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Development of Thermal-Structure Characteristic Evaluation

Yasushi KAJITA, Masanobu MURATA, Naoki SAITO and Kouichiro KONDO

Abstract :

It is important to effectively utilize CAE in product design. However, it is difficult to calculate complex analysis of

various fields, and it is not very popular. In this research, we studied on coupled analysis of heat and structure. Simultaneous

measurement of stress, strain, strain rate and temperature was carried out to measure the physical property values required for

coupled analysis. By using these techniques, it is expected that further advanced analysis will be performed.

1.#% 8§

Lk Et O L & mEAS RO BN D L o127k |
BEFHZBWT CAE DR 7= TREINKE L g0 T D Y
AT SR OBERE, TREE - WA - THEVE, B DR
WLRICBI A4 2 IOV T, vYIalb—vay
ZHWTHERNIRET 5 Z 212 & o THFFOF
HFTELDDLTHDH, v Ea—FDORERL. mEb.,
ZLTY 7 hy=TOERIZL T, CAE IHHFREE
TEHLALVTIEATED L HICRoT&, LiL,
MEHPEIC BT 2 IEW B3R +5372 2 &0 D VIEEEIC

BIOBERAEMFOBRERCA v v 2 OB BB EHE L
EOBMIZE>T, UL LEURFAMSRENELNT
WD LIRS, ETo, EAENRYIRELS % FIRHZ R
DRFIIRT 20D &Y GHRANT) . Y 7 bU =
TOMREL LTEH2b00, FERMICTEMNT 512138
GENEL, KRS EETHITEE->TW Y, ZD LD
PRRBUT BN T, YT CIIMEIEREAT . BT 2 12 U D &
B, BRI L2 by Ialb—va v
ZEM L6, AIEKITOREEZE D, £ < OREME
FOZAEEIToTE I,

AHFFETIE. EEROMBBRZ FRFICHR S~V TF 7 4
U AR O®EALE AR BT L i, Zhvh
DY ab—va rEITH B CEERSHEO YL %
BT BHEM OB AT -7,

2. YERIE
2.1 MEHpEE

HEHZ I Lo &4 2 msfi g E&r kv on

TR, &RMEIOMNREEE L CHIEMEIO@EM NS 2 5
NTWD, BHIRIZAIE T 2K B 1 EE D @ T2 9D I
DI D Z ENEL HDHM, BIE TITRE N EE
LR DEEA~OFABIER LTV D, BlziE, ABIED
PRELY 7%, @R OEIRICE S b TS, L
L. KIS EHI &R EHC T, SR FIEN 0 ICHE
SNENTELT, MEMICET 57— 2 b RE LT
B0, vIial—yarid&RMEHEEEA s Ty
2, —BlE LT, BB T L ARIE N OB & iR
MoEE2X 1IR3 d, 20T, YIab—vay
FERE EBRERIIRELS B LTWD, ZHITBEDORW,
MEHIE L SHRFIEDBHSL SN TWD 7 TH D, Ak
(2. WIS R BOX o E M Ak Bk & ARt D bl & [ 2 |2
R, RV AOLE X HEARIRIC RS TV DI
LN b LT, VI ab— g URER L ERERITRX
KBIpoTW5, ZOFKOD 122, MEIE (Z 0t
BT TI-OT B ) ORERE L W2 LR BT B
%, MR EI OB IR A EHE L WEEIX L F 0@ Y Th
D,
WMLV ER Yy XU T EMED
cOTHBRE—THY |
W
COTHEE (BRHE) N—E TR, ENEE
SRR (e R
c XTI OMITITENFEE L B HE AL
T
IO OMEE RIS D120

WE OMOFHCIXFHIITE 22

|2, DIC (5% )Liiifg A



BE) LY —F7 T 7 0 RS T, BIROS] 8RR
BT DRy X ZTEHOIST, OFT A, OFHEE, iR
FE FIREGHAIT 2 FEEEBRRE L 2, B, *yx v/
FODOEREIEWNET D2 MERSH 5729, DIC DOFEERIC
Y= T 7 OREES T THZLITES T,
O HOFHANLE & 7 U@ 05 @ IR 2 1 E L,

