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Properties of Branched Polymer in Solution and Estimation of
Degree of Branching {11]

Toshiharu Takagi
Tsutomu Hashimoto
Katsuyuki Tanaka
Yoshimi Koya

Commercial high pressure polyethylenes polymerized at various conditions, linear polyethylene, and ethylene

butene-1 copolymer were fractionated by a large-scale column elution fractionator.

Fractions having very narrow molecular weight distribution were obtained over a very broad molecular

weight range.

For some fractions from each resin, number average molecular weight, second Virial coefficient, intrinsic

viscosity in tetralin at 130°C, intrinsic viscosity in dodecanol at 138°C (¢-Temp.), and the short chain

branch were measured.

By adjusting the short chain branching that affects []e, an improvement was made for the measurement

of long chain branch reported in the previous report13),

Thus, the long chain branching in high pressure polyethylenes was estimated by this new method.
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Table 1 Characteristics of Materials Used

Sample M.I.  Density ClI(){()a()/C Mn

Q—_—
Mw Mw/Mn

1.25 0.917 39.9

3.29 0.916 40.1

8.07 0.914 48.5
22.6 0.915 42.5 20,600 386,000 18.7
3.12° 0.924 27.1 27,900 201,000 7.21
0.924 28.4 28,900 189,000 6.53
4.52  0.928 23.7 23,500 149,000 6.33
8.0 0.928 22.0 21,100 89,300 4.24
21.0 0.928 23.6 11,600 41,800 3.60
8.7 £0.94 227

A=a =TI Om@moam»
~J
oo
[y

(2] 5rRg
TEDMOBNG i 185 fobic H 5 LEH AR
1O 2 fTls ot NS ADRE XL 6.8cm¢é x 170cm T,
BEZET 4+ 545 B0~50X v 2 2) ARz, Py LS
ELTHFI Ly, BRI LTCTF N Eny b T B
W BB OF 2 L v %1316~60% , IR Tec/
min. THo, 77 LRORER 127°C TH 5,
SHRAREA % ) — )V TR, WSSz c—
BHREHRL, BOFL LV CRML, SEFEEH% RO
B REA (T > 7o b D& T,

(3] 18PR¥LRE

LRBETHRE T I 7 2 L i3130°CF | )
YEBA, BIO138°C (0- I1EE) KFH B
TR DRIE A 1T75 5 Fce T D BIRILREES,
Ky bIhte 30~40p BT H 4V TIRT7 4 )b 4~
THUTERE R, BEG g/100ml THbL, EH
THNF— = Shear rate DT FTiedolets ot B
BETIRIGT M50y, KFA/ e b 200 BLLE
THoteo fEFE Table 2~12 wiid, 7eekbEErf 1t
Ubbelohde ##UsRILTH S,

(4) BFHAFBHLUSE2EY 7 LREORT
Hewlett-Packard ##o> High Speed Membrane Os-
mometer Mechrolab S02TU % A3 S D 4 F B ds X8

B2 ) TIVEREOWMEL Tl oo BBL LB T
Géttingen #CIEFH i Allerfinst TH 5,

U TWVARS T OGO TREEE LTS
FrLbv, BEOCTHEL, ¥ 7], Kieo
WTREATF LY 90°C CRIBMBREDT- DL L
TT b2V v AWREL CThllEL o, HIESH
72703 OGTRE, BV U TIEBIL Table
2~12 iR T2,

(5] G.P.C.C&B30FE, DFESGDAE

REBRCACD T Z7 0 3 VOBTFESHRIFE
+ =7 DT IE b\, HHOFRELY RS
DI G.P.C. 2HWQfEixRDIc, HiotehTL%k
B 7N it ounTi 106.105.104.10% 47
NI ok 107.106.105-10% Ch b, ¥ite LT
T.C.B, R 135°C wTHIEL I, Table 2~12
CROBDODY VI NDTS57L 53 v OQEARL Tu
5o QffiL 1.05~1.3 THote, les G.P.C. F+
— M= Tn— b= IHBROMIER T - T s
Vo

(6] Sl DT

BEERY TF Ly R E#S KO ME R AH. Wil-
Ibourn DFFEY wwHPHB R Mx T 70

GINT S0 a vET7 4 W AREL TR i
AL, b0 ULD LREEH LRI AF L7 401
L B BN R AN TR DO AF L v ORI E
MEL TAFNVEDOBRINDO AL L, ROXL W FOEE
it HE TS,

A(CH3/1000C)=1.15><103X%
A 21000 RFEFTFY b D AF NEDOH
E : 1380cm=! TORNEE
o : JEZ (mg. cm~2)

ERERCEERIFTR [R-27G Thb, HEX
72 1000 RFE B te b D A F VEFE Table 2~12 125k
L7z

)

