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Gel Permeation Chromatography (GPC) is a new technique that fractionates polymers and determines their

molecular weight distribution.

It is a special type of liquid-solid elution chromatography, that uses a column packed with an inert cross-

linked polymer gel, eluted with a compatible organic solvent.

The separation is made according to molecular size, based on the depth to which each molecular species is

able to diffuse into the gel network.

The GPC method is very excellent compared with the customary methods from the point of view that

the data obtained give the weight differential distribution curve.

The determination of the molecular weight distribution is performed rapidly and the sensitivity in the

range of the lower molecular weight is very high.

In this paper, firstly the principle and measurement procedure of the GPC method were discussed and

secondary, in the case of polyethylene as salmples, the comparison between the results obtained by the GPC

and column elution method was evaluated, and finary, the reproducibility was discussed in the case of the

blending samples.
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Fig.2 Waters liquid chromatography assembly
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Table 1 Maximun pore size of each column
and plate number per foot

l:}aigﬂ:i#n pore size | Number of column Plates/ft
15 A 1 080
104 » 1 720
103 » 1 500
4%x102 » 1 530

Vs | B B MU ey Y (TCB)
0.1%7 4%/ - .

#5 I ; 10641044103+ 4 x102A

W & ; 1ml/min

HEHREE  0.5%

BRI 5 0.5% — 2 ml

(F AlRf [E1120sec)
B E; (A7A 130°C
RERPTET 130°C
i S 160°C

A
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(n) =5.10% 10~4Mn0:725 .....ooee. (2)
(7] —=4.60 x 1074 My0:725.ccvninnee. (3)
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Table 2 Standard materials for calibration. G e
& 104
— N — Q
‘ — - A
S [aaw /[ Fo 3
Material length =~ Mn —
gt in |bytheGPC  °Z
B [ @A)l 7 ™" |method 5
Acetone 5.8 — — %’ 10%
|
polyglycol p750 50.8 - — 5
-~
p p2000 138.3 — — 3
< ‘
#4000 | 247.4 s = 31
1.05 7
poly styrene 2045. | (Dow 1.10
(Mw =122,000) ratio) [ . i
” 2.1 : 1055 5 .
(Mw —257,000) 6207 . (NBS. 1.23 0 30 40
NBS. No.706 ratio) Counts
T — — Flg. 3 Calibration curve
Table 3 Data treatment recommended by Waters Associates, Inc.
Sample: Ziegler type polyethylene
1 2 3 4 5 6 7
Height Cumulative Hi _—~ _ (2) divided (2) x (5
Counts Hi=MiNi weight " ZHi M by () Mi2 Ni
19 0 880,000
20 8 100 1.1 539,000 0 4,312,000
21 26 98.9 3.6 330,000 0.0001 8,580,000
22 47 95.4 6.5 205,700 0.0002 11,783,000
23 67 88.8 9.3 127,600 0.0005 8,549,200
24 85 79.5 11.8 79,200 0.0011 6,732,000
L«
25 102 67.7 14.1 49,500 0.0021 5,047,000
26 112 53.6 15.5 29,700 0.0038 3,326,400
27 105 ‘ 38.1 14.5 18,700 0.0056 1,963,500
28 79 1 23.5 10.9 11,550 0.0068 712,500
29 50 5 12.6 6.9 7,150 0.0070 357,500
30 25 | 5.7 3,5 4,400 0.0057 110,000
31 11 ’ 2.2 1.5 2,750 0.0040 30,300
|
32 5 | 0.7 0.7 1,683 0.0030 8,409
33 0 ‘ 1,034
|
Total for | 75 | 0.0399 51,713,800
olumns - _ | | g R
— 3 Mi Ni - 3 Mi2 Ni Mw
Mn=—"3; =18,100, Mw=—"Fpm=71,600, Q=——=4.9,
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Fig. 4 Integral distribution curves of Ziegler type polyethylene
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Fig. 5 Differential distribution curves of Ziegler type polyethylene obtained from Gel Permeation
Chromatogran
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Fig. 6 Differential distribution curves of Ziegler type polyethylene obtained from column method
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Fig. 7 Integral and differential distribution curves of Ziegler type polyethylene fraction A
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Table 4 Comparison of the average molecular weight
by the GPC and column extraction
method.

