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Abstract Four new diester compounds were prepared and
used as internal donors (ID) to prepare MgCl2 supported
titanium catalysts. Different diesters had notable influences
on the porosity and the specific surface areas of the catalysts.
The propylene polymerizations results showed that isopropyl
groups(ID-2), cyclopentyl(ID-4) were more suitable substitu-
ents for diester compounds to replace phenyl(DIBP). The
effects of different external donor (ED), Si/Ti ratio and hydro-
gen response on new ID precatalysts were evaluated by pro-
pylene polymerization.
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Introduction

Polypropylene (PP) is one of the most widely used
thermoplastic resins soaring over the past few decades
due to its excellent performance [1–4]. Generally, indus-
trial manufacture of PP is derived from Ziegler-Natta
polymerization [5], especially the fourth generation
Ziegler-Natta catalyst, which is mainly composed of
precatalyst, cocatalyst and external electron-donor (ED)
compounds. Supporter, titanium component and internal
electron-donor (ID) compounds together constitute the
precatalyst, and the ID plays a significant role by

influencing the selectivity and activity of precatalyst.
In some sense the development of Ziegler-Natta catalyst
is actually the exploration of ID, so great attention have
been paid to the research of Ziegler-Natta catalyst, in-
cluding studies of the catalytic mechanism [6, 7] and
the novel electron donors designing [8, 9].

Compounds used as internal donor are mainly diesters,
diethers and diketones [10]. Diamine is also used as
internal donor, however the catalytic activity is not high
[11]. Ch-Y Zhang has proposed phosphate as new ID
and gave the PP with wide molecular distribution though
the activity is not very high [12]. Nowadays the most
common ID compounds in industry are diesters, espe-
cially diisobutyl phthalate (DIBP), which is a typical
plasticizer known as “substance harmful to human body”
[13]. Considerable efforts have been devoted to design-
ing new ID compounds to replace DIBP, the traditional
ID of the fourth generation Ziegler-Natta catalyst. Morini
G proposed malonate as new ID, but the activity and
isotacticity index is not very satisfied, a series of
malonate structures were investigated [14–16]. Recently,
novel compounds with less harm have been reported as
ID of MgCl2-supported catalysts, such as succinate [10,
17]. When the 2,3-substitutes are diisopropyls, the suc-
cinate contained catalyst show best catalytic performance
[18, 19], and different succinate structures are investigat-
ed [20, 21]. Glutarate are also investigated as ID, and the
activity and isotacticity is not very high [22–24], but
when the β-substitute is isopropyl, n-propyl or methyl,
the performance has been improved. Besides, diol
dibenzoate is also used as internal donor with excellent
catalytic performance, [25–29]. Compounding internal
donor technology is developed during the past few de-
cades [12, 30–32]. But the mechanism how the change
of structure of ID compounds affect the catalysts perfor-
mance is not very clear.
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According to our previous work, we have investigated
several ID compounds in the polypropylene polymerization
with Ziegler-Natta catalyst [33]. In the present work, several
diester ID with different substituents shown in Fig. 1, which
are expected to be less harmful to human body due to its
aliphatic structure, were synthesized and used to prepare
precatalysts. Besides, attention is paid to structure change
effect such as introduction of steric substituents and the
cycloalkyl size on the catalytic performance. Since the
stereoselectivity and regioselectivity of Ziegler-Natta catalyst
largely lie on the balance between the ID and ED [34, 35], the
study also focuses on the performances of new ID precatalyst
with different ED by propylene polymerization.

ID-1: Diisobutyl maleate; ID-2: Diisobutyl 2,3-
diisopropylmaleate; ID-3: Diisobutyl cyclohexane-1,2-
dicarboxylate; ID-4: Diisobutyl cyclopentane-1,2-dicarboxylate.

Experimental

Materials

Ti tan ium te t rach lor ide(TiCl4 ) , d ie thy l oxa la te ,
tetrahydrofuran(THF), isobutanol, lithium diisopropyl
amide(LDA, 2.0 M), benzyl isovalerate, cyclohexanone, ma-
leic anhydr ide, bromine, anhydrous magnesium
sulfate(MgSO4), anhydrous magnesium dichloride(MgCl2)
and diisobutyl phthalate(DIBP) were purchased from Aladdin
Co. Ltd., and used as received. Benzyl 3-methyl-2-
oxobutyrate (AR) was purchased from Beijing HiHealth

Pharma. & Tech. Co. Ltd. Hexane and heptane were refluxed
over sodium for 24 h to remove oxygen and moisture.
Isooctanol and n-decane were commercially available as spe-
cial grade and purified immediately before use by distillation
from sodium under nitrogen atmosphere. Polymerization-
grade propylene and triethyaluminium(TEA) were provided
by Sinopec Beijing Yanshan Company.

