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Polymer miscibility is generally related to its amor
phous. 1 Miscibility studies of partially crystalline poly
mer blends are complex due to the presence of amor
phous and crystalline regions. The blending of differ
ent polyolefins has aroused much interest and academ
ic articles and patents on polyolefin blends are numer
ous. 2 - 4 Much attention has been focused on the crystal
lization behavior of polyolefin blends. 5 However, study 
of miscibility of polyolefins in the amorphous phase is 
much neglected. Melt viscosity and mechanical proper
ties have frequently been used to predict the miscibi
lity of polymer blends. 3 Higgins et al.,6 used neutron 
scattering to study the miscibility of various polyethyl
ene blends. In this paper (I) blends of linear low-density 
polyethylene (LLDPE) and high-density polyethylene 
(HDPE), and (2) blends of LLDPE and random co
polymer of ethylene and methacrylic acid (EMA) were 
studied by excimer fluorescence. To our knowledge this 
is the first study on the miscibility of the amorphous 
phase in polyolefin blends by excimer fluorescence. 

EXPERIMENTAL 

Materials 
LLDPE was purchased from Daqing Petrochem. Co., 

with a molecular weight of 1.67 x 105 (Mw, measured by 
GPC on PS standards). 

HDPE in this study was kindly supplied by DSM Co. 
in Holland. The molecular weight of HDPE is approxi
mately 8 x 104 as determined by GPC. 

The ethylene-methacrylic acid copolymer was origi
nally an ionic salt of a copolymer of ethylene and 
methacrylic acid under the trade name Surlyn. The 
content of methacrylic acid (MAA) was 15.2 wt¾, 
18.04% of which was in the form of zinc salt, as de
termined by elementary analysis and atomic spectro
scopy. Its molecular weight was 2.52 x 104 (M w, measured 
by GPC on PS standards). The completely nonionized 
copolymer (EMA) was obtained by adding sulfuric acid 
in THF to Surlyn in xylene solution at 55°C. 

Aminonaphthalene was purchased from Xing-zhong 
Chemical Factory in Shanghai, China. Maleic anhydride 
was purchased from Chemical Reagents Factory in 
Shenyang, China. Fluorescence em1ss10n spectra of 
aminonaphthalene and reaction product of amino-
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naphthalene with maleic anhydride in tetrahydrofuran 
(THF) are shown in Figure 1. At high concentration, 
only broad excimer fluorescence at about 400 nm was 
observed. However, at low chromophore concentration 
excimer and monomer fluorescence at 340 nm were both 
observed. 

Naphthalene-labeled LLDPE: LLDPE was first graft
ed with maleic anhydride (MA) in the presence ofbenzoyl 
peroxide in xylene at 120°C to 2 wt¾. LLDPE-g-MA 
was reacted with aminonaphthalene in toluene at l l0°C 
under argon atmosphere for 2 h. The content of aromatic 
rings on the LLD PE chains was about 1 mol¾ (measured 
by 1 H NMR). 

Labeled polymer was purified by repeated dissolving 
and precipitation cycles (5 times) using a system of 
xylene/alcohol (solvent and precipitating agent, respec
tively). 

Blending 
LLDPE/HDPE and LLDPE/EMA blends were pre

pared by dissolving the components in xylene at 120°C 
under argon atmosphere to yield dilute solutions, pre
cipitated by pouring the solution into alcohol, filtered, 
and dried under vacuum for a week at 70°C. 

Measurements 
The blends in the fluorescence study were compression 

molded at 140°C for 5 min and cooled slowly to room 
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Figure 1. Emission spectra of aminonaphthalene and reaction 
product of aminonaphthalene with maleic anhydride in THF solu
tions on excitation at 295 nm. Curve a for aminonaphthalene at 
1 x 10- 4 gml- 1 ; curve b for aminonaphthalene at 2.28 x 10- 6 gml- 1 ; 

curve c for reaction product of aminonaphthalene with maleic 
anhydride at 4x 10- 7 gml- 1 • 
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Figure 2. Uncorrected emission spectra of chromophore-labeled 
LLDPE/EMA blends upon excitation at 295 nm. Curve a for 90/10 
LLDPE/EMA blends and curve b for 50/50 blends. 

temperature. Quenching tests were carried out by dipping 
the samples at high temperatures into liquid nitrogen. 
Emission spectra were measured at room temperature 
on a Shimadzu RF-5000 fluorescence spectrometer. 

