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Summary

Polyester is one of main binders for various coatings. Since polyesters which possess various
characteristics and performances can be synthesized by the combination of many kinds of
polyhydric alcohols and polybasic acids, the polyester resins have widely been used as coating
resins. The characteristics of the polyesters are influenced by not only monomer composition
but also molecular weight, molecular weight distribution, monomer sequence, terminal
functional groups and branched structures.

For the polyesters composed of the polyhydric alcohols having the hydroxyl groups with
different reactivities and the polybasic acids having the carboxyl groups with different
reactivities, supposing that the differences in the reactivities of individual esterifications in the
polycondensation system influenced polyester structures, so we investigated the relationships
between the polyester structures and the esterification reactivities of the polyhydric alcohols.

Specifically, we followed the polycondensation processes of various glycols, i.e. 2—
buthyl-2—ethyl-1,3—propanediol(BEPG), 3—methyl-1,5-pentanediol(3—M-1,5-PD)
and 1,4—cyclohexanedimethanol(1,4—CHDM) by “"C NMR spectroscopy to analyze the
esterification reactivities of the hydroxyl groups in the glycols in comparison with those of 1,6—
hexanediol(1,6—HD) and the structures of the resulting polyesters . Furthermore, we evaluated
the reactivities of the polyester terminal hydroxyl groups in cross—linking reactions. The
following results were obtained.

(1) The reactivity in the esterification of the hydroxyl groups with two substituent groups at
P—position to the hydroxyl groups is little affected by alkyl chain length of the substituent
groups.

(2) The reactivity in the esterification of the hydroxyl groups with one substituent group at y—
position to the hydroxyl groups is little affected by the substituent group.

(3) The reactivity in the esterification of the hydroxyl groups of 1,4—CHDM which has a
bulky cyclohexane ring and a long distance between the two hydroxyl groups is high.

(4) The glycols which have less reactive hydroxyl groups in the esterification tend to form
terminal hydroxyl groups of the backbone chain or exist as residual monomers.

(5) The reactivities of the polyester terminal hydroxyl groups in cross—linking reactions with
polyisocyanate hardener have almost the same tendency as those of the esterification
reactions.

The above stated results suggested that for the polyesters composed of plural polyhydric
alcohols and polybasic acids, it is necessary to consider not only monomer compositions but
also the structures such as monomer sequence and terminal functional groups resulting from the
difference between the reactivities of the hydroxyl groups in the esterification.
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HO-C-CH,-CH,-CH,-CH,-C-0OH
Adipic acid (AD)

HO-CH,-CH,-OH
Ethylene glycol (EG)

HO-CH,-CH,-CH,-CH,-OH
1,4-Butanediol (1,4-BD)

CH;
|

HO-CH,-C-CH,-OH
I
CH;
Neopentyl glycol (NPG)

CH;
|

HO-CH,-CH,-CH-CH,;-CH, - OH
3-Methyl-1,5-pentanediol (3-M-1,5-PD)

HO - CH,-CH,-CH,-CH, - CH,-CH, - OH
1,6-Hexanediol (1,6-HD)

HO - CHZ - CHZ - CHZ - OH
1,3-Propanediol (1,3-PD)

CH;s
HO—CHZ—(I:H—CHZ—OH
2-Methyl-1,3-propanediol (2-M-1,3-PD)
CH;-CH;
HO—CHZ—(IZ—CHZ—OH
CI:Hg - CH,-CH, - CH;j
2-Buthyl-2-ethyl-1,3-propanediol (BEPG)

HO - CHZ@ CH,- OH

1,4-Cyclohexanedimethanol (1,4-CHDM)

1 Chemical Formulas of a dibasic acid and glycols
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AD. 16-HD. EG. 1,3-PD. 14-BD. 2-M-1,3-PD,
NPG. BEPG. 3—M—15—PD. 14 — CHDMI& T 34L,5,
T DFFEHz,