30
25
20
= A
w15 P A o
&
10 =
— R
§ ——CAE
0
0 5 10 15 20 25 30 35

EMAMI—2 mm
1 @7 L ARIEERdh O LR & fRAT

/ — B

(P NN
N
~N

w6
& 9

4 --..____‘__

—
2
0
0 5 10 15 20 25 30
ERAFO—Y mm

P12 MRS AY BOX o EAEAER & fiftr

HEOKT 2 31mT, OFTHoMiz 4, RES
&M 51ZRd, OFTHSMOERHED S IR v F

I EOOFHA L OFHEER, Eie, WIS O

No.102 (2017)

BEHIE TR, Ry F U U HOBEEBENRIETE S, &
FNE 23CNHRR4M4CETIREN LR LZ, 2h bl
EFERNOWMEDORPE D ENTET,

X4 OTHHAR

X5 IREESAE
ZORIT, RyFRUTEHOIET, OF B, OFTHHE
EOREEFRRFICHIT 22 e TEDL X)o7,
AS%iE, LT 22 v 32— a v OASfEE
LTHERATED XY 5L Ebic, FillT—#70
DIREROT HE DR L S 2 FIEORRE 2 ED
LHTETHD,

2.2 BWERE
BMZBET DT TR MR E RPN EHERANETH B,
H—MEHISCE 2 AT 2, H2vET7 T v v alk?



No.102 (2017)

FICXDWENRETH D, Ll TEIMEOEE
{ERHEATEY , BB EaiEE Lic7 7 v v 2T

IRIENEE L WEAREZ TV D, 26 O & fig ik
T 27O, EHIEIC X 2 B8 RAEFIEDOHIE 21T
ST Y

HEFEMAM 617, ZOREETIE, E—20hb
WHRZ vy 7 FCER - WROTANIZIRAL D K 5 ITELE L.
AEO LR OIRERE (Thom Teor) & #0EFE I T2 2L
D, BB 2k 5, 2B, B ETRO
BEZAIT, A7 a7 IC AN BE OIRELZHH 7 = v
7 ERBOREE THET L2 LI Lo TRODH &N
T& 5, £o, REOEI ZETIUTBMRE R EZ R D
HIENTED, B, REHIDDDTEIC K - TR
PRETHZEenH DD, KTOLHIZED ZED
TWEEZZELTED LI Lz,

B ik, (BR) 7oy —fEgkXe o0
RAFESPA Z{EH L7z, HERDEGFE Y TR CTRE N
< 1065 JER L (0. 3mm BLTF) | it E M (4MPa)
THH, RPEICITE LTS EHWF Lz, K8IC
it Va2 T, SEIOREIIEANOD040mn OF
PEFHALTBY, WHoH TV XS NhD, &
B, INEVA & HEVAC 2 ot AR L,

TERIELR A0, S
EH GEEAE
Tror

Tcool

SE GRREAD
SERIEE 0, S

M7 FEHUAEIRE

R [K/W]

iEmEEE

X8 Eyit Y (FHuwhs J40mm)

—flE LT, BVRbr CEE L 2B HE — N OBERS
RER IR T, MIERRITE L&+ T3 GF) Wy —
2 GRI4A & GR26A ThH D, TNENEHDEIRD v —
MR L, R oEmEWREAE Cicie s Ko E UM
BTHELE, Wb IWEREZ R L, LT OB
TP OEIT UL T Th o7z, 7k, BYZEREIT GR14A
A3 1. 7TW/ (mK) . GR25A A% 3. 1W/ (mK) & 72> 7=,

1.2

1 Py

0.8 /
y = 352.8486 x + 0.0V

R =0.9992 ® GRuA
0.6 /. ® GR25A
) / //

y =221.47x + 0.0261
R*=0.9993

0.2

o«

—— R (GR14A)
— #& 1 (GR25A)

0

0 0.0605 0.601 0.0615 0.602 0.0625 0.603
d [m]
X9 fEh — b OEECHUH E RS 5

3. B s ER T

B A E R ST O —Fl & LT, SHHATE A
SR DT % T LI 2 m 3, ARSI o & B
AT EMEBIZ B S s, iz =7, MHE v
BT ¢ LIRS, 02 0DEMOTRIZATFIZI W TIE
FICHE L 220, LIE USSR IS D,

