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Reductions in Hydrogen Detonation Velocity and Range through the Addition

of Incombustible Gases Composed of Polyatomic Molecule

Makoto Tuctida

Background

Hydrogen has attracted attention as an
important alternative energy source to replace
fossil fuels and is already being used in residential
fuel cells and electric vehicles. It would thus be
desirable to produce large quantities of hydrogen
by electrolysis of water using renewable energy
sources such as sunlight or wind power, so as to
substantially reduce CO:z emissions and the
associated negative environmental effects.() The
Fukushima Daiichi nuclear power plant explosion,
however, has demonstrated the risks associated
with the detonation of hydrogen, in which the
flame spreading velocity is greater than the speed
of sound and thus forms a shock wave. Hence, some
researchers investigated the mechanism of
detonation, the techniques that ensure hydrogen
safety and soon. ®® However, it remains unclear
whether the detonation velocity decreases when
incombustible polyatomic molecules are added to
the hydrogen.
Research Purpose

In this study, to investigate the effect of
incombustible polyatomic molecular gases for the

detonation, I performed following two experiments.

1. To determine whether or not the detonation
velocity of hydrogen/oxygen mixtures can be
decreased by adding incombustible gases.
(Experiment 1)

2. To assess decreases in the detonation range
obtained through the addition of incombustible
gases. (Experiment 2)

Hypothesis

1. It was expected that incombustible gases having
high specific heats would absorb energy
efficiently from molecules and radicals to reduce
the extent of reaction and so decrease the
detonation velocity.

2. It was expected that cessation of the

combustion reaction would be promoted by the
addition of high specific heat compounds and so the
detonation range would be decreased.

I believe that both effects, impact become
smaller by reduction of detonation velocity and it
1s hard to occur detonation by decrease of
detonation range, can contribute to the prevention
techniques of hydrogen explosion, that is, the
risk of accidental explosions could be minimized by
the addition of incombustible gases to facilities at
which hydrogen explosions are a possibility.
Experimental Methods

The average molecular weight of the gaseous
mixture was determined by weighing a plastic
syringe containing 50 ml of the gas (= w1).

This same syringe, still containing the 50 ml,
was then weighed while under  vacuum (= w2).

+ The difference in these two weights (w1-w2) was
taken as equal to the mass of gas contained in the
syringe and, together with the ideal gas equation
was used to calculate the average molecular weight.

Plastic syringe
(gaseous mixture)N 50mL] soma] (vacuum)
? &
{l {
wlg w2g
Massofgases w = (w1l — wl)g

Fig. 1: Method of measure of the average
molecular weight of the mixture gases by
using hypodermic syringe

2. Measurement of the detonation velocity
The test apparatus is shown in Fig. 2. Gaseous
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mixture of hydrogen and oxygen were put into this
tube, and ignited. Each detonation was recorded
using a digital camera with a capture rate of 1000
images per second and the detonation velocities of
the mixtures were calculated using image editing
software. Figure 3 shows typical photographic
images. Following ignition, the tip of the flame can
be seen to have travelled 4.0 m in 0.002 seconds
(top figure). The flame tip is subsequently located
at 6.0 and 8.0 m at 0.003 and 0.004 seconds (center
and lower figures). From these data, a detonation
velocity of 2000 m/s was calculated.

I Polyvinyl chloride tube 30 m
=

/’E':\Ibccc)oooooimo!I

Pinchcook  Ignition electrode Light bulh/

Open end

Plywood I
|

=

Fig. 2:  Schematic illustration of

apparatus for measuring detonation velocity

After 0.002 seconds

After 0.003 seconds

After 0.004 seconds

Fig. 3: Time of each flame position

3. Calculation of ideal detonation velocity

In general, the detonation velocity is estimated
from Chapman—Jouget (C—J) theory®.® Figure 4
presents the structure of a typical detonation wave.
Here the combustion zone moves from right to left

Shok wave C-J point

pz2Pz2 h2

<« U2

7
Unburned gas ' | Combustion Burned gas
(Stillness) D .
! = R m—— zone \

p1 Pi hy '

}e Detnation -
wave

Fig. 4: Schematic illustration of the structure of

Equilibrium state
( C-J hypotheses )

the detonation wave

at a detonation velocity D, in conjunction with the
shock wave. The combusted gas, which has a
velocity of uz, moves in the same direction as the
combustion zone. According to the C—J theory, the
C—J point, which has a density of re, a pressure of
P2 and an enthalpy of hs, is located behind the
combustion zone. In the case of the unburned gas,
the values of these same variables (r1, P1, and h1)
are known, while r2, P2, h2 and us, as well as D, are
unknown. Therefore, the values of these five
variables must be established. However, we have
only four above equations.

Hence the C—J hypothesis is introduced, which
states the following.

- The C—J point 1s assumed to be behind the
combustion zone

- The combusted gas mixture at the C—J point is
in a state of chemical equilibrium.

- The actual detonation velocity is the slowest of
all possible detonation.

The detonation velocity of the unburned gas with
He, Ar, N2, or CO2 added to the gas mixture of H2
and Oz is calculated by STANJAN® |
Experimental Methods
4. How to measure the detonation velocity on
addition of incombustible gases composed of
polyatomic molecules (Experiment 1)

Mixtures of gaseous Hz and Oz were prepared in
plastic bags at a 2:1 H2:O2 ratio by volume and
incombustible gases were subsequently added in
varying amounts. The average molecular weights

Associated Equations in C-J theory
+ Conservation of mass
riD=rz(D—uz)
+ Conservation of momentum
P1+riDe=Ps+ra(D—u2)?
+ Conservation of energy
h_1+(1/2) D2 (D-u_2)?
+ Ideal gas equation
PV=nRT
D : detonation velocity
r . density
P pressure
h : enthalpy

u : velocity of a flowing fluid
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of the various mixture gases were determined
using the method. The gas mixtures were
transferred into a polyvinyl chloride tube (internal
diameter of 6 mm) and ignited. Detonation

velocities were estimated from flame images

Thermometer

Expanded polystyrene box

Light bulb

Ignition electrode

Fig. 5¢ Schematic illustration of apparatus for

Pinchcook

recorded by the high speed camera. Figure 5 shows
the apparatus which added water wvapor to
hydrogen and oxygen mixture gases.
5. How to measure the relationship between
detonation range and incombustible gas addition
(Experiment 2-1)
Hydrogen and oxygen were mixed at a
volume ratio of 2:1, after which various
added. These

mixtures were assessed to determine whether

incombustible gases were
or not they would detonate.
6. How to measure the relationship between
thickness of the tube and detonation range
(Experiment 2-2)

Hydrogen and oxygen are put in a plastic
bag at various ratios. The gas mixture is put
into a tube, whose internal diameter is 2—6 mm,
and ignited. Then, it is confirmed whether or

not detonation occurs.

measuring detonation velocity with water vapor added

to the mixture gases

Results
Experiment 1 :
polyatomic molecules

Measurement of detonation velocity on addition of incombustible gases composed of

Comparison of Experimental results and theoretical results

(a) A mixture of gaseous H, and O, (b) Adding He to a mixture of gaseous H, and O,

4000 4000 ¢
g 3500 £ 3500
< 3000 = 3000 ™~
8 2500 S 2500
% 2000 * H2 addition g 2000 He addition
}‘% 1500 = 02 addition T 1500
c o —He addition
% 1000 —H2+02 theoretical g 1000 theoretical value
o 500 value 500

0 . . M . . | 0 P . . J
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Average molecular weight Average molecular weight
(c) Adding Ar to a mixture of gaseous H, and O, (d) Adding N, to a mixture of gaseous H, and O,

4000 | 4000
= 3500 Z 3500
£ £
<3000 < 3000
‘%’ 2500 ‘o .N é 2500 # N2 addition ‘\.\‘a\

v e o (]
g 2000 + Ar addition fae ; 2000 b
£ 1500 y % 1500 —N2 addition
< —Ar addition c theoretical
% 1000 theoretical value g 1000 value
S 500 a8 500
0 ' 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Average molecular weight Average molecular weight
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(e) Adding CO, to a mixture of gaseous H, and O,
4000

- 3500

v

£ 3000

>

5 2500 T

§ 2000 4 CO2 addition I

5 1500 RO
] ==C02 addition 4
g 1000 theoretical value

3 500

0 J
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Average molecular weight

(f) Adding H,0 to a mixture of gaseous H, and O,

4000
= 3500
=z
E 3000
£ 2500 N
8 4 H20 addition )
2 2000
z i
£ 1500 —H20 addition
5 1000 theoretical )
g 500 value

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Average molecular weight

Fig. 6: Detonation velocity with added various incombustible gases. Each data point is experiment value.
Each solid line is theoretical value estimated by STANJAN.

COa.

+ The experimentally derived detonation velocities were equal to the theoretical C-J values when
either He, Ar or N2 was mixed with the Hs and Oas.

+ The detonation velocity was less than the theoretical value when CO2 was added.

- Adding water vapor generated the same decrease in detonation velocity as obtained when using

radicals. This same effect was observed when
adding water vapor to the combustion mixture.
Here, the right reaction formulas are elementary
process of combustion reactions. Based on
consideration of the elementary combustion
reactions, the role of M in reducing the reactions
can be determined, where M is an incombustible
gas such as He, Ar, N2 or CO2. Reactions (2) and (5)
are characteristic of the combustion of hydrogen
with oxygen, while the presence of M can lead to
cessation of the reaction. Carbon dioxide and
water vapor both have high specific heat values as
shown in Table 1. And this increases the effect on
M, promoting cessation of the combustion reaction
and decreasing the detonation velocity.
In the C-J theory, it is supposed that chemical
equilibrium is established at C-J point. In this case,

consistent with experimental results.

2. Why did the detonation range become small
using COz2 and thin tube?

It is hard to rise in temperature of mixture
gases when I added incombustible polyatomic gas
to hydrogen and oxygen. Then, it becomes hard to
branched-

reaction.

occur Initiation reaction and

chain reaction 1in the endoergic
Therefore it is thought that detonation becomes
hard to be caused. I thought that the detonation
range of a mixture of hydrogen and oxygen gases
was decreased to the greatest extent by the
addition of COzs since this compound has a higher
specific heat than the other gases, such as He, Ar
and Nz. A result of experiment 2-1 explains that

detonation range is decreased by high specific heat.

Experiment 2: Decreasing the detonation range however, the chemical equilibrium was not

- established because CO2 and H20 gases promoted ~ Thick tube

Combustion
Unburned gas zane Burned gas

2-1 the relationship between detonation range and a cessation reaction. Therefore, it is thought that

= .
incombustible gas addition 2 60— the calculation result by the C-J theory was not
+ The addition of He and Ar did not prevent o Major Elementary process of ;

. . 8o The part which a inner wall touches
detonation until added at more than 50% of the & 40- combustion reactions a combustion zone with S
total gas volume. 3 (1) Initiation reaction ) .

. E Thin tube Combustion
- Detonation occurred up to a N2 content of 40%. 3 20 Ho+ 02— HO:+H ---(1) S zone

+ Detonation occurred up to a COz content of 25%. (2) Branched-chain reaction

02 H+0:—OH+0  ---(2
Hz+O—->OH+H  ---(3)
OH+H:—>H0+H ---(4)

(3) Cessation reactions
H+0:+M—HO2+M ---(5)
H+OH+M—H:0+M ---(6)

Fig. 8: Schematic illustration of inner wall of tube.

He Ar N CO, Hp

; . In general, wall of the tube is known to have high
ncombustible gas

specific heat. In the case of using a thin tube, the

Fig. 7: The ratio of the incombustible gas ratios of molecules and radical which was absorbed

2-2 the Relationship between thickness of the =~ Table 2 The relationship between the detonation

tube and detonation range

energy by tube increase because thin tube has a

range and inside diameter of tube bigger ratio of inner-wall area for the volume of the

+ The detonation range was found to 7 - — H+H+M—>H:+M < (7 combustion zone. In addition, when the more
decrease as the diameter of the tube was |[He|o2|6mm|[5mm|4mm |3 mm]|2 mm 0O+0+M —=0s+M -+ +(8) mixture gaseous deviate from 2:1 H2:O: ratio,
decreased. 83|17 @ S X a S calorific value becomes small and it is hard to rise

;3 gg : : : : i Tablel Molar heat at constant pressure( in temperature of gaseous mixture. From these
67 (33| @ ® ® @ X reasons, I thought that the H2:O2 ratio which
63|33| @ @ [ @ X Molar heat occur detonation is small using thinner tube.
56 (44| @ @ [ @ X Degrees of freedom at constant pressure (Cp) Conclusi
50|50 @ | ® | ® | x x [/(K = mol)] onciusion
46 |55 | @ [ ] X B B . — _ Measured Various incombustible gases were added to
42 | 53 ® ® % % x Translational Rotary Vibrational | Theoretical value . .
39 (62| @ Z 7 = % motion (a) | motion (b) | motion (c) value (1000K) with hydrogen and oxygen and the resulting
® Detonation " He 3 2R 20.8 detonation velocities were measured. The
| Ar | 3 | 25R | 208 | results demonstrated that the detonation
Discussion COz has a high specific heat and thus works to C“('; 2 j i 3:2 ;ig velocity was reduced to the greatest extent
1. Why did the detonation velocity become slow reduce the combustion reaction because it ‘ H25 ' 3 3 ! 3 7:0R ' 41:2 | when adding carbon dioxide or water vapor.
using CO2 and water vapor? efficiently removes energy from molecules and * Theoretical value Cp =0.5R(a + b) + cR+R R=8.31[J/K] It appears that the high specific heat of these
- 38 - -39 -




incombustible gases allowed them to absorb energy
efficiently from molecules and radicals, and so
promote cessation of the combustion reaction and
lower the detonation velocity. For this reason, the
detonation velocities obtained with carbon dioxide
and water vapor were lower than those obtained
from other added gases and were also below the
theoretically predicted values.

In addition, the detonation ranges were
determined upon mixing various incombustible
gases and using tubes of varying diameters. Both
the addition of carbon dioxide and reduction of the
tube diameter were found to reduce the detonation
range.

These results are interpreted to be derived from
the magnitude of the specific heat.

Future prospects

+ At present, N2 gas is added to containment vessel
at the Fukushima Daiichi nuclear power plant to
prevent explosions, but the addition of CO2 would
evidently be more effective.

« The risk of accidental explosions could be
minimized by the addition of CO2 gas to facilities
at  which hydrogen explosions are a possibility.

+ Subdividing hydrogen storage tanks and the use
of thin piping could reduce the propagation of
explosions between tanks and so reduce the scale
of any explosion.

+ Hydrogen has various how to make. Here, I think
about the method to make hydrogen with
methane gas. Presently, hydrogen gas is carried
after removing CO2 which was produced by

reactions of methane gas, but should carry it
without removing COo.

+ It jets mixed gas of the hydrogen and nitrogen
gas in order not to oxidize metal at a high
temperature, it is used annealing furnace and arc
welding, but the addition of CO2 would evidently
be more effective.
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®) I} D FIZ 100 mL b —h—%Ex . (7) OREIK
AT D,

(B E )

(9) ®)TAild L7zt FIZHi7=72 100 mL & —%
—ZE<, AT/ AT, 6.0 mol/L fi§fg 10 mL
T T AR IR S T EEY & v — 1 — NIk
WK LT,

(10) B ZMHiE L SOL S, T XTI &
R %,

(11) Q0D & %2 50 mL A 2 7 5 A =22 AL, 6,0
mol/LL 7 V=T KEEMETMZ S, LT, Z
DIRHRD 580 nm (ZF3 1T 5 W 2 HIE T 5,
FACL)A A LI A A DALEY D E &

(12) (8D AiiZ 6.0 mol/L fisfs 1 mL &Nz, JnEk
Bl S THI(1)A A v 2L S E 5,

(13) Z D% % 50mL A A7 5 23l AfL, 51T
6.0 mol/LL 7 > E=7 KZIEME TR 5,

(14) 13)DIEHE % 10.0 mL Bt Y . 25 mL A A7 5 %
2 AND, TL T, &E5126.0mol/L 7 E=T
K% 10.0 mL A TH5H, KEERE TAND,
Z OFIE D 580 nm (T DM EERET S,

EE1-2 REROWEIIF(1)A 40k
AR A F > D& D>

S zE:

B A (1) Ve P e 1 At e 2 (TN ) K VA & B L
T, (DA Ao L8 A A% 1 %1 O R
THRT 2 3,

Cu20+Fe2(S04)35+H2S04
—2CuS04+2FeS0O4+H20 + - (2)
— 77, SA(I)A A > OALE W 13 B e Ak 194 X
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(A % N Z 7234, e (D & 1359,

RER IR T ORISR A F o 2 AR T 5,
CuO+H2S04—~CuSO4+H:20 « + - (8)
Cu(OH)2+H280:+—CuS04+2H20 + + + (4)
CuCO3-Cu(OH) 2-H20+2H2S04

—2CuS04+4H20+COz + - (5)

INHLDZ e, REEOWE % il wrE o

RS KER & OGS ST L &, Feaomy

23, BRI 1)720 THIUTERA(I) A 4> & #(10) A

F % 151 O R TAER L, (A 4> D1k

BT THIUR, KRR A A 2Rk L,

(A AT AR SIS, B bE(T) &)1 A
 OALEMDIREW T HIUE, S A 4> D738k

(IDA A XV HZAERINDITT THD, £ T,

B4 D KR R O (T)A A > O'E & L #:(11)
A X OWEEREERTHIEICL ST, REEaD
WV 2T, S A A ANETT ' T LA A
Ao TR 2R - TR, g1 A i3k
SRNZ X0, W~ W7 U T LOBALE I E
TE&E LT,

Fest+e = Fe2* E0=0.77- - - ()

MnOs +8H*+5e =Mn2++4H20

E0o=151+ + «(7)

MnO4s + 8H*+ 5Fe2+
=Mn2++ 5Fe3*+4H20 - + - (8)

RIEEZEA

EBHE
TR 1-1 O(W~G)DOTFINETER L, A LI
LB OWME E KT,

6) IR} D TFIZ 100 mL B —H— % & | AT E
BT %, & LC, ftEame e IR 8k () /KA 5.0 mL
Z AR CERM & B oW E E v —h —HN
Ve & LTRSS,

(7D IO TFIZ 50ml A A7 T 2 a%@EX, OOKIG
WE AT 5,

®) (NDAAT T ANTEBKEERETAND,

(9) (@D % 10.0ml HL Y . 0.010 mol/L i~ > 7
VEEF Y T AOKERIECIEE T S BR(IDA A DR

=

),

(10) (®D¥#E 10.0 mL % 25 mL A A7 T Z 2|2 A
. 6.0mol/LL 7 v E=7 KEIEMRETCANTT ~
FT I UR(IDA A EED, 2Dk X, HERT
O A A 1T AKER LS, $R(I1) A A > 13KER
{EEK(M) DT /2 D DT, ThEiiEsiEmL, A
k% 580 nm Trhtad % (FA(I)A A DiERE),

cutf. . % am (S BREE
ootz FCCutRERY BT
| |
Cufl iBfE. K. AR
%38
| |
VBT iBfE. X
ﬁ)ﬁﬁgaglﬁFEQ(SO“)g%ﬁﬂié*
A1BL. AEE2DICHITS
EY T AR
Buol /L NH, T .
S (o EIED 0.01mo | /L KMnO, T/EE
B AIE
' TE Fel' FE
- 43 -




* FEEO)B L OORDEERMBEN 5 N5 L5

Fedt+e =Fe2t E0=0.77- + - (6) Agt+e” —Ag
FERLELR

EEE1-1TCER 20 LB, SowEEL LTH
TE SAVIAEIE, BRRTHEACL)A A 2 08i(I) A 4
YD 188 WRRETH Y, Hi(1)A A L (1) A A
COWEEDIE D DEEIICE o T, F T THO
WE BIIFEBRREOFHBNTH 5 LB X T, Rt

. ERBHIERID) A A > KIEIR & 1XOG L,
E0=0.80- + + (9
OWEITAR O T <, (1 )A A 2811
AF Ol Ll L=z, LT, EBr1-20
R, K5O X HIZ, FBEAaOWE X IZ8I(0) 1 A
VESDA AU ERIFFEL 0 1 THERLE, LR
ST, ZOWEITRLHF(1)TH D &R L=,

CuéCu+-Cu2+D¥YEBEE
1.40E-03
1.20E-03
1.00E-03
:g 8.00E-04 OOCcunmEE
ﬂ 6.00E-04 B @Cu+-Cuz+DYEE
ES
4.00E-04
2.00E-04
0.00E+00
1 2 3 4 5 6
EERMEEK
2 i KOG )A A R8I A A > DY & D Ll
#5 FECOWHE X IZXD8(0)A 42 L)1 4 OEK =
Cu2+ Fez+
KMnOq Cuzt[moll /
EHERE%K MEE . =
B = | mEE | wEEmol Fe?*[mol]
[mol]
[mL]
1 0.327 | 7.44%x10 4 3.45 8.63x10 4 0.86
2 0.414 | 9.42x10 4 3.70 9.25x10 4 1.02
3 0.427 | 9.71x1074 4.50 1.13x1073 0.86
4 0.631 | 1.44x10°3 5.70 1.43x10°3 1.01
F150.94
QRO TH 5,
B 2 @ﬂ:ﬁa( DAERD LL % 2Cuzt*+H20+2e =Cu20+2H* - - (10)

EHE NNy
OFIILI( DL SN D L AT LT,
SR A LTS & REI T OF(TDA A > D F A

WL Ao TEEERI( DR EN D Z Enn . (10D
SR Z 2 TWD 2 EITEFEE L% 27, Ziut

FOGE R FZ i*ﬁﬁ@ﬁ&ﬁmbtﬁ#%@
ELHPBRA0XOEBE T EHHL T DIETTh D,
FZTCUHERPE T ERNT RN E ENE
NOIEHEB BN 2 T2 9,

Cu2O+H20+2e =2Cu+20H~
E=—0.365V -« - - (11)
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CuO+H20+2e =Cu+20H"

E=—0.29V: - - (12
Cuzt+2 =Cu E0=034V: - -(13)
Cutte =Cu E0=052V- - :(14)
Agt+e =Ag E°=0.80V: : -(9)

MR L IC XD | BRI LD E £ T
WRWZ ER Do =D T AR BT L
770 £ WIRT O A 4 DOFNENHEL 7o
TSR DA ESND Z b, (13 b 1T L
7o 5T, 81 A F o DILEWT T N THEEAMET
HDHIZ LD, WERPITIEERH(T) A A I FE L
WEB 2T biIxFI Lz, 2oL, ke
QX NA0) XD A A N E &5 2D Kt &
LCHenT=, Z 2 C, BMENI/NIVITE (—HT
HDHITE) BETEKH LT VOT, #(DA A1
BFEG5Z2THH0IFOXLY LADKOE(LTT
e Bz, LvL, 2 2 % TOCEGHAE TIX
KSR DO EMENLIT I TE 2o T2, ZDOEH
IIRD3H5>TH D,

i (QO)ROEEAEF BN SCHRIC LY 725 72 o

7=z L,

i (10O YpUsiE He2sBEfa L, 1D)=0UX OH 28
BIfR L TV A7, i OEMBENIL pH IZ X -
TETDHZ &,

i (QFDBEALITERA A 278 1.0 mol/L D & & Df
ThH1=0, EBTH- 0.10 mol/L TOERLT
g L nidze H7enz &,

Z Z T Q0) RO EAEF MR IR AT LA R X
AEHBETFLF—AGO O HRD, & 512(10)X
LQDRoEMmENE pH L OBRB L, (9D
ﬂ%ﬁyﬁommdmwk%@m%*wyxb@ﬁ

OEtHE Uiz, £ LT, 2D OFERE T L BN
ﬁﬂ%mnﬂiﬁéé#ﬁﬁﬁ@ﬁ&éb@kb

T, EOXHIRLONAREZR D0 EE 2 7=,

(10RO EHEE M E L
QO XFDOEALEY A A DEREE VAR X T

AHBHTZRALXF—IRK 6D LBV THD 9,

#6 FHWEOEMEE VAR T AHHATZ RLF—
Cu2+ H20 Cu20 H+

AG[kd/mol] 65.5 —237 | —146 | 0

Zho DD B (L0)ROFEEBMBENI 2 KD L 5

ko= 9,
2XAG(Cuzt) +AGO(H20) — 2FE0
=AG#(Cuz0) + 2xAGO(H)
/)

2x65.5—237—2FE0= —146+2X0

~146 — (2% 65.5—237)
—2x%x96.5
(10)XDOEBBEN L pH & DORER
KAz (10) 2 o 2 % B R FE AL A . [Cu2t]=0.05
mol/L(7£)C, pH NE®) L7=HAOfE%E R/ A b
OXTEHE LD,
(7E) MU XY, 0.10 moV/L AYELER KIS Stk

E’= =0.207V

EANTRBIISSE D L, #(ID)A 41 0.05
mol/L Ek &5,
2AgNO3+Cu—>Cu(N03)2+2Ag e (D
0207+ 1 [ *[H,0]
[Cu, O][H]?
_ 0207 4 2303RT Iog [Cu?*12[H,0]
' 2F [Cu,01[H*]2
IZT
2.303RT

=0.059. [H,0]=[Cu,0]= 1. [Cu>*]=0.05mol /L

DT
E— 0207 4 %059, 005
= 0207+ =5 g ey

0.059

=0.207 + — (log0.052 — log[H*]?

