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Relationship between Formation of Phosphorized Layer and Uncovered Plating

Narihiro ASANO, Takeshi MIYAKE, Satoru KAWASE, Tomoaki TANABE, Kazuaki OKATO, Kazuhiro
TAMADA, Shuhei SUGIYAMA, Masaaki KATO, Koichi YAMAGUCHI and Kouji [IDA

Abstract : A phosphate treatment of steel materials is generally performed to increase the lubricity. A subsequent heat treatment

induces diffusion of phosphate in the surface of steel materials to give a phosphorized layer. In this study, a relationship between

the formation of the phosphorized layer and uncovered plating in a chrome steel was investigated. Electron back scattered

diffraction pattern analysis (EBSD) revealed that the phosphorized layer in the surface had a different structure from the bulk

of steel materials having a martensite structure. The formation of the phosphorized layer gave deposition of chromium

compounds in crystal grain boundary in the layer, resulting in the uncovered plating.
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Prediction Accuracy of Equivalent Inclusion Method in the Discontinuous Fiber Reinforced Thermoplastics

Koichiro KONDO, Azusa NAGURA and Satoshi TANIGUCHI

Abstract :  Recently, it is expected that fiber reinforced thermoplastics (FRTP) will be applied to mass—produced automobiles, due

to their excellent formability, productivity, and recyclability. Fiber orientation, length distribution and volume contents are

relevant to the mechanical properties of FRTP injection—-molded components. Moreover, the variation in fiber orientation leads

to anisotropy of mechanical properties. We investigated the prediction accuracy of equivalent inclusion method in the

discontinuous fiber reinforced thermoplastics. The prediction accuracy of the analysis decreased as the cutting angle of the

specimen increased. We examined fiber length distribution and volume contents of specimen. Subsequently, we found that fiber

volume contents and length distribution is ununiform in the specimen and fiber volume contents affected Young’s modulus more

than fiber length distribution. Adding fiber volume contents to the finite element model improved the accuracy of the analysis.
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CFRP F& gt DL EEZHEZ BT A AfF5T
VERES . CRSEH., mPEL, BEREMY. B

Study on Destruction Form of CFRP Laminates
Satoshi FUKAYA, Michinari FUTAMURA, Yuuna TANAKA, Masayuki NATSUME and Takeshi MOHRI

Abstract :This study experimentally investigated the characteristics of destruction form when various loads were applied to CFRP.
The destruction form was observed by applying static tensile load, fatigue tensile load, bending load, torsional load and impact load
to the CFRP laminates. Fluorescent penetrant inspection was used for the observation method. As a result, it was found that when
a tensile load is applied to the circular hole, splitting remarkably occurs starting from the stress concentration part, and when a
bending load is applied to the circular hole, the destruction occurs from the compression side. Also, when a torsional load was
applied, delamination occur before surface damage occur. When an impact load was applied, matrix cracks and delamination were

connected and occur inside CFRP. It suggested that the signs and the cause of destruction can be understood by knowing the

destruction mode of CFRP.
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Identification of Mechanical Properties for CAE Analysis Using Al

Satoshi TANIGUCHI

Abstract : In this study, flow stress curves for SS400 and polypropylene (PP) were identified by high—speed tensile tests and DIC

analysis. Based on the flow stress curves, we proposed a modified Voce’s equation that extends Voce’s equation to apply to

PP. The accuracy of the Voce’s equation for PP, which is a resin material, is comparable to that obtained by fitting the

parameters of the Voce’s equation for SS400, which is a metal material. It was clarified that the flow stress curve can be

estimated from the load—displacement curve by training the neural network on the relationship between the flow stress curve

and the parameters of the modified Voce’s equation.
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REFAIRE DRI
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LB AETE Voce DR TIXAE B T/XT A —X DfE
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# 2 PP DIEIE Voce DED/NT A — &
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Effect of Bulky Dynamic Covalent Bond on Thermal Healing Property for Cross—linked Poly(hexyl

methacrylate)

Motohiro AIBA, Motoshi YAMANAKA, Yuzo ISHIGAKI, Kazuaki OKAMOTO,

Mitsuo ODA and Michinari FUTAMURA

Abstract : This paper describes the synthesis of highly sterically hindered piperidinyl trisulfide with four spirocyclohexyl moieties,

bis(2,6-bis[spirocyclohexyl]piperidine—1-yl)trisulfide (BIBSCPS-S3), from commercially available starting materials in short

steps and its application as a dynamic covalent bond for thermally healable polymer networks. Conformational study on the

BIBSCPS-S3 moiety in the solid state is performed by single—crystal X-ray diffraction. In BIBSCPS-S3-cross-linked poly(ir—

hexyl methacrylate), a stress—relaxation experiment reveals that the increase in steric hindrance can not only decrease the

activation energy for thermal exchange reactions but also highly suppress chain—transfer reactions during radical polymerization

to some extent. Therefore, the dynamic cross—linking point containing BIBSCPS-S3 moiety would be efficiently incorporated

into polymer networks. As a result, BIBSCPS-S3-cross—linked poly(7hexyl methacrylate) exhibits nearly quantitative damage

healability only by simple hot pressing at 90 “C under mild pressure for 24 h.

1.#% 8

[E A5 S (Dynamic Covalent Bond ; DCB) | 1.
—ERM FICB W ORI Ao " i 200 - B KL O
FEO RN E EBATRE & 35720, HEEEHEDTND
U, DCB L@ T&E / ~—HAL CHmA - FldsT 5
723, FEIRGERERES B QIS O macroscopic 7et
BEDAT B NTIRE L 725, Z D X 9 72 macroscopic 7R HEME
X, DCB HERD(LHAMEEIC R E UKFET D720, Hik
W2 U7z DCB O G 22 B R B L 7 5, ZHLE TIZE
< D DCB ML XN TE2N, TN D D%  IELmEiREM:
AN E LB LT 5, TO0, Rl & TE
FePEA B9 5 DB DBAENLE L SN TN D,

RFEM 72 DCB & LT B D dialkyldisulfides I,

FD S-S HEE DOHES T 2% )L ¥ — (Bond Dissociation
Energy ; BDE) 73 60-70 kcal/mol &ZENSHILTWHN, £
DFERFIED bis (dialkylamino) disulfides |32 FH 1 1
DA EAIC K DGR EIT I > T 26-31 keal/mol

ORI ENHE SN Y, 2016 4F, @B HICL - Tar
K B912 & &\ bis(dialkylamino)disulfide T & %
bis (2, 2, 6, 6-tetramethylpiperidin-1-y1)disulfide (BI
TEMPS-S2) O E 72 & i HIEMBHFE S iz, 61T,
BITEMPS-S2 H1 D S-S f&rid, SilIZ B W\ TRE 7 A7 1%
B ThHDHN, AR S RIEARZE T80 CUE
DINEY) 12 K- TR RBRK R Z RS 2 & b lE S
M7= P, 2020 4E, F & 1% BITEMPS-S2 @ S-S ff &2k L
TR % 1 A L7ZERIE TH D bis(2,2,6,6-
tetramethylpiperidin—-1-y1) trisulfide (BITEMPS-S3) iX.
BITEMPS-S2 % &1k 5 BRICEIZER & L CRIFICHE D
D7, BITEMPS-S2 [RIEEIC KRZE/: DB Th D = & %
s L7 Y, —J5C. BITEMPS-S3 (LR 775 1 {HHAN
L7 Z LT 2 KRR E R OB L - T S-S #f
A0 BDE AEKRT D72, 444G 1T BITEMPS-S3 &5 1e
5EFE poly (mhexyl methacrylate) (PHMA) X 110°C - 24
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a 1) HMDS, MeNO,
@ o o] 2; S,Cl, NaoAe,  HO CH
cyclohexanone NaBH, N DMF/hexane N S N
HN [BnMe NJOH HN EtOH 3) K.CO;, MeOH ~s7 s
NH,CI, DMSO
29 % %
BIBSCPS-S3-OH
(b)
D/\VN \QL A/;( N\/\O
(o]
\\)I\O/\/
o C-BITEMPS-S3 ‘o
x:y=95:5 ({LiAdrtt)
R= Ceng
—_— = r
o
N N.__O =0 H
o .
g ONNWO N\/\O
o]
»x 0
BIBSCPS-S3-diacrylate O/R C-BIBSCPS-S3
Xx:y=95:5 ({HAdrtk) =
E R= CsHm