3. B2 EUTILEE, EHME, L UBEEIE

Table 2~12 Y 7 VANL T DH2 V) 7L
ZARL T\ D, [@—5FEOES TR L%\
LORE2Y Y T URED BN EELBRBN,
FELOERTRE 2 © ) T VAR O SRR R AE
bRk s,

Fig. 1 wigasm Ik & 5 TEOBFEATRL TV 5, 5F
& 100,000 Bl kimis s & 1,000 B tc b o 3ikEi
DTEEREENTL I8 D o TeREKIR A F IV OHIERTe
ST Tel,

(35)



128

HHEEEW WS 138 § 25 (1969)

Table 2 Molecular Weights, Intrinsic Viscositics and Related Parameters of Sample A
Tet Dod - - 6
Fr. No. (] 130 (7] {38 Mnx10-4 | Mwx10-4 Q A, x10 CH,;/1000C
16—22 0.373 0.252 1.12 1.30 1.16 1.82 34.5
24—26 0.414 0.270 1.47 1.68 1.14 1.76
29—31 0.296 1.92 2.23 1.16 1.85 35.1
33—35 0.585 0.356 2.59 3.03 1.17 1.66 31.9
42—44 0.800 0.446 5.18 6.16 1.19 1.84 3205
4546 0.898 0.478 6.22 7.40 1.20 1.61 32.7
49—52 0.905 0.517 7.85 9.42 1.20 1.53 31.5
57—60 1.093 0.564 10.70 12.72 1.19 1.23
65—69 1.282 0.608 18.20 20.80 1.21 1.07 33.3
72 1.433 0.656 26.60 33.00 1.24 0.88
73 1.447 31.90 40.20 1.26 0.86
78—79 1.635 0.709 39.00 51.10 1.31 0.74
82 1.935 0.748 74.10 0.56 29.8
84 2.080 0.780 91.80 0.50
86 2.388 0.932 155.00 0.36 33.4
88 2.678 213.00 0.29
90 2.917 0.949 213.00 0.29 32.6
Table 3 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample B
Tet Dod - - 6
Fr. No. (] 130 ) 138 Mn x 10-4 | Mwx 104 Q A, x10 CH;/1000C
27 0.673 0.370 3.44 3.85 1.12 1.93 35.3
34 5.98 6.88 1.15 1.66 33.2
38 0.933 0.500 7.53 8.73 1.16 1.33 34.6
42 0.530 11.00 13.50 1.23 1.19 34.2
44 1.260 0.605 21.80 29.20 1.34 1.09 33.9
46 1.470 0.649 32.10 0.79 33.2
52 2.286 0.836 73.50 0.08 34.5
Table 4 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample C
Tet. Dod _ -4 6 3
Fr. No. (7] 130 (7) 133 Mnx10-4 | Mwx10 Q A, x10 CH3/1000C
22 2.03 2.44 1.20 1.50
30 0.640 0.363 3.38 4.19 1.24 1.37 43.0
34—-35 4.49 5.57 1.24 1.70 42.2
39—40 0.825 0.404 5.34 6.94 1.30 1.57 42.3
45—46 0.486 10.40 14.90 1.43 1.16 37.4
49 1.112 0.567 14.80 18.65 1.26 0.92 37.1
55 1.363 0.636 24.80 34.50 1.39 0.83 36.6
64 1.809 0.708 64.90 0.56
65 64.90 0.56 35.6
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Table 5 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample D
Tet. Dod -4 -
Fr. No. () 130" | () fas | Mox10-4 | Mwx10-¢ Q Ay x108 CHe/1000C
17—18 0.514 0.278 2.47 3.19 1.29 1.19 40.7
2122 0.601 0.303 3.36 4.10 1.22 1.46
26—27 0.701 0.375 4.27 5.05 1.18 1.30 37.4
31-32 0.810 5.97 7.10 1.19 1.07 39.5
35--36 0.944 0.466 7.37 9.07 1.23 0.49
39 1.168 0.545 16.90 21.45 1.27 0.94 37.9
41 1.352 0.559 23.00 0.78
44 1.525 0.586 45.50 0.62
48 1.856 0.578 99.80 0.32
50 2.080 264.00 0.19 38.4
Table 6 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample E
Fr. No. | o Dod 1 Mnx10-4 | Mwx 10-4 0 A, x105 | CH3/1000C
23 2.25 2.48 1.10 1.61 23.5
26 0.645 0.400 2.76 3.01 1.09 1.55 23.6
32—35 3.74 4.23 1.13 1.39 26.0
37 4.84 5.38 1.11 1.34 22.9
48 0.947 0.485 6.32 7.21 1.14 0.96 23.3
56 0.512 9.38 11.53 1.23 1.31 23.2
60 12.90 16.52 1.28 1.43 22.6
65 1.417 0.686 18.40 27.05 1.47 0.90 23.1
69 0.722 31.50 48.30 1.53 0.93 23.3
74 1.980 0.784 61.60 0.60 22.8
Table 7 Molecular Weights,I ntrinsic Viscosities and Related Parameters of Sample F
Ter. Dod. _ -
Fr. No. (7] 138 (n 138 Mnx10-¢ | Mwx10-4 Q Ay x106 CH,/1000C
19 1.94 2.14 1.12 0.50 31.3
23 0.581 0.367 3.11 3.54 1.14 1.82 29.3
27 0.742 0.430 5.22 6.00 1.15 1.64 25.0
31 0.529 7.64 9.02 1.18 1.30 24.3
35 1.036 0.535 8.80 10.02 1.16 1.23 25.8
36 10.60 12:60 1.19 1.15 25.0
40 1.142 0.625 14.40 17.30 1.20 0.89 25.4
47 26.50 1.18 25.1
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Table § Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample G
Fr. No. o) it | o Dod | Max10-+ | Mwx 10+ 0 A,x106 | CHa/1000C
32 3.76 4.29 1.14 2.35 17.5
35 0.795 0.466 4.22 4.98 1.18 1.90 17.4
49 1.023 0.550 6.26 7.32 1.17 1.84 16.6
50 5.54 6.48 1.17 1.36 15.7
61—63 0.631 7.87 9.37 1.19 1.59 14.7
64 8.21 9.61 1.17 1.57 15.4
66 1.250 0.653 9.54 11.63 1.22 1.04 15.9
68 10.50 13.30 1.27 0.74 16.0
75 1.450 0.678 13.90 17.00 1.22 1.12 15.0
Table § Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample H
Fr. No. o) it | o) Dod | Mnx10-4 | Mwx10-4 0 Ay x 106 CH/1000C
30 0.720 0.437 3.40 3.81 1.12 1.45 18.6
37 0.534 5.15 5.82 1.13 0.94 17.8
39 0.977 0.549 5.90 6.79 1.15 1.12 16.9
44 7.97 9.25 1.16 1.22 17.1
48 1.246 0.607 11.10 13.40 1.21 1.29 16.1
50 0.697 15.00 1.05 17.4
54 2.065 0.736 30.70 0.82 17.3
Table 10 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample I
Fr. No. m Lt | o D | Mnx10-e | Mwx 1074 0 Apx105 | CH,/1000C
12 0.644 0.307 2.91 3.44 1.18 2.57
15 0.734 0.384 3.51 3.86 1.10 1.86 18.5
17 0.836 0.418 4.05 4.46 1.10 1.54 19.0
19 0.888 0.440 5.27 5.90 1.12 1.21 18.0
22 0.965 0.510 7.55 8.53 1.13 1.13
26 1.261 0.583 7.87 9.56 1.15 1.05 18.4
28 1.452 0.701 16.10 18.35 1.14 0.67 17.5
34 2.328 0.796 52.40 0.63 18.6
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Table 11  Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample J

