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Analysis of the Dynamic Viscoelastic Properties of
DLC Coating Resin by the Nanoindentation Method

Tatsuyuki NAKATANI, Yuichi IMAT*, Shinsuke KUNITSUGU™*

Research Institute of Frontier Science and Technology, Okayama University of Science,
*Graduate School of Engineering, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan
**Industrial Technology Center of Okayama Prefecture,
5301 Haga, Kita-ku, Okayama 701-1296, Japan

Diamond-like carbon (DLC) is an amorphous carbon film that includes properties such as low friction, high
hardness, abrasion resistance, and good biocompatibility. Applications of DLC include film formation on metal
bases such as coating of automobile parts and biocompatible film for medical devices. However, there are few ex-
amples of film formation based on resin and there is no established analysis method for DLC-coated resins, thereby
necessitating further research. This study aims to analyze the mechanical properties of DLC-coated resins via a
dynamic viscoelastic property evaluation using the nanoindentation method, i.e., nanoscale dynamic mechanical
analysis (NanoDMA). To investigate the accuracy of the NanoDMA method, we first compared the measurement
data of the proposed method to those of the dynamic viscoelastic measurement obtained from a tension experiment
on the same sample. The tension experiment was conducted by the National Institute of Advanced Industrial Sci-
ence and Technology. Then, after verifying the accuracy of the NanoDMA method, we coated the samples with
DLC and measured the dynamic viscoelastic properties. As a result, we confirmed improvements in the dynamic
properties near the surfaces, and established the NanoDMA method as an analysis method for DLC-coated resins.

Keywords: Diamond-like carbon; dynamic viscoelastic property; nanoscale dynamic mechanical analysis; nanoin-
dentation; resin.
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Determination of Fast Adsorption Rate of Lubricants on
Metal Plate Surface by Measurement of Friction Coefficient Change

Kazuaki HACHIYA™ and Hiroyuki AOKI*™

*Department of Mechanical System Engineering, Faculty of Engineering, Okayama University of Science

**Department of Biochemistry, Faculty of Science, Okayama University of Science

Friction coefficient in polyethylene glycol 400 (PEG400) was measured by using the ball-on-disc method of a
tribometer at sliding speed 0.1m/s and load IN. If the friction coefficient signal fluctuated randomly with time, the
change in the averaged friction signal fluctuation was zero. However, the average of the initial friction coefficient
fluctuation on the metal plate containing the lubricant decreased exponentially with time. The fast and slow relax-
ation times were measured from the curves of the averaged friction coefficient changes, and both of the relaxation
times decreased with increasing of the temperature.
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0.3[W5S4(Tpms),]-0.7[W,0,S(Tpms),] D 1&:&E & ifr

{tb H

Jedi - HIE ORI - RED Rk

RILER R 70 v 7 1 7 B L0 9T

20194F12H 150 = 3

[W5S4(Tpms)s]” (Tpms = tris(1-pyrazolyl)methanesulfonate)?> B b St > 22 iy & L C HUEE U 72 8 (0 BOIR &S

JIO TXHRHAS SR ST 2 T W2 OREEZ W S5 2 L7z,

FE T — Z 1RO Y crystal system mono-

clinic, space group P2;/m (#148), Lattice parameters; a = 11.0289(3) A, ¢ = 12.7395(3) A, ¢ = 12.2084(3) A, V = 1700.83(7) A°,

Z=4,RI =0.0321, wR =0.0790. f#HT OFER, Z OB 575,

2HHOWMELNGE Y v 7 AT v (V)L

1R, [WoSy(Tpms)s] & [Wo05So(Tpms)o] A3 4 fhfb L 72, 0.3[W3S4(Tpms)z]-0.7[Wo0,So(Tpms),] nMeOH D i i T &

W oML

1. Introduction

P, BEAUMEARTLE T 2N YR OW,SAT %%
LOT 7 T MK [WiS,H0)Y . B X O E DR T
T 7T 0 OMOERRRN TSR L2 REEAA T AR
L, 2o EicowTitzLcsn ¥ 2
NS OWFIED R EBIEAKRE R TIThbh T E 7.
AR, A IIMEREATCEF 23V R OWSS, K
b H, ARABICUTE R EMA, [WsSy(Tpms)s]” (Tpms
= tris(1-pyrazolyl)methanesulfonate) = &% L, ZOMWY
% B 5212 L7 (Reaction scheme 1). ¥

—HEDWFFEDH T, [W4Sy(Tpms)s] 1Z 25 THER
DICLE SNTLZWIIHRINT, YT ATV
(VBSEARZ BT 5 2 E WS o 72, 4l
RO DY % Habdh & UCTHEEL, XORRS s rE
AT 2 AT > CTZ O MEEZH O NI Lz THET
5.

Reaction scheme 1

2. Experiemental

B H TP T C, [WaSy(Tpms)s]” D A & J — Vi %,
VIF NI — T VOZELIEM S & 72IRET 2 ~ 3 H
B3 5L, BmRoOIRELOHBICEILT,
AR DA L7z, & O H % FOMBLIN OIL T I —
7 4 ¥ 2 L, Micro Mesh (HAMPTON RESEARCH#L %)
R L7z, #lE i, RigakuH BRI T F1VariMax
with Saturn - C, ALZREEEI 5 —I12X ) B b L7z
MoKadfit & Fl v THT o 72, @ HiE, WAHKRSEE 2
FWT, K E-180CIC - 72, RS M I3 %
(SHELX) % H\ T %2 Jes L7214, Full matrix
RANZFEELEDER AR BEL, KFERFERITX
TORTAERHE L7z, KRETIE, S5
(C-H0.95 A) 12X ) ZDfiE % g L7214, riding model
KRFFEFHBHEL TV BRFRETIIH LT, Ugm®)
=1.20,) T W TEFEOR#E(LEZIT 72, $XC
DFTH X Program package Olex2 1.3% i\ TH7 - 7-.

[W;S‘[Tprnsm’
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3. Results and discussion
[W3Sy(Tpms)s] D FEAL SIS & 1) HLHE L 72 3 o b
HWT, BRI E RN 217 o 728 R, 2 M o6
VARG S v 7 AT Y (VBEZEER, [WySy(Tpms)y] &
[W202So(Tpms)o] 33k b b L 7245 Td 5 Z & A%HH
SN o7z REAEEIRAT DR R, HLIZ0.3[W,Sy
(Tpms);]-0.7[W205S5(Tpms),] nMeOHC 3 - 72 (Anal. (ki
mld, T C 3 H M U721, CHNTTE 0T 2175
7z.) Caled for 0.3[W4S4(Tpms)s] 0.7[W505So(Tpms)s]-
0.5MeOH (CyHggN 1507 9S46Ws): C, 22.88; H, 1.87; N,
15.62 Found: C, 22.70; H,1.95; N, 15.55%.). % ¥ 7 AT
ITRAL L TV B R Ofin s & BFEE T (S22 01, S3
LO2) WTAAA—=F—LTBY, TNETNOHEFD
HAR 2R 0.3, BREKF0.7IMEE L THEL
Eiiolz, RMEHE LT, &oh0Rx 5 ) —V5G5T
EEATOVIN, MBI T 4 Ad =5 =2 o770,
VYNNRY PR Mo THRE OB TFEREZ LT

w7z,

0.3[W4Sy(Tpms)s]-0.7[WsO0sSo(Tpms),] nMeOH D # iy
FHNG A= — LR EALDSNT A—F —%
Table LIZ/R L7z, KRFEZ B < KB F O JERE (Atomic
coordinates and U,q) % Table 2, /K351 DHEHE (Atomic
coordinates and B,,,) % Table 312, ¥ 7-5 MR K1
D) A I (anisotopic displacement parameters) % Table 4
R L7z, HET-M R4 ik % Table 5 (Bond lengths
(A)) 12, #5454 % Table 6 (Bond angles (deg.)) I NZ
NF &D7z 0.3[WySy(Tpms)y]-0.7[W90So(Tpms),] D
ORTEP[X| % Figure 11278 L7z, COKRD Y v 7 A5

YR (WL, W2), K OREH (S2, S3) B L U E
T (01, 02), TpmsPt {7 @ — 6 (S4, S5, N1, N2, N5,
N6, 04, 05, C1, C2, C3, C7, C8, C9, C10, C14) i: &M
WS TBY, HFHIIHV R FIZOAT NV %
fFLTWA.

WySoXy (X =S or O) BHED 7 ¥ 7" A5 ¥ 5T & K
T T & OWEE (W - S =2.072), 2012) A), BLW
¥ 7 AT VIRTEREREIR T & OHEHE (W -0 =
1.78(2), 1.71(2) A) i, TnENhIhF TICHESINT
Wb YT AT VETE KO, BRETOME
PEBE (W — S = 2.096(6), 2.139(5) A”, W — O = 1.707(4),
1.698(4) AV) L AREOHEETH S, Tpmsld, &> 7
25 VEF (WD) ICHLTES V= VEROEEE T 3
DTEEEML, ) —HDY V7 AT VIFRT (W2)
WCREI V- VEBROERET 2oL, ANKEOMHRHE
BT 12T LTWA. ¥ v 7 AT VIEF:
DOFEE TR, &5 V7 AT VEFIT 6 B0
FAPZNAARBORN BB > Tnab, /2, AN
FEDOZE Y TV — VEOCUIMEE L TV B IKER
THIE OB OFEEZ234 AL %2> TH Y, O3LHIE
DMK EREDVPHAELTWDL I EZRIBLTWA.
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Figure 1. ORTEP drawing of 0.3[WS4(Tpms)s]-0.7[W505So(Tpms)s,]. Displacement ellipsoids are drawn at the 50% proba-
bility level.
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Table 1. Crystallographic and structure refinement data
for 0.3[W5S4(Tpms)s]-0.7[W5S4(Tpms)s] nMeOH

Compound 0.3[W3S4(Tpms)s]-0.7[W5S4(Tpms),]
Formula C10H9N603_7SZ_3W
FW. 530.02

Crystal System monoclinic

Space group P21/m

a, A 11.0289(3)

b, A 12.7395(3)

c, A 12.2084(3)

B, deg. 97.450(2)

v, A 1700.83(7)

T,K 93

VA 4

Peales & M3 2.070

1t (Mo Ka), mm™ 7.098

Ry (I>2.000(1)) 0.00321

R (all data) 0.00417

R; wR, (all data) 0.0.0819

GOF 1.050

Table 2 Fractional Atomic Coordinates (X 104) and Equivalent Isotropic Displacement
Parameters U, (A%x10%).