A 1 (8)BIBSCPS-S3-OH O &%, (b)BITEMPS-S3 F7-1% BIBSCPS-S3 /Y7 7 U L— k& AW T-244E 5 4> 7 (C-

BITEMPS-S3 & T} C-BIBSCPS-S3) DAk

IERIINEA T Com o ) k% 95% L FAE1E 32 A%,
100°C - 24 KERIMBA FICB W TH 95%LL LIEE T 2
BITEMPS-S2 % & Te424f PHMA & bl d~ 5 & A S EE M
BNWZ EEHLNE Lz, 2D X 91T, DCB DOFpHEZEFI
A L7 8 CEME T DCB B OMEEIC R & KfFT D7
B, KV IR S CEE PRI D 72 9121E BDE 14K
TSELTFHRDBIELRD,

— M BDE 2K T &85 FikE L TR 72
SEWRSELZ ERETFOLND, T T, Fxld
BITEMPS-S3 2% LT spirocyclohexyl FZEAL7-,
bis (2, 6-bis[spirocyclohexyl]piperidin—-1-yl)trisulf
ide (BIBSCPS—S3) #A R L. DCB & L COME K ZE D

284G PHMA 123510 % B CEEMEOFME 21T - 72D Tl
T2,

2 ERBR A &K
21 ERFiLEMDOERK

BITEMPS-S3-OH 1 LBEHIZHE - TARL L7 ¥, Hydroxy %
% F§-> BIBSCPS-S3-0H 133X 1 (a) IZhE» THRK L7z, &1k
SEREEIT T N PC NMR, FTIR, TR £z~ A A
N7 M X > THERB LT,

22 BRI FDER
X 1) IZ7RT X 91T, Z4E M1 BITEMPS-S3 & % i

BIBSCPS—S3 #Bir Z £ -0 22 4% /& (C-BITEMPS-S3 KUY C-
BITEMPS—S3) {3 mhexyl methacrylate (HMA) K OMEAGFHI
& LT BITEMPS-S3 3% BIBSCPS-S3 ;% diacrylate {b&
¥  (BITEMPS-S3-diacrylate X &  BIBSCPS-S3-
diacrylate) Z=RiR% T VA /LVEARGAITH 5 V-70 &
Hni=7 V) —Z U hVESEIRT, 72 R I L0 A6k
L7z ZUBAIOEIAIT RO 5 mol%, T8Hkksy (PHMA)
DOEIEIL 95 mol% e Uiz, 5N 744G K% chloroform
& methanol DEAEE TG L TRKIGW ERE L E



No.107 (2022)

top view

19

side view

1.685(2)

2.0707(8)

1 BIBSCPS-S3-OH o HijfE il X i #gsT (B I spirocyclohexyl 2573 N-S fE & L 0 BN CTW A E 7217 7)
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TR CHATZH T 4 VTS,

B RREEE
3.1 ERFICHTHLEMMEE DT

F P HIDOIC BIBSCPS-S3-0H 07y -1 1 4 Hifk &b X fikE
YEMRATI X > CTREA L 7= (K 1), BIBSCPS-S3-0H (2 35() %
4 fE @ spirocyclohexyl #&iL 2 #®D piperidine B LD
2, 6 LISV RIBE T L N-S fEA D DEEN D L 51
TFEL T2, ZHuZ. cyclohexyl 88 EO/KFEFF L Hi
R HNCB < SRR EL D SE 570 L Bbin g,

62U T BIBSCPS-S3 ¥IALIC 1T B S=S fi & O Bk
Bt A2 A L=, BEHUC IV T, BITEMPS-S3 EBAZH o
trisulfide 5413 S-S 54 ® homolysis BIZLISIC X -
T thiyl }x OV dithiyl radical Z/EKT 5 72 ORFEER
Yk a2 Z L, 95 disulfide fif& & tetrasulfide
FEREERTDHZEDBHOLNE RS TND Y, 5T,
BIBSCPS-S3-Ar OB KIS &7 L7z & Z A, DMF
BT 80 C + 24 RIS T TOMBIUZ LV XIS T 5
disulfide ff& 3 & N tetrasul fide A EBKA D Lk %
ESI-MS TH8 L7=7- . BIBSCPS-S3 % BITEMPS-S3 [EKE
IZDCB & LCIRZ# S Z Lot ieolz,

32 EEESFISHTBIENEBMAE

feu T 2(b) 127”9 K H 12 BITEMPS-S3 X 1% BIBSCPS-
S3 L A AU AT B To 48 PHMA  (C-BITEMPS-S3 L U C-
mm@&%)%7u~99ﬁwiémibémbto%
B PEZEABAN OB 1T HMA IS LT 5 mol% & Lz, KU
%, VESEFRB IO 2 2 L TREEN Y 4 VLB

% Z &N TE 7=, C-BITEMPS-S3 & T8 C-BIBSCPS-S3 @ 5%
EREJHAIRE RO 7 ABBIREIXZNZET 248.1°C,
11. 7°C )% 18 289. 1°C, 12.4CTH ~ 7=, §it> T, BITEMPS-
S3 & T¥ BIBSCPS—S3 INZEME R DOEMMEIC 52 5 B8
EREDLONIRNT &R o7,

DCB %A T DAUGIHRIL, IBUSENEDRE A A MG IZ
Ko TERIHEEEMAREL 70 b Z LN HN TV A
728, S SIRERIIE & 17V BITEMPS-S3 & U BIBSCPS-S3
L OB EAE A ZHAME DT 24T - 72, 140 ClzEB W
T, SUDELZEIIN LB OIS O 2882 LTz
& 2%, C-BITEMPS-S3 J2 O} C-BIBSCPS-S3 (ZFINIG /) &
ot s, &6 5 DO4UERIZIBW T DCB HROFEEZE
BHENERT 5 2 Lt Sz (X 2), AR FRER
CIRE OB AL, IS RIS T DIEE LT L

1.0
0.81 C-BITEMPS-S3
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3 C-BITEMPS-S3 &% Ot C-BIBSCPS-S3 & /341D
H OB =GRS 90-140 °C. 24 i)

X — % Arrhenius TUZESWTHEHH LEZLE Z A, C-
BITEMPS-S3 1% 21.4 kcal/mol TdHoizdxtL T C-
BIBSCPS-S3 X 18.0 kcal/mol T®H -7z, Z ik,
piperidine B¢ RIZTF{ET % spirocyclohexyl JEIZHE K L
TENEARINE R & OB X > TEUSE B SSHBMEN & o
BN THD EZZBND, Flo, IEAEMIBT
LEVNE T EREIS IO (0/0y) OIEIZETOIREIC
BOWTERIEMET, BRBISINALN (K 2), Z
i, 7 UANVEAGRHIEBT 5 S-S A~ DMK
FSAZ X o TA AR S 3 2 FEE Y 2> DB 70 44468 UL SE IR 5
5 EBESND, LA L 140°CIT 1T 2 BRIGH (Bl S,
WHRIRAED 0/0,) DEIL C-BITEMPS-S3 T 0.20, C-
BIBSCPS-S3 T 0.02 /R~ L., S-S fEi& ~O@EEHBE RS
I3 BIBSCPS-S3 Iz W\ T Ml shiz L B2 bivd, #
S5 &, C-BIBSCPS-S3 124445 PHMA fERKIEIC BN ILA
WEAMEAHER 9 = L7 < BIBSCPS-S3 ¥ &2 2RME M & L
T A sk 72 A%, C-BITEMPS-S3 128 W Tk — o
BITEMPS-S3 {2723 S-S & Tl e W IEEh AR At
DRGNS EREIN THICEASNZEEZOND,

