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Summary

Polyester resin is one of the most widely used main binders for various coatings. It is widely
known that not only monomer composition but also monomer sequence, branched structure,
type and quantity of the end functional groups of the polyester resin, etc. can influence on
performances of the polyester coatings. Polyhydric alcohols having three or more groups,
branched polyhydric alcohols, are known to give considerable impact on the branched structure,
the molecular weight distribution and the end functional groups of the polyester resin. Since it
was strongly expected that reactivity between the hydroxyl groups of the branched polyhydric
monomers and carboxyl groups of dibasic acids can greatly influence on the structure of the
polyester, we investigated relationship between the reactivity in esterification and the structure
of the branched polyhydric monomers. More specifically, we have quantitatively analyzed the
esterification reaction of the various branched polyhydric monomer, i.e. Trimethylolpropane
(TMP), Pentaerythritol (PE) and Glycerol (G) with “C NMR. 1,6-hexandiol (1,6-HD) was
compared as a standard in the experiments. The following results were obtained.

1) The reactivity of any hydroxyl groups originated from TMP monomers, the hydroxyl
groups in unreacted, monoesterified and diesterified TMP monomers, is about the same.
These hydroxyl groups showed lower reactivity than those of 1,6-HD.

2) The reactivity of any hydroxyl groups originated from PE monomers, the hydroxyl groups
in unreacted, monoesterified, diesterified and triesterified PE monomers, is about the
same. These hydroxyl groups showed lower reactivity than those of 1,6-HD.

3) Regardless of whether the other hydroxyl groups have already reacted to form ester linkage
or not, the reactivity of the primary hydroxyl groups of G monomers is about the same.
The reactivity of the secondary hydroxyl groups of G monomers is in the same manner as
the primary hydroxyl groups.

As for G monomers, we could quantitatively prove that the secondary hydroxyl groups
showed lower reactivity than the primary hydroxyl groups.

4) During the polycondensation process, the hydroxyl groups of TMP, PE and G monomers
showed lower reactivity than those of 1,6-HD, but the difference in conversion of the each
monomer became smaller along with progress of the reaction.
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The abovestated results suggest that the monomer structure of the branched polyhydric
monomers influences on the reactivity of the hydroxyl groups in the esterification reaction.

In the polyester composed of glycohols and the branched polyhydric monomers, when the
reactivity of the hydroxyl groups in the branched monomers is lower than that of the glycohols,
the branched polyhydric monomers tend to exist at the end of the polyester backbone chain as
terminal functional groups rather than the internal position of the backbone chain as branched
points. In addition, it is presumed this tendency depends on the conversion of the monomers,
and more clearly appears at lower conversion.

E B

R T AFIVIER O FE AR ME D —2 T ) RS The BHIR B DT/ ~ — H S, Ik ik
BOEKIGIEOHEE (B E) SO EPMERICEB L 525 L EX LN TS, FFIC. 3B L
DEAMT IV = (5T /< —) (3R Y ATV D5 AR, 53w L ORI B fE 3 S o R ) = A7)
BRI M A LT A EELRERNTH 5, FZ TR AT VORI CTHh L5 IEE /) ~— L fRE/ ~—&
DIENE (T AT IWALRENE) DG HERK T2 R T AT VORGSR 52 5L %2, 3ERRELD Lo
AT VI — D 43 FIERE L T ATV E O BIRIERE T 72, BARIICIE, 1,6-NF 4 —
(1,6-HD) 2L LT, SERMEDLMT V-V THE M) AFa—)L 73> (TMP) ., 4 BEREVEDOLT
NI—=TdHbHRIYTYRA) b=V (PE). 1#h& 2HKERIEE EH 353 BERRIEDZlIi TV I—VThHbH T
) 2 (G) DEMEA L e — 13 Bl A 56 ("C NMR) TE=RISENT L LU FOfmm 15720

1) TMPICHRL 724 TOREDOKEREL (TMPE) ~—, TAFVESE VEE 2K L 72 TMPIC
3k U 72k lk 2) OO T AT WAL BUREIEFESE TH D), Z D UEE 7 ) 23—V CHh A1,6-HD L h v,

2) PEICHRLZETOREDOKEEIL(PEE/ v —, TATIVEEEE VAL SRR L2 PEICHRL7:
IKEERIE) D T AT AL RIS FEZETH Y Z o eHiE 7 ) 23—V T 51,6-HD L h v,

3) GIZHR L7z TOIED I HKEEEE (GE ./ < —, 1#0US 2 KB FEERAL I T AT VK &% VIR
L72Gy 14k & 2 KR S T AT IS &% 13 DR L 72 GICHIR L 72 1K EE ) o = A7 )1
(L FEECH D) & TOFRED 2 MKEER: (GE/ ~—., 1KERIEEALIC = AT VS &% 1 3T
BT L 72 GISHR L 72 28K EL) O T AT IWALBUGHES RIS TH %, GO 1AKERF: & LT
2 KT T AT WAL OB E DR &% B R AT ICRERR T & 72,

