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Modelling of the Enthalpy Relaxation in Conventional Plastics
with the Parallel Computing Program

Noriki SAKAMOTO" and Yutaka TANAKA®

(Received July 8, 2015)

As a background of this study, there is an analysis of the enthalpy relaxation in the high polymer
thermal history. We made a calculation program to predict enthalpy relaxation. The prediction of
the enthalpy relaxation is important from a point choosing materials in the manufacturing.
However, the model needed long-time for calculation to predict enthalpy relaxation. Therefore we
tried that we incorporated parallel computing in a program to shorten calculation time.

Key Words : Enthalpy Relaxation, TNM framework, Model calculation, OpenMP
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a) kDT T T DAL A= THY, HID
RED L HIZ, InAl 23& Y InA2 ~HETeHiEIL.
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7'a 7T LAOWHNEE &1, do V—T & A ALEE

(FIEFHEIT) T D 2 & THRE Z2BFRIERE N Z D 5 &
FIVATATHDL., Frll, 2OVAT LK
s047.90(S, Model ¥ —F )L—F L HYD T 11 75 KT

TSN U%%ui&t Fig.l 124 A —YX%&R LT,
PUR LT & 91T, mbIMUICAFAET D InA DL—
T WA 5 Z & AR AT Ml WHILEE A
520125 E E(Nag @ OpenMP A% ¢, & (28]
i 2 G AT

2. fENTE FEBR

2.1 WFIEXFE 1 (sections FERAESCDIEHT)

Nag @ OpenMP APq] @ 6 & sections $& /134 3L
R, RERICENTREEHNE L, HEE
ELTIRREN TS 22— K% kadaiSections.90 &
L7-.Fig. 2 &,

DY —A3— FiE, NEOELE(a(N) & bN))Z /]
SWBEIZW_RFEZ D707 T L ThHD. sort(a) Tl

a (N)Z 28 2, sort(b) TIiX bN)Z M ~ZE 2 T D.
2 OO sort [FWEHNIEITL TS, DF D, BHIT
aN) D ~RFR Z DZIZOMN)DW IR Z %217 H &2 A,
sections 5/ R AR 2 HTRIFFICFETT 5 2
LR LDTHD.

Fig2 l[ZBIT D 8~I15{TAHDa— R HKHEEL L -
TWa. £7, 84T7H & 1597 H @ parallel $5/~:43C T
WA 2 CE DM EED. WRIZ, 91TH & 1417
H C sections ¥& /5 X OE & 1ED . parallel fEILD
HT L2 sections FERHESCIMEH TE WO TH
5. LT 91MTHE 101TER 114TH & 124THT
sections FE/~ SCIC - CAFULEITH . 1$E /2o T
WD, EEIFEH I N TICEITIND. AT
sort(a) & sort(b)% call 572D 2 A ThH 5. FE
H & 72 sort(a) & sort(b) X Z L FH 19 {TH D
subroutine sort(x)IZ %% LTV 5. subroutine sort(a) &
subroutine sort(b) W FNZHEITT H L) Z & TH
% . subroutine sort(a) ClL x(:)=a(:), subroutine sort(b) T
1L x()=b(:) & 72> T4, F72, subroutine 2MAE 5

1 program sections

2 implicit none

3 integer,parameter :: N=10000 E%E S 3~51TH

4 real, allocatable :: a(:), b(:)

5 allocate(a(N), b(N))

6 call random_number(a) 10 L E 1 RO ELE A a(1)~aN)IZFRE

7 call random_number(b) ! b(1)~bN 7% E

8  !$omp parallel Iparallel FE7-5453C. M FIGEIR 0O B 4.

9  !$omp sections Isections FE/THA# 3.

10 !Somp section DA Ly RTHET

11 call sort(a) YT N—F OO L 191TH

12 !Somp section DA Ly RTET

13 call sort(b) T —F U OEFOH L 191TH

14 !$omp end sections !sections fEHESL DK D

15 !Somp end parallel  NFFIFEIKOKE T .

16 print'("first 4 number in a : ",4f10.7)", a(1:4) T N—F U HETHD a(l)~a@) &7V K.
17 print '("first 4 number in b : ",4£10.7)", b(1:4) TN —F AL THD b(1)~b(4d) &7V > b,
18 contains

19 subroutine sort(x) T —F U ORIA. x & a0 b ITE X X TR,
20 real x(:), tmp VEHE S 20~211TH

21 integer i, j

22 doi=1,N-1 122 £ 30 CTi®ddo/t—7.

23 doj=i+,N 123220 CjDdo/t—T.iLjd2EL—T

24 if (x() > x())then  124~27 T, x()~x(N-1)E TT, /A& HD2 5 x(1), x2) £ T 5.
25 tmp = x(i) N~ % AL B

26 x(i) = x(j)

27 x(j) = tmp

28 end if

29 end do

30 end do

31 end subroutine sort ! 7 /L—F DT,

32 end program sections |71 7T ADFET .

Fig. 2 kadaiSections.fo0 ¢~/ — A 21— R Sections 5/ ~: 48 L2 FI ] L7-WHALEE 7 1 75 A,



HIIZIXZ 9, contains % 1 \F 72 1F Ui 72 & 722 0.
subroutine [£ 19 {ITEMNH3I{TE THY, TOHFTX
DHED53 02D . subroutine $& THIX 141THIZED , 15
16, 17, 324TH AT L, 707 T NI TT 5. B
|23 kaidaiSections.f00 DN LN TH 5.

S DB L LTI, kadaiSections.f90 % JLf& & L
T, $047.090 THWTU S ¢, calculation °Z T do /L
— KD RT A= EOREN A BML TWE, I
FWEL T v 7T AEFER S Y HF L HET.

2.2 W F Bk II (kadai sections O Jix )
kadaiSections.f00 ZHEAR 72 22— R & V5 FER
Wk iR+ 2 F 2B E L., AP TIX
kadaiSections.f00 %70 L3Ok E L TWL D Y —
A 2— R % Sections #5190 DL TRILT 5.
F—OiFE & L C Sections01./90 T, 7/ —F
YOHFTinput 7 7 A VERE, BHEHHAASR, T
7 ANERALL2E AL input 7 7 A VDI, k
LWV BERDMEE R HIALT NS, ZDT 0T T h
I, sort(a) & sort(b)® 2 WH|THY, 1 DD input 7 7
ANZE2ODALy RTHAETLHZ LITR-oTND.
RIZ Sections02.f990 & LT, 7/ —F kIS E
LDEMOEEEIT o7 AER LTz Y — A 3 — RO
HZ Fig. 3 TR$. 7 —F o NOEY 1T EHK

1 program sections

2 implicit none

3 integer,parameter :: N=10000
4 real(8), save::a, b
5 a=l10

6 b=100

7 '$omp parallel

8  !Somp sections

9  !$omp section

10 call sort(a)

11 !$omp section

12 call sort(b)

13 !$omp end sections
14 !Somp end parallel
15 contains

16 subroutine sort(x)
17 real(8) x
18 integer k

19  open(10, file="input.txt')
20 read(10,*) k

21 close(10)

22 print ¥, k*x

23 end subroutine sort
24 end program sections

Fig.3 Sections02.f90 @ Y —Z =2— R
WHLEE 24T 5 BRIZ, input 7 7 A /b
DFFADFRETH L FEN o7z,

X(NWZHHE LTV D a) & bIZDNWT, ZThENE

BxlalbllEHLEZGITHE 174TH). Zhix
FO AT EFCRHEEED XD, Wﬁfﬁméﬁt

FRHETHDEEX TN THD. FEEEITY —X
a— RFTIE, a & biTEHE LTHWTNS(5~61T
H).

SHBOEBBELT, YT A—F UNIT g
calculation & AL A do L— 128V, w/LF X
TA=BDON—THHATHE, S OICHKEHEOR
HEITH) ERFTOND.

2.3 W FIBRE(c, calculation DFFEA)
kadaiSections.f90 (25} L T s047.f990 THW T % ¢,
calculation @ Y — A 21— RZ{R A ZIEML TWE, cp

BEIRCEDL LT 2FEEZHME L, Z OB

T, WHEHE D EF L TH 5T, sort(a)& sort(b)
D 2 WENTIT> TN D.

F 97, Sections03.f90 & L TH T —F L DHIZ
s047.090 DIREESRN/NT A—=Z DANT LN E G %
BANL7-. Fig. 4 ITNEZRT. HT LA TZEHD
HESEXYV 7 V—F o NTITo7. £z, Input 7 7 A
JV DA i % Input_capa cal.d IZZEE5E T L7-. Input 7
7 AWVINDIRERME/NT A —Z it il I, Tk
H LI YI~YT ETCOMARNFET 2HEEZLTWVD.
FEANZ Fig. 4 19,

open(9, file ="Input_capa_cal.d')

read(9,*) TO, Ta, Tb, Tc, Tg, Q1, Q2, Q3, beta, B
close(9)
T0=T0+273.15 ; Ta=Ta+273.15 ; Tb=Tb+273.15 ;
Te=Tc+273.15 ; Tg=Tg+273.15
al=-0.000806 ; b1=0.461772
a01=0.00774 ; b01=-1.08833 ; S1=4d0 ; k=0d0
dT=0.5
Tdet=313.15d0 140°C & A7)
Y1=(T0-(Tg+10))/dT ; Y2=Y 1+((Tg+10)-Ta)/dT ;
Y3=Y2+S1; Y4=Y3+(Ta-Tb)/dT
Y5=Y4 + ((Tg-Tb)/dT) - 5/dT ;
Ydet=Y4 + (Tdet - tb)/dt ; Y7=Y4+(Tc-Tb)/dT

dat=-dT
Fig. 4 MBS NT A — &@Aﬁ
¢, calculation Z 1T 9 AT Jé\% LB
T A— &@1%*@Th FTHD.

