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Abstract

Short chain branching (SCB) and methylene sequence length (MSL) distributions were measured by TREF and DSC coupled with

successive nucleation/annealing (SNA) for a Ziegler±Natta and a metallocene ethylene±butene copolymer. TREF analysis indicated that

the copolymer made with Ziegler±Natta catalyst exhibited a broad bimodal SCB distribution, while the polymer made with the metallocene

catalysts had a narrow SCB distribution. SNA-DSC analysis showed that the Ziegler±Natta copolymer had a broad MSL distribution with

signi®cant amount of long methylene sequences; the metallocene copolymer had a much narrower MSL distribution and contained a large

amount of polymer with short methylene sequences. The melting and crystallization measurements on PTREF fractions of the two polymers

showed that the melting temperature, crystallization temperature and enthalpy of fusion of the PTREF fractions for the Ziegler±Natta

polymer decreased substantially with increasing SCB content, while these properties varied only slightly for the PTREF fractions of the

metallocene polymer. This indicates that the SCB distribution has a more signi®cant effect on melting and crystallization behaviors of

polyethylene copolymers than the average SCB content. q 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Compositional heterogeneity; Melting and crystallization; Ziegler±Natta and metallocene catalyst

1. Introduction

Copolymers of ethylene and a-ole®ns are known to have

a very heterogeneous chain microstructure with respect to

molar mass and short chain branching (SCB). Although

molar mass is of importance, the amount and distribution

of the SCB are dominant factors for determining the physi-

cal properties of ethylene/a-ole®n copolymers. These mole-

cular parameters of such copolymers depend in turn on

catalysts used for the copolymerization, and can differ

considerably from one grade of copolymer to another.

Therefore, studies on the effect of molecular structure on

the physical properties of ethylene/a-ole®n copolymers are

of great importance.

Investigation into the relationship between structure and

properties of ole®n copolymers requires, among other

factors, analysis of crystallization and melting behavior. A

number of studies have been devoted to the melting and

crystallization of homogeneous copolymers of ethylene

and a-ole®ns made with vanadium-based catalysts [1±4]

and copolymers made with Ziegler±Natta catalysts [5±7].

The consensus of these studies is that melting and crystal-

lization temperatures of ethylene/a-ole®n copolymers

decrease considerably with increasing amounts of SCB.

The effect of molar mass on melting and crystallization

behaviors was found to be small [3,4,8]. It has also been

recognized that the melting and crystallization behaviors of

ethylene/a-ole®n copolymers are complex due to the varia-

tions of SCB distributions in the different types of these

copolymers. This is even true for homogeneous copolymers

of ethylene and 1-octene synthesized using a vanadium-

based Ziegler±Natta catalyst; the SCB distribution for

these polymers was considered to be uniform [2±4]. This

complexity is largely due to the interrelation of SCB, MSL

and molar mass distributions, and this interrelation makes it

dif®cult to independently investigate the effect of the differ-

ent molecular parameters on the crystallization and melting

characteristics.

Insight into the crystallization and melting behaviors of

commercial ethylene/a-ole®n copolymers can be obtained

by studying the whole polymer and its compositional frac-

tions. The whole polymer sample can be fractionated

according to molecular parameters such as molar mass or

SCB, and the crystallization and melting characteristics of

the individual fractions, for which the distributions of the

structural parameters are narrow, can be studied. Several

authors have employed fractionation methods to investigate
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structural and crystallization behaviors of ethylene/a-ole®n

copolymers made with heterogeneous Ziegler±Natta cata-

lysts [5±7,9], and they concluded that these fractionation

techniques are effective for exploring the relationships

between the structure, and crystallization and melting char-

acteristics of such copolymers.

In the current study, analytical and preparative tempera-

ture rising elution fractionation (ATREF and PTREF) and

thermally fractionated DSC were used to investigate the

molecular structure of two commercial 1-butene/ethylene

copolymers. The two polymers were fractionated by

PTREF, which yielded a series of samples with similar

SCB content but different SCBD. The effect of SCB distri-

butions on the melting and crystallization behavior of the

PTREF fractions and the whole polymers were studied

using DSC.

2. Experimental

The polyethylenes used in this study were two commer-

cial 1-butene/ethylene copolymers; one made with a Zieg-

ler±Natta catalyst and the other with a metallocene catalyst.