TR, BT AMBHIREARY ek L,
BRI % 250°C, WmAEIKIZAIHIREE 50CTiRAT 2 &
RE LTz, T NVORKER T 01T, AlElE, £z

LOEWERDODLZEAHME LTEY, TN



DOIEESMAEFHE LT, BB LZOREL KD DT,
TR L BEROBYRER Y ~ELTDHZ L HLAHETH
D08, T T CIXMAVKOFI - IREE L, SR O E
TifR % [RIRFC R U CREMIZRIREE /3 A & SR b 7o, AU,
DPENRBERZ GRS D2 01%, SRR IR A 23
MBI B 72D Th D,
DIRFEST A OFFHTRER 2B 1 1ITRT, BIEOEL
W50 0 (IO S EIRIZ 72 DR TN D,
FRNT T, FEEOBYRE T Cidie < JABH D225 0
A & 2 BTV E (1 2) . WEKORE B 5
ZRFFICEHRE LTV D 72D EBORRF- 230020 0370,
WIZZNHDOERDBEN i EA 7y F e UTEE
WO EEITo Tz, RHEMREZRK 1 31277, AROF
BT SR OEMR S - &b AKX L 0. 156mn Th
Pz, — NI R 0. I LF A E LW &S,
SRIOFTIHIEERLELE VWD, B, M1 10564
WNORESMHNBRKENZ ENDNY, ZhEEET D
TeDICHHAKEEOEER AR LS D,

K

1]

K

&
AN
D

-
—

4. %
CAE ZHEBARICHAIERA T2 L2 AR LT,
- HE IS RRARAT O FE e 2 BRI T, T D FEE VIR,
OB 2RI O ~VTF 7 27 ZRITIC X
S CTHEAENREICRY HirZ LN TE D, F2, Zh
D OFEEAT 9 72 DI & 7 D A & WE T 5 Fik
DR EAT o 7o, BURESRAIE X, AP0 TR L7zl
EFEREDTHY, EFRALTELLEEXD, £, O
FTHLEEORKFAITIE, fohT—2%2b LI
CAE [CANTEDRITI LT DL Ebic, TNENOE

BEGHET D FEERET L TFETH D,

23 3k

D) Bz, BAGREE - By VR Yy AT RSE, (4D
FVEN HARRER S (2017) 7 &

2) A BT LEMIEET: CAE & A FHI4, pp. 4-12
(2017).

3) HALEHM JIRR 1611 774 8T7 Iy A
DT T v 2B KD BGRECE - B R - BYRE
OWPEHIE] (2010).

4) 4R LEMRERT: A4 Lo - EirEw [782],
p.3 (2017).

il

FRRUZ0OEL 0 (250°C)

No.102 (2017)

3510k (50°C)

K10 &HAEBHENET LV

X1 2 &REEOBRRHLT

13 EfLEDHA



No.102 (2017)

R B A O 1R REMERTAI £ 0 B 58
BEFIR, JEAAR, SRR, W, ST

Development of Reliability Evaluation Technology of Electronic Devices

Yasushi KAJITA, Hisahiro ITANI, Yuki IWNAMA, Makoto MURASE and Masashi TATEMATSU

Abstract : In this study, we evaluated applicability of power cycle test to semiconductor parts. Though heat cycle test takes long

time, it is widely used to evaluate lifespan of semiconductor parts. Power cycle test, which repeats turn ON/OFF the power

frequently, takes shorter time than heat cycle test. And we evaluated not only electrically ruptured or not, but also the

degree of degradation by using the thermal structure functions.
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Result of Co—operative Analysis (Part39)

Yoshiaki OHASHI, Mitsuo SAKAI, Emiko NONOBE and Nobuyui SHIBATA

Abstract : Co—operative analysis of lead—free solder,aluminium-zinc alloy,and titanium alloy has been carried out. Principal