33 BEESFICE T2 ECEEEME

iz & VTR (0. 7-1. 2mm ) X 4. Omm (5)
X 13. Omm (f¢) . Wri#E : 2. 8-4. 8mm?) % JH T C-BITEMPS-
S3 KUY C-BIBSCPS-S3 0 H CUETE M FHAM 4 5 3R FER 1Z &
> CRMl L7z, B SEEMERFm O FIRZLL T o L 51297

ST,
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ORET OFRAEE B > & —F A 7 CUIl L, Yl
[F L% BRI S W7ok, AT v L AR THE,
QI TEAT VAR E = =2 ) v I TEEL, 8
TRINER CHTE ORI - T E OREAE T D,
OMEZIZHEBE L TAT L AR LRI L 7-% ., BIIE
HBRE1TI,

F9°, 24 BEFINEA L7280 B EEME D i & 1T o 72
(1% 3) , C-BITEMPS-S3 }¢ T} C-BIBSCPS-S3 £'H 5 110 °C
TOMPSLERIZ KV . DT e DR AE DK HEZ [A11E
L7z, L2 L. C-BITEMPS-S3 TiX 100 ‘CLL T CThHEMPE
DIEEHRIT90% % THEIDIZFEF LT L, 5ERBRE
WA DA B DI R Tl & 7, fth)5, C-BIBSPCS-S3 (%
90 CETIT 5%, LD FPEDEESREZ R L, BIiE
BRI O REWT & GO RI DA Cld & 72, ZhuiE, 90 CLAF
TO 24 RN B W TIXSEREE & L 72V BITEMPS-
S2 & @ PHMA ZE4E 1R (BN% C-BITEMPS-S2) & Lhig LT
LENEEETH - Y, C-BITEMPS-S3 K O C-
BIBSCPS-S3 D H 7 AR AT AT bhied -
722 &5, C-BIBSCPS-S3 A37R L=t 7= B CASEMEIL.
e spiroceyelohexyl HiC Ko TIEE S, OEW
BUSERE A cHtE, RO QT U NVEAKRICEIT 5
SR ENSOGINTHNT K 2 48446 R D BRSO MERF
D2 RIZESWTER SN RIS,

4. 4

ARFSEIE. BITEMPS-S3 B #% M piperidine Bt LoD 2, 6-
712 LT spirocyclohexyl J&CiE# U7~ 8 #1722 DCB T
& % BIBSCPS-S3 L ZBH¥E L. Z DAL PRI & FFT
L. BHOBEEEET 28E& 0 F~DIEHE1T 272,
HRE S X BB S AT IC & > T, BIBSCPS-S3 IZTF(ET 5 4
il > spirocyclohexyl FEI%4 T N-S fHAITx L CiE I H
DHEDITHE L TWD Z ERH B E R oTz, I IIFEM
HITE X > T, ZEHE AIC BIBSCPS-S3 BBAL A4 7 de PHMA %
T INNVEEGTEMR LIS AITIE, LRI & S OHYIE
(2 & > T BITEMPS-S3 & MW 28 A & ki LT, (DS-S
B~OBEBBE SIS OIHENC LV IEE A EOLEAITH)
RIS RE A2 MR L E EFIET 5 2 &0 @BUREHRS
BRI BT DIE =R VX —NME T T2 &, A
BB Eeol, F5RE LT, BIBSCPS-S3 &4 PHMA 42
W@y I3 2 90°C « 24 WERIMNEVILEL L 723541
BT 95%LL EDENTEERE R LT,
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Result of Co—operative Analysis of Al-Si—-Cu—Zn Based Aluminium Alloy

Yoshiaki OHASHI, Emiko NONOBE, Nobuyuki SHIBATA and Takeshi MOHRI

Abstract : Co—operative analysis of Al-Si—-Cu-Zn based aluminium alloy has been carried out. Principal components of alloy were

determined by various procedures. As a whole, satisfactory results have been obtained.

1.#% &

FOfFEERE 3 AT L AR JE 2 D& R
11 A5 2021 4212 A £ THEM L2 F o 56, B
R4 g (BR) 12k A1-Si-Cu-Zn RT NV =07 AHE4ED
SHTHRERIC DWW T 5,

SR Fn R (BR) . = IR TR ST A R AT g
=, ) RESTTEY X — BF) KESHT Y —F, H
RigeE R . HEEST 7 7 ao— W) E BT
7 Ja— (), JFET 7 ) UH—F (). Bk 2=+
I VL EEREEINR G £ ¥ — T ¥
—, hIZHBEGR) ., BLOAEET TERETO 11
WREITH D, RBA RN TEMEITIE, 34 0HEY
HDBUR BTS2 WS Lz B IIEIEIT 13
L7225, HRICK > TEIARBMOKBENH 570, #T
—IBPRRDGEN DD, LT SRR ORI

BOTILVT 7y FTxRT,

BT, 2018 4F

2. BREBER
21 BE

A FE (ST, $kFe), Hl(Cw), FH (i), v~ HY
Mn) v 72T L 0Mg) ANFTT LN =N,
AV v 2 (Ga)  HEER (Zn) 7 & A (Cr) A K (Sn) 84 (Pb) |
EA<ABi), TFEL(SH), Yrva=yL(lr), B
N7 A (Ca) D 1T EH#EERGE LT, 20184 11 AND

* AL 2 TR ORE O SRR o Hrid R (5 46 )
15,

2021 45 12 HE T, ZHE &Y 10 EOMRF T DI,
BT OWTHNRERN —BE R LT27ed, ZhbD
FEEAEREEE LTREL (1),
22 AP
ZOREHI T A FOGHERE L, BEAWDEO S
TIIFERIIHMT D ENE LW, HITHN D
FOME & &, WNEFZFIZOWTRBDN T, &
A FOWEZBN T, BRICDRT D5 ERLETH
L1z, EwFIEIZERSR BN T VA U S RRIET
Hotz, A RBUSNOITLREOBETIL, EHERRIED
ANFEDEG THOBEITHK DD 72N RRE, D0
IER RO BICHE L, FRiEE 7 v KBS TLILC
WiRlb L, AR & GEE T HWHRILIEN AWV LTz,
ICP FtE TV bR m Lz TbIT, ZTDEER
Bl aBZET 5, MEERH 1 ARRITE L TK a (KRBT A N
THARUTEAHBROEKZ LT T(1+a)BE] L5,
OiERE (ERE 12 1K 2) . INEG R
OiRmz (2 5 ilE 1 K 5) . INES R
QiR (Hife 3 fHfe 1) . B iR
@ (1+1) e, WMLk IR, N>R
GRME (Hilk 1 AR 1K 2) . JINEA iR,
TNERG figt
@RS (R 3 5 1) + 7 v bk, BV R, (1+1)
Wile, INEN, AEALER. UK, INENAME
¥ + e + 7 v bk 3R, BV iR, (1+3) i, n
BT
O+l k3, MBI, A, FRE - e+

ALK
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7 oAU B IR, BRER . MBS R T ALER
K IMBAERR, AR E AR

