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’
Table 1 A
A B
Table 1 Epoxy polymer sampls
Sample [ State I Color Maker
A—1% | liquid i colorless A( Jupan)
A—2 J 7 — ,viscous ” 9
A—3 - # ~— ,very viscous ” ”
A—14 solid. brittle pale yellow "
1 A—5 — s — u ”
2 A—6 | s hard ” ”
B—1 | liquid, viscous coloriess B( japan)
B—2 solids brittle “ ”
y y B—3 — - ” ”
C— 1% |iquid viscous ” ClU.S.A)
39 , 5
5 This contained 10 percent of butyl glycidyl
ether as reactive diluent and were used for
GPC experiments after evaporation of its diluents.
. This contain calcium carbonate and titanium
dioxide.
80 A
c1
,GPC
, H NMR '
GPC
GPC
GPC Table2
,70

271 531
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Table 2 Apparatus and experimental conditions

of GPC

Liquid chromatography
Column

Detector

Eluent

Frow rate

Iniection volume
Sample concentration

Japan Analitical Industry Co. LC-07
JAIGEL 2 H(seperration rangeMW. 5000~
100) Zemg X60cmX 2

RI

CHCl,
3ml/min.
3ml
SW/V%

21 1980

oty

}
HOO—C‘OOH * CI=Ch =Gl —_—
. cH,

CH,

(1)

CHa
: : W !
g e OO oo OO
1 ,

NMR x=2n+3 (2)
R 40 90MHz
Tabl3
A Pn Pw
5 . Pn = NxX T XX
> NxX 3
Pw 2 Nx X2 2 WxX
Table 3 Experimental Condition of NMR 5 Nx X 4
Solvent CDCl,
Refernce TMS Nx:X mer
Lock D in solvent
H, level coarse 10, fine 8 ~12 X xmer
Concentration 0.4g +CDCl, 1.0ml,
0.29 +CDCI, 1.0ml (for A-5, A-6) Wx Xx mer
GPC
) ., 01 Fig 1
0.5g , Fig. 2 3
( 1.5ml 150ml B 1 C 1 A 2
)10m| 20 A 1A 2
10ml 193ml
0.1N 3 i 5 7
9 11
, A 3 3
JAIGEL 2H ,
3 11 , 11
A Fig. 4
0.
A 9
1
193ml ,NMR
3.0 , A
s n
” 5 , GPC
A 196ml Fig. 4
310 , 312

JFig 4



GPC, NMR

ARI

0 50 100 150 200 250(ml)
Elution volume

Fig. 1 Chromatograms of liquid epoxy
polymers

A—1
el S
----- A—3

ARI

0 50 100 150 200
Elution volume

Fig. 2 Chromatograms of solid epoxy polymers

11

87

ART

0 56 100 150 200 250 (ml)
Elution volume

Fig. 3 Chromatograms of solid epoxy polymers

A—5
——————— A—6

3,000

2,000

1,000

500

Molecular weight

. L . \ L "
100 120 140 160 180 200 220 (ml)
Elution volume

Fig. 4 Relationship between elation volume and
Molecular weight of epoxy polymer

Column : JAIGEL 2H
Afigure beside a mark shows number of
monomer units that composed epoxy polymer
o measured elution volume
e estimed position

Table4
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GPC ,

Table 4 Contents of molecules of each degree of
Polycondensation in liguid products (%)

degree of p. 3

sample 5 1 7 9 11 13
A—1 80.3 14.6 « 3.3 1.3 0.4 —
A—2 86.2 11.4 | 1.9 0.4 0.1 —
A—3 49.1 29.3 13.0 l 5.9 1.8 0.8
B—1 85.0 12.7 1.7 1 0.3 0.3 _—
C—1 79.9 15.0 3.1 | 12 0.8 —_

|

Table 4 3 4

Table 6
35 7
)
Fig 4
A 5 A 6
GPC
)
NMR
NMR

21 1980
A 2 A 5 NMR Fig 5
6 A 2 A 5
Sadtler
Table 5
2 OH
A B 1
; e d b
+DEOJM-
c
L
8 6 4 2 o (PPM)

Fig. 5 NMR spectrum of epoxy polymer A 2

0 (PPM)

Fig. 6 NMR spectrum of epoxy polymer A 5

OH oD DHO

A 5 A 6
, OH

’ ’
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GPC, NMR
, 5
Table 6 Average degree of polycondensation of
epoxy polymers obtained by the three
6 = b+d methods
(6n+6)+(8n+38) a+f (5)
method ‘ GPC NMR Epoxy equivalent
1
y Sample - Pn Py P, value of eguiv. P,
n: (1) A—1 3.3 3.5 3.3 217 3.7
. A—2 3.2 3.3 3.2 190 3.3
a f:Fig5,6, Table6 A—3 3.9 4.6 4.0 254 1.2
A—14¢ — 13 13 924 13.6
A—5 — 17 23 2270 31
A—6 — 21 28 2620 37
7GPC B—1 3.2 3.4 3.2 203 3.5
B—2 6.3 9.0 6.4 469 7.2
B—3 — 15 11 930 13.7
Cc—1 3.3 3.6 3.2 185 3.2
. . GPC
Table 5 Asignment of protons in epoxy polymer
,NMR
Band chemical shift (4) assignment
. L6 6 —C—¢ GPC ,
| . CHJ
b 2.8 _Cﬁg}" H,
c 3.0 SCH—OH
NMR ,
—CH—=CH
d 3.3 \O/ 2
. o —CH, —0—¢ —ch; ’
f 7.0 protons of aromatic ring ,
1 GPC
' ’ GPC )

,NMR
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21 1980
“ " 1 43 1969
“ "12 1970
16 9 1976
“ " 865 1969
“ " 296 1971

Determination of Average Degree of Polycondensation of Epoxy Oligomers by GPC, NMR
and Epoxy equivalent Method

Tadao KADOSAKA"
Central Customs Laboratory, Ministry of Finance,
531, Iwase, Matsudo shi, Chiba ken, 271, Japan

The determination of average degree of polycondensation DP of bisphenol A type epoxy oligomer

was performed by gel permeation chromatography GPC ,'H NMR and epoxy equivalent method. JAIGEL
2H column was used for the separation of polymers by GPC. In GPC.method, the DP was estimated

from the data which showed linear relationship between elution volume and molecular weight, and high
accuracy were obtained for low DP products. In NMR method, the DP was calculated with relative
ratio of the terminal epoxy protone intensity. In epoxy equivalent method, hydrochloric acid dioxane meth
od was applied. The DP values of liquid epoxy polymer by these three methods were comparable to each
other.
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