IZ, Sections04.f90 & L T s047.f990 THE L 2%
RT A =4 Ind, T,, Gy B L7, Ind=x, T»=25,
G=0.08 £ L CEHEASN L., ZZ2Tnd 2 x D%
W5 Z En, WHEZIT S IZH T > TREIRAR
A ED. x%Ind &ELTIEAT S L, Ind=a 7=
Ind=b & W5 Z LD, KAMZETIZZ O



Sections04.f90 M ET, Jaout(Z' 27 7 A@?@ﬁ)’i’ﬁ
D BRIZFATHIR D1 & R WRE S & D S REDNJE
L7z. LL, ﬁ.@ﬁﬂﬂ@éf)iﬁb)ott&)fﬁ%
RTCIERRIZL T, iz iz L.
Sections05.f90 Tid, s047.0990 @ End of The Second
DES i“(%)ﬁj}ﬂbt Fig5 12BN L7z 22— RDGE
AT T, FE o IR L CRELY S
zé%%ﬁofwé.niﬁﬁuﬁﬁﬁéﬁﬁf%
O, n 3 1 DX DMITIREN 0.5K T oZ(bT 5.
n=0 O & X {AE T=433.15K(160°C) TH 5. YI~YT
BETHY, n (b THEHAT D Z ENARETH
5. ¥£72, ZTDOFETIL ¢, caleulation D 1 IEIAT
TOa—ROEMBIToTWD. 1 BHAT v
LIE, YI~Y2 O TH Y, 7 =—)LallE TOlfE
EEWRT L. ZOAT vy TICBT D, BTy b e
B =S ROt DEAFHE L TWD. RET, &

Do i=1,Y7
T N(@i)=T0+i*dat ; G(1)=0
if (Y1 <1i) then
G(i) =(Tg + 10 - T_N(i))*G0/15 ; end if
if ((Y1+15/dT) <1i) then
G(i) = GO ; end if
if (Y2 <1i) then
dat=0 ; T N(i)=Ta ; end if
if (Y3 <1i) then
dat=-dT; T _N(i)=TO0+(i-S1)*dat ; end if
if (Y4 <1i) then
dat=dT ; T N(i)=Tb+(i-Y4)*dat ; end if
if ((Y4+((Tg-5) - Tb)/dT) <1i) then
G(i)=(Tg+ 10 - T_N(i))*G0/15 ; end if
if ((Y4+((Tg+10)-Tb)/dT) <1i) then
G(1)=0 ; endif
JG) =al*(T_N() - T2) + bl*log(T_N(@)/T2) —
G(i)*log(T_N(i)/(Tg+10))
L(i) = al*dat + (bl - G(i))*log(T_N(i)/(T_N(i) - dat))
enddo
p_MM=0; p ML=0; dat=-dT
Do i=Y1, Y2
Sc(i) =1(i) - p MM
tau(i) = exp(InA + B/(T_N(i) * Sc(i)))
dttau(i+1) = dat/(Q1*tau(i))
D=0;p MM=0;p ML=0
Dom=1,1i
D =D + dttau(i-m+2)
p_ML = L(i-m+2)*( exp(-1*D**(beta)) )
p MM =p MM+p ML
EndDo
EndDo
! End of The Second.

BETORELE 1 GBHAT vy TDa—R
HBETZnltWVWHIFEFICL-THEX. L
T, ¢, calculation DO D AT v 7z 3B L
7.

Fig. 5

o0, YI~YT, A7 v T OBBRERET 0 7T LD
J& T Fig. 6 (TR, KUTHIT D Ty (XEBRBALAIREL, Ty
L7 =— VR, Ty X FRBAAAIRE, T3 A& TR
FE, QuIXER | AN, Q18R 2 M HEE, Q; 1T AR
W 10 1L T7 = — VR 2 BT 5.

ELEE/°C Y Y, HBUREIAT v T Y Y T = VAT T
A Y Y ERHIAT T Y Y FHRRIRAT Y T
T T
Tg+10 ——————— -
U\
T}~
Fig. 6 s047.090 ([ZHW=iEE 7 v 75 A

YI~Y7 LSt ATy TR L. o
DIRET 1 7T MTFEERIZ DSC 35 TH
W Z R LT 5.

Sections06.f990 Tl¥, s047.090 @ End of The Third
(Annea)DERSy E THIBIM LT, ZOETIE, 7=—
WNAT y FIZBIT D, S RtDFHHEEZ LTS, FHM
% Fig. 7 \ZR~7.

Do i=Y2+1, Y3
k=k+1
if (i ==Y2+1) then
tk = (te)**(k/S1)
else
tk = (te)**(k/S1) - (te)**((k-1)/S1); end if
Sc(i) =J({) - p MM
tau(i) = exp(InA + B/(Ta * Sc(i)))
dttau(i+1) = tk /tau(i)
D=0;p MM=0;p ML=0
Dom=1,1i
D =D + dttau(i-m+2)
p_ML = L(i-m+2)*( exp(-1*D**(beta)) )
p MM=p MM +p ML
EndDo
EndDo
! End of The Third(Anneal).

Fig.7 7=—)VAT v 7Da—NK
T ==V ATy FICBT HEHREET, M
@x7/7&i£ﬁ6#%%bfwé$
IZHEET 5.



Sections07.f90 Tid, s047./90 ¢ End of The Forth and
Fifth D45y % CTiEM L7z, §EMl% Fig. 8 1IZ~7. 2
%ﬂ27y7tﬂﬁx%y7@20%ﬂﬁ:LML
TW5. Y3~Y4 & Y4~YT 2T D0 TldZe<,

Y3~Y7 & LTA—7DOHT 1fjc%4%ofi5/\ 5}
LTCW5., ZOET, TXCTOAT v FIZBIT5 S,
RIDFENTET LD, ZOHIT, St b il
R LTV TH 5.

Do i=Y3+1, Y7-1
if (Y3<i) then
dat=-dT; Qs=Q2 ; end if
if (Y4<i) then
dat=dT; Qs=Q3 ; end if
Sc(i) =J(@{) - p MM
tau(i) = exp(InA + B/(T_N(i) * Sc(i)))
dttau(i+1) = dat/(Qs*tau(i))
D=0;p MM=0;p ML=0
Dom=1,i
D =D + dttau(i-m+2)
p_ML = L(i-m+2)*( exp(-1*D**(beta)) )
p MM=p MM +p ML
EndDo
EndDo
! End of The Forth and Fifth..

Fig.8 F2mHAAT v T LHBAT vy TDa—FK
2ODAT v FRFEIRHZL—FT 570
IRT A — B DI 0 R 5.

Sections08.f990 T, s047.090 @ H”(eq) for The First
— The Fifth O#55 2800 L7-. 36M% Fig. 912/~ 7. 1
~Y7 (ZxHi L2 T _RT ORI KR LT, BAr=
ZNE—H, ZHERHLTWS. if XX > THEDT
ZITHZ LTI ODON—TTHEAT v T H2HI LT
Wb, Y—Aa— ROARLTIE, dttau & F 2aEES:
AT T ALRVEICDoi=Y1, Y7-1 & L7-. fEI%
NOT 7 A LNE, EEBEITIIAFE LR S O E N
HIHEE2ERT 5. 2F 0, ditau(Y7)S F(Y7) B FAE
LRV DIZdoV—7% YT £ Tl b =T —2iE 2
HEWHIHETHSH. Z D Sections08.1990 DFET H, &
IR LD, ¢, 2T DB, S 06 TIE7R < H,
EHWLTOTHD.

Sections09.90 Tl, s047.f90 @ cp calculation DH 57
BT, ZOFET ¢, ZitHT 2 Z LA AREIC
%, B L7 =2 — ROFEMIX Fig. 10 [2739. ARLT
X, op 2 L LT q(tBYZERE L TWDER, #a L
cp 2(Y7-)72 & 1 L2135 2 &R HkRZe .
Sections09.990 D 7' 11 75 A TIAFFERPE T A58 L
7o, REEICNRZRT. NI 2A—XDfEE ANI1T 5
HT, o (NEFHETHT 1T T KT oTz. sort(a) &

sort(b) L W\ N> 72 2 DDH T —F U B REIFIZETT L,
Ind=a & Ind=b DH72 % c(T)% A LTV 2%. sort(a)
& sort(b)DEWVME, InA 721 THUZ AL AU TH S.
(DIFFEHE T DR, W—T E2EKT 2L T
X InA(E721E x), T, Go, N I EEZ FANTEHD,
N—F LT, BLER, WA IZEBT 5
R TH 5.

dat =-dT
Do i=1, Y7
if (Y2 <1i) then
dat=0; end if

if (Y3 <1i) then
dat=-dT; end if
if (Y4 <1i) then
dat=dT ; end if
E(i)=al*(T_N(@i)**2 - T2**2)/2 +
b1*(T_N(i) - T2) - G())*(T_N() - (Tg + 10))
F@i)=al*(T_N@{)**2 - (T_N(i) - dat)**2)/2 +
(b1 - G(i))*dat
EndDo
dat=-dT; p MK=0;p MN=0
Doi=Y1,Y7-1
if (Y2 <i) then
dat=0; end if
if (Y3 <1) then
dat=-dT; end if
if (Y4 <1i) then
dat=dT ; end if
Hc(i)=E(i) - p MN !This is He(t).
D=0;p MK=0;p MN=0
Dom=1,1
D =D + dttau(i-m+2)
p_MK = F(i-m+2)*( exp(-1*D**(beta)) )
p_MN=p MN +p MK
EndDo
Enddo

Fig.9 T XCTORT v 2B 5H H OHEM.

