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AVR U — X3, ENTRMEADRE—HiRELT
IREoTeledlicA v 2—3y b L2 DEHRLH
%. L, IS HaaiEEizEncnizn

#£1 FrRUVFvIRAOY

TR (F—XRIL)
A= EEVAYAEE
8bit 16bit 32bit
« RISC a7 4%1E  (32bit DELE, 1% RISC)
- 8bit L TN AR E D B2 7=, 7277 T | PICIOF PIC24F
. . DT T2 TN IRER D PICI12F PIC24H
Microchip Technology « Ry —VITDIP ZA T 5 PIC16F dsPIC30F PIC32
- FEEIERIZ S0 PIC18F dsPIC33F
- AARGEOBEZENE T
* RISC #§38& (8bit OHLELILF—2 v v 7 DA PIC
F U AL YR )
Atmel Corporation -PIOC ctv@*P%J‘%Bff%iﬁfbi%’WN:&b, TELTTTD AVR - AVR32
A =2 NN 3
Ry r—UIZDIP ZA T b5
- BAREOBEENHZ TETWVD
- 8bit, 16bit {% CISC, 32bit (% RISC & Hs SuperH
AAFRTLS hE=s % -%KE@E779 R r =0, HHELUH | 78K RS M32R
HRCEE L TV EELLH D H8 M16C V850
cE&EE ZEERL N

RISC(Reduced Instruction Set Computer) : HiffiZe UBRA1T 5 vy L 237203 — (Bl O AL A &l |2 32T C & HH83&E D CPU
CISC(Complex Instruction set Computer) : RISC X U —[E]DLBEEEE (3B W DS EHEZR B 21T 5 a3 b D 4D CPU
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LOEL L, FWEREENE, MAOmNMSZOEE
OFICIFEE VD, ZELERELTHEHALLEDE
EANN

23 TUFvTIIAAY "PIC” DI
ZLDIVFwTIALAYONT, £EH5LIZ
Microchip Technology @ PIC &V — X & T LT
W5, PICY) —XHEHENTWEEHRN—FY
THRER L 21TRT. L, BFICK - THEI N
TV B HEEEIZ R % O TEEDBICIITFEILETH
5.

24 7PIC” DY AT LHARERE

PIC Z W2 AT LHFEIC B LM 2 X 1 1R
9. PIC OBHFD T & 75 % DIEFIFE Y
T 7T I I LTART, TOSBHEHY
7 bY 2 73R ARERRRICHERERIRS B & D
OEETHHAMEREDON A=A 5 IR TV 3.
¥, BERRES->TE7md I LoREEIH /A

15

NNV T, £ 21TIBIFTBEED N DA EE
KRB EEIDITREVDT, £LOBRATHER
ZWigwv. £7aVI L5428, WSEBREART
SNE T A 2L UTRIERICLZTZRE DNHEEINT
B0, TAMNREAD/N— RIVIEHD TEL.

3. RUHEBRREANDBEGLEH

3.1 BEFERFHREOESR

EWICHBT % LRUIEDNER L TW3EFIE, 18
BREEFMIELEDOTERVEMBTNEZHUTH D,
MNAD— 7% VT REBNZ FAMRIUC IS U TE
HAEN T3, Zoftiuc, Bio Rk EEimzZRN55HE
MZHET ST & THRIFEDERZFHFI - THNT
CEDTEZHERTFEMEINZIEHEFTLH SN,
WK LT 2 I e A EE R L TWERWY. ZOME
ELTINEXT, MEETFINREMTHA7DHETD

#2 PIC O 75HEHE

BEREA A
GPIO General Purpose Input/Output D& T, WHHALIBERED Z L. AN EDETEZ TR0 4
HMES A LY 3 H8kRE.
ZA = RE LTeRMETEE T T DR Z A ~ LSS EIIRRI, —EORRER T Y R L

T, vy b LEEICEFEZ NS 2 2 & TR ol 2 1IE T D e

Analog/Digital 25 #

TruJES (EE) &7 P FVEICEHT DG, BRI I D fRREDS 8~12bit L R D).

TruasarRL—4

TIu7ES (EE) ZREMLELIRL, ZOKRNMNI L YIE~E S 2 )T DHEE.

UART

Universal Asynchronous Receiver Transmitter OIS T, FHSFEM TR0V 7oVEEHKEDO Z &, 4b
HBIZ RS-232C IZHEIL L 751289~ 2 IC A HR Y 117 COMMM s & OolfE I SN S,

SPI

Serial Peripheral Interface OIET, FICE CHM ED ICHTOY Y TIVIBEEIT O BREDOZ L.

12C

Inter-Integrated Circuit OIE T, SPI & [F U < FICE CHEM Lo IC I TD > U 7IVIBIE %217 5 e
DT &.SPI LT % LIEEHENENS DDOURERT A VRN DRNEND AT v FADD.

ATy b XX TFx

AN H 7 IV ARITI2 > TV D HEIT, D7)V ZERE ) % I E 9~ 5 BERE.

PWM Hi /)

Pulse Width Modulation D& T, HJ1EE % @EEE D L 2RI L, £ D55 O High & Low @
HRAIL S CTH AT AHEED Z & SNBIc e — AT 4 VA A AT H 2 LT, BB
Digital/Analog 2542 & L THEHTE 5.

QEI

Quadrature Encoder Interface DIET, n—& J —xr a—F 7 EMHANERTDH 2 ODEFEA
VT I AMEFEAET AEERED = L.