components of alloys were determined by various procedures. As a whole, satisfactory results have been obtained.
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1 7V —FAE (BT LRI HAL (%)
Ag Cu Pb Sb Bi In
A 2.92 1 0.497 1 0.0131 I | 0.0116 I | 0.0066 I | 0.0028 I
B 3.00 I 0.496 1 0.0139 T | 0.0106 T | 0.0069 I | 0.0030 I
C 3.03 1 0.512 1 0.0147 T | 0.0120 T | 0.0059 I | 0.0030 I
D 2.97 i@ 0.513 1 0.0145 T | 0.0116 T | 0.0064 I | 0.0030 I
E 2.98 1 0.491 I 0.0146 I | 0.0112 I | 0.0065 I | 0.0027 I
F 2.97 1 0.495 1 0.0142 T | 0.0119 T | 0.0060 I | 0.0027 I
G 2.97 Ji 0.501 I 0.0149 I | 0.0110 T | 0.0068 I | 0.0031 I
H 2.97 1 0.507 1 0.0127 T | 0.0119 T | 0.0057 I | 0.0028 I
I 3.06 1 0.513 1 0.0139 I | 0.0117 T | 0.0073 I | 0.0028 I
J 3.03 1 0.501 I 0.0134 T | 0.0118 T | 0.0064 I | 0.0028 I
K 3.05 1 0.495 1 0.012 I | 0.012 I | 0.0064 I | 0.0031 I
L 2.99 i 0.491 1 0.0132 T | 0.0119 T | 0.0066 I | 0.0032 I
M 2.98 i 0.495 1 0.0151 I | 0.0122 1 | 0.0069 I | 0.0028 I
S 4 fil 2.994 0.501 0.0139 0.0116 0. 00650 0.00291
TR 72 0.0382 0.0081 0. 0009 0. 00046 0. 00044 0.00016
CV (%) 1.28 1.63 6.73 3.91 6.79 5.50
Fe As Zn Al Cd
A 0.0005 T | 0.0018 I |0.0002 I |<0.0001 T [<0.0001 I
B 0.0006 I - 0.00019 I - -
C 0.0004 I | 0.0015 I |0.00015 I |<0.0001 T [<0.0001 T
D 0.0006 I | 0.0018 I |0.00011 J& | 0.00011 I |[0.00001 J§
E 0.0003 I | 0.0017 I |0.00018 I |0.00013 I |[0.00001 I
F 0.0006 I | 0.0015 I |0.00009 I |0.00005 I [0.00001 I
G 0.0004 J5L | 0.0020 W& | 0.00011 J& | 0.0001 T |[0.00005 Ji
H 0.0007 I | 0.0015 I - 0.00012 T |[0.00000 I
I 0.0005 I | 0.0017 I ]0.0001 I - <0.0001 I
J 0.0004 I | 0.0014 I |0.0002 I |<0.0001 I [<0.0001 I
K 0.0007 I | 0.0018 I |0.00018 I |<0.0001 I [<0.0001 T
L 0.0004 1 - <0.0001 I - -
M 0.0004 I - <0.0001 T |<0.0001 I -
S 1) fil 0. 00050 0.00167 0.00015 0.00010 0. 00002
18 e 35 0.00013 0.00018 0. 00004 0.000031 0. 000019
CV (%) 25. 60 11.24 25. 60 30.53 121.8
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2 TAI=-vrsEEe (AARESE BRI HAL (%)
Si Fe Cu 7Zn Cr Mn Mg Ti Ni
A 0.814 I [0.292 T |0.801 I [5.06 I ]0.287 I [0.103 I |0.0005 I [0.190 I [0.194 I
B 0.822 I [0.290 T |0.802 I |[5.04 I 10.296 I [0.103 I |0.0006 I [0.195 I [0.207 I
C 0.816 M [0.289 I |0.812 1 | 5.06 I ]0.296 1 |0.106 I [0.0007 I |0.198 I |0.203 I
D 0.814 M [0.289 B |0.797 1 | 5.07 I ]0.291 I |0.104 I [0.0005 I |0.196 % |0.203 I
E 0.815 M [0.290 I |[0.797 1 | 5.06 I ]0.288 1 |0.100 I [0.0006 I |0.189 I |0.207 I
F 0.812 T [0.287 T |10.791 I [ 5.05 T 10.298 I [0.101 I |0.0009 I [0.189 I [0.197 I
G 0.817 ¥ [0.294 ¥ | 0.810 1 - 0.294 1 [0.101 #% |0.0009 J&|0.191 Wz | 0.205 J&
H 0.805 I [0.291 T |0.790 I [ 5.03 I ]0.293 I [0.100 I |<0.001 I [0.192 I [0.198 I
1 0.813 ¥ [0.293 % | 0.797 & | 5.05 3§ | 0.306 ¥ |0.102 % - 0.195 ¥ [ 0.209 %
J 0.820 I 10.284 I |0.791 I [ 5.04 I [0.298 I |0.102 I ]0.0006 1]0.193 I [0.201 I
K 0.814 W [0.287 I [0.809 I | 5.03 I ]0.295 I |0.101 I [0.0005 I |0.192 I |0.207 I
L - 0.311 I ]0.801 I | 5.04 I [0.287 1 - - 0.191 T [0.198 1
M 0.812 T [0.291 T 10.812 I [5.04 T 10.288 I [0.100 I [0.0006 1 ]0.199 I [0.206 1
S iE 0. 8145 0.2913 0. 8007 5.047 0.2936 0.1019 0. 0006 0. 1930 0.2027
FE AR 72 0.043 0. 0065 0. 0080 0.0144 0. 0055 0.00184 | 0.00013 | 0.00325 | 0.00467
CV (%) 0.53 2.24 1. 00 0.29 1. 87 1. 80 21.4 1.68 2.31
I . I CPHE W Mok W MaEE o RTRoek
#3 FrUEE AN ET T ENIEITREL) HAL (%)
Ti Al V Fe Ca Mg Mn Ni Si 7Zn
A 94.5 12.98 1]2.45 1(0.200 TI{0.0001 I ]0.0001 I [0.0007 I ]0.014 T11]0.026 I]0.0003 I
B 94.8 1(3.04 1]2.48 1(0.202 1{0.0004 I ]0.0002 I [0.0009 I ]0.014 11]0.026 1I]0.0004 I
C 94.2 1(3.00 I]2.50 1{0.196 1 {0.0002 I ]|0.0001 I [0.0008 I ]0.014 T1]0.021 TI]0.0003 I
D 94.7 1(3.01 1]2.52 #%|0.211 W&[0.0001 J&|[0.0001 J&|0.0009 1 |0.014 1 |0.024 WZ[0.0001 J&
E 94.7 112.91 1]2.48 10.215 1{0.0007 I ]0.0003 I [0.0008 I ]0.014 T11]0.019 I]0.0004 I
F 93.6 I1(3.01 I]2.51 1{0.208 T1{0.0001 I |0.0003 I [{0.0009 I ]0.013 11]0.022 TI]0.0003 I
G 96.3 112.94 11]2.45 11]0.200 1 - - - - - -
H - 2.99 112.49 1]0.213 1 - 0.0002 1 10.0008 110.015 1 - 0.0002 1
1 94.1 11(3.05 1]2.49 1]0.206 I [0.0002 J5[0.0002 J5|0.0009 1 |0.014 I |0.022 HEE[0.0003 J5
J' — — — — — — — — — —
K 93.0 112.97 112.41 11]0.192 11]0.0005 I ]0.0002 I [0.0007 I [0.011 I - 0.0002 1
L 94.5 112.99 1]2.54 1]0.207 1 - 0.0002 1[0.0007 I [0.014 1 (0.023 I]0.0003 Ji
SEYgfE [ 94. 43 12.990 |2.484 0. 205 0.00028 | 0.00019 ]0.00081 [0.0136 |0.0229 |0.00029
I Y {R% 74 0. 8645 0. 0403 [0. 0368 | 0.0072 | 0.00022 ]0.000076 [0.000082 [0.00100 | 0.0024 ]0.000093
CV(%) 10.9155 [1.348 | 1.480 3.536 78.97 38.02 10. 13 7.33 10. 49 32.49
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Development of Highly Functional Films and their Application

