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Column Elution Fractionation of Polymer [ 1]

Determination of Molecular Weight Distribution of Polyethylene

Toshiharu Takagi
Tsutomu Hashimoto
Hideo Tada

The column elution technique for polymer fractionation has been modified and successfully applied to
both linear and branched polyethylenes.  The polymeres are precipitated from a xylene solution onto a
celite by rotary evaporator or cooling the column from 126°C to room tempereture. The preferred column
for use is Shyluk’s reverse flow type. The procedure of fractionation is similar to that of Francis’ method.
Flow rate is 1.5-2 ml/min. which is controlled with Nitrogen gas pressure.

The typical three analytical methods, i. e. ,summative, Wesslau, and Tung methods, have been applied to
the fractionation data.

A following correlation of solvent composition in eluant mixture with intrinsic viscosity of the fraction,

soluble in the mixture at 126°C, was found for polyethylene fractions,

log {log [%] + 1}=a+bx

[n]1 = 0.1

where x is xylene in percent, a and b are constant, and [#] is intrinsic viscosity of the fraction. This

correlation is very usefull in determining the solvent composition for fractionation.
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Table 1 Sample Species of Fractionated
Polyethylenes.

a)

Sample Density

A 0.95 0.8

b)
M. L ‘

High density
(Polyethylene)
Standard type

B 0.918 0.5 | Low density
BASF type

C 0.955 0.4 | High density

; | Ziegler type

F16,F33 | | "
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Table 3 Fractionation Result of Sample B

-F‘raction Fraction _
No. — [4] Mnx1073 Xylene
Wt-% 33%+1/20% Ty
1 0.35 0.2 s —-
2 1.01 0.9 0.029 0.28 0
3 1.09 1.9 0.072 1.15
4 2.26 3.6 0.172 3.14 20
5 3.03 6.2 0.217 4.19 25
6 4.76 10.1 0.273 5.81 30
7 7.83 16.4 0.341 8.09 32.5
8 6.94 23.8 0.475 12.4 35
9 7.41 31.9 0.577 16.1 37.5
10 8.08 38.7 0.715 21.8 40
11 12.96 49.2 0.960 32.8 42.5
12 22.06 66.7 1.526 62.2 45
13 16.18 85.9 1.926 85.7 47.5
14 5.29 96.6 1.915 85.5 50
| } 0.74  99.6  1.645 69.2 55
|16
Charge ; 10.0026 % ; Recovery ; 97.79%
[7]whole polymer=1.051 [ﬂz;luculated =1.071
‘ Mwl;)42,400 Mnbz)s,mo Mw/Mn=4.9

a) Obtained from 3} Wi [n]i/>Wi
b) Calculated from eq. (4) and (5)
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Table 2 Fractionation Result of Sample A.
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Fraction Fraction a
No. Wt-9 2%+1/2A%ﬂ [n] Mn (x1073) Xylene %
1
l 5.6 4.4 o 0
3
4 2.1 6.6 0.097 1.4 0
5 2.2 8.8 0.108 1.7 0
6 2.2 11.0 0.136 2.2 0
7 2.2 13.4 0.190 3.6 20
8 3.2 15.9 0.266 5.8 25
9 3.0 19.0 0.271 5.9 30
10 3.4 22.2 0.255 _— 32
11 3.9 25.9 0.308 6.9 34
12 3.5 29.6 0.423 11.0 36
13 3.3 33.0 0.503 14.6 38
14 2.9 36.1 0.550 16.2 39
15 2.4 38.7 0.590 17.0 40
16 2.7 41.3 0.70 20.9 42
17 3.1 44.2 0.826 26.3 44
18 4.6 49.6 0.860 28.2 46
19 4.4 56.4 0.954 32.4 48
20 4.6 63.1 1.150 42.7 50
21 5.8 68.3 1.471 60.3 52
22 7.0 74.7 1.876 85.2 b4
23 8.2 82.3 3.066 163.0 56
24 6.4 89.6 3.320 182.0 61
25 3.5 94.5 3.540 199.0 66
26 2.3 97.5 3.540 199.0 70
27 1.4 99.3 S — 77
28 85
) 6.0 3.83 224.0 )
32 96
— b)
Charge 5,000 {1\_4“’ by 12,000 Mw/Mn =8.9 |
Mn = 8,100 i

a) Xylene % of eluted fractions, assuming the piston flow of solvent.