F72. RVZ AT NVOEALHIE L TUE AV 7 XL — MR
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Polycondensation—1 ~—=8i%, &£ THE ./~ —% Ml T,
100C 225240C T, 20 C /W O HEECTHIML . AR
L7fa ke RN E L e 08O FHEAR G USEIT-72 6 10
CHAIT 2TV 72T, FEAfGE FUBDENTZIT o720

2.3 NMROAIFE

NMRS3G#FIE BARE F RS EEX - 400 (1004M
HZ®"C NMR) % L7z, 'C NMROMEIFL > 7L<
WA HSEGET Iy 7)o 7GRl SE AT K LD AT L
ZVHRF LR (DMSO-D6) D B4, HlEiREIZ80 T, &

#&= 1 Monomer compositions in the polycondensations

Monomer composition (mole ratio)
Dibasic acid Glycol
AD 1,6-HD EG 13-PD | 14-BD | 2-M-13-PD NPG BEPG | 3-M-15-PD |14-CHDM
Polycondensation-1 0.80 0.50 0.50 — — — — — — —
Polycondensation-2 0.80 0.50 — 0.50 — — — — — —
Polycondensation-3 0.80 0.50 — — 0.50 — — — — —
Polycondensation-4 0.80 0.50 — — — 0.50 — — — —
Polycondensation-5 0.80 0.50 — — — — 0.50 — — —
Polycondensation-6 0.80 0.50 — — — — — 0.50 — —
Polycondensation-7 0.80 0.50 — — — — — — 0.50 —
Polycondensation-8 0.80 0.50 — — — — — — — 0.50
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#F= 2 Monomer compositions and characteristic values of the polyesters

Monomer composition ( mole ratio ) Characteristic value
Glycol OH value Tg
Dibasic acid
16HD | EG | 14BD | NPG | BEPG | 3-M-15-PD |14-CHDM | (KOHmg/ g) (C)
Polyester-1 0.86 1.00 — — — — — — 514 =277
Polyester-2 0.86 — 1.00 — — — — — 63.1 6.6
Polyester-3 0.86 — — 1.00 — — — — 68.4 -121
Polyester-4 0.86 — — — 1.00 — — — 53.6 19.3
Polyester-5 0.86 — — — — 1.00 — — 44.7 79
Polyester-6 0.86 — — — — — 1.00 — 51.7 -195
Polyester-7 0.86 — — — — — — 1.00 46.3 33.3
Polyester-8 0.86 050 — — — | 050 — — 479 (=277~79)
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13C NMR spectrum of Polycondensation-6 (AD//1, 6-HD/BEPG)

ZROMZE No.155 Oct. 2013



JUI—VEFRKBEEDI X FIVERINE S RY TR F)LRIGKEEOR{LRITEE DR

L§c
HO{?%Q*C*OH o coc
c-C-C-C I P
? ”~9—C ? WC—01Qf§1QfOH
'"C*O{ng*C*O*CW //////// c/C-C-C
c-Cc-C-C
rd

WL

T T
66.0 64.0 62.0 60.0

Chemical shift / ppm
3 '3C NMR spectrum of Polycondensation-6 (AD//1, 6-HD/BEPG)

1 § i
~C-0-C¥C-C-C-C-0-C-
i ¢
~C-0-C¥C-C-C~C+OH
c

| Aty
HO-C-C-C-C :_erOH

N

- -

{ T T \
64.0 62.0 60.0 580

Chemical shift /" ppm
4 '3C NMR spectrum of Polycondensation-7 (AD//1, 6-HD/3-M-1, 5-PD)
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5 13C NMR spectrum of Polycondensation-8 (AD//1, 6-HD/1, 4-CHDM)
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64.2 ppmD 7 F IV R IGDBEPGE /
~—. 628 ppmD I T FIIIT AT IIEE G %
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X6 Conversion of the hydroxyl groups of 1,6-HD and BEPG

in Polycondensation-6 (AD//1,6-HD/BEPG)
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@ :Diesterified 1,6-HD [HD-2] O Diesterified BEPG [BEPG-2]