Masaaki KATO, Takeshi MIYAKE, Hiroki MATSUMOTO, Yoshiaki OHASHI, Mitsuya HASHII,
Takeshi MOHRI, Kazuaki OKATO, Norio MATSUI, Takashi YAMADA, Koji TAKAHASHI and

Makoto YAGIHASHI

Abstract : The alternative coatings for chromate were formed on zinc plated steel by the electrolyte solution containing aluminium

nitrate, sodium nitrate, and gluconic acid. The coatings deposited by cathode electrolysis showed the glossy surface and

their first appearance time of white corrosion products on the surface of coating were up to 56 hours in the salt spray test.

X-ray photoelectron spectroscopy indicated that complex oxide coatings of aluminum and zinc had been formed by reduction of

the nitrate ion.
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Development of Novel Functional Additives for Estimation of Polymer Blend
Hideki HAYASHI

Abstract :As development of novel functional additives for estimation of polymer blend, the methods using Raman spectra and
fluorescent spectra were developed. For the method using Raman spectrometer, investigations of distribution of the
carbon-carbon triple bond in the moldings were carried out. The moldings were prepared by reactive processing of
poly(e-caprolactone) (PCL), bis(4-hydroxymethylphenyl)acetylene (SU) and multifunctional isocyanates (MFI). The signal
derived from SU was found to change by the addition method of MFI. Comparison of the peak areas derived from SU and PCL
suggested that dispersibility of SU depends on added MFI and the preparation method of the moldings. For the method using
fluorescent spectrometer, the effects of addition of desipramine-containing fluorescence polymer (PAzep-Fl) in two kinds of
resins (poly(lactic acid) and PCL)/ lysine triisocyanate (LTI) blend were investigated. The addition of LTI to resins/PAzep-Fl
blend composites afforded shorter wavelength shift of fluorescence imax due to the release of aggregation of PAzep-FI by LTI