USB / USB On-The-Go

USB DT A Al LTV a7 ERA MEREEZA L TV SRR & @57 288D Z L. USB
On-The-Go DEEITFA MERELA L TEBY, USB AFY R SICHEHET 7 AT 52 &b AkE
Thd.

LAN

A—VFv harbe—7%NE LT LAN IZEHTEDMEOZ L. /LA BT U AN S X
7 B DOIEDEAE O T LAN (BT 2RI ER TE 5.

X1 BHFEEREE
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HADNKNKETDHS &, TMEBET 2T B
X% B MZEDBEDN— RV ENT=DICIERHENT
KaholeT &R E, MFm-PHIEmMERE LT
FonNTE. UL, HlENLUEE AR
NIBERERZDES NN LN LB EN
R TREM> T ENMHZ, HEREFOIYNLEY
T— 9 VAT MR IR T LR A TR
LIzUNCY T— 3 Y ARy TV &K
MEFRVERE LTHEfich T3 ). D%, H
BERTFZMN A TICEEMRICKZEY)SEE L+
PIENL—ZV T HREEDTH 5.

Z T T, BEEANRSICRB T eRZHELIEHL
WEIIETFY AT LOMFEZITO L E L. TN,
RHETFOBREFEO—DELTHHIA TV
37T AT« (cineplasty) & WS HFEEISHAL TV,
VRTI AT 0 kX, WiHEICEMICES T bRV
OIS RS F T2 AL, TO b2 3IVNIHE
WL, FOmEr—7 )V RN, ThZzEFICD
IR EWITE ok CE T FEDT & THB . C
DOFFEZISH UIcE#EFE, BFEOREICKDE
BICHRNZEIN T C L TETFZRIFTE L & BIC,
BELTOREEZHN L TVWSHANTRZITRSC &
MTEBHT D, MERT LU TRIEEADE
PR B T EMARGTE 5.

SEBRT 2EEHEF S AT LI, MZRid 5
YR L, BIFEOENZHAND &L EICNYFT
EFEF L CO BRI Z B EFICT 4 — F Ny 9514
R—T z—AFE THRENS. ThEhCTVF v
TA AV EACTEH - flflziT>T0WBDT, U
VFvITRA AV ERCTZRFEERE L THNT 5.
MAT, A2 —7 2 —AEOEEREZ#GEES % 72
HOHHPEREEDFEEHEFNT 5.

32 BEEFVATLOBRE

KEHBET VAT LOEBIHNE, BIEHANE
DIEBHMETLHRZETHE. TODITIZ, BE
LTWBEWSBHDAKICT r—FN\wrEN5C
EDNREANTHD EZ Tz, ZT T, N2 FEICIE
FHeD bR 2 HIE 9 % HEE & 1UFF ) 2 10E 5 % ke
ERlE, A 2—7 2 — A, FEMOHIED
KO DICHIFEDBAFIERE LTHidD 5 WIEHE (AR
s &9 %) OULHE & I ZHIES SRE L, ##
TEBEND T ¢ — RN 7 L 75 B Wi R 3 & CUGE T~
DIPLE 52 7R ET 8 2B R8Tz,
REILAKIS, N Rl AV RZ—T = — A OBF
KT VF I AarEEDXSIIEH LM DN
THid 270, COBHFEF AT LOHIEORIAD
WMAUCDNT, K2R I T 0y 7§ 7%Z W T
fHICEAT 5. N Rlloay ba—J1%, 4 > 2 —
7 = — ADHlfEE T b 2 i O U & I ) 72 B
e LTy FOFIHETH % FEOBM R &R
ZEHE L, GRS 7 ¢+ — RNy 7 8T HAEEE & il
HEP KT DI CHBELTND. f1VE—T x—
Afloar ba—Ji, BIEEOBRIEEN TS 5%
DR L INFEH B XU ROFIEETH % T
FIPHE &R 72 gl E LT A > 2 — T = — A Dl
{1 T db 5 15 DU &= & e I ZFH R L, s 72
T4 — RN\ 7 SR THEMEEHIERERD—HT B XS
IKHIEL T3, TOA Y EZ—7 2—ZA0HIEE, #
EE DEIERER 2 G AED DDONY ROTHROMHAE
RIFEH L VS TR EZITES T LT, BIEEICHE
YR, FHEOBHA R T & U % O UK & 7 IR
T 5%, HFITHNIIHENUE ) ZFD K 5 I Afr
25 2%, TNCKOBIEL TV B IREDNEIEHSIC
T4—FN\w7EN5.

B2 Ty Z X
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3.3 \V FEDORZR

SUWELTeNY RZEKIZICRT. TONY R, 1V
RZ—T 1 — AW A - TR DB HEN T %
FARAT 2 HERE L, LIz & 2D & NIE T % HAE
ELTWV3.

TUFyTIAAVONEOFRNEK 4177, T
S DOBBEEICIZ ATy E VT E—2ZHH L. C
DE—ZE, EfRE U IEKERD, Bl E B 720510
KA S B T2 NVDI OV AEEZE— X R A/NCE
159 % C & THIHIT %728, GPIO HEERfi> T\ 5.
R, FrhRoOMMRZNET 3/dn—2)—T v
O—FZHHLE. CNRER2HESZHNILTE
O, HOEBSEZNET S8, QEIHRERM> T
2.