7 Molar distribution of free, monoesterified and diesterified
1,6-HD and BEPG in Polycondensation-6 (AD//1,6-HD/BEPG)
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Molar distribution of structures / %
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@ :Diesterified 1,6-HD [HD-2]

/N *Monoesterified 3-M1,5-PD [3MPD-1]

O :Diesterified 3-M-15-PD

[3MPD-2]

9 Molar distribution of free, monoesterified and
diesterified 1,6-HD and 3-M-1,5-PD
in Polycondensation-7(AD//1,6-HD/3-M-1,5-PD)
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[X]10 Conversion of the hydroxyl groups of 1,6-HD, trans-1,4-CHDM
and cis-1,4-CHDM in Polycondensation-8 (AD//1,6-HD/1,4-CHDM)
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O Diesterified trans-14-CHDM  [trans-CHDM-2]

N *Monoesterified cis-14-CHDM  [cis-CHDM-1]
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X11 Molar distribution of free, monoesterified and
diesterified 1,6-HD, trans-1,4-CHDM and cis-1,4-CHDM
in Polycondensation-8(AD//1,6-HD/1,4-CHDM)
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JBFEDI79.2 % 1,6—HDD KUEZHEA79.3 %d-
720 LR HRIY, KERIEIZRIL g Airo Eif
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X9z Polycondensation—7" Xt TH3—
M-15-PD&16-HD® 72— Lo LILRED &
B LA R Z R T o AT USRS
BOTEREN/E7) TV OIEE (B~ —,
11®7J<E§9EQ®AIX?‘)V%* GxRIEHK. 2o
IREREEDT I T ATV G2 T @ HIE133-
M-1,5— PD<‘:16 HDIZIZZFREFETHLHIELD,
Polycondensation—7"Cl&, R T ATV Kiz &
& AR ATV E R A RI23-M-15-PD&1,6—
HDEMLEDST 7 A5 ATL T B HIT 95 o

3.2.3 KEEBOI 7ONXZ U IROZE

20 D IKFEFED B EE W T 7 aAFH B
A9 5. 14—CHDM®D T A7 WAL e %% FFAm
TLHMT, 14-CHDME&1,6—HDE o - Ffi &
(Polycondensation—8) @ fifia 17- 720 AR
T AL 721 4-CHDMIE T A kL Moo Ak
s 31169 OFATEMEAEOREW THY). N
MREN T 2K E N T 2 2K D 5 7)) T3 — VIEHE (£
< —. MEDOKBIEDO AT ATIVAEEE T, 2
MH D IKEEFE A2 T AT IAE ST 12w )E
NDI T FIVDFEEDSTTTRE Th o726

X 10l2Polycondensation—8? St e ks T

1,4-CHDM® > Ak, b7 Ak B L U1,6-HDIZ
HIsRL 72 K EEFIED S % 75§ o Polycondens-
ation—8 Tl RICEFN L ETHORERIEFED S

RH S SREHIS T FETH Y. ISmE
240 C TO IR EI1ET A—-1,4—CHDMAS78.7 %.
N A—-14—-CHDM”777 % B L U8, 1,6-HD
D788 % Th -7z LLEDHKEELY, 14-CHD
M®D T A, MY AB L O,6-HDIZ KL 72 Kk
D TATIWALRISED M T 2 2 & D35
5o ZitE, 14—CHDMIEZ2D D AF 10— )L (—
CH20H) #EAS T 7an®H D1 4-hI2H D,
2O DIKIRIEH D PEHEDSS v T, JKERHEEHIC
6D AFL A FL iR lEELs £ 1,6-H
DEEIED TAT WAL RIS A R EHEZE T 5,