Atom
N
w2

S1
S2
S3
S4
S5
04
03
05
06
N1
N2
N3
N4
N5
N6
N7
N8
Cl
Cc2
Cc3
c4
C5
Cc6
Cc7
Cc8
Cc9

C10

X
5092.5(2)
3835.8(2)

4145.8(11)

6860(20)
5372(19)

4957.3(17)

646.5(15)
6236(5)
4315(4)
1845(4)

-12(3)
3531(5)
3727(5)
5663(4)
5612(4)
95(6)
296(7)
2893(3)
1843(4)
2332(6)
1742(7)
2641(6)
6312(5)
6684(5)
6232(5)
4983(6)
-1106(8)
-1710(10)
-803(10)

y z
2500 7192.0(2)
2500 9052.3(2)

1086.9(8) 7912.4(8)
2500 8010(20)
2500 10133(13)
2500 2819.9(12)
2500 8670.9(13)
2500 2728(4)

1545(3) 2510(3)
2500 8254(4)
1535(3) 8447(3)
2500 5719(4)
2500 4637(4)
1395(3) 5964(3)
1570(3) 4857(3)
2500 10791(5)
2500 11923(5)
3630(3) 10013(3)
3446(4) 10471(3)
2500 5710(5)
2500 4633(5)
2500 3970(5)
508(3) 6167(4)
128(3) 5189(4)
813(3) 4386(4)
2500 4372(5)
2500 10393(8)
2500 11279(10)
2500 12187(9)

U(eq)
18.83(7)
18.88(6)

22.6(2)
18(2)
23(2)

28.9(4)

30.6(4)

35.3(12)
32.9(8)
27.6(10)
41.3(9)
22.1(10)
24.0(11)
24.1(7)
23.6(7)
47.2(19)
69(3)
26.2(8)
34.0(10)
24.2(12)
27.0(13)
26.8(13)
29.1(10)
30.2(10)
29.3(10)
23.7(12)
55(2)
83(4)
88(5)

17
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Atom x y z U(eq)

Cl1 3192(5) 4624(4) 10266(4) 32.6(10)
Cl12 2315(5) 5066(5) 10872(4) 44.5(14)
C13 1477(5) 4326(5) 10969(4) 45.2(14)
Cl4 1116(6) 2500 10193(5) 35.5(17)
0ol 6620(20) 2500 7880(20) 19(4)
02 5100(20) 2500 10020(17) 37(6)

Table 3 Hydrogen Atom Coordinates (A X 104) and Isotropic Displacement Parameters

(A%x10%).

Atom  x y z U(eq)
H1 1928.61 2500 6352.2 29
H2 884.64 2500 4406.27 32
H3 2530.54 2500 3184.74 32
H4 6492.37 186.18 6871.06 35
H5 7156.44 -482.92 5103.59 36
H6 6333.6 768.59 3626.74 35
H8 -1453.22 2500 9639.22 66
H9 -2569.92 2500 11285.55 99
H10 -976.05 2500 12928.88 105
H11 3888.73 4979.37 10067.69 39
H12 2319.09 5759.25 11158.29 53
H13 761.48 4400.08 11319.77 54

Table 4 Anisotropic Displacement Parameters (AZ X 103). The Anisotropic displacement factor exponent takes the form: -2
nz[hza*2U11+2hka*b*U12+' -],

Atom Uy Uz Uss Uy Upg Uy
Wl 3040(13) 12.87(10) 15.08(11) 0 9.91(9) 0

W2 24.53(12) 19.58(11) 13.68(11) 0 6.87(8) 0

sl 356(6) 15.7(4) 182(5) 0.1(4) 9.8(4) 2.8(4)
s2 226 193) 103) 0 74 0

$3 335 28(4) 83) 0 70) 0

sS4 544(11) 19.3(7) 15.3(7) 0 13.9(7) 0

S5 2420 48.0(10) 20.7(7) 0 7.2(6) 0

o4 5903 302) 202) 0 192) 0

03 622 22.7(15) 16.6(14) 2.1(12) 135(15) -1.6(15)
05 252 4003) 192) 0 7.917) 0

06 362(19) 593) 30.3(18) L0.6(18) 8.7(15) 137318)
NI 4309) 132) 12(2) 0 112) 0

N2 453) 172) 112) 0 72) 0

N3 392 16.4(16) 19.817) 1.6(13) 12.3(15) 17(15)
NA 412 14.4(15) 17.8(16) 1313) 14.2(15) 1.6(14)
N5 3503) 93(6) 183) 0 173) 0

N6 364) 155(10) 193) 0 16(3) 0

N7 287(19) 342) 17.0(16) 2.0(15) 6.4(14) 4.8(16)
NS 27) 57(3) 19.4(18) -6.9(18) 7.6(15) 6.2(19)
3B 183) 23(3) 0 102) 0

2 3 24(3) 20(3) 0 33) 0

3 434 22(3) 16(3) 0 43) 0

A 463) 16.9(19) 26(2) 38(17) 102) 32(18)
S 413 16.7(19) 31(2) 1817 2002) 2.3(18)
6 4903) 16.7(19) 26(2) _3.5(16) 192) 19(18)
7 434 16(2) 1303) 0 902) 0

s 24 90(8) 44(5) 0 15(4) 0

O 44(6) 149(13) 61(7) 0 28(5) 0

cl0  46(6) 182(15) 405) 0 23(5) 0

cll 3803 33(2) 27(2) -8.7(19) 3.1(19) 11(2)



Atom
Cl12
C13
Cl4
0ol
02

Un
52(3)
433)
25(3)
29(12)
51(13)

0.3[W5S4(Tpms),]-0.7[WO05So(Tpms),] D 15 AT

Up Uss
53(3) 27(3)
65(4) 30(3)
67(5) 17(3)
13(4) 15(10)
30(6) 31(9)
Table 5 Bond Lengths
Atom  Atom  Length/A
wl w2 2.8099(3)
wl s1 2.3114(10)
w1 s1! 2.3114(10)
wl S2 2.07(2)
wl N1 2.323(5)
wl N3 2.206(3)
w1 N3t 2.206(3)
wl ol 1.783(19)
w2 s1t 2.3276(10)
w2 s1 2.3276(10)
w2 s3 2.01(2)
w2 05 2.284(5)
w2 N7! 2.202(4)
w2 N7 2.202(4)
w2 02 1.71(2)
sS4 o4 1.429(6)
S4 03! 1.434(3)
S4 03 1.434(4)
4 7 1.892(6)
S5 05 1.477(5)
S5 06! 1.436(4)
S5 06 1.436(4)
S5 Ccl4  1.863(7)
N1 N2 1.367(7)
Lix, 1/2-Y,+2
Table 6 Bond Angles
Atom Atom Atom  Angle/
s1 wl w2 52.98(3)
s1! w1 w2 52.98(3)
s1! wl sl 102.31(5)
s1t w1l N1 88.18(8)
s1 wl N1 88.18(8)
S2 wl w2 98.2(9)
S2 wl s1t 105.1(5)
S2 wl s1 105.1(5)
S2 wl N1 158.4(9)
S2 wl N3t 89.7(7)
S2 wl N3 89.7(7)
N1 wl w2 103.39(13)
N3 wl w2 139.72(9)
N3! w1l W2 139.72(9)
N3t wl s1! 86.79(10)
N3 wl s1 86.79(10)
N3t w1 sl 159.73(10)
N3 wl s1t 159.73(10)
N3! wl N1 73.88(14)
N3 wl N1 73.88(14)
N3! w1l N3 79.31(18)

Usz
13(2)
12(3)

0

Atom

N1
N2
N2
N3
N3
N4
N4
N5
N5
N5

N7
N7
N8
N8
Cl
Cc2
Cc4
C5
Cc8
Cc9

Cl1
Cl2

Atom

03

Atom
Cl
C3
Cc7
N4
C4
C6
c7
N6
C8
Cl4
C10
N8
Cl1
C13
Cl4
C2
C3
C5
C6
C9
C10
Cl2
C13

Atom
S4
S4
S4

S4
S5

S5
S5
S5
S5
05
N1
N1
N1
N2
N2
N2
N3
N3
N3

Uiz

2(2)
13(2)
132)
3(7)
14(7)

Length/A

1.321(8)
1.359(9)
1.462(9)
1.365(5)
1.343(6)
1.353(5)
1.459(5)
1.372(9)
1.351(11)
1.419(9)
1.294(12)
1.370(5)
1.334(6)
1.362(7)
1.463(6)
1.390(9)
1.359(9)
1.398(6)
1.358(7)
1.341(13)
1.393(16)
1.409(7)
1.336(9)

Atom
03
Cc7
03!
Cc7
Cc7
Cl4
05
05
06
Cl4
Cl4
W2
w1
w1
N2
Cc7
N1
Cc7
w1
w1
N4

Angle/®
115.98(17)
101.1(3)
116.1(3)
101.95(17)
101.95(17)
101.5(3)
112.79(18)
112.79(18)
117.8(4)
104.96(19)
104.96(19)
135.0(3)
123.6(4)
130.3(4)
106.0(5)
119.2(5)
110.0(5)
130.9(5)
126.1(3)
127.2(3)
105.8(3)

Up
25(3)
18(3)

19
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Atom
ol
0ol
o1l
ol
ol
0ol
o1
sl
s1!
sl

S3

S3

S3

S3

S3

S3
05
05
05
N7!
N7
N7
N7
N7!
N7
N7
N7!
N7
02
02
02
02
02
02
02
w1
04

1

Atom
w1
w1
Wl
wl
wl
w1l
wl
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
w2
S1
S4

LX, 1/2-Y, +2

it

Atom
w2
S1
s1!
S2
N1
N3
N3
wl
w1
s1!
w1
s1t
S1
05
N7!
N7
w1l
s1t
sl
w1
w1l
sl
S1
s1!
s1t
05
05
N7!
wl
st
sl
S3
05
N7!
N7
w2
03!

1

Nods - FF KWL - ARE]
Angle/ Atom  Atom
98.7(11) N3 N4
105.4(6) c6 N4
105.4(6) c6 N4
02) N6 N5
157.9(11) c8 N5
89.3(8) c8 N5
89.3(8) cl0 N6
52.46(3) N8 N7
52.46(3) cll N7
101.32(5) cl1 N7
93.9(5) N7 N8
102.5(3) c13 N8
102.5(3) c13 N8
164.4(5) N1 cl
93.8(4) c3 c2
93.8(4) N2 c3
101.68(11) N3 c4
87.26(8) c6 c5
87.26(8) N4 c6
138.35(10) N2 c7
138.35(10) N4 c7
85.92(11) N4l c7
160.14(11) N4 c7
160.14(11) N4t C7
85.92(11) N4l c7
74.52(13) 9 c8
74.52(13) c8 9
81.7(2) N6 Cl10
96.6(8) N7 cll
104.1(5) c13  c12
104.1(5) c12 13
2.7(12) N5 cl4
161.7(8) N5 cl4
91.8(6) N5 cl4
91.8(6) N8 cl4
74.56(3) Ngt cl4
115.98(17) N8 cl4

t

P

Atom
Cc7
N3
Cc7
Cl4
N6
Cl4
N5
W2
W2
N8
Cl4
N7
Cl4
C2
Cl
Cc2
Cc5
Cc4
C5
S4
S4
S4
N2
N2
N4
N5
C10
c9
Cl12
Cl1
N8
S5
Ng!
N8
S5
S5
Ng!