This fluorescent behavior suggested that compatibility of two kinds of resins could be estimated by this simple method.
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Sample Save/102  Ssp/102  Ssp/ Save  Sma/102 Smin/102  Smaw/Smin
PCL-SU-MDI-1-a 257 0.65 0.251 52 1.484 35
PCL-SU-MDI-1-b 2.94 0.73 0.249 6.3 1.719 37
PCL-SU-MDI-2-a 0.48 025 0.517 2.0 0.116 17.1
PCL-SU-MDI-2-b 0.45 0.22 0.493 1.4 0.086 16.2
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PCL-SU-LTI-1-a 224 0.82 0.166 75 1.909 3.0
PCL-SU-LTI-1-b 3.65 0.82 0.223 75 1.909 39
PCL-SU-LTI-2-a 0.61 0.56 0916 37 0.020 186.1
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PCL-SU-b 6.68 19.44 2912 226.7 1.596 142.0
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Anti—dirt Coating on Concrete Block using Titanium Oxide Photocatalytic Powder

Satomi ONO, Nobuyuki KISHIKAWA, Satoru KAWASE, Tomoko HAYASHI and Narihiro ASANO

Abstract : Titanium oxide photocatalytic powder was prepared from titanium tetraisopropoxide, ethanol and water. The
photocatalytic activity was evaluated by the methylene blue decomposition test. The anti—dirt ability was also estimated by
stained degree by methylene blue in the coated film after the test. We examined photocatalytic activity of titanium oxide
powders prepared in various volume ratios of water to ethanol. In the result, we found out that the volume ratio of water to
ethanol in hydrolysis was an important factor in preparing high activity powder. The optimum volume ratio of water to ethanol
was 1.4. The prepared titanium oxide powder has about 80% photocatalytic activity of Aeroxide® P25. Concrete block was
coated by titanium oxide powder mixed with methyltriethoxysilane binder including cement. Addition of cement into binder
was useful for giving anti—dirt ability to film surface. The coated concrete block had good anti-dirt properties and

photocatalytic activity, in the film composition 30 mass% titanium oxide, 30 mass% cement and 40 mass% binder.
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Results of Co—operative Analysis of Dolomite

Emiko NONOBE, Yoshiaki OHASHI, Nobuyuki SHIBATA and Satomi ONO

Abstract : Co—operative analysis of dolomite has been carried out. The analyzed components were CaO, MgO, SiO,, Al,O3, Fe,Os,

MnO, P,0s5, K,0, TiO,, Na,O, S and LOI. There was good correspondence among the analytical results obtained by various

procedures in all components. Some problems in the analytical methods have been discussed.

1. 4%
FHE MBI LR DO T I v 7 AMA T,
2014 4212 A5 2016 £ 7 A ET6[IICHIZY, Fu<

A b OILFEGHEIT > T2,

Fa~<A M, SKAEITAERA LRI TEY .
{b53 % Ca - Mg (C0y) » TH D, KA (CaC0s) &~ 7 F 4
A b (EEE 1A MgCOs) DR DPLA T, AKAIZEEN
HANTYTLO—FRN~ TR T MIEE DB O
Th oD, Fio, Wk - JHCHER AR AICER ST
Wa,

HEISNHHEGOMBEE OO, T4 TR
RSN DB MEEE b T\ D, ZD720,
Fa~A MZOWTH, BHILEOOITBLEL ST
W5, 22T, AT Fa~A MRS L LT
B EFBsZblicLz,

L AT BIMBERIIX. () KR U Y —F, (KR /
VErdionR=—1I7 N, AXREEEGFD 71—
gz —. B RIESTEYZ—, BEERTZ /1
V=R () =7 I — I RIRE T X v 7 ARFSERT,
JFE 77 2 V¥ —F (¥F) . ZHEIR TSR, B0 AA
BRETEA, YKKHE) B8 L 0% BT LEMERTO 12
BThd, ERPHSIERED S B, 7 HENLT —%
DN o o7z, Tpdsd R i LEMF SR ILIE [F 54T 5
Wi 3 4 DS BIEIC HT RS R A Wi LizTow, T — & 4
HEL9 TH D, LUF, BRAAIEEOT V7 7 Xy |k
TR

il

s A 3L & THORE O B0 LR S 4t e (55 40 #0) |
T 5,

2. BETHHE. BEXRBIVRENE
Fu<A SO iikiE, JIS M 8851 T R~ b
DM HE] VB IO JIS R 2212-4 Ttk il ok
SN TE—E A~ 72T RO Ra <A Nk
NIHESN TS, F7o, BEHTLHMKE LT, JISR