Do i=Y4, Y7
cp_1(1) =a01*T _N(i) + b0l + (He(i) - He(i-1))/dT
EndDo
derutA =cp 1(Y5)-cp 1(Y5+1)
if (GO == 0) then
derutA =0 ; end if
Do i=Y4, Y7
if (Ydet <i) then
shif(i) =(derutA/(2*(Tg-5-Tdet)))*(T_N(i) - Tdet); end if
if (Y5 <i) then
shif(i)= derutA*T_N(i)/(2*14.5) -(derutA*(Tg+10)/(2*14.5))
end if
if (Y5 + 15/dT) <1i) then
shif(i)=0d0 ; end if
cp_2(i) =cp_1(i) - shif(i)
EndDo

Fig. 10 ¢, DFH.




WO TITORZHEEZE LD DH. 1 DHIL, ~
NTF NG A= DN —T o PIALETH D, TOD
720I2E, T, Gy DL—F D LR E FIRIEZ FE A
TN H D . NDO)V—T Z AR BRI IE, BLE
KF[H] tR(IN)S° DSC ZEBRT — X BB L 725> TL 5.
tR(1)=0, tR(2)=28, tR(3)=82, tR(4)=290, tR(5)=1012,
tR(6)=1910% 525 X 9123 5.22HIX, nADL—
TEYVTN—F IS L TH D, B
FEClE,a & bDEIENR InA L72 > TWAE725, InA D
N—TICHHTEL EE 2T InA 2L SHHE
Z Fig 11T & LT

T N—TF A W7 —F > sort(a)
a=-50 x=-50
b=-100 doz=0,50/1 150=FfkE, /1=
: InA =x-z*1 1InA=-50, -51,,,,-99, -100

call sort(a) end do

call sort(b) 7V —F > sort(b)
: x=-100
doz=0,50/1 !50=[EkE, /1= 3
InA = x-z*1 InA=-100, -101,,,-150
end do
Fig. 11 %1 do /L — 7 DAL A

Ind NV —T %KW T —F L THLEH
VaWaR:3

IOBEZES LIL, WOBRETITWIZE#HKL T
do W —T il iAo d A il T

2.4 WHBEPEIV (do /L— 7 L W HIALER)

P ITN—F VN TIAT NG A =2 DN —T %4
I, InA D)V—TZ WA S E L FELRABTZ. T, G R
N (2B LTI s047.090 LRI C & S lcn—7 %7,
InA (ZB8 L CIX Fig. 10 225 121ERL L CTHAT-.

Secstions10.90 TiX, T2 /L— "L input T2 InA.d ®
IBANZ4T - 7=, input_ T2 InA.d £ ¥ T2 dai( FRRfE) &
T2 sho( FBRA) % Fi A A TN 5. input T2 InA.d 1E
BT N—F N TIEOH L TN,

Sections11./90 TlX, GO +—7 & N L—T7 &
input_yomikomi.d ®BM%1T>7-. input_T2_InA.d N
({2 GO _dai & GO _sho DiBMZIT\, T2 LRI X H I
FEAIAATE. input_yomikomi.d TiE (RIN) 72T FHEArIA
ANTEY, T —F DA TIEOHL TS, =
DETIL, exp_data (FFE7ZMHEH L TR0,

Sections12.90 T, InA DL —F & A, W HIALER
S FEERAZ.a L bOREEZTOETEHNTH
TN—F DD InA DON—FIZHIFT 572 Fig.
10 % 21— RIZIBA L7z, AT, a=-10,b=-20 & L

THITN—F > HNT z=0~9 OD)L—T7 % Fl7 InA=a -
z& LTIhA Z/b—7ZHTW5. Sectionsl0~12 T
BILZEE % Fig. 12 1ORT. £a— FickBW\T,
MULHEHLIEEREZES T 0FHLENRVWE DI
HEETS.

open(10,file="input_yomikomi.d")
do i=1,N
read(10,*) tR(i)
enddo
close(10)

197V —F L Bbh

open(2,file="Input_T2 InA.d")
read(2,*) T2 sho, T2 dai, GO_sho, GO_dai
close(2)
doz=0,9
doy=0, (T2 dai- T2 sho)
do w =0, nint((GO_dai - GO_sho)*10)
dos=1,N
open(9, file ='Input_capa_cal.d')
read(9,*) TO, Ta, Tb, Tc, Tg, Q1, Q2, Q3, beta, B
close(9)

InA=x-z

T2 =T2 sho+273.15+y
GO =GO _sho+w*0.1
te=tR(s)

end do IN(s)
end do !GO(w)
end do !T2(y)
end do !InA(z)

Fig. 12 WA BLFEIV CiEM L7 3H H
< IVTINT A —HE D do )V— T ERATe
LI L. nA K YT —F
CTOMNE S H D FITHREEI LT

BRER T, (DOFESY LV TFNT A —Z D —
TR InA OWFNINET Uiz, D Z LI, hKomfl s
HHTHZETHD. ZDHITIE, exp data DFi
FriAFr, T XY 7 pi(La_exp~Lh exp, La cal~
Lh_cal) DR E, Sum(fe/h B K DR E) DA,
REEORSM, RERNRTOND. KEEE I, K
HEREEFHR LD~ LT RT XA —XDIETH
L. KRT — 2 OFBELFHAET H-DIC, T
YRR Sum DFFRR EEITo TS, ek, ZD
BB OB NE T 5 &, s047.090 OIFFI{IX5E
BT bEEZD.

2.5 WHIBEREV G EDOHE H)
TSI A TRBEZRETEDLLIICTEIZ0,



RN ZRIEZBINT S, TV —F IR D
N—TEIT, ENENTREMEAER T 5. K&
B, £V 7 —FonbHhEn-fH
MHBSIEICRDTIEA .

Sections13.90 T, Input_yomikomi.d 7> 5 file £ &
FRY U TREP a~P hEZimtAiAD D LT L.
file £ % Gt/ AT T2, exp data & 711 7T AIZHL
DIATPHRIZRF) LTz, Z D & & D mins 13 600 & 3% 7E
L7, mins & FFtHRALT — X OITHEZEWT 5.
Flo, IRV U TREE BRI, La_exp~
Lh exp & WoZEBRED T XY 7 K ORE BT
DT EITEI L. T ETYH T L —F Dbt
TIT>TWA.N=6 & T 5FT, 6 HD exp_data & fifi
L7z, exp_data DOFEAARFEE TR 7 8HD
E i % Fig. 13 12T,

mins=600
doq=1,N
open(30-+q,file=name(q))
do w = 1,mins
read(30+q,*) Tt(q,w),cp_exp(q,w)
end do
close(30+q)
do w = 1,mins
if (Tt(q,w)==P_a(q)) then

La_exp(q) =cp_exp(q,w) ;end if
if (Tt(q,w)==P_b(q)) then

Lb_exp(q) =cp_exp(q,w) ;endif
if (Tt(q,w)==P_c(q)) then

Lc_exp(q) =cp_exp(q,w) ;end if
if (Tt(q,w)==P_d(q)) then

Ld exp(q) =cp_exp(q,w) ;endif
if (Tt(q,w)==P_e(q)) then

Le exp(q) =cp_exp(q,w) ;end if
if (Tt(q,w)==P_1{(q)) then

Lf exp(q) =cp_exp(q,w) ;end if
if (Tt(q,w)==P_g(q)) then

Lg exp(q) =cp_exp(q,w) ;end if
if (Tt(q,w)==P_h(q)) then

Lh_exp(q) =cp_exp(q,w) ;end if

end do
end do

Fig. 13 exp_data DFEAAIR & T Y & 7 W ORTE
mins=600 & X ET 5 H T, exp_data N D 600
ITHE CHtAATL Z LN ARETH H. Ehr
EDZ Y 7 50, it L AWT, 7Y
YRE LRI CIRED ¢, #RE L TN 5.

Sections14.f990 T, La cal~Lh cal &\ FHHEMHE
DTN T HOREEIT-T. SHIZ, (La_exp~
Lh exp)<°(La _cal~Lh ca)DfE% & & 12, Sum DFHE
& Sum_total DFHHE HAT 572 Sum (%, & DIEE(T

U U ZIRENC T D ERM L FRMEOED "R A
RELAEDLEELDOTHS. R/ LTINS T
EThD. F72 Sum tatol (X Sum ZEL7Z-HDOTH
5. AT N=6 Th H7-%, Sum_total=Sum(1)+
Sum(2)+ Sum(3)+ Sum(4)+ Sum(5)+ Sum(6) & 72> T
WA, ZHICEY, NI A= OMAEEDOEEOE
ERENS BN, WAADMED /NS WIE & ERE %
BHR TWDFHN 5.