4) 53/ ~— (TMP.PE. G) £1,6-HD L DA G TIE T/ v — DT AT WAL RO EIF KV
D, U CEKRBEED ORI L  SILASHELT T 2 IHEZF DD/ INT %,

P Eo#ER LY 3SEREML EOZAi 7V a— (5T ) ~—) OKIBEIEITE S/ ~— D55 TR Ic L) TR
TIALDSUEVEDT R 5 Z L DS S 7 572,

T2 T ) < — DR IO RIEMEDTIES 5 277 ) a— LI DRV E, kT ) <~ — 13 3L Eo T 2
TV ZE T L TR BB Collkae 25 X0 b e L ABIIERIGIE L LTI T AR SV E Bbi
%0 52, ZOMEMAIIFIEFIMATF L TBY USRI EPHFITFRO LN L L Bbit s,

3 ZROMZ  No.153 Oct. 2011



RUTIRTIVDKEREE /Y- EHIEHBIE (KBEZZEUIDIRE/ Y —DHE)

1. %%

i

RN ZATWVIERDFEE LM DO—D2TH LR LA
T T L I— XY KE., BEIEEOEEABEE LT
IS NT V5 DIE, flie D SAli 7L T — )L & S35 Ha i
DIAE DI SRR VR tERe A A 32 BIIR DS &Rk
Wk 25 5TH 5,

— I RN & N B R T AT IVE s AR 1
ETHBMETH %, (o T AZATINVDAMRZNT T2
LT, T, iR EE o B~ — @S, 5
B 1 5 e OF R I B REZE T B /K B SE P B D FESH - FE 5 O R
I AT IS Rt MEIK (BT b, e S 7z
W OHN T R OSSO WV I B A 5.2 5 L B
b b,

KR e 56 (NMR) IEI NS DR T AT Rk
WL TR HI AR O N B 0 THETH Y, R AT
N OREERAT A Sz plid g

BBEL 1, 4-2 7 OANFH L D HIVKR VA T Y IVEE,
LA-SZUNFH L DRY =), 1,5-720 % ¥ % — L DSl
BT CTOEMEE, TIVIVIA (TLI—IIZE ST ATV
BRI . T Y R VR (FRIC X B T AFIVASH ) L Y
TRAT IV O T AT VAR IS, R T AT IVAFIE FTOE
AR R UBENMR SV EZ A< 75T 4 —
(GPC) TEBIRL 7z, Z DR, B TOEKEIATIVIES
DI R FE LI 72 D5 RN E R S B R Y T ATV D
E 2 —E ST T VLIRS EERE L7, 2L,
EEMPNIAR L 72T AT IVAEG O TV 31) T A INKS %
FOE (CEREL 728 a7K E TATFVASEE DR Ei2 X 5
VDT 7 LMUIRE S LR L,

B R Z AT VORI T 2 KERHE /) <~ — LR
E v — LD (T AT VALRIE) ASAR T % K1) T
ATINOREEI B 52 5% . 7TOY U (AD), 1,6-
HD 5 7) a— (2 EReOKEERE /) < —) DR T 7
V) I — VD 53 TRlE (ARG K LR O jr F6 85 KR 2R

0 i
HO-C-CH;-CH;-CH,-CH;-C-0OH

7YY (AD)

XL AL, BRDEIREEDEL) &L ORISR ER LT
720 FDFER, 7)) T — VO KER R AEEIC X ) A7k
FOnPEDS R 72 0 D e 2 EHO 7)) a—uh b 4&
BLE N5 AR T ATV Tl PO WK EREE I = 27 )L
AR TR ZATIVEIIREHEICED A, S
PEDRVIKEE RS R I D F AR T AT IV O 5T K b
ELUTHAES AIEAD S W 2 2 D55 o72"

AHFFETIE, AN T ATV D 555547 43I R
BREEBEEOR) AT VEEDLRERD —>TH 5 3
BEREMELL FO Sl 7V — v (50T ) < —) D AT VAL
BUCED SN % AT 5 720 BARAGIZIZ, AD. 1,6-HD. #5
ST )~ — DS E NMR TIEPFL . SUSFER TR
L7z R T ATV D E /< — i §HERE . KK IRESE O if
MG FD W T <~ — D RIBTEE AR L 728
TATUAEE O BIREIR % 1T > 720 MEISIEE/ ~—& L
TRV ZATFVEEHI RIS %, 3EREED %
fli7Na—nCTdHAHTMP, 4EREMED LTIV I—ILTHh
HPE. 1#& 28Dk EH% &4 5 3BERMEDOZM 7V
IV THDLGEEEL,

2.% B&

2.1 ERERE

B L 72 3 ik Sl 7V a2 — L D fE K A
KUISUBI 2T o 72 EMEGOE /) ~— A 7R3, AD,
1,6-HD. TMP. PE. Gz TR %22 DFE EHV,

x®1 FHENE/ ~—H#K

£ / < — # 5 (mol)
IR Zhili 7 v a—nv
AD 1,6-HD TMP PE G
Eiia -1 0.80 0.80 0.20 - -
Eiid -2 080 0.90 - 0.10 -
Eifid -3 080 0.80 - - 0.20