= 0.207 + 0.059(10g0.05 + pH)
=0.207 + 0.059(—1.301 + pH)
=0.130 + 0.059pH
QDXOBWEA L pH & DR
Cu20+H20+2e =2Cu+20H"
Eo= —0.365V - + - (11)
IV A RDOALY

1 [Cu,0][H,0]
T [Cu]’[OH ]?

E=-0. 365+

[Cuz0] =[H20] =[Cu] =
1

8o T2
=0.365 — 0.059log[OH ]

-14
T
= 0.365 — 0.059(log10~ 14 —
= 0.365 — 0.059(—14 + pH)
= 0.461 — 0.059pH
(10 & QDR DEBEALHS— T % pH

0.130 + 0.059pH = 0.461 - 0.059pH

0.059pH X 2 = 0.461 - 0.130

pH =(0.461-0.130) / (0.059x2) = 2.81
QRDEEA Z 7% 0.1 mol/L. DIFA DEBRREAT

v—y«c‘\
— — N

0.059
E =0.365+——

= 0.365 — 0.059l0g

log[H*]
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Agtte =Ag E0=0.80V - - - (9)
+
EImMg]
[Ag]

Z 2T, [Agl=1. [Ag*]=0.1

E =0.80+

RT
E =0.80+ ?lnlo_1 = 0.80 — 0.059 = 0.741V

CHHEREMREM S T, TR ENOEMEN &
pH ORAfR%Z 77 7z Lz (M3),

pHE9), (10). (1K D EBIBELL
-0.6
-0.4 /‘/‘/J
0 .
o on 4 ——(10)z¢
E 0.4 —=— (1R
FE:E 06 | \g\
0.8 .
1
12 T T T T T T
0 2 4 6 8 10 12 14
pH

3 pH & (9101DXDENMDBIR

3D X 91, pH=2.81 L v LIFIMEMITHILZL,
DD FPIERNHE > TN E T Z I L, ZDE
T2 Q0RO SIS T A A2 B2 T | Wi &
HELE(INCELT D Z ERbhoTz, T2, B
BT 2 LHI(I) A 4 BNET %22 T B D RS,
WREMEOBVRRT CRdEEZ 6 RnT &by
Mmootz

INBOFERNG . (10O SIS THI(IN)A A1
BT EHZTOLOIIATII RV EEZLND,
HLZ D ThHIUE, LS 1) OB - TR
PFBHETCTHDL, Lol, b L, EABODOKEE
EZ LTI A A ZET L T DD THILE, W
T2 AERR LT SR N T CERA A 3 2 B 13T
Thb, 2T, ZNOHEWENDDLFEREZIToT2, T2
720 SREHIER R O 5 BICAR S LD DIkt L, &1k
FACI NI AR 20 CTER SRS, 22T, OGE
D 120 S E TOEbEM 5 E . H+H
M7= DB E TR D FEBROW S5 21T > 7=,

EE 2-1 B(LE(1)DAER L B L CEDE
b (ERE T DZEAL)

KR I7i5

BLR(1)DEER

Bk ai (1) % & tedfishic e 2 0 2 CHe{beR( 1)
EIRIT, ORI Al L, AIRICEEER %N 2 CHR
(1A A2 ZH(IDA A @b 5, IHICT VE
=T EMATT T 72 (MDA o Z2ED
580 nm TWEIGREE 2 - CEMLER( 1 ) 2 &S D,
BAFVDER
—EREDISFRICHRRIE L LTI 3 w3 vk
Wik &Nz, 0.10 mol/L KSCN &Ik TR h DAL
IEDERA F 2 BB ET D D,

Ag*+SCN~ —AgSCN| + - - (12)
LT, WK OERA Ao 230 70 < e iuiF gt o 4
RAHEL TND B D& i,

(1) $ARZ T R =T E W WTKRYET
Dy FLETHX ) —UIZoOT i S, HEAH
E L CRERBREICAND,

(2) 0.10 mol/L fHEEER/KIANK 10.0 mL ZH Y . (DD
KIGERE IZ AL D,

3) REEDOA A /RT T )V A TH-> TEIEL TN
=H5,

(4) JFDOFIZ 50mL A A7 5 2azty L, #&
BRENORIRER & AT 5, Z OFETARK EIZ
VXERE & B EER( 1) 2R Y | SUSIRIRIZ Ak E LT
6T 5, £, REISOHFHUIFERE N
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a5 i
(BUSTRIEH OFA(L) A A D E &

(5) A% 50mL A A7 F AT AN, S HITKE
mRLE T AND,

6) B)DAE 10.0 mLE Y, 25 mL A A7 F A =|C
A, F U2 6.0mol/L 7 =T KA FER E TA
NCT b7 8D A A a2ED, 2 OWRIK
DO IEE % 580 nm THIET 5,
(BOSTRIRT DERA A > O FE &

(7 B)DE%E 10.0 mL HtY | 100 mL £ —# —|ZA
N, ZOHICES a U UFRRE AR AL TR
<o

(8 E= L v FZ0.10 mol/L ® KSCN Z+ » kL,
ZOTICODOE—h—%ENTHET D,
(FfLgR( 1) D ER)

(9) (D DFRMETHE - 7= AR EICIXERI & R e 1)
WEE S TND DT, IO TSRS DA A -

TWARBREZE X, ARICREZHITS, 2L T,
6.0 mol/L % 10mL % 7> CTERMs & ffkdi( 1) %
AREBENICTEVE LT,

(10) REEZ LIS B L. BRLSR( 1) & i
W,

(11) RBRENORIE Z Hits L, 88 & AT 5,
S O TS NI,

(12) A#kIZ 6mol/L fifE 1mL Z Nz THNEA#E <
L DA A EH(NDA A 2@ b 5,

(13 (120D iE% 50 mL A A7 T A 22U L. 6.0 mol/L
TR T KEFERE TAINLTRINEZ R D,

(G S DR o i

(14) QD) ORBRE NI - 728t 2 B0 H L, £l
EN TV DERZ KEAK THEWIE T,

(15) Zoditkz x4 ) —WZig Li-th, RSET
HEZUET S,

RIGEHFDOYME
Cu, Ag. Cu20. Ag*,
Cuz*
A
Ak (Cuz+, Ag*) E#4 (Cu. Ag. Cuz0)
NH; THA4> 0.1 mol/LL KSCN TiEE HC TEML. 518
Cu*E= Ag*EE
A& (Cut) E#¥ (Cu. Ag)
HNOs TE&1t
Cu k%
NH; T4 B
. KD Cud
Cu0 DE= o
BEAIE

EBr 2-2 SR OAERR L BLER(T) DA DR
% (BHIRIcnZELl)

KR I5 15

Fl&fpiE ., SR A MIBERKIRIRIC AN TR W &
XOEMEOENEFER LI, SEIT14 B~1 » A
FEDOREMICO o TR S 756 O 2~
Tro ZOFEBRTIE, EBR 2-1 LT, RO 3 HOE
HEiTo7,

(i) BOSE®RD pH 2 HIE L,

BOGRFE 3FE & IR IS R BUG O ERA A D3MF
ET 572012, pH A—F —DOFEMmE AND EHW
WEEEZETCTLE>TpHMENTE 2072, L
MU, EREZ R 35 LEmE AN TH HVL
B3 A e Ip o 72D T, WD pH ZIE LT,
(ZOZ &b BA A NTERTIEEAEERIC
BRoTLEIZELEERLTVNDEBEDEEZLND,)
(i) /A A DEREZEME LT,
RA AT 120 SRERETIFEAEEaIZ/> T
LEITD ATHB LSS S LS TR E
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B2 oTHEIE LT,

(iii) RSO D E RS EEET L=,
REIGEOHFNT E NP> TEOEEZHE LT
(B I71E 2-1(149)~(15)) DIZH, SUSHIR A3 E <

RIERHHPDOYME
Cu. Ag. Cu20, Cu2*

pH ZRIEL5iE

70D EHINUZERE N Z Y DN T AR YT T
STHENRL oz, & 2T, SEMEEIZENL
TOLT VBT THA G 2EY | ZOWIE S
HWoTERLE,

5% (Cu?h) Efz# (Cu, Ag. Cu20)
NH; T #
PO HC TEML. 238
>
CuE=
A (Cut) E#4 (Cu. Ag)
HNO; TE1E HNO; TiEMmL
NH; T#A4 > NH; T#AF4 >
Cus0 DEE KRIED Cu D
u TE
SRR WA I

(1) $ARAE Y RA— =T & LN TRBET
by FNETHE ) — IO TS, EEEH
E L CRBGRBRE ICANLD,

(2) 0.10 mol/L FHEEER/KIAIK 10.0 mL ZHt v . (DD
RIGIRE I AN D,

B REEDOOE /3T 7 4 LA TE- TERTKIE
SH5,

(RS D pH OHlE)

(4) pH A —% —% W TSRO pH Z#H{ET 5,
(SRR O#A(N) A 2 O E &)

(B) I} DOTIZ 50mL A A7 T 2 aziEx, REBRE
WO SUSTRIR % AT %, Z OBIETA EICITER
B & BRALS( )25 0 . RUSEIRIZAIRIC I 5, £
7oy RBOGOHIRITRERE NICET,

(6) Az 50mL A A7 7 A= |Z A, EHITKk%E
R E T AND,

(7) 6D 10.0 mL ZHh, 25 mL A A7 T A=2|Z
AfL, 212 6.0mol/L 7 ' =T KA ETA
NCTT I T7 U0 A A 21D, 2 OW%IR
DO E % 580 nm THIET 5,
(FAL4R(T) i )

(8) (B) DA Tl » 7= AHE FIT 1T 8R4 & BRLER(T)
WIS TWD DT, RO FIZRRISDH DA -
TWHRBREAE S, ARICAEHITS, £L T,

6.0 mol/L 5l 10mL % 7 7T TEAst & iebai( 1) %
AREBENICTENE & T,

9) HBREZ LIZS <HH LT, LS 1) &R
WINT,

(10) AEBENOWRIK % Al L, -#8H & ARSI D,
RS DO FRR TR NI,

(11) AiEIZ 6.0 mol/L ff#z 1.0 mL % Iz ChnEh
Jig S, SR A A2 Z8(DA A BB bd 5,

(12 QDDA 50 mL A A7 T A= {2\, 6.0
mol/Ll 7 > & =7 K & R F T A TR 2 )
%y

(RS DR D i B

(13) (10) D HEAETRERE NIZFE > 72812 6.0 mol/L
% 10mL 202 TEN T,

(14) W72 biEH%Z 50 mL A A7 A 22 A,

ZZI26.0 mol/L 7 E=T K HAERHETAND,
(15) 50 mL A A7 F ZanbyEiks 2.0 mLEY |
50mL A A7 7 A2ZAND, & ZIZ 6.0 mol/L 7
VE=T K & 10.0mL At XBITKEEMRET
ALD, £ LT, RO E % 580 nm CTHIET
%o

EBk 2-3 BHEBRRPBRHE(I)ERREICER
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"y-Z
KR I5 15

(1) $ARZE T RAR—= =T E NI TALET
b, FNETH ) — IO CHR S, BRI
ELTH AT AND,

(2 =75 23T 0.10 mol/L RSN % Wb
EEETHhE T LlE Lo D TEL,

(3) WM AST=H T VE, T Lk, @OHERE
KB, By hERERRVEIAND,

(4) RUVINDOEXRETEHIETBEVHL, bbb
W NeZ AN TREFELEED, T LT, TOHA
ZEONHL, BN Z AN TEEZESFHD, =
Lz 3 [Elig Y K
S

(5G) RVBOHIE
0.10 mol/L fi§ %
SRRV 10.0 mL
e~y R TH-
TH U TVEICTA
2\ TABRET w4 R g ComE

6 YV TAEERIBNOHL, T 7r—XITA
b, TUr—2IIMF A vk AfL, S HITE
FBHAEANNTSTEET D, ZORETRIG ST,

X5 FvAir—2NTRIG
(7) Z AU, 26k 2-2 OFNE T, pH, $A(I1) A1 4>,
RIS D% RIE LT,

EBr2-4 WHERIIRIG L TWB DM

KR I5 15

(BN 8 DARIE TORULR)
KRAGRE B B2 W - 78k & 0.10 mol/L i
FRER/AKIANZ 10.0 mL 2 AL, RBREO L E/NT 7 1

VTS CRIR TGS/,
(FEFEDIRIRIE T D RIR)

FBk 2-3 D(1)~(6) D S TEEFE D 720 VIREE THIMK
& 0.10 mol/L FHERER/KVENE 10.0 mL %> 7 V&
W ATz, OB, Vg ses Li-bok
TNV EROX v T LIEbDEEST,
(pH, $A(I)A A2, RSO E &
Fhr 2-2 D@~ DOFNET, pH, SH(I)A 4>,
RGO % ERE LT,

(RElRA A DIE &
(1) KSRz AL, A% 50 mL A A7 F A=
WA THERR E CHRBEIKREINZ 5,
©Q DoEE25mL ALY, 100 mL A A7 F A=
[ AV TR E TR E A D,
(3) QDENZNDIKEFR L VB K% 2.0mL 7>
v, 100 mL B —H—IZ A5,
(4) Db —D—IZ 7V U EEHE 1.0 mL 3 X OWilE
iR 10.0 mL Z A, K<HEHRLTHOR=ENT
10 G S5,
(B) FNFNOE—H—ZK% 10.0 mL Iz, K=
WTHEIRIZ D THEIT 5,
(6) Q) THEMKE AN Ik ZT7F 7 L LT, 410
nm CHHEZRTET S,

fER L BE

FER 2-1 THRIGBRIED S 120 4D, Wik o%
NENOWE OWEREOZEIIK 6 DX HIThholz,
ZOFER. BOSTRIRTF OERA A 3SR & iz
R L, 120 pREETIFEAEEI 2o TL
£ ENGh ol SRS ERRE ORI T 5
LOD, TORITERERD, $A(I)A 4 i3tkx
WA LT Y bSR3t Th 5 L 9 Ic i
Z 5,

F2Bk 2-2 ¢ 35 A D (1) A A & Bk 1),
SHDOELEIIK T DX H il ~7=, FALERH(T)IX 14
HoABEBEN L, 35 H# B AMFET. Sldsid &k
7z, 2D X 5 (SIS T I E b
HZEICEoTEFEKREL.ZOE 200D &
INTH(I) A A > AT B> TELEI( I I &b L
TWHZ eZrT b0l Ebihs,

Cu20+H20+2e =2Cu+20H - -+ - (11
2Cuz*+H0+2e =Cu0+2H* - - - (10)

— 7. SREAERRUGIT 120 S REIFREE TRD Y . %
D, BPERA A U NZAE LT DRI IR O PR
IR VRBO LR -T2, 5 11T, AR O X 912 pH
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TR 2 TRIRIZIR L CH AN E Lo 2 &
W 2ICERNT 1 » AL LT TH HIR CHERB T& 72
Z & H3ITRUSIED pH X 3 FREETH o THRUWE
HMEN TR B R ol e THDH, LD En

o

5. SMIETEHHT 2 QOXOKINTH Z - T
AR NR 1] T By
Agt+e =Ag- + - (9

Cutk +AgNO3BRFTDEMEDYMEE(12057EFT)

1.20E-03 |

1.00E-03

8.00E-04

= Cu2+

6.00E-04 i — = Ty
:g 400E-04 — % = - Ag+
08 2.00E-04 . cJ;Fui;Jo
L A . : - Ty

9 00E-04 l 20 40 60 80 100 120 140 | = CudbE

—-4.00E-04 :_\

(] a 'l
-6.00E-04 =
~8.00E-04
S EER [min]

6 itk +IHRRERKIRI T O E OWE R (BUS 120 3% £ T)

BRERPOEYEDEILE(14A~35HFET)
6.00E-03
-
4.00E-03 - —=
./;/l/
-
2.00E-03
= Cu20
S 0.00E+00 . o FEiy
b 5 10 15 20 25 30 35 40 | = Cu2+
m; Ty
S -2.00E-03 o CuZEibE
— 1y
~4.00E-03
s
—6.00E-03 s
‘\:\:
~8.00E-03
AnN=E=(i=N

T R+ AR T O ME O EE (1 4H~35HET)

WIZ, FRAbS( DAAR E LD SOSIERGA(10) &
ADDO DT EEESTEONE I DEFEID D
72O D K D ITER SR T ) AR EZ G L THiz,
F9, QDA MO ORI E X #i 2 T(10)=
LA DR, 13)DA A VISR LTz,

2Cuzt+Ho0+2e —Cu0+2H*+ - + - (10)

2Cu+H20—Cu20+2H*+2e~ + « - (11)

Cu+Cuzt+H20—Cu20+2H* - - - (13)

)X D ST o D81 A A 1L AEEEERK IR

R EFIRDIETHERENTZH DD T, £F, D
ERREEFHE LT,

Rl 0.10 mol/L fHlEER/KIAHR 10 mL 128k &2 A
NTHROGSETW ez, (DROIETERS LD
CuzZ 5.0x107 4 mol TH 5, ZD Cu3(13):D
O3 7o ¢, Bbd (1 )ERKEIT
5.0x10 4 mol 272 5,

2AgNO3+ Cu—Cu(NOs)2+2Ag + - - (1)
Ll FEBRTIEZD 8F5LL B b Ofvsi(1)23 4
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REINTN D, ZAUTA3)RLIS O LS EE LT )
DERIZ D> TVWESZ EERLTWS, #7-H
IR FBEDT O POREL 2 T DO TR
e B EER 2-3 TR SR AN HEEFHR
ZERE LTRSS E 756 O 1) Ak &%
~7z,

7o, Bk 2-3 TIIMLSA( 1 ) ERFIEEET LT,
INFTOEBROER, (DB LVTA3)XDGH
FREIU, SRR O A A & LS
AL TWDZ EnNbonoiz,

Cu /<) [mol] — Cu?*[mol]
2

Cu,0[mol] =

W2 DL THDH, Fiz,

Cu it [mol]

= JSAT® Culmol]l — K&t @ Culmol]

DT,
Cu,0[mol]

AT Cu[mol] — (Cu?*[mol] + )& @ Cu[mol])

2

L%, £ T ABROERTIEMS BT 5720

SF D, V2 B bR (DI E B BUGHTE O & I ik o
Cu )it [mol] CurE& LT, ROFHEATRDDL Z LT LTz,
= Cuz*[mol] + CuzO[mol]x 2 TR 2-3 TR B D5 L 720 TORE LS
2DT, (DAERBEIIK 8D Xyt oTz,
Cu20. Cu2+MZTiL &
5.00E-03
4.50E-03 -
4.00E-03 ://: = CU20(02#%Y)
3.50E-03 . Ty
3 3.00E-03 = /: = Cu20(02%L)
uﬁ% 2.50E-03 — z E Y
g 2:005-03 T - - SFU;;(OZEU)
1.50E-03 —. - Cu2+(02%;L)
1.00E-03 — Ty
5.00E-04
0.00E+00 —_—
0 5 10 15 20 25 30 35 40
KRB (H)