X 11 XY Polycondensation—8? SR kECT D
14-CHDM® P Ak, M AMEB LU, 1,6-HD

D7) T— VD % O IRERFAEZ DT HIERE
DEFAFEVREETHLIEN Db HEST,
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Polycondensation—8C Polycondensation—7& [AFkIZ,
R T ATV EKhiw &R TATFIVEREFIC& ) a—)L
(3 2-14-CHDM., +5>A-14-CHDM. 16—HD) %Bfi
WT LT MG AL T BRI 5 o

ZF3lZPolycondensation—1 ~—8M Kt E240 T2
VF B &R T AT I DWW, KERFLER . &I HED
SR, BEFr)a—)vE1,6—HDIZH L 72K ERFED B
BIO, 1L6-HDIZH 3 257 3 — VKR FOs
HILERT o

EG—1,3—-PD—14-BD& 20D KERHEF D i EHH %
{72 2129wy, L6—HDIZX 3 Mt 7)) a— v K EREE D
FOREELASLOICITDE, TAT IS TED TR ATl
B o

¥7/2. 1.3-PD—2—-M-13—-PD—NPG& /K2 %L
BILD AT IWVIED L Db, MET )T — D IKEEILD L
JEFEB L. 1,6—HDDKERFEIZ R 2 SUSTR LTI
T AMEEH AN, TAT ISR ED L T3 52 &8
G5 o LA, IKFEF KL BALIZ2ME D ATV Hex 455
HNPGE, EEWITF VL7 F VA H 3 HBEPGE A #
W2 52 BEPGIZNPGE [[&5ED T AT WAL %
BT DIEDTD5 o BT IKEEFEITXIL y AT E D x5
WIZE A H3-M—15-PDOKEERD T A7 WAL IS D
1,6—HDERIEE T D ED 53035 o

DL EOFSRID., 20D KEEIEH Dk FHEH % T2 HITHE
WIKEEFED T AT WAL BOSTEX R E 4225, 4L ETldlA
FEERY, EHIT, KBIITL y fLIDEEN /BRI T A
TS END BT A N EEZ B F72, 2D
DAFT— VHDS T 7ONFH VDL AL H ) 2D DK

B O BEEA EV 1 4-CHDM Tld, Y AMEBLUTNS 22
A3k, 14-BD, 3—-M—-15-PD& [A#£I121,6—HDE 1F 1F
FLW I AT AL OB ERIR 8550720

512, RIENLE6-HDIZ KL KIGPEE D gt )
T )US S AT RGBT/~ —. KEEHAS 1
7207 T AT WALL 72 R) T AT VRSB E L CHEFES A E
BHENZEDT DD o

3.3 RUIXFIVKimKEEDOBEIER S

V)= VD KEEIEIT R) T AT VA RRIC X, S
FRDIIVARF NIk T 2T NVAL L T T ATV &% T
Bl R AT IVEEE B BRI THh D . SHIZ, KT A
TSI NSRRI SR Cld, 7T — W HRL 72
R T AT IVRIGKEEFEADS FR)A V7 H— MEEPIRe A3
CRNEEE O WA LA A PG T B E B B o £ 2T,
R T AT VA RIEECH D7) T— UK 58 T AT
IVE KRS O AL ST KAV 7 HR—ME& e o
BOS T ICEHIL 72 o SH12, HBHN/2AR) T AT VR
UAKERIE D WAL S L 7)) a— Ve /< — O T AT )L
SUSTED B EIRZ 1T 572 6

K2R T AT IV K KB EE DR ) AV 27— MEEY
E OSSR FEM O E L7z T AT VAR T,

121ZPolyester—1 ~ —3&Polyester—7? K7k fif &
DAL ML 7248 A 7R3 HEl L LA R o
AT A MEO SUSER, RS A LEE R 2 R . )
I— VD TATIMALOSED EmE FRRIZ, KEREER O
HEEDS W EGIZ L 7R T AT VR KRS O A
7 A —NEEOT LRI, 220 KR O HiEEs &