IR, R ZRRET % 2D EIC S U T ESIK
PUANZAL T ZE 12 Y2 Uiz, [BiEgZ@E L T
BRSO Z (LB EMOZ b e U, B CTHES
NERET B8, A/D ZHBERER [>TV 5.
N5 DOUEEZ 500 Hz OFIEIY A 7 )V TRITL T
ZM, TOMETUHENMTZZD1E, HlEHEOHEED
BNV T T 27T, TN OREIMEERICEE T %
FEN—FRT 7 OBEEZFHAL TS5 THS.

34 AVRZ—T71—RAEPORH

BUWELTeA V2 =T 2 —AZK 5 ITRT. TDAY
2—T z—AITlF, EEE DR TH % i O e =
ENYROFROMEENS, BIEEOHEFEEL AV
A—T 2 — A YR L T2 T A Y 280
MU BEM- 72D T 2HAEL, HFOULHES 2]
ET HHEEN D B .

TUFw TRATAVONMHOHENEK 6 1RT. U
AVOROHL »- BIHO HFICIERCY—HRE—
ZEMFHLTVS., TOE—XIE, 10-20 ms O]
NIC 1.5+0.5 ms MED /)L A7 3%(ET % T & Clhlfis{iE
T 27-%, PWMREZRH-> TV 5.

YA DR ITIEINA T2 G U TESURGUENZ
ETB0FTHT =T "W, ThENY REOE)
Y LA, BIEEOZIANELEEL TADZE
PaREZ > THIEL T 5.

NSO ET VF v T4y Li@ELiah
HHliE T > TV, TH5EF—FEEHD 500Hz
TOREY A 7 )V T ZE > TV 5.

3.5 HHRAERBEORRE

VAT IAT 4 LWV JTERIGH LT EHETF S
AT L2 2ICHizh, REEHELIRDOFHEE
G LY HR L CENZ SR AI S A VA —T 2 —
ZOEERFEZBYICRETEZ2NENS T ETH

6

17

X3 N> ROy

B4 N Rl A Ty OEENE

X5 A2 —Tx—ADINE

AV ER—=T =A< A 3V OMENE
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5. HENZEEREZRK 7SR, &AIIC, Tk
T B L TORWIRE T I A 54 Law
KOMHEDOUNMBH LTI AV ZHOHLTVE
(A—B—0C), ZIRETRINMEENMECT VK SIS
U CIAE I RAE T B & 5 BRI d % (C-D). X
2, FRTHOLIDEDZERT 2558, RT3
LOICHET 2 TRILLREXSICTA Y2/ H
LTWVWE (A-B), LDICFRN Yo THhEIR, %
DI IE CTe N7 5 K 5 HREICT 5. 974D
5, WIEDNEWEDOEEIIHERIMRELTLIEE

AEZIELIEWTED, IHFENFEELZNE I LT
kS DHDFREET B & 5 BKE L L (B-E), It
MEWGEEE, EFFICK > TEFEL TN DT, 1K
FmNE NS IR NI REL T REE T 5
(B—F—H & % & B>G—H).

AV R—=T 2= ADRMNZRET 5 7DICBYEL 2
WEZX 8IIRY. TOEEIE, BIFFOENTHS
13 2 WSO Z R L TREId 2 A7 —T L%
OBEEZAET 2, A7 — IR U T
N2 ET 2P THKL T3,

X7 A2E—Tz— AR

X8 RFERIEHEDIME
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IUF IR AAVOUHOBENEZK 9ITRT. A
T=YVDBEIIAT Yy EYTE—R MR LT
&, N RERE FIBEIC GPIO HépeZfi> THIT L T
3. BE#gEo—2)—zra—&KXBEHLEES
QEI B2 i THIE LTz, Uk /IR EIC S UCE
JEEDZT 2T+ — AT =2 Liziz8, A/D
2 RE 2 i > THIE L 7z

COMELEEIINEOEEZEFE L TWBD TN
RERE A > 2 —T 1 — ZAEBIE & O @i YU O LA FE A
7% <, 100 Hz TOMIfEY A 7 )V TR L TV 5.

2. FT&H

AEWE T, mINCEEE - SERRIEDEA TS
TUFy IRAAVCODWTHIAL R, YT TOE
BEF Y X7 LOBFE TOELFEF 2 LT, ME
WBAFRIC B 2T > F <A 2RI OGN E
L 7.

SRIOBFETHALIZDIET VF v IA a2 DOF;
DHAED T —HTH B M, —HA1D/SY 3 ICPLRL
THUEDA[REL I > T D, EIRZHFT ZOM
TERBURICIRE LR ERIETE 5. DD, Y4
FIC BOTEAEN LIz EHINTE < A T ORI
MBI 2B 211> TH Y, ZTOREICTDNT
VEZEEREFE O HHE L D2 AN 5 E DL TR
THRELTIHMLTWSDOT, 2IELEHAHWEE

19

X9 FMEREEEDOS A IV OIMENE
AN

BEH

1) TG0« SFERK 16 48 1 R BRI V7 PE SE RN S i 2e it
FRHEZTEFE, (2004) 24.

2) dJIEEh, AR @ R 17 455 KRB V7 P SE R AR
BRI SFE RSB SR, (2005) 118.

3) dbJiliEah, Fh RERE, A SERER | AFERR 18 KR
N PE RN S AT ST R R R T B, (2006) 102.
4) FEREGE, WMARE, AOEE, JuiELL, Fh A,
WHE T, REER 23 [\ H AR B2k

SEHETHIE, (2007) 96.