HO-CH,-CH,-CH,-CH,—-CH,-CH,- OH
16-~FH I+ —)v (16-HD)

EiEA—1~—31%. AD,
L6-HD. Mgt/ ~—%
AT, 100 C A 5240 C
FC. 20 C/ hOFmERET
fa A KT RIIANBREL DS
EHEE 1To 720 BHIGD
FG#REEE, 10 CHZH > 7

on o o Y7 R T A B
CH: CH: CH: AR AT 12
CH;-CH,-C-CH,-0OH HO-CH,-C-CH,-OH HC-0OH
CH, CH, CH,
on on on
M) AFu—n7ruasir (TMP) RyyxT)A) b= (PE) sty (G)

X1 KRUIXFIVEROEER

ZFROMZ No.153 Oct. 2011 4



RUIRATIVOKEEE /Y —EHIIEEE (KBREZZEUHIRE ./ Y—DHE)

2.2 NMR®DBEIE

NMR4 G113 HARE T # EX—400 (1004 MHz?
"C NMR) 2L 720 "C NMRDHIEIX 7 NrOv
A HGEE Ty 7 27 EC20 % BEAFIL T AFIVAIL &
F T NUE80 Tl 20 %HEIAKFILT 1 b ¥Ei45 TTITV:,
PR UE & LAl R R LIS o > 7 F VA FIH L7z,

"C NMRO#FIE ML, 7 — FBLA A FEE (ACQTM)
10.544 B, T— RO IARSE THSRDISIVAE TORL
W5 (PD): 1.456 . 7 VANE (PW 1) 145° 7OV AAHY,
227 MVEAINE (OFR) 1 3012.5 Hz, 7— ¥ FA ~ MK
(POINT): 32768, &% (SCAN) : 2048[A TFT 572,
“C NMROFRMESGAF TR O 7 FIVEREOFE S iE
L0 R ATTTRE T 2 LI L 72",

3. BRRUEBE

(0]
Il

IR T . COREIN (41.0~45.0 ppm)D T 7 FIVIE, TMPIZH
KL7ZAMBERIIFRESN L7 IV E/~— (TMP)
DAWIRFET 7V (44.5 ppm) . AT VAEEEH T 5
TMP®D 48R 7 F )V (44.1 ppm) | 2T AT IVEE %
HTAHTMPD 4 iRFT 7V (43.4 ppm) . 3T ATV
WHEEEATHLTMPD AR FET 7V (42.2 ppm) T, 43
TFNVDGEEDS T RETH b0 HEo T ZOFHBD L 7%
FIH LT, TMPIZ kL 72 K ER 2L SUB IR % 1T - 720
ERFEEDAFVANEX L RO T T F NI, 3T ATV
WEEAETAHATMPICHRLZAMRFZO T 7 FIVEERD
TM P ELO FEATHSH HE & 72 % OCL JIEE & L CEARE
IL7EehrZ2@HALZ,

0]

Il
------ C-C-C-0-C-C-C-C-C-C-0-C-C—Cr

3.1 ®C NMRIZ&BKRUT
ATIVDIEE R

X2 ~ 512 HEHMEEILO B
RIS X EFEWONMR >
TFNEIRIE LR R

21220 % EARFILT ATV
AN ARF T FERS0 C Tl
L 72 A —1(AD/1,6-HD/
TMP) AR (FUGEREE200°C)
D 1,6- HDEMZO NMR > 27 Fv
ZIRIE LA R A R, S O FHEI
(23.0 ~ 33.0 ppm) D T 7 FIi,

HO-C-C-C-C-C-C-0H

HO-C-C-C-C-C-C-0FC—=C=C-

_—

1,6-HDIZHSR L 72 KB 12X L U
BADRFITEEND S 7V

T,/ ~—(1,6-HD) O/KEEHEIC

WU BMDOAF LU RELTFIL

(32.22 ppm) AT T AT IVHE o
Bl HKBREETG L BHLd # |
F LU BEFE L7 FIV (32.00 ppm) .
MR AT VIEEEET S

C
TATAEEIZ XL BRLD XF L | \

S 2770 ppm) bk o

WS KRR T B B AT IS ¥
WXL BEDAF L e 7 OH

)V (27.89 ppm) T & 7LD g
SHEDSSTTRE T H B0 TE- T 2 C-C-C-C-OH
DFEI DT 7 F IV EFIHLT, Q
1,6-HDIZHR L 72 7K1 £ D X OH

| Il
C-C-C=C-0-C-C=Cr- !