The properties of the two polymers are given in Table 1. The

polymers will be referred to as Ziegler±Natta copolymer

and metallocene copolymer.

Fractionation of the copolymer resins was accomplished

by temperature rising elution fractionation (TREF). The

polymer samples in o-xylene at concentrations of 0.005±

0.04 g PE/ml, along with about 1.5 g of glass beads (80±

100 mesh), were heated at 1258C for 4 h. The solution and

glass beads were then cooled slowly from 1258C to 288C at

a rate of 1.58C/h in order to crystallize the polymer out of

solution onto the glass beads. The crystallized sample was

®ltered into a stainless steel TREF column which was then

connected to the TREF system. A DuPont Instrument 860

Chromatographic pump was used to pump the solvent (o-

dichlorobenzene) through the TREF column at a rate of

1.0 ml/min, and an on-line IR detector tuned at 2860 cm21

was used to detect the polymer species eluting from the

column. Elution was started at 08C for both ATREF and

PTREF.

For ATREF analysis, about 5 mg of polymer was used,

and the column temperature was increased at a heating rate

of 18C/min while the solvent was pumped through the

column. In the case of PTREF, a sample size of 300 mg

was used for the Ziegler±Natta copolymer and 85 mg was

used for the metallocene copolymer. For PTREF, the

column temperature was raised in 10 min periods from a

lower to a higher temperature for each interval and main-

tained at the high temperature for another 10 min without

solvent ¯owing, then the solvent ¯ow was started at a ¯ow

rate of 1.0 ml/min to allow the dissolved polymer to elute

from the column. The polymer concentration in the ef¯uent

was monitored by the on-line IR detector and the ef¯uent

was collected for 10 min. This time was suf®cient for

collecting all the dissolved polymer at each temperature

interval since the IR signal always had returned to the base-

line at the end of the 10-min collection period.

The polymer in the PTREF fractions, collected by the

procedure described above, was precipitated from the o-

dichlorobenzene by the addition of 15 ml of acetone. The

slurry was ®ltered using a 0.5 mm Te¯on ®lm. The obtained

polymer was washed with acetone and dried at ambient

temperature. The resulting polymer samples were weighed

(size was 5±6 mg) and encapsulated in aluminum pans for

subsequent DSC analysis.

The successive nucleation/annealing (SNA) procedure

used for the treatment of the whole polymer samples

involved a series of heating±annealing±cooling cycles. To

erase previous thermal history, the sample was heated at a

rate of 58C/min to 1558C for the Ziegler±Natta sample and

to 1358C for the metallocene sample and maintained at that

temperature for 1 h. The samples were subsequently cooled

to 258C at a cooling rate of 58C/min to create the initial

ªstandardº state. Prior experiments with the Ziegler±Natta

copolymer showed that initial annealing at 1658C gave the

same results as annealing at 1558C. The lower temperature

was used to decrease the chance of polymer degradation.

The SNA procedure used for the thermal treatment of the

polymer samples was similar to that used in a previous study

[10]. The polymer samples were heated at 58C/min to a

selected temperature and maintained at that temperature

for 20 min. This step results in partial melting and annealing

of polymer crystals. The crystallization was achieved by

subsequently cooling the sample to 258C at a rate of 58C/

min. The heating±annealing±cooling cycle was repeated

at a temperature interval of 58C from 135 to 258C for

the Ziegler±Natta sample and from 105 to 258C for the

metallocene sample.

The DSC endotherms of the samples were measured

using a TA Instrument Model DSC2910. An indium
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Table 1

Properties of the Ziegler±Natta and metallocene copolymers studied

Copolymer Manufacturer SCB Contenta(CH3/1000 C) Density Mn
b £ 1024 Pdc

Metallocene Exxon 32.4 0.880 5.1 2.14

Ziegler±Natta NOVA 17.7 0.918 3.2 3.28

a Obtained from ATREF analysis by method described in Ref. [10].
b Number average molar mass.
c Polydispersity (Mw/Mn).



standard was used to calibrate the instrument. The SNA-

treated whole polymer samples and PTREF fractions

(about 6 mg) were heated from 08C at a heating rate of

108C/min to 1608C and subsequently cooled to 08C at the

same rate. The melting temperature, crystallization

temperature, and enthalpy of fusion were analyzed using

the TA2200 software package.