Angle/®

119.4(4)
110.2(4)
130.3(4)
118.9(6)
112.7(6)
128.4(7)
102.5(8)
126.0(3)
128.6(3)
105.4(4)
120.9(4)
110.9(5)
126.6(5)
110.7(6)
106.0(6)
107.3(5)
110.0(4)
105.8(4)
108.1(4)
109.3(4)
110.5(3)
110.5(3)
108.9(3)
108.9(3)
108.6(5)
106.09)
105.2(9)
113.7(9)
109.5(5)
107.2(5)
107.0(5)
112.1(5)
109.2(3)
109.2(3)
107.7(3)
107.7(3)
110.9(6)
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X-ray structure determination of
0.3 [WzS4(TpmS)2] '0.7[W20282(Tpm8)2]

Hiroki IKEDA, Miho SHIRAI, Haruo AKASHI

Research Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

Di - p - sulfide tungsten dimer, 0.3[W,S,4(Tpms),]-0.7[W,0,S,(Tpms),] has been isolated and characterized
(Anal. Calcd for 0.3[W,S4(Tpms),] 0.7[W,0,S,(Tpms),] 0.5MeOH (C,;HygN1,079S4W,): C, 22.88; H, 1.87; N,
15.62 Found: C, 22.70; H,1.95; N, 15.55%.). X-ray structure of this compound has been determined by the X-ray
crystal structure analysis. Crystallographic data: crystal system monoclinic, space group P2;/m (#148), Lattice
parameters; a = 11.0289(3) A, ¢ = 12.7395(3) A, ¢ = 12.2084(3) A, V = 1700.83(7) A>, Z=4, R1 = 0.0321, wR =
0.0790.
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Wi - Khadbaatar Sandag™ + 7 4 VR - 2% 1%
B 111 B K 2 2 0 AR i R L2

*E Y T NEHEFRY
20194E12H 150 = #
1. #E ane) 2NEH XH, HHEFELHET-> VLY.
19904 X VHSFEH/SOSREEFKRE o BEY TN CDXHREILIKETH L E Y INVEOBEREITRE

Eof&FiE, BEDKRE LT T ) EFRER SELLD2HbEEZONL. 2T Af5ETIE,
7.2% (20184E) THAH. TOXHIIHRFEFREL TV EVINVEOERBEHZRINL, €oEERAhDT
BHEYIVETIED SA, EEHEEIL, SEPHEE FREAWET L2 LT, BEOFMETL L% H
ThY), TOPTHEHKIL, SOFMEDRL - 82 W& L7z &g, £ v TVENOBIEK E KEK K
BIL, 6,000\ EDSES X AR SN Tn 5. AL, ZOnXRRELZWEL, HARDOFE
2014471 )T 33080 R CTHRIBGE T DITE D, W, LI L7z,

100k DREE T T > DAEREZLT-> T A, TESWE

Bdam, M, & vo5=vn, V7T, SO, 2. RBAHE

WA ETHDH, LT T —ADFHRITAFERERL SN 2 -1 FURHBRIL

TWA30O0, AEFEZHET > TRV, E5ITHK E 2V IIVEINOMITEAK & KA K O 413 20184F
AT, MEEN 1k bEbh st AL UF20194E 12 Fig. IR L7z CTRILL 72, 2 o ilkt
=R, T—N Ny KX ¥ ¥ (Coal Bed Meth- %5 % Table 1127~ L 72.

Sample No.6%7
SampleNo. 52 1 ®
Sample No.8, 9 Sample No.334

A &% ® Sample No.2
/y Py [ San W |
& \ |
Jg O J ‘\\
\/'1 / i
J »/
b X
it ,l\}f
1S cuump h
55 \mm o7 f
FX ,’/- Lt - ‘f o~
t N > r -
($RARARED s 2ad TS

®Sample No.1

Sample No.10
* Gapital: Ulaanhaatar

S

Fig. 1 Sampling point
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Table 1 Sample number, soil or water and sampling point

JI§ - Khadbaatar Sandag * 7 A

Sample number Soil/Water Sampling point

1 Soil Bornuur

2 Soil Darhan

3 Lake water Altanbulag
4 Soil Altanbulag
5 Tap water Suhbaatar
6 Lake water Altanbulag
7 Soil Altanbulag
8 Lake water Altanbulag
9 Soil Altanbulag
10 Tap water Ulanbaatar

2 -2 Wi

WK & AKGEAIE, 045umR T A ZDTF4 A3
2 (DISMIC, ADVANTECLL FDISMIC) % JwT»
#WL, ImLZEXy bTHRD, 470770 %
AN, HESENEHRME (SIGMA-ALDRICH)
6mLA ML, B L7z, 13IEf0.1g% IEAE SRR L,
<A 7uTT7u UEARICAN, A ESEN AR
(SIGMA-ALDRICH) 6mLZ#mL, %ML 7.

2 -3 45w

HFRFEI~A 70y 2 —TRAB S EEE (Multi-
wave3000 : Anton Paar#) T304 MG L7z, 55
Rz DFIcR L7z,

3 1k A
) © 600W
iz ¢ 150C

- I RJE ¢ 10bar

- SRk 1045

- SPIRIRER © 2055

- HHIKER] © 2040

SR L7l e 77 u VRMRR SRS D E—h —IC
B L, H 5% Lomilli-Q Labo (MILLPORELL T milli-Q7K)
THRE L2 ¥ Y L045umPDDISMIC% flivy, A R
T I AANSBE L. ZOK, Bihoms %% 5b
NUBERWENICT LT 70 Y EGREEOT
EV—H—OhEmilli-QKT2, 3EPEHL, #HK
LTE¥ZTo 72, AiIE100ml* 2 7 v 7 Zmilli-Q7k
EHWTAAT v T L, SN BHITBEZT.
Z D%, WikE 4C) TRE L.

N
3

2-4 JHE
B ALER 2 47 o 72 BURNAW I, DU AR & SR D s A
75 A< G ESNE (ICP-MS, S.IIH LU FICP-MS)

- A IR

WX DESHE L7 W L72m&EIE, Li, Be,
Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Nij,
Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, In, Cs,
Ba, Hg, TI, Pb, Bi, Th, UD3LILHETH 5.
ICP-MS D 41

+ 7T A= I AR 18.0L/min - Ar

- fiBhiiE - 1.8L/min  Ar

AT TAW—=FAFE  1.0L/min  Ar

YT U TAE C 6.5mm

< 8T — 1 14kW

- R TR EL ¢ 3rps

CARDR LI 5

C OFEBIHIT L 22KIE4ET, Milli-QKTA# -
L2k vz, SREIEET4% 0 —H D
FRE L%k, KEK ZEFK Milli-QKOMIZ %
L, WL 0R AN,

3. RBERRUER

3 -1 BEHEFAISRMI643e GIJIIZK) 12 & BICP-MS
DI

Table 212ICP-MSIZ & % BEHEGUEISRM1643e T 117K )
DR ITLEDOWERE L ZOEIEE R L. 1 FEAL
DILFE TR E B FE & SRM1643eD B AEE D 7 H310% LA

Table 2 Accuracy of ICP-MS using standard sample
SRM1643e (river water)

Element Guaranteed value (g /L) Measured value (ug /L) Recovery rate(%)

Al 1418 £ 8.6 1429 100.8
Ag 1062 = 0.075 0.935 88.0
As 6045 = 0.72 55.04 91.1
B 1579 = 39 1474 934
Ba 5442 + 58 514.8 94.6
Be 1398 £ 0.17 13.22 94.6
Bi 1409 = 0.15 1325 94.0
Ca 32300 = 1100 29014 89.8
Cd 6.568 = 0.073 631 96.1
Co 27.06 = 0.32 26.58 98.2
Cr 204 = 024 204 100.0
Cu 2276 = 031 21.75 95.6
Fe 98.1+ 14 1144 116.6
K 2034 £ 29 2231 109.7
Li 174 = 1.7 19.3 110.9
Mg 8037 + 98 9111 1134
Mn 3897 = 045 38.07 97.7
Mo 1214+ 13 1152 949
Na 20740 = 260 20935 100.9
Ni 6241 = 0.69 61.25 98.1
Pb 19.63 = 0.21 18.77 95.6
Rb 14.14 = 0.18 13.85 979
Sb 583 = 0.61 76.74 131.6
Se 1197 = 0.14 11.23 93.8
Sr 3231+ 36 3122 96.6
Te 1.09 £ 0.11 0.68 62.4
TI 7445 = 0.096 7.260 97.5
v 37.86 £ 0.59 38.39 101.4
Zn 785+ 22 90.4 1152
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HNTH Y, Al Cr, Na, VTIZIZIF100%D EIETH -
72, HICE DCaRFeld R R MINEIZIE 5D &2 H
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Fig. 2 Elemental concentration in environmental water and tap water



26 )5

7z. FeldAltanbulag THERIL L 72 #I¥H K THI15ug/L & &
WHTH D, ALFL L) BB EZRLZ. wWiho
WK, KEKEDIZTHAEDKIE KD KB HHE
(300ug/L) LLFT& - 72. CuldUlanbaatar® /K K T
RIoug/LE B WETH - 72, I NOWHEK, KEK
& B IZHARDKBERDKEHAE (1000ug/L) BLFTH o
7z, AsldAltanbulag TERIL L 72#17H K THI6.5ug/L & &
WET® 1), Suhbaatar® /KB K T b #6ug/L & B\ i
Tholz. WINOWHEK, KiEAKEHIZHADKE
KOKEHRME (10ug/L) LLFTH o725, HADRIL
WOKBERTRIEEA B SN o720I120F L
T, BEYINVOKBFHIFNETH > 72,
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Measurement of Element Concentration in Environmental
Water and Soil in Mongolia

Jun NAOHARA, Sandag KHADBAATAR”, Tian Xu XING and Yuan Yuan LI

Department of Biomedical Engineering, Faculty of Engineering,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan
* Geography Department, Mongolian National University of Education,
48 Ulaanbaatar, 210648, Mongolia

Element concentration in lake water, tap water and soil in Mongolia were measured by ICP-MS and compared with
those in Japan.

1. The measured concentration of each element of the standard sample SRM1643e (river water) by ICP-MS are
within 10% of the guaranteed value of SRM1643e, and the recovery rate was almost 100% for Al, Cr, Na and V.
2. Element concentration in lake water and tap water

Al and Fe concentrations were high in lake water collected in Altanbulag. Tap water collected at Ulanbaatar had
high Mn and Cu concentrations. The concentrations of all elements were below the quality standards of tap water
in Japan.