9011 MAKDORERIFIE] P35,

JISM 8851 1. 1983 4RI IE ST 72 It ki,
HEEPWOOLE S, RAIOGE, MEENED BT
W%, JIS R9011 1&. 2006 4FIZELIE S, ELiREgHE L
Koo, BT I=v b BRE 8, Bt~
XU L HEEEY OSHTICEAHATEN R &
NTW5, JIS R2214-4 (2%, Bk A &, LTV
=v L, Bbgk, BleFx o, Bibvo e Bl
DAV NN -4 ol VRN 3 RV NN -3 478 = SV N
o a=on, @) . BEARTEROSHTIC ICP
FDHDHENRA STV D, Rk,
PREER ST DN L TR Y . ZmHB RN E RS FHET
BbDT0, KERHCKOHEK THEANEAL TV D,

LED XS, 1P FNIIITEDFIHNEA TE
V. AEOEESGHTHLE L OB CEICHEHR =L
TWDN, FHROZVERMLI NV T A Bt~ T 1y
UL, b A BT, AEBEATHEESCERE T
WraitoTnd, MEEIL, AHEEBTIIITo TR
SINTREBE b B o To o S VA BB I LR
DIRFHE O TS 1TV RR S SRS &2 DT,
Rt v o A0 L~ 7 % > 7 A EDTA i 8L CfT
7o, FEREOFECK RO BDEE LU EA 4
VDR AT THENEE LR D, RS OHEIEIZOWN
T, EAMICHRFZIT o7,



30

3. XA HHERBLUHBAR

JLESHIE B IE, JIS M8851 ([ZHLE SN TV Ak
N L (Ca0), Bt~ 71w A (Mg0) ., Fafkr A 3R
(Si02) . BRLT L X = A (AL05) . FRAbgk (Feq05) . AL
U > (Py0s) AR 3 (S) L A A (LOT) 8 L UV JIS R2212-4
CHLE SN TV D HTEE O 9 HHEOE X BOIEIC X 5
T E T Sz~ > H 2 (Mn0) (B LA U o A
(K:0) . BefbTF & 2 (Ti0,) . BEfbT KU U L (Nay0) & 540
W 12THE & L, 55 1 [ H OMFE O HE H % Cal,
Mg0,S10;,LOL, 2% 2 5] H BTl 23 BT H % AL,05, Fey0s,
P05, S, 3 [ H OB OHTEHE & Mn0, K0, TiO,,
Nay0 & LT, HHOSHTEE &HilEE TOMGE TDy
BrE B OB &2 T L DTz,
HESHRERER 1-1 (BT D~F{b~
V) BEOFE 12 (W) v ~mERE) 1[TRT,
BiEAILTIL

T AT 8 T, IMTHIEIEIEEIEDS T 4T ICP Rk
ERN L TH D, T XTOT — & OREHAIRTIE T ET,
b A TR ORI ARG EA] (REET RY D
LR UER) TR, MR (1+1) S CHEM L. b
A FRWRHCRIFE L TB WA E A TERT D
ETHD, TEHETTXTEAFEETH D, hETE
D~ AF o 7HNIE, MMo@BA Ao B, R =
Z)=NT IEMERL. oA A I it
b b T aZHEALTND Y DAL, ZMoa A
AR T AL I Y U A EERT LA L H o T,
T AN T LFEEWETHY . JIS bWESNT
WHED, T AL ) T A BT DR I 2R )
ST, ik MY U AEBHAT S & BibAKEND RS
AT 570, BENORKUTEERLETH S, Bk~
A% 0. 1%L EE TG, JISM 8851 Ofifi & IZ Rl &
NTWD EHic b~ o B oombgk (I11) 2 BFEK &
T U= T AKTKERLS & LTI EET D 2 L S
Thb, SEIOREI O~ T DA REITK 0.07%
TH D72 0. 1%L EITITFEY Ui nas, ThE Sy oo st