RESULTS AND DISCUSSION 

Excimer fluorescence is a powerful tool for investi
gating polymer blend compatibility. 7 - 10 An excimer is 
an excited molecular complex formed between two iden
tical aromatic rings, one of which is in a singlet ex
cited state. 11 In polymer blends containing chromo
phore-labeled polymers, excimer sites may form: (I) 
through intermolecular interactions between aromatic 
rings on different chains, (2) from intramolecular in
teractions between rings on nonadjacent chain seg
ments, or (3) between aromatic rings on adjacent seg
ments. The number of excimer sites is proportional to 
the ratio of excimer emission intensity (/0 ) to emission 
intensity of the isolated "monomer" (IM)- In naphthalene
labeled polymers, these values were 400 and 340 nm, 
respectively. 

Intramolecular interactions between aromatic rings 
depend upon conformations of polymer chains, so the 
intramolecular excimer plays an important role in 
expansion of polymer chains in dilute solution. 12 · 13 The 
intermolecular excimer sites arising from clustering of 
polymer chains are sensitive to aggregation of aromatic 
rings. In miscible polymer blends, interpenetration of 
different chains causes local concentration of aromatic 
rings to drop. 

In chromophore-labeled LLDPE/HDPE and chro
mophore-labeled LLDPE/EMA blends, the aromatic 
rings labeled on LLDPE chains cannot enter crystalline 
regions and they only exist in amorphous regions. So 
change in excimer to monomer ratio (/0 /IM) indicates 
the interpenetration of chromophore-labeled LLDPE 
chains with HDPE chains and that with polyethylene 
(PE) segments of EMA in amorphous phase. Thus, 
miscibility of LLD PE/HD PE and LLD PE/EMA blends 
in the amorphous phase can be probed. 

Figure 2 shows typical uncorrected emission spectra 
of chromophore-labeled LLD PE/EMA blends. The peak 
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Figure 3. Excimer to monomer intensity ratio vs. weight percent 
HDPE. Curve a, samples annealed from 140°C to room temperature; 
curve b, samples quenched in liquid nitrogen from 80°C; curve c, 
samples quenched in liquid nitrogen from 140°C. 

at 340 nm corresponds to the isolated naphthalene 
"monomer" and the broad band at 400 nm corresponds 
to the excimer complex. The peaks of excimer and 
monomer fluorescence lie on the slope of fluorescence 
peaks at 372 nm and 355 nm. Assuming all peaks to be 
Gaussian in shape, corrected monomer and excimer 
blends can be obtained by fitting a spectrum to the 
separated functional forms, 14 and I0 / IM can be com
pared. 

Hu et al. 5 studied binary blends of LLD PE and HDPE 
blends. They proved cocrystallization between LLDPE 
and HDPE components. The mechanical a, {J, and y 
relaxation of the blends shows that the 50/50 blend 
displays intermediate relaxation behavior between those 
of the components in all a, /3, and y regions. This 
shows the characteristic of a typical miscible blend. 

For blends annealed from 140°C to room temperature, 
our experiments showed a I0 / IM decrease with increas
ing HDPE in blends of chromophore-labeled LLDPE 
and HDPE (Figure 3), suggesting a decrease in the 
number of excimer sites upon adding HDPE. LLDPE 
chains in the amorphous region are diluted by HDPE 
chains added. 

For samples quenched in liquid nitrogen from 80°C 
or 140°C, I0 /IM decreases with the addition of HDPE. 
For quenched samples, the states of molecular chains at 
a high temperature are frozen when the samples are 
quenched in liquid nitrogen. Decrease in I0 /IM means 
HDPE chains can still penetrate LLDPE domains even 
at high temperatures. 

A few papers have appeared on blends of EMA and 
polyethylene. Fairley et al. 15 studied binary LDPE/ 
EMA blends. Their results show that no interactions 
between the crystalline components of the mixtures exist, 
and only weak interactions exist in the amorphous region. 

Figure 4 shows the average value of the excimer to 
monomer ratio (/0/ /M) plotted against EMA content 
(by wt%) in LLDPE/EMA blends. For blends annealed 
very slowly from 140°C to room temperature, I0 /IM 
decreases with the addition of EMA, indicating drop in 
local concentrations of naphthalene rings in the amor-
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Figure 4. Excimer to monomer intensity ratio vs. weight percent 
EMA. Curve a, samples annealed from 140°C to room temperature; 
curve b, samples quenched in liquid nitrogen from 140°C. 

phous phase (curve a in Figure 4) and EMA/LLDPE 
blends are miscible in the amorphous phase at room 
temperature. For blends quenched in liquid nitrogen 
from 140°C, I0 /IM almost keeps constant when EMA is 
in the range of 5-70% (curve bin Figure 4). The con
stant I0 /IM means PE chains in EMA do not penetrate 
LLDPE domains in the amorphous phase at high tem
perature, and EMA and LLDPE are immiscible at high 
temperature. 
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