I TE R 2 4T - 72
X31220 % HARFZILT >
45 CCHlEL 72, mEiia-1 S

%37 b /ppm

X2 ZHEE-1(ERMD'3C NMRX~Y ML

i
O=C=C—=Creeee-
C 0]

C-C-C-C-0-C-CmCorn
¢ 0

OH O_C_C_C ......
L,

| Il
C-C-C-C-0-C-C—=C:--

(AD//1,6-HD/TMP) @ A1y 445
(BRE200 'C) @ TMPERL
DONMR 7 F % IRE LT fE R

T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T

435 43.0 425 420 415
L% 7+ /ppm

3 ZFHEE-1(ERY) D'°C NMRX~XYT ML

ZROM%RE

No.153 Oct. 2011



RUTIRTIVDKEREE /Y- EHIEHBIE (KBEZZEUIDIRE/ Y —DHE)

0
OH 1l
: 0-C-C-C
! g ¢ 3
0-C-C-C i +C=C-C-0-C-C-C-0-C-C—C-
C -CI IO
|
__________ OH [
HO-C-C-C-0-C-C-C } o0& el
¢ | — 11
OH
0
on ‘ 0-C-C-C
/9 ol
HO~C~C~C-0-C~C~C A A HO’C’E’E*O*C*C*C
C i N / o
OH W\J&kjkdﬂ 0-C-C-C

LI B

L% 7 b /ppm
M4 EHE-2(EK®) DC NMRIX~XYT RL

41220 % FEARFALY AF VA FF T FEEi80 ‘C Tl
EL 72, BfEE-2(AD/1,6-HD/PE) @ i (ISR EE
200 C) DPE#MONMR ¥ 7 F L% )iE L7z isE R % R 4o
Z D5EIF (58.0 ~ 65.0 ppm) D7, PEICHRL 72
IKREN TG L ANDRFNIFE SN S T FNVT &KL 7 )
NDGHEDSTRETH Do HEST. ZOFEIRD > 7 V& FIH
LT, PEICHISR L 72K R IE D U IT 24T o 72,

X51220 % BEARFEL T AF VA FF T FEHE-0 ‘C Tl
EL 72, EfiA-3 (AD/1,6-HD/G) & Ay (SUSiRE
200 C) DGEHMDONMR > 7 F % J7E L7 2R d, 2
DI (59.0 ~76.0 ppm) D> 7 FIVIZGIZHR L7z Kk

7C7C...

XL ANDRFIIFBEEIN DL T F VT KT T FILD55
BEDSTEE T B, (Lo T TDEBD 7% FIHLT,
GIZHISE L 72 KR DSOS fRIT 2 1T > 720

3.2 HMEE/ v—ICARLEKBEOI ZFIVERIGHE
3.2.1 E#&-1(AD/1,6-HD/TMP)
®6. X7i2 EfEE O IR TD1,6-HDE TMP D 4%
TERED G 212D\ T, NM R EHIME & F2RIERE A & D &
Pl % IR 72 AR R 3. R 5 O ZIEED
EHRIILDTOMCERL 72 J69 AIHEN (€ ~—
FiA & 0 S LB SO ENEMO 2 X0 RO KER
F4fk (1,6-HD & TM P HiskAKEE

0 ) L LTCoORIEBE (TATIVEES

DEE) & RLFE ORI E)
) RO B, KIZ, 1,6-HDIZH
RU7KEE: (£ ~— RUMLR
Wil TATVREEE AT A R T
AT VARG D KEEHE) KO TMP
IZHR L7k R 2 (B = — KUY
VS 2MH 0 T AT VS % 4
¥ 2 R TAFIVERE LK) -
ATIVEREHR O KEERFE) & ADIC
B L7z RF D VEE () ~—

KO RIG T AT VRS G 6T
% KRNI AT IVRUEGD FIVRF T
W) & DO T AT NALRUCTEDS 4

LW ERE LT IRk 2k

1t 7 + /ppm

M5 ZMHE-3(EKRY) DPC NMRIX~RYT ML

TR OB E RGO E%
ML 72 SRR & 0 | HIERED
GREEHRLGHETE-D.

ZFROMZ No.153 Oct. 2011



RUIRATIVOKEEE /Y —EHIIEEE (KBREZZEUHIRE ./ Y—DHE)

X6k v, KIniEE240 C T, 1,6-HD 100

WE/ =L LTAETE (HD) /R AT
VorFRuE LTHTE (HD—AL) /iR
D KIS T AT VA G % TERL R
IAFIVEREE LCTHEAE (HD—A 2) O
HEONMREMEIES.1 / 35.4 / 59.5T, 5%
WIERAT 2> & OFFH A G F5-1)139.0/
42.1 /48.9TH Y, & TOKEEIED etk
PSEE L EARSE LT R 72 S ERAT 2 &
OFMEEE LT NMRE#EOHD

80

60

A K%

40

20

160 180
s i BT

240

—A20D EHEN EHL, HDE HD—-A 1D
EEHIMERNZ D5 D5,
X7X v, IR E240 C T, TMP2S

NMRMELYD A : 53K (HD-Al)

M:£/~—(HD) []:E/~—(HD)
A4 R N (HD-AL)

O #%h (HD-A2)

A E D
@ : 55 (HD-A2)

E/) =L LTHAE (TMP) /| TATIV#E
&% VEER L B = A7)V 5FRiue L
THIE (TMP—A1) /[ TATVEESY 2

6 ZE#MHE-1(AD//1,6-HD/TMP) D1,6-HDTFTERZ

as
R

L KD T AT LB LCHAE (T 100

MP—A2) /T AT VG % 3L K
J T AT VBRI e LCHAE (T
MP—A 3) D El4&ONMRIERNEIX5.0 /
31.4 / 47.3 / 16.37C, FEEAT 2> & OFT 5l
(FHRETFE-1)1327/19.0/44.1 /342TH
D, ERMEEM 2 S OFMEE LT N