Sections15.f990 TiX, S sum DOPFEEITV, fciéfi
DR ZIT>72. S_sum & (X, Sum_total(ffi72)DH T
BH/NSWNHODTH 5. sort(a) & sort(b)D 2 WA T
bV, TNENTREMBZFEELTWDR, Z0 2
OND I LIV AL FRIZARTITo TS, EE
EZ @ Sectionsl5 IZHWTIHEMREBZZTND.
s047.090 & (TH 725 5L, FER#AE ROV AT A
PRAAENTNRWEFEEEZ D, Sum DFFH
L sum_total, S_sum DRED 23— R % Fig. 14 |[ZRT.

Sum(s)=(La_exp(s)-La_cal)**2+(Lb_exp(s)-Lb_cal)**2&
&+(Le_exp(s)-Le_cal)**2+(Ld_exp(s)-Ld cal)**2&
&+(Le_exp(s)-Le_cal)**2+(Lf exp(s)-Lf cal)**2&
&+(Lg_exp(s)-Lg cal)**2+(Lh_exp(s)-Lh_cal)**2

Sum_total = Sum_total + Sum(s)

end do IN
if (S_Sum > Sum _total) then
S sum = Sum_total
Sum A =InA
Sum_T2 =T2
Sum_GO = GO ; endif

Fig. 14 Sum OFFHE & sum total, S sum DPRTE
Sum (T FEBRAE & FHRMEDAED “Fex it
L72HDTH Y, Sum_total [T N D/L—

TEFAHLTNEELIZ LD THS.
S sum /L N /L—7 DI TITH Z LI
O A.

2.6 W3 BB VIQEFIALER 0 HE )

A FNLERE 2 2 WA D 4 WHI~HERZ S HTe.

Sections16./90 Tlx, 7 /L—F & L CREOH T
sort DA 2 DN E 4 O~ Lz, EfEICITL,
sort(c3) & sort(cd) B L7z, LML, 4 WHIZT D
&oaout mETHK RS Lo, ThiE, 2 14
(Sections04.90) DIFIZH O TWE=T7 —Th 5.
IEMNEITT DL T —DNHRWEENSH - 7D T,
CZECEHL KL, ZTORRKE L TIF,
Input_capa cal.d ~DEHFNREZ Ll 4 DDA L
v RRFERFEIT L TWDH 720, 15085 LTnd
AR TERWENBER TS 7.

Z D7=% Sections17.£990 TiL, 7 N—F N T
CH L TW% input 7 7 A /LT % Input_capa_cal.d



L Input T2 InA.d ~OE %72 < F12, FAik @
%W%%fw—%y@%fﬁbio’ﬁﬁbt
@%%,40@#7w%%/%mﬁﬂﬁT5$_ﬁ
Dy L7c. 4 WA DOBR O~ % Fig. 15 10T

!$omp parallel
!$omp sections
!$omp section

call sort(cl)
!$omp section

call sort(c2)
!$omp section

call sort(c3)
!$omp section

call sort(c4)
!$omp end sections
!$omp end parallel

Fig. 15 451247 5 PR section F5 754 3.

Sections17.090 (ZBW\WT 7 1 7 F ANSER L T2

EHERT A0, R E -7 s047.00 DT v T T
AV —FRRELEE L. 04700 &
Sections17.090 L[ CEFHEAZMEH L WD DO TH—
FREELRECICRDITTEEEZTZ. £2C, AN
L7243 A =5 (Ty, Ty Ty Tes T Q1, Qa, Q3, B, B),
%45 (ag1, boy, ay, by), exp_data, I —F&ilH(In4, T, Gy),
X IR ETRTOEMLEERK—L, ThEiht—
FEIToT2.

HELEY—FHFHAE ANSGUEEZLTICRT.
200<InA<0; FPI2,20<T2<90; FH 320
< GO < 0.12 ; FH¥ 3 0.03, exp_data £ N=6, T;=160,
7,=94, T,=20, T.=160, T,~102, Q;=-12, Q,=-9.5, Q;=5,
B=0.330, B=1000 % [\ 7=.

Secctions17.90 T, Ind O/ — 7 ZWHAFRG 5 7=
D, 45 sort DY FIPH 2 5% E L 7= (Fig. 16 Z ).

sort(c1)=-50<InA<0 sort(c2)=-100<InA<-50

sort(c3)=-150<InA<-100 sort(c4)=-200<InA<-150

Fig. 16 AFLEOEED InA D 53H.

FNENEEEGRD EREZHFRLE)EZE T L
Totk, 4 DOREEN O F 722 il B TiEs
VAT LATHD.

—F L7k R % Fig. 17 (27”77, Sections17.£90 @
REE, > E<EHINRroT, ZhatET
512X, s047.0990 D YV — A z— K & Sectionsl7 @ Y —
Aa— RERDL LEDLE TR S28ET DL L
RNEE T EE R IT R W IR K

Input_capa_cal.d DFisrIAIL & /3T X —Z DIRGEDY;

s047.£990

=S sum=0.1211, InA =-54.0, T2 =
Sections17.190
Sort(cl):--S_sum = 3.1042, InA = 0, T2 = -20.0, GO=0
Sort(c2)---S_sum = 0.9110, InA = -50.0, T2 =-20.0, G0O=0
Sort(c3)--S_sum = 0.9110, InA = -100.0, T2 = -20.0, G0=0
Sort(c4):-*S_sum = 0.9110, InA =-150.0, T2 = -20.0, G0=0

18.0, GO =0

$047.090 & Sections17.090 7 Y —F ik H
hotn. =

Fig. 17

Fr (7 v—F » OINZBE) L 7= & A
BTN —T OIS 22T 72 a2 & 23550
ST, fIEDMLEIZRTZ &IC L. LiL,
BTN —F 2 OHFTIE Input 7 7 A IVHME ZIRUN(F
YV ITN—=F BN 1 2O7 7 AIZEFTH720)DT
Input_capa_cal.d TRt iATe/ NT A —F %z YV — A =2
— RECHEBEANT L HEEZ LT,

2.7 RNy FRERICKIT DEFNNER 7 VT )
WINLT v 7 T WSy F IR CHT BB
ALy a7 HRICERTHALERH L. 1
BIETRTCRAZ VT N TEETHHMNEEKD. A
7 U7 ks O E(Queuesys.sh)% Fig. 18 (27”7

#!/bin/csh

#============LSF Options ===—===—====—=
#QSUB -q gr10037b

#QSUB -ug gr10037

#QSUB -J  s060

#QSUB -W  200:00

#QSUB -A p=1:t=16:c=16:m=1920M
#============ Shell Script ===——===—==—==—=

set -x

time ./a.out >& ProgressRepSEPTEMVER19.dat &

Fig. 18 Ny FRAIBIT LA 27V 7 FDOHNE.
ZZTCHEAT LD T#QSUB -A p=1:t=16 : c=16:
m=1920M | DITIZOWVTTH H.p, t, ¢, m DEMAE LA
TIZRT. pre- 7 B A(process) DL, t--- T A
H=0 DAL v R(threads) DI, ¢+~ 7 r® AH7=D

0)37(cores)@§5{ m- - FETTDHICHDHUEAE

U —(memory). WHHbLZFITT 25 & EITHELRD
ALy RELLEOHEZ ¢ \IC AT L TR TIIE
BB, =1 OREICE, WAL E T

cl—c2—c3—cd LNEFICAUE I TLED. DFED,
WHN S DU EDOA Ly RBRMBEZE WS Z LT
B5.

Sections18.f90 |23 T s047.f90 DY —F#EF & ke
g L7z, BXE L7 —F %P & ARz E D
FNBEVIORF LR U CTh 5.



Sections18.f990 ? Ind D /L — 7 DFEE b Fig. 16 D%
A L7z, BIEL 72D s047.090 1Z351F 2 —F#ER
1%, S sum=0.1211, InA =-54.0, T2 =18.0, GO =0 Tk

7.

- XEE

Sort(cl)+++S sum=0.2274, InA =-50, T2 = 12.0, G0=0
Sort(c2)+++S_sum=0.1211, InA =-54.0, T2 = 18.0, GO=0
Sort(c3)*++S_sum = 0.5476, InA =-102.0, T2 = 54.0, GO=0
Sort(c4):++S sum = 0.7677, InA = -154.0, T2 = 70.0, GO=0
FeAE ; sort(c2)—s047.090 & [7 L,

- Ny TR

Sort(cl)* S sum = 0.2274, InA = -50, T2 = 12.0, G0=0
Sort(c2)*++S_sum = 0.1273, InA = -56.0, T2 = 20.0, GO=0
Sort(c3)*++S_sum = 0.5476, InA =-102.0, T2 = 54.0, GO=0
Sort(c4):++S sum=0.7677, InA = -154.0, T2 = 70.0, GO=0

Fig. 19 Sections18.f90 (2331 5 —F 4.
Ry FIEATREB—E Lo 72 i
HIZARATHS.