S)yBi A mEETIR~ = 2 7L, SHAREHRS,
(2006) 4.

6) EENERGE ¢ UIWT & FAL, EoSEHIAR, (2007) 56.
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TV RS FT-IR I K A 901

Sampling Methods and Examples of FT-IR Analysis
for Minute Foreign Matter

BHH AR
Jitsuo Sugai

QOI3HETHIH =28)

F—T— K @UNRM, (35 - BA, FLRSH, BE5YY 705k

1. FCHIC

WA, SEEHOBEERICES TEYOY 1 X3 F
TEI/NELAD, WIEODRAEICUV 0.1 mm O
O - BA LG OSHDARRR & 755 T
. TNHOMNREYNE, RKIRHRHEDHE, Sy
RRVITF LY, RYTATIViEEDEKRENEE &
BRI, XHICHERNT T T, BROM,
7, KR, IR, WE EEYIChkT 05, JER
WKL THD. EHIC, TNSOEYTHEIED, &
ZVEHeT 7 A LIRIELIREETHIET 5. C
NS ORY KT 2MEZFET 211, HTEY
WICEYMIE LT R E RO ZIT5 T8 H 2D,
BT DO IERD WG R 2 K& O EHEC T 2 nTREMED
BB, YlIEWH S DEYOTEE (YT T
MREETIR 5.

RETIE, TNETOERMDTOHEHZSE 2R
mo, By 7V v Tk, 77— AR
I HEERE (FT-IR) IC X 2 M H IS DV TR S,
EIC, FT-IR ZMDI#r/7ik & 8D, insitu, B
MBI - KEHEERHTSCEI&D, $0.1 mm D
NGB B E AT MIVIMES NS T2, BYOFE
ERITADARENEN D 5.

2. ERYORRHSEE Fieath

e - B TR

2.1 BYDIKREEER

2.1.1  H#D B DI HIEM BRI

Y DORE L7 - IR OR 2N B 72,
HiHld 2 S AEMSIBSR Z 03175, &<, &
PO ORI LWV TANRIZT T, RSO X,
e S FONWRZTS 5 12 DICFHIABIR 2175 T & W&
WTH5. WHERE T, Y wYORTHho Yo
BT, RHOEY DL ZAFT DOV THERZTT
9.

2.1.2  RHVERIEGHC K % HOCEISE
SEOVRIGSNC K 2 20EBIZUE, 8 LTVl h
HE—EE G265 6RILEYICHRT 5T eN%
Wi, ZOMRICENTD. BlZE, BISRER2E
BRI BV T, BYNRGRRDH % 7z o
JRERICIED > TV 2 5EE, 5D DWADE L,
JEFICIEE L 72 TREME DY B . T DK S IGEIE, N
VT4 ZAT DUV TV TRENEMBEIC KD, ®
YN ERIVRZ RS % 7200 T, AL S OE RN}
MTE%.

22 Fieah

22,1 SERIGRNC & B MkiEO KR

MAE R, MHEO B2 AT % 72D DG TR
ThHEWRIGHRTRMT D L, K 1ITRT KD ICHkHE
DR (f, Aoy, 77U, EEFE)ISLT
HREMNEZZ NN TWS. BRI E LT,
A= VAT AV (— M ERENR—T > B R B
W), VAT AV QUHAEUMASH) &L
MR E N TV S, BYDERIGR CH 0T 2T
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SNX, bIH 1 mmBEEOKZTEITE, ZoOMEE
HETBHENTES.

222 HRHMEDTEIIC N 2 tAfRTE
WMAMEDRERIC K D, VAT HIEHMAREE NS ED
NHz. B2, FAaid20% G, 75—
MIOKEEREIC, FBIEREIEEET bV T LIERICWHD
TNEEMMTHEMRT 2728, BREBREWEOREIC
AVASIS

223 TR K 2 B1Y0Hr

NEBISD S, BYID Y (SEFY®E) Th 5
EHERI T N B WL, TRV F— RO X AR
HEICKIZTTEINMEARTHS.

HHE DTS Qe te OFRT- NS Z8I02 155

YW

i JK B Dk
FAT T AT
TEF— & SR IR IR
¥E T AERZOE
L—3 WEUNR I D FF
T U b IRD R
4B T AR
RY AT D F kA DT

M1 2wz, SRE(R=7r>A71402)
I & D RO U TR

(a) (b)

1mm Tmm

X2 (@Y7 T LR O EEMEE S E
(b) BERIGRNT & D Pt U 7z B 00 Y22 BRI B3
HH

(a) (b)

X3 (a) BARICHROKRO B 2 AN TR
(b) 20 % e Z N A CTHE L = DR+

3. FT-IR IC KB DHhEH

3.1 EMEEYD in situ 9

3.1 [EREYOY T T

TIAFy JRIBADIKIC, K 2a)liRT XKDk
1 mm OEWEYIDNERD D, NS &R
TILKRBIRUGNDS, SFEEmBSREE 2y b
HOWTAEBHI ST T T LT e

3.1.2 HERISYRNC K 2 0 #r

WO —EICDWT, 2.2.1 Tl U 7z 8 ek
(R—=TVATAV)THROET B L, K20b)IRT X
ST FTARHROICHEE LD, B)EF Ay
ThsdLELZLN.