b) Calculated from eq, (4) and (5).
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Fig. 5 Integral and differential distribution curves
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of sample A. e L —H%L T3, Table 4 Bl RAYL 12,
Table 4 Fractionation Result of Sample C
Fraction Fraction 3
a
No. Wt-% 2%4_1/2&%‘ [n] Mn (x1073) Xylene 9%
1
I 5.27 2.63 0.178 3.2 0
5
6 4.44 7.48 0.315 7.1 20
7 6.00 12.70 0.352 8.2 25
8 6.56 18.98 0.463 12.0 30
9 7.79 26.15 0.517 14.0 32
10 7.39 33.74 0.764 23.9 34
11 6.79 40.83 0.823 26.6 36
12 6.85 47.66 0.836 27.2 38
13 5.22 53.69 1.129 40.9 39
14 5.85 59.23 2.074 94.6 40
15 6.06 65.18 1.580 65.3 42
16 7.67 72.04 2.850 144.9 44
17 6.39 79.07 3.889 296.5 45
18 } 9.45 87.00 6.601 466.8 46
19
20
N l 8.27 95.85 3.640 206.5 48~56
27
Chargl, 1.5000¢ ; Recovery, 105.3%
— _h)
[mwhole polymer=1.925 ; [%]calc=1.953
—.¢) ) o
Mw=108.200, Mn—=18.700, Mw/Mn=5.8

a) Inherent viscosity (In 5-)/c at about 0.1¢ /100ml.

b) Obtained from 3> Wi(%]i/SWi.
¢) Calculated from eq. (4) and (5).
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Table 5 Tractionation Result of Sample Fig
Fraction Fraction 2
No. Wt-% S%+1/3/7% [n] Mn (x1073) Xylene 9%

.
1 6.36 3.19 0.283 6.1 0
3
4 } 6.07 9.40 0.283 6.1 0
5
6
7 } 13.15 19.01 0.339 7.8 20~22
8
9 } 15.93 33.55 0.389 9.4 24~26
10
11 } 10.03 46.54 0.476 12.5 28~30
12
13 } 4.87 53.99 0.583 16.4 31~31.5
14 ]
15 r 3.21 58.03 0.629 18.3 32~32.5
16
17 } 1.48 60.37 33~34
18
19 } 5.09 63.66 0.806 25.8 35~38
20
21 6.31 69.35 0.876 28.8 40
22 7.48 76.25 1.135 41.2 42
23 13.80 86.88 1.571 63.2 45
24 } 6.21 93.79 1.824 79.4 50
25

Charge, 1.50002 ; Recovery, 95.58%

_ —_Db)

[7]whole polymen=0.745 ; [4]calec. =0.760

__ ¢) — ¢) __

Mw=26,500 , Mn=13,000 , Mw/Mn=2.0

a) Inherent viscosity (In 7-)/c at about 0.1¢ /100ml.

b) Obtained from Wi [#]1/3Wi.
¢) Calculated from eq. (4) and (5).
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BRI 16433 1 BB 16 38 L OF33 D4BIL THBieA2 Y
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TH D AARE X T3 IGEHE LR C . Fig, F33,
LA—TH5,
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Table 6 TFractionation Result of Sample F33