8 WRFEMN D D RN LR VIRV TOFMIE DEAL

LN D DM CTRISSE b oik, BEN LN
KDL O X0 LS D AERENE 272, Lol
FER 2-2 DB THELZME (5.0x10 4 mol) @ 1/
S5V ETH -7, ZTOEBEZROLHIITELZL
776

F BEEN RV IREE TORLERA( T )R EIZ oW
THHTHE X THI, 1)U A 4 TR L
TAYDALFOGERIT LT, 5 &, ilgEAE L T
L ENbhot,

Cu+Cuzt+H20—Cu20+2H* - - - (13)

Cu+Cu(NO3)2+H20—Cu20+2HNOs - - - (14)

Z LT, ZOMEPECI A1), $R7e &4 b
THI LI ST BB T DD Tl
e E o T, RO K DI, IR L TN D 2

EEIDPVBOEDLBILR LI Z 5> T,

BT, FOSIERO pH X, &K 10 mL #2 H*
431.0x1073 mol R Z 8 S &
HE, WOFHFEDLIIC
pH X 1.012A 21X TH D, LavL, FEED pH X
SHETH-T-, ZHNIIMBAKIEL TS T
A RVIERD Y oY I
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_[H']x10
1000
%2 MR
R
SR NI
EHEND -
-2t Th 4

5. c okl DA 40,419
AR O X

5T RN & 'y
norZeb

HoT-, F
72, B NVEIC Lo LT emE LT o
W2, OE D TIZTLEPHANTNDLEZ Ebbhole, S
BT, UGIRIED pH ZHIET DB, W% T
HEPHMNTFMBZEBLH o7z, 2N H1HA5)XD X
ISR IRALA & L TE bW BAaIcAE T 5
—bERICLD b0 L Ebh b,
NOs; +4H*+3e —>NO+2H20 - -« - (15)
ZDO—LEREPEEEIC K - T RIbERICEL
L (18R, ZH3KIZET 2 Z &1 & o THifsig
RWRBICE L (D) ZenBzbnd,
INO+02—2NO0s + -« - (16)
2NO2+H20—-HNOs+HNO2 » + -+ (17)
Z O L ISR RHEE R E U Z 3 Aihy

1.0x1073 . [H]=0.1 . pH=1.0

k& U CHIOBEE( 1) REmb L Tnd &2 L,

ZFHICE > TSI AERER D L 512850
N EHE LTz,
X UHIZ, RABHTH T 2 R0 Z 5,
2AgNO;3+ Cu—Cu(NO3g)2+2Ag + + -+ (1)
WIS, 8 & AEEEER(IT) 2 & B L8R 1) A AR 2 X
D Z B,
Cu+Cu(NO3)2+H20—Cuz0+2HNO; + + - (14)
2 CEUTMEEAG AR LT 254, (ii)iE
b8i(1) 2@t 2546, GDRE2BIET 2560
%% 2 Thie,
(1 )mEE A BT 5355
Cu—Cu2t+ 2e~ E0=0.340V + « « - - (18)
NO; +4H*+3¢ —>NO+2H20 E°=0.957V - (15)
3Cu+2N03 +8H*—3Cu2++2NO+4H0 - - - (18)
18) Z bR T 5,
3Cu+8HNO3—3Cu(NO3)2+2NO+4H:0 - - - (19)
Z 2T U7 rEERSR(IN) A3 (14) O S TR LR 1)
ZEET Db DT 5, OF Y | MR KIAIRIZ SR
AN TEYIFG S84, (1D, (14), 19D

ISR Z D EARE LT, b ZfiAehbE s,
2AgNO;+ Cu—Cu(NO3s)2+2Ag + + -+ (1)
Cu+Cu(NO3):+H20—Cu0+2HNO;s + + - (14)
3Cu+8HNOs—3Cu(NO3)2+2NO+4H20 + - - (19)
4 Cu+AgNO3—2Cu20+Ag+NO « - - (20)
(i) FEEESERALER( 1) 2B D55
Cu20+2H+*—2Cuz++H20+2e~ E0=0.207V - (10)
NO; +4H++3e —»NO+2H:0 E°=0.957V - (15)
3Cu20+2N03 +14H+
—6Cuz++2NO+7H20 - - - (21)
QVAZLFIERITT D,
3Cuz0+14HNO3—6Cu(NO3)2+2NO+7H:0 - - -(22)
Z 2T U AR (T A3 (14) D RS TR 1)
BT 20T 5, o0, (1D, (149, 229®
FOGDZA2HD0E L TN aEfAagbhbEs b,
(I)ERLEICQOXNHELND,
2AgNO3+ Cu—Cu(NO3)2+2Ag « « -« (1)
Cu+Cu(NO3):+H20—Cu0+2HNO; + + - (14)
3Cuz0+14HNO3—6Cu(NO3)2+2NO+7H:0 - - -(22)
4 Cu+AgNOs—2Cuz0+Ag+NO + - - (20)

(iii) FHRRZSERZIRILS D & B AT LG

Ag—Agrte E0=0.799V+ « « + - 9)
NO;s; +4H*+3e —»NO+2H:.0  E0=0.957V:- (15)
3Ag+NO; +4H*—3Ag*+NO+2H20 - - - (23)

INEALFROGRIZT 5,
3Ag+4HNO3—3AgNOs+NO+2H20 - - - (24)

T ZCTHAUTMBEER A (D) THRIZE LT D b D
LT 5%,

2AgNO;s+ Cu—Cu(NOs)2+2Ag + « - (1)
Z LC. ZORUGTAE U AlEEgH(ID) 23 S (14) TR
BER(INCEDD L E 25,

Cu+Cu(NO3)s+H20—Cuz0+2HNOs -« - - (14)
SFED, (D, (19, CHOENRERZD L LT, Zh
LEMAGDED L RV QORBRHFLND,

2AgNO;s+ Cu—Cu(NOs)2+2Ag + - - (1)
Cu+Cu(NO3)2+H20—Cu20+2HNOs -« - - (14)
3Ag+4HNO3—3AgNOs+NO+2H:20 « + - (24)

4 Cu+AgNOs—2Cus0+Ag+NO + - - (20)

ZOX I, WEEAHE, BH(1) | RonTi
ZERAL LT b B NIZQOR D KISIC 2 5, $ilE
0.010 mol. AYEAFRIL 0.10 moV/L T 10.0 mL /i &
H T 57, 2R(10) L 0 ERbE( 1 )A R EIE 2.0x10
“3mol 12725, LML, EBREIXIB L% 2.5x10 3
mol IZFELC, £ MPTHI I IR 2D, 20D
FIRE L TKRD - DEEZ T,
O FISERNTAER L0 — 5 i & L
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TIHZH DTS DO TIERND,
BRI RIS R(2B) D X 9 I e hEEHE 2 Ak
T 5, ZHNRINRRIZET 5 2 18 Lo TS
AN O X 5 IR CHEmEAR L, B9, (22),
QOD)GELZ LT, $CBR b 1) | $RZ2mbd

HZEMWEZBND,
NOs; +2H++e —NO2+H20 + + - (25)
2NO2+H2:0—-HNO3+HNOz + - - (17)

@ ISEBNIZEER TR > T D TRV,

FBR 2-3 D(3)~(6) TR FIE TR O MEFE %
BEWHLEZETTHLIN, ELERBRNICIEENE-
TWEARESER B 5, 0, SERIZ T e %E Lo
DTHHN, T OKBEMEICRIENH > TR
FENRALTEZOE LIV,

W, BamWNICEREN D 554, (19, (22), (24)
DI, T X 9 IClEFHE LD RE(26), B X OEHE
ERRALERA( D7), Wi & A bR -G (28) B
HBIoTWa o EEbils,
2Cu+H20—Cu20+2H*+4e~ E0=0.461V - - (11)
O+4H*+4e —2H20  E0=1.229V - - - - - (25)

2Cu+02+2H+—Cuz0+H20 « - - (26)
Cus0+2H*—2Cuz+H20+2¢~ E0=0.207V: - (10)

Os+4H*+4e —2H:0  E0=1.229V - - « - - (25)
2Cu20+02+8H*—4Cu2*+4H0 -+ - - (27)

@26 @@NEELEDL ERD L HITRD,
2Cu+02+2H*—Cu20+H:20 « - - (26)
2Cu20+02+8H*—4Cu2*+4H20 + -« - (27)

4Cu+302+12H+—4Cu2++6H20 - - - (28)
Q7Y T U8 A A 1E(13) D s THE
BRI b T D b0 L Bbnd, 2O X5, B
FENFIET D BN S S8+ 2% 2 &2
MATE D LB X2,

PLED XTSI AEREN O E 2D & IRIK
ORI SOG LT B ATRENE & BRR ASB5- L T
LA D D, & 2T IR ORMEEA 42 & R
LT, I BEE & BICiBA Ao B L5
MEIMEFRT, ET2 BBBORNWFIFTORIET
WY IVEO I MR OREEN DI, £ 2T,
Yo FNEDSICY L TNVERDF v v T -
Thiz, TORER, ZTNENOFMETORILER(T )
R L ORI A 4 OB EIZK 9D X H Iz
ST, Flo, HEEA A OELEIZIX 10 D L D IT7%2

-7,

Cu20, Cu2+DZEiLE
4.50E-03
B Cu20(028%Y)
4.00E-03
3.50E-03 B Cu20(02%L)3 Lt
3.00E-03 i
= B Cu20(02%L)Fvv
E 2.50E-03 — Ty
gﬂ(z.OOE—Os B Cu2+028%Y)
] — F1g
1.50E-03 Cu2+(02%:L)T Ltz
1.00E-03 Ty
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5.00E-04 (& gy
i == Smge— S :
0.00E+00 —r _—y==

RIEB%(B)
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9 BEMATOmMH(T)I LU A 4> DAL
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NO3-Z b=

1.20E-03

1.00E-03

8.00E-04

¢ 02HY

6.00E-04

027z L(3 L#g)

NO3-(mol)

4.00E-04

B 027l (FvvY)

2.00E-04

0.00E+00

RIEB%(H)

10 K5 CORbIRA A4 DAl

INHORRNDL, WD ENF 2D,

(1) FRIbsi( 1)AREIIERE N H 5 51T 3.5%10
“3 mol, MEZEMNZWEFTIE 3.0x107 3 mol F2JE T
BT B2 0 . 2L BT U av, Zi & REE
ISR ORI A AN A EErlli> T
Do ZDZ T, WEEDSERCELERA(T) REERLT
HEE (O(19), (22), (24) #EZ L, fEREL
TR LER( D) AWML TWAZ L aR"T b0 & A
bbb,

(IDERFE D B DM TS SETHA. BLR(1)E
R IEFT HIZ72 5 DO, REBRENOBEFE R T T
S0z b b,

(IDEEFE D72 NG TRIS SHZbDIE, Fa8% L
oAb P IVEROX Yy v 7R LTERE b
KRB LS D AR ERRI U ThoT2, Lz
T WE &SRB MHEICIIREN 2o b D & b
"o,

(IV)EEFE D72 WA CROG SEH4A. BB )E
EA 2.0x1073 mol ZBZ TWADIE, EIKN
WA U B NAEEE & LT TR —HT iR
e L Thm b aiZ LT b= a LT
7= L lbins,

(MY TV EICx v v T % LEESAOBREHT)
AEREN SIEMFRE TR0 < o TN DH DI,
FHOEENEZ LND, ZOEBREIT - ZHIFN
BARREPOEREE M L Ee D | EBREITMAD
o RETERABENN TV oty FDT-8,
D70 IR B U, BRESA( ARG 2 1 H
FlzEATZ L D b b,

(V)T RTOLEMDKISIZIBNT, 14 H~28 HREIK

IS SET b DL, BRLE(T)EREIC S, iR A
YORIZOENRYDIELOTNH D, ThuE, A
T2 —PRALERFIT L o T RBDEED B 1IN
b DN HLTOTIIRWINE B BN D, A
FP DTN D & RISADIC &> THIA I L
TEEA NN D b2 < 0D, T2 &, RtFKE

THRUGQ0)DEELHI( T ) ARG Z 57 78 D,

ZO®, B AERKIEEL 725 O TIE
WinkiEbinsg,

11 DX H 1T, #ibk & SRE 2 L L TuiuiE,
ERAT i C B RS 1) A s SUS 3 T e,

wiw i\

S
<)
: (

. 11 Cug0 LR DA
it i
[. AYERER/KIAIR IS 2 A AL CERM 2 Ak S B 7
BB B IR OWEIXEEER(1) TH 5,
0. LS TARBE O AR T O A A
ZBITTDH T LIk o TR EN D (RUE(14)),
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Cu+Cu(NO3):+H20—Cu20+2HNO; + + - (14)

M. $A(0)A A NIROKETER SN D,

(1 YRR & 8 & DR
2AgNOs+ Cu—Cu(NOs)2+2Ag + « - (1)

(il )RR 23 S-CIa L8 ( 1) 2 b9~ 2 KUt
3Cu+8HNO3—3Cu(NO3)2+2NO+4Hz0 + - - (19)
3Cu20+14HNO3—6Cu(NO3)2+2NO+7H20 - - (22)

(i R EE N ERMT 2 b3 A Z LI L » TS A0 &

AETEUHRY), 2B ODOIGE R Z 720

3Ag+4HNO3—3AgNOs+NO+2H:0 « « - (24)

Gv TR A7 SR DRCER LR (1) 2 b3 2 St
2Cu20+02+8H+*—4Cu2t+4H20 - - - (27)
4Cu+302+12H+—4Cuz++6H:20 - + - (28)

St DOERE

. HEERERZ: CHYEEA A2 2 E £V EROILAE M %
i o 7235 A O  ) O AR EEZTHRD Z &,
M. ZOFEBRTAEUTMEEIEMEE S L TEV T
BHINE I DEFRD L,
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VIO R EE 52 b0 L Bbh b,
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JEIZ Ko THMRENEINT 2, ZoZxb izl
T, 7B V&ERO v 7 Ayl NHaCLIZ D
T, RIEIZBT DGO T /VERE &L WE OS5
EEEOR/NBRE  fEmOFIEE, JEMIZL D
KR 2, HIEICB T ik L OWWE O E
JARTE D FHRAE R & HikhRat L7z,

DI
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PR E 5.2, MEEISEVRH S0 E 5 »
PR THEY) LB ol o METLHZEICE -
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ZElT L, ZTHUTEERESEENE O L) I E R
BFIZBWT, EO X9 BRI KIZEITOT
WONETRITOLTERND E5 250 EEZ 50
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Ui HAELEY)

1. SFIERKEIEZINE L, K VIO HEFE B35 5
NHINE I PERENDZ L, T LTHERME BN
T235E . T ORI KD BVESTOKVIE EON DN H
HINEIDEFRD L,

2. ENZENTDHZEICE - TEMEEYMOKITK
THEMIENEIT B8 5 nET~D 2 &, Tt
ENBILLESAIE, TOFRRNEEZE2DLZ L,

e 1 XFEERKBIR D OKVIOAERK
Iz T

MEDOE R KVIEiX

X1 DX HITFIEOKIZK 1GPa UL EDFET) % )
5L KVIEMEHIN DfEEAERR S D, BH ., W
HRE CHE S 7KL 0.1MPa T/KIEZY 0CLL FDEA IS
ERENHHDOT, ZIUIK Th THD, KIThiTA
R THDHDIZK LT, KVILIES R TH D,
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Ji:d 7k

T 40l kvl
oL m
a0l [i€
80}
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E /A GPa

1 KORAER Y

azc azkc

_56_

KVIEEK 3 DX HITKSFE D LTV R
BECTFET A 720, BT 1.81g/em3 1T L,
KIZLDHE 2 FF > T 5,

FL7=H1E HPY%2SE(Z L COKVIEK Th @
fhdniEA (X 4, 5) #/FR L7z, & LT, KVI
X 3 TRENTWD A DKy -7 N—T L
B OKGTF T N—TBANTHIEIZ > T
HI EEMER LT, BT A ZA—TIIR
TLHKRGFEFVBERFZRFOLDOT B
N—TIRT DK T HIRVIRFIR -2 FFD
HDOTHRB L, A ZL—70OKRS11T A
N—TANDHFEH LT
KEREEL, BZL—T7D
KASFIE B Z—7HNO
KT EKRFERELTH
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PRI DL WS Th 5 Z

X5 K1 hOySFrm

L ERfER LT,
B4 ERE LTk VIO Sy 11l
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1. X F S ERBE ORI &2 I L, K VIO HE S A D) Y77 AT T U ENREERBICAA Y v
ERENDDE I MERRDZ L, v b5,
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AT T ENLD
A R &
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MET 5 b DTS K6 HT7rATTEN
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HAry b
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(2 By FTKBIEEH Ay M HA RRNIZH T
L., AT v hEIZD 5,

(3 BT eyt KVINEETHETHNUR
| TNET 5,

(4) KVIDNFAE LT TS MEZEY KL T/hE
PR BRI AR L K& Zpfbdh & % L CHRSRIC T 5,

e S

1. KREERDIREE LIKVID AL

F 1 DX, EIEEOKEID S 1K VIO i
DG HNTZD KR OBEN &L 72D & JE 12
KECTETFTHERVIIHE Lot £, D
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FNE T D-0ICENE T D &, S
N—BED 5 BIZTRTRENTTLEV, HfEMAICT S
ZLENTERDST,
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F 1 WHEHORE EOKVIDAER

0.5 mol/LL | 1.0 mol/LL | 2.0 mol/L | 3.0 mol/Li | 4.0 mol/L | 5.0 mol/LL
CH3COOH © o © © o X
C12H22011 © © © x
HCI © X
H2S04 © o x
NaCl © © X
NaOH © o %
NH2CONH: © o o o X
NH4CI © o o X
© - «  HEEWMPHEONT o« - ZREMITHCRIEAEERIC R B 2R T2

X OKVISHBLL 2272 7

2. KVIOHEROE B

IKVIDHEFE NS LN b DIZHOWT, Ol ZErR1,

K 1.0 mol/L. HC1

1.0 mol/L H2SO4

1.0 mol/L NaCl | 0.25 mol/LL NaOH

N

N - 8l

1.0 mol/LL NH4Cl

B 7 AT

BE

IR 2 T2 /KB HE /> B A B S MV T K VIO B 75

U THLNE D DEIEA—TEDOEL 9T,
BARHIZIE, 8D EkHic ko 4-o0/E D
4-o5DfM% a, b, c. d & LTAEEZIEL, A0D
A% U 720K VI & SRR D A% L 720K VI a~d
DREEZZEHRL, ZNORELCTHDLNE H»n
EREFHICRE LT, ZOREIIRIE Y 7 b
7N ERNT T Tm, =7 BICIET — 2 & E
T3 L FRESS t MEZ HEAICIT O BRED B L
Tky, FEo P TPE<=H) FMHl) . tHRE
O PEix P(T<=t) Wifl]] & L TRad, Zh
5O PAEN 0.05 UL ETHIIE, —oDOF — X FEILEE
SR EHWISND, FORBRO—FER 2 IT7RT,
P(F<=f) Ffil) <° TP(T<=t) Wil OFfEILHE
B S5,
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~ B DK VIE A
s
BRI HIE

K L72KVIDf a
~dicoWVWT t i
ERREATVD, £
DPEZE &L O
LONRE 3 Th
D

ZokolT. &
IRV HVERL L
72 kVIOf a~d
O PEIZWT G
0.05 Lk ETHHT=
720, Thbidk
MBIESTAVIOR a~d & T _XTHLETH Y, KK
TR BAES T2 K VL E KD BAE- 72K VIIZIE Uik b
ThdLEZD5,

8 ME LA

F£2 MREDH
1 mol/LL @ CHsCOOH MoERLT=KVIOA a IZDUNT

CHs;COOH 7K FE alzo\T
AEa 109 110 F-485%E: 2 EREHES-DBDOBRE
108 111
107 108 1 ZH 2
107 108 Fi 105.55 107.5
112 103 ER 18.6815789  13.56521739
102 104 BRI 20 24
110 116 BHHE 19 23
104 102 BRISh =58t 1.37716768
107 102 P(F<=f) Kl 0.23043188
110 105 F E51E A4 2.06075394
108 110
106 106 t-IRTE FAMEREL-2ERITLSRTE
106 105
106 105 TH 1 EH 2
98 112 Fi 105.55 107.5
93 108 ER 18.6815789  13.56521739
106 105 R% 20 24
103 104 T—ILEnt=58 15.8797619
106 106 HRERFEHEDER 0
103 111 BHE 42
113 t -1.6162439
106 P(T<=t) K1l 0.05676468
109 t BRE A 1.68195236
111 P(T<=t) w3l 0.11352936
Fiy 105.55 107.5 t ERE 2.0180817
3 BIRM BERR L 7oK VIO t MERESR (P i)
[EfEz HC1 PR H:804 | Z7v=—A | NaOH | NaCl | NH4Cl
a 0.114 0.787 0.390 0.389 0.066 0.414 0.096 0.760
b 0.417 0.483 0.781 0.434 0.129 0.860 0.858 0.359
c 0.063 0.061 0.419 0.550 0.584 0.786 0.491 0.409
d 0.179 0.167 0.541 0.125 0.459 0.402 0.106 0.120

VIO 21T 570 Th 5 Libh b,
2. KRR D BAFE - 7oK VIO Bifs falE, /K0 HAF
S TORVIDO B L FRE Th -7,

W22 1 Okss

1. EEEOKEID IR VIO &8 5O T H
WM EIED 2 LM TE DT, TAUTEIVK
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M2 BWETICRITS
SRSV B D YRR DAL,

W2 D BEHY

FE TSR T 2 LAY ORIRE DL L .
Ba K OVAE ORIy MEFED KNI DWW TN D
Z &,

MROER

RIS T D IR DAL, b OE ST/
FEEWHE O ENARTEICBAER D B 5 10, ik OHS
3R &I 1 mol OEFETH Y . IWE DO
GrEARTE &R, BRI 1 mol DALE AN AR
L7 EOFRBEINETH S, T LTIEICL-T
REEDS B3 b DIE, T DEINTBN T, fiidh OB
Iy B NMRT > IWH O E VAR TH Y | EIEED