AT S T2 HTHEB & & > 72, EDTA O EDFERHE L LT,

JIS M8851 #5 L Tr JIS R2212-4 TiEANEA %, JIS
RIO11 TIX NN FEARIEDHE SN TV D, S EIOILFESHT
TH ELLMNDOFTRIENEH SN, EH608HERET
HBEROHBNCEBENLETH D, hvtA o OREI,
FEMETIT ) ZELPNWNHEREDL AT F 7 AT~

No.102 (2017)

TUTONEBBTEREPAEN TH DL, MFE T,
REB TV B CHEE O RO DR %235 & B2

BN o7, EDTA HE Z AT 2 12T X TOHHTHR T
1%, JIS M8851 X JIS ROOIT IZHLE 4L TV DR EE 0. 02mol
EDTA ZEHEVA 2 Lz, Z O¥REED EDTA fEHEVAIL &
AT 5L, Ealby F—HOREED 0.05mL & LT, —
7= 0 BB OB LT T AR 0. 14%2HHY% 95, O
FO., WO TNDE 0. 1ANDREENEL D120, KA
I TIXHEEIFEEETT O LER D D,

T FIIWERINE H o T DR, Atk EEIZON
T, Az 5 L Bbnd,

Bl R L

T HIL 8 T, W H IR EED T T ICP
ER L CH D, SRS GIEIL, Bk T b
ERILTHD, WEEFBREIL T LER LT RT
EDTA i iE1E T 5, FEMEHL 2 N2 T, pH10 £ TRk A
N LEBE~Y IR AOBRREERE L, IR
TBE I T T B EFELFINT WS, BILA LY T BD
THER L OpHIOFHE TOEEDIHE LN EN T LIS T
D&, K 0.2000F8 N E LD IR DID, IE
ENLETH D,

T HITHERZE B> TWD P, BEA LY 7 ADRE
EZLE0IED, C(VERDLKREL2-2THD,

BiLsr (4%

T —ZHUE 8 T NI T T JIS M85 IZHE U7
R ERDUK HENE Tdh 2 IR R EK BRI TR
IR OVR R0 ThD L ARRORILIFIZIERAR
BT 2BENDRH DD T ARICWHEITILEND D,

T—RIIEAH-TEY, FRCRHBEIX RN -T2,
BIEF7ILIS=IL

T— XX 8 T, AT HIEIE ICP FIEN 6 4T, K
TRICIEDN 2 CTh D, RENARREE T IEIX, B
YULLRILTH D, ICP HIIETIE, HEAERINE CHI
ELTL ZAND Tz, JRFRIEDKRERDO~ Y ¥
7 APRIE, JIS M8851 IZFiHk ST\ D HIET, kI
N TN BRI RVU LB IONRERIA LD TR
LEebDEEH L, BT V=0 A%, Bbr A5
GINTIRE D RIEMRTR & ORERLAL Y & LT 3~6% 3 £4L TV
Dicwd, T A FOWRO ARO I TEST DT
X722 < Sk A RO OB A R L, A
KRB DLETREHAK CTRIET 20 EN D H, SEOIL



No.102 (2017)

31

11 SEFHTHE R
BA%
Ca0 g0 Si0, A1,0, Fey0, MnO
A 33.60 i 17.42 ¥ 2.65 0.226 J5 0.199 % 0.0738 1
B _ _ _ _ _ _
C 33.38 1 17.09 1 2.58 H 0.234 1 0.186 I 0.068 I
D 33.56 i 17.18 ¥ 2.52 H 0.220 I 0.208 I 0.0695 I
E 33.20 i 17.29 ¥ 2.55 0.271 1 0.190 I 0.068 I
F 33.07 i 17.60 2.63 H 0.247 J5 0.188 1 0.0664 I
G 33.68 i 17.28 2.62 H 0.230 I 0.196 I 0.0791 I
H 32.95 i 17.61 2.62 H 0.246 1 0.203 I 0.0672 1
I 33.55 i 17.48 2.55 0.242 1 0.194 1 0.0770 1
D54 33.37 17.37 2.59 0. 240 0.196 0.0711
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T 0. 0685 0. 0497 0.0166 0.0130 0. 002 45.09
TRAE(R 72 0. 004 0. 006 0. 003 0. 003 0.001 0.162
CV% 6.3 11.3 16.0 20. 9 34.6 0.4
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Development of Intelligent Dynamic Contact Angle Measuring System
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