3.1.3  TAfRMED R
mu,ﬁﬁuﬁ?%ﬁﬁﬁ%ﬂﬁbk ﬁﬁ@ﬂ%
POiORYZ AN, 20% R % N2 CTEILTF
F'Eﬁﬁ%?ﬁ Lz, ZORRE, K30 MhoHLNEXDIC
BEUNIRTHR LTz, TORYN A/ arThs

Lzt TE .

3.1.4 FT-IRIC &K B0H7

BN DWTHE B NI RN AT BV (FT-IR
AR MV) B 4I1RT. £iz, WEEEICHTED
T—=RARN=AHDARY ML L DREZTT- Ihi Rz
B 5 ICR9. SERIYYRNC X B Mk S K CTamRTED
FHEFEREK S S, TOHVWEYNZS a2 6 TH
BT EMNHEMNEIZ ST,

3.1.5  ZFofthodEHs]
CNETICHE UIEAEY & LT, KM DXKHIC
DOANLTEHDHE 08T UE, £z, Az d
% fkHE & MDD D RIS AVAATZ BN &

5
S
B
o)
i
3000 2000 1500 1000
EE (em )

X4 HEYoOFT-IR AXZ7 )L

FT-IR ; Thermo Nicolet & Avatar360

{sfJE 2L ; Split Pea

WIE T s BRSHIE (ATR) 1 (— R SHE—K)
HIEHiPH 5 4000 ~ 600 cm'

I ARE 5 4 em”

AF ¥ olgy; 128

Fees o BRI 2R (DTGS)

ATR &8, 5 V= =7 L\ (Ge)
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(a)

HiEE (a.u)

(b)

3000 2000 1000
KE (em™)

K5 (a) BYDRAXRT MV
(b) T—EZN=ZXHFDF A 6 DAY R~

%. COXIBGE, BN TN METH-TE,
oty METZEOXEEY VT V7 TENE FT-IR
KB M7ZITH TEMNTES.

3.2 ML RMNETEL TV SENOD FT-IR Stk
3.2.1 BAYEY Kbk TRk & o)
e & R L TV 2 B O EE, B IR
HOZXAYEY RV EHOTCHiZ T 22 &
T, MHEDDIC CATzh e M e 2B L, ERC
FT-IRIC X B0 fEL 75 %. ZAVEY RV (K
6) LiX, EE2~3mmDEXAYEY RORRHHD
AENTT A AT 22y MciEo7z86DTHD,
TRIVRDOBEREED B 128, BRI Z#EL I 55
WKE<HWENS., K7, WL mMEELTWS
BYONFBEME G EZ RS, CORMERTOT 1
AT DERICIYE, ©HIR DT 4 A7 LEREDYE
THEHEL, HkED S iz oL 7z.

322 FT-IRICEK B0Hr

X 7SR EYORE XN 02 mm TH Y, K1
mm DL _E O BY 7 HHICE LTz ATRIETIE AT b
MEENGZWATREEN D o T2, ZDizd, KOG
HY o HICE U BMEEE 2 R L. ido, B
MEFERLIZZAYEY REIL%Z FT-IR O 8 2% &
ICHEE L, WSy & 2 AN AT L. X
8(a), (b)IC, TNZNHHMESS Y, WD DAY FL
BRT . HRHER > DO RRT MV, fEHERA L o X
R MUVHAEELIZEDICHYET 5729, 8(a) &
(b) DAEAXRT MVIHHERARICHR T2 T LicES.
FEART MV, “ODARY NV EBIEE AR
MVDETERERTZ LT, ZTNHDEERDIZED
THO, MHFDAXY MhicHgIicHN 2 I E— 2
MR E N, HIPNSERK T 2 BINE — 7 DHNER
TNBEIICED. K8()IRTEARY MUET—
AN—ZLRE UTHR, MiEdEThHo, gy
d—2FA)NWNThHbERBEDENT.

(a)

10mm

B 6 (a) B IR IO XA VEY R2)LDSR
(b) RAYEY ROBRDH % 2 DT+ A

HZBEE (a.u.)

0. Tmm

B 7 ERERT O SR OB S H
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(a)

(b)

(c)

(d)

3000 2000 1000
BE (em™)

X8 (a) {EHEL DAY ML

(b) IR D AT k)b
(c) MRHESD 7> ETHER T DA AT RV
(d) T—HZRX—=ZAHDIHD AT )V
FT-IR ; Thermo Nicolet & Avatar360
{it@2EE ; Continupm
HIETTIE 5 WS
HlE HipE 4000 ~ 650 cm™
SFRAE + 4 cm
AF¥ A% 64
s 5 PERERHER (MCT)
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3.3 EBEEICKZEEEMDODR

3.3.1 [E@REYOY TV T

K9/ LIS, EOEMmICHL, MEICTE
LAV EY OSSOV TIERS . Y BEAMEEIC X
ZIREEZN D, HYNE, S OWANZEF L Tz
EL7tDTH S EHENE Nz, d@E, EALRRICHE
BN LI oy > 7)) > 7Tk, AN X 24
ME MR ORS T L THET 5. £z, HIREE
DIEFRDBH % BN DOV T F 1 7 THID B>
TY YTV TTHeNTES. L, L, Hl
DN ZEDREADIRVIRAKE T, EMICEY)Z
W59 % ik (BEY 7V v 7)) TRz B
YTV TTBENTES. HlZIE, =X /—)
THEFICLET VIRV E n-NFH ViR L, &
BLEYMO EREZFZTLICXD, n-FY VISR
L8 Wz 7 VI KA RICHEE T 5 LMW TES.
BB, BEMELUTHWETILIRAIVE, BYOKE
RIIBCTER L, D, AT MUIciZ e pEs
H2m0HEME UTEEICHHTZCENTES. £
e, BYDT I AF v 7IHBELTVWERLEEER, TF
AFy I RRET, BYOIH NS 21877 H 5 h
CHIE L THELRELDH S.