80

60

&K %

40

20

MRZFEH#IED TMP —A 3D #HE& KL,
TMPETMP—A1DEIGHEHNZ &N
ﬁ\ﬁ\%o

160 180
BOS i BEC

F8I1Z NMRTEM L 7z Efs & e
BEETODL6-HDETMPICHISRL 727K
BRI FnE%, B9 TMPIZH®RL 72

NMR#Mll & &

M £/~—(TMP)

p A 53 F FK i (TMP-A1)
@ : 51K (TMP-A2)
X FHEH (TMP-A3)

1/~ —(TMP)
431K (TMP-A1)
51K (TMP-A2)
D H R (TMP-A3)

FgAT I 52 &0

KR FED1,6-HDIZ x5 2 UG 7R
T ATORSEE T, TMPIZHFRL 72

KR D FUGEIE1,6-HD X 0 KL, e
100

7

Ei#EE-1(AD//1,6-HD/TMP) ODTMPIETERZRE

1RE240 CTHOTMP, 1,6-HDIZHkL 7>
IKEEFED SUBERIL 2 L2583 %.77.3 %
TH-72(X8), & 512, TMPIZHISkEL 72
IKERFED1,6-HDIZ x§ 5 KGR IE &
GHHEATT HIHE A L 2D S
25 %4207 ~ 0.8DHEFHTDH -72(X9)o
VD EO#EFE LD, 1,6-HDICHFRL 72Kk

80

s B %

@ :16-HDHIKKER AL
O: TMPHIRAK IR E

BRI T AT WAL HEDS TMPX O &
{OWE S/~ — D JUEEADSED D T HAfi
EDRUEFERFCD1,6-HDE TMP#F N2
N ZIBRED EHZFEIZOWT, NMRE
HME & £ CTOKRBEIEDSOEDSE L W ERKE L TRD/ZE
WERAT 2~ & OFFEAE FHETHE-1) LR35 EHEZE L7,
ZZC, L6-HDHRDOKEEIEDOAIZIEH LT, 1,6-HDHIk
IKBED KIERED EH RO B EZ LLFOMIAT- 72, 6
9L NMRIZ & 0 B A001,6-H D Hsk /K EE 2L o [k &
R ERD Lo RIZ, 1,6-HDIZHRL 72 KEEFEE A
DIZHREL 72 WV RF VI E O T 2T WAL RIS 42T

120 140 160 180
B i BT

E#ES-1(AD//1,6-HD/TMP) D KERE R ISR

200 220 240

X8

LU EARE LT SR sk 7 AR BRIE O S & RS
D% FIH L 7ML D SIRED SR E L7
(FHaFE-2) o TOREIZ, & TD1,6-HD Dk I F D Ik
AEEL W ERE L NMROFEMMEZ FIH L RO 75548
BHET95-2) £ NMR2SOZEHNE (RIEsh b 7
OFREGIREELL) &% I L 7253 2 BI101R $5

ZROMZ  No.153 Oct. 2011



RUTIRTIVDKEREE /Y- EHIEHBIE (KBEZZEUIDIRE/ Y —DHE)

104y, 1,6-HD D FIZHED &A1

BILC. 1.6-HDIC Bk L 72 KB SO 10
LD FML 2 BHEE GHETE-2) &, 08 ) o 0 o o et
NMR2 6 O BEZEFZEHEE 5 G R — % o6 b o
HLTWABIEDNGhD, DI LI, @&
&T O16-HDIC HkL 72 kMedE (HD, X 04 F
HD—A1) & ADICHBREL 72 L KRF L 02 |
KL DRI FRETH 5 2 L xRy . . . . . .
%o ZHLIA1L6-HD? 25 DK i Yo w0 w0 1 20 20 20
T % D TABFK U D IKBERIED T AT LA R b i BT
EIRUC & 2 KD RIZPED (K0 37 9 E#E4-1(AD//1,6-HD/TMP) T?1,6-HD % £ (1.0)
KREEIZ X B T AT IWALREED KT % & L ABEDTMPKESE D RS EE
BT ANVAT oY Rbat S

B11C TMP O #JERED S A =12 B L
TETHOTMPIZHRL 72 KERFEED e 100
AL WV EIREL NMR &L D EHIL 72
TMPIZ kL 72 AR D Sk o £ %
FHEME (FFETFE-2) & NMR-2 5 D %E # 60
HMiEE 2 gL 72 f5 R Rde B11X D, £ 10
TMPOAHED Gh=IcoVwTh, TMP - @
(2 ISk L 72 KR FE 0 U ER A & O &5l 20
(FHEF-2) &L NMR2 6 0 FEifilfiie 0
AR EL 3 LT WD, SO Eid. 4T 100 120 140 160 180 200 220 240
DTMPIZHsk L 72k Ee (TMP, TMP I i T
—A1l. TMP—A2) X ADIZHIRL 7= Bt/ <—(HD) 1 %/ <—(HD)
WARF N E LD FIETH L & NMR#ELD A :53FKbi (HD-AL) BHELD A 5K (HD-AL)
& REY Bo TMP O KR IR0 FEEE ® : it (HD-A2) O Hftsrh (HD-A2)
1L,6-HD X Y 525, BEIZ Z A7 b L T W 10 =|;#H4E-1(AD//1,6-HD/TMP) D 1,6-HDTETERZ 88
B ERALASABD KB FED T AT WAL
VARREE Y 725 Z L, S5 ITKERED
BETIRBEICHDIZE A EEEL G2 iz 100
TEEHESE T B,