3. Element concentration in soil

As was as high as about 40-50 mg / Kg in soils collected in Darhan and Bornuur. The As concentration in Mongo-
lian soil was much higher than that in Okayama city, Japan. Hg was as high as about 8 mg / Kg and 7.5 mg / Kg in
soils collected in Bornuur and Darhan, respectively.
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Fragment Orbital Calculations toward Prediction of Drug Effects

Yoichiro YAGI

Department of Electrical and Electronic Engineering,
Faculty of Engineering,
Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

We have focused our attention on the Fragment Molecular Orbital (FMO) simulations of the complexes of pro-
teins with ligands to elucidate the function of proteins by analyzing of the interaction between protein and ligand.
A human protease, renin, is the first component of the renin-angiotensin system in hypertension. This paper de-
scribes the FMO calculations on the interactions of renin and its inhibitors. The PDB structures of 22 different in-
hibitor-bound renin complexes were optimized respectively by an energy minimization with explicit water mole-
cules such as TIP3P model using AMBERI11. After energy minimization, the surrounding water molecules were
removed and for the resulting renin complexes FMO calculations with MIZUHO/BioStation program were carried
out at FMO2-MP2/6-31G* level on the K supercomputer. We computed the interfragment interaction energy (IFIE)
between inhibitor and the amino acid residues in renin, and estimated the sum of IFIEs as binding energy between
inhibitor and renin. FMO computations indicated that the calculated binding energy can be correlated to the activ-
ity value on 50% inhibitory concentration (ICs,) of the inhibitors. It is also found that most of inhibitors interact
with some particular amino acid residues such as Ser41, Tyr83, Ser84, Thr85, and Ala229 in addition to the active
site amino acid residues Asp38 and Asp226. Furthermore, we performed pair interaction energy decomposition
analysis (PIEDA) calculation to examine the energy components.

Keywords: renin; inhibitor; FMO calculation; Interfragment interaction energy; Binding energy.
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e EIEEERT 2 AW S I o TV A,
WA, N A& ORI 3 AR R DS T - C
ETBY, WEEEERETOWIN, ARNENRE, e
A BB RE DA FE DS HE AR O F B PR E ) 2 7 0
RO BERENE BB OR R AWIFF S 1, 2 kA
WoOrBERB AN E LTOMHMNEH EhTws.,
FREOBICHRERILEWIT A X F U TH
5. SH, BEENTSTRTAYFF Y FroHT
VAV IPRINERH SN TS, FEFIIELRNTEE
MOMBLER L CIRASHESNT, 77V 3 vhHiil
WAL & ENLHEEEZNEETHRNZL TS, 2
OALEWIIRAEE (B R=>) THhBH. KERTE,
TAY XY T ORBRGHICE L THET 5. A
AR T OB A BOE AR BRI — B 2 ko
F—z=vkbt -7 /= Vhikeiikd s,

2. EBAHE
T AL FH T EHEARA OIS L CH R AL
L AR R A R T
ZOo0KEEMCTERETZE, TAYFHUF
YR R ST ERIIR S,

2-1. TAYFH 2V F v EBEROHREA

(a) TAGF (Tetraacetyl-a-D-Glucose Fluoride) D&
70%Hydrogen Fluoride-Pyridinel00g% % 25 = & JK T
WL, EIITPAG20gx Mz, W L2255 6 ¢
B 2otk REWrz s rT—7)V10ml fig
FUREEAREF ) 7 ARBEBE20mMITEHR LEA S,
SHOICHBGE S L THRE. ZoBREsTITIV

I — 7 V100ml& SRl R EEAKFE T b Y Y A KB
200mICHI L, SaflRBKFE T F ) 7 2K, fa
MARKONET 3 MPkis %17V, AR % KRR -
N U ATHUOKTE, R, HEEA (TAGF) %
72,

(b) 7t F VEHHRD A

=207 9 222 ERETHE 5 L2 TAGF 100mg, 7
A5 ¥4 F 30mg kT A NG ER100me %
A, @FEERLAHKZICYZ7002% 2 (Dry) 10ml
A, EGLRAS 1 HEBHE L. 2ok
KFEF VT LKEBTHAIL, KEEEERTF LT
. AR = MOREEER - N ) 7 A TRIOKES, WUER
L7z

(¢) 7 F IVEHEARDRL 7 & F b U

T FOVEHERIC A Z 2 —V10ml, REEH ) T A
300mgZ M A, HEHLRAS 2HEMBIELZ. 2o
WA AL, R ERICK-BER T TV T o R,
FBEIE 2 MKARIR T b ) v A CRIKER, TR LY
CTYVTBICYYUBANH T ATHEEL, (K1)
IL#RI1Z25~30%TdH 5.

2-2. vFXFa—)HimpEEMRE w7 A
5 X F v OWE A
100mIOMSTEAE H (300mI=fA 7 5 X 2) 12V F
R FL—J ) RSN & B o T20g A L, WS
fF, 25C T2 HERRE L. TOBRT A SV F
> (10mg/flak) %51, S HIC2 HERELZ.
WA, M7 I AAOREY EF AT Ay 2T
B R & AR A0V, By MR X R — - L i L
EHIKEEn-TF /) —VTHIH L7z, fMilasiE 2 %
J =V TEHBIII L, * & 2 — V3l % R A
R 2 K-BER OV, RWTKEZn-T 5 ) — )L
THil L7z, Z2hehofatgzirigmL, o7
VY7L 0%, HPLCE HWTHY v 7L %5
HE L7230, WSS, WERE = 5V 45T (25 G ASHiE 22
BNz ZoZHY %, HPLC % JH v THBERB I 2 47w,
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MS7 & N IINMR CHOAT 2 ATV, BT X 5 F 4
YFURBATH S LR L. (K1.) X0
~15%Tdh 5.

3. BR
ERTHRRE T & R ik 2 o T,
T AT X F ST AT F U F U ELHE
KOERICE L7z Zoipkoza~xz v ('H
NMR and ®CNMR) % FilIRT

Position H ppm B ppn
1 37.6
2 2.05 - 2.16 44.8
3 439 77.6
4 2.04 199.3
5 126.0
6 162.6
7 6.22 122.9
8 6.43 142.9
9 134.0
10 6.30 135.3
11 6.45 124.0
12 6.45 140.4
13 136.6
14 6.30 1335
15 6.66 131.0
16 1.23 26.6
17 1.35 30.4
18 1.94 14.2
19 1.99 12.6
20 2.01 12.9
1" 454 (d,J=74Hz) 104.9
2" 2.04 74.2
3 3.61 775
4" 3.61 70.0
5" 3.41 74.9
6 3.83-3.93 63.2

C ORI O ZEE GO R X UL
R L TRETHLEDMHE R 7V a— A0
ALBWT A XY F L IMTH Y, BRBIAR
ETHDH. EOT AT XY F v 2o THMMLET S
LA DOREREEN DY, fHICEMLIZHEET
Hb. EENHIE LT AF IV U F VEBERIZEY
WABEHTHY, ZRTHHEICHEMETES. L
2h, RMEAWIKRIHLEL TV 2O THE I
FH e LTHRIELY. RMeamomtcEL ik
MR CHRILIG A S 2 Z E DRV LT 5.
EHZEIIAEMORMEHELTA Y ) — b
(BEI TSR KR BRI 5 ) WAL L7, 5%k
COWUERE S TEMCAEMDOIEHZE 2 T b,

BRI, AMEGWOMBINIY ARFERZ TV, AL
B 7 v 3 — 2 EHNE DI O IMK G- fERESR Tk
HMREI, MRBEZALTCT A S F Y (7Y
V) BHREOTICINY AEFNLEHERWZL B
T, WhbEBREIT->T05D. TE DT ARERE
ROHBLINI Y A AERE & RIH L Cin SO 2 £ 2 C
w5,

KBICERE, TAYIY U F VEBEERBIOT A
& v F CEEAA v ) — MR R L
FICHTEIFEM L LTEH SN HE > TV 5.

#
1. A. Yokoyama, K. Adachi and Y. Shimizu, Journal of Natural
Products, 58(12), 1929-1933 (1995)

M-1. 7 A% F4% ¥ F VARG ENMRT — %
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FilE (GPSHIEY) 5o iile % H v 72 AR R O il
REBICBWTEH, HMEfiliz A7 o4 FOJEREIC
L OB 2 FEsRE IR Shcwa )y —
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HE 2P L THERINSE2, ZOHETIREOR;
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A7 0 A FOH A ZIEEEFRY 2 Vo 4 ITHE S
ND-0HB2H Y, HEIELZZAT7 28, Ko
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DA T a4 oA 3L 3R T ©70-80% &
L TWAb.

Tz EAEMBEO B CEELTEHAM (Cell self-
Aggregation inducible Technology : CAT) % Bt L7090,
CAT% #3892 w1 % WAl L 72 K1 (CAT#HE )
R ICIRRE L 22, BEE LT O 2 A
HBEH L7, 1 DREOR ORI HE A
HIEHNCCATHE RN A 5 #EES % & MR ICEE L %
BB ET, 27204 FPIEET S (KIA). &
DTEA Y Vy MY Y —E W CEFENE
Ry MERIE 5 2 &C, €0 F vy MEIRITIZ O A
faisdens LEes b2 4 UC F oy MiE OB %I Hl s
N7z A ZADZX 7204 N Fy M2, —MHo
BRI ECRL ZEPTEETH 72 T, EHT%
BEARMAEC %A L, MIEERZ My MRICH TS
H5ZLTYH, FHETHE SN A AR 7 204
F% Ky MEBR 7082 2 EDETH - 72"
T, ADCATEH W2 A 7 x a4 FIEEEICE
W, ERDOURBIROREY = V& w7z )iidke
FHEZY, MlE —EREREICHEE Sk, B
BB FEEINA 7204 FOBET S, 7%
bH, Z O HLEHE B R U TREER & 2
THAET UL, & TOMBIC RS RER DR E LIRE
EN, MR L CHET L7250 TR 2 b, &7
A7 204 FPELNBEDTE W EEZ 7 (M1B).

PRV, KRR TIZCATE V227 204 F{E
BT BT, MlIEE BB OB RAEO W REN: %
Matd b &xHE L7

2. MBEEBROETEDES
CATZ W/ A7 za {4 FIERIZBWTIE, CATH
BRI EANOMIBR B OB E RS ENENRA

WE A oA Rl

Tz FOHEFA X EPDLF—/FA—F =L
Bh. ZIT HHREULA —F—F THMEILT S &,
TWH N OB ASCATH B FRH FACThRE L CHAE 5 200
WM AFETE LIIIRIEA A U B e FHEN L. 22T,
WIHATZRFE T 2 AR 2 RIS 5 & & CTHIFLIEHS
BT B GetEDsdh 575, DOYAIIZEEEH O WIS
X0 HMIREATIEBL L 72\ & 9 ISR ASCAT 3 2 11 (2 B
FENCHEE L72IRETH L LB H 5. T74bE, CAT
LM P HAE T 5 E TORMERN, Pk
&b ZORFHBPNIZEE L 7 il 2 BRI A -
TBLLENRD .