RS
AR 28 o T A

TADH DX, s OHENRE<EWE O E
MEHETH D, 2ED | JENEMZ D L FESHOEHS
ENVETED 2 WVITIEE O ENMEFED > H o, /h
SWHIZELT D Z L/ d, LEER- T ESEN
Z T WG DVEIREIE DI Z D 2 L 1E. s DESy
BV L WE O E /RO RN A i 5 2
LTHLbh Db,

EBRITIE

(D #7821 (D), (2L [F UFIETHmRT D,

(2) RBOEFIRNE R L OSAE T D% T A7 v
NTA FRICAINL, Ay haet®y b5,

(8) Ny P ZE LTHIE L, i o2 821 5,

(4) ZOFER FERPKRE RE LIESAIafEE N
INE L T2 EERDVINE L o T B VR R D3
o=t LR LT,

RIEICIS T DA O E AR Ve > @RI T 2 E O T /VIRR Vb

WIREEDS T2 o e 813

REIZI T Dt O EAREE Vb < @RISR 2 WE DT VAR Vb

&Ml L CRICEEA LTS,

PJESS: ]

INEC & BEsfiE
A FEDEAL &y
T JUIRFE O H

LiCl

VARIE LD
Vb <Vgh

LiBr

VAARIE WD
Vb <Vgh

Lil

VL
Vb <Vgh
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NaCl

VAR REHE N
Veh>Vih

NaBr

VAR L Jek
Vh<Vih

Nal

VR
Vb <Vgh

KCl

VAR EHE N
Vb >Veh

KBr

VAR EHE N
Veh>Veh

KI

CsCl

VAREE D
VCh < VSh

VAREE D
Veh <Vih

CsBr

Csl

VAREE D
Vch<Vih

VAREE D
Vch<Vih
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Na2SO4 VAFR LN
Veh>Veh
NH.CI ViR LD
VA< Ve
NHiNOs3 YA e
VA< Ve
(NH4)2S04 VAN D
VA< Vb
CaClz Vo A ek b
V.h< Ve
Cu(NOs3)2 Vo At ek b
-3H20 V< Vh
7ZnCla VA A ek b
VA< Vb
ZnSO4 VA e N
-TH20 Ve >Vh
EROFE LD
WA | LiCl LiBr Lil NaBr Nal KI CsCl CsBr Csl
V< Veh NH.Cl NH4NO; (NH4)2S0s4 CaCls Cu(NOs)2:3H20 ZnCle
RSN | NaCl KCl  KBr NasSOs ZnSO4-7H:20
Vh>Veh
- 62 -

=1

JEN% BT 52 Lk » CTRMENHZ 516
&L BREDR D T LA OENEE 2 HToDIT,
it em D B IVARFE & EE OV IREOBERE
BELT, K12 O X S ITHEEIZBWT Veh O E
JARFE 2 FF Rl fh & B FVAIRICEE T & & £ T8
AR L TWDA R0 TN RT N1 5T
Vib ORFEHEMN AT DIBEEN H 5, Z O TIE,
FEAL A BV CRlET 5 & AR RT S Z &
MOFHETE D L o2, (R EB TE 5, 377

bbb Veh<Vih TH 5, ZIUfGRE T2 1E-> Tz
AFUNT X ACEEHTTED, A A IR
DEFENDTZDTH D, IRIT, NTNRNTIZheoT=A
R DIKFI L TR T D, DL & VD
TRV EZAE LD LT 5, TH&, Vsh=Vh—Vah &
FTZENTED, 2F D FEMBKIZET B & X1,
AFUnEHCE T L b AU BKFIT D
CEDOMWFREZ Y TR DI REEE LD RN
(2 & - T, fESh O VAR & IEE OBy VIR
BOXKPMPIREDL LD EEDND,

<
o]
o)
(R o)
@
o
o]

FTRTI: |  rromoorcy iA

ol Cog OO0 o O AN

goocoo )i OOO o Vst
- ] o-a 0@0 --O-Q--

OO
O
[o]
O
o
o3
)
Oﬁ°
4 o.
'
9
[oXe!

i)

0
[}
)
040
0
000
o5 0
O
o]
Bydele
ol ete!
|6P
RO
.0
(g
o P
Co
o
oloXs
OO o
X3
(oo
o O

2O LN, MELEGEEOT VA &R
WAL D Veh & Vo DFEREEZEZ TH D, ZHD
FERITE S DX H1T, LiCl & CsClL s DT LER
R VL DIZ 2 23/ s < NaCl & KC 1 IFEED
W EAREE Vb DIE D /NS WNWZ ERbnb, Z
DOJFUIRFESCER W2 LiviE, CsCl 28 CsCl B gL T
DDk LT, NaCl & KC1 (% NaCl ZfEdCTh 5
ZE LRI AEENTWS, LarL, LiCl i NaCl
HBTHDHIT

bmbb | o | e V57
PO A/ BRR
Sy UkEE | TCL | NaCLR [ Vo< v
DI 5 /) | NaCl NaCl %! | Veh>Vih
Sz, | KCl NaCl# | Vch>Vih

Z oI | CsCl CsC1 ! Vb Vih
Foehttl 5

PO T BRI Vo

SO FEE, FIETORMBOMWIENERE Vo &
B O MR Ve, B8 X OVRIEIC X A fG 5O
FEID AT 5 s D ERNT 72 > TN D D TIHAR W)
EEBEZTCENENEFE LI,
(1) BROFTELOFHE

FE O TR ZFHET 556, NOs R S02 72 &
DEJLAA A NN TUTF RN LT o A A P8
RMMFED T — F M RYG T Bl o T, Fim ALK T
DI A T2 DENLEEDI B I eE S o T2,
2O LEHEEND, TASVERO A a T AL L
NH4Cl IZ DWW THRBEREZHEHE Lz, #l 21X, NaCl &
CsCl OFIEHRITIRD L H IR T=,
NaCl & Fit#

A AR 1)

Nat (6fIAL) « + 1.16x1010m

Cl™ (6Mfr) « + - 1.67x1010m
NaCl O FHE
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2X3.14x((116x10710)3+(1.67x10720)%) x4

(5.64x10~10)3

X 100 =

58.0%......(25)
| EEFhuonNeci® | WikkYOncsoi®
T
“fl;'—rl#l-, 5.64%107" m 4.12x10 " m
Na*_ /—TI L l "
I iy e | AN
g— =g Ef6 o RS

1

cof e © ool

Na* %x12+1=4 )

- o lygr g
CI™ : 5 X8+ X6=4 (8

Cs™ 11 (@)

cr :%X8=l(ﬂ)

13 NaCl & CsCl D Hifir

CsCl D 7R

A F ot Cst (8ET) « -
Cl™ (8HEISL) « -

14 RS FOAROR S
CsCl D FtER
§x3.14><((1.88><10—1°)3+(1.69><10‘1°)3)
(4.12x10710)3
68.7%......(26)
() Cl™ (8EIL) DA A L PEIFSCHRIC LS 7= 6
RIS TZTeD WO L DITEHE LT, M 14 DX oI
ROSHEFOLILORS % a L35 &, fifmoxt
O R S13V3alc/e 72, 8EULD Cl- DA A
PEEQDAD L HITRDZ, NH4Cl H1> NH4™ D

X 100 =

A AR BLhn) b RIBRICEH L7,
ClImDA A (B BLL) =

- 1.88x10°10 m149
+ 1.69x10°10 m (V%)

V3x4.12x10710-1.88x1071%%2

2

=1.69 X 107°m

IR TR ARG DO FIHEE LK 6 1R,

F6  FEHRLEEICBT DR L OWE O /IR & ORI

. B | BAA2 A4 | BERFD
(3=27 ez i & F& R FEIER[%]
# X100 m X100 m x1010 m
LiCl NaCl £ 6 0.90 1.67 5.14 66.4
LiBr NaCl # 6 0.90 1.82 5.49 68.4
Lil NaCl #¢ 6 0.90 2.06 6.00 73.4
NaCl NaCl # 6 1.16 1.67 5.64 58.0
NaBr NaCl #¢ 6 1.16 1.82 5.961 60.0
Nal NaCl # 6 1.16 2.06 6.462 63.9
KCl NaCl # 6 1.52 1.67 6.278 55.3
KBr NaCl # 6 1.52 1.82 6.586 55.9
KI NaCl # 6 1.52 2.06 7.052 58.5
CsCl CsCl & 8 1.88 1.69 4.12 68.7
CsBr CsCl & 8 1.88 1.84 4.29 68.0
Csl CsCl & 8 1.88 2.07 4.562 68.5
NH,4C1 CsCl & 8 1.67 1.69 3.8756 68.0
Na2S04
NH4NOs
(NH4)2804
- 64 -

CaCl: LFILE
Cu(NOs)2- 3H20

ZnClz CdCL &
ZnS04- 7TH20

(2) HWIETORS O E/METE Voo &EE DS
F/VIRRE Ve DR 1E 19

FEER DR FE L AT VRIR O FE 2 SCHR 19 THR,
WIEIZB T DO E/VERE Vo & WEOH
ST KRS Ve 2 IR DFHHR TR DT,

O EETORBEDOESENMEE V em® /mol]

HE T O/ O E VR Ve 133K (28) TR
5%,

M---E/VE &Eg/mol],  de- - - b DO [g/em3]
RG] NaCl oy €V IRFE
M=58.44 g/mol ., d.=2.168 g/lcm3

5844

Vi =22 =2696cm’ /mol
c 2168 e (29)

@ HETOWEDOEWSENEE V] [ecm’ /mol]
WL TOWE A OERE /AR Ve 1330 (30) T2k
DHhd,

n o¢
Vs = ¢A +nA(an_A)T’P’nB ...... (30)

A

QA*** A D FRT DOESENAARTE[em3/mol]

Ve - KVER O FE [em?] |
na- - 5E A OWE Elmoll,
ng- - VA B OYE & [moll,
vB* - VAL B O 53 E VAR FE [em3/mol]
FHEG A NaCl O /LIRS
finFna ik ( 26.000 %)IZEBIT 5K 1000 g H7-
D DO B walgl

_26000x1000_ .,
100=26.000 g (32)

i AHKIZEIT 57K 1000 g H72 9 @ NaCl D

WA

W& & nalmol]
3514
= Sxaa =6.01217233fhol ___(33)
fAFI A K DL plg/em3]= 1.194419908 g/cm3
Z OFEE p 1Z3CHK BWOHA(BDD a, B, y. 8. e,
cIZENZTNOHMEEZRAL TRDT,
p=ax10-8 xc ! +BX100xcHyx 109xc2+6x102xc+e~ * (34)
AHAKDOYA . a=0 B8=0.339931, y=1.39329,
§=0.699864, £=0.997062, c¢ (JE) =26.000
F7-. KDOEE delglem?] 13 25 ClcB W\ T
0.997047 glem3 T 5 DT, T DOERS T /KR
@alem3/molliX(35) D L 51272 %,

Ny

1000 +w, 1000

gy =—L dy  _513609009cm? / mol
Ny
...... (35)
(Zf’* )1.pn, PIEIEICHER D TIZEBRENS 7T 7
A

EENT, TOHEEINERDDLIOTHD N, k19
DIEZE > TIRD X H12RDT=,

BHEIK 25.999 %IZH51F 5 wa', na', P& EEFIT
FHETRD, TN G 25.999 %IZRIT D B
T OERIENAREE oA’ & RO T2,

wa'= 351.3331, na’=6.011859858,
0'=1.194411495, @x’ = 21.36079353

ZLT (2%) % (36D & 5 IZFHF LT,
A

004 _ 0a=0
(anA) T,Png —

na-nj

__ 21.3609009-21.36079353
" 6.012172337-6.011859858

= 0.34360709 cm?/mol......(36)

(35), (36) DA% (BONZARAT 5 & Ve lZIRDAEIZ 72
%o
Ver=21.3609009+6.012172337x0.34360709
=23.43 cm3/mol...... 37
(29), BDXOFEFERD, B Ver > Ve b
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D, ZOLX)RHELY S ESERERILEWIZo

WTAT S TEFERDBIROR T Th %,

# 7 HEIETORM & WEOHE I E VIR
fEEa DRy | WE Oy FEER OISy | WEOESY

UL VKR VIR E/VIRRE

cm3/mol cm?/mol cm?/'mol cm?/mol
LiCl 20.50 21.36 | Ver<Ver | CsCl 42.20 46.79 | Vr<Vn
LiBr 25.07 25.72 | Vo<V | CsBr 47.83 52.17 | Ver<Vin
Lil 32.97 36.14 | Vo<V | Csl 57.41 61.47 | Vo<V
NaCl 26.96 23.43 | Ver>Vr | Na2SOy 52.65 37.60 | Veo>Vn
NaBr 32.02 29.25 | Veo>Ven | NH4CL 34.97 40.75 | Ver<Vn
Nal 40.90 40.15 | Vea>Ver | NH4NO3 48.22 54.74 | Vo<V
KCl1 37.51 33.13 | Vo>V | (NH4)2S04 74.70 81.31 | Ver<Vi
KBr 43.18 39.73 | Vao>Vn | CaCle 51.57 38.79 | Vo>V
KI 53.04 50.43 | Vo>V | ZnCle 46.84 46.18 | Von>Vn

3) BEIC L FBROEBRIOROHE
WIZ ., fEen % 1.00 GPa £ THIE L 7= o
RY% & FDO X HITEHE Lz, PoOFIHE 1T 1.00 D

a=4.182x10"5/ 98067 Pa1,
b=50.4x10"12/ 980672 Pa™ 2

XV, NaCl ® 1.00 GPa (23 2 KM EHD =13

A EFORMmEZES P £ THIE LZROAR Vp
@YX X Hizkd b 19, 2B, a. biIWE
EADOEHTH D,
Vp =1.00—Po(a—bP) ...... (38)
Lizido> T, IR FRIZRD X H 12725,
RFERD % = % x 100
= Py(a — bP) x 100......(39)

Bz X, NaCl =% E25 1.00 GPa £ TIE L=

Qo) DIz 72 5,

4.182x107°%  50.4x10712
98067 980672

1.013 x 10° X ( X 1.00 x 109) X 100 =

0.000379 %......(40)

TOXORFHEICLY, TABVERDO T ST
b4 & NH4Cl DIRFERAD R &2 KTz (£8),
T2y FITHIE & BIE TORE G DMy E /IR & IR
B O ENRFEOKR/NEIR, TEFE, BLOU1.0
GPa & THIE L7 RFORFER D 2 £ &b, g

FF ORI RITkR D X 912725,
Po=1.013x105 Pa., P=1.00x10° Pa,

REWIEICE L b DTh 5,

#8 TAHVEREBO A NHiCl OEFERD 2=

ax106 | bx10712 1'051\)1?@ ax10¢ | bx1072 I'OEP‘%}\T@

fmkat] | lemkgt] | Lo fmkgt] | gt | )
LiCl 3.29 0.000340 | KBr 657| 1025|  0.000571
LiBr 4.1 0.000424 | KI 837 150.7|  0.000706
Lil 5.67 0.000586 | CsCl 5.829 96.9|  0.000500
NaCl 4.182 50.4|  0.000379 | CsBr 6.918|  144.9|  0.000562
NaBr 4.98 62.1|  0.000449 | Csl 8.403| 201.9|  0.000655
Nal 6.936 0.000716 | NH,CI 5.9 0.000609
KCl 5.52 735|  0.000493
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#9 W, @ETORI L OWEOHYE/VIERE, FIEE (KR #

0.1 Mpa 1 GPa FHER % M;;};Z;@%

1| Lil V<V V<V 73.4 0.000586
2 | CsCl V<V Vb <Vih 68.7 0.000500
3 | Csl Vo< Vgn Vh<Veh 68.5 0.000655
4 | LiBr VerlVen Vch<Vih 68.4 0.000424
5 | CsBr V< Ven Vcb<Vih 68.0 0.000562
6 | NH4Cl VerlVen V< Vb 68.0 0.000609
7 | LiCl VerlVen Vch<Vih 66.4 0.000340
8 | Nal V>V Vh<Veh 63.9 0.000716
9 | NaBr Ver>Ven Vch<Vih 60.0 0.000449

10 | KI Ver>Ven Vh<Veh 58.5 0.000706

11 | NaCl Ver>Ven Vch>Vih 58.0 0.000379

12 | KBr Ve >Ven V>V 55.9 0.000571

13 | KCI Ver>Ven Veh>Vih 55.3 0.000493

14 | NazSOq4 Ve >Ven Vb >Vih

15 | NH4NOs V< Ven Vh<Veh

16 | (NH4)2S04 Vel Vgn Vh<Vih

17 | CaCle Ve >Ven V< Vh

18 | CulNOs)2: 3H20 GE) V< Vb

19 | ZnClL Ven>Vin Veh<Vih

20 | ZnS04- 7TH20 G¥) Vb >Vih

(1£) Cu(NOs)2. ZnSO4IZ DN\ TITEIFNAIR DB N R Th o727 FHRET,

ZIMH, MDD ENERD,

(1) Nal, NaBr, KI 3#/ECIEHEETOH5 T /LR
DA E NS, T TSR OH 5 T KR 77
DNSL 72D, 29 LEEWHRBIGANE 2 2 FUAIXR

DI & o THEBRBE Z 572 LITB R B2,

—HOIZHOWTIE, RO ENF R D,
25 COKk% 1 GPa £ TIIE L7z R
i @D X HICEHETE S 19,

DOLONBEZBND, -
Ve N30,
O FECREGBERSNS0, B 5 0 R
mDOEEVARFE Vo O35, WEORBOEMSYE 0.1368 9 _
AR Voo & B A < 7o B b, = (o) X 10° X 100 = 10.5 %...(41)

@ BIEDHE. KOSFHEEREN/ NS o TWD
720, X 12 DEEICBIT DA 42 OARNC L D16
DI Voh IXHEDLGE D Vor LV B/ ST

Thd, ZDD, @ETITEE DT E/VIRFE Vb

ZD X,

1 GPa lZ3B W\ CKIZIE 10%LL iR
FENAE L Z 272, @8 T3k o1 [ O BRBEDS /I
Lo TWVBZ ENEZLND, TORER IWED
AT WARFIL TR T HEOEDTDHZ EICL DK

DIFIWRE L2 D T2,

OIZB L TiE, FENIC & 2 KB RO FHR RS
25, 1 GPa IZBWTH ZTN LN DD EM S 4
LEIEITIMD ThIWNWZ D3 oTe, LTchi» T,

TV B Vah (3N S <2 | IWH O T /VIERD
TIPWRELIRDRTWZLRTFRTED, DD, 0
IRUTHD LW TE D,

Z T, RICHEHEZE Z LIALE ORGSO
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FHEEEZE X CTHDH, @IETHREMRBIEE A ETENE
SN Eb, BRERFEEIZEBNTHIZEA
CAE, Wilisa# Z L7~ Nal, NaBr, KI O
R 58.5~63.9 %3 /T T NaCl %> KBr, KCI ®
55.3~58.0 % LV b REREEZRS>TNDHEBZZ D
N5, LEN-oT, BEICEBWTE Nal = NaBr,
KI X NaCl <° KBr, KC1 X v R 0 72k i T
5128, FRHEBEME AT, KO E
IMMERED TN EL DTN EF 25,

PLEo X 91z, Nal, NaBr, KI 1Z&/E Tid Vah 23
INEL e T bl REENRHLIBERNZ LR
KREZpoTHIRASRERI L-bo L Ebhd,

(2) FHED 66.4 %L LD 1~ 7 DILEWILHE
THEETHRE O E/MEED T /NS o Tz,
A, RIS DR vy Mo L Do
TWb T2t Bbivs, £io, HHE TGO
IEFED T /N EWMEEWIE, &EIE TG 4 i
ZLT, MmO SENLEKEDIZ) NKREL 2D
(Vor <V s V>V (272 3) b DIER0 -7,
AU TR LS, @ETIEHARIZE 729
IRFEI D B Vb 28NS\ T2sh | IR DOEYE VRS
DI PEMNT HAEFH D7D EZ BN,

(3) NaCl 3 L O KBr, KCliZFeHRMEL R D%
WG B IE A FFO72 0, HETH mE T bifbas DEL
DENMEED SN REL RolobD EBbi s,

WH5E 2 DFE

TNV ERITEFEO T L AbE LT NH4Cl
IZDWTC, @IEIC T DIRMRE O & i3 53
K, A FOREE V) L0 b RO FERD
HiThd,

(D) FEEOFHLENE (66.4%L0 ) O, #IE,

BT & b A DBy B VARFE D )7 3 EE DO E 4 E
JARFE L D/, ZOFER, EIZ L > TEME
X5,

(2) FEHRNLREL (58.5~63.9%) Db DL E

TSR OE T ENMEFEO TR KE NS OO, BT
TIXRE DFR T MERED N KR E <720  NEIZ
X o TEMREN LD, ZHUTARFINC L D IERERD
IR, SETIHNE LS b=z Ebis,
(3) FEHEHM 58.0 % L W K1 NaCl, KBr 5 L (N KCl
X, WIE, BEE BRSO AR DS R X
< MES Ko TR TN+ 5,

NS ORERBIENDILEMI LY TUTED T
FUX, HHE T OSSR O FRIE RO A 4 OFESE)

5. METOBEMEOHEMZHENTE b0 L Bb

N5,

L% DEE
(1) FIRE O CITHEAEMBIED S5 WELH %231
/\\‘E) : ko
(2) KVIDAERL SN D E T & KSR DO E D BER %
TARDZ Lk,

3 TNH Y RO TG AL LS DALE IO
W, SRR &SRB D dhd L OV E oSy
TARRETND Z L,

(4) A EEZ DT 256 02 bE~5 2
&o

(5) BHETOFARISZT~D 2 &

Eif32

BARTRIZT R AW & S ERBEY W
T W TSI R EA%  BARBIR e B G L
EiFET,

BE IR

D rxAVTVLr MR =7 =7 L& ER
(2006)

(2) W3R, KOMER, AARREERE, 14,
274(1972)

(3) http://blogs.yahoo.co.jp/drtalou/40266090.html
(4) H¥ B AR 55 3 /i(1978)

