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Formation of solvate in shochu in a storage vessel

(Part 1) Kinematic viscosity of ethanol and an aqueous ethanol solution containing

a small quantity of metal salt.

Takashi SamuTta, Takehiro Taniyama, Aol HIROSHI

(Machida Shuzo Co., Lid, 3321, Ogachi, Tatsugouchou, Oshimagun, Kagoshima 894-0105, Japan)

The kinematic viscosity of solutions containing metal ions which was reported in awamori stored for
many years in an earthenware vessel was measured. A small quantity of MgCl,, CaCl,, NaCl, KCl or LiCl
was dissolved in water, ethanol, or 43.00%v/v ethanol solution, respectively. The kinematic viscosity of

water containing metal salts increased a little in proportion to the respective concentrations. The kinemat-
ic viscosity of ethanol containing MgCl,, CaCl, or LiCl increased in proportion to the concentration of salt,
but NaCl and KCl were not dissolved in ethanol. The kinematic viscosity of the 43.00%v/v ethanol solution
containing MgCl,, CaCl, or LiCl increased, but NaCl or KCI decreased. We assumed that the cause of the
increase in kinematic viscosity in a 43.00%v/v ethanol solution or ethanol after dissolution of MgCl,, CaCl,,
or LiCl was the formation of solvate from ethanol and metal ions, respectively. Kinematic viscosity of

43.00%v/v ethanol solution containing two kinds of salts was near the average of the kinematic viscosity

of two liquids containing one kind of salt, respectively.
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Fig. 1 Kinematic viscosity of the 43.00 %v/v ethanol
solutions containing metallic salt.

Measured temperature of kinematic viscosity was
30.00 = 0.01TC.

Symbols ; O, MgCl,; 4, CaCl,; (1, LiCl;
A NaCl x ,KCL
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Fig. 2 Kinematic viscosity of water solutions
containing metallic salt.

The experiment was done as in Fig. 1.

The symbols are the same as Fig. 1

B & (2017)
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Fig. 3 Kinematic viscosity of ethanol solutions con-
taining metallic salt.

The experiment was done as in Fig. 1.
Symbols ; O, MgCl,; @, CaCl,; (1, LiCL
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I22WT Fig. 4 \27R U720 MgCly i3 3 FEDBEIZHE
L CEEEE ML, EtOH ICHEM LA KD
RELHEMLZ,
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T5LEEMEIEZD T ICHEML 225, 43.00%v/
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Fig. 4 Kinematic viscosity of solvents contain-
ing MgCl,.

The experiment was done as in Fig. 1.

Symbols ; <, ethanol; @, 43.00%v/v ethanol;

M, water.
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Fig. 5 Changes in the kinematic viscosity of sol-
vents by dissolution of NaCl.

The experiment was done as in Fig. 1.

Symbols ; l, water; @, 43.00%v/v ethanol.

VvEtOH 23 5 L EIfE T R & < 4 L7z, NaCl
% EtOH |2 25mM/L #HE =R L 72253 L 222>
720 EtOH IZ 81} % NaCl DM 1350 T/ S <
25T 12 BT % BMREEIE 001mol/L (058g/L) & s ™
SINTWV5b,
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Fig. 6 Kinematic viscosity of 43.00 %v/v ethanol so-
lution containing equal amounts of MgCl, and
CaCl,
The experiment was done as in Fig. 1.
Symbols ; O, MgCl,; 4, CaCly; &, MgCl, + CaCl, =
1:1; @, average of MgCl,(O)and CaCl,(4).

2. 2EENIEFEEH Y 5 43.00%v/vEtOH

HERS VI, KTBEMIV4ABEBEOEREA 4+~
(Mg**, Ca®*, Na*, K') # &b THEEICMAEL
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CHEEDOBEEEIZEAEE Lo

MgCl, & NaCl 2% L WEIE THEOHBERICOWTD
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s
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Fig. 7 Kinematic viscosity of a 43.00 %v/v ethanol
solution containing equal amounts of MgCl,
and NaCl

The experiment was done as in Fig. 1.

Symbols ; O, MgCl,; & , NaCl; & , MgCl, + NaCl =

1:1; @, average of MgCl,(O) and NaCl(4A).

zZ =
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NTHY, [HEFECBTBEME ILEFL) ®
LIFENRTW S,

SEMER L-ERECEERELY Z 021 10mM/
L &L Hin OB EHEE% Table 1 1R T,

72 B A O BIREE I 43.00%v/vELOH A% b
KEHo72h, 4300%v/vEtOH 12 MgCl, % E1F$ %
IS SICHINL 2. ZOEBE L TIREETF
BIZBTBRILEFVMHEZIL LS HBETE 5,

4300%v/vEtOH |2 MgCl, % ¥ % &, Mg i
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Table 1 The kinematic viscosity of solutions contain-
ing metal salt used in this study.