7= 3 Analysis results of the polycondensations

Glycol Molar distribution of glycol structures (%) Conversion of Ratio of
hydroxyl group conversion
Comonomer O O O
HO-R-OH I I I %) Comonomer
1,6-HD (COHU‘O]) C - O -R- OH “‘C_O_R_O_C'“ L ].,6—HD (COHtI‘Ol)
. EG 6.1 452 487 71.3
Polycondensation-1 0.84
1,6-HD (Control) 19 272 709 845
. 13-PD 41 385 574 76.6
Polycondensation-2 0.96
1,6-HD (Control) 42 319 63.9 79.8
. 14-BD 44 354 60.2 779
Polycondensation-3 0.99
1,6-HD (Control) 4.1 34.2 61.6 788
. 2-M-1,3-PD 48 381 57.1 76.2
Polycondensation-4 0.90
1,6-HD (Control) 25 25.3 72.1 84.8
. NPG 5.3 42.0 52.7 737
Polycondensation-5 0.89
1,6-HD (Control) 30 28.0 69.0 83.0
. BEPG 6.1 41.0 53.0 734
Polycondensation-6 0.88
1,6-HD (Control) 25 289 68.7 83.1
. 3-M-1,5-PD 35 34.6 61.9 79.2
Polycondensation-7 1.00
1,6-HD (Control) 37 34.0 62.3 79.3
cis-14-CHDM 31 36.6 60.4 787 1.00
Polycondensation-8 | trans-1,4-CHDM 39 369 59.2 777 0.99
1,6-HD (Control) 4.0 35.1 60.9 785 —
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60

Conversion ./ %

0
0

Reaction time / h

O:Polyester-1(1,6-HD)
A :Polyester-2(EG)

[J:Polyester-3(14-BD)
< 1Polyester-7 (1,4-CHDM)

[X]12 Comparison of cross-linking reactivities among the
polyesters having various kinds of terminal hydroxyl

groups derived from the glycols which have different

distances between the two hydroxy! groups of a glycol.

60

40

Conversion ./ %

0 {’ ! ! !
0

Reaction time /" h

O:Polyester-1(1,6-HD)
I\:Polyester-4 (NPG)

[J:Polyester-5(BEPG)
O:Polyester-6 (3-M-1,5-PD)

[X13 Comparison of cross-linking reactivities among the
polyesters having terminal hydroxyl groups with no,
B - or y-substituent groups

60

40 |

Conversion /%

0 2%
0

Reaction time /" h

O:Polyester-1(1,6-HD) A :Polyester-5(BEPG)
{1Polyester-8(1,6-HD/BEPG)
----1 Average conversion of Polyester-1 and Polyester-5

X]14 Comparison of cross-linking reactivities between
the polyesters comprised of one of the two glycols
and the polyester comprised of the two glycols

W1,6—HD. 14-BDEB XU, 14-CHDMIZ kL 72T
AT VAR IR LSRN ED5 025 o

1IN &S o R VA T F R VAT 9% - =/ S acn
5 7)) a— )LD AL 72 R T AT OV KK ERFE D ALK
R FHIL 72 #5 RE TR o KERIED T 27 WAL UG
231,6 —-HDERIEETH S y AT NVEEH T 5H3-M-1, 5
—PD% fEHL T &L 7zPolyester—6&1,6—HD72> 5 &L
7zPolyester—1® KK EEFE D AV 73— 1 EE O Ko
DTN ENZED 0D LA L. 1,6-HDIDBHS T
AT ML RS TEDS s NPGE BEPGIZ HI3kL 72 AR A5
IV KEESLD A>T A — MEE O FOnElE. 1,6-HDIZ
L 728 T AT )V R KR EE LD BHS 2 1 2R S & A3 55
5o F72. NPGEOA L 72Polyester—45SBEPG XD &k
L 7zPolyester—5X 0 HHS 2 KU K BRIE D AV 27 F— Mk
LD ISR D X, Polyester—40 77" AHR AL EAS
19.3 T LR LERBE IR LTI Z W EETH OB OB )M
WD THLENET D,