Preparation of 2,3-diisopropyl maleic anhydride [36]

The reaction is presented in Scheme 1. LDA solution in THF
(180 mL, 2 M) was cooled to −78 °C under nitrogen atmo-
sphere, to which a solution of benzyl isovalerate (1) (57.7 g,
0.3 mol) in THF (150 mL) was added over 1.5 h, and the
reaction mixture was further stirred for 1.5 h. The resulting
cold solution of enolate was added into a solution of (2)
(58.5 g, 0.28 mol) in THF (100 mL) which had been cooled
to −78 °C. After stirring for 3 h, the reaction mixture was
adjusted to pH=4 with acetic acid at room temperature. Then
the reaction solvent was extracted with ethyl acetate. The
organic phase was washed with 1 M hydrochloric acid, satu-
rated aqueous solution of sodium bicarbonate and brine, re-
spectively, then dried (MgSO4), filtered and evaporated to
give crude product (3) (yield 66 %) as yellow oil.

Product (3) was then dissolved in THF (50 mL), and the
solution was stirred in the presence of 10 % palladium/carbon
(3 g) with hydrogen bubbling at room temperature for 15 h.
The catalyst was removed by filtration, and the filtrate was
concentrated under reduced pressure. The obtained oil was
added into excess acetic anhydride and stirred at 100 °C for
2.5 h. After evaporating the excess of acetic anhydride and
refining by sublimation, product (5) was obtained (yield
90 %).13C NMR (CDCl3) δ (ppm): 168.7, 141, 28, 20.

The product (5) reacted with isobutanol to obtain internal
electron donor (ID-2). After washing and drying, the organic

Fig. 1 Structures of the prepared internal donors Scheme 1 Preparation of 2, 3-diisopropylmaleic anhydride
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phase extracted from reaction mixture thus obtained was
subjected to silica gel column chromatography (petroleum
ether-ethyl acetate 15:1v/v) to give the product as light brown
oil (yield 66 %).1H NMR (CDCl3) δ (ppm): 3.8 (d, 4H), 2.8
(m, 7H), 1.9 (m, 2H), 1.3 (d, 12H), 2.1 (d, 12H)

Preparation of cyclopentane-1,2-dicarboxylic acid

The reaction process is shown in Scheme 2.

Step 1: Preparation of ethyl 2-oxocyclohexanecarboxylate
(8) [37]

Sodium (23 g) was added into anhydrous ethyl
alcohol (300 mL) in a three-necked round bottom
flask under nitrogen. After complete reaction, the
mixture of cyclohexanone (103.5 mL, 1 mol) and
diethyl oxalate (135.7 mL, 1 mol) was added drop
wise to the flask under stirring in 15 min at 10 °C,
and stirred intensely to avoid agglomeration for 6 h
at room temperature. Then a mixture (300 g) of ice
and sulfuric acid (1:5 in weight) was added slowly,
and stirred to get a new mixture, which should now
be acidic in terms of pH value. The mixture was
diluted with cold water to about 4 L. The ethyl 2-
ketocyclohexylglyoxalate (7) was separated as
heavy oil, combined with extracts of the residues
with benzene and distilled until benzene no longer
distilled.

The obtained mixture was added with iron pow-
der and quartz sand, then heated to 120 °C for 3 h to
decompose compound (7). After decomposition re-
action, the mixture was distilled under reduced pres-
sure (68–70 °C, l mmHg) to give a colourless liquid
(8) (yield 60 %).1H NMR (CDCl3) δ (ppm): 3.8 (s,
3H), 2.6~1.5 (m, 9H). MS (m/z): 170 (M+), 142,
124, 96, 68, 55.