3. Results and discussion

3.1. Molecular structural distribution of Ziegler±Natta and

metallocene copolymers

The SCB content is a dominant factor affecting the

spherulitic texture and the lamellar morphology, and

hence the melting and crystallization behaviors of ethy-

lene/a-ole®n copolymers [3±9]; the in¯uence of molar

mass is much less signi®cant. As suggested by Peeters et

al. [3,4], based on the results with homogeneous copolymers

of ethylene and 1-octene synthesized using vanadium-based

Ziegler±Natta catalyst, melting and crystallization tempera-

tures of these copolymers declined considerably with

increasing SCB content, whereas no clear in¯uence of

molar mass was detected. Alamo et al. [8] have shown

that the in¯uence of molar mass on melting temperature is

much less signi®cant for random ethylene/a-ole®n copoly-

mers than comonomer content, especially when the branch

content is higher than 2.6 mol%. The molar masses of the

samples used in the current study are above the value at

which molar mass has an effect on melting and crystalliza-

tion behaviors, and the SCB concentration for both copoly-

mers is high; hence, this study focuses on the effects of

compositional structure on the melting and crystallization

behavior.

The compositional distribution of the whole polymer is

expressed in two ways: one, the SCB distribution obtained

from the ATREF pro®le by transforming ATREF elution

temperature into SCB content using a calibration generated

from the TREF-SEC cross-fractionation of a broadly distrib-

uted linear polyethylene [10]; and two, the MSL distribution

obtained from SNA-DSC endotherms where the melting

temperature was transformed into MSL by using a calibra-

tion generated from standard hydrocarbons.

Fig. 1 shows the SCB distributions of the Ziegler±Natta

and metallocene copolymers generated by ATREF. The

Ziegler±Natta sample showed the characteristic bimodal

SCB distribution with SCB concentration in the range

from 4 to 55 branches per 1000 carbons for the copolymer

fraction and the sharp peak with a SCB content of less than 4

branches per 1000 carbons for the `homopolymer' peak

common for 1-butene/ethylene copolymers made with

Ziegler±Natta catalysts. The SCB distribution for the metal-

locene copolymer had a much narrower SCB distribution

(16±50 branches per 1000 carbons).

Fig. 2 shows DSC endotherms for the Ziegler±Natta and

metallocene copolymers with different thermal histories.

The DSC endotherms for the as-received samples (curves

b and d in Fig. 2) show signi®cant differences in melting

temperatures between the Ziegler±Natta and metallocene

copolymer, but they did not provide much information

about lamellar thickness or MSL distribution since a

polymer crystallized under uncontrolled conditions may

undergo melting±recrystallization±remelting during heat-

ing [11]. In contrast, the treatment of the copolymer samples
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by the successive nucleation/annealing (SNA) procedure

resulted in DSC endotherms with signi®cant segregation

(curves a and c in Fig. 2). Essentially, the SNA-DSC, like

other thermal treatment procedures [12±15], segregates

semicrystalline polymer according to lamellar thicknesses

of polymer crystals, or by methylene sequence length

(MSL) when the MSL is less than the critical value for

chain folding [10,16±19]. As such, each peak of the SNA-

DSC endotherm represents a group of chain segments of

similar lamellar thickness or MSL. It can be seen from

Fig. 2 that the SNA-DSC endotherm of the Ziegler±Natta

copolymer exhibited a multiple-peaked distribution at

temperatures ranging from 40 to 1308C, indicating that

there is a broad distribution of lamellar thicknesses or

MSLs.

As shown in Fig. 2, a multiple-peaked DSC endotherm

was also observed for the metallocene copolymer

pretreated with the SNA procedure, indicating the

heterogeneity of the MSL distribution. The metallocene

sample had a much narrower MSL distribution,

endotherm minima ranging from 40 to 858C, compared

with the Ziegler±Natta copolymer, endotherm minima

ranging from 40 to 1308C. It is also of interest to note

that the metallocene copolymer, after the SNA treatment,

showed a large peak with a minimum at about 408C. The

existence of this peak was fairly reproducible in repeated

experiments. This low temperature peak represents chain

segments having short MSL, and the area under this low-

temperature peak suggests that the metallocene copoly-

mer had an appreciable amount of such short methylene

sequences. It seems that these short methylene sequences

only crystallized and melted at the low temperatures

during the SNA treatment, and were not detected by

ATREF nor by a stepwise thermal treatment procedure

[20±21]. According to Peeters et al. [4] and Alizadeh et

al. [11], short sequences most likely result in metastable

fringed micellar-type crystals and can exert different

in¯uence on melting and crystallization of copolymers.
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To further illustrate the MSL distribution of the Ziegler±