332 XM MTEEMEEIC K BoeE o

BFONTEYNTONT, 9, XEROHT M (i
LEBIERT, XGT-5200) & W CeE iz frofz & T
A, NIV LR LN,

333 FT-IRIC X5 90HF

TIWVIRAINICHG LB I OWTELNTZA
A7 MUK 101RT. X 10123850 T 1600 ~ 1200
cm’ OEUIKICENT T O — RAEY— 5, mHE
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SUS316L a8} 2 FRANDKIR 75 A~ WL

Low-Temperature Plasma Treatment
of Sprayed SUS 316L Coating

JENL HR—BR* B NESA ¢
Shinichiro Adachi  Nobuhiro Ueda
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Servo Press Slide Motion for Improvement of
Dimensional Accuracy in Impact Extrusion

PUE fEE B 52
Naruaki Shinomiya ~ Nobuhiko Shirakawa

Q01346 H 17 H 52H)

Experimental and analytical studies were conducted to clarify the preferred servo press slide motion for

obtaining uniform cups by one operation of impact extrusion. Cylindrical billets of aluminum (A1070) were

extruded into cups using a servo press. The inner and outer diameters were measured along the longitudinal axes.

Effects of the servo press slide motion on the billet temperature were investigated using finite element method. The

following results were obtained: 1) Heat generated by processing strongly influenced the cup diameter accuracy. 2)

A constant sliding speed made the diameter small at the cup bottom. 3) Slowing the slide speed in the middle of the

extrusion process improved the dimensional accuracy.

Key Words: plastic working, servo press, impact extrusion, finite element method, heat generation
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Fig. 1 Schematic illustrations of (a)cross section of
experimental apparatus and (b) front edge of punch.

Fig. 2 Appearance of (a)billet and (b)extruded cup.
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Fig. 3 Various slide motion patterns used in this study.
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Fig. 4 Slide speed of various slide motion patterns used in
this study.
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Fig. 5 Load curves for various slide motion patterns of
(a) experimental and (b) caluculated.
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Fig. 6 Variation of (a) inner and (b) outer diameters of
impact extruded cup (experimental).
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Fig. 7 Variation of (a) inner and (b) outer diameters of
impact extruded cup (calculated).

Fig. 8 Effect of slide motion patterns on maximum work
piece temperature (calculated).
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Fig. 9 Distribution of work piece and tools temperature at
bottom dead point (calculated).
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Fig. 10 Distribution of work piece temperature as pass
though the punch shoulder (calculated).
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Molecular Weight Evaluation of Grafted Styrene Block
Copolymer

oo Iz *

Kazuhiko Yamamoto

(201346 H 19 H 2Z#)

Graft polymerization of lauryl methacrylate (LMA) onto the polystyrene—polyisoprene—polystyrene block

copolymer (SIS) by free radical polymerization was conducted at 70 °C. The degree of conversion and graft

efficiency in graft polymerization of LMA onto SIS was high. Structures and properties of the obtained grafted

SIS were characterized using gel permeation chromatography (GPC) coupled with on-line laser light scattering

(LS), differential viscometry (DV), and the differential refractive index (RI). Increasing the degree of grafting of

polymerization decreased the molecular size [radius of gyration (Rg)] and intrinsic viscosity ([n]) of the grafted

SIS. Molecular structures of the grafted SIS were densely packed compared with those of SIS.

Key Words: SIS, LMA, graft polymerization, GPC, radius of gyration
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Fig. 1 System of Gel Pearmeation Chromatography.
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Table 1 Graft Polymerization of LMA onto SIS.

SIS LMA Conversion Degree of grafting Graft effciency Abbreviation

(2 (& (%) (%) (%)

28.0 12.0 75.0 30.0 93.4 SIS-g-PLMA (28:12)
20.0 20.0 82.5 65.6 79.4 SIS-g-PLMA (20:20)
10.0 30.0 80.7 228.8 94.5 SIS-g-PLMA (10:30)

Reaction conditions: solvent; 60 g toluene, initiator; 1.5 mol% BPO to LMA,
reaction temp; 70 °C, reaction time; 10 hr, extraction solvent; I-pentanol.
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Fig. 3 Gel permeation chromatograms of SIS and SIS-g-PLMA (28:12).
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Fig. 4 Molecular weight distributions of SIS and SIS-g-PLMA (28:12).
Table 2 Characterization data of Graft Polymer.
Mn Mw Pd Rgn? Rgw [7n® [niw®
(nm) (nm)
SIS 112,800 116,400 1.03 13.58 15.92 0.987 0.990
SIS-g-PLMA (28:12) 122,300 215,000 1.76 15.65 18.15 0.755 0.893
SIS-g-PLMA (20:20) 121,700 246,000 2.02 13.32 16.54 0.459 0.629
SIS-g-PLMA (10:30) 108,200 285,800 2.64 11.42 15.57 0.303 0.472

a,b) Radius of gyration at number-average molecular weight and weight-average molecular weight, respectively.
c,d) Intrinsic viscosity at number-average molecular weight and weight-average molecular weight, respectively.
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Fig. 5 Radius of gyration of SIS, SIS-g-PLMA and PLMA.
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Fig. 6 Schematic of molecular structure of SIS and SIS-g-PLMA.
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Development of Novel Ceramic Matrix Composites
Utilizing Carbon Nanocoils