O (e 1 iR 17K 2) . BV, A, 7R -
7 o AbIKFE, B R, ZRIERCIE . (1+1) B, InEk
B, AR LA

QO MR (e 1 AN 1K 2) . BV fR, A, FRiE -
Tl + 7 ALK B iR ARS8 R (1+1) HERR
INBEAR, AR &

DR AR (S 3 AN 1 K 4) . B fR, A, FRiE -
HlE+ 7 v ALK MBS iR 7S e A (1+1) HERR
INERAR, AR & AR

R (HmE 3 e 1) . INEAR, A, FRE - iR
+ 7 AWK, B R, FRIERLIE . (1+2) fEE, TN
BIRfR, Ak LG

23 SWAE
TAF#(SI)

ICP FEOEIEDS T HEBIH v . IEBE R (T 251. 611nm 23 4
H%RH.212. 415nm 75 1 BEBE. 251. 686nm 25 1 KEBE, 251. 287nm
W IHEBITH o7z, Wb A FREREIEN 4D - 72,
SRR IR R CHY . O b 1L HBIXAKRP O
A F& ICPHOGIETHREL, AR L CRELEZ, £V 7
R4 A WG ERE T (59) 28 LREBE & v L B I 5 13 420nm
Thoto, ASNN 1R, oV (ZERED) fEI 1. 63% T,
BAFIRMTHRER & e o T2,

#(Fe)

ICP FELED 12 #B & v | JIE R 259. 940nm 23 5
HERE . 238. 277nm 7% 4 BEPE ., 238. 204nm 25 1 FEBE, 239. 562nm
75 1HERE. 234.349nm 28 LBEBA T o7z, o-T7 =T b
oY CWROESCEEED 1 BB B V. ER R 510nm Th
o7z, CVAEIZ1.02% T, BREFROHTHRERE R -T2,
fR(Cu)

ICP FGiEDS 12 #B & v . IE PR IT 327. 396nm 5 £
B, 324. 754nm A% 4 F§RH. 324. 847nm 73 2 #%B4. 217. 894nm
WIHETH o7z, Fvibh ) U L—FAhifE)T N v
LT (BB NG 23 1S -7, CVIE
1T 1.74% T, BAFROHTRIR L o7z,

FHU(Ti)
ICP FIGIEN 11 #B & 0 | IE R 334, 941nm 23 7

23

HERE.213. 856nm 75 1 KB, 323. 904nm A3 1 #4335, 036nm
25 1 BEBH. 334.904nm 2% L BB TH o7z, YT FEY
S A B OIS 2 BB & V) | RIE I K13 385nm (+E
W) 6 £ 08 390nm (JIS H 1359) T - 72, CV HIT 6. 67%
T, ORI LW TR R & e o T2,

<A (Mn)

ICP 85NN 12 BB & v | IFE W 13 257, 610nm A3 7
HERE. 257, 687nm 7% 3 FEBE, 259. 373mm A% 1 #4E, 293. 930nm
N1IETH Tz, AT Y W7 =7 AL
—i~ T RO EEEDY 1 BB B Y | E R
545nm Tl o7, CVIEIZ 1. 76% T, BIFRSTREER L 72
ST,

27 %79 Ls(Mg)

ICP FLiEAS 12 #B & v | IE IR 279. 553nm 75 6
HERE.285. 213nm 735 2 BEBE, 180. 270nm A3 1 #4E. 279. 635nm
23 1 F§BE. 280.270nm A% 1 £&RH. 280. 352nm 23 1 FBE T
Bole, TNV PLESBE—EBT $577 48 EDTA fiif VLS 1
BB & o 72, CV 1L 2. 39% T, O BAF A TR & 72
-7,

INFOILWN)

ICP FELiEA 12 #B & v . MIERIRIE 311, 071nm 75 6
FER.311. 161nm 75 3 BEBE . 292. 402nm A3 2 #EE 292, 464nm
DI CH o7 N Y A L-N-T ==Lk Fa¥x
T X ARHROO EEED 1B & 0 I E R 13 450nm
Th o7, CVAEIL 5.86% T, RRILH DV HTfE R &
ol
=L (Ni)

ICP JEtiEN 9 BB &H v | JIEM I 231. 604nm 28 7
FERE. 221, 716nm 75 2 BEBH, 216. 556nm A3 1 #E . 216. 624nm
25 1 BERE. 231.675nm 28 1 B TH o7z, T ATFILTY
F % ARSI EEEN LB H 0 | JIE R I 470nm T
BTz, CVAEIL 4.321% T, RRIEH OV TR &
AV
1) L(Ga)

ICP FEED 10 #F & v | IEBRIE 294. 364nm 23 7
RS, 294. 449nm 23 3 BRI TH-Te, v hU v 7 A~y
FrZRICAN (99.99%) DT VI =7 LU A ¥ —%
W2l Z A K0.0016% DAY U LEGHELTWEZDT,
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ENDOTNAVI=U AU Y —ICER LIzt @sEnb o,
7 —4 3V B SREEED 1 BB B v L ER R
563nm T o7z, RS2 #EE, CVIEIZ6.41% T, X
(ESEOIRVAEAY T o b Sy

H$(Zn)

ICP JEEIEAN 11 BB H v . ITER 1T 213. 856nm 23 7
R, 213. 923nm 23 1 BEBE, 206. 200nm A3 1 BRI T > 7=,
AL 1R & 0 GRIE R 13213, 9nm Th -~ 72,
F AT BRI — BT F5 R 3K EDTA i 1525 1 4R
HoTz, CVAEIX 1.39% T, BIFRONRER L o7,
4~0.(Cr)

ICP FLiENS 13 #B & 1 | JIE PRI 267. T16nm 23 9
R, 205. 618nm 7% 3 BB, 267. 795nm A% 1 HEES T - 7=,
CVAEIE 3.80% T, SRR RHTHRR & e o7z,
RA(Sn)

ICP JEeikEA 13 BB H v | WE R R IT 2B R
189. 989nm Tdr -7z, CVEIL 4.31% T, LRI H DUz
SRR & TR o T,
£a(Pb)

ICP FLiEAS 13 #B & v | HIEH IR 220. 351nm 73 8
R 220. 422nm 7% 3 BB 283. 306nm 78 1 BEBE T > 7=,
CVAEIZ 2.87% T, RORBAF MR & 20T,

E R Z(Bi)

ICP FEIEDS 9 #EBHH 0 | IER R (T 223. 061nm 23 7
R, 222. 825nm 723 1 B§PE. 223. 130nm 28 1 BEBE T > 7=,
5h | BIEHERINE Ch o7z, 7 7 — 3 ATk
HES 1S 0 WIER R 223, Inm TH o7, ICPH
EONTIEN 2B 0 EE BB IR & b nz
209 ThH o7z, AZIN 1R, OV EIZ 16.6% T, TH>
WIEHTRER & 7R o T,

7 FE(Sb)

ICP JEIEDS 9 #EBHH v . IEM R (T 231, 147nm 23 5
HERE. 231, 218nm 7% 3 BB, 217. 581nm A% 1 EBH . 217. 649nm
DI TH-7Z, 2B 1LY A Y rELz—TF
NG EE R Uic, 72 1 BB ERINE
WE LTz, ICP EEAHIEN | HMH 0 | JIEE BEh
Hid mz 121 Toh oz, ABIN 2 #EEH, CVAEIZ 7. 24%
T, EB oWt E e o T,
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P22 %=E=y W NCA)

ICP 5N 13 BB & v | JIFE SR 13 339. 198nm 23 6
HERE. 343. 823nm 73 5 KEBE 339. 295nm A3 2 BB T I - 7=,
25 1 B HERINE Td o 7o, OV AEIX 10. 3% T, 11X
LOWOHTRER Lo T,

AL L(Ca)

ICP FLiEDS 12 # B & v | JIE IR 393. 366nm 75 6
HERS.393. 477nm 7% 2 BB, 317. 933nm 2% 1 BB T b > 7=,
25 1 B MERINE CTh o 7o, RSN 1SR, OV
117 7% T, XS OWESHRE R L 72572,

3. #&
B HTHL AT E 2 O &R A THRFE S HratEHS
TAI=ULAEEEFIY BT 5001E, 2014 £ 7 Anb
2015 F 12 AICEM L7 4l Ei LM e gt o
Al-Cu BTV =07 0A4 A2014 LIRTH D, SN E
5 TR OVRE OWERALITRBRIC L5 H R E <. BD
FRME & B BSIER S O e b3 il L 72 %, 41l
OREHZ SV T H, BEOT VI =T 254 T 55
BOFEEICEAThH oY,