FIT, Fea PMEICERK L7 CATH S H o Ky 5
BESTY %03 pg/om® DB EET M AT L 723531 (2
em?, AGCHRERAAL) 1 v BB 1k o i 32 R i
e (hBMSC, PromoCell GmbH) oD |28 Al o B fiti s
H (PromoCell) DREE T (5.0 10° cells/mL) 1 mL#%
RN L7282 25, hBMSCIZEG T2
KM TERE L1550 % TR ERIRO B CHRMIES < 45
L72RETH - 7225, 305071213455 DL o fifg 258k
R S RFIRICME L2 ERB IS L L CRmICHES L
72 (M2)., 2ok eMEREOMIL, BEEO
BIMRPERY 71 ¥ FHEIEIC X o TREH S HEEL 72
W2 ERERLL. — T, LEilOhBMSCO BT
%#0.5-5.0 LD T F L CHi 2 LRIFIICH Lo
HERELZFNET S &ETHT LRERO R
HEL AL, WEMN3 LT Tl 2 TR L7l
HICET 5305 OEEE O B HH 0 40% L EASZHESE L
THNOMBLDIZE AEIFEHLTLE D Z &0
72 (KM3). $7&bb, CATHERMIZHINIEEKZ
N LS IS 300 M oRs = I2B Wl ig 2 £ 47
L7ZIRECTHERR S TB I, AREd3uL kD
LLEVIHEDPLETH S Z LW Gh ot
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1000 © o

3900 o

2900 o

HEs
100 ° 0-40v7’/u*ﬁ
O 40-70wY%sk #
O 70-100w%
o 3 3 3
0 20 40 60
EEZ BRI (min)

AR T DT T S OB e Rp ) & e & O

EEER

JF 2 50% DL EOMINE A 5 DIET A HEH

ka—k

CATRY<—a—Fh

X 4

3. MIEEBOFRERREXT7 204 NURES
M2BIUOK3 LY, 3uLE 0 S 0HITRERD
WTFEICTHINL 2 EFIRECTHE S5 2 2290
Mol T, 5uLOhBMSCD & % CATH
DEFT WA L TO R WHER DR 2K & CATHE
KMZZNENH T LEET S L, fMldwdhok
D 1R OB 22 CHAg LIH NI MIE O BRIE o 7
WHIIBHLE 2T L 72, 2 2T, hBMSCO B G5 3%
WA RFEMAARIZAIN L & 512 3R 28 LT LAl
HignooMiaof el Boontra/zDT
(B4 HRMHN), B8 % MR okRs DRI (N >~
Ny h—, HEY 2 A7 4 7 A& e L,
WU P ERE L T-20C T 1R, % 512-80C T24
REMISORS L7z, WaU 2 SHLY 1 USRI T 5 5 aE
T2 2 & CHUE TR % RO L AR 2] mL & 38
PeL THERIRG R L2 & 25, MIIBYIE ORI KA S
DOHEERITEAMNL O F W72 EIXAE LB L, Ml
AAE U CHUEEEEIRE 2R L T/, v T, 248F

fRER IR

1
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FRG#ET 5 &, (RO ZMEMIITH L 72 e biE
BEHEAL R A U D Z 23 d o 72h%, CATHERIIC
T L 7o M R 3 MR & 0 RIBES 2 & [RIRe 12 &
FALZ AL, WiHH720 1EDORA7 =20 (4 FAEHKL
72 (M4). 22T, A7z04 FihofifsotfFR%
LIVE/DEAD Cell Staining Kit (PromoCell) % H\>C&F
fliL7z&Zn, 27204 FONITHRD % < 95%L
FOMBBELFEL TWLZ LD IO SN (K5).

4. BbH)IC

CATZ H\wiz¥g— L B IcEN/ A7 20 F
PRI BT, HMlaEEBR RIS BT 2 Bk AL AHT]
BETHo72. Lee L OFHFIZBWTIX, HHllgz 27 =
T4 FOIERBIC L CTHGEE L, S PRER O R IR
FEALSECTHIRAGEEROR EZ2RATVWED, &L
T HT0~80%RLEE & DEBM R A HE LTV pY. &
WIEICB VT, EROUERIROF £ = V% v
T L7 27 2 a4 K& OB AEFEROBEFHEO L
3T Ty, filiE % B IRE TR R A5
HARFITBWTIE, ETOMIBZE 5T RFERIC
B Z L STE, DOMRHIRIEREIIRIC X ) SRR
R IR ET A eSO, ThETO

B - EBC AR - EE A - AIE R

WL EmM A REINER SN L EZ TW
%. A8k, hBMSC (RiPSHlfil) 27z Af Ko
RAALYER S LRE % S R SR 72 CRFAli L, AEo%
LR EHITRTEE BT, AP HEhE g L
EHAEDE DL LI HEEAADTREMEICOW T
Wi 4528 T, A7x204 FEHWTEERDE
FABIC I 72 26855 & L oMbz HIE L 2w

SE

1) Kikuchi T et al., Nature. 548, 592-596 (2017).

2) WIHFE 7Y & v [iPSHINL COM A, BEIG K A5 H &
72 * https://www.asahi.com/articles/ ASN263SJ8N25ULBJO1 1.
html (202042 7 6 H).

3) Lee JH, Jung DH, Lee DH, Park JK, Lee SK, Transplant Proc.,
44(4), 1015-7 (2012).

4) Iwai R, Nemoto Y and Nakayama Y., Biomaterials., 34(36),
9096-102 (2013).

5) Iwai R, Nemoto Y and Nakayama Y., J] Biomed Mater Res A.,
104(1), 305-12 (2016).

6) Iwai R, Haruki R, Nemoto Y and Nakayama Y., ] Biomed Mater
Res B Appl Biomater., 105(5), 1009-1015 (2017).

7) WOMESE, AR AJEREL, OUST 4 — T A2018%
B4, 106 (2018).



AL B CBHELFA SR 2 V72 2 7 = 0 4 FERATRC BT 2 SO RAE O W] Btk 41

Possibility of cryopreservation in spheroid production process
using adhered cell self-aggregation inducible technology.

Naoyuki KUSAKA, Fumiya NOBUMASA", Noboru TAKIZAWA", Ryosuke IWAI **

Graduate School of Engineering, Okayama University of Science,
*Faculty of Engineering, Okayama University of Science,
**Research Institute of Frontier Science and Technology, Okayama University of Science,
1-1 Ridai-cho, Kita-ku, Okayama-shi, Okayama 700-0005, Japan

Cell aggregates called “spheroids”, which are composed of hundreds to thousands of cells, have functions
similar to those of living tissue, so they are promising transplant for regenerative medicine and culture models for
drug discovery tests. However, for their practical use, there is a need for the development of a technology that enabe
us to obtain them uniformly and in large quantities, and moreover that can be cryopreserved with a high survival
rate. We have developed cell self-aggregation inducible technology celled “CAT” and succeeded in producing large
quantities of uniform spheroids by inducing self-aggregation of adherent cells. In this study, we attempt to examine
the possibility of cryopreservation of cells before spheroid formation at the adhesion stage in spheroid production
using CAT. Even if the human bone marrow-derived mesenchymal stem cells monolayer adhered on the surface of
culture dish coated with a polymer for CAT induction was frozen in a commercially available cell cryoprotectant
for 24 hours, it was maintaind without occuring cell death. Subsequently, after culturing for about 24 hours, the cell
monolayer was separated from the outer periphery and caused aggregation to form a single spheroid. Live/Dead
assay confirmed that 95% or more of the cells constituting spheroids survived. As a result, it was possible to cryo-
preserve at the cell adhesion stage in the spheroid production method using our unique CAT with excellent unifor-
mity and mass productivity. Further mass production is expected by combining CAT with an automatic cell ejection
device.

Keywords: tissue engineering; multi cellular spheroid; cell self-aggregation; cell cryopreservation
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BEI7 VT OEEE

- —RROSYMOHEEER

i N LY

W) LT BE R K 27 1 SR A ZE T
T 700-0005 i 111 L X B R MT1-1

20194E12 ) 15H % B

Lo
BAAKROFATREZ 285 7V T 220w T
MO ENDL TV T UK o THEEADEERZAL
35T LARWE L (JLBE 2018). 4 MNPk
B (T,) ORL2 FOGWIHMT 27 VT ICk
BE FRASEBRE TV T IS EDRICES T A hIIo
WTERET L.

HELET IV

DR oEF N (ST, 2018) TIZBI IR DL
MHASHIMENL T LT UBERI Y S ENT.OHY
R LTHYOT VT Y 3EER EORRIC LA S50
WA T EThol., T TIRHEEIGRE 7T VT A
WMEINLBERZHICE o TEANIZ oY
(EREHRER) OUBROEAGR, SIS
BUICHLTOLRLTVERTHL,

FEHW PR G O 7 VTV RFEE O
Y (B 7T VRO R R R SRR
PHORIY) (BRER) 2 WY RO RS 2 08 L
7z TRl Z RS T, RAESEER L EREDY
ZE v, BEIFICCHICH > TI#HREE 2 L%
A ONEORNIITHFHEERSH LS. BAD
PHAZ D W TIIR A Rikin2idh > THAM AR ET NV THR
72\ OT (McDougall and Harrison, 1999) Hiftifbo 7z
DI T TIREWT, % 5 2 55N R IEECR % e L7z

THEOEMOMIT A DOEEEENENLS, LETD
L N DIIFNIRAT TICH > THERESFIC L Y
W AL 22 b o 723 (D, 2) o kH i
Hz2b6NM%, 2 TXREFHORRAES I F T
DFTRTOBPWERLAEDLELZLEZRLTWS (&
B, 2018).

1
D S R it

E,
RG )dz} (2)

) =1-13", zexp[ = ‘”fe p(

(1) KidEe e, (2) Kiddsd#r (MEEER) Th
% (Crank, 1975). Do lZREWEHA T, i?fﬂﬁﬂ:fi E
EEE L= AV F—, RIZKAMER, TIZMISRET
H5. (2) XD, 13 0RO FE—FiBessel DO n FHD
#J(a)=0TH b, PORZE 53T HE TCOME
LD EHE AR T o 72 RN T 2 WAL T() 13
M (2018) DETFNEMUDDEH W F72ERkZ2K
5E L7z PE B0k (AR B ) TRILBE ST 2 — & —
& LTl fiﬂ_’,l AV F — 39 keal/mol, FLHCF:AE a = 0.01
em?/sec, [ A 2 (FRL 22 1) "G 1247.1 keal/mol, a = 0.075
cm /sec’a’:)ﬂ‘/‘t (McDougall and Harrison, 1999). Z 71
5 OffiiZDodson (1973) DT.DZFF288C, 383C

(W EIEEE0.01C /yr) (THYT 5.
BEREER
1), ©2) XS HRESEE W TEWIRER AL IZ

BB E N7V T Y SO SECH ST bBie %
2%, BANGHRIGEVEEETIE LA 2RO R

ZAT T2 S IERBMR T AN BE L. O, A
PROJE 12 2 2 FARDAFAE T IR IR EE A AL O
W CIEFICRO ERRSAEL, WA Sh
TUITYHPEBEICHER L2V EENESONL. L
Do TRAIZIZT VTV IIEREE T, SWHrEOGH
THRICHAENBRE T VT ORI E TR S 2w
72T E A S O TIRERTY £y P ERD
(f=1). bHRAILBERIEH CIRIREIZEASL
FER 7 DAZIFFE CIEEASER S D O TR A D5 &
5EEIE—FITBY A EN D DT TROIREA R A
FAELBRVZDREOBH L EVRE V. L
B o CIRIBER G O A BRI T VT 212 7% % B
FOHBO FAGHME L 7V T VEO T EE ()
RENZX BTNV T OBEEEICIHG]) T .