* 80
AN

3.2.2 E#&-2(AD/1,6-HD/PE) % 60

B121c NMRCTHEHIL 72 FEAE S O UG &
I TOL6-HDE PEICHSEL 72 kB 40 10
DEHRZ, R13IZPEICHK L 72K 3L 20
D16-HDIZH§ 2 UG E /R do 45T 0
DR EHEIRC, PEICHR L 72 KEE R L 100 120 140 160 180 200 220 240
JBEI31,6-HD & 0 K<, KIBiREE240 C BCJE i B T
TOHOPE, 1,6-HDIZHRL 72 KEEEE D X B <—(TMP) O: % /<—(TMP)
JBFRITZE N ZFN469 %, 770 % THh o7 NMRI5 £ A 5T (TMP-AD) o, A TR (TMP-A1)
(B12) .= 512, PEICHISEL 72 kg0 @ : 51 &K (TMP-A2) O = 41K (TMP-A2)
L6-HDIZ £ 5 Rl A 4° AT XA (TMP-AS) AR (TMP-AS)

T BIHEN RS B ETIA D 555, A%420.5 11
~ 0.6DHFHTH -7 (K13),

E14. K151 PED KO EAFRIZBEA LT NMRH» 5
DOFEIE (JRIE SN DT 7 FIVORESRE]) & & THOPE
WY B KERIED SUBTED S L v EIRE L NMR L1 2

WL 72 PEICHSEL 72 KEEFE D B2 5 O EAE (&

E#EE-1(AD//1,6-HD/TMP) D TMPTE7ERS 8

Fih-2) LR L 7R R R R

ENM4.R15% ), BSiRE240 CC.PEXSE/ v—& LT
AAE(PE) /AT VA &% VIR L AR ) T AT V55T i
ELTHIE (PE—AL) /AT VA E & 2T L R T2

ZFROMZ No.153 Oct. 2011



RUIRATIVOKEEE /Y —EHIIEEE (KBREZZEUHIRE ./ Y—DHE)

TIVERE L THELE (PE—A2) /ZAT )V -

Waw 3R L R T ATV BT
I & LCHAE (PE—A3) /[T AT VRS
AT L AR ) T AT OV HE HC 43I i
ELTHAE (PE—A4) OEEDONMRE

B %%
3

@ : 1,6-HDHIRAK M5
O : PEHIR KM 2

WMEIZ6.7 / 26.9 / 42.1 / 207 / 3.6, G54 40
fifi (P ENZ 3k L 727K B B o0 BOTe i 5] 45 20
LAsEL. NMR 725 %ML 7= PEZ Hisk

L 72 KB SCISHER & 0 BN (44 o

Fi-2))1379/28.1/37.3 21.9/4.8 TH
D EHEEOGERTOPEDKIEED
GAHERNPNMR2S O FEHEE, PEICH
S 72 AKERFE D SR & O 5 EHE (Bl

120 140 160 180 200 220 240
B i T

12 ZE#EE-2(AD//1,6-HD/PE) DKEEE R SR

FEFH-2) LA BL TV S, 10
TMP& H# L T PEIC sk L 72 KEE

D TAFMALERS o o 13, kB x 03 [

BT L o EHIELEZ R L EPEIZE ¥ 06 |

T WED A F 10— Ik 3L, =F ;’ ol

VAL AFO— V2% A3 2 TMP

L0 IKEREED SRR 72D 72 & HESE 02

T 5, TMPE [AffICETHPEIZHER 00

35k (PE. PE-A1, PE—A2, 100

PE—A3) L ADIZHIRT % LV KRF IV
& ORIEVEAFEETH % DIE BEIZ T A
TMALL TV ZERALDS, A KL FE D T A
TIALRIOC DI AREZ £ %5 2 L7 25
ICAREEFED BTIRFEIC L 1T L A L BT

120 140 160 180 200 220 240
Koo i L C
13 ZE=#EE&-2(AD//1,6-HD/PE) TM1,6-HD % £#£ (1.0)
& L5 A DPEKEEE D RIS

BRI IEEER D,

3.2.3 E#&-3(AD/1,6-HD/G)

B16(2 NMR T M L 7= S & o B
FREFCDL,6-HDE GIZHRL 72 1KY
2B FEDO =% B17TICGICHRL
72 TR OY 2 #RoK R D 1,6-HDIZ XA § 5

EAHE %

OB E R, & TORISBEE T, GIZ
R 5K ERE O UnERIE1,6-HD X 1 &
< UBREE240 TTOGD 1k, 2K

1,6-HDIZ Hi3k L 72 KEEFL 0 R =R
567 %-. 23.9 %. 80.4 % TH -7 (H16),

H:t/~—(PE)
NMR#FIELD A 5F K (PE-Al)
@ : /1K (PE-A2)