WEUE L7 a 7' A OFHREE R N EME S vz
EHERT D720, B —F &1T-o72. [ US5MH,
[ & CY—F LR A2 i3 2. 2 TA—
—a Ea—HXDUAT LB EFHLEZ A%k
1%, T=160, T,=94, T,=20, T=160, T,=102, Q,=-12,
Q,=-9.5, Qy=5, B=0.330, B=1000 T&H Vv, % L /=%
FHIZ, -200<InA<0(FH X 2), -20<T2<70(F# 3 2),
0<G0<0.15(F ¥ 2 0.03)& L7=. 2FFMICE T 5EHA
FFEIC IR L DOBF N B o 7272, O ORFH & 72
5 LA AR E LT, R % Table 1 12”7,

4 WHTIX, KRERFMEMS R onR2hrotle
W, 10 W41 % B2 L 7=, 10Sections.f90 T, 7 /b
—F L UTREO T sort DEa 4 O35 10 ~F8
RNV Ny TFEAETILOD, A7 VT FAD
ALy REIZIEE Lt=16 & LTz, MEZ: < 103651 %
e Z LITE P L7z, WHHEZR L & 4 351, 10 W5
WZF 1T B IR FEAE OfE % Table 2 (2R,

Table 2 103752 3317 2 B [ 45 D i .
A=/ NY ¢ | HIT SR
WML L 29h28min32sec
4\ 5| 22h58min22sec
10 %1 10h18min48sec

Table 1 4NN 351F 2% W EEHE D fG H.

MR Ind | I, | Gy sum fz=
2FER | [2mind6sec | -54 | 18 | 0 | 0.12134 | 0.142
X F | 2h23min57sec | -54 | 18 | 0 | 0.12134 | 0.142
B
WAL | 2h55min36sec | -54 | 18 | 0 | 0.12134 | 0.142
L

WHHEIX 4 WHITH Y, WHHbR Lid Ny FRK
TITo 72, RITA L2 FEIE, a.out OVERFEZ] &
output DIERKIFLIDZENSHIW LTS, Ny T
KOG, KFFRICENTRVOIX, Ny F
BRDOFFEFRFR AR WERRK TH 5.

3. #EimlIoH

3.1 10Sections.fo0(10 M 51)

V10f5 & =TIV o 7228, IR 2 TiE<
TR TZHENSMD.

3.2 HELEF autoParallelising(iEF L7 v 7T L)

S sum O HEYFE M, e AE )& BAE LT
5. BIEFAW WA 10Sections.f90 1, T Fnv 7
N—F o T EITRBEEEZ L, BREEIIZART
KiEEZRATHND, 22T, B TGRBATE
Wy E Tl T A ETITZAD LIV AT A ELR
L7z, B & LT, QA A 2T sum(), InA(),
T2(:), GOC)D L 5 BNV F I EKEEHRT H. O
TN—F U NTENZI 1~10 DT Tl fn & 1%
73 5. (Sortl Tix sum(1)=S_sum, InA(l)=InA,
T2(1)=T2, GO(1)=G0 & 3 %. Sort2 Tl LL FI§)@ A
A VIR S T2 RIZEND (1T TE TV D 0T 5.
@FE Y (1 TETORIE, if CEFAWTRIBEEOR
ExEITH. UEOFIENZETHDL EE 2T 1TH
LToOMEE DAL, RILY—Z2a—FE2HNT
WAHBYTN—F T, EDXHITLTH sort ([ZH7R
HEN0 AT ETHNTH D, sortl T ss=1, sort2 T
ss=2 DX DRV AT LEMOFIEEB 2T, ZOfF
PRELTH I LEANDFEEZMHA L. % sort T
BIRDEATE x DEETTHD. 20 x ZFIHLT
ss EWVWIH BT L TR LEE G2 ThoTz. §f
# % Fig. 20 [ZR7

if (x ==cl) then
ss=1 ; end if
if (x == c2) then
ss=2 ; end if
if (x == c3) then
ss=3 ; end if
Fig. 20 HENEFIZ1T 5 ETo, FI0 i3 2EHD

PRIE. £ sort(x))8 x=cl, c2,¢c3 &9 Fp
LiEAEFOF LRI LTz,




ZOHEZEY, & sort [Z1T DRI DA AEH
DU THZ I LI, e, 2nbx
S_sum(ss), Sum_A(ss), Sum T2(ss), Sum GO(ss)& LT
BREL, YT —F O ARLICRE -T2 2 AT,
S B 732 5 Bl ek E D if T KDk EITo7. B
#5217 9 L COMEAFERD3 L 4 & LTRT.

ERRICIERL L7z 38230 5 HENS O 7 a7
Z A% 3parallevol4.f90 & L7z. 3parallevol4.f90 Tid,
FmfE % outputd(H 7 7 A iz EEH L, KT
LT ERAREE IR o T,

4. #E

il

PLEDOWNEIZT, Ko7 v 72 I 7
DOHMNETERINT-Z LR, YoM E
TV TR 1T, B L Z23ME0EMEITmE L
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REE DWFFE S FIRE & 72 o 72,

5. ZETW

[1] Y.Okuya and Y.Tanaka : Mem. Grad. Eng. Univ.
Fukui, 62:63, 9(2014).

[2] Tool AQ :J Am Ceram Soc, 29, 240(1946) .

[3] Narayanaswamy OS : J Am Ceram Soc, 54, 491
(1971).

[4] Moynihan CT, Macedo PB, Montrose CJ, Gupta
PK, DeBolt MA, Dill JF, et al : Anm NY Acad Sci,
279, 15(1976) .

[5] J.L.Gomez Ribelles and M. Monleon Pradas :
Polymer, 38-4, 963(1997).

[6] Adam, G. and Gibbs, J. H : J. Chem. Phys, 43, 139
(1965) .

[7] Gibbs, J. H. and DiMarzio, E. A : J. Chem. Phys, 28,
373(1958).

[8] http://www.nag-j.co.jp/openMP/




IR REBE LAWE7eRE WhFe s 48 64725 20154E9 H
Mem. Grad. Eng. Univ. Fukui, Vol. 64 (September 2015)

FRELTE AR ICBE 9 5 — T8
—REE L L C O 72 ) B2 7 0
S22 # 3R (HCC) DIRR —

iR —BAT gk SR BE T

HiE ARt M R

An Idea to Evaluate the Catalyst Activities in Chemical Syntheses

—Proposition of the Term Hourly Conversion per Catalyst (HCC)—

Ichiro TAKAHASHI®, Takatoshi MATSUNAGA®, Yuuki SUNADA,
Katsuya TANAHASHI™ and Shinzo HOSOI™*

(Received September 8, 2015)

Catalytic reactions have been favored nowadays in terms of economical and environmental

requirements.

On this point, the term TON (TurnOver Number) has widely been utilized because

of its facile availability. However, during the optimization of reaction conditions, it is not as

useful as its fame, because it does not reflect whether the reaction in question is fast or slow. We

propose the term HCC (Hourly Conversion per Catalyst) in order to make experimenters easier to

assess the ultimate reaction condition with quantitative conversion.

Key Words : HCC, TON, Activity, Catalytic, Conversion, Reaction velocity
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Entry InClz (mol%) Time (h) Yield (%) Recovery (%) HCC*
1 200 2 95 0 0.235
2 20 2 45 45 1.125
3 20 6 95 0 0.792
4 20 12 91 9 0.379
5 10 2 23 70 1.150
6 10 6 41 43 0.680
7 5 6 36 58 1.200
8 5 24 92 0 0.767
9 2 6 15 74 1.167
10 2 12 26 61 1.083
1 1 24 30 54 1.250
12 1 96 72 14 0.750

*HCC = Yield (%) / [InCl3 (mol%) x Time (h)]

o y=1.3839-8.9958e-3x RA2=0.682
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Proposition of a Series of Guest Compounds as a
Molecular Crystal-Characterization Kit

Ichiro TAKAHASHI", Shoya SAKAI*, Aika SUKEYASU”, Keisuke SANGA*,
Misato KAMIYA™ and Shinzo HOSOI™**
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A series of guest compounds composed of phenols, diphenols, and benzoic acids was utilized as a
kit in the preparation of a series of crystalline molecular complexes involving 2-pyridone or
2-quinolone derivatives. Advantages of this strategy for regression analysis utilizing melting

points before and after complexation are also discussed.
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Host-Guest chemistry
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Figure 1. A Molecular Complex.
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m-Nitrobenzyl alcohol (MNBA)
2 Pentafluorophenol 1
3 24-Dichlorophenol 2
L-Mentho] ——— 3
2-Nitrophenol > 4

4

5 4-Trifluoromethylphenol

6 2,3-Dichlorophenol

7 2,5-Dichlorophenol

8  p-n-Nonylphenol

9 2,3,5-Trichlorophenol
10 2,4,6-Trichlorophenol
11 3,4-Dichlorophenol

2-Phenylphenol ——— 5

6
2,4,5-Trichlorophenol ——» 7
3-Cyanopheno] ——— > 8
2,3,5-Trimethylphenol —» 9

12 3-Nitrophenol > 10

13 Pentafluorobenzoic acid 4-tert-Butylphenol — 11

14 2-Chloro-4-nitrophenol 12

15 4-Cyanophenol

16  4-Hydroxybenzaldehyde
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22 3-Nitrobenzoic Acid » 17
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25 Salicylic Acid

26  Diethylstilbestrol 20

27  Hydroquinone

28  Pentachlorophenol

29  4-Cyanobenzoic Acid 21

30  4-Nitrobenzoic Acid 22

31 4-Chlorobenzoic Acid

Figure 3. Correspondence Table
of Guest Compounds.
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Figure 4-1. Guest Compounds (1).
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Figure 4-2. Guest Compounds (2).
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Table 1. Definition of Lattice Points

(FH2BARL) (FHEIRFRL) (PR L) (EHE1RFRL) (EF2RAKLE)

A B C D E
0 0, 0)