N MW M n M w 0
\ Method T

GPC |Column| GPC |Column| GPC |Column

Sample x_%““xm B

Ziegler Type 12,300, 13,000 25,100 26,500 2.0 | 2.0
Fraction A

Ziegler Type | 18 100/ 18,700, 71,600 108,200 4.0 | 5.8

(unfractionated) ’ ’ ) ) . .

High Pressure

(unfractionated) 10,9000  8.790

52,900, 42,400 4.9 4.9

|

(4) FERUZFLO>DT L FOSIEBEM MERICL AT L Y FRonWTHRIL, FRERTOS
Fig. 8 ~11i Ziegler type ;R) =L v, HEER BB INB 5T L DI AT 12,
VDIF LV ROTF L VESE—Y = — )V AESRO LT

Table 5
Fig. Blending samples* Blending ratio
_No L S Note : . Mw Mn
7 | No. 12 No. 27 No.12 : No.27=1:2 * No. 12 .. (Elr;fgrgcft’ifs:gerg) 23,100 7,800
3 Fraction Fraction A:B=1:1 No. 27 ... High Pressure 64,800 26,000
A B e (unfractionated)
Fraction No. 34 ... VAc-Copolymer 71,800 21,200
1
9 A No. 27 A :No27=1:1 Fraction A and B are crude fractionate samples
obtained by the column extraction of Ziegler type
10 | No.27 | No.34 |No27:Nosd=1:1 polyethylene.
I I
200
l_ ““; \“‘.
S NNoor Mw Mn Q
b Nol2 23100 7800 2.9
kY No.27 64800 26000 2.5
: Observed 52500 18800 2.8
- Calculated 50700 14800 3.4
E
%
T
—100
f‘__ """"""""""""""""""" - 110' Molecular weight .llﬂ‘ ‘\‘\'"“-.. ‘:--:-::-:::"-a-l__

Fig. 8 The comparison between observed and calculated curves for a mixture of No. 12 and No. 27
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E J '.“ Observed 43400 17900 2.4
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ja sy
—100
:: —————— el 1!1)‘ Molecular weight 1?5 Tl ey
Fig. 10 The comparison between observed and calculated curves for a mixture of A and No. 27
| I
—200
Mw Mn Q
A 25100 12300 2.0
. B 79500 48700 1.6
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E
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=
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Fig. 9 The comparison between observed and calculated curves
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—200
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3 '<,‘ Mw . Mn Q
i 5 No. 27 64800 26000 2.5
- / 5 No. 34 71800 21200 3.4
E Kl P
E Observed 63100 24200 2.6
= Calculated 68100 23400 2.9
= %
3
v Y
Observed Y
100 Caleulated

Molecular weight |

Fig. 11 The comparison between observed and calculated curves for a mixture of No. 27 and No. 34
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Fig. 12 Reproducibility of differential distribution curves obtained from Gel Permeation Chromatography
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Mw Mn Q
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Molecular weight

73000

L
Reproducibility of differential distribution curves obtained from Gel Permeation Chromatograms

Fig.13
Table 6 Reproducibility of the GPC method
@ Mw Mn 0
Sample |

3/Sept. } 7/Sept. | 8/Sept. | 7/Sept. | 3/Sept. | 7/Sept.
A _24,300 25,100 13,100 12,300 B 1.9 2.0
B 73,000 79,500 47,700 48,700 1.5 1.6
A+B 45,800 51,000 19,800 21,200 2.3 2.4

The distribution curyes obtained from the experiment on the

3rd, Sept. 65 are shown with the solid line in Fig. 12 and

13, and on the 7th Sept. 65 with the dotted line.
P.C RO, R el 2 APl EbIC

Fig. 12, 13 13 Ziegler type 8V =31 v O 5 FIE

¥, Fraction A, Fraction B Loz 7L v/ F (A
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