EBall e EdE B Ok FRE
Yasunori Hasegawa  Atushi Kakitsuji ~ Hideki Kume
B i o

Toshikazu Nosaka

(201346 H20 H =2#)

Carbon nanocoil dispersed alumina (Al,0,-CNC) composites were fabricated using spark plasma sintering

(SPS) at 1200 °C for 10 min under 40 MPa, using nano-Al,O; powders and a carbon nanocoil. The effects of

additional CNC contents between 0.5 and 4 wt% on densification, microstructure, mechanical and electrical

properties were investigated. The Al,O;-CNC composites by CNC contents below 2 wt% exhibited relative

densities higher than 98 %, in which CNCs were well dispersed, while maintaining the coil structure. In terms of

Vickers hardness, the composite with the addition of CNC up to 2 wt% showed equal or higher values than those

of AL,O;. However, further additional CNC contents decreased the hardness because of the formation of many

12

pores located within CNC agglomerates. Indentation fracture toughness increased to 5.3 MPasm™* by the CNC
content of 2 wt%, which is about 30 % higher than that of Al,O;. Electrical resistivity of AL,O,-CNC composites
was decreased drastically by the addition of 0.5 wt% CNC. Up to 2 wt%, it was 14 orders of magnitude lower than

that of A1,O,.

Key Words: carbon nanocoils(CNC), Al,0;-CNC composite, spark plasma sintering(SPS), microstructure,

mechanical property, electrical resistivity
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J1—3R>/J ./ 34 )L (Carbon nanocoil: L, N CNC &
Fi) &, MR aINEDS S A=A —X—D
LEAMIEZ LD — R TH D, CNCIE, 71—
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KR BN MEZ IS5 s, BRET
AL, BRI RN AL, HHRAE, EHEE A &

o (R
o R R
o PR SRR B AR TRM

RILCDBHANOSHANMAFE N TS ™. FTEE
B & LT, SEFEC N E TOHMRE (REM
B I TR & JE R A A7 T O B 7R WU (1~100
GHz T 20 dB DL - OWIEE ) WA TN TED 7, X
MR e LTHEHE N TV, LML, Zhbik
IRFUMIIEFEDOR T FHMEN—AL LD TH
D, CNC &tTIv I REDEAGMICET 2 ME X
F LA LR, ONCHEHAERIC K 28RSOV THGES
ENTVEVDONEIRTH 5. R TIE, CNCZ
BROENHMEES I v I ATHB7IVIF (ALO,) &
BEEIbd % T & T ALO,-CNC BEfS A Z{FSI L, CNC
N ALO; DPIPEIC KAF T FRIT DV TG L 7z
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2. RERAHE

2.1 ALO,—CNC iR D /SR

HIFEERL & LT, MO ALO, ¥R ( KBLZ: T %
(#k) %, TM-DAR) KU CNC ¥Rz w7z, CNC I,
KBRS SRR LRI s e St 22 72 8 D
T, EARE T M (SEM) BB b AR 27
NZMN Fig. 1, Table 1 IC/RT. £, FAiEmdD CNC
Z2- 708 — )L T s M E I L,
W72 1775 - 121, ALO, i RZURIL, WU EEE
B Z TR 5 T2, ROT, KM NUTEZERICT
MBI L, ALO-CNC EAM K ZR/z. 1F5N 7R
BMAZH, E T 5 X< Bkt (SPS: Spark Plasma
Sintering) 3& & ({3 KA RILZE (FE), SPS-1020)1c &
D, 1100~1200 °C, {##FHER 600 s, Ezed, fnE S
30 X 40 MPa DS ROl 21178 > 7. ilige L
T, [T &% ALO, BEREADIERI S 1778 - Tz,
2.2 ALO,-CNC JFEiE{& 5T

BENTBEER BT, 7IVF X T RiE (JIS R1634)
IC & D EBERANE L, ALO;, KT CNC O % s 7
4.0° g/em’, 1.8 g/em® & U THXIRERRI U, X
W, BR X BREHT (XRD) 3£ (Y A7, RINT2000)
FRHWIEHOEE, SEMIC X B3 HMHMEBRRYI <
VOMEMIEIC X B G/DLLOFHIi 21T /5> Tz £z, B
I — ATWEEEF (7 713, AVK-C2) % B fer 22 98
N CHREEZME L, FETHA (IF) LI X 2 i e
%, Van der Pauw %% W /2 ESIRPFIRIE & TV,
FERRT - BEIIEEIC DWW T ORI E 1175 - 7z

3. RBRERLEER

3.1 ALO, & CNC D#EE1L

Fig. 2 1T BERSTT 0D ALO,-CNC IR A ¥ A D SEM 5 B
9. CNCIX, 2fk& LTI —Iic oL ¢
W3 EWbho . Fig. 31T ALO, ICX L CNC % 2
wt% 7N U 7z il B (L%, ALO,-2CNC & %id) D&
BERSIREE (INE ST 2 30 X U& 40 MPa) T O FH x5 & &
Y. DTz, ALO, HERSADRS R E HF8 TRT.
ALO;-2CNC &, ALO; & [Alkk, BERGIREDNE %5
WCHEWFR R E AN |- L, 1200 °C T 96 % 1T L 7-.
ES% EF 3T &T (30 — 40 MPa), A= 13 i
WAL, X O RUERBERS R (RO @ 98 %) VS
5NBT Ehbhotz.