Fio. EMESRPORMBDECE T 2WMERH o7
S ONTEBICED S THIOTMD Z LN TE HHER
BERBIE LNz, 0L TSSO RSHIEE T
DR T B BT D A A T TR Y |
SIHTHAT O LG PR ICIEFICH L THDH LB XD,

i

A

FUBHEHE, LT, B X OO RBRET 2RI ZH <
ZEWE LRI T LA E R O 2 BB O
iz, mAEHOZERLET,
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il
= o

I C PEESHIE

a: BEORE b TV SRk

F 1 Al-Si-Cu-Znk 7V = G4 (HAREREE (KR 121k) AL (%)
Si Fe Cu Ti Mn Mg
A 5.564 Ib | 0.992 Ib | 2.752 Ib |0.0338 Ib| 0.200 Ib | 0.288 1Ib
B 5,71 Ib | 0.959 Ib | 2.67 Ib |0.0298 Ib| 0.202 Ib | 0.282 1Ib
C 5.56 @b | 0.978 Ia | 2.67 Ia |0.039 Tal 0.200 Ta | 0.290 Ia
D 5.60 b | 0.9885 Ia | 2.744 Ia |0.033 Wea| 0.1970 Ia | 0.285 Ia
E 5.56 Ib | 0.976 Ta | 2.68 Ia [0.0330 TIa| 0.199 Ta | 0.280 Ia
F 5.55 Ib | 0.987 Ia | 2.76 Ib |0.0318 Ia| 0.200 Ia | 0.278 Ia
G 5.717 Wb 0.9904 % 2.698 jfa | 0.0373 Wea| 0.2048 Wb | 0.2837 jiEa
H 5.374 Ib | 0.993 Ta | 2.716 ITa [0.0339 Iaf| 0.198 Ta | 0.2796 Ia
I 5.559 @b | 0.974 Ia | 2.721 Ta [0.0338 TIaf| 0.197 Ia| 0.281 Ia
J 5.66 Ib | 0.973 Ta| 2.65 Ia [0.0333 Taf| 0.200 Ia| 0.278 1Ia
K 5.582 @b | 0.9807 Ia | 2.713 Ta |0.03446 Ia| 0.2102 Ta | 0.2809 Ia
L 552 Ib | 0.97 Ib | 2.68 Ib [0.0334 Ib| 0.20 1Ib] 0.29 Ib
M — 0.983 Ia | 2.67 Ia |0.0339 Taf 0.201 Ia| 0.283 Ia
S 5. 5797 0. 9804 2.7018 0. 03388 0. 2007 0. 2830
1 Y {7 0. 0909 0. 00998 0. 0354 0. 00226 0. 00352 0.00416
CV (%) 1.629 1.018 1.311 6. 674 1. 755 1. 469
vV Ni Ga Zn Cr Sn
A 0.00669 Ib| 0.148 Ib |0.00902 Ib| 1.808 Ib |0.0323 Ib| 0.1000 Ib
B 0.0062 Ib| 0.139 Ib — 1.77 Ta [0.0295 Ib] 0.100 Ia
C 0.0070 Tal 0.140 TIa |0.0096 Ta| 1.77 Ia |0.030 TIal 0.103 Ia
D 0.0074 Ta] 0.1385 Ia |0.0081 Ta| 1.788 Jjia [0.031 ITal| 0.094 Ia
E 0.0065 Tal 0.136 Ia |0.00912 Ta|l 1.78 TIa |0.0320 Ial 0.0952 Ia
F 0.00658 Ta| 0.130 Ia |0.00909 Ta| 1.759 Ta [0.0310 Ial| 0.103 TIa
G 0.00692 Wb | 0.1530 Wa | 0.00922 Wea | 1.752 fa | 0.0310 Ia| 0.1060 Ia
H 0.00721 Tal 0.132 Ta |0.00947 Ta| 1.816 Ta |0.0295 Tal| 0.0906 Ia
1 0.0076 Ta| 0.142 Ia |0.0080 TIa| 1.764 Ia [0.0314 TIa| 0.0978 Ia
J 0.0071 Tal 0.138 Ia |0.0088 Ta|l 1.82 TIa |0.0333 Tal 0.0985 Ia
K 0.00706 Ta| 0.1435 Ta | 0.0081 Ta| 1.796 Ia | 0.03268 Ia| 0.1034 Ia
L 0.0073 Ib| 0.14 Ib|0.00852 Ib| 1.81 Ib |0.0324 Ib| 0.0997 Ia
M 0.00743 Ta| 0.142 TIa — 1.75 Ta [0.0313 Tal| 0.0968 Ib
LR 0. 00700 0. 1402 0. 00882 1.7833 0.03134 0. 09907
FEYE(R A2 0.000410 0. 00605 0. 000565 0. 0247 0.00119 0. 00427
CV (%) 5. 864 4. 320 6. 406 1.387 3. 802 4.311
Pb Bi Sh Ir Ca
A 0.174 Ib [0.0136 Ib|0.0101 TIa|0.0108 Ib|0.0044 TIa
B 0.175 Ta [0.0126 Ia — 0.0084 Tal 0.00279 Ia
C 0.171 TIa |0.0094 Ia|0.0100 Ial0.0096 Ia|0.0036 Ia
D 0.179 Ta | 0.0100 Jfa| 0.0103 Ta|0.010 Ta]0.0040 TIa
E 0.183 Ta |0.00880 Ia|0.00874 Ia| 0.00875 Ia] 0.00375 Ia
F 0.177 TIa [0.0104 Ia]0.0105 Iaf0.0106 Ialo0.00315 Ia
G 0.1886 Ta | 0.00954 Ea| 0.00907 ITa|0.0112 Tal0.00348 Ia
5 0.172 Ia |0.01145 Ia — 0.00868 Ia —
I 0.184 Ta [0.0131 Ia]0.0102 Taf0.0112 TIa)|0.0043 TIa
J 0.176 Ia [0.0088 Ia]0.0095 Ial0.0107 Ial|0.0044 Ia
K 0.182 TIa [0.0087 TIal|0.0106 Iaf0.0100 Ial|o0.0046 Ia
L 0.1813 Ia | 0.0098 Eb| 0.0105 EHa| 0.0112 Ib]0.0040 Ib
M 0.177 Ia — 0.0113 Ta|0.0114 Ta0.00253 Ia
SR AE 0.1785 0.01502 0.01007 0.01019 0.00375
1 Y (7 0.00512 0.00175 0. 000729 0. 001053 0. 000665
CV (%) 2. 869 16. 62 7.239 10. 33 17.73
Dl CPELE Mo EEE W Wb W EE R TR
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Adsorption of Ammonium lons by Modified Perlite(2)

Tomoko HAYASHI, Nobuyuki SHIBATA, Nobuyuki KISHIKAWA, Yuzo ISHIGAKI,
Takehiko KINOSHITA, Chihiro OOKA, Takeshi HAGIO® and Ryoichi ICHINO*

Abstract : Inexpensive process for removal of nitrogen—containing chemical species from wastewater has been required in plating

industries to meet the current effluent standard in Japan (lower than 100 mg/L). In our previous works, a commercially available

gardening perlite was modified by treating it with aqueous NaOH solution for preparation of inexpensive adsorbent, and

adsorption performance of the modified perlite showed potential applicability for removal of ammonium ion in wastewater. In this

work, the effect of the adsorption ability of ammonium ion on particle size of the modified perlite was examined for the

optimization of particle size. Adsorption performance was found to be higher with smaller particle size, while the performance

leveled off when the particle size was 500 u m or less. Adsorption test of ammonium ion was also examined by using a model

wastewater and showed little effect of coexisting species (Na*, Cl', Ca*’, SO4*", PO,*, acetate and citrate ions) on the adsorption

performance.