1 4, 0) G 1 2,2 1, 3) 0, 4)
2 (6, 2) S, 3) 4, 4 359 (2, 6)
3 @8, 4 (7, 5) (6, 6) 5,7 “, 8)
4 | (10, 6) 9,7 @8, 8 7,9 (6,10)
5| (12,8 (11,9  (10,10) 9,11) (8,12)
6 | 14,100 (13,11) (12,12) AL13)  (10,14)
7 (14,14)

HeomlE, msfmodigtE (C) OboidEmNdH
HZEEBREL, TNUNORR E (A, B, D,
E) b0 L0 2 HZHELT. 22T 1 =
= b, 12.5 (%95 AT TRl S NS R
b mp SR mp DEVFT— 5 (3 Bl 5 7 O FE (R 7=
=26 C, xhFmOEER 200 C) I[ZIXTEET
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RC0 (0, 0) DEDITHML THET 2720 DRI
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Table 2. Results of Molecular Complex-Forming Experiments

Host A B C O,N D
ool O O O

Guest N “OH N“~SH N“ ~OH N” ~OH
(mp/ °C) (105 ~107) (127 ~ 130) (221 ~223) (287)

1 (34 ~36) 108 ~ 110 (oil) (oil) (oil)

2 (42 ~43) 77 ~79 84 ~ 86 111 ~113 43 ~ 46
3(41~44) (oil) (29 ~ 130) 188 221

4 (45) 28 ~32 (54 ~101) 44 ~ 46 45 ~ 48
5(57 ~59) (78 ~ 88) (oil) 138 ~ 141 155 ~ 159
6 (59) 43 ~ 46 (oil) 212 239

7 (65~ 67) 131 ~133 99 ~ 100 165~ 168 127 ~ 129
8 (78 ~ 81) 59 ~61 (oil) 123 ~ 124 168 ~170
9 (92 ~95) (oil) 78 ~ 80 120~ 123 92 ~97
10 (96 ~ 98) 103 ~ 104 56~ 57 145 157 ~ 161
11 (96 ~101) (oil) 61 ~62 67 ~70 97 ~ 100
12 (105~106) 131 ~133 118 ~119 158 ~ 160 174 ~ 178
13 (110 ~115) 149 ~ 150 117 ~119 169 ~ 172 188 ~ 191
14 (125 ~128) (oil) 89 ~ 90 136 ~ 138 153 ~ 156
15 (127 ~ 129) 70 ~ 173 60 ~ 61 149 ~ 152 127 ~ 130
16 (133 ~ 136) 51 ~52 80 ~ 82 115~118 133~ 136
17 (139 ~ 141) 131 ~132 123 ~ 125 167 ~ 169 191 ~ 193
18 (146 ~ 148) (70 ~ 85) 82 ~ 84 125 ~ 127 179 ~ 181
19 (158 ~ 159) 113 ~115 74 ~ 75 134 ~ 138 146 ~ 149
20 (170 ~172) 182 ~ 186 145 163 ~ 167 155~ 161
21 (219~221) 145~ 150 166 ~ 168 195 ~ 198 205 ~210
22 (237 ~240) 193 ~ 195 158 ~ 160 201 ~ 204 221 ~ 225
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H-% Table 31T/~

Table 3. Results of Regression Analyses

(*) From our previous work (Figure 2).

Entry Host n a b R? Y
o Y ax+b
1% A 31 059 446  0.76 0
2 A 16 053 478 044 /
3 B 16 045 415 043 °
4 C 21 028 1140 0.14 )b X
5 D 21 038 1104 0.16 0

4.3 T )NHR%ERAW-AEBERE (RERE) O¥E
HE

Table 1 IR LI EOET RN —H 42 &
& CHMERTE 21T o 7oA % Table 4 1”379 (K1
S OFIE L Table 2 THA L) .

Table 4. Theoretical Regression Analyses

Entry Adopted Data Points n a b R?
1 Al-6, B1~6, C0~7,D1~6,E1~6 | 32 0.76 1.65 0.583
2 B1~6, C0~7, D1~6 20 093 0.53 0.856
3 Al~6, C0~7, El~6 | 20 0.73 189 0.533
4 A2, A4, A6, B1, B3, B5, C0~7, 20 0.85 1.03 0.677
D2, D4, D6, E1, E3, E5
5 A2~5, B1~6, C0~7,D1~6,E2~5 | 28 0.78 1.57 0.601
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(a) y=47.835 +0.52777x RA2=0.435 (n =16)
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.
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S
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2-Pyridinethiol (B) +Guest Complex mp./°C
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(d) y=110.74 +0.39049x RA2=0.165 (n =21)

6-NO,~4-Me-2-Quinolone (D) +Guest Complex mp./°C
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Regression Analysis utilizing “the Kit.”

Figure 5.

(a) Host = 2-Pyridinol (A; 2-PyOH);

(b) Host = 2-Pyridinethiol (B; 2-PySH);
(c) Host = 4-Me—2—Quinolone (C);

(d) Host = 6-NO,~4-Me—2-Quinolone (D).

RARNAEBEHAWTEERD 7 Z 7 (Figure 5, (a)
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Table 5. Molecular Recognition utilizing 2-Quinolone Derivatives

@(cﬁOZN@é)\,E VR0
Guest N OH N OH N OH N OH
(mp/ °C) (221 ~223) (287) NO, (179~ 183)  NO, (114~ 120)
10 (96 ~ 98) 145 157 ~ 161 124 ~ 128 <30

13 (110~ 115) 169 ~ 172 188 ~ 191 120 ~ 126 78 ~ 84

3 (41 ~44) 188 221 73 104

6(59) 212 239 (112 ~ 140) 31
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DT —42 051557 (Table 2) DOEHEAIZ, CH
KOEERD mp & D HKDOEERD mp O OFE B & 7
RTHDH &I LT, fEF% Figure 6 IZR7.
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Figure 6.

Regression between Melting Points of

Molecular Complexes.
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A Wandering Robot

— Self-localization and Mapping of Swarm Robots —
Sosuke TAKESHITA", Hiroki TAKADA"* and Takayuki HIRATA™*
(Received September 28, 2015)

Swarm intelligence has been attracted much attention of researchers in various fields. A swarm robot is one of the
research fields of the swarm intelligence. In the study of the swarm robots, a number of small robots are used. Although
individual robot ability is not so high, a colony of robots can achieve a complex task with co-operative work. The ant
searches feeding area, and carries food to the nest with marking by pheromone. Other ants trace the pheromone and go
to the feeding area. Many ants shuttle between the nest and the feeding area. The pheromone route between the nest and

the feeding area is formed. Thus the route is confirmed and optimized. We focus on the swarm robot’s self-localization

and mapping in the exploration field.

Key Words : Wandering Robot, Swarm Robots, Self-localization and Mapping
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A Consideration of Studying in Japan

Based on the Current State of Japanese-Language Education

— A study on Contemporary Japanese-Language Education in the Southern Region of Thailand —
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In recent years, the number of Japanese-language students is increasing. The number of foreign

students accepted into Japan is correspondingly increasing as well, while worldwide competition

for international student enrolment has intensified between countries. On the other hand, problems

that are related to studying in Japan remain unresolved. Japanese higher education institutions, and

relevant ministries and agencies need to discuss how to address the prevalent issues and the new

challenges of studying in Japan. International students need to have accessible information on

Japan, its education system and enrolment-related procedures including the policies, laws and

regulations.

Key Words: International Students, Japanese-Language Education, Foreign Students, Higher

Education, Thailand
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New Biometric System Using Accelerometer on Android Terminals

Takashi KOGA*, Tomohiro ODAKA*, Jousuke KUROIWA** and Haruhiko SHIRAT***

(Recieved February 5, 2016)

In this paper, we developed the wrist motion-based authentication system using accelerom-

eter on Android terminals.

In the previous researches, hand moving of writing the letter

in field was set to target, although our system is using the wrist motion to improve visual

silence and availability. Our system requires the moving after the vibration to improve the

accuracy of authentication. We got characteristics of motion in 8 subjects.

As the result,

we got 11.25% of FRR at 10.357% of FAR on change the threshold estimation value.

Key Words: Authentication, Biometrics, Wrist Motion-based System, Android Terminals,

Time Lag of Reaction
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Active Learning Support System by the Student Reaction

Using the Web Technique
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In this study, we investigate active learning support system using the web technique. We suggest

a technique to support an interactive lecture to improve the interactivity in the large lecture. In

previous research, we developed two-way communication system between lecturer and students. In

this study, we develop new class support system to be used during a lecture mainly. The lecturer

writes a text of lecture contents on the Web page for lecturers. The students use the text written in

web page for students. In addition, the students become able to return some reactions by utilize the

reaction button. This system works on web browser. Therefore we can use it by simple operation on

PC and smartphone.

Key Words : Education Support, Active Learning, Web Techniue, Student reaction
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Fault Tolerant Data Backup System Using Peer-to-Peer Network
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In this study, we investigate the backup-system using peer-to-peer network system. In general,
as a way to backup the data, we use magnetic tape, hard-disk, flash memory, file server, and online
storage, etc. However, these devices have some problems on redundancy, dispersiveness, or security.

We propose fault tolerant data backup system with peer-to-peer network. To improve the level
of redundancy and dispersiveness, our system employs the number of peer-to-peer network’s nodes
and redundant encrypting backup data. We attempt to reduce the nodes’ load by halving backup data

and sending it to separate nodes.