Fraction Fraction o
No. W% S2%+1/20% =] Mn (x1073) Xylene %
1
z ] o : _ - 0
5
6
l } 5.25 2.62 1.054 37.3 40~42
23
24 } 6.18 8.34 1.337 51.8 4344
25
26 5.02 13.94 1.502 60.8 45
27 4.54 18.72 1.588 65.6 46
28
29 } 7.28 24.63 1.715 73.1 46~47
30
31 8.32 32.43 1.989 89.5 48
32 10.60 41.89 2.383 115.3 49
33 19.02 56.70 2.708 137.4 50
34 11.98 72.20 3.380 186.5 51
35 13.77 85.08 5.325 348.3 55
36 5.68 94.81 5.752 387.2 60
37
1 } 2.36 98.83 5.667 380.1 62~65
40
Charge, 1,07563¢ ; Recovery, 97.31%
[n]whole polymer=3.420 ; [_71]::)zile=3.313
Mwi)les,ooo ; Mn°=)104,000 Mw/Mn=1.60
a) Inherent viscosity (In #:)/c at about 0.14/100ml.
b) Obtained from MWiln]i/3Wi.
¢) Calculated from eq. (4) and (5).
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Table 7 Fractionation Result of Sample Fig+33
Fraction Fraction ,
a
No. 'Wt—% S'%+1/2A% 7 Mn (x1073) Xylene %
1
) 0 0 - S 0
5
g } 6.76 3.38 0.337 7.7 19~20
8 4.96 9.24 0.287 6.2 21
18 } 6.54 14.99 0.325 4 2223
11
12 } 6.05 21.29 0.383 9.2 24~26
13
14
15 4.03 26.33 0.393 9.6 27~30
16
17
18
%g ] 3.26 30.03 0.580 16.4 31~36
21
22
23 } 4.91 34.17 0.963 33.0 3840
24
25
26 } 8.02 40.64 1.228 46.1 41~43
27
gg } 9.27 49.33 1.352 52.6 4445
g? } 7.12 57.57 1.602 66.5 46
gg } 8.74 65.50 1.839 80.5 47
gg } 5.44 72.59 1.967 88.3 48
gg } 6.52 78.57 2.713 137.7 49
gg } 5.87 84.77 3.183 171.8 50
ig } 5.76 90.59 4.007 243.2 51
42
) } 6.76 96.85 6.718 480.5 52~54
47
Charge, 1.6132¢ ; Recovery, 97.05%
. - = _ b)) _c)
[n]=(Fy6[ml ovs+Fagln]ons)/2=2.082 ; [nlcalc=1.823, [n]ubs=1.931
__d) __a) I
Mw=96,400 Mn=21.00 Mw/Mn=4.6
a) Inherent viscosity (In 7r)/c at about 0.1¢/100ml.
b) Obtained from D Wi[y11/>Wi.
c) Obtained from {(In 7r)/c] ¢=0.1, after fractionation.
d) Calculated from eq. (4) and (5).
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Fig. 19 Logarithmic plot of {log[#]+41} vs. the
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System).
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Fig. 20 Logarithmic plot of {log{n]+1} vs. the

solvent mixture in which it is soluble
at 126°C (Xylene — Butyl Cellosolve
System).
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Fig. 21 Logarithmic plot of {log[#]+1} vs. the
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at  126°C (Xylene — Butyl Cellosolve
System).

2.0
Sample F 16 o
1.0

0.8

0.6 ]

B ==

o1

0.2
0.1
. 10 20 30 40 50 60

Xylene %

Fig. 22 Logarithmic plot of {log[#]+1} vs. the

ke
=)

solvent mixture in which it is soluble
at  126°C (Xylene — Butyl Cellosolve
System).

Sample Fa

log(7)+1

c eeepor
o WA 0D

o
s

=

Fig. 23

10 20 30 40 50 60 70
Xylene %

Logarithmic plot of {log(#]+1} vs. the
solvent mixture in which it is soluble
at 126°C (Xylene — Butyl Cellosolve
System).




69 REERIRRE 9% 25 (1965)

' | |
Sample Fiera -
2.0 — G R "< (S S
P/

1. 0l == ;"‘{J — [
_0.8— st e — | — —————
+ 8% _0_-.‘;.’.__ ] M
50_4 e kT AS—
200.3 L -
oo f—

0.1 =

0 10 20 30 40 50 60 70
Xylerie %

Fig. 24 Logarithmic plot of {log[n]+1} vs. the
solvent mixture in which it is soluble
at 126°C (Xylene — Butyl Cellosolve
System).
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