1.#% 8

Pk 28 7 A LD Do EPIKDEHRRMITH LT
— P EEN A S dL, 2 OPEKIEHEN 300 mg/L A
5 100 mg/L ~EFE SNV, o &Pk O RERE RS
(T 120 mg/L FREE & HLESHUIRIR L Th 220, B
BNRZ RO PEKIEEE 2 573772 0 O 22l 7o JL Bk
FFERRD BTN D,

ARG T, Zili7emZEH S —F 4~ (T4 510,
A1:05) Z KEE(LT R U &7 A (NaOH) AKEEIR CALEE L (K1 &
M), HRImABE A 3 A5 (SERATS. 6 m*/g, SUET 23.7
m?/g) W L7z 8—=F A b (LLF, B &£ & 1ER
L. 7UE=0 A 42 (W) IS 2 WA Z 71T L

7o
NaOHKE®E A5
&

X 1 NaOH ZLERF# D /N—F A MDA A — VK

R

A% 2 OWAEFERRCIX, WA RESTAM 4 NH,' O #)H1
A 100 mg/L Tiro72¢ 2 A, TOREMR =74 +D
AT 29% Tdo o T2 DITKRE LT BB O WA #13 89%
FTH T2 ERNbro TS, Al ¥ OREERT
IE, Langmuir 7'm v FOMHBIREIT 0.9855 TH Y, &K
BCEMIT KB NHSOWE A1 Langmuir B CUTEl S 4, By
FREEAE L EZOND ZEBbro TWDH, ARG T,
NH; D F5HE X 0 B 0 feiil 7 i DR FH & BT 1)
o TP E AW RE LR EIT o 72,

2. EBRAE

2.1 BRMER

SEMOER kAR 2 1R, BERA—T A N
FLEE TR L7218, 5D 0 THhiZRZD3 mm LA L, @1~3
mm, 500 pm~1 mm, @100~500 pm, @25~100 pm >
S5FRFHIC A LTz, £ D%, L% 4 mol/L NaOH /K
TR TR 2 %9 50 °C., ALPRIFf & 24~T72 h & LT
ML, BOSDWTC RO b FEEIC /L CTER L
= Gk, T End8HO~0® L £,
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IR—=5 4k (Si0, 77%, Al,05 13%)

i

#T

|

SBWNZITD
«————— 4 mol/LNaOHK &

H<#¥ (70rpm, 24~72 h, ¥950 °C)

Jﬁ

i

Kk (pH=TET)

}

1A i\ y 273)

2 WEMERT &

VAW pH 1Z pH A —% — (pH METER AP-20, (¥k) =—
— TR TA) ZFHOTHE L, BWREDD 720
BAIT1E. pHEAERHE (MACHEREY-NAGEL) % FV M7=,

22 TEROW
ELD TR HTILI R At X SR Tk (ZSX
Primus 1V, UHZ7 () ZHWTIT-o7z,

23 WRERER

EI. LT =T DK A VDTS R AT
Sty WIT, Do TPRTOELERA 4> &= L%
DRI, NHy, C1°, CH,CO00, Na', SO, PO, K,
7T U (FL— R BEENTWSH720 Y kT
VRS AKER, BEET R U T AR, MiEET R Y
U AIKIRIR, U R KFE T MU o AOKERTR, Ak )
U LIKIEIR, 7 = VKR A IV CTET VD o EHEK
AL, WAEEREITo T,

HALT T = DOKIRIE O I % AW T2 55A O W5 KR
DOFNEZE 3 12RT Y, 50 ml /XA 7112 1000 mg/L O
WALT =T DK = 1) % 25 ml Nz, £ ZIC
BEM 1 g 2 AL, #RE O #% (UNITHERMO SHAKER NTS-
1200, HREYEEM (BR) )2k v 100 rpm TIR & 5 &4

27

Too WRAEHED NHSPEIZA >V R 7 =/ — A HIEICE 0 4y
JEIEEERE (US100, (BF) ANiAA T 7 A = 2) &
T, 637 nm OWSLEZRIE L, & 52> UDIER Lok
AV TEE L ORI,

B 7 E=" LIKE R (1000 me/L, 25 ml)

HEH 1g

v

#EES (100rpm, 24 h, F38)

AiE( g m)
KEHIE A
AR /—ILFR)
I S FE G EEAIE (637 nm)

3 WA RERIT L

ET VDo PR E WA S FIEIZREETH 5 03,
BRI DOPRIE & TN E 100 mg/L & L7z,

24 WEAEOBEMOFMRIARINILO LB

NH, W 35 Bii % O SR > & KBr SEAITE THRAME UL A
A7 hARERE A ERLL . ROV R ERE (FT/IR-
410, BASGH () ZHVWTRIELE Y,

25 WEMD SEM [CLHREEHE

RZHAR—=F 4 e 2.1 HilZd1F 5 NaOH KEHK TD
JLBRIERE] 24, 48, 72 h OUCEM OKEBILE % BB
# (Miniscope TM-1000, (Bk) HIin~A 7 27) ZHNT

1To77,

3. BRELEER
31 TR

TTDREMN—F A4 b EWEM ORGP RIS
Si/Al M& bhig U722 X 4 (2R d, EM T Si/Al
DD T2 DI, S10y 2% A0y I H TSI YRR L C
WAHTZDTHDHEZEZHILD,
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Si/Al
w

1 ]

IN—F4h+ HEM

X4 FERA ST A b EWEMO Si/Al Lo g

T, FEMA =T A O Si-0-Si OFEA O Ak
B ERLEE D NaOH LEEOBRIZ Na'lZ L - THIWr S 41.Si-
0" Na'lZ7g ¥ | Na'& DA A AT NI BRFHF SN D &
Zzbnd ",

32 NH,REEER

OB ORI L NSRS R OB AR 5 1T, WE
AR D NaOH AL (X2 2 /8) 2348 h & 72 h @
2 HHOBEMORERZ 7T, WEMO~@ TITRARN
INSWVEE N RAERITR O, @ L O TIXRZ%EO R
AR,

80

75 | ONaOHLEER5R] 48 h _ =
70 | ONaOHMREEEERS 72 h

65 [
60

55

50

45

40

35 = -
@ @ ® @ ®

R
X 5 Wa5H ORiEE & NH, W35 28 00 BE AR

NH * 835 32 (%)

WER DRI & NHOWOE R E OBMRZFRA L7, &8
M@LEOOEAIE, ThBIITFEEICE L TV, W
MODOEAIE, 24 h B H PHEICEL T\ oz Z L
O, HERDOWESNTWDIEY . KRNIV LR
BEHE TN ENboe ¥ WEM@EG®TIXFA
S DR E &R LTz,
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33 NH/EFEFROFNBEIRZRIEILO B

X 6 ICHEMODT =T hA A AR, WER
DIRNPIMLA R bV T, WA, WaE k% e
D& WaET41E 3,200 & 1,400 om ' AFITIC NH, AR
L3 F 0, NH DU E SRR S iz ¥,

NH,*

----ERT — AR

3600 2600 1600 600
BFH#em™
6 IRFEFIEDIRIMRIRRARI ML D LLER

34 IREHD SEM [ZLBREHRE

[ 7(a)-(d) I E MG 0 % 8L ORE R A T,
(@)~ (D IFMEZEHZH =T A b, 2.1 Hi TP NaOH ALEE
A8 24, 48, 72 h OUREMGD 5, 000 15 TOR I E
T Toh D, NaOH LR R < 72 D10k, Kk
KTpgoTWDZ ENRDLND, ZTHUE 3.1 HiTOHENT &
H2HOTHY WAHFENH ET2HETHDLEBZ 6N