Natta and metallocene copolymers, the SNA-DSC

endotherms were transformed into MSL distribution curves

by using a calibration curve generated from standard hydro-

carbons. In the present study, three linear paraf®ns (C20, C40,

and C60) and two standard ethylene homopolymers from the

National Institute of Standards and Technology (LP1482

and LP1483) were treated by the SNA as described above,

and the melting temperature of each sample was subse-

quently measured by DSC. The composition and melting

temperature were ®tted in a manner similar to the one

used by Keating et al. [16]. As shown in Fig. 3, the CH2

mole fraction, X, is well correlated with the melting

temperature. It should be pointed out that the crystallization

of branched polyethylene chain segments may differ from

that of linear paraf®ns. However, in the absence of better

standard samples, the use of linear paraf®ns as references

appears to provide reasonable results in many cases

[3,16,22].

The melting temperatures from the SNA-DSC

endotherms in Fig. 2 were transformed into MSL by using

the calibration curve in Fig. 3. In Figs. 4 and 5 the heat ¯ow

is shown as a function of MSL for the Ziegler±Natta and

metallocene copolymers. Very different MSL distributions

were obtained for the Ziegler±Natta and metallocene copo-

lymers (cf. Figs. 4 and 5). The Ziegler±Natta sample had a

broad MSL distribution ranging from 20 to 270 carbons, and

a considerable number of chain segments had long

sequences of about 270 carbons. This value is below or

close to the critical value for the onset of chain folding

[17,18], suggesting that MSL-controlled chain crystals

would be dominant for the Ziegler±Natta copolymer. This

conclusion agrees well with that of Bonner et al. [19]. The

metallocene sample had a much narrower MSL distribution

in the MSLs in the range of 18±37 carbons, i.e. the MSL

distribution for the metallocene copolymer was essentially

uniform. Note the above-mentioned peak at a melting

temperature of 408C corresponds to a MSL of about 18

carbons.

3.2. Relation between lamellar thickness and SCB or MSL

As shown above, the SNA-DSC effectively segregated

molecular segments according to their lamellar thicknesses,

and the use of the calibration (Fig. 3) yielded reasonably

good estimates of MSL, and hence the SCB concentration at

each melting temperature. Therefore, it is possible to

quantitatively determine the relationship between lamellar

thickness and SCB or MSL.

The relationship between melting temperature and lamel-

lar thickness is usually described by the Thomson±Gibbs

equation [23]:

Tm � To
m 1 2

2se

DHuL

� �
�1�

where Tm is the observed melting temperature (K) of lamella
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of thickness L; To
m the equilibrium melting temperature of an

in®nite crystal �To
m � 418:7 K�; s e the surface energy per

unit area of the basal face �se � 87 £ 1023 J=m2�; and is

associated with the energy of chain folding during crystal-

lization; and DHu is the enthalpy of fusion for crystalline

phase �DHu � 290 £ 106 J=m3� [23,24].

The relationships between lamellar thickness and short

chain branches as well as MSL were calculated for the

two copolymers based on Eq. (1) and the calibration curve

in Fig. 3. The melting temperatures, taken from the peak

temperatures of the SNA-DSC endotherms, were used to

calculate lamellar thickness and MSL. In Fig. 6, the calcu-

lated lamellar thickness is plotted as a function of SCB and

MSL. It can be seen that the lamellar thickness increased

markedly with decreasing SCB concentration in the low

SCB range (less than 15 SCBs/1000 carbons). When the

SCB content was more than 15 SCBs/1000 carbons, the

lamellar thickness only gradually decreased with increasing

SCBs. Also shown in Fig. 6, the lamellar thickness

increased with increasing MSL; this suggests that the

MSL-controlled chain crystals are dominant for these copo-

lymers. These results are in agreement with results obtained

by small angle X-ray scattering on copolymer made with a

Ziegler±Natta catalyst [25].