(5) iy E&k, http://logics-of-blue.com/

(6) KAIZZ2- T b OFFE  tE

, http:/d.hatena.ne.jp/Zellij/20140608

(1) FiH R

, http://[wadaken.top.textbook/textbook3-5.html
(8) mBH T D FEAE

, http//www.geisya.or.jp/~mwm48961/statistics/
9) BR) T A A% v b,
https://istat.co.jp/sk_commentary/population_mea
n

(10) #AT G, ®IE FOBEROK~DOEMRE,
Netsu Bussei , 7, 1(1993)

(11) A IR, BT L 2 26 A2 285
EVRRE, @ES O L B, 25, 3(2015)
(12) FREZL, RSN, LARME—R, (b7, ok
fECERK 26 A7)

(13) HAM b -, o4ET 5 hR L@ E% SEmm,
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# (2005)

(14) PP RFHAR TR
http://pmsl.planet.sci.kobe-
u.ac.jp/~seto/?page_id=51
(15) AbiEEHE K7,
http://s-mac-

p92.sap.hokkyodai.ac.jp/info/ex3/text/PDF/phys-

ex1.pdf#fsearch=%27%E9%83%A8%E5%88%86%
E3%83%A2%E3%83%AB%E4%BD%93%E7%A9
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55 v 7 ZADGE
B TR
E5 BBX

EHE

TT I ADEEICOWTHIE LI A, TF
v 7 AT CRET DM, A A A DOKREZ 2 5A
FUTHEE LW ER otz T, 7T v
I ANENZ I BIETREBbmBiKkaa A R
THY, Z o7 ERICIET—CO0H #£%24< &t 2
EREFEREBZLND,

W FEEhi

TT w7 ANEE LTI AT D 2 LA £
H o kaxRbDETT v 7 AHEA ST, 75 &,
BRETIE T T v 7 AR EESEDL (ETLITT D)
T OIZHIEZ TV D03, BHE S 2B I ITHE
BELIAMTKR 2 IR b DN D Z Lo To, £ 2T,
BESEIMEOENNIL T, FOLHT7T
7 ADBEERENBLT H0EITR Y | FRE DT,

DAY

TT I ABBESELIMEDOEVICL T, F
DEINCTT v I ADEEEERBNENT D EF,
ZTORRNEELETDHZ L,

EB1 T RADOEEERE

TT v ABBEIEIMEDENCLY, Fh
SHVDTT v 7 AORERPSEIT B DT,

ES RS

1) RBREICTT v AR BESEDLZODOREE
10.0 mL {ER% 9 %,

2 FBFRMFTHOML E—HA—I2FFT v/ A% 50¢g
0D,

3) @b —F—Z(DORBRE O E AL, H 7
A TIRECT T v 7 A& EH ST D,

(@) Epsniza szl L, KELTZOL, EiR
THIESRIZ AL, 50~60°C T 3 HWFE S ® 5,

(5) FlESH-ITLAEIMY L, BEEEF D,

ER2 TTvIADHEE

ST v AanA FREIZHE L TWDONAIZ
HELTODODER~T,

EBRIE

D) % —LIZFTFT v 7 A EHEEKEANT, LR
w5,

(2) $kK 2 & (DD > v — L INOTRIRIZRT TEE
T 5, £ LT, Sl & EBFEE 2T 5,

(3) BIEEDAA v F % AfL, 10V T 10 5[
T 5,

@) 77 v 7 AavA RRELLOMIZEE > TV
BT D,

EBR3 TT v RIEAMILSBERELD

TT T ALK NI EINEE N T\ &SR
I Wb, 2O L aENDT,

KBTI

(1) 77 v 7 2% 2 ARKORBREIC 2.0 mL 250 Bt
B

Q) FHDORBE =0 b R U IRIE A X0, A
LRIz, ML TRDOE(EHRD,

3) b 9 —FHORERE I 6 mol/LNaOH % 1.0 mL /il
Z. X512 0.05 mol/L CuS04+ % 1~2 Nz CTHaD
B E D,
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N
FEER
L1 T, 97 v 7 RAIMATBEOEORE, WBELIET T v 7 ADEERIITO L HI127/2-7-,
CH3;COOH HCI1
4 3.5
3.5 3 A 3 L
5 ° /./H‘ 25 /‘/
.
o s v o EE oz ¢ 1EH
& - / = EE g 15 / = oEE
¥ 15 L)
v / NECE w1 7 . 3EE
05 — 05 Ty
WJX. A ole . .
0.00 0.02 0.04 0.06 0.08 010 012 ] 0.05 01 0.15
CH3COOH(aq) B E fmol/L] HCl(a}#EE [mol/T]
H,S0, LiCl
4 45
33 —o —+—% :
- 3 3.3 7
5 / % —PA’_—‘—
el 7 + EE s /a + 1EH
g - ,/ m JHE g 2 / m 9HH
¥ 15 oo /
oy 4 3EHE n A 3EH
/ F5 ! /( 5
0.5 - e 0.5 —_—
- O
0 o.02 0.04 0.06 0.08 0.10 0.00 1.00 2.00 3.00 4.00 5.00 6.00
H:S0 a0 [mol1] LiCl(ag)DIREE fmol/L]
NaCl MgCl,
09 3.5
0.8 i
0.7 ’ ’ ;
s /° ™25 ]
o s / o HE 3, / + EE
20_4 / m oEE E 15 / = oEH
v 7 A sEE w1 / L sEE
" / — iy 05 T4y
0.1 °
0 n n i/ 0 —-" . . . . .
0.00 1.00 2.00 3.00 4.00 5.00 6.00 0.000 0020 0040 0.060 0080 0100 0.120
NaCl(ag)DEE fmolL] MgCla(ag)O 38 ol ]
CaCl2 BaC-12
3.5 4
I 2 3.5
i) 9,2 1 . 5 -3 /) e -+ ¥
o8 4 + mH % + \H
815 —; = JEE g - u EE
L ¥ 135
w1 T v / s EH
0.5 1 — 4y 05 — Ty
o j T T T T T 1 ] -—J T T T T T 1
0000 0020 0040 0060 0080 0100 0120 0.000 0020 0.040 0.060 0.080 0.100 0.120
CaCls(aqDIEE fmol/L] BaCls(agMDIRF [mol/L]
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CUC]Q Ca(OH)2
35 25
3 ,! ) A
& 2.5 &
a 2 / + 1HE ;“ /r/= + 1EHE
E 15 = 9EE E 1 = 9EE
"o A 3EH ™ / A 3HH
05 - #1 s / —FH
0 T T T T T 1 0 ..I T T T 1
0.000 0020 0040 0.060 0080 0.100 0.120 0.0000 0.0050 00100 00150 00200 0.0250
CuClo(ag) D FFE [mol/1] Ca(OH)o(aq) DFREE [mol/L]
AlCl3 FeCl3
3 ,/’A %——F745~k—4——k——
& 2.5 & 25
. /4/ o 1EE g 2 / + 1=
g 15 F = oEE 3 15 m 2EE
"o - il W1 4{ 4 3EE
05 By 05 Ei
0000 0010 0020 0030 0040 0050 0000 0020 0040 0060 0080 0100 0.120
AlC]5(aq)DIREE [mol/L] FeCls(ag)DIREE [mal/1 ]

K1 MBSO OREEE LT T v 7 ADE R

FR2TIXI. 2D LD, 7T v ANAILHEE

LTWAZ R ghot-, 3=t R UG,

Eavly MUte bICHESEAZRL, LAFEKERIDTNNCEZENTND 2 E PR TET,

K2 T7v7 AOESKIKE X3 =k RNV () Evaviby MOt ()

=1

FEE 1 OFER, I EREDT T v I AREES Y
L1 OIZERIREIX, 1 LitE Na*7s 3.0~5.0
mol/L 72- 72Dkt L, 2 ffid> Mg2+, Ca2t, Ba2t,
Cu2+/% 0.02~0.04 moV/L. Th -7z, ZD X1z, B

AT DOMERREVIZEREENIEZ D206,

FTT w7 ANTADOEMNE L OBKan A RTHD L
EBEZ oD, 1012, BOGEIL 1O, EETYH
0.08 mol/L THEHE L7=, Z AT, R 3 OFERI D,
TT I ANWLEDT L RS (9T v 7 A

auAf FREWZAECERETEBbTW1S) =
BT A EEbND, MEDTT v AIT
F=TEMATHEMEICLTH DL, 208
FDIINRFEEIT—CO0 1T oTNATHAI,
ZLTC, ZOBAArRan, RKOEREE- T
5120, 77 v AFEE LRV LD EEbNS, £
IRz b E,. —COO M—COOH (221 L.

auA RREOBMBPFRMSNTEETHOTHA
I T2AELEFIZIZI—NH: b & Fh, BNz s
E=NHsHZZ b L CTan A REHEE D 2D, Bt
TITEE LIS R L EbNDR, 97 v 7 AD
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%612 6.0 mol/LHCL 10 mL %77 v 27 A2 5.0 glZ
ANict A TRTEE L, TDD, TT 7
AavA Regies 78O —NH: O&R D7
W ENRTRTE D,

DX, TT v AFFEN I ETER

bivlzBukan A FThH2 LB 505, 31> Al

Fe3*$ 0.02~0.04 mol/L TEHE L TH V. 2 & [FH
BETHATZHEIZDbN S 720,

i wm
T v 7 AFEWE A EE TR B b Bk
oA RTHY, ¥ /37 EEIZIZ—COOH 4%
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MO R E R A A NZEEE LT, BBTH
BT D,

5% DO
(1) 77 v 7 AN MDA 4 & 24liDOBA 4
TRIEEODBETH > T-HBEEZT2 2 &,

Q) 97 v 7 2DBEIZ L > TERESNZAT LD
PEEMN, BEERIOFEE DO L - GE D N E ) D E iR
HTl,




aG VF o E2 iz
SRARIE D B\ VSR HERE R L ODVERR,

CHLERFHEZEFEK
fET BOH
=g o =t
*— R
~a U7 — (MB) IZaGATF % 1.0 %Al #R) B T I
BRI DR L7 RSB, S ’iﬁ“ ko | R 3
HMHED & < . BRI 2 RS L Ch @Bk E Tk —s| e
RGBT A BRI - 7, 2, MBé: OLG/I/ T 5 & \, ‘ =
%/@ﬁﬁﬁﬁﬁtﬁf ErEhET o2&, aG VW 9 5
VNI A LT MB O L& TS Z RER —
&73>E. 272> TWnH b0 &b, S T W
b5, H
- 1 E1EEREwh

W U

SRR RNEE AN Sl 3 [ SV ) Z AWARAN
ik TERPHLL, RIFFEE LRI D Z &
PEELW, £ 2T AR RESELREFFHOY
7u7xZ MY (BUF CD &l8) X aG VT v & iR
M4 252 DX ->T, FIRMNED =\ R RE
MmztEs 5 EERT,

e H Y
SAMRIPED B R IR A 2 1R 5 2 &,

E/J;Hﬁﬁ.

R EmRIC OV T D

BEMRREIC AN Y5 L, BRSO
B S, FOETD (LT ¥ v OmER
WZHEAVATe, ZHUC X » CTEOREFBILAUCEILT 5,
BRAERNC D -T2 AR IT T IZ K » TTACNITIETT
TBNCERD & &Iz, Is 24U D, BR{LT X 2t
IANTERE I %% ﬁ@&kﬂXGWM%éﬁ%L
o CEIEZ L, AexiiEzST 2, £L T, 20
TITE - T Iy AE Eéhﬂﬁ:;%b@\%m@%
BICRL (K1),

o &Iz, ARHEEMITIBEERICITTORE
RAHTD, E@%ﬁ WO 720 T DRV R
HTENTED, LnL, ALEMTH HEHEITK

X ET & o OROBIE NI Lo THHET 5
DEBZEZLND D, ZOXHREBFEOFHLIX, 7/
FE¥ARY Y (CD) RaGLVFrE2MmzbZ ik
STHETELOTIRRWMNEEZTZ,

CD {22\ T 99

OHo

OHQ

E] 2 a-CD

CD 13D a— 7L a— ZANERICEES L=4
ST, 6fHD a— I NVa—ARFEELTEZLDE a—
CD(X 2), 7% B—CD, 8{fl#% v—CD &FE5, =

NHITBEONMIZ S ESE R FEEETELDT,

ARAR RN, Z0oBFEL2OHE L TLEEL

TLHDOTIERVMNEE X T,

aG /VF DN T D
NFAXFITEIT U D, By, B3, ALK EICE
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FNTWAETTIR/ A RTHY, R 7=/ —LD
HRITH D, ZIUTEINRE RIS D HEERH 572
O EINRIZEI LA IR T H L T OWE B
HNIRINBSFDIENH D, L L, vF A3KISHd
HIRFRIEDS 0.01g/ /K 100 g & 2372 VIRV =D, (BF)
HPERHE I LT A Y THEZ S S U AR 120
g/ /K100 glZET % aG LF 2% LEiik L7-
(X13)9, FATEFHEBEMINE > HEAEIZ oG L
FUoRRNTH LIk T, ELLENTDH
ENRTEDHDOTIE RV EE 2T,

OH T
OH
HO S 0\‘ \ /
/ 0
FveF |
oH " vy
CH:
OH OH )V'f‘y_d
CH,OH
OH «— 7 )a— A &M
OH
n R 5
B3 aGIVF>
KBTI

(1) —BfbFZ o MmARB0gERI=F LT a—
V2.5 gk~ 73y NS AL, pH3.0~
3.2 I[ZAR L7-FERE 8.0 mL &7k 2.0 mL 2z %,
Z LT, 200 rpm T 6 i, Wt 5,

(2) (LA R(VMBE AT & T 2B E L <PV,
50, BERTE Lok, =%/ — /L CHF LT
WS E 5,

Q) ZOHFRE MR NT—TEEY  FOH
W —HN7.0mmDIEHFEIC
W ER5, =iz gt
FH R A NG LRI, T
T AR - TR SN ¥ —I(2
5 I E T (K4),
(4) —ffbF 2o R_R—A &R
FGAXY—THB L Thba T —7 %230 L,

H4 WieOEDSH

~ v 7RI AT 500 ‘CC 1 RfEBERE 92,
(6) BFEKRE LTRD 3>EHET 5.
O MB ®HFEHE : K
1.0 L 2 #% &
MB10.0 g & A#v,
R A L2
R, Z DOFEOETAM
STHHTILE D
DOREEZ X 512 L
7
® CD i1 MB 3 : QOTHRIC
X B—CD % 2.5 %Nz 1215,
@ oG T I MB BHEK : ODOWKIZS F S
FRBEIC/RD X DI oG VT BN Z AR,
6) G)DENZNOEFEEE 20 mL Ht>TE—H—
WAL, Z DI LT & VR BERE ST 0T A
I W%AnflaMEL BHEEWESHED,
(7) AFEEWFE LT T A EHEME TR L,
%ﬁy@ﬁﬁmﬁﬁm®tmﬂy?%7%%ég%
LC, HTABHEMICI VREZ LFEEEL, A
B ENSED, 7 ) v T TH T AEmE A&EE
BATEESE, TAX—D—%HT7 AEM, +%
FaBICORE | —EOHMEN IR T R =7 &
—ONEYTT, PFET L EEERTHET D,
@)@fﬁﬁ@M%ﬁulﬂf iﬂ%éféy%b
BB A Y O A L BRI AR &
Bg{;% Pﬂj\éo

Bs5 wnET>

a—CD F£7=

S

CD%Mzt%@%MBtT@%@%%m$
10 HEITIK T L, 20ZbD k5 71% iﬂb
Eoto:ﬂﬁCDﬁMB@é%%*ﬁmfé%%
NIRNZEERLTWSEEDNS (K6),

MB+25%CD B
06
o N
= 04 \
£ 03 —MB+a
S N
& 2 D ——MB+ACD
" — .=MB D&
0.1
0 v
0 2 4 6 8 10
H# [H]
E6 MB+CD

_75_




MBIZ aG VF U ZHFMLTZE DOIE, MB DA DFE
WEY LBREENE T, FFZ ag VT &
1.0 %R L2 b D%, 73720 BB ACE L2 4
MEE L., T—2DIEb 2= Lot £7-. &
WERBEDL aGLTF U 2T ODIEH M B
DHDLD XY EL, BT aGLT % 1.0 %z
72 b OITEMR 0.2 mA/em? FREE O E & HiFF
L., 7—XDIx62& {0 7eho7= (K7, 8),

MB+aG VF ¥ FRERE
06
N N N X —001
= 04 \\ \ s
H S
2 0.3 T \ ; - \ 0.001
= 02Ny V{\ L N e 00001
el N i \ \
P e . e R < S 0.00001
0. L) e Tk %
PN ™ o oA— ~+ 0.000001
0 2 4 6 8101214161820 224 __._MBoOA
H# [H]
E7 MB+aGIVF BE
MB+aG VF ¥ SOEIH L
04
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5 03 — 001
T 025 —— 0003
@ 02 A = = =0001
& \[\/\
g 015 \ ----- 00001
# 01 I S cm— 0.00001
= 005 s \ o \ e
e |
T T 1 1 T T T T T T 1
0 2 46 810121416182022242 —  =MBO&
A [H]

8 MB+aG IV F Bt

o A

MBIZ aG/LF % 1.0 %A 7= A3 SRR
L 7ot R L SRR D PR D3 i < L
AT Z B U C b R WO BRI & A R i % 20
HRELLER-7=, Zhid, MB & aG/LF > Dl 78
AR CE T Z T 5 2 & aG VT DRI
ZWIL LT MB O% b EFHINTWD 2 & DBEIEIZ 72
STWAHHDERbND,

L% DFE

(D) aG VT U E2FEHA L, S SITmAEDO W ERZ
ED Z &, BEIT20 T <L KBtIc L 5 ki
BRbiTo 2k,

(2) oG VT LS DALEW ST, LV IAED
mWEmEES Z &,

(3) HEFED LY K& OFERKREMEED Z &,

P

TR M O MR TE &2 BRI S8V 220
T IR AR SUZ #0% . B LN, oG v F
DML ERA L TV & aG A F AoV T D
BRIV PR R Utk icxf LT BALH
L EFET,

BE R

D )R] TR ECK B Jurnal of the
Society of Inorganic Materials 2004,11,P481-488
2) FEENE Tehhl S i@t & o R m— AR
JEDFT LA WA, 1995,64,8

3) RIKRZFRFRCE SRR A 27 v — 7 O HP:

http!//www.chem.sci.osaka-

u.ac.jp/lab/harada/jp/research/01.html
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FINEIZ L BRBLT 7 dF A DR
CHLERFEHRREER
REE E

HE

0.10~0.30 mol/L: ® Na2SiO3 & 0.090 mol/LL ®
NaHCOs Z&Te/kH T A7 12, 0.10~0.40 mol/L
® CaClel5 mL % 70 CTRBZETHZ LICL - T,
KRLT 72T A MBEUTZ, KRLT 7 354 hDAE
B2 X, CaClo KIEIR &2 % D 1 H B £ TIZ, Ca2t
A 0.0050~0.15 mol/L OFIFHIZH 5 = & BN EE
THY ., 7T 0.020~0.050 mol/L @ CaztZ s L
TEL LI ST, ZHROKKT 7 T A SBAE
KEnsZ Ebbohnotz,

UL

FAXLARTD D FESICER S H 0 | BHEE Tl AR
Ty 503 AR (D) 78 & ik & 1E D R
V—BH U TEROMTEEITo T2, £ LT, fidlc
BT 2R ER~T- & A, IREBH VY T DTS
NYA N, TTIFA b, NTTA N EORERR
NHY . 2.0 mm BEEDO DAY A k&7 TUER
L7cim X VE&EFATTE, £2C, 77354 FTHK
EREENTELZOTIH RV EE->TZ oWt
Loy

3o B H)
KELDT T TF A NEVERCTE DR T L,

#£1 REHLYY AEROMNE

ANYA | TIIAF | RAFF
k Ak A b
iR SHER | EHER | AHRR
% i [g/em3] 2.71~ 2.94~ 2.64~
2.72 2.95 2.66
T — AR 3.0 3.5~4.0
TR gL 1.4 1.5 2.4
[mg/100gH20]
TN A R~ ) )
DRI 450 C 400°C

_77_

TELRIRERT 73T A FEERT D2 L,

mEoE R
CaCOs DFEFRICIEF 1, K1, K2R+ XS

W2, NP A b, TT7AFA b, XTI A FOFE
2N H D 2,

&5

o’ Us
EETNG

| =
10 pm

M1 REED LT LD
NN A N, 7734, T4 b
%7 7 A hOREMOEREIIEHNEEmOES
KTHY, IAPA bbEENTWD,

2 [REETIV T AEIEOREE
LENWSINYA N, TI73FA b, NTF7A4F

INHDHb, FETIIIATA NREZETH
D, BEOBWT 737 A MNIBIETEETH D,
LorL, WETH abHEEE 2SR & WA GREE U
WOBENENGANIT 7 34 bBEREND
9, 5l 2 1% Ca(HCOs)2 /KA % Jiki& L C CaCOs %
E55%6. M3DX ) ICEmEM Ty 734 o4k
REIGDEE % 5, 72721, CaCls & NaxCOs 5
CaCOs #1EA & TlE, Wo7-A Nat=° Cl-, Hz0
EEDIFMEOWEELELT, ZOWEND HeO 72




N SN Ne 100

CaCOs g S . ”ez?.‘
5, ZLT. s & e
CaCl: & NazCOs 4 o )
ORERENES  § ,

SR O 1 § w0k % aragonite
E72D uéin ik v

CaCOs D T 8

BEEL2ETS, ° e
TOED, EEE mE (C)

@ CaCls &

NasCOs %8 fids 2 8 AR LD 4
g ha e  DIRIEE RSB B
LTI 4), VT LEFROEIE

Flo. RRLORE BRI IR S OIS BES
DRENRD D, K 5IRT RO, B &
VSRR E AR O O PSR IZE L B & T, 22T
T DK LR 2 DGR &% & > NTFITAH
DEPTERELS I, TNENRRRICRET 2, —

x
T
;E;t' f ¥ o
Ml i 5 -
o = aragonite 2
£ 8 S
l )
" (S calcite
o« WmE - &
N EERALEE K

REE «— TEALT7 A — LZE

K4 HIAYA R, TTIFA NOAERRER
T3, ABTE AL il
B LD RZEE 1
WCIImEE S
LEE - T
MEMENDT B
b, RO E
AT TELEOHM
AT g
LG, LR BEE
- C, KBLOFE
(o N

VAL « TARIL iR

(3, IR A EL TS RFRROLEN DY . Zh
(X7 IAEDE L TV D,

MEDER

T 7 AT A MIAIATA SR RO
ThiHED, 7T7AF v 7 OFEA|E L TERATH
XA A SR IR - BB 2 E XS
ZLENTEDY, £, WEHFREAR, BEE LT
FHELREZE L, REHEL BT 57 0%
RO, LnL, 77374 NORKRENZETZD
DTHIpNT=D, NTAM L7 im o EH ST
WA D, 22T, KRROT 7 IFA SR pEEMICHE
ATEE, Thamil TS ESERREO LD
FHETE5720, S6ICEMRROEL 24
LAREMENR D D, T, SEIE AN EKT D
AT = AL, HikPEER 72 EXTERK S 1D LA
RS 05O —hic/e b b0 LB s,

o5k L hE R
M1 T4 BRI T WL

2.0 mm OB NHA FEER LI EDE S &
W2, X6 D hEEEARFEE Lz,

|~ 0.10 mol/L CaClz 5.0 mL

771 20 mL

/" (0.18 moVL NaHCOs % %5

4  0.46 mol/L. NasSiOs 10 mL

+ 1.0 mol/L CHsCOOH 10 mL)

A4

6 77 AT A MEKOIEART A
FIRFOPRE L2 ITEE L TERLE

Na2Si03-9H:20 142.1g & NaHCO38.4 g2 A A
Y v &4 —TClll 5727k 500 mL &1z CT&MT, T4l
T 0.18 mol/LL NaHCO3 % % ¢¢ 0.46 mol/L Na2SiO3
KBEWIZ/2D, Z O 10 mL & 1.0 mol/L
CH3COOH 10 mL # 4% 19 mm OFERE 12 AT
Pk T 5, LT, 0.10mol/L CaClz 5.0 mL % %
b EIZEWTHES 5,

6 DIRFCRULIEEMEEZD L TOEXT, T7
TS A BRI NRT ORI RS T,
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AR OEBR1-1 HRRREEOCE

BATTET CaCla KIFRFB L O V2 EY | HAR D 90 COREHIPH TEshR S ¥,
it i AL AR D 22k

*2

50°C . 13 H#%

60 °C, 14 Hf%

70°C, 11 H#.