[]:®/~—(PE)
FHELY A 45T FK (PE-AL)
O 4 F K (PE-A2)

E 512, GICHET 5 1k, 280kERIED
1,6-H D2kt 972 SUR S IS E A 251 T3
BIZHE I BT B IS 505, 1REKER
FIIHEA20.5 ~ 0.7, 2HBOKEREEIZ0.1 ~ 03D HEIHTH 72
(R17)

X18.F19ICGCOEILRED EH =B LT NMR2 5D
SEHME (RIE SN 52 7 FVOfEGmEL) & TMP, PE
LAFRDFFETNMR LD FEM L 72 GITHR L 72 kR D
POGEE & B U7 5B4E GHETE-2) 2 L7453 %
R, L L, 1K IED A& T 5 TMP, PE &,
GIIPUCEDS R 7 5 1/ & 2R KRR % 153 T-HIZEA LT

14 =E#EE-2(AD//1,6-HD/PE) DPETETER/RE

WLD T KIEREDEHROFIEIE, 1HhE 2MKEEFEE 5
BELTIT o700 BARIYICIE, GICHIBRL 72 & TOED 1k
IKEEFED SOBMEDT Z L v & IREL 1K ERIED B
(NMR & 0330 #FIHLCHEIBL 72 GO 1ok E O
JEREOEIG L BEEFMRD FETHE L 72 GO 28k
BN DO REED F G & & A G D T GOFKEEDEH G D
A TS 72,

X18. 19X V., G E240 C T, GATE/<w—& LT

BHOFZE

No.153 Oct. 2011



RUTIRTIVDKEREE /Y- EHIEHBIE (KBEZZEUIDIRE/ Y —DHE)

T (G) [1BKEEIEDS T AT IVEEEE 1
IR L R A7V 45FRIE L < 4F

£ (G—A10) /2 KR IEDS T AT LSS
% VEEL K1) T A7V 45 FoRe LT
1 (G—AO0L) /1 BUKEESREAS T AT LA
&% 2L B T AFIVERKE LTH
FE(G—A 20) /1 Rk BRI & 23K R HAs
ZTNEN T AT VA G VTS L A1) =
ATIVEREE LTHIE (G—ALL) /&2TD
IKBEIEDS T AT VARG Z TR L R AT
VR C A e LT (G—A21)

AR %

180
i g T

D EEGONMREWHEIZ11.7 /395 /5.3 /
249 /13.0/5.6 C.5I 5B (GIZHRL/-4
T 1AEKERFED eI RS, GIZHESR

NMRWELD A :55FAKi (PE-A3)

@ : 51K (PE-A2) O : 5K (PE-A2)
FHELLD A 5K (PE-A3)

L] : H#h (PE-A4)

W % (PE-A4)

L 72 4T 28 KER I D UL R4

REL NMR2SFEH L 72GIzHiRL 72
1RO 2 3 K B L D UG EE D SETHEE (BT
BFP-2))1314.2 /374 /1 4.5/ 245/ 11.7

15 E#E&-2(AD//1,6-HD/PE) DPEfFFER/RE

100
77 THY B EDIEEETOGCD
/,% HY Eﬁﬁ PUEHERS o & o 80 | @:L6HDHRAREE
WO EA#H NMR2 5 OEHEIGE I O : GO RRIE
&L GITHRL 72 1/ R O 2 8 kg oD i ¥ 60 [ : Go2:FK e 5t
JREED S OFHEMEL DSFEE E<{—3 L Tw = 40
%o S
DI EIE AETOGIHRL 72 1k 20
M# (G, G—A10. G—A1l. G—AO0l) 0 : . . .
CADICHBRL 72 IV EF UL EE O RS 100 120 140 160 180 200 220 240
PSS TH ) DL TOGIHBRL 72 . s i BT .
QWK (G. G—A10. G—A20) & X16 Z=#EE-3(AD//1,6-HD/G) DKEEER ISER
ADICHSEL 72 VAR F I IVEE & D etk
DEETH DI LERET L, ZORERD .
TMP., PED R [EERIC, BEIC = A7V 1b 10
L 72RO KIRIED AT MLBUE g8 | O: Golfkmk
DURREEE 2B 2 L G HIKBIED (1 G2k .
WFRIBICDIZEALEEE TR OO M
= [e]
1EEEZ Do = 04 | . °
O O ]
a 02 g O
4. % &R O
0.0 1 1 1 1 1 1
100 120 140 160 180 200 220 240
SEBREMELL LAl 7 v a2 — (43I KOS E S C
T/N) DEATIMALSUGIER E S 17 E#E4-3(AD//1,6-HD/G) TD1,6-HD % £ (1.0)
M2 RN LATND G5 IS 5315850 & LB E DGO FRR U24RKEEE D RIS L
MR KEERREKEDOR )T ATV
DOiET X TAERDO —DTH S, 7
ZC RV AT VO STH L3 EEMELU LD ok

fli7na— D5 FHEICEEL.BE v~ —EDRIE
P (ZAF WAL OE) ZNMR T L7, BARITICIE,
1,6-HDZ ML LT, 3 EREED LM TNV I— L TH S
TMP. 4 EREHD LA T L I— N THLPE. 1#kE 257K
WAt EHT53BREEDZMTIVI—NTHSGDAD

