41000 43006* R H B8 - TV = 0 b OSKIRRRE O /LA
DR ERTRIL, B A v &R FAT, TNOOIFe/AL A0 & 05 O d
AVOMBOENCHBELEbOTHS, N, SIS RT A, K v EAB YA LD

' Bacdbsl &, BEoflicwT3ELLT
Ao b ) A NHEERL, CHDBEEOERE EbicT A/ — A VEEI I D, REAICE
T =S T EREER L, b s, THAERNO ETe/ALZ 05 2 OI5F 0, I
B L TRENER OB W OTH B,

L LIBOTED X3 W ATHIBENIc B TRABNTEENRC RS0 TH O (1966) ©
kot MAShs LRV, £ 2E BVBOEOAELRRESKEDER L
(EEMKEOSHT), RVBOTEOERE T IMEAMDE L, BISESUHRL BIhXKeE
OB BELTWB EENTWS (ER, 2007, p. 87). #OSENEL, LihrbThdEHL
P OWERTAFE &3 27 513 SFe/ALEH 05 L H b REVBOTEOERATRETH S, TOD
184, BEO (1) 7% FeSO, « TH0 AT 2 TH A 5. wWH (1965) bEOIED X Rl
BTV, DXV 7 VL =9 AKHTH D, ChICHEE () Lok, wRbkek (10D
DS TS, LpLao Y A4 MO WTOFRE .

Lliozsss o b L S, EFe/Al D 05 ICITWBOHATHE>THENMB o VI A b
YRS ET B SRRV, BBk v b Y AL N, T =4y, i ORERSE) 5T
BHEMRBEESWTH -7, £FE LTRAEEIME th 5, LB oRLIREIL L > TEEN
LU T 3, ~u k) A4 A OSSR S W T ORISR N,

MERAOFERERET AMERBEAERVEL-TEY, w7 ave v LA, = v Ay (1D
oo b Ud4 rrod:k (D 2BRLTVW3b0LELSNTWVWAS (Locke ef al, 2007), Table 2
LIRS E LS R4 & vEEBRESE LTHR T w1 4 v &1 & vBEY ehs, &
NoOEEREEE L TREEEOSREH L WOREF TS 5.
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EOILDE NGRS U CER L O o2l A B L 58 (1965) 1ok 3 &, SO,&8
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CRBLT 0% CELTHITEORBICE 205, FHEOME LT - B+ OEXE 20em
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L7,
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Table 3 Chemlcal composliion of blue clay BB ESTA AT 24 P EEE LR 5
from the Myoban area and of blue-gray W, EOORTEEICA A 44 rERERSETAE
clay from Sounzan (Content given in HER ST, jt?ﬁ}ﬁ@?ﬁ}iﬂﬁ*&jﬁﬁﬁﬁ@TEﬁMC%@@

wt.%) Bk DAL B © & AU - - IR
e upyuy—— RS 5 C LA - A (1954) & BEIR - bR

SEE OISR, (B4 ER%) A (1968) 1k THES TV, BEORRRE
Myoban area Sounzan SRk ML) Th AT oEES D A
A+ ThHB,

s . 40.65 SO ZEERS pH KD T <, Eh (LS

AleZa 16.67 18.92 B k- THEHEIN S, WHKREEL T T
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WERSHE SR BB L9d\» (RS, 1966). oTR A2 44 b ip b OBBBE R Fe (1) >
Fe () &b, P LAg0hT Fe (D) O 5 25 0AROM-TE & biclikd 5,
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Fig. 1 Compositional relationship between crystal and saturated solution in the system
FeS0,—AkL (SOy):—H.0, expressed in terms of Fa/Al in molar ratio,
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TREOITRICAZIREDSH BT LhGh-t, HLL o oloRAR LIS 2 LD bE
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