Fr. No. 0 | o Dod- | Mnx10-¢ | My x10-4 0 Apx106 | CH,/1000C

18 0.411 0.277 1.24

20 0.546 0.300 1.79 2.06 1.15 1.72

22 0.615 0.352 1.13

25 0.769 0.454 3.17 3.49 1.10 2.01

27 0.926 0.516 1.14 15.2

29 0.704 6.22 7.09 1.14 1.74

31 1.545 1.15

32 1.690
33—34 1.790 0.856 1.19 11.8

36 2.185 1.030 1.19 10.0

37 2.470 1.071 15.70 19.30 1.23 1.48 9.7
38—39 2.515 1.206 1.20 8.7
A1—43 3.350 1.296 1.35 6.6
44—46 4.220 1.486 1.30 5.7

47 4.730 1.32

Table 12 Molecular Weights, Intrinsic Viscosities and Related Parameters of Sample K

Fr. No. 0 | o 2od- | Mnx10-4 | Muwx10-4 0 Azx105 | CHg/1000C

6 0.280 1.11

7 0.371 1.11

9 0.726 0.420 1.10

11 0.443 2.76 3.06 1.11 2.15

14 0.449 1.13

15 0.521 1.13

16 1.100 0.553 4.60 5.20 1.13 1.90 1=

17 0.598 1.11

20 1.299 0.724 4.78 5.35 1.12 1.75 1=

29 2.095 0.897 11.00 12.40 1.13 1.62 1=
31-32 2.326 0.984 11.70 13.50 1.15 1.42 1=
33—34 1.112 15.90 18.80 1.18 1.41 1=
37—38 1.058 1.17
39—43 1.384 1.27
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Table 13 Long Chain Branch Numbers and Rela-
ted ParametersH. P. P. E