LOEMEEICE"C NMR TEREIIIHENTL LT O

1) TMPICHSREL 72 & TORED KEEFE (TMPE/
~— ZATIVEEE R VEDSUE 28I L 72 TMPIZ
FHSR L7z KR 3%) O Z AT WML U EIZFRIZEETH D |
FORIEEZZ ) a—LTHB1,6-HD L DK,

2) PEICHERL 72 & TORREOKEE (PET/ ~—,
TATIVEEE % VED S SR L 72 PEICHR L7

ZFROMZ No.153 Oct. 2011

10



RUIRATIVOKEEE /Y —EHIIEEE (KBREZZEUHIRE ./ Y—DHE)

IKIEHE) D T AT NALBOCVE [/ 45
100

THY, ZORILMEEZ ) T —LTH
51,6-HD L D Kvy,

3) GICHISEL 72 THOIEED 1 Akl
H(GE/ <7 —, TR 2 Mok BRI
FROLIZ Z AT VGG % VIETZRCL 72
G. 1#k& 2MKERIERBAIZ 2T 2
W% VB3 2T L 72 GIZHIR
L 72 TR L) O T AT ALRUE 100
HIEFEETH D), & TOTED 2%

80

A E %
3

120 140 160 180 200 220 240
B i BT

KEEE (GE/~—. 1#AKEEEE

LI ZATF VA2 1 U3 21/ NMRMELY A 55T (G-A10) RHRED A 5T (G-AL0)

L72GIZHRL 72 2 ok ik 3k) o>

| BEYAS(®) [1:E/=—(G)

@ : 551K (G-A01) O 5K (G-A0D)

AT MEBEERFESETH 5, GO
1Mok L il C 2ok 2
F AT ML SUBHED RN Z & % 5
EICHERR T E /2,

(18 Z=#E&-3(AD//1,6-HD/G) DGIFTERSRE

4) ¥t 7 ~— (TMP.PE. G)
£1,6-HD O HEifs 4T 13, 47kt
~— O FH AT MG I
<\ BOEHERF THRERZE D SUE D
FEIZAL L DA HEFT T 5 I HEw
ZDHHVNEL 2B,

&R R %

Vb #EHE 0, 3EREMEL Lo 21
T a—) (53T < —) OKEEEITZF D

I3 FREEIC L) T AT IVALD RN E A 7%

Bo o TANILE/ v —ZFMLTEM | NMRIELD A5 TABGALD  #HED A 5FEE(GALD

L7zR) ATV TR, B/ < —EAI2 LD

@ : /TR (G-A20) O 43T % (G-A20)

W HiH (G-A2D) L= Bt (G-A21)

FREN DT ¥ L E ) ~— DS
ZHB D TUE 7 < BUBTED E VK EEH
IATIAEG T TR L TR Z ATV F
FAZHL) SAF e, SUBPED ARV KR LI RSB D F TR
TIATINDG TRtk s LTHIET AR Emw e Ebh
%5

T bbb, 5T ~— OKEEED IS LELS TS
) a—= VI Y ERWIE, e/ ~—I13 3L o =25
WASEE IR L CBIIR B ottt 2% L i L A48
feAuid & LTHAET DR @ E b N b, 112, 55
€/ ~— OIKEEIED FOLtEAS K ES T2 7)) a— kb
BWEA LT~ — AR A IS I sA F NS
xR B E I v —RE, O TSN A EL Y A
Bl B Bb b, 2 S DMEENS, ISEITIKIEL ., K
DEEANIEPHE IRRO LN A L bl s,

19 =E=#E4&-3(AD//1,6-HD/G) DGIFTER/HE

SZXW

1) R.Yamadera and M.Urano : J.Polym. Sci. Part A-1, 5[9],
2259-2268 (1967)

2) G.A.Russell, PM.Henrichs, J.M.Hewitt, H.R.Grashof
and M.A.Sandhu : Macromolecules, 14 [6], 1764-1770
(1981)

3) S.Hvilsted : Makromol. Chem., Macromol. Symp., 52,
199-208 (1991)

4) AT 73, FRPVEEIGER - SRt OBFZE. 129, 7-13 (1997)

5) 1K) @ #AORZE, 133, 2-8(1999)

6)JIIAT T o BRI ORFFE, 151, 2-8(2009)

7) KT T BRORFZE, 152, 2-11(2010)

8) JIIFFJJ  J. Japan. Soc. Colour Mater., 71 [11], 678-685
(1998)

11 ZROMZ  No.153 Oct. 2011