Key words : Peer-to-Peer, Data Backup, Fault Tolerance, Redundancy, Dispersiveness, Security
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Briefings for Local Resident of Ono City about Nuclear Power Generation
In the Neutral Position
—Practice after the Fukushima Daiichi Nuclear Disaster—
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After the Fukushima nuclear power plant accident, we conducted the briefings about

nuclear power generation under neutral position to the local residents. As a result, by

describing from a neutral standpoint, the possibility of promoting the understanding and

spontaneous learning of residents against nuclear power has been suggested.

Key Words : Nuclear Power Generation, Awareness of Nuclear Power Generation, Neutral Position,

Local Residents and Women's Society

1. Introduction

After Daiichi
(Fukushima nuclear power plant accident) in
March 2011, we practiced the briefings about the

nuclear power generation for local resident and

Fukushima nuclear disaster

members of women's society in Ono-city, Fukui.
Local resident planned these briefings voluntarily,
so we cooperated with it in a neutral position titled
"Think again about nuclear power generation"

The influence of the Fukushima nuclear power
plant accident is so huge that many residents of
Fukushima were forced to withdrawal to the outside
because of the damage caused by the radiation in
the Great East Japan Earthquake, and still less
returns to the hometown now. There are 14 nuclear
power plants in Fukui, so not a few inhabitant of
Fukui prefecture felt that it is not the opposite shore
of the fire. In addition, many TV and newspaper
reported about the influence on human being by the
Fukushima nuclear plant accident. In such a
situation, local resident of Ono-City planned briefing
to know about a kind of influence or terribleness of
the radiation will continue to release on the human
body and the natural world in the future. However,
the expert opinions and views of nuclear power and
radiation are hard to understand, so general public

*Nuclear Power and Energy Safety Engineering

Course, Graduate School of Engineering

asked for

explanation.

a neutral and easy-to-understand

Prior to the briefings, we confirmed to residents a
favor and opposition both of thinking, to determine
their correctness or good or bad had been described
to be a resident rather than us. This study was
intended to search for the awareness of the residents
to the description about nuclear power generation in

a neutral position by questionnaire survey.

2. Viewpoint of the Attitude Survey

It cannot be denied what jitters and distrust of
nuclear power generation after the Fukushima
accident amplified when we look at the contents of
the public opinion polls such as an atomic energy
culture promotion foundation or the newspaper.
Various reasons were thought about it, we have
assumed that there is a cause of the understandable
difficulty in the way of explanation to residents.

For example, the supporters of the nuclear power
generation seem tend to insist on superiority of the
probabilistic safety and cost only in the community
of the supporters of the nuclear power generation.
On the other hand, opponents of the nuclear power
generation seem tend to insist on the safety of
uncertainty and risk of life only in the community of
the opponents of the nuclear power generation.

Like this, we thought that it become hard to catch
understanding and awareness of residents for the
nuclear power generation only by the explanation in
We realized from the

those partial scenes.
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experience we participated in the discussion by the
past seminar that there is the scene that did not
necessarily lead to social consensus from general
remarks favor to detailed exposition agreement that
Inoue [ insists on. There is much information from
the media as a method that residents understand it
in conventional progress about the nuclear power
generation and lead to a judgment, but this is
because the consciousness of inhabitants is not only
a case to learn from agreement and the dissenting
opinion (both opinions) from an expert of the nuclear
through the
Fukushima accident, and it experienced a thing.

power generation media after
On top of that, we practiced a briefing for residents
of a ward on October 23, 2011 and done the first
questionnaire survey just after the briefing. In
addition, we practiced a briefing for the women's
society on March 10, 2012 and done the first
questionnaire just after the briefing in the same way.
Furthermore, we done the second questionnaire
first
investigation to a ward for a women's society on the

same day March 16, 2013.

survey after about one year from the

3. Explanation Contents and Questionnaire Result
of the Nuclear Power Generation

The briefings were done once each to participant
residents of a ward (29 people) and women’s society
(60 people) in Ono-City. First of all, we explained
from unit 1 to unit 4 condition after the Fukushima
nuclear power plant accident. Next, we explained
high radiation that has been considerable attention
among people. At the end, we explained the
characteristic of the major accident that happened
in the past such as Chernobyl accident.

After these briefing, first questionnaire survey to
participant done. Table 1 shows the result of this
survey. Second questionnaire survey done as well
as the first one after one year later as table 2. From
Q1, Q1-1, Q2 of the over twice questionnaires,
change of the awareness can be confirmed (thick
frame part in table 1 and table 2). This change of
awareness is considered to be the influence of the
easy-to-understand explanation from the neutral
position. Also it is possible to watch for a change in
the awareness of the effects of radiation.

For the percentage of people who think that it is

necessary to explain the neutral position, comparing
first and second questionnaire, residents to think
this role is needed is to maintain a high level of
interest at 80% from 70%. Almost the same trend
was confirmed in the women's society. Looking at
the Q1-1, for example, answer percentage that
because the role of the neutral position is important
changed from 31% (first questionnaire) to 43%
(second questionnaire) in the residents. Also it
changed to increase from 24% to 31% in the women’s
society. However, answer percentage that because
the easy-to-understand on radiation equitable
education is important changed to decrease from
37%  (first 29%

questionnaire) in the residents. Similarly, it changed

questionnaire)  to (second
to decrease from 51% to 36% in the women’s society.
But after this briefing, those who think that the
description of nuclear experts has become an
easy-to-understand was significantly increased from
6%  (first 50%

questionnaire) in the residents. In the women’s

questionnaire)  to (second
society, it also significantly increased from 8% to
33%.

From the results of the questionnaire, many
people think that it is necessary to explain about the
nuclear power generation in a neutral position to
understand easily. Awareness of the radiation has
seems to be continued till now and the explanation
about the Fukushima disaster condition make their
anxiety easing. In addition, people are believed to
want to give a description or information there is no
deviation from a third-party neutral position.
Against nuclear problem, residents themselves can
feel the sense of trying to show judgment and

responsibility.
4. Conclusion

In this study, we practiced the briefings for local
resident of Ono-City about nuclear power generation
in the neutral position and it explored the
evaluation seen from the residents. The results are
consistent with Sawa 2 shows that a citizen has
both essentially considerable sensibility and reason
under discussion with commentators that sense of
balance. Also it consistent with Takeda 8! shows that
debate on nuclear power has not been widely

discussed in public point of view.



Table 1 1st questionnaire and result

Ward residents

Women's society

Question Ttems
Total Num. % Total Nim. %
gllileutral position, do you think 1. I think that it is necessary 22 75 29 85
gizcﬁzzi(i Iﬁ)e(];};le til;loe deglél‘is;;fgligi 2. I do not think that it is necessary n= 1 3 n=
29 34
and the government further | 3. Neutral 3 10
) :
g;locfs:sri or?z?l‘z‘? v businesses and 4. No answer 3 10 3 5
1. Because it can’t be discussed without the ] 97 10 34
understanding of the description contents
2. Because it becomes uneasiness and the distrust 14 48 17 58
without the understanding of the description contents
3. Because it is hard to understand the difference of 7 24 1 37
the opposite opinion and favor
4. Because I feel that the progress of the discussion is
K . 1 3 1 3
Q1-1 insufficient only by moderator
Question to whom answered "I | 5- Because I think that the role of the neutral position 9 31 7 24
think that it is necessary" in Q1. and fairness are impoMnt — _ _
6. Because I think that the opinion of the true | 0T 3 10 n= 5 17
What is the reason you think intention of both groups are hard to appear 22 29
that it is necessary? 7. Because I think that I want to know the process of 4 13 3 10
(all that apply) the discussion of both groups
8. Because I think that the plain fair education is 11 37 15 51
important about a radiation _
9. Because I feel that the difference in foreign 0 0 1 3
Germany France) electric bill is incomprehensible
10. Others 0 0 0 0
11. None 0 0 0 0
12. I do not understand it 0 0 1 3
9 1. Plain 2 6 3 8
IQS it casy to understand the 2. Incomprehensible n= 21 72 n= 24 70
. 3. Neutral 29 2 6 34 5 14
5
description of the expert? 7 No answer 1 13 B) 5

Note: Thick frame l:l express the main discussion part in this paper

Table 2 2nd questionnaire and result

Ward residents

Women's society

Question [tems Total | Num. | % | Total | Num. | %
Q1. 1. I think that it is necessary 5 50 17 34
I 1 positi hink - o
;leng:;éapggsllgig’ (Se(;n};?sl;igy for | 2. Ithink that it is slightly necessary 2 20 19 38
discussion by the government n= n=
and the government further 3. Neutral 10 1 10 50 7 14
nuclear power businesses and | 4 T do not think so much necessary 2 20 5 10
professionals? ; ,,
5. I do not think that it is necessary 0 0 2 4
1. Because it becomes uneasiness and the distrust 9 29 10 28
when I do not understand explanation contents
2. Because I cannot discuss it when I do not 1 14 9 6
understand explanation contents
3. Because the difference in opposite both opinions is
¢ - 2 29 4 11
incomprehensible agreement
Q1-1 4. Because the role of the fair viewpoint thinks that it 3 43 11 31
Question to whom answered "T | is important the neutrality of the third party
think that it is necessary" in Q1. 75" Because 1 think that the role that makes sure of n= n=
. . each conclusion, and can explain a fact to the nation is 7 4 57 36 11 31
What is the reason you think | jmportant
that it is necessary? : : = CO—
6. Because I think that the plain fair education is
(all that apply) important about a radiation 2 29 13 36
7. Because oneself wants to join a discussion about the 0 0 0 0
energy
8. Because I think that I want to know the process 9 29 4 11
(progress) of agreeable opposite both discussions
9. Others 0 0 0 0
Q 1. I think so 0 0 1 2
After group study, do you think 2. I think a little bit so = 5 50 = 17 31
that the explanation by nuclear 3.Neutral 10 2 20 54 17 31
experts became plain? 4. I do not think too much so 2 20 13 24
5. I do not think so 1 10 6 11