B & OBl S B T < &SRR D
T2 FH27:0%E% )ty M 3o £y
MREE 22 (f<1). ZRZENOEWOREICE -
Tty bOFBOLTY IZERL S (Mla, 1b).
K1a%» 513 TR GERIROIEEGR O 528 = 1127 5 48



44

BAME R (K1b) CHRTHEL B2 EPHRT
W, &5ty A9 E 2588 TSR b #
TN R TIE B PITNE L BB 720 ZF BT 5
LFAROMEIZEAICEEE L. 2F ) TV T VER
Bl BT OER A5 2352 IR D UTIORTE

g 13

NOT NI HED ESIZ, HAEBETOT VT V5
JEAZZFNLLRICHR S N7 v T R ENZTRIER &
CEOELNTNIEIET 5. RIZENDRT ORI %
BSFICHEENL—imEshs (HArAasnkz7rvay
M L) & AtTOMINME

B2 PEb R WHMZ TV L) SILENCH 2 &

ZRObN5. (3)

Py, « M= f(t)- f(t.)

CHEOWEEAE DR B AL HREDFNE THZOLN5., THUIEEIIWZIE S OERBTH S
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Figure la, 1b Fractional Loss f vs time of a mineral system with sphere (1a) and
cylinder (1b) geometry in the host rock after a dyke intrusion. The diffusion param-
eters used are shown in the figures. The mineral in figure 1a has lower closure tem-
perature than on in figure 1b, being illustrated that the area of total release ( /= 1)
is broader in figure la.
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Figure 2a, 2b Momentary argon isotope concentration released from minerals (2a: sphere,
2b: cylinder) during cooling in the host rock, assuming no memory effect from a previous
time step. Maxima of the momentary increase is the time derivative of figure la and 1b.
The wave-like pattern proceeds with time.
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Figure 3a, 3b Momentary argon isotope concentration released from minerals (2a:
sphere, 2b: cylinder) as a function of the distance from the contact. Wave-like maxima
peaks are formed and propagates as time proceeds. The entrapment of argon occurs
when the high T, system (cylinder) is closing but low T, system (sphere) is still open.
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Process of Excess Argon Acquisition - Interaction between
two minerals

Hironobu HYODO

Research Institute of Frontier Science and Technology, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama, 700-0005, Japan

Acquisition process of excess argon is considered, assuming degassing and trapping of argon is controlled only

by diffusion. Acqisition of excess argon is caused by high argon pressure when a diffuion system of a mineral is

about to close. Argon release behavior after dyke intrusiono is calculated against distance from the contact and time

after intrusion. The diagrams illustrates that different timing of opening and closing of the diffusion systems create

the excess argon. This model is applicable to not only argon system but also any isotope systems.
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Fig. 1 Geological map of Ladakh in NW India. Modified from Epard & Steck (2008).
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Research report of the Tso Morari ultra-high pressure
metamorphic complex in Ladakh, NW India

Takeshi IMAYAMA and Dripta DUTTA"

Research Institute of Frontier Science and Technology, Okayama University of Science,
-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan
* Department of Earth Sciences, Indian Institute of Technology Bombay,
Mumbai, Maharashtra, 400-076, India

Field surveys of the Tso Morari metamorphic complex in Ladakh, NW India were performed to collect ultra-

high-pressure metamorphic rocks and ophiolite igneous rocks. Garnet and omphacite are observed in the eclogite

dyke in the center of the Tso Morari metamorphic complex. On the other hand, the granitic gneisses of the host rock

have a remarkable degree of retrograde metamorphism, and there is little evidence of ultrahigh-pressure metamor-

phism. In particular, metabasites surrounded by metamorphic sedimentary rocks around the complex are almost

amphibolite due to retrograde metamorphism. In the future, the spatial distribution of metamorphic pressure-tem-

perature-time paths of these metamorphic rocks will be investigated to clarify the exhumation mechanism of ultra-

high-pressure metamorphic rocks.

Keywords: ultra-high pressure metamorphism; Tso Morari; Himalaya
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Field crews of the OUS and IP, Mongolian Academy of Sciences Joint Expedition conducted geological and paleon-
tological surveys in the Gobi Desert of Mongolia from August 20th to September 2nd and September Sth to 12th, 2019.
We collected 229 fossil specimens, including 29 plaster jacketed specimens and 63 geological samples this year, which

will be useful to examine the paleobiology of the fossil remains and the stratigraphy in the Gobi Desert.

Abbreviations: OUS, Okayama University of Science; IP, Institute of Paleontology, Mongolian Academy of Sciences
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2. Localities visited
The eastern Gobi expedition was conducted from

August 20th to September 2nd (total 14 days). The fol-

lowing localities were visited and surveyed by the joint

expedition party (Fig. 1). The crew also prospected for

fossils in the adjacent localities.

1) Bayn Tsav Oboo (Ergilin Dzo Formation, Eocene—
Oligocene)

2) Ardyn Oboo (Ergilin Dzo Formation, Eocene—Oli-
gocene)

3) Shavag (Ergilin Dzo Formation, Eocene—Oligo-
cene)

4) Bayn Shire (Bayn Shire Formation, Late Creta-
ceous)

5) Khongil Tsav (Bayn Shire Formation, Late Creta-
ceous)

6) Tsagan Teg (Bayn Shire Formation, Late Creta-
ceous)

7) Burkhant (Bayn Shire Formation, Late Cretaceous)

The western Gobi expedition was conducted from
September 5th to 12th (total 8days). The following lo-

calities visited and surveyed by the joint expedition

party (Fig. 1).

1) Nemegt (Barun Goyot and Nemegt formations,
Late Cretaceous)

2) Altan Ula II (Nemegt Formation, Late Cretaceous)

3) Naran Bulak (Nemegt Formation / Paleogene sedi-
ments, Late Cretaceous / Paleogene).

4) Tsagaan Khushuu (Nemegt Formation, Late Creta-
ceous)

3. Results

We collected 229 fossil specimens, including 29
plaster jacketed specimens and 25 rock samples during
the whole expedition this year. The detailed lists and
the associated GPS coordinates of each recovered spec-
imen and sample are reposited in the [IPG and OUS da-
tabases. The following sections summarise the paleon-
tological and geological results of the eastern and
western Gobi expeditions separately.

3.1. Eastern Gobi Expedition
At the beginning of the expedition, the party set up
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Fig. 1: Map of main localities visited during the Okayama University of Science — Mongolian Institute of Paleontol-

ogy and Geology Joint Expedition in 2019.
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camp at Bayn Tsav Oboo from August 21st to 26th and
conducted paleontological and geological surveys at
this locality as well as Ardyn Oboo and Shavag. These
localities, especially Bayn Tsav Oboo, produces numer-
ous well-preserved fossil specimens of Ergilin Dzo
Formation (e.g. Dashzeveg and Hooker, 1997; Tsub-
amoto et al., 2008; Egi et al., 2009). In total, we col-
lected 125 fossil specimens including 13 specimens in
plaster jackets and 21 rock samples. We discovered nu-
merous isolated mammal bones at these localities, but
also a very dense bonebed layer (Fig. 2A and B). The
fossil specimens collected from the sites includes
amynodontid, hyracodontid, and brontotheriid, anthra-
cotheriid, primitive ruminant crania, mandibles and
postcrania but also several tortoise specimens including
a complete shell of Ergilemys. Despite the limited time
of the stay at these sites, we collected the majority of
taxonomic groups that have been collected from the
sites previously (Tsubamoto, 2010). We also collected
stratigraphic and sedimentological data from the Ergi-
lin Dzo Formation exposed around Bayn Tsav Oboo,
and refined the boundary between the Eocene and the
Oligocene in the succession described in Saneyoshi
(2010). We collected caliches and sandstone samples
throughout the section for geochemical analyses.

We moved our camp to Bayn Shire and conducted
paleontological and geological surveys at this locality
and the adjacent localities (Khongil Tsav, Tsagan Teg
and Burkhant) from August 26th to September 2nd. The
Bayn Shire Formation is exposed around these locali-
ties and we collected a total of 104 specimens including
16 specimens in plaster jackets. Among those speci-
mens, 36 specimens including 11 plaster jackets are
derived from an ankylosaur bonebed that has been pre-
viously excavated by various expedition teams (e.g.
Ishii et al., 2000; Fig. 2C). We collected numerous tur-
tle specimens, fossil eggs (Fig. 2D), associated hadro-
saur and sauropod remains (Fig. 2E), articulated orni-
thomimid pelvis and also found a partial dinosaur
associated skeleton, putatively large hadrosaur. We also
found a relatively abundant microsite that includes sau-
ropod, theropod, hadrosauroid teeth as well as small
vertebrates (Fig. 2F). In Tsagan Teg, we discovered a new
sauropod footprint. We also collected stratigraphic and
sedimentological data from the Bayn Shire Formation
exposed around Bayn Shire and collected sandstone
samples throughout the sections of the middle and up-
per successions of the sites for geochemical analyses.

3.2. Western Gobi Expedition

We located our camp at the Nemegt locality and
conducted geological surveys from September 7th to
10th. The team collected a total of 38 caliche samples
throughout the sections of the upper part of the Barun
Goyot Formation at Nemegt, the lower and the upper
part of the Nemegt Formation at the Nemegt locality
and Altan Ula II, and the Paleogene successions at
Naram Bulak for geochemical analyses.