Fig. 4 12 ALO, 7 5 U} ALO;-2CNC 1200 °C B A& D
Wi SEM HE 759, CNC DIRMNCE D, < kU v
JATHB7 )V IFORREZIHIE N, 7z CNC

5 um

Fig. 1 SEM image of CNCs.

Table 1 Specifications of CNC sample.

Shape Coil

Coil length a.v. 20 um
Fiber diameter a.v. 150 nm
Coil diameter a.v. 500 nm
Coil pitch a.v. 500 nm
Young's modulus 0.1 TPa

Electrical resistivity 1E-2~5E-3 Q+cm

5um

Fig. 2 SEM image of Al,O,-CNC mixed powder.
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Fig. 3 Relationship between sintering temperature and
relative density for Al,O,-CNC and Al,O;.
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(a)

5 um

(b)

5 um

Fig. 4 Fracture surface of sintered samples.
(a) AL,O,, (b) ALLO;-2CNC

& 3 A VIR ZHER L DD —Ic 0L T %
T eMbholz. iz, WINOREERIIE &k
NBHEDFEA R 5 N5 DD, ALO;-2CNC i ALO,
EER, RN X O ZEINTEH > 7z, Fig. 51
ALO, 75 5 U ALO;-2CNC 1200 °C B AD XRD /3% —
VERY. VWINE AL IKREENAE—TDAR
51, CNC IRINEEHC ALO, & CNC & DS R &
DE—7 3R ENIEho T,

Fig. 6 IC ALO,-2CNC 1200 °C Hifk 1A+ T CNC 171
T EHE SN DI SEIGF LIz T <V AXT M
R, DS, FR CNC DAY MLEIRT.
CNCHIKDDNY RB MU w7 A TH B ALO; D
E—2J L HEE> TS0, BEREICKESH, G/D
(B, SE )13 0.7 TH D, BRI CNC D (0.4)
EHRB EEL, MmtEom EAR®BEI Nz, D
CICDWTHICFIZ N2 728, CNC D7z HL2E
HH, 1200 °C T SPSIC K BB 21178 > Tz, BV
IC& D, Fig. 7 OF @M E MG (TEM) HFEICH S
N3E5 CNCDT T 774 Me(KEsL) BEfT L
THBH, IXVIEMRE RS =L
3.2 ALO, D¥EIcKIZF T CNC EEEBHR

TESI L 72 ALO-XxCNC(x = 0, 0.5, 1, 2, 4 wt%) BERS 1A
IC B % A O 5 5 2 LU FISRT .

Fig. 8 1 ALO;-xCNC(x = 0, 0.5, 1, 2, 4 wt%)1200 °C
BEREIR ORI & HIME 1S O ONC IRINEIR %R T,
ML CNC 72 0.5 wt% ISInL7z & &, ALO, X H &<

49

@ :
O o
o (@) (@]
. le) O
2 0
— o
>
2
= o
2 | () °© o
Q
2
=i
P
o (o] (@]
@] o
o
o

20 30 40 50 60 70 80
20/ degree

Fig. 5 XRD patterns of sintered samples.
(a) ALLO,, (b) ALLO;-2CNC
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Fig. 6 Raman spectra of (a) Al,0,-2CNC sintered sample
and (b) CNC raw powder.
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Fig. 7 TEM images of (a) before and (b) after heat treatment
in a vacuum.
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Fig. 8 Hardness and relative density of sintered body as a
function of CNC additive amount.
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EPME TS % & HIC, CNC ORI WALV L
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Fig. 10 1T ALO;-xCNC(x = 0, 0.5, 1, 2, 4 wt%)1200 °C
BEAS AR DR PEE & CNCIRINE & OMEGEZ <Y,
PN (Koo) (3HTROX Y KO B L7z, CNC D
IENEIT ZIChtwy, #EEm EL 2 wi% T
K (5.3 MPam'?) £ 750, ALO, & FEXE) 30 % HEKRd
LT EMbhotc. EFHEABRDY Z v 7 EROMT
% SEM B9 % &, ALO, TIZ 7 T v 7 hkiRIcih-
THEEL TWEDICHR L, CNC 2T L ik T,
75w T DRESRNTD Y Ty JEENHER I N
e. Th&D, CNCZIRNmT 22 LTIy ViR
DFEMMIEL > 7z L HERI 1, CNC skl BT
X, 79w o RERIESHICKD KREEAN (B
BIXVF—)DpEERD, INHEWED—K &
HEHlE Nz,

Fig. 11 1C ALO;-xCNC(x =0, 0.5, 1, 2, 4 wt%)1200 °C
BERE R DB SIRTIRD CNC RIS 2R (5
BHix ALO ICDWVWTIE “HY Y FEIC X D #lE).
CNC 7 0.5 wt% I8 % T & TR 2 b
L, 2wt% OFRMTALO, XD 4KEFT BT e
bh ol Thid, CNC A ALO-CNC FEfE AT TEE
AR R, EHICEENRADNERE NPT VB

20 um

Fig. 9 Fracture surface of Al,0;-4CNC sintered sample.
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Fig. 10 Relationship between fracture toughness and CNC
additive amount.
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Fig. 11 Relationship between electrical resistivity and CNC
additive amount.
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