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Properties of Branched Polymer in Solution and Estimation of

Degree of Branching

Toshiharu Takagi
Tsutomu Hashimoto
Tadashi Matsuki
Katsuyuki Tanaka

The column fractionation of linear and branched polyethylenes was carried out and molecular weight

determination by light scattering and by osmometry followed for each fraction.

Intrinsic viscosities [7]

were measured in both good and 8 solvents, and various parameters such as K, v, @n and g’ relative to

solution properties were discussed.

Dimensions of branched polymer chain in tri-chlorobenzen solution was estimated, Kurata's theory being

applied.

The short chain branching effect on the polymer dimensions was discussed and it was suggested that the

effect could not be ignored in low molecular weight region.

A reasonable equation in relation to branching index ¢ and (7] was derived, the short chain branching

effect was corrected, and the number of long chain branching in high pressure polyethylene was estimated.
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Table 1 Physical properties of polymer samples

Sam- Synthetic |CHj/ Den-
Resin l(g—(:JO MI

ple type sity

A |NF280(6]J055)| High press. | 23.9] 1.53(0.9242
B |NM208(61004) High press. | 33.0[23.1 [0.9241
C  [Sholex 6050 2.5/ 5.0 0.960

Marlex type

(2] 5R%t

NTh: ATV 68mme¢p, 1500mm £ X
Bk vI4 545

i J¥: 110°C; A, B, 125°C; C

B Frov

W TFLewy T

W HE: 200mi/hr

TR, FLLV—X & —)UC, BIR—I RS54
Tievs, WIERR Y —BIRITI - o

(3) 1BPR¥LEE

BIRKEE () 7 v ) Vi< 130°C CRIE L 72,
e, BROBRCOW TR - B TH 5 n- F5H
/=IVTICO THIEL, G. P. C. b iic
H2 MV TryxvE T G P C WELF—EE
DI30°C THEL foo KEEFHRFRIY » ~ 0 — F Rt
a5 12,

(4] =EE

BBEERER, A>T}, p—F32 L2 110°C
TR\, B, CHR130°CTT M5 1) Vi TCifrn o foe
=&EEE L, Mechrolab 502 High Speed Membrane
Osmometer Z{FmHA L, FmfE v Carl Schleicher &
Schunell Co. #1¢> O—8 membrane g rat

(5] SeHrzEL

JCHCELBITE B L GP-21 TSR HER A (5 L
720 BB o-CN %R L, 30,35,45, 60,75,90,105
120,135° DAEECEEL 12, dn/de 12 —0,193 ; 100°
C2 &M siz, WIRIZSA60A TH 1 29 L BTH 4

B, XY €23 Reo (16.3x10-5ecm=1)24) % flu 72,
BREQFIER ) =5 L v (Mw=257,000) OEIETH;
WV BB DORBET In—F R L1,

3 MEREER

(1) BRI () &ENFEDOBIR

BRIt BHBR O N EL, BEERC L 55 FEOH
T, BEIET LTV, M) Zul_y¥y, n-FF
717 = VA C O RERAEE O PR R A R C i1,

Table 2 Experiment data of Mw, Mn, and (7]

for polyethylene fractions

et Molecg)}}girght Intrinsic viscosity
ion Mw  [Mn  |Tetralin[Pode~ | pcp
canol-1
(x1074) (xlO"‘)lat 130°Ciat 138°C‘at 130°C
A-1 0.108
2 0.158
3 0.165
4 0.230
5 0.248
6
7
8 0.360
9 0.395
10 2.04 0.360 | 0.271 | 0.386
11 2.46 1.85] 0.440 | 0.259 | 0.430
12 0.502
13 2.94 2.14 | 0.509 | 0.345 | 0.492
14 2.29 | 0.562
15 3.92 2.79 | 0.570 | 0.355 | 0.590
16 3.53 0.615 | 0.402
17 4.69 | 1.000
18 7.83 | 1.080
19-2 3.44 | 0.690
19-3 4.26 | 0.791
19-4 6.62 4.76 | 0.891 | 0.540 [ 0.890
19-5 10.1 1.080
19-6 15.6 13.9 1.331 | 0.664 | 1.391
19-7 15.6 1.759
19-8 15.4 1.648
20-1 4.46 | 0.825
20-2 6.99 | 1.040 1.000
20-3 9.38 | 1.313
20-4 31.3 19.1 1.765 | 0.758 | 1.780
21-1 0.972
21-2 0.830
21-3 6.74 | 1.088
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17 2.50 | 0.669 | 0.445| 0.581
18 0.637
19 2.97| 0.766 | 0.510 | 0.728
20 0.811
21 3.63 | 0.980| 0.711] 1.010
22 1.105
23 5.85 | 1.352 | 0.821| 1.410
24 9.62 | 1.892| 0.929 | 1.752
25 10.7 2.027 | 0.850 | 2.027
26 4.150
27 25.0 5.280 | 0.964 | 5.520