3.3. Melting and crystallization properties of Ziegler±Natta

and metallocene copolymers

Polyethylene copolymers can be intramolecularly and

intermolecularly heterogeneous in terms of SCB or

MSL distribution [9,11,26]. In principle, TREF sepa-

rates semicrystalline macromolecules according to the

crystallizability or average SCB content [27,28]. As a

result, molecules in each PTREF fraction collected in a

narrow temperature interval can essentially be consid-

ered to have the same SCB distribution, and hence the

same average SCB content. As a result, the use of

PTREF, to a large extent, eliminates the effect of inter-

molecular heterogeneity of SCBs on the melting and

crystallization of copolymer in a PTREF fraction.

The Ziegler±Natta copolymer was fractionated into eight

fractions by PTREF. The DSC endotherms of these PTREF

fractions are shown in Fig. 7. It can be seen that the melting

curve of each PTREF fractions was characterized by a

single DSC melting peak with a long tail toward low melt-

ing temperatures. As PTREF elution temperature increased,

the melting peak became sharper and the melting curve

appreciably shifted toward high temperature. These results

indicate that the increase in SCB content considerably

diminished the melting temperature of the Ziegler±Natta

copolymer.

The metallocene copolymer was fractionated into ®ve

fractions in the whole ATREF elution temperature range;

the PTREF fractions below 358C contained insuf®cient

polymer for the preparation of DSC specimen. The DSC

endotherms of these PTREF fractions are shown in Fig. 8.
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A single, broad, and unsymmetrical peak was observed for

each fraction. Unlike the PTREF fractions of the Ziegler±

Natta copolymer, those of the metallocene sample showed

little change in the melting curves with increasing PTREF

elution temperature, suggesting that the decrease in SCB

content has little effect on the melting of the PTREF

fractions of the metallocene copolymer.

The melting peak temperatures of PTREF fractions of the

Ziegler±Natta and metallocene copolymers were plotted

against the corresponding SCB contents in Fig. 9. The melt-

ing temperature of Ziegler±Natta copolymer fractions

substantially declined with increasing SCB content from 4

to 34 branches per 1000 carbons. The metallocene fractions

showed only a slight change in the melting temperature with

changes in SCB content from 18 to 37 branches per 1000

carbons. It is noteworthy that for those fractions having

similar SCB contents, the Ziegler±Natta samples had signif-

icantly higher melting temperatures than the fractions for

the metallocene copolymer. For example, at the SCB

content of 25 branches per 1000 carbons, the melting

temperature of the Ziegler±Natta sample was 948C, while

that of the metallocene sample was 628C. This difference

diminished gradually toward high SCB content. This obser-

vation leads to the conclusion that the melting of 1-butene/

ethylene copolymers depends not only on SCB on content

but also on the SCB distribution.

DSC exotherms were recorded during cooling of the

melted PTREF fractions. Fig. 10 shows the DSC exotherms

of PTREF fractions for the Ziegler±Natta copolymer; the

crystallization temperature of these PTREF fractions varied

considerably with PTREF elution temperature. The low-

temperature fractions crystallized at lower temperatures

with a relatively broad crystallization peak. For the

PTREF fractions with higher elution temperatures, the crys-

tallization curve shifted toward higher temperatures and the

crystallization peaks became sharper. These results are simi-

lar to the melting results for the same PTREF fractions.

The DSC exotherms of the PTREF fractions for the

metallocene copolymer are shown in Fig. 11. All the ®ve

fractions had very similar crystallization temperature and

crystallization peak regardless of PTREF elution tempera-

ture. This implies that the SCB content has little in¯uence

on the crystallization of PTREF fractions of metallocene

copolymer; this observation is similar to that for the melting

of the PTREF fractions of the metallocene polymer.

The crystallization peak temperatures of PTREF fractions

of the Ziegler±Natta and metallocene copolymers were

plotted against SCB contents in Fig. 12. The crystallization

temperature of the PTREF fractions for Ziegler±Natta

sample considerably decreased with increasing SCB

content, while the metallocene fractions only showed slight

change in crystallization temperature. For those fractions

having similar SCB contents, the Ziegler±Natta fractions

showed signi®cantly higher crystallization temperatures

than the metallocene ones. Again, this is a strong indication

that the SCB distribution has a more signi®cant effect on the

crystallization of 1-butene/ethylene copolymers than SCB

the content.