80 °C, 4 Hf.

90 °C, 3 Hf%

o

x"%'

R 7974 MEROREIREIZ 70 CTH -7,

EB 1—2 NasSiOs KIBERDBEZEL

FEAR 7150 NagSiOs KK D% 0.10~0.60 mol/L 225 % THE SR S 87-, TOR, pH % 6.9(2F
D1 DEHRORE LR LT,
72 3 NaSiOs KIFIR DR EZ(L (7 A H)
0.05 mol/L 0.10 mol/LL 0.15 mol/LL 0.20 mol/LL 0.30 mol/LL
4) 1°0 W z ?
4 ~ h b :
% ‘ i
0.50 mm , .«

R DB 0D X 9o 7z

EB®R1—3 KA FZFNVD pH OZAL

ARG IEOFFE DWRE R IE 2 TKAT T A7 0D pH 2L 87,
F 4 kHF 2700 pH OZE(6 HAH)

FRER  A7r NaoSiOs /13 0.10~0.30 mol/L Tdh 7=, 0.60 mol/L 12725 & ZLHEL 720 . CaCla /KA

pH 5.9 pH 7.0 pH 8.2 pH 10.5
- . B -~ g ™ T 4 €5
$ B o 3 o - < ‘1? ‘ ¥
§. ¥e'o N Latox|. .° ™ ed3 e
| o, B — %i@_« " .f.d5 | o R & | ont T
WER ol pH 13 5.9~7.0 Th o7, pHL.8 LA T Tl ER SNl T-,
EB 1—4 CaCle KIBEROBEEEI
AT 1ED CaCle /KIERIK DB % 0.060 mol/L~0.80 mol/L 1225 % 7=,
7% 5 CaCla KIRIR DI EZAL(6 H H)
0.060 mol/L 0.20 mol/L 0.40 mol/L 0.60 mol/L

0.080 mol/L

—
.

Tomm | 3

R foi7e CaClz %13 0.10~0.40 mol/L Th - 7=,

0.10 mol/LL

CHLE

1.0 mm

_79_




WgE2 RRIDT Z TF A FDARL

EEr2—1 FEEEFAVEESREQ)
TOHEITT FIFA FOWREREEY . =
NAFERER L LTS8 O X 5 ICFEiE &8z,
EBR2—2 BEEEZAVEREREERE(2)
AT EEZFANTRKRIOT 7 274 F&EY., =

[ | 0.01 moVL CaCl2 50 mL

10 mL/min THX 3 4;
) | [0.010. 0.10. 1.0 molL
J— CaCisoml
TZAFL b
HiE& P
n 1l el K5 RN
“
70<80C {Vji 70 CTHEHE
° 0.01 mol/L NazCO3
” ] 50 mL
8 MRS &2 T
- R (1)
AR=Y=

7 7T 3T A MK

DHERE
FER EBR 2-1 TR ENET CLE o7, ER
2-2 CIX 7 B MG E S0, BiEAIEbE Y
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solving mechanism of forming shells and pearls,

Formation of Large Sized Aragonite Crystals
by Using Gel Method

Shibaura Institute of Technology Kashiwa Junior and Senior High School
Miu Muto

Introduction
Crystals of CaCOs have
polymorphs: calcite, aragonite, and
vaterite as shown in Fig. 1 and 2, and
Table 1. 1, 2 Calcite isthe most stable
form at normal temperature and
pressure, and most of natural form of
calcium carbonate consist of crystals of
calcite.  Calcite is used as a raw
material of cement a lot; moreover, it is
used as fillers for paper, rubber,
plastics, etc., and as additives for
paints and adhesives widely.
On the other hand,

occurrence of aragonite is rare, is made

natural

of hard and acicular crystals. It can

give plastics stronger mechanical
property and heat resisting property
than calcite when it is used as fillers.?
Reinforced plastics thus made can
make cars lighter and keep CO:2
emissions down.? In addition, using
aragonite for paper fillers and

white

pigments increases

glossiness and raises opacity.?
Artificially synthesized microcrystals
less than 10 um are used for such
purposes. If aragonite crystals larger
than 1 mm are available, we can expect
more high-performance productions by

crushing them or used intact.

Purpose of the research

The purpose of this research is to
form larger crystals of aragonite. The
research may help the future research

O

10 pm

9P E B “;?

D 6/ ¥ N‘r 4
G )

Fig. 1 Polymorphism of CaCOs
(From the left, calcite, aragonite, and vaterite)

*Aragonite crystals in the picture are aggregation of acicular

single crystals and calcite crystals are also observed

)
Ca

Fig. 2 Crystal structures of CaCO3s polymorphs

(From the left, calcite, aragonite, and vaterite)
Modified from Ref. 2

Table 1 Nature of CaCOs polymorphs

Calcite Aragonite Vaterite
Crystalline system Trigonal Orthorhom- | Hexagonal

system bic system system
Densitylg Cm'g] 2.71~2.72 | 2.94~295 | 2.64~2.66
Mohs hardness 3.0 3.5~4.0 —
Solubility L4 15 9.4
[mg/100g-H: 0] ' ' ‘
Transition bout

o abou

temPeratlggp to - about 450 C 400 °C
calcite
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because pearls consist of aragonite.

Using a gel method, conditions for forming
large sized crystals of aragonite will be clarified.
It is desirable that their sizes are more than 1 mm
in order to be checked by naked eyes. The crystal
forms are also easily checked if the above sized
crystals are obtained. Furthermore, the way of
preparation of large number of crystals of
aragonite in a short period of time will be
developed.

Theoretical background
Calcite i1s the most stable form at a normal
pressure and aragonite is stable at higher

pressures as shown in Fig. 39. Although

3..
—_ aragonite
(¢}
<
Q 2-
o .
2 14 calcite
g
~
0 T 1 T T L] L
300 500 700 900 1100 1300
Temperature (K)
Fig.3 Phase diagram of CaCOs
Modified from Ref.6
100
&
3 22 V«iufe.wg
z o 80r & e
5 ¢
8£ 6
2 8
=
= § o aragonite
S F .
% S o9l calcite
=B
0 1 1 1
0 20 40 60 80 100

Temperature [° C ]

Fig.4 Temperature of Ca(HCO3)? aq and the
ratio of crystallized CaCOs3 polymorphs
Modified from Ref. 7

aragonite 1s formed at a normal pressure when
crystallization rate is large. For example, the
ratio of aragonite crystals formed from Ca(HCO3)2
solution increases at higher temperatures (Fig. 4).
Crystallization rate of aragonite is also large when
the concentrations of Ca%* and COs2 are high.
When CaCOs is prepared from CaCls and
Na2COs3, amorphous CaCOs including Na*, Cl, and
H:0 is deposited at first, then CaCOs3 crystals are
formed by removing these impurities. The more
the concentrations of CaClz and Na2COs increase,
the more stable the amorphous substance become,
therefore it takes long time to make CaCOs
crystallized. For this reason, calcite occurs more
easily when the concentrations of CaClz and

NasCOs are too high as shown in Fig. 5.7

23

£ 5 Q )
T E o =
58 = aragonite 2
z o < <
2 O O
1!

=5 calcite

= 8

low <— Concentration —>  high
small «— Crystallizationrate—s large
unstable <— Amorphous —> stable

Fig. 5 Favorable conditions for
aragonite crystallization

Nucleation of crystals should be taken into
consideration in order to prepare large sized
crystals.  The area of the solution between
solubility curve and super-solubility curve is
named metastable zone, where a few nuclei are
formed including impurities in the solution or by
scratching the container (Fig.6). Meanwhile, the

region above the super-solubility curve is the

unstable zone, where many nuclei would be formed.

Therefore, large amounts of small crystals will be
formed.® Thus to prepare large sized crystals it
needs to keep conditions of the solution in the
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super-solubility curve

unstable zone

solubility curve

metastable zone

Concentration

stable zone

Temperature

Fig. 6 Solubility and super-solubility curve
Modified from Fig. 8

metastable zone for a long interval. That is why
the gel method is the best way to form them.

Experiments and results
1. Conditions for the formation of aragonite
crystals

The gel method for preparation of 2.0 mm
calcite crystals was adopted as the basic method
for preparation. First of all, it needs clear
appropriate conditions to form aragonite by the gel

method. The various parameters such as

5.0 mL of 0.10 mol/L CaCl,
— solution

L TH

20 mL of gel

(10 mL of 0.46 mol/LL
Na,SiO; solution including
0.18 mol/L NaHCO; and 10
mL of 1.0 mol/L CH;COOH

\_/ solution)

L

Fig. 7 Basic method for
crystallization which was modified from ref.

aragonite

9 for calcite crystallization.
*Parameters indicated in red were varied in

each experiment

temperature, concentrations of Na2SiOs and CaCls,
and pH, were varied to find out the best conditions
to form aragonite crystals by the gel method.

1. 1 Temperature dependence for crystal formation
The gel and the CaClz solution for penetration
was prepared in accordance with the basic method,
then the temperature for formation of crystals was
varied to get the most favorable temperature.
Result
aragonite formation was 70°C.

The best condition of temperature for

Table 2 The result of temperature dependence for crystal formation

50 °C 13 days after

e f at é o
ozsmm L L4 5 8

60 °C 14 days after | 70 °C 11 days after ||80 °C 4 days after

i Ve
& S 4
’ & A A P
T Ut
- & \ w2 .u
f o 5 ,‘
" s 7
% BT B A

90 °C 3 days after

The crystals were characterized to be aragonite by X-ray diffraction at Shibaura Institute of Technology.
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1.2 Changing the concentration of NazSiO3
Formation of crystals was observed by changing
the Na2SiOs concentration of the basic method

(temperature: 70°C).
Result The best concentration of Na2SiOs was
from 0.10 to 0.30 mol/L

Table 3 The result of changing the concentration of Na2SiOs (7 days after)

0.05 mol/LL 0.10 mol/LL

0.15 mol/LL

0.20 mol/LL 0.30 mol/LL

1°0 W

4

1.3 Changing pH of the gel
Formation of crystals was observed by changing
pH of gel by using different concentration of

Table 4 The result of changing pH of the gel

CH3COOH in the basic method (temperature:
70°C).
Result The best pH of the gel was from 5.9 to 7.0.

(6 days after)

pH 5.9 pH 7.0 pH 8.2 pH 9.2 pH 10.5

¥ - & B W o @mGelet T i 1\ : |
, 5 2 . é . . L f : 7! | J
z* \’O % ‘ ,' 5 ‘3.‘ < s ° 4 . i “' i ‘D A
{i ! ., .n: > _'!. : a: : -*_ x0 \', : o) / A Y
S ° mm§3$1 Towan e e

1.4 Changing the concentration of CaClz solution
of the basic method (temperature:70°C)

Table 5 Changing the CaClz concentration solution

Result The best concentration of CaClz was
from 0.10 to 0.40 mol/L.

(6 days after)

0.060 mol/L 0.080 mol/LL 0.10 mol/LL

0.20 mol/LL 0.40 mol/L 0.60 mol/L

170w

2. Formation of large sized crystals of
aragonite

The method for preparation of large sized
crystals of aragonite were developed.

2.1 TUsage of seed crystals

About 1 mm of aragonite crystals were put in
the gel as seed crystals. Then CaClz solution was
penetrated.
Result The seed crystals grew by only 1 mm in

diameter.

2.2 Crystal formation by increasing the volume of
the CaClz solution

Crystals were prepared with the increased
volume of the 0.10mol/L CaClz solution of the basic
method.
Result The best volume of the CaClz solution
was 15mL. The largest aragonite obtained was 4.0
mm in length. Additionally, long time was required
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for formation of large aragonite.

The result of crystal formation by increasing the volume of the CaClz solution

Left at normal temperature

for 50 days later

Table 6
6 days after (70°C)
5.0mL 10 mL 15 mL
e [t
e | R
= o, Ml

3 . Generation condition of large sized
crystals of aragonite and generation of many
large sized crystals of aragonite in a short
term

The conditions where large sized crystals of
aragonite were formed were clarified and the
method of making many large sized crystals of
aragonite in a short term was developed.

3.1 Measurement pH of the gel
pH of the gel in which large sized crystals of

aragonite was formed was measured every day for

7 days.

Table 7 pH of the gel during the crystallization

day [dayl| 0 1 2 5 7
runl |6.59|6.67|6.53|6.58|6.64
run 2 [6.62|6.55|6.73|6.32|6.62
run3 |6.59|6.66|6.75 6.72

Result
Gel was kept slightly acidic during the
crystallization.

3.2 Measurement of the COs2 concentration in
the gel

To evaluate the CO32 concentration in the gel,
the amount of CO2 generated from the gel was
measured. Large sized crystals of aragonite were
prepared in a bifurcated test tube, which was
heated in a water bath. Cooling it down every an
hour and the volume of CO:z in the syringe was
measured.

Water bath

Gel including
NaHCOs 7

Fig. 8 The method for measurement of the
volume of COz from the gel

Table 8 Volume of CO2 generated from the
gel [mL] 1023 hPa 18°C

timelh] [ 1.0 | 2.0 | 3.0

run 1 18.0 | 18.0 | 18.5

run 2 17.0 | 17.0 | 17.0

run 3 19.0 | 19.0 | 19.0

average | 18.0 | 18.2 | 18.2

Result The total of the COz2 from the gel was 18.2
mL.

3.3 Measurement of Ca2* concentration in the gel
and observation of crystals

The gel where large sized crystals of aragonite
were grown was prepared in acrylic pipes and
crystals were grown there. Pushing out the gel
from the pipes and cutting it little by little from the
upper part as shown in Fig. 9. The masses of the
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sliced pieces of the gel were measured and the
concentrations of Ca2* in them were determined by
using a Ca2* meter.

CaClz solution

-z Gel slices

| Gelincluding NaHCOs

Fig. 9 The method for measurement
of Ca2+ concentration in the
sliced pieces of the gel
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o _;
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0 20 40 60 80 100
Fractional position of the gel from upper most[%]

Fig. 11 Ca2*concentration in the gel slice
penetrated 0.30 and 0.40 mol/L CaClz after
1 day

Fig. 10 CaZ*concentration in the gel slice penetrated

0.10 mol/L CaClz after 1 to 10 days

Table 9 Crystals in each fractional position of the gel slice penetrated with the 0.10mol/L. CaClz

solution (10 days after)
12 % 27 %

62 % | 74%

aragonite

Result  Within two days, the concentration of
Ca2* was higher at upper part of the gel where
aragonite was formed as shown in Fig. 10 and
Table 9.  On the other hand, the concentration of
Caz* was lower a t the lower part of the gel where
calcite was formed. The concentration of Ca2+ was

the same at all positions of the gel after 10 days.
3.4 Generation of many large sized crystals of
aragonite in a short term

Large sized of aragonite crystals might be
formed from the top to the bottom when Ca?* was
added to the gel before penetration of CaCls
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solution. Then various concentration of CaCls
solution was added to the gel at first, and crystals
were grown.

e CaCls solution

Gel including NaHCOs
and CaCls

Concentration of Ca? [mol/L]

A4

Fig. 12 The method for generation of
many large grain aragonite in
a short term

0.020
—
.

0015 - .
+ 0.050 mol/L
0.010 . .. .. + 0.040 mol/L
’ : + 0.030 mollL
! . 0.020 mollL
0.005 1 . . + 0.010 moliL

O L
0 20 40 60 80 100

Fractional position of the gel from the upper most]%]

Fig. 13 Ca2+concentration in the gel slice before

penetration of CaCls

Table 10 Comparison of the crystal formation after 4 days with

or without CaClz added in advance

20% 43 %

68 % 83%

0.020 mol/L
CaClz added in
advance

50 %
No CaCl: added
in advance
Result The gel including from 0.020 to 0.050 became 0.015 mol/LL when 15 mL of 0.10 mol/L

mol/L. Ca2+ before penetration of CaClz solution
into the gel formed many large sized crystals of
aragonite from the top to the bottom within 4 days.

Discussion
Table 6 shows that larger crystals were obtained
after the system was left at normal temperature
for some longer time. It may be owed to Ostwald
ripening.
When a seed crystal was used, the crystal grew
only a little. It may be due to the formation of other
large sized crystals around the seed crystal.

The concentration of Ca?* in the gel finally

CaClz solution was penetrated into the 20 mL gel
as indicated Fig. 9. It should be 0.043 mol/L. when
Ca?* ions spread into the gel simply. However,
Ca2+ concentration in the gel is much lower than
that. The reason may be that a part of the Ca2+ions
are precipitated with SiOs%. It is the same reason
for the lower Ca2* concentration in the gel than the
CaCls concentration of the added solution as shown
in Fig.13.

The amount of CO2 generated from the gel was
calculated to be 7.70x104 mol from Table 8. The
gel contained 1.80x10-3 mol of HCOsz- at the
beginning and it was reduced to be 1.03X10-3 mol
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after the generation of CO2. The concentration of
COs2- was calculated to be 2.55%X10-5 mol/L from
the concentration of HCOsz- in the gel and
electrolytic dissociation constant of carbonic acid at
70 °C. The solubility product of aragonite is
1.78x10° (mol/L)? at 70 °C.10 This means
aragonite 1s formed in the gel when the
concentration of Ca2* is more than 7.00X10-> mol/L.

When the gel was added with 0.020 mol/L: Ca?*,
the concentration of Ca2* became 0.0050 mol/L
before penetration of CaClz solution as shown in
Fig.13. Moreover, the result of Fig. 10 and Table 9
shows that 30 % of the gel in which large sized
crystals of aragonite were formed included Ca2?*
more than 0.0050 mol/L after 1 day. For these
reasons, the condition of Ca2* concentration may be
important when crystal nuclei are made.

Therefore it is needed that the concentration of
Ca2* is more than 0.0050 mol/L to form large sized
crystals of aragonite within a day of experiment.
Aragonite crystals of 1 mm size were formed when
0.40 mol/L. CaClz solution penetrated to the gel as
shown in Table 5. The gel penetrated with 0.40
mol/L CaCls solution include 0.15 mol/LL Ca2* after
1 day (Fig.11). Thus 0.15 mol/L of Ca?* after one
day may be the upper limit for the formation of
large sized crystals of aragonite. Consequently,
the best concentration for forming large sized
aragonite crystals is in the range from 0.0050 to
0.15 mol/L until 1 day from the beginning.

S
2 B i
£ 170 'S aragonite .2
= Hag =
[=% ] (]
5
= S
calcite
\ \
0.0050 0.15

Concentration of Ca?* [mol/L]

Fig. 14 Favorable condition for
aragonite crystallization in
the gel after 1 day

Conclusion
Aragonite formation conditions were
investigated. The most suitable conditions are as
follows.
1. Temperature should be kept at 70 °C.
2. The gel should be slightly acidic containing
0.10 to 0.30 mol/L of Na2Si0a.
3. The concentration of CaClz solution
penetrating the gel is 0.10 to 0.40 mol/L.

The large sized 4.0 mm aragonite were
successfully obtained by increasing the volume of
the 15 mL CaCls solution. The formation of much
larger aragonite crystals needs long days.

Large sized aragonite crystals were formed
when concentration of Ca2* was in the range of
0.0050 to 0.15 mol/Li after 24 hours since CaCls
solution was penetrated.

Many large sized aragonite crystals were
generated in a short term by adding 0.020 to 0.050

mol/L Ca2* into the gel in advance.

Reference

1) Yasuo ARAI, and Tamotsu YASUE, Controls of
Crystal Shape and Modification in Preparation of
Calcium Carbonate, Gypsum & Lime, 228,
41(1990), in Japanese.