Step 2: Preparation of ethyl 3-bromo-2-oxocyclohexane-
carboxylate (9)

Bromine (19.2 g, 0.12 mol) was added to the
solution of (8) (25.0 g, 0.12 mol) in CHCl3 (75 mL)

under cooling with ice in 30 min under stirring. After
reaction overnight, steam was bubbled slowly to the
system for 1 h, and the mixture was washed with
saturated aqueous solution of sodium bicarbonate
and brine, dried with MgSO4. After evaporation of
solvent, the residue was disti l led (110 ~
112 °C,l mmHg) to afford yellowish liquid (9)
32.4 g (yield 86 %). 1H NMR (CDCl3) δ
(ppm):4.70 (s, 1H), 4.25(m, 2H), 2.45~2.07 (m,
6H), 1.7(s, 1H), 1.30(t, 3H); MS (m/z): 250 (M+),
205, 169, 123, 95, 67, 55.

Step 3: Preparation of cyclopentane-1,2-dicarboxylic acid
(10)

(9) (30.0 g) was added under stirring to sodium
hydroxide solution (100 mL, 2.5 M) under cooling
with ice. After stirring for 2 h, concentrated sulfuric
acid (100 mL) was added slowly, and the mixture
was refluxed for 8 h. Themixture was extracted with
ethyl acetate at room temperature, and the organic
phase was dried with sodium sulfate, evaporated in
vacuum to get reddish solid, recrystallization of
which supplied white powder (10) 13.9 g (yield
73.3 %).mp:157–158 °C. IR (KBr) v (cm−1):2962,
1693, 1427, 1220;1H NMR (DMSO) δ (ppm):12.20
(s, 2H), 2.90 (t, 2H) 1.65~2.25 (m, 6H);MS (m/z):
168 (M+), 140, 112, 95, 67.

Preparation of diesters

The preparation of the novel ID-1 to ID-4 compounds men-
tioned above was similar as follows. Anhydride or acid
(0.05 mol) and isobutanol (30 mL) were heated to 100 °C,
0.5 mL concentrated sulfuric acid was added. The reaction
mixture was refluxed and stirred for 2–3 h at 130 °C to remove
water completely. After cooled to ambient temperature, the
mixture was washed with distilled water, 5 % aqueous solu-
tion of sodium bicarbonate and brine respectively. After dried
over MgSO4, the organic phase was distilled under reduced
pressure to give the product (yield 80–95 %).

Scheme 2 Preparation of 1,2-
cyclopentane dicarboxylic acid
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Preparation of catalyst

Anhydrous MgCl2 (4.94 g), isooctanol (18.9 mL) and n-
decane (30 mL) were added to a dried three-necked round
bottom flask fully replaced with high-purity nitrogen. The
mixture was heated to 130 °C under stirring for 2 h. A
solution of tetrabutyl titanate and ID compound in toluene
was added, and stirred 1 h to give a uniform and clear
mixture.

The mixture was added to cold TiCl4 (200 mL) of −20 °C
in a five-necked reactor equipped with a mechanistic stirring
bar, and heated slowly to 110 °C in 4 h. After 2 h’ reaction, the
TiCl4 was filtered and replaced with fresh TiCl4, the reaction
continued for another 2 h. The final mixture was washed with
hot hexane for five times, dried and restored under inert argon
atmosphere.

Measurement

The particle morphology of the catalyst was determined using
a JEOL scanning electron microscope (JSM-6700 F). The
porosity and specific surface were performed by a fully auto-
matic surface area and porosity tester (TriStar II 3020),

manufactured by US Micromeritics Company, using
nitrogen as absorbent cooled with liquid nitrogen. The
X-ray diffraction (XRD) analysis was performed on
X’Pert Pro which was manufactured by PANalytical
from Dutch, using Co Kα(λ=0.1790 nm) at a rate of
0.25 °/s.

The ID content was determined on gas chromatograph
(clarus 580), manufactured by PE in the US. The Ti
content was performed using a spectrophotometer (721),
which was manufactured by Jinghua Instruments in
Shanghai.

The molecular weight and molecular weight distribution
were performed by the gel permeation chromatography (PL-
GPC 220) manufactured by Agilent, using 1,2,4-
trichlorobenzene as the eluent, and the measurement was
performed at 150 °C with a rate of 1 mL/min.

Melting point (Tm), crystallizing point (Tc) and the heat of
phase transition were performed using a differential scanning
calorimeter (PerkinElmer, Diamond). The temperature ranged
from 50 to 200 °C at a rate of 10 °C /min, and the Tm and Tc
came from the second heating curve.

The isotacticity index of PP was determined by measuring
the amount of boiling heptane insoluble fraction percent in the
polymer.