Concentra- Solvent
Salt tion of salt Water Ethanol 43.00%v/v Ethanol
(mM/L)  (cSt) (cSt) (cSt)
- 0 0.8005 1.2671 2.0780
MgCl, 10 0.8037  1.3004 2.0883
CaCl, 10 0.8019 1.2926 2.0857
LiCl 10 0.8009  1.2910 2.0796
NaCl 10 0.8008 - 2.0756
KCl 10 0.8017 - 20742

*) Measured temperature of kinematic viscosity was
3000 = 001T .

DT[] @K 22 s & 2%d %,
2. 43.00%v/vEtOH {Z NaCl % 7= id KCl 28 L

BAOENENE

Fig. 2 127" $ £ 912 NaCl (721 KCl, LLTRL)
BKICER LGS, BHERENT 5 DICFig 5
D X 94z, NaCl # 43.00%v/vEtOH 28§ 5 L B
WEFRA L7z it FRICEKEVHR TS %,

Table 1 I ZBEICEBIE % 10mM/L B L 728
DEMETHE00, BRTIVEOBEOKE S
X Eal 0 &) BRICHD LR D,

[EtOH-H,0] > EtOH > [H,0-Na*] >H,0 (1)

EtOH KE#H 213 (EtOH-H,0] ?izs, KE 72
WBEOHDAD L% 57 AT —BHEELTHS L
SO XN T B A, 43.00%v/vEtOH 12 NaCl % %
U754, KA [(H,0-Na*] HSER L € b Ehkr
Ak L DR E VRS 43.00%v/vELOH OBk E 08
FTHERIZIEE O %V,

SrIEESE U - R S Tl NaCl i3 EtOH ISR L
Zedro 2O TEEM [EtOH — Na‘] OB ILHE
T &% b o7, EtOHIZ B 2 NaCl D B g B 13
00Imol/L (25C) P LEE N TV B, —H, Xk
28 12X Na* 123817 5 EtOH O @M iz 4~6 TH

Z) k EB%‘Z é ﬂf vy Z) ° ggtﬁiﬂiﬁﬂiﬁﬂﬁﬁ(fﬂiﬁ%(ﬁfi

NMR A7 MVER ESLDFERHY P, Th®
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Bt L7z, ERAHERR T & 2o A [EtOH
- Na'] OEELZIITE, BRI I2PEOHT

i3 Eql & 912 [EtOH-H,0] OBFEE R D KE L

NaCl % 43.00%v/vEtQH - & f## L 7- B 12 [EtOH-
EHN2E E5 5

H,0] #EAT 2 DANZBIE A+ 2 ER AR W
ZEhn, BRESEAT SRR, EtOH & HO
DKERHEDVITENT OB LB IR, Sk
BIZDOWTIXSHBRE L-v, EtOH & H,0 DkE
FHEUMPREE TS LFEET S L, WG EHE
ENBHDT, EtOH KEHEIZ NaCl % MgCl, £ 08
R L 2RO BB OV TIZS BB Lo,

C 3

L A A REFET S L EHEERRSHO
EtOH i "R H 3R ¥ 2 L oI RAZET
LEREINTVED, Z0L3 RYEIEROEL
BWH ABRBEAECEENTUL EHEYESRTHS
Mg*?, Ca® Na'RU K'&0BEEMOBEIKE N
LB ENS DT, MgCl, CaCl, NaCl, KCl %7z
1 LiCl % # &1 43.00%v/vEtOH KiE#, EtOH %
7oidAKIZ 25 ~ 10mM/L B L, BERRIE L 72,
2. MgCl, ¥ 72 & CaCl, % 43.00%v/vEtOH ¥ 7z &
EtOH ([ L7234, KICHER L7251 ~E
WEERESHINLz. BEAF VIRERELVDD,
COL)LEREOREINE, £FBA 4+ v & EtOH »
LEEMPERLTWA Lo LRI NI,

3. 43.00%v/vEtOH 7K ¥ ¥ 12 MgCl,, CaCl, ¥ 7= i
LiCl # &34 5 &, £REOREICILE L THRE
BB %Y, NaCl 7213 KCl 2 BfR§ 5 L BRI
WA L7z flE L7-#B BV TEtOH 2 NaCl,
KClLZEM L r o072,

4, FNFNE—DOEREFEET 500 43.00%v/
vEIOH KB+ SBEE T L, ZODOHDEHE
OFHFIZEE & 2o 720
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