2) Hiroto WATAMURA, Reaction Crystallization
and Solid-Liquid Separation of Sparingly Solube
Salts,

3) Yoshio OTA, Preparation Conditions for
Aragonite Whiskers by Carbonation Process, J.
Ceramic Soc. Japan, 104 (1996), in Japanese.

4) Thriveni THENEPALLI et al., A strategy of
precipitated calcium carbonate(CaCOs) fillers for
enhancing the mechanical properties of
polypropylene polymers, Korean J. Chem. Eng.,
DOI:10.1007/s11814-014-0057-3 (2015).

5) Haruo KONNO et al., Development of
Manufacturing Process for High Quality Calcium
Carbonate by Causticizing Process in a Kraft
Pulp Mill:-Part 2
Precipitation of Aragonite-, Japan TAPPI Journal,
61, 3 (2007), in Japanese.

6) S. A. T. Redfern, in High-temperature and High-
pressure crystal Chemistry, M. H. Hazen, and R.

Controlling Factors for

_92_

J. Reeder (Ed), (Mineralogical society of America,
1985)

7) Yasushi KITANO, Chemical Compositions of Air,
Sea and Global Warming Carbonate Materials in
Earth’s Environment, Tokai University Press,
(2000), in Japanese.

8) Noriaki KUBOTA, and Masakuni Matsuoka,
Easy to understand crystallization operation, The
Society of Separation Process Engineers, Japan,
(2009), in Japanese.

9) Takahiro ASHIZAWA, Yuusuke TAKIGUCHI,
and Shuji OISHI, Growth of Calcium Carbonate
Single Crystals in Gels, Chemistry and
Education, 43, 714 (1995), in Japanese.

10) L. N. PLUMMER and E.
BUNSENBERG,Geochim. Cosmochim. Acta 46,
1011-1042(1982)

All figures and tables except for Table 1 and Fig. 2,

3, 4 and 6 were made by myself

_93_




B TR AL RIED B3
CHIERFHEEER
A Bk, B MR

BE

TR DRARL YA TTVETIE, N=" T 2K L,

HEOmFES 75— T u—BERELTHLRKRA
BRING I TS, L, Y77V —A
n—BZRETDHIEEITIE, < OFM &R A2 LB
LT 5, T T, AR TIER= 3T Z2KEESE T
BB — RTINS I B SE T T 5 5
ERRFE LTz, £ LT, ZOHETHI-YAR & kD
TE TR R Z i L= A, IAZ I DOl
ER@L, »hoV 77V —A Zun—BOEHREND
WYEAIR AR DAL T E N o T,

2B RY

TEDLRETHET, ORIV E IV DOER
BERmEL, ARt 7 77— Tu— BT
TEALea e ik (LAT, fLEYe ik L id) 2B
HZE, FDEDIZ, AVEI o — A I
SETCHBET 2 iEE R L,

WrZEEI B

E YRR b 2 ElcfEb i C & o =N
72 EDRRGEENT, BRI D ORBAEIZLDE
FRIEBHZ R 2 LB > TR bz, Lol 5 ikt
RRHRE, RARGEI O B SN RE S, BUEIXR 27
BHAEGRE LTERZED TV D U, ALEYEEHIE
FRYeRE L 0 b BGEIC T & RN DD T8 iR

Qeta FIEDSBRFE S uuiE, FLAEGRHT S BICTER S,

P DY, ALBESL 72 & Dk & 7o51H TR OME
A SN2 DO TRV s B 2, e x ik
O,

MEOER
RERNFEENHIORTFEICY 7T T —( = —
BEANEZIVDO2FBETHY, H 77V —AfTr—
BDIZ5 B ANE I L0 bEFERIICEN LD,
BT T U — A ma— BII KB TR D MR L
F TOMRIE pH OKERIZERES %, Ut LT,
FNE NI O KR D IR 5. ETe.
TV B I R ER R T e — XIS S
RTVEEZFF->TWDY, 2Ok eEoEW%
N, WD XS ik a B 27, FPR="F5H
FEMEOKBERIIZ L, INVEI e T7T7T—( T
—B Ot L TaRREED, £lickrr—
AZENMA, KBREBIEIZ L TANVE I a2 Ln—
ANRFESED, £ LT, TOE—REHHMEK
WRICAN T Z I VAR L TR e T2 (L
T, ZoFEEELa—RIEERS), ZOKHETHL -
EBNRILSANVEIVERBL, Y77 —(1 T
—BOEHREDDIRNPAEIR A DRI AR ZD
FETHLNT YR & ERIE TR b ik %
g5 Z Lic L,

W7k

TIZHR AR D HFETR= T ORGIRZ 15D Fikx
AT EE L, THESORGEEZ—>TOfME Lz, £
LT, bIRES INZ I i T 5 5B R
LT,

EARFGE
(1) FRA_=NF OISR 2.5 g 2 IFV—ICAN, B
Wt %,
(2) ByfELIo_= "ok &4, fafgigr b o
LRI 2% T pHIL ICHHEE L, R=AFhbE

_94_

FaH L CaRkE S5,

(3) BRILEEM ARSI TIZ L2 I AFEE LT
OY, EHICARRE HE L TN=A"FT 2R RE,
AR LT — 2 R%E 5.0g Mz 5,

(4) £ LT, HWONICAEREA N Z C pH3.0 IZFHHI L
T, IVEIvEELO—RTRERESED,

(B) AWML THNE IV EGALEELRE— AT H
L. e —RbB&OKEMZ D, £ ZIZffniR
BT bV U LKEREZ pH11 (275 £ TMAT, &
B —ANL NS I U EERET D,

(6) ZOWREEDICABL TEAR—AZIY RE,

WERR 2N 2 C pH % 5.0 IZFREIT 5,

(N ODEEART T AATB L, EREKEMZ TR
K% 200 ml |2 L CHtaiig &9 5,

(8) Yetaig D AN ANY M ERET D, Z DR,
RRWIEHED 1.0 2 %2 555613 pH5.0 OFERE - FE
BeF b U U LEEEVAR CAR L CRIE L. FUROW
JEENHET D,

EB 1 Bl AR pH 25
HARTEQ)D TR D pH 2 faF1fRIE T~ U 7 LK
VIR E T2 I3KERE T B Y 7 ZOKVER T 9~13 O 5 FiH
[CFRE L CaRa it Lz, £ LT, AEARHIEB)~8)
(A > TYAR A AR L, AL A7 R RIE L
T L7z,

£ 2 BEbtLo—XBZTES

KR 1 I L7zl pH TR=F 0Bk 2
L, EABREG O TR — 2 8% 1.0 g~
80gMd THMHE L=, £ LT, EABRIED~®)%
17> TQEE AR L, AIHEARZ M2 RIE L T
g L7,
EBR 3 BAR—ZA~DHNE I VREROREE pH
D

FER 1. 2 THP Lol Sk TRABYEQR) T
1TV, EAREIE(Q) O TR O pH % A Haie £ 7o 130
T 1~5 O 5 fFEICTHE L COIVF IV EELE—R
W S, FEAREEGB) ~(8) & 1T - TYiR & {FRL
L7z, £ LT, A AT M ZllE LTl L7z,
EBR4 BAu—ADLDHNVE I ERHEEORE

pH ZF~<5%

KR 1~3 THIP Lol Sk CRABEW E T
1T, EAEIEG) O pH ZfafnikfET R Y v LOKIEIR
FIIIKIAET F U T DOKEHE T 9~13 @ 5 FEEIZH
L TEALR—ANSHAH I VAR S, AR
TE(6)~(8) 24T » TYa ik A AERL LTz, £ LT, n[#
AR VA RIE LT LT,

ER5 EREL B —REDOHE
WO~ D FHET, WERIEIC K D Yetaik 2 1ERL
L7,

(1) FIER=NF OISR 25 g I FV—IC AN, B
e 7=,

(2) N=ANFHREKTHE BBV, HEDERMIIE
MR holt Z e 2R L., TOX="F %K
500ml (2 2 H ]2 T\,

3) AL TR=FZHY L, #HicleKizoT,
Z ZICfafnREE S MY U AKEREZMMZ T pH %
10.5 &L LT, R &hiti L7z,

(4) Z OREZEHLNTHIE L TR=NFZ2H frE |
Felg % N %2 < pH % 5.0 ([CFRET L7z,

(5) WD HE A A7 T A2 ZB L, REAKEMZ T
A% 200 ml (2 L CYtiE & Lz,

(6) et RO AT MVERIE Lc, Z O,
RSN 1.0 22 H8561E pH5.0 OFEEE - FE
B N U U MEEVAR CAIR L TRIE L, FUROK
JEEEICHRT LTz,

(1) B2~ (6) TRIERIEIC K DY EIR & | #F5E 1
THMo Tl bR 01— 2B L D Ytk
TAMBIOMAEYREA L, RGBA—¥—% AT
Yot ST A D FREADYRE S B L OREORFECN S &
g LT,

R

BFEEHER A 1 ~10 17T, 20 BIEFREno
MR LN TR AR DO AR AR v e s
RVORELMEERT ST T THDL, INVEILD
WEEMED 7T 728 Do g I U RE
X I Z IO E 520 nm OWLE

_95_




VTR, - Bl L2 I Ui Z S
D 520 nm IZBITHWNEE S 7T T —( T —BD
e RV T 5 403 nm OWSEEDTE 72810
T, V77— —BIZHTHHINE I DEE
BT, NENFICEEND FERARITIINVF IV
LY T I A u—BDO2MEETH LD, 7T
J—A T —BIZXTHHINE I OEEIEINE
IUOMEERTLDEEZLND,

1, 2DFERNS, ReNFhLEREMHT S
Yreld pH11 Ofitig &> & b2 I 0
BRENREWRERISEOND Z ENbhol, &
72, pH10 OIHIRIE TIIH L H 2 v OEIE Kb
< EMEOYRGIRMGOND Z L Rbhol, T2
72U, MR E pH11 12§ 5 72 OIIZZ RO Kk
MU U LT L0, EAREG@OAERETH
42 & XL mD _WALIRFEOIHFEAE L THERR
PREIC b2 & 72 LTz, £ 2°C, pH10.5 DK T

1.6
1.4

1.2

w 0.8

8

< 06
0.4

0.2

400 425 450 475 500 525 550 575 600 625 650 675 700
WL [nm]

1 RN Fnbom#EHEio pH &
Yeta g DI AT S L

1.4 HI11
pH12 P pP{m
1.2
@( L]
g
N 08
e H9.0
x 06 P .
2 04 pHI3
R o2 ‘
0
0 05 1 1.5 2
JInR L AR

X2 NR=NFnboGERMEERO pH &
YLD T VA 2 L YRE L

N=ANFhbERETHT 5 2 LITRE LT,

FER 21BN\ T, I F IV ERESELELE—
ABEERIGEORREK I, 41077, Bro—
AEN 1.0 g & 2.0 g DHAIE, FEAESEGD TRVIE
R C Tz, 2 LT, OB BT OBETHE X
NPINCYEIRITIRA L TN eTo D, WEEN B2 -7
AREVEDN B D, B 1 — 2% 3.0 g PL BN A - 513
RO Z A Clehodz, BAr—2EN 4.0g D
BRI INVE I OMENRE NS T203.5.0 g B b
HINE I DREENE T, £, 6.0g LA EZfH
LIBT3 2 v OREBHE HIK) o7z, 2D

L6 —1.0g

14

12

—20g
—3.0g
—4.0g
—5.0g
—6.0g
—38.0g

2l
0.8
0.6
04

Abs

02
1]
400 425 450 475 500 5)2451 550 575 600

WL [nm]

X3 wro—AE1.0~8.0g DYEIRD
W AT N v

16 5.0g
14 e
4.0
= 1.2 6'9g +-0e e
2w . 8.0g, 2.0g
A 3.0g
/0.8 .
i\ 0.6
=
R 04
0.2
0
0 0.5 1 15 2
TV H X R

M4 tErm—2E1.0~8.0g DYEEIED
TNV H PR L

o e —2A0FHEE 50g ETHZ LT LT,

FHR 3 OFER A5, 617 T, ARIERND LY
Tk —ACGERE S E 5 L & O pH &tk
LicdZAh, INVEIVRERERbENTZDIX
pH3.0 TH 7=, pH5.0 DIGEII I N X 2 DFEEMN
BHENST-DFEN, HLH I OEENMENST-T-
 pH3.0 & fiil & L7z,

_96_

1.8
1.6
14
1.2

1
0.8
0.6
0.4
0.2

0

Abs

380 405 430 455 480 505 530 555 580 605 630 655 680
WL [nml]

5 Eam—2AWERED pH & YLk Dk

ILA~Z v

18 pH3.0

L6 H4.0
E{j 1.4 P ...le.O pH5.0
f 1.2 pH2.0 °
. 1
It

0.8
i\ 06
R 04

0.2

0

0 0.5 1 15 2 25
TR X R

X6 wm— 2RO pH & Yeti ik
HVH I PR L

FEFR412BNWT, Bm — AT LT3R & iR
SELWRO pH i LR AKX 7, 812787,
oKLY, pHI2 ORETEABE—ANLOHEETR
fR Liztte. ANE IV HEL, oYt T7 I U —
A T —BEMDROPEEEIGELND Z ERNbh
ST, TOEBRTHNLS I VBRI LIZHOE L —
AuBEETH & pHIl THH LD LY pH12 T

WLl sva—2A0BEAN T, 2O ENLY,

1.4
—pH?9.0
1.2
) —pH10
08 —pHI11
2 06
<
0.4
0.2
0
400 425 450 475 500 525 550 575 600
WL [nml]

X7 EBLE—ZINEDHNAE I RERED
pH & Yeai DRI A~ v

14

_ oH10 | pHIT[PHIZ
B 1.2 ® .
i pH13
g1
S 08
oo pHI.0
= 0.6 .
2 04
R 02

0

0 05 1 15 2 25
AN R D

X8 iua—AMDLDNHE I ARERED
pH &Yk DI N2 I YRR LT

pH11 LV & pH12 ® 5237 pH Th 5 &5 25,
ULEDRERND, b ZREDINVE I EEH M

D, HNE I ORMEN RS EWRERES L R

—RVEFLTOEEBY THLZ LnbhoT,

(1) FEER= TS 2.5 g & IFF—IC AL B
W5,

(2) pfl Ll _R= K EMZ, fafnxigr U o
LOKYAWE AN % T pH10.5 ICFHEE L, _R=3F 05
BREMHT 5,

@VELIZAFRE HAB L TR="FT 2R ERE, A
oo —2KE 5.0g A5,

(4) 2 LT, oA % Mz < pH3.0 IZFRET L
ThEra—RIZHNVE I EREBESE D,

(B) WU EWESELELE— R % S L TH
DL, Brr—RIZhBEOKEMZ S, & ZITK
fefb ) N U U LK Z pH12 12725 £ TINZ T,
TR —ANLINE I EEHT D,

6) ZOWHEEBICAHBL TR —RZHY bR,
FEfg %2 N %2 C pH % 5.0 \ZHEIT 5,

Ei D~e) LR aIRE . ERIEIC K o TS
DI REIRDOWH AR "V E I NH I DRRSE
ERIEA9, 101TRT, ZO/RRED, Brm—2
EDHFBIINE I ORERELS INDOINVE I D
MEERNEOWREAERN LN D Z EB¥bhote, £,
WEDOY AR CHE L A e L7/ RE2 K 111277,

_97_




Abs

400 425 450 475 500 525 550 575 600
WL [nm]

X9 fEkikL L n— 2RI K DY DRI

AT RV
1.2 L = T
L ]

1 I
Blos
= ik
N 06 s
fef
» 0.4
-
& 02

0

0 05 1 15 2 25 3 85

N g

K10 fekiEsern—REIc LD
Yoo jiZ R D J L H 2 DYRE &

11 fEskiE b ln— 20 LAYt g

bbb —2ETYRE LIZAOGH L BE
N, EREOH LY bV, REZETH, Bre—
ZYETYA L7213 ) BIRWVIREIZH E o 72,
EE

TINEI VRO T7 T T —A T a—BOHERE
12, 13y, 773V —Axu—B{X10T7F

2253 1D 7N a—A L OE DOREHE R ORLFHA T
Ho, L DO RaxvIkafiow, BN Ll
FEMEE CERV pH OKEIRICE T 2 b0 L b2,
—F, INE UL 251DV a— Rk REORCHE R
Thy, Y77V —Axzue—B LV bHE e Hn
Digv, Zo72d, BRI T MO KEIRIZITE I <
WHEEE OB O L Bbind, RV TIE, A
NEILVDT x )= MEe RaX A b
DT LIk TKREERELS D EEZ2BND, T
DIz, FEER 1 IRV THIREAN =T )b EFE 2l
T 5546, pH9.0 LV & pH10X° pH11 OB I L4
SUDBENER ST LB, 7272 pH13 I
IRBHENNG I DRENMETT D, ZhuE, s

safflor yellow B

X 13 ¥ 77 7U—A=xo—BoiE

_98_

SUbY T I U—A T u—B bR O- 0, iR
PEARTRIE A CIEBER 1 7 ANMALD K 5 72 6 % e 2
L CHERH D S blicEaT 7cbic & bbb, [
FIHICE - TERL —4iI2BWTEro—2nhbh
NI UERENLUIETERIL pHI.O TIEh X I R
FI3TA A ARSI TV RN, Yt o L&
SUPENMELS 2, 5T, pHI3 TIIAALZ I
NEMT L7720, pHI2 K0 b2 I U RENMEL
TolzbD & Bbis,

X 12 OfEERTIEA L Z I A Rl driudh
Dol JBRIZEEN TS, LaL, 14 OoyF15
O EHZEREZ@N ST LOME LB ICED
FTTRTHEEHFEGTH LD, 2O ILE
FIZ2EE T D . LvbR—Fil Licd D, D7,

14 BNV E D5y

X 15 V7T U—AxT—BDsy{fER

BRI T ThdELa—R LHFEA LT VOT
A, FHUK LT 7T T —A = —BIXHLE
(CHEHZ R D (D IRFEVHFESE LT D72 (D),
(). OMF—Fmizzb72vy (K 15), Zhlckb,
A m— 25 FIIRE SN WH D E Bbild,

FhR 2 1T VT, BRIRIINZ 580 —228 2.0
g UNOHEIT, ROILBI AL Uiz, ZOREILRE
FERFHICELVE =R 2N TICBECLEZSRED
B/Bondlcd, ZIUFBMETREMEE ool IV 4
VEREGUDWERE L Bbhb, Lizno T, Mk n
2 —2AMN 2.0 g LFOEHEIE, Bra—ARRELT
INEIERELENRoTLbDEE DD, —
Ui, B —AERLZNE B =B HLH I
VEBHT OB, B —RIRE SN E EITR
STWNWDHHNE I VX2, ReaiRP DO N I iR
ERTRoslbDEBbhd, £/, Br—2&8NR
Wz o5&, TN LIRS TRESIND T T T T —A
Tr—BbLEMNT 570, REaRhOY 77T —+ =
n—BORES Lo bn L Bbhs,

PEkIE L B n —REA T D b fERIE TR
Pt IKD TN B I AREPMRIN S T2 DX, R=~"T %
KRG LTBRIC, AAZ IvbiEHEhTLE> 2 L
WIRRZEZZBND, TEREICBNT, R=~"T %
KICR LIk x A 2 L. ARPREICTRED Z &
NENZEZ ST TNDE0 EEDbILS,

g
HAEREIZBWN T, BAe —REEEREL D L
N ORNRANC NV Z I PRFE LR O Yk
EGDHZENTE D, ZOHET 2.5 g DRER=A
FITHE LK YA N 2 C pH10.5 TEEZFH L,
itk re—xMEKRE 50g A, MEMAT
pH3.0 TN B—RIZHNZ I U EWESETH,
HA2 A TpHI2 TEA B =AML A INE I U EER)
LT HDTH D,

S DRYE
1) Bre—2ECL NI o ONRERDD =

_99_




ko

©Q FRHLE-E L e —20BABEEBRET 52 L,

1991,31, 117-122
(2) JIIAGk— 5, symposium on the chemistry of

(3) EHLIZT CTEEDR= AT 2o TYRBAT D natural products 1996, 38, 421-426

&,
(4) PRAFFTREZIAEY IR B ED Z &,

2 Z BN

(3) http://www.town.kahoku.yamagata.jp/9630.html
(4) /NEAERER S, IWJER AL (R%H) 1993, 22,91-
104

(1) #EJEEF 5, Tokyo Kasei Gakuin University

- 100 -

TH ) — VKRR E R OIREREA
EMTRRFABEER
=R M

®E

Feo&k 7T AazMH L Tx¥ ) —VKIFIE & 7%
BT 556, BRETIZT I 220805
D 80 CHHTIZEL, RE EABESMITe -
TR A WREE A L LTS, LavL., EBRORE
Feo KB DIVER Sy OIREE 2 IE L C b b sER AR &
HETAHZLIITERNI ERbhol-, ik
IR INER SNDH T TH D, Tz, BEL
T ARKDORE % —EITRDOZ LT Ko T, —EMAK
ORHBENPELND Z Ebbnotz,

IR BN

ezll) ke 19 /- L ORENENNHT S iy

JEEE

@ kEx9/-LORENEEDE
7523CANS.

@ Bos>uREens Bant
WAL, 752INOESTER
B8Y3,

D) pyREERE DO TRRERD,
X9 /=MIBIKLPTLOT,
DD TE EREICNERT
BBV,

RESOBIDIS.
BOBWEIUT,
HTLFRENE
BERIDB.