Sample

Mnx10-4|a,3| g* | g n | Ax10-4

5.0 |1.7900.845/0.753| 3.5| 1.43

7.0 [1.850.7900.672 5.7 1.22

9.0 [1.9200.74000.602] 8.3 1.08

20.0 [2.150.590/0.415| 25.3] 0.79

Sample. Al 45 0 l2.3700.465l0.279] 68.0/ 059
60.0 [2.530.40500.221[116.0] 0.52

80.0 [2.63(0.3620.183/176.0] 0.45

100.0 [2.70/0.3330.160/238.0,  0.42

5.0 |1.7200.8000.687] 5.1 0.98

7.0 [1.80/0.7550.624] 7.4 0.95

9.0 [1.900.72000.577 9.6| 0.94

Sample. B|  20-0 [2.11/0.6000.425 23.5| 0.8
40.0 [2.37/0.50000.315] 51.0] 0.78

60.0 [2.57/0.436(0.251| 87.0] 0.69
80.0 |2.70/0.395/0.213[127.0| 0.63
100.0 [2.81{0.366/0.188[168.0] 0.60

Table 14 Long Chain Branch Numbers and Rela-
ted Parameters of H. P. P. E

Sample [Mnx104|a,3| g’ | g n | Ax10-4
5.0 [1.850.780j0.660] 6.1 0.82
7.0 1.94/0.7350.595| 8.6 0.81
9.0 [2.000.6850.530| 12.5| 0.72
Sample. D|  20-0 [2.27/0.5320.350 40.0{  0.50
40.0 [2.51/0.42000.235/101.0{ 0.40
60.0 [2.68(0.355/0.178/188.0| 0.32
80.0 [2.850.31000.142(308.0{ 0.26
100.0 [2.920.2850.123410.0] 0.24
5.0 [1.830.780/0.695| 5.0 1.00
7.0 [1.910.7400.605| 8.3 0.84
9.0 [2.000.70000.550| 11.2]  0.80
Sample. C|  20-0 [2.21/0.5670.390) 30.3 0.6
40.0 [2.45(0.454/0.268] 75.0] 0.53
60.0 [2.6100.390/0.208133.0] 0.45
80.0 [2.750.350[0.174[198.0] 0.40
100.0 [2.86(0.32300.1521266.0]  0.38
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Table. 15 Long Chain Branch Numbers and Re-
lated Parameters of H. P. P. E.

Sample |Mnx10-4|a,®| g’ g n | Ax1074
5.0 |1.82[0.850/0.760, 3.3} 1.51
7.0 |1.89]0.798/0.685| 5.3 1.32
9.0 [1.960.750/0.615{ 7.7 1.17
Samgle. E 20.0 |2.21/0.600/0.425| 23.5] 0.85
40.0 |2.45[0.472/0.287| 64.0] 0.62
60.0 [2.600.404/0.221|117.0{ 0.51
80.0 (2.72(0.362(0.184{175.0| 0.46
100.0 [2.80]0.330(0.158[244.0)  0.41
5.0 |1.65/0.820[0.715] 4.4| 1.14
7.0 [1.750.7750.650, 6.4 1.09
Sample F 9.0 |1.82/0.740/0.600] 8.3 1.08
20.0 (2.12[0.610{0.440 21.5{ 0.93
30.0 |2.31{0.550[0.375| 34.5 0.87

Table. 16 Long Chain Branch Numbers and Rela-
ted Parameters of H. P. P. E.

Sample |[Mnx1074|ea,3| g’ g n | Ax1074
5.0 |1.680.940/0.900, 1.0 5.00
7.0 |1.77/0.880/0.800| 2.4f 2.92
Sample. G 9.0 |(1.85/0.840[0.745( 3.7 2.43
20.0 [2.170.710{0.565) 10.4{ 1.92
30.0 [2.33(0.640/0.475 17.3] 1.73
5.0 |1.72/0.920/0.870| 1.4} 3.57
7.0 [1.83]0.8600.775 3.0f 2.33
Sample. H 9.0 |1.94]0.815/0.710| 4.6, 1.95
20.0 |2.35/0.635/0.475| 17.3] 1.15
30.0 [2.67]0.545/0.365| 36.0) 0.83
5.0 |1.86/0.828/0.727 4.1 1.22
7.0 |1.98/0.780/0.665 5.9 1.19
9.0 [2.05/0.7400.602| 8.3 1.08
Sample, T 20.0 {2.35/0.620/0.450/ 20.1] 1.00
40.0 |2.77|0.500(0.315/ 51.0{ 0.78
60.0 [3.05/0.435[0.250{ 88.0] 0.68
80.0 [3.280.395/0.213|127.0] 0.63
100.0 |3.50/0.368|0.189|165.0 0.61
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