Note: Thick frame D express the main discussion part in this paper
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Kitazawa M shows the final

judgment of the energy is choice of the nations is the

Furthermore,

same thing. In other words, we can guess that the
residents are awareness for judgement based on the
fact information in the neutral position. But it has a
limit to show a judgment of the awareness by only
from this questionnaire survey exactly. However, it
is thought that the inhabitants might notice the
change that is going to arrest the consciousness that
is going to make the decision in own consciousness
with a tendency as an example by performing the
opinion of both groups without deflection from the
consciousness of the neutral viewpoint by the
briefing session to inhabitants at the same time.
From this and others, the briefing about the future
nuclear power generation considers it that the

awareness of residents promotes autonomous how to
catch by practicing the opinion of both groups

without being partial at the same time.
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Generally, it is difficult for the people with disabilities to get a job in enterprises. And even though they

get a job in enterprises, many of them retire in a few years. So that, various policies are made to enable

enterprises to employ them in many countries. Also it is essential to support employee with disabilities to

cooperate with their family, employer and various supporter of theirs so that they keep working for long

term. Thus, they work depending on the network constituted of these members. In short, this network is

community they depend on. Therefore, in this paper, I suppose the people with disabilities themselves start

a business making use of this community and they themselves create their work.

Key Words : The People with Disabilities, Independence, Starting a Business, Community
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Formation of Periodical Structure Formed on Diamond-like Carbon Film

with a Femtosecond Laser

—The formation on sliding surface of machine part—
Masanori TAO* Yoshiro IWAI** and Eisuke SENTOKU***
(Received February 5, 2016)

Recently, it was reported that nano scale structure are formed on the metal surfaces by
irradiating femtosecond laser pulses at an energy power density (fluence) slightly above the
ablation threshold 1. These structures have lately attracted considerable attention as a method to
give a high function to the surface. This was verified experimentally by the authors in a recent
paper 2. In this paper, we report the formation of the structure to the cylindrical surface of the
piston ring as a proper example of sliding surface of machine parts (piston ring). As a result, the
processing system combined the femtosecond laser and NC rotation stage was developed and

formed the nano scale structure (pitch A = 311 nm) on the piston ring at 7 = 0.13 J/cm?, v = 24

mm/s, I; =60 pum.

Key Words : Femtosecond laser, Laser processing, Periodical structure, Piston ring

1. Introduction

Recently, a reduction of CO, emissions from various
industrial machines, environmental improvement by
regulations of discharge of polluting material,
energy-saving by an improvement of fuel consumptions
are strongly required. In particular, a reduction of a
friction on a sliding surface in various industrial
machines is important to improve the fuel consumptions.

Coating of hard thin films ! and formation of
structures ! on a sliding surface of parts such as engines
are studied as an effective method for the reduction of
the friction on that surface.

On the other hand, it was reported nano scale
structures were formed on surfaces of metals such as Cu
and so on by irradiating femtosecond laser pulses at
fluence slightly above the ablation threshold [, The

effect of these structures on friction reduction is reported
[5116]

* Technical Division
** Dept. of Mechanical Engineering
*** Dept. of Mechanical Engineering, Fukui national

college of technology

In our previous reports, we established the technique
to form the structure widely on a DLC (Diamond-like
carbon) film by the processing system that combined the
femtosecond laser and NC stages !,

In this study, we developed a piston ring processing
system that combined the femtosecond laser and a NC
rotation stage, and clarified relations between processing

conditions and formed structures.
2. Specimen and Experimental method

2.1 Specimen

The specimens were commercially available piston
rings. They were coated by DLC films on the substrate of
SUS420J2. Photograph of the piston ring before laser
irradiation is shown in Fig. 1. The diameter of the rings
were 86 mm, the thickness were 1.2 mm. The thickness
of DLC films were approximately 6 pum, the indentation
hardness were approximately 20 GPa.

The piston rings fixed end gap and sandwiched by the
holders were installed in the NC rotation stage (Newport
Corporation; RGV100BL).
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Fig. 1

Photograph of piston ring specimen.

2.2 Processing system and experimental method

Experimental set-up and a procedure are almost the
same as them described in our recent paper 2.
Photograph of femtosecond laser system is shown in Fig.
2. A schematic drawing of the experimental apparatus is
shown in Fig. 3. The femtosecond laser (Cyber Laser
Inc.; IFRIT) was operated at 1 kHz repetition frequency,
800 nm wavelength, 180 fs pulse width. The polarization
of the light of the laser was liner and its direction of the
electric field £ was constant.

It was reported that nano scale structure was formed
on the surfaces by irradiating femtosecond laser pulses at
slightly above the ablation threshold 7,
Therefore, we designed the optical system to get enough

fluence

fluence by processing at a focus position of a concave
lens.

The side surface of the piston ring fixed on the NC
rotation stage was irradiated perpendicularly by the laser
at a constant fluence. The piston ring was rotated at feed
rate v during the laser irradiation and moved by shift
distance /; to Z-axis direction after each a rotation as
shown in Fig. 4.

The controllable parameter were fluence F, feed rate v
and shift distance /.

Fig. 2 Photograph of femtosecond laser system.

. Femtosecond laser
Concave mirror

NC Rotation stage

Mirror

NC Z axis stage

(a) Top view of experimental set-up.

NC Rotation stage
Mirror

NC Z axis stage

Femtosecond laser

Concave mirror

(b) Side view of experimental set-up.

Fig.3 Schematic drawing of experimental set-up.

Laser Rotati

F Jem?

v mm/s

Rotative direction

Fig.4 Method for the processing piston ring.



3. Results

3.1 Formation of nano scale structures

Fig. 5 (a) shows the photograph of piston ring formed
nano scale structures by the laser at F = 0.13 J/cm?, v =
24 mm/s and I/, = 60 pm. Fig. 5 (b) shows the SEM
(Scanning Electron Microscope) images around the
center of the side surfaces of no processed piston ring.
Fig. 5 (c) shows the SEM images at point 4 in Fig. 5(a).

In Fig. 5 (b), periodic traces in the width direction on
no processed surface is shown. It was considered that the
traces were formed in production processes of the piston
ring such as grinding.

In Fig. 5 (c), the nano scale structures were formed
periodically on the laser irradiated surface. The direction
of the structures was a right angle of the polarization

direction E.

A=311nm

-
.

(¢) Laser-irradiated
(F=0.13 J/em?, v = 24 mm/s, I, = 60 pm)

Fig. 5 SEM images of piston ring.

3.2 Relationship of fluence and periodic structure

Fig. 6 shows the cross-sectional profile by AFM
(Atomic Force Microscope) in the center of the
cylindrical surface of the piston ring processed at F =
0.13 J/em?, v = 24 mm/s and I; = 60 pum. In Fig.6, the
cross-sectional profile is also shown periodic peaks and
valleys.

In this paper, the size of the structure was evaluated by
a pitch A which was the mean value of the distance
between a valley and adjacent one at 50 points in the
cross-sectional profile. The A was measured 311 nm,
standard deviation o was +£77nm from Fig. 6.

The measured value A is plotted as a function of
fluence F and o is indicated by the error bars in Fig. 7.
As shown in this figure, the structures were formed at
fluence higher than 0.10 J/cm?. In the region I, Pitch A
increases rapidly with increasing F near the ablation
threshold fluence F = 0.10 J/cm? In the region II, A
increases slowly and becomes saturated.

AFM images
B ’
Pitch A : :
S~
c _
; I | I | I | I | I
) AFM cross section profile
500 nm (B-B")

Fig. 6 AFM profile at point 4 of Fig. 5 (a)
(F=0.13 J/em?, v = 24 mm/s, I, = 60 pum)
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Fig. 7 Relationship between fluence and pitch.
(v=24 mm/s, I, = 60 um)

4. Conclusion

)

2)

The periodical structure was formed over the piston
ring by the developed processing system, which was
constructed by femtosecond laser and NC rotation
stage.

The periodical structure was formed at fluence
higher than F = 0.10 J/cm?, the pitch A increases
rapidly with increasing near the F' = 0.10 J/cm?,
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Structuring Control Systems for Normalization of Optical Intensity with AVR Microcomputer

—To Reduce the Spurious Signal on Photoreflectance —

Eiichi KOBAYASHI" , Kouki HASEGAWA™* | Takayuki MAKINO"** and Akihiro HASHIMOTO™**

(Received February 5, 2016)

We describe microcomputer-based implementation of the PI-control system for normalization of

the dc reflectance part from the photoreflectance data. Our technique uses a stepping-motor-driven

variable neutral-density filter which keeps the dc component of the detecting signal constant by

varying the light flux impinging into the specimen under test. This enabled extremely facile

a-posteriori subtraction of the spurious component of the photoreflectance, which has been often

problematic for the precise measurements. We optimized this feedback system through

parameterization of the proportional and integral terms.

Key Words :

Modulation Spectroscopy, Optical Spectrometers, Photoreflectance, Neutral-density

Filter, Micro-computer, Stepping Motor, PI-control
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