Z)0

35 ETILOH->EHKERAVIEAD NL REEADEE
BEMOE A NI OWRAEFRIT, N OB OEE M
B4%Td o 7= DITxF LT, Hf5+ A2 (NHy, €17, CHyC007,
Na', S0%, PO/, K, Z == @ (%1 — hAl) BIEET
D86t 83% CIEMENR & [AIEE D m WA RED S DALz,
AT, ZAVE TORIETARRE I A A o I K D
HDLEBEZBILTEY REFTIINGRK LY NH, Y&
RERBEN D EEZOND,

4. % 8

NaOH T L7c /S —F 4 & FHWC NI O
EREATH12E 2 A, NS OWFEME L ClEHTE 50
EMEDRN D U . WEM ORI 500 um LR CTH S =
Lo, £, BEF Do kAR WSS
NHy DA D6 & RIEOWERPEHLINLDL Z LR
7
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Evaluation of Low Radical—transfer Constant of Various Alkylmethacrylate for Bulky Dynamic Covalent Bond
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WA, —ESE T ICR W CRIRAY o R 22 A0 -
BRI X OS2 REL+ 5, Sy aHa
(Dynamic Covalent Bond; DCB) & MRIEA 5 k22 bk
BaMM LB CEEEM B OBRRE AT T
DM, T ORERERFEIE DCB DM 50 < RAF L. ekl
TN 72 S0 CBREH 9% DCB ORISR RD TS D
KA T T, R S 80 CLLEDMEVTERE 3 5
bis (2,2, 6, 6-tetramethylpiperidin-1-yl)disulfide
(BITEMPS-S2) 1%, RFN72 5ol TEEEN % DCB T 5 A3,
ZE G AT BITEMPS-S2 % & $o ZE 46 poly (mhexyl
methacrylate) (PHMA) o H 2ASE ML 100 °C - 24 KRR
BT CruD 1% 95 %Ll HEBE T 255 DD 90 C
LRl Hoyattiea m s v 2, BEOITHIRICE
VT, BITEMPS-S2 % <#i#l7s DCB & LT bis(2,6-
bis[spirocyclohexyl]lpiperidin-1-yl) trisulfide (BIBS
CPS—S3) ZBA%E L. & D4UE PHMA 13 90 °C - 24 WF[HIINEN
TlBWTHLERMREREZ S LE Y. &5
BIBSCPS-S3 23 R 7= B CEME I LR & m & o
HIMzHE S5 . OS-S #a OfiaffEtT 1L F— DT,
KO, @F P HNVEETED S-S fEE~O B E) s
HlZ & o TRRFF SN BE R OB ARG, (0K D

ERBENT, LMLARRL, ZUNNVEAICHAH L
1% m~hexyl methacrylate (HMA) L 2 U,

& 2 ARRIFZECIL BIBSCPS-S3 D 7 ¥ 7 )V E A i D i
AR BN B D S 0 — i ME 2 MG T 5 72 Mayo R
HAOWETAXNVEHEDORR DA X 7Y L— N/ ~v—
WZxf9° % BIBSCPS-S3 OB EIER ORI L TED
EF B D AU G 5T T OGS JIREFHIE S X D PES
SR 217 > 72,

Motohiro AIBA

2 ER A &K
21 MHHER

BESR I > T ¥, BIBSCPS—S3—"Bu M U} BITEMPS-S3-"Bu
Zap Lz N1 (a)) . AL PG 'H R OVC NMRFTIR,
TERIHTETITE RS L o THEER L 72,

K 1) 12, ZR4E AT BITEMPS-S3 & % \ M BIBSCPS—
S3 HSAL % FF D 4L 4G {K (C-BITEMPS-S3-XX & Y C-
BITEMPS-S3-XX : = Z T, XX FEAICHWE=T/ ~—5K
DERT)DT7 ) —=F I WNEEERT, 22T £/
~—& L CHMA, m~butyl methacrylate (BMA) . XiX.ethyl
methacrylate (EMA) % . 2244l & L C BITEMPS-S3 X%
BIBSCPS-S3 5% diacrylate {b&5¥%, =EiliR 7 VU /VE
BBIEHITH H V-70 ZH W 2, BRI OB T2 5
mol%, LR OEIEIE 95 molhs Liz, £F/ ~—K&
OVE BT FANC R R AT o 72, O BG K%
chloroform & methanol IR& IR TUEE L CTREIGY %
Bz L, 22K FCOMMEE (6 h) &EMEGLE (50 °C,
24 h) ERCE@FERLT 4 L AEET,

22 BEBHEROEHO-HDRER

HMA Zf31) & U C SRR (E 2 LU RIS 37, HMA (2179, 2 mg,
16.0 mmol), BITEMPS-S3—"Bu (12.1 mg, 0.02 mmol), V-
70 (49.3 mg, 0.16 mmol), DMAc (16.8 mL) % — 07 F A
WAL, MR EICE R Z 7L 2 F KT
7o L7z, 30°CT 2 MRS ST, RISIEIKREZ A5/
—LAFLEEBE L TR v —2 L7z, BohiARY <
— =R T 24 BEREUERZEE L, GPC 2 L0 oy T B & e
Lz &/ =—%BRIAAIOE /L HIE 100:1 TEED T,
€ /)~ —xEHBEH] (Chain—transfer Agent; CTA) @
EoLEE 1:400, 1:200 & LURIEROEBREELZ 1T - 72,
EMA S OV BMA I DWW T b A D R CHREBR AT 5 72,
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C-BIBSCPS-S3-XX

x:y=95:5 ({fiAd+Lh)
R = CeHus (HMA), CHs (BMA), or CsHs (EMA)

1 (a)BIBSCPS-S3-"Bu & U* BITEMPS-S3-"Bu D {b#4#iE, (b)BITEMPS-S3 £72i3 BIBSCPS-S3 &7 7 U L' —
b &R 2 7RG R Y A 2 7 ) L— K(C-BITEMPS-S3-XX & U} C-BIBSCPS-S3-XX) D& ik

B HERLERE
3.1 EEBBES

CTA & L C® BIBSCPS-S3-"Bu M O} BITEMPS-S3-"Bu (Z
X9 % &FE / ~— (HMA, BMA, EMA) g EEL
(Chain-transfer Constant; Cy) i FRE? Mayo k-

Z I T, PEA CTAFAE F COECFEIEBE, Ppold CTA
AL T COLOPHIAE, [S)ik CTA DEAMRE, [M]
TE/ v —DFMRETH D,

1 IZKE ) ~— KO CTA (2B D1/P,xt[S]/[M]
DTy NaeRT, BTOTay MIBWTHIEREIT

WTCHRE LTz, 95%LL EOREE AR L, EARDO AR S Cp R LT, %
1 1 c [S] E 7 —ART HCER LIRT, BTOE/ v—IZB
— =4 -
Pn PnO o [M]
b
LY 20 T T T T T ®) 8 T T T T T © T T T T T
[ ] | 14 [ i
o BITEMPS-S3-Bu 1 > BITENMPS-S3-7Bu o o BITEMPS-S3-Bu
= BIBSCPS-S3-'Bu o * BIBSCPS-S3-Bu 12F = BIBSCPS-S3-Bu .
15[ 1 6F a=1.013£0.084 E
[ a=2.7420.343 . ] b = 0.0018+0.0002 ,-* 10F 3
[ b=0.0017£0.0011 .- 1. F rRe=09930 ..~ : a=1.376+0.099 o
& | R?=0.9847 > | e Rt . & gb b=00022:00003 . ]
X 10F g 1 *4F ,ﬁ 4 % R? = 0.9949
= I . 1 Lt < Lt
< | P - ] { s S .
[ LR a = 0.253+0.054 e S
5 P a=0836:0179 ] 3 b =0.0033£0.0002 ] 4 o a=0.302£0.052
: b = 0.0041+0.0005 - R? = 0.9571 b = 0.0041+0.0001
[ R? = 0.9762 3 ] 2 R? = 0.9949 7
0 [ 1 L 1 1 1 L 1 1 1 L 0 1 1 1 1 1
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2 3 4
[SVIM] x10°