The enthalpy of fusion for PTREF fractions of the

Ziegler±Natta and metallocene copolymers, calculated

from the DSC endotherms and the mass of samples, is
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shown as a function of SCB content in Fig. 13. It is inter-

esting to note that the enthalpy of fusion of the Ziegler±

Natta sample declined substantially with increasing SCB

content, whereas that of the metallocene sample only

slightly decreased. Furthermore, the enthalpy of fusion of

the Ziegler±Natta sample was much higher than that of the

metallocene sample in SCB content range where the

Ziegler±Natta and metallocene fractions had similar

average SCB contents.

The results presented above show that melting tempera-

ture, crystallization temperature, and enthalpy of fusion all

depend heavily on SCB concentration for Ziegler±Natta

copolymer. The value of all of these properties declined

signi®cantly with increasing SCB content, while the

changes in these properties, as a function of SCB content

was fairly small for the metallocene copolymer. Most

importantly, for similar average SCB contents the PTREF

fractions from the Ziegler±Natta sample had much higher

melting temperatures, crystallization temperatures, and

enthalpies of fusion than those of the metallocene sample.

These results lead to the conclusion that the SCB or MSL

distribution has a more signi®cant effect than average SCB

content on the melting and crystallization behaviors of 1-

butene/ethylene copolymers. Similar observations, that the

rheological behavior of ethylene/a-ole®n copolymers

depends more on the composition distribution than on the

overall SCB content, have been reported recently [29]. This

conclusion is also supported by our earlier observations that

the MSL distributions of PTREF fractions for the Ziegler±

Natta copolymer varied considerably with elution tempera-

ture, whereas those for metallocene copolymer possessed

very similar MSL distributions [10].

The signi®cant effect of SCB or MSL distribution on the

melting and crystallization characteristics of ethylene/a-

ole®n copolymer can be better understood by comparing

the SCB and MSL distributions of the Ziegler±Natta and
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Fig. 13. Enthalpy of fusion as a function of SCB content for Ziegler±Natta

and metallocene copolymers.



metallocene copolymers. As shown in Figs. 1 and 4, the

Ziegler±Natta copolymer had a broad SCB distribution

and a considerable amount of long MSLs. As pointed out

earlier, the branches (except methyl) for polyethylene copo-

lymers are excluded from crystals and the crystallization for

the two copolymers is MSL-controlled. These long

sequences can form stable and thick lamellar crystals

under normal conditions [4,11]. With increasing PTREF

elution temperature, the number of longer sequences

increases considerably in PTREF fractions of the Ziegler±

Natta copolymer [10]. As a result, the melting temperature,

crystallization temperature, and enthalpy of fusion all

increased with increasing MSL. The metallocene copoly-

mer, as shown in Figs. 1 and 5, had a narrow SCB distribu-

tion and MSL distribution ranging from 18 to 37 carbons.

The short sequences can only form metastable fringed-

micellar type crystals which can be easily melted and can

only be crystallized under favorable conditions [3,4,11].

Even if the TREF elution temperature for the metallocene

copolymer is increased, the MSLs of PTREF fraction are

still within the narrow sequence range. Thus, the melting

temperature, crystallization temperature, and enthalpy of

fusion are all not sensitive to SCB content (see Figs. 9,

12, and 13).

4. Conclusions

ATREF analysis showed that the Ziegler±Natta copoly-

mer had a broad bimodal SCB distribution, while the metal-

locene copolymer showed a much narrow SCB distribution.

SNA-DSC analysis revealed that the Ziegler±Natta copoly-

mer possessed a broad MSL distribution with signi®cant

amount of long methylene sequences. In contrast, the

metallocene copolymer showed a much narrower MSL

distribution and contained a large amount of short methy-

lene sequence.

The difference in the SCB and MSL distributions resulted

in a marked difference in the melting and crystallization

characteristics of PTREF fractions for the two polymers.

The melting temperature, crystallization temperature, and

enthalpy of fusion for PTREF fractions of the Ziegler±

Natta sample decreased markedly with increasing SCB

content, whereas these properties of the PTREF fractions

for the metallocene sample only changed slightly. Further-

more, the PTREF fractions of the Ziegler±Natta copolymer

had much higher melting temperatures, crystallization

temperatures, and enthalpies of fusion than those of the

metallocene copolymer with the same average SCB

contents. This leads to the conclusion that the SCB distribu-

tion has a more signi®cant effect on melting and crystal-

lization behavior of 1-butene/ethylene copolymers than

the SCB content.
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