Polymerization

Slurry polymerization was carried out under atmospheric
pressure: hexane (100 mL), co-catalyst(TEA) and ED were
added to a dried three-necked round bottom flask fully re-
placed with high-purity nitrogen. Propylene gas was added to
the reactor continuously for 1 h. Then the reaction was
quenched with acidified alcohol (10 % in vol), filtered,
washed with alcohol, dried in vacuo for 12 h to give white
polypropylene.

Bulk polymerization: the ED (2 mL, 0.16 M), co-catalyst
(TEA, 12 mL, 0.88 M) and precatalyst (20 mg) were added to
a 5 L tank reactor, After the addition of hydrogen and propyl-
ene (1.2 kg), the reactor was heated till 70 °C, and the
polymerization time was 1 h.

Fig. 2 Typical SEM images of the prepared catalysts

Table 1 Effects of the different
internal donors on the component
and pore structures of the
catalysts

Catalyst Internal
donor

Ti content
(wt %)

Diester content
(wt %)

Surface area
(cm2/g)

Pore volume
(cm3/g)

Pore size
(nm)

CAT-1 ID-1 2.8 1.2 334 0.479 5.7

CAT-2 ID-2 5.0 1.5 213 0.206 3.9

CAT-3 ID-3 4.0 2.9 351 0.249 2.8

CAT-4 ID-4 2.8 3.0 313 0.346 4.4

CAT-5 DIBP 2.9 8.7 250 0.285 4.9

619, Page 4 of 8 J Polym Res (2014) 21:619



Results and discussion

Components and structures of the catalysts

Figure 2 shows a typical SEM image of the prepared catalysts.
The morphology of the catalyst is spherical-like with a lot of
cracks on it. Table 1 displays the components and pore struc-
tures of four catalysts with novel ID compounds(CAT-1 to
CAT 4) and one catalyst with DIBP as ID compounds(CAT-5).
As shown, the Ti contents of new catalysts are near to that of
CAT-5, while the contents of ID are much lower. The surface
area of CAT-1, CAT-2 and CAT 4 is higher than CAT-5. The
difference indicates that the structure of synthesized ID com-
pound has significant effect on the Ti and diester contents and
pore structure of the catalysts. In traditional Ziegler-Natta
catalyst with DIBP as internal donor, the Ti content usually
decreases with the increasing of DIBP which could occupy
more coordination sites on which Ti could have coordinated
[37]. However, no regular patterns were found between the
steric and electronic effects of internal donors of ID-1 to ID-5
and the components and structure parameters of the prepared
catalysts. During the preparation of catalyst, the MgCl2 expe-
rienced a recrystallizing process and coordination between the
oxygen atom of internal donor and the metal magnesium.
Since the presence of internal donor affected the decomposing

process of the MgCl2-donor-isooctanol and the recrystallizing
process, the morphology and the structure of the support
crystalline were influenced.

Polymerizing performances of the catalysts

Analyzing the polymers synthesized from the catalyst is an
effective way to study the structure-performance relationship
and the effect of internal donor of Ziegler-Natta catalyst on
catalysis stereoselectivity and regioselectivity, on hydrogen
response, and on active site distribution in the catalyst [38].
The results of the propylene polymerization with different
catalysts were listed in Table 2. The isotacticity of the PP
ranges from 83.5 to 97.1 %, especially CAT-2 and CAT-4
display excellent performance both in polymerization activity
and isotacticity, which are close to the CAT-5 with traditional
DIBP as internal donor. The molecular weight of PP derived
from CAT-1 to CAT-4 are lower than CAT-5, while they show
a broader molecular weight distributions. The steric effects of
the five internal donors are: ID-3 > ID-2 > DIBP ~ ID-4 > ID-
1, which indicates that, as internal donor, suitable steric effect
of diester is appropriate for the performances of Ziegler-Natta
catalyst. Therefore, two isopropyl groups(ID-2),
phenyl(DIBP) and cyclopentyl(ID-4) are suitable substituents
for diester compounds.

Table 2 Effects of the different internal donors on the performance in
propylene bulk polymerization

Catalyst Activity
(KgPP/gcat.)