4. Future perspectives

Paleontological and geological data collected dur-
ing the expeditions this year have the potentials for
various research projects in different disciplines. Many
of the well-preserved Paleogene mammal fossils col-
lected this year are taxonomically identifiable at least at
the family level and suitable for applying cutting-edge
chemical analyses to elucidate the paleobiological sig-
nals. The ankylosaur bonebed from Bayn Shire is the
first record of this kind in the Formation and the further
sedimentological and taphonomical studies of this bone-
bed site with taxonomical and osteohistological analyses
of the materials may provide us with unique informa-
tion on Baynshireenian ankylosaur ontogeny, behav-
iour, and evolution. The microsite found in Bayn Shire
is a quite rare occasion of this type of fossil assemblage
although microsites are quite common in fossiliferous
formations in North America (e.g. Brinkman, 1990;
Peng et al., 2001). The presence of small terrestrial ver-
tebrates from the microsite indicates that the site has
the potential to preserve other small terrestrial verte-
brates, which are underrepresented in the Bayn Shire
Formation. Future findings from the microsite could be
a valuable source to reveal terrestrial vertebrate diver-
sity of the Bayn Shire Formation as a whole. The abun-
dant turtle fossils collected from both of the Ergilin Dzo
and Bayn Shire formations this year will be quite useful
to understand individual morphological variations,
which has not been examined in detail for these fossil
turtle species. The further examination of these materi-
als will help to revise the taxonomic affinities of turtle
species of these ages and elucidate the evolution of this
major terrestrial vertebrate group.

The sandstone samples collected from Bayan Tsav
Oboo will be analyzed using Electron Spin Resonance
and Inductively Coupled Plasma Mass spectrometry.
These analyses will elucidate the sedimentary sources
of sediments in the Ergilin Dzo Formation, which leads
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Fig. 2: Photographs during the fieldwork. A: dense bone layer with mammal fossils at Bayn Tsav Oboo; B: close-up
of mammal specimen in the dense bone layer; C: humerus from the ankylosaur bonebed at Bayn Shire; D: fossil eggs
at Bayn Shire; E: associated sauropod skeleton at Burkhant; vertebrate remains from the microsite at Bayn Shire; F:
microvertebrate fossils at Bayn Shire; G: outcrop of the upper part of the Ergilin Dzo Fromation at Ardyn Oboo; H:
outcrop of the Nemegt Formation at Altan Ula II.
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us to understand the paleoenvironment of the Ergilin
Dzo Formation and the stratigraphic correlations be-
tween different localities that yields this formation. The
caliche samples collected from Bayan Tsav Oboo,
Nemegt, Altan Ula 11, and Naran Bulak will be used for
age determinations by laser ablation-inductively cou-
pled plasma-mass spectrometry calcite U-Pb analyses.
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Average density of hills in and around the Okayama Plain

estimated from gravity data, and its geologic implication

Keiichi NISHIMURA

Research Institute of Frontier Science and Technology, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

Average density of six hills located in and around the Okayama Plain, West Japan, was determined from mea-

sured gravity data using the G-H correlation method. A significant hill-by-hill variation found in the obtained values

of the density was examined by comparing the geologic setting of each hill, and then it was suggested that the

variation of the average densities might be ascribed to the difference in the degree of weathering of granitic rocks

making up the hills.

Keywords: average density of hill; gravity data; G-H correlation method; degree of weathering of the granitic

rocks.
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2013).

v FRARRUR 6 B % METS % 720 OB,
LFEO B & DRI L 72Ca0-By03-HyO5% S5 ) Dtake-
daite, shimazakiite, uralborite, nifontovite, olshansky-
ite, pentahydroborite, A 71V ¥ IR R L 72K A,
fimEAIKE, €Y VRS, AREYY 25 TH 5.
BB, AHNV AR LA LR EAIRE D
WU, B AR S LA T TG S DS A 20
BoNanZ ers, BRNoxtkE AEikL» oIk
HATHILSkm D Kl 38 £ OSBRI 0 BB 57 2>
S L72d D& v, RF 3 A SLILYTAN Otake-
daite5 & U'shimazakiite % # 3 % B HH L D 3k 2 W
7z.

3. RBAHE

R FEOHHE, B Z ER L 7R % 55
Mg 2Ek e, BB ZEZMT 5L —%—7
TL—vary (LA) HEO2EY)OFETIT-7. Hi
B OB M %F K B EAREB X O H A
BRI, HE T LS O AT I L
T\ 5. Takedaite, shimazakiite, f1JK%, HisE K
FHIZDOWTIE, MAEDKFETIT- 7.

BIRECTHMT 2 NI B — 2 5 % 5 b D
WLEFLWTZENS, EPMA (HABETHET 70—
T4 70T F 54 YFIXA-8230), XRD (U 77 #
AR AT %2 HRint2500V) 8 X OXRF (H A 7
74 T AFEESEAS120A) F VAR 2R L 72,
R RIE S 3 lmg, A AV CIRICER L2 E A
WZOWTIEHIOmgxz =D, R (60%) 6mle & b2
778 YEOBHEHICAN, A4 70y 2 —TFE
RS E (AntonPaar®y, Multiwave 3000) % W THY
100C T 1 MM L7z, I8 L 72 %308 % 100ml X 2
75 A AN, BHIK (milli-QK) 2 H12.100mliz L,
N FE AT AR L L7z, ICP-MSI R 1 FERF K
ZFDSPQ 9700 Plasma Quadrupole Mass Analyzer (SITH)
% 7. BEHESURHE, NISTONBS951 (1'B/1°B=4.0436)
.

LAZETIE, BB Z2P-L Y v CHRMMBIIER % /5
L, EPMATHMTAE ORI, 7T % DActlabst: D
LA-ICP-MS CRERE DM & 475 72, FEEEREHT—
WHEHE SR & L ONISTONBS610%, - A% i 38}
L LTB4 (FEEREOMER) BXUuwel (K
TREESRR O ERE) 2 Hviz, — A& 7 FFEAA
oL LT 5N ANISTONBSIS1IE, B AR
FH L IR TH 57200, LAEIC X 5 K
BrCTOMPRRNETHS. ZD7-OHEWIMRIEE N
725 AR TH HNISTONBS610% J 72, ICP-MS
¥ Neptune (Thermo Scientific#) %, L —#—%E L

ZES - R NIE - I

RESOlution M-50-LR (Resonetics#) T#H 5. L —H—
D F1E193nm, Integration timeld0.52FF, ablation time
X240 O S ClE L 7-.

4. #R
Ca0-By03-HyOR 8L, BIUIA AV UEIZBIMR L
P EA O K R 5 BEIZOWT, WE L7
MR A F LD TTable 1WIRT. AA IV VIERICEEFR L
SRR DD B, AIKEDB X OREE AR R, R
BLUOLAETRHEZ T 7275 WETREIEOR
WLALOFER-14.65% %, F7/2#H%E TIEME TOHE
AEROFIMH-11.10% % FNFNR L7z, AIKE &R
B IR A D MBI, B A DA TR
fizRLTw5. F/2, BRIEAOAEEY V=5
E ¥ VPR E I R20% FE AR W Z & Db o 7.
Takedaite 33 & UFshimazakiite |3 A f# B & 'LAZETIT-
72 2%, XRDB X UEPMAM & 1% < & 3 # o 1 Tsi-
birskite, froloviteA 4L TWB I ENHLAFEICL S
SRR B 72, WS8R T d % shimazakiite® 6''B
fii-11.371%, takedaite ?-9.89%0 & 1) #5 HK Wl Z 7R L 7.
Uralborite3 & Uolshanskyiteld 5 EH 77 Bl 238 U < 15 8
B E 2 12T O EZ R LTS, TNHDE
KA 7 WY SN O 6 BAHIZ RIS T d B Mk ok v B
B E 0 b2 VR, —, AIKE &R
FIREDR T FE AR, BiEIX100~400 ppb, #E
13150~600 ppbDHPH DO Z R L, FNZEHOFI4fHE
&, AIKEA188.1 ppbllxf L, #sBEAIKA DT
T <2288 ppb TH o7, TV VPG L AWEE Y Y
SRy EEARIE, FNENM~270ppb (T
182ppb) B X 1¥337~503ppb (*F-3420ppb) D i PH %
RL7-

Table 1. Boron isotope composition of CaO-B503-Hy0 sys-
tem minerals and related rocks from the Fuka mine

Sample 3''B (%0) Range H,0 (wt%)*
< Ca0-B,0;-H,0

series mineral >
Takedaite 989  _10.88 ~-8.90 0.14
Shimazakiite -11.37 -11.74 ~-11.00 1.19
Uralborite -20.01 - 22.42
Nifontovite -19.68 2558 —-13.78 2791
Olshanskyite -28.49 - 35.75
Pentahydroborite -20.66 -30.99 ~ -10.33 41.60
< Rock >
Limestone -14.65 -18.03 ~-10.17
Crystalline limestone -11.10 -13.85 ~ -8.61
Monzodiorite -9.90 -11.37 ~ -8.44
Quartz monzonite -32.98 -33.15 — -32.81

* Water content of CaO-B,05-H,O series mineral.
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5. ER
5-1. 7 R LA

SR L L72EAE LUK 7 RIS e o & 7 F
Rk o' Bl % i 2 72012, ThbzTenT
Fig. LZ/R§. BEEINC I &A A alkl 2, #HEicix
SUBf % 7% L 72, Ca0-By03-HyO% 85 ) 12 Table 11277
TERRESEZIIDLEVEONEL Vb ODIHIZIRL
72, B VNG Z VLB TET 2 BRIMEAOLE
BYVSAFAWIORLZ. B, E Y YRRA
2k ik Wtakedaite 33 & UNshimazakiite & 3 4 fiFE CTldE
BETAHRIEE SNV, JLHBEHICBWTAA L
AERNZE Y VIR OB ACERT 5 2 LAURS
NTWaBZehs, MmEAIREEIRIIRLZ. 20
B2 & FIK A TGS & - TE v VRS OfEICE
DB %, F 72 f) A DtakedaiteB X Ushimazakiiteld,
£V VPRS0 MBI L ZIZFE L ERT I L5
ot RYEESEWOEKREORMIMIME, MBI
1dtakedaite ?-10%0 %> shimazakiite ®-11%0 2* & K 45 12 I
/B L, uralborite® & Unifontovite?-20%o, olshanskyite
D-28%~ &AL L, & 5 IIpentahydroborite®-21%0™~
EEAL L 72, i d EKE D% pentahydroboriteld, S''B
DFIEA-21%Tdh 5 b OO 4 O S'BIEOIE S %
IR <31 ~ -10%2 b 725 TH Y, 4 OEIKIGE)
DOWELEZOLNSD.

—7%, KRIH (2001) 12X 5 & 3EMOFRTEEILICI
ARMEOART LY B IBHET ) RT L, SR
DRV EHEELT D RYBELY O A, o BIEA
FWEW) 2, ERIIIEZOBERIZZ LW,
FEPERNITE B PN T2 L SN TWD. Kl
DCa0-By05-H, 02 DRI b Z D2 1> & D
LTS, T4bh, KGOk 7 REDS,
3WALOB (BOsY) 751F T Stakedaite (Vegas et al.,
1975) %°shimazakiite (Kusachi et al., 2013) 13 6" BAiiA 5 <,
B7S 4 B AL o Y T A 3% % 7 Juralborite (Shashkin et
al., 1970), nifontovite (Yegorov-Tismenko et al., 1973),
olshanskyite (Callkegari et al., 2001), pentahydroborite
(Kazanskaya et al., 1977) 1% 6" BEAME .