aaeani s

214 10.2 1.361
21-5 20.0 17.0 1.815 | 0.793 | 1.525
21-6 44 .4 20.7 2.290 | 0.820 | 2.067
21-7 20.8 2.047
B-1 0.122
2 0.110
3 0.145
4 0.200
5 0.230
6 0.288
7 0.282
8 0.310
9 0.345
10 0.360
11 1.69 | 0.415
12 0.410
13 0.448
14 0.511
15 0.490
16 3.7 3.72 | 0.560 | 0.365 | 0.523
17 0.590
18 5.3 4.54 | 0.625| 0.402 | 0.640
19 0.679
20 0.810
21 8.95 | 0.852 | 0.505 0.785
22 0.885
23 0.911
24 11.93 | 16.0 0.988 | 0.552 | 0.981
25 1.169
26 23.4 24.2 1.310 | 0.560 | 1.158
27 66.6 64.7 1.490 | 0.630 | 1.451
28 1.802
29 135.1 93.2 1.830 | 0.721| 1.618
c-1 0.089
2 0.110
3 0.098
4 0.100
5
6 0.109
7 0.132
8 0.160
9 0.211
10 0.276
11 0.330
12 0.351
13 0.349
14 0.455
15 0.504
16 0.568

(105

(15 L . 1 |
[ 10 1
Mn
¢ Sample A
© Sample B . )
4 Sample C (7] ; in Tetralin at 130°C

Fig. 1 Log(n) vs. log Mn for fractions of
branched and linear polyethylene
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Fig. 2 Log(n] vs. log Mn for fractions of

branched-and linear-polyethylene
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FEBEIR TR (Mres 2L e b A2 % 5, C
CONWTHBR P THS N7 Mark-Howink o3 %k
(@ S

[’ﬂ]'l‘et 130°cc =2.7x10"4 M, 077 (1)
[m)wvem 130oc =2.3x 1074 M, 0-78 2
(m)Doa 135°c =2.8x 1073 M, 05 3)

KA A TIRBHEINTHWIRY T LV ieon
T Mark-Howink 3% &7, [ e LT
b, HYBDOWELOE0H 555, U M T e vt

Table 3 Values of the constant K and v in the Mark—Houwink-Sakurada
Equation, [5)=KMY

Polymer type Solvent Temp. °C| K-105 v Ral\r/llg.elm Method Ref.
Low pressure Tetralin 105 16.2 0.83 13-57 L. S 3
105 16.5 0.83 12-17 L. S 2
120 23.6 0.78 5-100 L. S 1
120 32.6 0.77 0.3-50 L. S 3
130 37.8 0.72 8-17 L. S 3
130 43.5 0.76 2-30 0. S 1
130 51 0.725 | 0.4-10 0. S 1
130 46.0 0.72 12-62 L. S 2
130 27 0.77 2-40 0. S ok
a-CN 125 43 0.67 5-100 L. L 1,3
125 138 0.58 L. S 3
125 18.4 0.78 5-100 L. s 3
129 27.1 0.71 5-100 L. S 1,3
Decalin 135 62 0.71 6-34 L. S 1,3
135 46 0.73 3-64 L. S 1,3
135 67.7 0.67 3-100 L. S 3
135 53.1 0.70 2-50 0. S 4
135 44.0 0.71 2-50 L. S 4
p—xylene 100 16.5 0.83 1-20 L. S 1
105 16.2 0.83 12-17 L. S 2
105 16.5 0.83 13-50 L. S 3
105 17.6 0.83 1-18 0. S 3
Paraffin wax 150 (42) (0.65) | 0.04-11| L. S 3
(Mn =360 10) 138 280 0.5 240 | 0. S o
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138
D.P.EA® 158.7
T.CB. ¢ 130
High pressure p-Xylene 75
81
100
Decalin 70