1412, 1,6 — HDEBEPGOEEILVEL & T B L 7zPoly-
ester — 8D KU KERFEL A7 — kL O BUSVEE G-l
L7 R%md o XHRom#tid, 1,6 - HDHROF) X
FIVRI KRR D A A § S Polyester — 1 BEPGH D 2k
UKL D A AT T BPolyester — 5% &4 DAV T H— kL
D JIBFED NI TIH Do Polyester — 8D SIS E 1L Al
TRLIZEE IV N D350 5 o TiE,. Polyester —
SH 1,6 - HDEBEPGDE /¥ — D& #1Z[FEL TH
% 7%, BEPG®D KEEFED T 27 WALRISEA1,6 — HDX Y
RNDT, AV T A= MEED R EA1,6 — HDOKERH: L
DL IRWBEPGAY R T AT VA 6 5 B Ahs L 72
7oL D,

4. % &

)= VD KEEFENE R T AT OVA R 1 IR IR
DINNVRFIUINVHE T AT NWALRIGL T ATV G % TR
L. RUZATIVEKE LD BEREETH L. L7zDS>T 7
T VD IKBREED FOSTEI IS N S8 R &% 5L 3 22
HD1DTHD o E5IZ, BT AT D5 R S 7L
WRFCIE. BEALAIE ZE6 SO 3 5273 — VS HIRL 72K
T AT IVESKEEIED FUSHEZ, WALRISIC 5228% 5.2
%o L7203o7C, )T — VORI D SUSEIE, R = A7
VD LSO Wy foi% 5.2 2 B REkE . i ks
RS LER DI DO THLEHELST S,

FZ T Z)A— VD IKEEFED T AT WAL RSB LY,
V) a— )R L 72 R 27V R KR D R AV
7 F— e DAL OB EE FHIL . = AT WAL USRS AL
FOGAED B ARIEIR ATV LT Of s 572 o

(1) BALIZ 28 o @A 3 2 KERIED T 2T WAL

IR R IE DO TV R O 2B 3L AL ST
R,
(2) KNI y MO EIRIL, KERIEDO = 27 011L
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FOGTEIFE A B 5.2 70\ o

(3) 22D KEEFED NI E RN 7uANT I U ERE AL,
IKEEFE ] O EEDS R 1,4 — CHDMO /KR D T A
TIALSOB IR .

(4) TATIWALBIEED R 7)) T — U AR AT LD
Kihidn B VIERUGE/ ~—E U CTHEIET A E 408
[

(5) R AT VDA KR IEDTEAL S (17—
MEEWE D FUE) 1E. R AT VA RBIZ BT 5 T A
TILOS S AR E AR T o

7)) 32— E 5 FREREIC L) T AT VAL BUS RS 72 5 D

Ty SUSED BB 28 DL Ed 27 ) a—)L L &SR
TATINTIE, TATWMALBUGED v 7)) 32— ud R
AT ND K@ BT R UGE S/~ —E U TIEIES D E &8
EWV L 512, INSDOF T AT LS FRELS N LT LR %
Bk, RVZAF VO KE L THEAET HHMERO EN, T
AT IWALBUSHED AR KRS A R L AL BUE RS 5 B
L2 bbb, R)TAFVERERCH L7 a—
WD IKEEFD SOBTEL, LSO g% A3 5 18 R
Tk RO LIS A 5.2 58 E 2 5o it

D M7 IV T— IV MO SR ) T A7)V 35T
AL A, B/ ~— /K2 TR ST va—Lo T AT
IALBUSPED A ZHE N B IR 1 D€~ — e, 18
NE O A b B B IE SR 0 A4 i B IR 15 b E BT 2 3D 5 o

SE 30
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