EARBED Sk IR O 5B IEFig. 1R
E)WREHPKREV. SNEIRTEDO L) ZEILED
TN AR ASEEI) A IR D BOK D o3 2 2 i E 7 & 0 3E
WTRRDEFTLZLOHNEEZ LN, SKED
SR 7 BRIE SR\ IR — B T b AR I E 1S R R R A
HolbEzoND. T/, —FRICHMARLOREIC
X BEFIMRMIIERE L, ZOKRIEREGKAR T #E
YasEm o " BIO LB, EAKER Y BRYRSEY O 17 HY i
IRAETBIESEY &L ) DI TTEZZLEZRLTV S
EEED 5 5.

4 I R 72Ca0-By05-HyOR LM I B VT, &R

(& BRSO SRR OB oh, 0 6Bl
F¥EE V2 AOMEICED HAEZRLTWS. Lk
6, HALZZEYVIHREISER T2 - K2 a0
BOKEHEBEAIKA L ORIBIZ L > T, FIEEDO
takedaite3 & Ushimazakiite2¥/E L, Z Dk, FARKE
UV ZEICHRT A X D IGROBUKIC X A EEHIIC
X o T, PESWDRAZEKEDZ NHINIZAAL
7o lHEEm L7z,

B Limestone <> Shimazakiite ¥ Olshanskyite
@ Crystalline limestone [] Uralborite b Pentahydroborite
A Monzodiorite A Nifontovite ¢ Quartz monzonite
O Takedaite
0
-5
-10-] ¢ 1 ) °
25| 8 %
m 20 m}
o 251
-30 v
-35- *
-40

Figure 1. Comparison of boron isotope composition of
rocks related to skarn formation, and CaO-B,03-H50 series
minerals at the Fuka mine. The range of analytical values is
indicated by a bar.

5-2. R FEDIER

Ca0-By05-H,OFR S IZ MR CLER S /- 853 &
EHKEIFZLWE ENTWS (Hart and Brown, 1962) &
Lar, GAREOBINIMED o BHOME T A, JREEZE
BIZ L BB OO THE L7z K (2001) 1,
H A% 1 % He i K DIREE & 5Bl & DRI % Wit
L., WMEOMIZIIMHEAMER W 2R LTS, L
2L, [ UBUKTOMREZILE 5B E ORRIZOW
TR INFTICMERALN LW, —F, AREY Y
= H o MBIl IZTable 1R & 5 121 1E-33% T, i
BOKLBHTIZIZFR UMEEZRT. EoT, #WESEYZ
ST B Gk o RS O 6B O F IR DA%
TIZEBDDTIELRL, LLALGEE YV ZAITEK
T 5 MBHOENEK L O E L E 2 b D, X
IR L7z X912, FaEEOZALIC X %k ik
DORMEORELEZ NS,

K (2001) 1, chFT@REShTWiHEL DK
Kb o sBilix F LD TRLTWS. 2tk bk,
A 84 11111 9 Ca0-B,05-H,05% 814 0 5 Bt 00 i PH-28 49
~9.89% %, BEAADSESNI~ 7 <o s'Bll
SB0~0%DfE L FIZER L. FoAKEAEE Fa< A b
F+E% E R EN TV B, B ORIKEE X U
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BAKEZ-15~-10% & W EE R L, ZOHEHIIEAR
HTH 5.

VI LEo#E, AREB L OHBEAKED R #E
HEWEGEDOTVLETENZ E, BXOKEMEMICE
WTRHEAILHRTH A AT FE (B2 E R, 2008)
3, BEVVNREB L OHEE YV B KK
BHCH ARBAKITEM LR T, hoBkFory
BRA & Y BARETORBETBH L, AlKEE DR
JB 2 & © TCa0-By03-HyOR S5 W 28 A2 1% L 72 T g 28
BV EATRENT-.

6. ¥&H

WA 7 BRI LY Dtakedaite 33 & UFshimazakiite D [i]
FEARHLR S BIEATE ¥ VPR A OMHICE L, TOBK
REEVEH TR L 728K D &R 7 B3R FEM A%, EKE
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LT Eebhoiz.

—H, FUEREARIIAIKRGH188.1 ppbllxf L, #
B ARG DT HHE T 2288 ppbTdH % Z & A3
Moz, Mo, A 8510 TldCa0-By03-Hy0% 81
WO HLE LR AT KOREIZ, £ VRRkas X
WHEE V= HRBFEOZKIZL - TR Iz 2 &
UAS SR (AN

e

REFFEC BT, BRI, HEmEKIcE, 5w
DFRIB X O ESLIN BT B OFER L L1120
THEMZCHS2THE T L $72, AWFZEET
LUlHlzoT, THEHEGY T LAAREAT TR
FRAREL S, BHoOEEEL TS, AW TIEM
INER KRR A R v & —ICRiE ST AEPMA
=R L7
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Isotopic composition of boron and its origin in
Ca0O-B,0;3-H,0 minerals at the Fuka mine, Okayama, Japan

Toshiki NISHH*, Shoichi KOBAYASHI*, Yasushi TAKECHI**,
Jun NAOHARA™* and Isao KUSACHI™**

*Faculty of Science, Okayama University of science. 1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan.
" Kurashiki Museum of National History. 2-6-1 Chuo, Kurashiki 710-0046, Japan
***Faculty of Engineering, Okayama University of science. 1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan.

sk

509-6 Shiraishi, Kita-ku, Okayoma 701-0143. Japan

Isotope analysis was conducted using ICP-MS for dissolved sample and LA-ICP-MS to determine the origin of
boron in the CaO-B,0;-H,0 series minerals from the Fuka mine. The mine, known as high temperature skarn pro-
duced between limestone and monzodiorite, is located about 40 km west-northwest of Okayama, Japan. It is sug-
gested that anhydrous takedaite and shimazakiite as a primary mineral of the series are formed by hydrothermal
solution associated with monzodiorite, and the primary minerals were replaced to hydrous borate minerals such as
uralborite, nifontovite, olshanskyite and frolovite by the hydrothermal alteration related to late intrusive quartz
monzonite. The 6''B values of takedaite and shimazakiite of primary minerals from the Fuka mine are -9.89%o and
-11.37%o, respectively. However, the 5'"B values of the hydrous borate minerals decreased from around -10%o to
-28.49%o with increasing water content. Moreover, the "B values of takedaite and shimazakiite are close to those
of monzodiorite, and the value tends to be close to that of quartz monzonite with increasing water content of the
borate minerals.

From the above results, it was considered that boron was added by hydrothermal solution associated with igne-
ous rocks in the formation process of CaO-B,05-H,0 series minerals. Initially, takedaite and shimazakiite as pri-
mary minerals were formed by hydrothermal solution associated with the intrusion of monzodiorite with a high
5''B value. After that it was scemed that the hydrous borate minerals were formed from the primary minerals by
reaction with hydrothermal solution with a low §"'B value related to quartz monzonite.

Keywords: 511B, Ca0-B,05-H,0 series minerals, skarn, Fuka
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Air temperature history recorded to the borehole
temperature in Okayama, Japan

Koichi KITAOKA

Research Institute of Frontier Science and Technology, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama 700-0005, Japan

Temperature logs in a borehole of 105 m in depth, in Okayama, have been carried out once a month for five
years from July 2007 to June 2012. The temperature-depth profiles are reconstructed from the air temperature data
for the last 130 years by the heat conduction model in the homogeneous material. The theoretical profile is analo-
gous to the observed profiles, when the thermal diffusivity of material is 5.0x10” m2/s, the background geothermal
gradient is 0.018 °C/m, and the temperature difference between the ground surface and the air is 0.78 °C. Thus, the
recent warming heat on the ground surface have penetrated the subsurface and have been recorded as temperature
anomaly to the background thermal field governed by the heat flow from the interior of the Earth.

Keywords: borehole temperature, temperature-depth profile, air temperature history, underground heat conduction
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Frontier Symposium on

Geohistory of East Asia and Okayama

Time: 13:30 - 17:00, Feburary, 21, 2020

Venue: 50th anniversary building, Okayama University of Science

Speakers: Tetsumaru Itaya, Yoichiro Otofuji, Sigeyuki Suzuki, Mototaka Saneyoshi,
Takeshi Imayama, Deung-Lyong Cho

The symposium is open for public

Program
13:30-14:00  Deformation features of Asian continent due to collision of India

Yoichiro Otofuji, Director, Institute of Geohistory

14:00-14:30  Deposition of the Paleogene Kibi Group and formation of the Kibi Plateau Surface

Shigeyuki Suzuki, Professor, Graduate School, Okayama University

14:30-15:00 Kibi Plateau: A stable massif in the active Japanese Islands — Introduction-

Tetsumaru Itaya, President, NPO Geochronolgy Network
15:00-15:20 Coffee Break

15:20-15:40  Record of Japan Sea left in Okayama: The fact revealed by fossiles and strata

Mototaka Saneyoshi, Associate Professor,

Department of Biosphere and Geosphere, Okayama Univ. of Science

15:40-16:00  Late Permian to Early Triassic back-arc type volcanism in the southern Mongolia

volcano-plutonic belt of the Central Asian Orogenic Belt: Implication for timing of

the final closure of the Palaeo-Asian Ocean

Takeshi Imayama, Associate Professor, Institute of Frontier Science and Technology,

Okayama Univ. of Science

16:00-16:40  Multiple tectonothermal events in Oki Gneiss and their tectonic implications: insight from

geochemistry and geochronology

Deung-Lyong Cho, Senior Principal Researcher, Korea Institute of Geoscience and

Mineral Resources
16:40-16:45  Closing remarks,

Hironobu Hyodo, Professor, Institute of Frontier Science and Technology,

Okayama Univ. of Science
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[Best Poster Presentation Award] Kairi Muramatsu, Takehiko Sato, Tomoki Nakajima, Toshikazu Nagasawa, Shigeru
Fujimura, Tatsuyuki Nakatani, Development of electrodes for air plasma sterilization, Proceedings of the Interna-
tional Workshop on Environmental Engineering 2019 (IWEE2019), PE304, June 25th (Tue.)-28th (Fri.), 2019,
Bankoku Shinryokan Resort MICE Facility, Okinawa, Japan, (2019).
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[Best ePoster Award] Yasuhiro Fujii, Takashi Goyama, Genya Muraoka, Daiki Ousaka, Tatsuyuki Nakatani, Haruhito A.
Uchida, Susumu Oozawa, Effects of diamond-like-carbon coating for ePTFE artificial vascular graft as arteriove-
nous graft, ESVS (The European Society for Vascular Surgery) 32nd Annual Meeting 2018, P-052, 25-28 Septem-
ber 2018, Valencia, Spain (2018)
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