320 0.5 8-32 L. S 5
22 0.5 2-30 L. S 6
23 0.78 2-40 0. S ok
135 0.63 0.2-7.6{ O. S 1,3
105 0.63 1-10 0. 3 1
16.5 0.83 1-20 L. S 1
38.73 0.738 0.2-3.51 O. S 1,3

a ; a—Chloronaphthalene
b ; Diphenyl Ether

¢ ; tri-Chlorobenzene
*; g-solvent

10.0

(7]

0.1 T IO_ |
> 6
NMn ! 10
¢ Sample A
® Sample B

(#) ; in Tetralin at 130°C
Fig. 4 Log(n) vs. log Mw for fractions of

branched polyethylene

10.0

1

(7]

—_—
-

)
it

1.0F //a

s

0. 9 10 167

Mw
* Sample A
© Sample B

{n1; in TCB at 130°C

Fig. 5 Log[n) vs. log Mw for fractions of
branched polyethylene
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Fig. 16 Variation of g’s with short-chain
branching (mol. wt.=10,000)
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Ut hso CRSIEB A FET 2548, JECOWTHE
SO & AR §'s AMIELRPhERBInb, R
BAAEE D BT Y B Boore (EIL 0- WHAD 0 HHIWNT
WAL S KDY Io LT DL

Georr = 1—{(1- g )—(1—-F’s)}
= (1-gs)+ e an
F4c A, BeonwTd branching Index, gcorr ¥ &
OB OHENE, nhRT, &S FRBUR TR
WL T, EEMEOFEHIEFCRE L, ERTS R
CrHERLTW D,

Table 4 Long chain branch numbers of high
pressure polyethylene

somole M| g [ eor | gt| o
A 93.2 |0.396|0.214 | 0.326
64.7 0.423 | 0.241 | 0.353
CH;/100C | 24.2 0.599 | 0.427 | 0.539 13
=2.39 16.0 0.655 | 0.495 | 0.607 9
8.95 | 0.714 | 0.572 | 0.684 5.5
s =0.888 4.54 1 0.805 | 0.700 | 0.812 2.5
3.72 1 0.830 | 0.735 | 0.847 1.9
2.0 0.867 | 0.785 | 0.897 1.3
B 93.2 0.274 | 0.117 | 0.267
64.7 0.295 | 0.132 | 0.282
CH3/100C 24.2 0.453 | 0.270 | 0.420
=3.30 16.0 0.518 | 0.334 | 0.484 18
8.95 | 0.595 | 0.422 | 0.572 10.5
g's =0.850 4.54 | 0.695 | 0.546 | 0.696
3.72 1 0.726 | 0.584 | 0.834 2
2.0 0.816 | 0.712 | 0.862 1.7

5
*  ge=gv
*k  gecorr=ge +(1-8"s )

4. ¥ i
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— ) PCEEEAREL, Ry Hta0
RTA—K—, K\ v, @ § TRDI
3) Kurata oB#HxHAWT T. C. B. BWRTOT
ER)ZFLYOT 4 AV Y a VY EHEEL

4 RV —FFOT 4 AV Y a VEXT HEBTIK
DR AR UBICES FRER TRER TERNC L
R L Tze

5) KSEEITEDs S, Branching Index g#xRKDDHID
®,E%m%%ﬁ&élb,ﬁ%%WKiéﬁ%%ﬁE
L= Branching Index #Hdfco mEERY F LY
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