2 3 4
[SVM] x10°

[SJM] %108

1 BIBSCPS-S3-2Bu X ! BITEMPS-S3-2Bu ®(a) EMA, (b)BMA, XX, (c)HMA |Z%I% % Mayo plot
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VT, BIBSCPS-S3—"Bu O Cy D fEIE BITEMPS-S3—"Bu & kb
BLTL/SLLFDMETHo7=, T LV, BIBSCPS-S3
s i E spirocyelohexyl HIZ BN L 72 SEAKEE O
HIRIT X 2B BSOS O 20 i d VA (0721 TEE<
T AT NVEHEOR EMA ICX L T ANIHERT 2 2 &
B LML 7o T2,

F 1 4 CTA x4 DB I ER (Cy)

CTA EMA BMA HMA
BITEMPS-S3-"Bu 2.74 1.01 1.38
BIBSCPS-S3-"Bu 0.84 0.25 0. 30

3.2 [EHBRMBIRIZKLIEEE D TG

fen T, A 1(b)ICED & BITEMPS-S3 X% BIBSCPS-
S3 % diacrylate ZRfGHI & &€ / ~— (HMA, BMA, EMA)
ERHWE 7V = W NVESICE > TRER S+ (C-
BITEMPS—S3-XX ¥ 7= (% C-BIBSCPS-S3-XX) Z&HL L7-, 4
BRKGE FDITT AEBIRE 23R 2 12T,

DCB %473 2 246 0 1S O AU 12 F5 S W CET
SN E T 52 Enmb T b 2 SRR
HEIZ X D& LUE 5 1 O NI K O A BSOS
DFHi 21T - 72, 140 CINEAT, 3 %DEIZFHIIN L 7B
DIESI OB #BE L= (1K 2), 42T d C-BITEMPS-
S3-XX J TN C-BIBSCPS-S3-XX I FIINIG ) % 1% <&, DCB
HSRDFEAZHMEDMER T2 Z & AR STz, £z,
TS TRERNZ 31T B IS 1 & MEIS I DL (0/0y) OfE
FETOREICBWCREEBITEME T, BRISHNRAL
iz,
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WNT, BRI X DWET — H OfighT & kA iz,
— RPN RE SRR OIS AR RN ER AR I, B — ORR RIS
5D Maxwell EF I ESWTEIRESHT SN S, L
L. A& S LT Maxwel 1 5 VHIH L7
EURAATIE EFL 7 0 v T 4 7RSO
TNz ENRB SN, & 2T, HEEOEMERE
DAFAET 2 T T OREMEAR OIS )88 2 FRik 9~ 2 BRI
WO ERHEBEHBCTH L. LLF D Weibul and
Kohlrausch-Williams-Watt = (W-KWW =) ZfH L7,

B
el )
T 2T B0 < B < DITABFNRERI A . o VR A AR
Operm/0ol3t = 0lZF T 2 KAIRIENTH D, £,
BIREANRE(T) &2 LA F TR Lz,
_TTa/p)
B

T, T~ BETH D, W-KWW Xz v 7= Bl 4y
Brsa 3 2 1R T, (oHEMIRIZ EX T L, DCB 2kt
DR A RSO FIRIE S RE SN D Z Lo Tz,
F 7o, I b= V¥ —(E,) ZIn(t)%} 1/temperature (2
BT LABNBFEM LIz E 2 A, C-BIBSCPS-S3-XX %
12.1-18. 0 kcal/mol T& ¥ ,C-BITEMPS-S3-XX (21. 4-31. 8
kcal/mol) & lb#E L TR WE Z R L7=, Z i,
piperidine B8 E® & &V spirocyelohexyl TR T 5
SEARRETE OO HY I3 4846 &) 53 - Hh C D BT SO Al it
LTWAHZEEERT D0 operm/00lCBI L Tik, C-
BIBSCPS-S3-XX 7% 0. 02-0. 07 T& ¥V ., C-BITEMPS-S3-XX

(1)

(@ 1.0 (b) 1.0 (€ 1.0
0.8 0.8 0.8
0.6 06 06
K S R
S04 S04 S04
0.2 0.2 0.2
0.0 or—_—l g
0 10 20 30 40 50 60 0016736 30 40 50 80 00 ™ 30 30 40 20 B0
Time [min] Time [min) Time [min]
d 10 (&) 1.0 ® 10
0.8 0.8
0.6 0.6
g &
0.4 T04
0.2 0.2
0.0 ) 0.0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Time [min]

Time [min] Time [min]

2 BIBSCPS-S3-XX } O* BITEMPS-S3-XX ((a,d) EMA. (b,e)BMA. KX, (¢, DHMA)ICI51F 2 s S35 A0 dh i
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7% 2 W-KWW U2 HD WIS I FE AR O PR AT K 0 1572437 A —%

ool ymer 7T AR IR E T* B Operm/ 0o (7) E,
[C] [min] (-] (-] [min] [kcal/mol]
C-BITEMPS—S3-EMA 43.0 1. 16 0.61 0.15 1.68 31.8
C-BITEMPS—S3-BMA 21.9 1.65 0.51 0.12 3.12 25.1
C-BITEMPS—S3-HMA 11.7 1. 12 0.51 0.17 2.12 21.4
C-BIBSCPS—S3-EMA 37.5 1. 10 0. 55 0.07 2.40 12.1
C-BIBSCPS—S3-BMA 20. 7 1. 11 0. 45 0.07 2.69 15.9
C-BIBSCPS—S3-HMA 12.4 1. 15 0.51 0.02 2.21 18.0
(0.12-0.17) &ML TIERWHEZ R L7z, 2D, ATEE

BIBSCPS-S3 (21T & S-S i & ~DHEEBENIS L, 7V
FAEEDENAZ 7Y L— e ~—HROEEE S
FHMFFIZB N TR SNz B2 b5, o
T, BIBSCPS-S3 #4UEHRICH L, T AF/LHEDRLRD
BEAR Y A2 7 U L— b OFERRFIC BT, BIfgdA
A& 5 T L 72 < BIBSCPS-S3 #hhr 4G L LT
O RZ Z L AVEIR LT,

4. &
ABFIEIL, BIBSCPS-S3 0 T ¥ 1 /L A W D g i 5
PPN T D — etk & RFE T 2D 72 8D | Mayo 2 HADW iz
TNNXNPEEDRIR DAL 7 ) L— ) ~—IZxT D
HEBIERORHB L REOE ) =2 bk 5 8GR
53 DISITIFEFIAEIZ & 2 WS 217 > 72, A ¥
27U L— e/ ~—& LTEMA, BVA, HVA % HW =0
EHB N E ST 4 CIZ BV T BIBSCPS-S3 A% BITEMPS-S3
LHIL TR/ Lleole, Tz, TJVNNEHAICE-
THERL L7z BIBSCPS-S3 ZZUGAICA T H2EMEHR Y A 4
7 U L— M DGR FHE TR S D kA TR
JENE AW E ) ==K BT 0. L LU RO & o7z,
ALY | BIBSCPS-S3 (21T & iRk E S FICER T 5
HGHRB G R O— et 2 R L, B AR Ak %
REFLTCE FAER D FE T VNNV ESTHRTED Z
LEMER LTz, ZALb ORI D BIBSCPS-S3 DR &
- HCEEEE, AVWDE )~ —OREICK S TR ER
SNDHLEEZLN, HWNEDFNPLELPNEDFRE
Fex IeWWE OBy IR L CHAFTRETH 5 2 L 2 D
ne L,

ABFFENT AR A N R A BN IR BUY [ 2021 4R
MRS ZAC LV ZBITENTL DO TH D, T IR
LIE#H OB EZRT D,

L= PN
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