HIABOFH, 1%
ARFOPIEAS
BNEDICT S

(@) HTELREERIC 3FORRE
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L&oEEST,
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IR ATEESMAEEEILS L,
(EEETE, Ho875ATCRBEEANTRS

EERl# 74 > 25om’ £ 100cm* oo & 7 MF 3. TOMHEBERAL SV,

S2ICAR, @ Ors>ckReEs, HX OEEEET. 3 AOWRITICHEE ROE S5 xS
S THM L BT S SRS 2o’ BTHAN—F—DREWTH, KeWTHicRb
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10.*&15}_Jmmﬂd’mn 5 DTS5 73, REDKETY /—ILOREME 100
ML ZDREOELERLIELDTH S, 80

ERO &S n¥kET, ©
F/)—=NEKRRL 1O

25, UbllEL %235
BEFL, ii—E
L EROBRIX, ENE
#78TC, 100 T ¢H 3,
ROMVIZEZ LSV,

OTDT 7 7 BRI L IREOBFEER LD
DTH3, ZOEBT, REL IV LB
DEDIET 77 DA~ DD EDEFSL D

0 5 10; 150 "020 B (25
PRRESE (5)

M4 HREOHED

Wz o B

Feft & 75 2 a DRy B4y DR 23 E T
DL Lo TR AENED HNDLDNE D
MEFENDD &, T, K0MEDOE =X ) —
NOBINRESD TEEZRBETHZ &,

EERITIE

EBR1 BAEAEEHOBZEOHIE
AT CREH T 2 2 ROEEXHRER GRERT A,
HER B) OBEZHET L0, SEIERBE
DL ) — VKR OB R JIS O [EHRRTEE S
ARER TR VCHET CTHIE L, = Ol % BRERE & i
L7z, IREEFHIERER S D 4 ch IREH T — 4 o H—
CENTER521 #fEH L 7=,
(1) EBRERO=RE & KIEETLHET D,
(2) X6 DEEEE A, EEHEZAERNREHN A £
721 BIoEx, 79 2AalTExRBEEOTY ) —
JLKEEIR 60 mL & g4 %= STEAND,
(3) AR LI EBENC Y 7 A aZ BT 5,
(@) =% 7 — VAKERIRIE, 10£2 53 Do) CTHRY 1~5 1

HEDBWICEZLE W,
ORI S-DIE, MBEBRHTHERASEEE (

DS TITWY, T8 ) — 7. BRIk
9, ELKTIY/—ILELLETREY

OREDKETY /—LOREVEMRT L E, HAWEEAND, TOBHEMBICHALES L,

OREDESMEMEL THMS Y, HTZREERML THUREE LTROHTHEERE LS DY

HEOREH 20 mL % ABNBH, ROT~HHSHUBE L, 2
A 7. 19% 1. 30k 9. 59 9
m#s 2 f e J oLz % & B A0 12 W
Mok L I 79 *. 99k h. NHE IORC))

OMBEBEDTHD 4 9, IPRICEHELEL>THTL DD, TNPREDLS BYED. ROT~
INLZNZN—DFMUBE,

1. #BpnIy /-
I. ELTY/—LTKELLELREY

X5 HEEDOHED
Ber mm

$202]

8025

&

S

8
______________;ﬂ?‘
200:10 ]‘

11025

| B e s e ——
PE SRS
;
F
>*
-
(a]
5 =
¥430

6 JIS {hRHIELEE

OBETERIWBZITOND L IWTMET 5, KIZ,
52 Ay RN fER 1, 2 i O PR E 2 A T &
L X ITMAERHT 5, S HIT, 250 ofkhE
ZARFF L. ZOMO 1 2L OEE%E 0.1 ‘Cx TH
HEY . Z OWEEAE RIEIRE &S D,
(5G) Q~WDDOEEEMY KL, 2 [BIOHEEE %
B U C/NE LALIZ LD TS EE & 35,
(6) FEBEHORIEND, ENENDORED Y ) —
NWIKBROWRZFIRE L, TOHEEG)ORIEHEE
g+ %,
E2 ¥ ) NVKBBREEVYOTY ) —NVKE
R & 157 VR 53 DIREERIE

R DOHRE VO FIEICHEL TEBT 256 %
BEARSKMEL LT, M7TDOX X ) —LKEEHKD
TR & A5y IV 5y O O E AL 2 JE LT,
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T D%, AR Z D UL 2 BEx TR & AR
DL H ) — L KEEIRIC DWW T RO EBR 24T - 7=,
T, HfE 7 I Aa0fEEE K S ITRT HOILE
ZTHAELERLE, S5, HREOME 2 9I2h
STZFEHETOHEBR BT T,

(1) ARSI X BIRERIE

O EBR=Eo=E L REETET 5,

@ K8 100 mL #AF~7 7 A = 11T 20.0 vol% =™ #
J — VK 25.0 mL 2 AR D,

@ 77 A ZPEA SEE A, KT DX ITHKE
BB AL TD,

EEIRE 250 W IZRRE L THIH 7 T 2 22 &2 ik
L. =¥/ — VKR DIRFE ZIRFERE AL B0

WY DIREZEER B T1H I & ICHIE L TRtk
T 5,

® EBRY HOREND 20.0 vol%T & / — /LK
DOz L IRERH A ORAEEEE LT, ¥
A OTRE DS E U 2 R S &
%, X LT, ZDOWE R TOIRERFB OREZRD D,

©® @~OD#HAEL 3[ElHEY KT,

(2) =& 7 — NVIKIEIR OIRFEE
BARFMQD % ) — VKR DEFE % 50.0 mL
L LTO~®%IT-> T,

(8) =& 7 — NVIKIEIR DIREL T
BERFMHEQO & 7 — VKIEERDOPEE % 10.0
vol% & L TO~®%1 7o 7=,

(4) 50 mL#ft& 77 A3z L5 K%

X 8 » 50 mL Hifl& 77 A3 % v, TR

S BVICER L,

(5) ARRDOKZ72 100 mL A& 75 2 3|28 H

BB XHRELE B

PR IRBERE A

)\

B 7 FREATP IR e

X8 ™ 100 mL k& 7o A2 2 vy, ik
KEMEEBYICFHER LI,

(6) INEAGRIE DZEAL

65 mm 55 mm

130 mm

65 mm

100 mLEiff& 77 2= 1 S0 mLEEft& 7T A=

M8 fHLMMETI 2=

HEAFM@O~BIFE 2T, BEGRORAREEL L1
SE TREZE(LZ T,
(7) HREOMEIZIR > T2 ZAEO

TH ) — VKR OPRE % 50.0 vol%., KFE%
20.0mL & L. X8 ® 100 mL O¥iff 77 221 %
M EBEGROREE 2 2 b S OREE L2 70~
77
(8) HREDREIZIR > T-AHO

T X ) — VKB RDIRE % 80.0 vol%. {AfE%
10.0mL & L. X8 ® 100 mL Ot 75221 %
FAWCE- L, BEEERHA~T,
EBR3 —EOxTH ) —NVBEOBHKEELER
TH ) VIKIRIRD BT HARRE 80 CHil
KEFERSE-Y -y e A& ICBT LI k-
T, =¥ )= VRER—EOE BN GELNDNE
) InEERR LT,
(1) 100 mL 7 F A =112 20.0 vol% D =% /) — /L AKIER
% 30.0mL Z At, M9DLkHcky hLT, =
X — VKRR HFRET DK% 80 CTHEAK
EEBRLIZ —E o e mAlE 2B L CRE LT,
ZF LT, % 1.0mL 32D, #NEho
BHROBRIRH 258k L, =% ) —ViREELZ T
& ) — VIREEGHCTHIE L7z,
(2) iD= 20.0 vol% DT & ) — )LKEAEHE 30.0
mL ZfF& 7T A AN TR 7TO L ict v
FLTEZ L, LT, (DEFEERIZ1.0mL &
EORBIROB R & = & ) — VIR 2 HE L
77

100 mLEEff& 75 2= 2
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A

BE X
EERF B

Yo7 —T kB0 arFa—7

Ak 80 °C Ak \_/ A—tNT TR
-«

PR R A

9 KR % 80 CIZfrfy

RS

EER LI K> TEON-AEEEF ABLUB
OWERERER A3 1107, HESA BEb,
TRCOREICEBTD 1A & 20 B OBRIEREFRIX

F1 AR O S ERE R
IREFA

FERE [vol%] 1[E1H [*Cl2mlH [*C]1&JE [hPal

0  100.74  100.81 1022.7
10 93.15 93.27 1012.5
20 88.51 88.60 1009.3
50 892.77 82.83 1012.8
80 79.84 79.86 1012.5
100 78.61 78.59 1012.8
IRJEETB
B [vol%] 1 H [*C]2[mH [*C]&JE [hPa]
0 100.21  100.33 1003.2
10 93.13 92.98 1003.2
20 88.39 88.35 1009.3
50 82.67 82.70 1009.3
80 79.78 79.90 1012.5
100 78.63 78.61 1012.8
R2 W 51 B B M
N REETA REEB
BRI Dol s i (o] et ] |mgafis O] (i [°C)
0 100.24 100.78 99.76 100.27
10 92.93 93.21 92.68 93.06
20 88.31 88.56 88.31 88.37
50 82.25 82.80 82.16 82.69
80 79.37 79.85 79.37 79.84
100 78.32 78.60 78.32 78.62
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100 "
95
1 #
% 20 o
fid - B * BERA
r: JEETA:y = 0.9979XA—0.2176 . REHE

JREEETB:y =0.9981XB—0.2103
85

80

75
75 80 85 20 95 100 105

XAX8 HIE(E ['C]
10 #hsuilE IR A REME & BEERE

D TGEVME & 7p o7z, £ LT, 2 EOAIER %
SEH LT b 0 & REME & Lz,

IO OREM A BERE & ik L b ok 2 &
X 10 TH D, ZOFEENLEEFH A TIHIRER O
HIEE XA & HHE y 121X

y = 0.9979XA - 0.2167......1
OEERH Y | IEEEF BIXHIEM XB & BiaiE v 12
I

y=0.9981XB - 0.2103......2
DRRENR DD Z BN hol-, 7B, Bl HH
FEIIBETRARD,

TR 212\ T, xRy ) — VKRR
EREBIAER Sy DIREZAL 2 FHRT- AR A2 X 11~18
WRT, THHHEDE & THEDOI Z %8 %z
HEWND | DEWVDERICHE, REFT A D3R
(Z3E L7 R 2 BB AA S & LTl e L7z, K&
RGN O DIRFECIRIE R & & AT L7 B
2 (H11~16) 55, WEEHLRICHT DE
DIVERS OIRFE (F2BR 1 % JEIC L= REIREE) 23
80 C% Erlv 3 [al& ¢ 82 CHR LI=DIE, AR
St X0 B 10.0 vol% D = & ) — )L KRG % fiff
HAL78%E (K13) Tholo, WlChlgBlias T
DEEy D IERSy DIRFEDS T8 CLAT Th o726 D
I, ABROKREWHMNE 7 IR a2 R L THREL
7=5a (K15) Thotz, £, BEBORAE
ZINEL LIESA (M 16 OFR &R 1. ik
BRAR SN VR Sy DIREBAL /N E L e o T2 H
BED 1 ~2458L, TORELRAENKE WG
A BB LVIK< 2oz,

WERE [c]

3OHRIES

BEA
IR —NKBEDBE
10 WEFts

0 BN ORE
0 1 2 3 2 5 3 7 8 9 10

AR (2]
20.0vols TR/ —L7KET 25.0mL. 100 muikfHE 7 5 23 L{EMA. 250 wTilE

g
" Ea
5 oma-
¥ IMaEEe
=
BEERA
T8/ - LKERORE
© EEAe
0 HRADHHHORE
o 1 2 3 4 5 6 7 & 3 10
R (5]

200vol% TR/ —AKER 25.0mL. 00 T E 7723 2/, 250 wTHIEL

X 11 ARG CoOREE(L

X 15 HEOREWT T RXazfliolz

H_/\ 7yVE FFEIR
BB O
0 = = = 150W BEEA
150w BE R
- - - 1EHBE A - - —210W BEA
—— 1[I B
———om g A
5 —znm ™
5 } " s
5 [
5 2 A
o =3
= &
BEEta &
TR/ —AAEROBE 5 —— 40w BES B
BEsts ] 2 4 3 8 10 n 2Eia
BADNES ORE MERR (2]

7
REEE (5]
200vol% L&/ —)LKER 0.0 mL, 100 mLEE{T & 7 5 23 1{EF. 250 wTHME

X 12 KSEOEEZ 50 mL 2 L7z5450
IREZEL

AEEE [c]

REEEA
T8 —NAEROBE

mESE
BATNBHORE
a 1 2 3 4 5
HIERE (9]

10.0vol% TR/ —IL7RBR 250 mL, 100mLELfTE 75 23 1A, 250 WTHI#

6 7 8 2 10

X 13 EEEA 10%IC L7354 OREEAL

AMERE [C]

- - - 1EAEEE
——1mA
—--2mA

— 2 A iR B
3RIERREA
3R ARk 18
RERA
I8/ =WKERORE
10 BEdte
o BAPNBROERE
o 1 2 3 4 5 6 7 & 9
ArKE (2]

200vol% TH / —NKER 25.0mL, S0mUik(dE 7 7 A 2fEM, 250 WTHIE:

14 50 nLBEH % 75 2 2 £l S A
R

L&/ = VKERDEE

Bt
200vol% T X/ —AKHER 25.0mL, 100 mUE(TE 7723 LA, 150~S0WTHE  papnmonae

X 16 PR ZZLH L2 E 0
R EEAA L

AEEE [T]

WERA
T8/ —NAEEDRE

10 WmERts
N RS NBHORE
a 5 s 1
AERRE (4]
50.0vol% T & / —/LKTER 200 mL, 100 mLiEfT & 7 5 X3 1M, 150~290 WwTHIRH

X 17  HREOREOIH > T2 4&F0
R EEAA L

MEEE [c]

BEEtA
T/ —NkERDRE

w E e
o @i hsoRE
0 0s 1 15 2 25 3
WEEER (4]

80.0vol% T & / —N7KBE 100 mL, 100 muifd & 7 3 2 3 1B/, 250 wTInEh

18 HBEOHBOIZIN - T2 &M D
B2

- 105 -




HREORBEO (M 4) OFMTITo2ER (3
B2 (7)) fREAX17TIC7RT, 20950 290 W
TEA L2 R (B . B3ROV 250 W THIZEA L 72
FER (FHR) OBRIEERAA IR BIALER Sy DI 2L
DRI DRTTH -T2,

Fio, HREOICHET - FEBR (B2 D(8) Off
RE2X18I1/RT, HREICITEBREM ORI/
WDTEDS, 80.0 vol% T & J — /LKA 10.0 mL %
TR L7 R, BhS B AR AU ALER 53 DR
JEBALFBERL MR DR VETITH Y . T DORFOR;
BIAVER Sy DIRSEIL 50 CARH TH - 7=,

FEER 3 OFERAK 19~22 1077, M7TDEHIC
100 mL fift& 7 7 A a % L CR-E LI-GA
X, B2 2R U 7e s DAY Doy DIREE 3k 4
W ERL (®19), #RUlfE-> TREIER o= 5
—VIEEMET L7z (M 20), UL, M9 odEE
THEAXZ 80 CH U —Ey e iBEIEIE LGS
X, REH AL T OO D BN VR 4y D TR EE A
80 C (fHiEfE) 12fh7=h (X 21), BHKDO=% /7
—LVBELEWEEThHo7- (K22), b, ¥
WRITEES mL & LELN, TOHITRM Lk
Mmol, BHEBIEE 7B by ) — /LKIEROR
FEIX B VRT3, By iy OIRFEIX TR L
7=

s
L=
[T
R
SRETstA
TR Nk B
IBETGIB
BEabhEseRE
e
19 100 mL A& 77 2aTRE LT
WA DI ELEAL

T4/ — LR %]
8 8§ 38 3 8 8
/
H
1|
m m

BHaEs
Bl E S - BlldamuT S0 FIRE

X 20 100 mLiEf& 7T AaCHRE LT
it DR IR OP 2L,

~--=-1E18 BHFA

O AL ]
‘“\l M — 1EE BEIIB

\.\V e ==-=-2EIH BEEA

——2FIA BEFE
SEB R
3EIE RESB

mEElA
TR LAGE RO

BEIE
AR NESOERE

o 5 10 15 20 25 30 E
BIE e {2

X 21 7&%% 80 CITfh- -4 DR EZL,

%0 A.__‘/"

g
= 70 —a—1EH
3 —e—2EHA
1w sEE
"
H 50
HEHES
BHERS - GHAmTEORRIE
% 22 7854 80 CITiR > T-HE D
BHROREZE(L
E5
EE 1 DEE

BREPREE DT L ) — L IKEEIR O W i D BRER B XK
DEHRTRDIZ O,

T ) — VKR I R 8 A T D AR SRR R R
L& ) —VEKDRERME LU, K-x=Z ) —
BAEARKEND) THY, Z2O2E o133 TRD
b,

T=vP'x+v,P(1—%x)...... 3

m...T X ) — VKR DK DA
viPi'x... =& ) — )VERZ DL

yaP2 (1-%).. K FRE D4y £

Py =X ) — )L ORFIARRIE

Po*.. KOS

X . OKERFP O E ) — IV DENNSH
x — 1. JKOFE/NI3

Yi... =X ) — iR EAREL

y2... KO ELREL

A3H D=y ) —)LOfafZESTE P& fafnkz
K[EPIET v U0k (K4) Tt B,

P = e(Al_TE_(l:l) Py = e(Az—TE—éz) 4
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A1=23.8047 B1=3809.98 C1=-41.68
A»=23.1964 B2=3816.44 C2=-46.13
T.. iR
X3HDOZZ ) — )L OTEELREL yi. KOIE LRI ve
X772 7—n10K (X5, 6) MHRDLILD,
vy = 10412/ %A1/ (1=0A21))*
vy = 10421/ A+(A=0A2/(xA)* | 6
A15=0.7292 A21=0.4101

INHOEXEFLERZ AT o NERYHOR
JEE—ETDIRET W) 2, 5tRY 7 =7 &L
DO IT—)— T iRe s O TEERE LT,

SE% 101.3kPa & LC, =&/ —/LDE/NL/R
Wty Licm & 7 — VKBS OB R AR LT b OO0
X 23 O SHhRTH 5, ZOKOBE RHEITENE
NOWRIZBIT DK« =F ) —VREERKF O X
J—IVDENAGRERTH D, EAGE I T TRD
bhd,

_ _YiPix
1013000

100

95

mElC]

— T
—— i A

75

o 0.2 04 0.6 08 1

IR/ LOEILHE

23 X —)LKIEIRDIRTEX

ZORIEXIDN D PR R SRR 5 TR
ZEHIIL T 2R (R 1 0BEFIE®) 1230
TIE, =& ) — /VIKESHR DY FE I MERT T e~ T
TNEL 2o TWND Z ENHEE SN D, IRIER X
0. =X ) — VKRNSO RET DR[O ) —
NVDENGFRIT, SR EWORELL T Cld=4% /
— VKB LD bEWZ ERNnD, TDH, =
X ) — VIR B AR FEE LT & O 3 b
T DL, MRMIZTH ) — VKRR ORI T3
%o LIeido T, BAETFIE@IZHE > THhA A FHEI L
TWVWHRERTIE, MEETE D HIBEME T L7z X
J = VKESIR & 7RIS EERRRBIC 72 > TV DI T
b5, BB, ER1ICBWNTZH ) — LKIEROIR
EERADNS L Ro R ORE LD b, WG

REDIREDIE D I 0.3~05 K &< ez, =
AUITRE 2 EPOFER B2 HNDHN, =F ) —/L
KIS DOREIL T HIFRKIZ 2> Tnd Lo L Bbh
Do T ) —VKERIE D B 7R A R A ST ERAR
ZHIET D Z LI TERVWED, ZORERFIZC
DEH/RVLOEF 2D,

EBR2 DEE

X 11~18 DIREZILK 24 (IZRFE SN DIEELE
b &R A FF > T b,

TH ) —VIKESRDIRE (E#R) (X a~bETE
H U, b ABRIRRE RN/ NS 2%, ZHudb F
Tz bn-BuTB bico & J — )LKIRIK DIREE
ERICED, b LRI E L L CERKAERICE DR
TWHZEERLTWVD, FEED TITH LVWEDF
EHLRONDDEN, =& 7 — VKR OWEE X5
Bl CHATIRER A OWRIZEL TV, 20
FREE, RS ~72 X 51T TR ik ek
HICBWTIE, =& ) — VKRR D FE N5 TR
Kol REETER L COWAIREZHS L LTS
7O Ebins, Thbb, bbbk =F ) —
JNREFRRN B D FRE7ETE L ol IChEfE L, =&
J = IVIKERIR DI FEIN TN D E TR D)) D 72
B, b LGSR TS D EB NS,

== = X8/ —NAEROBE
— 5 B ORE

MERX

PORESRY

X 24 =X ) —)VKIEHRZRBE T OIRE AL ORHAR

FRROBERNNE D OIREICER T 5 L, a~c D
REZITP L0 TH LD, Mx bR
N Z ) — VKR E 4, BRI 25 0
MR HEVHEL LW Enbnd, LT,
T — VKR OWEED b Z il L T REOER
DI LARD T EE D D, B iy IR ¢
ZBECALAT S, ZOZ LSS ¢
~d DIRE FRIF, TE L T=Z ) — KBRS
FRIZAEKICEAEDTHDH L B2R LTS,
dZEE 2 &, BRI OIREE EAIFHRE D THE
<HOD, =& 7 —/LKEHR L 0 IR KRR e
<o ZHUT=H 7 — VKD D EHT 225005,
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BRI ST A EICZEm S b T2 72 & b
5o BRI OIREENR T & ) — L KIRIR & [/ T
B0, EREOMNE%E TH B,

10.0 vol% DT % ) — )V /KIRIR & 7888 LT-55
(1 13) . WHHEBRAERE L C ORI D IVER Sy DIREE D
BLZE 82 CLEmM-T-DIX, T DKIEHEDB N
20.0 vol% DA L 0 HEW T, LU EIROAK
ERAELEEOEEZOND,

W B BR AR IRF AR C DLy D MVER 53 DR EE AME )
ST=DIE, ANRKWEATE 7T AaTEBRLIZEGS
(K 15) T, ZAUTARIN/NEZWNWT TR 3 |TE
THRIRDOHBLEZTROT < =X /) — VKR
DEKIN IS ZBIm SNz lbns,

FERICEAROR AR L/ NS LGS (K16
DOFMREFE) 1E, MBAENPKEWEES (BB E &
) ATHAT, WBIEBRAAIE AL T OB iR 4y DI
FEMMEL feo Tz, ZHUTMBE ORI IZ L > THAL
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