Isotactic index
(wt %)

Mw
a (104) Mw/Mn

CAT-1 5.6 83.5 14.1 5.1

CAT-2 23.5 97.1 18.2 6.0

CAT-3 30.0 96.8 15.5 4.7

CAT-4 20.0 95.5 14.6 5.0

CAT-5 22.5 96.4 20.0 4.0

Polymerization conditions: 20 mg catalyst, 1200 g propylene, 70 °C, Al/
Ti=1000, External donor CMMS, Si/Ti=10, H2 180 mmol, polymeriza-
tion time 1 h
aDetermined by GPC with polystyrene as a standard

Table 3 Effects of external donor
types on the performance of CAT-
2 catalyst

Polymerization conditions: 20 mg
catalyst, 1200 g propylene, 70 °C,
Al/Ti=1000, Si/Ti=10, H2=
185 mmol, polymerization time
1 h

ED type CMMS NPTES TEOS DIB DIP DCP

Activity (Kg PP/g cat.) 23.5 27.0 20.0 25.5 18.0 16.5

Isotactic index (%) 97.6 88.9 90.8 95.0 96.8 97.5

Tm(°C) 156.3 162.7 163.2 157.8 162.6 160.5

ΔHm (J/g) 88.6 86.6 71.5 100.8 85.8 97.2

Tc (°C) 110.3 108.6 108.8 116.1 109.9 103.0

ΔHc (J/g) 94.7 80.3 80.1 94.2 94.9 102.9

Table 4 Effects of the Si/Ti ratio on the performances of the catalyst
CAT-2

Si/Ti 5 10 15 20 30 40

Activity (Kg PP/g cat.) 78 100 84 50 120 80

Isotactic index (%) 96.7 97.3 97.9 96.1 95.0 95.0

Tm(°C) 161.0 160.2 160.4 160.7 161.0 160.6

ΔHm (J/g) 100.3 96.1 94.7 93.3 94.5 96.6

Tc (°C) 115.3 114.8 114.8 114.0 113.7 113.4

ΔHc (J/g) 104.3 102.8 92.9 92.0 101.0 103.4

Polymerization conditions: 50 mg catalyst, 0.1 MPa of propylene pres-
sure, 45 °C, Al/Ti=100, external donor: CMMS, polymerization time 1 h,
the total volume of the liquid phase was 100 mL
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Effects of difference external donors on the CAT-2

External donor(ED) added in the polymerization also has great
influence on the performance of the catalyst by balancing with
ID, including catalyst activity, stereospecificity and the
isotacticity sequence length distribution of PP [38–40].
Alkoxysilane is usually used as external donor, and the per-
formance of alkoxysilane is affected by the number, size and
nature of the alkoxy groups on the silicon atom [7, 41]. The
effects of external donors on the performances of CAT-2 were
investigated. Propylene bulk polymerizations of CAT-2 at
70 °C were carried out with different external electron donors:
diisobutyldimethoxysilane (DIB), cyclohexyl- dime-
thoxy(methyl)silane (CMMS), dicyclopentyldimethoxysilane
(DCP), triethoxy(propyl)silane (NPTES), diisopropyldime-
thoxysilane (DIP) and tetraethyl orthosilicate (TEOS), and
the results are listed in Table 3. PP samples from NPTES
and TEOS show lower isotacticity than the industry require-
ment (above 95 %), while DIB, DIP, DCP and CMMS show
isotacticity ranging from 96 to 97.6 %. The PP activities of all
external donors are above 16 kg PP /g•cat. As shown in
Table 3, the thermal properties of PP samples (Tm, Tc, ΔHm

and ΔHc) are affected by the ED structures through control-
ling and changing the microstructure of PP, such as isotacticity
and isotacticity sequence length distribution of PP.

Effects of Si/Ti and Al/Ti ratios on the CAT-2

Besides of external donor, the Si/Ti ratio also influences the
performance of the Ziegler-Natta catalyst. Table 4 shows the
comparison of propylene slurry polymerization of CAT-2 with
different additive contents of external donor (CMMS). With
the increase of CMMS in feed, firstly the isotacticity of the PP
increases to 97.9 % as the Si/Ti ratio is 15, and then decreases
to 95 % as the ratio is 40. The Si/Ti ratio is observed to be an
important factor affecting the melting and crystallizing en-
thalpies of PP.

The influence of Al/Ti ratio is also investigated with
CMMS as the ED (Table 5). The cocatalyst TEA initiates
the catalysis polymerization, however it could remove the
internal donor by alkylation and complexion reactions, mak-
ing the presence of external donor necessary in polymeriza-
tion. The excess TEA can replace the internal donor off the
catalyst bulk and reduces the titanium to Ti2+ which shows no
polymerizing effect [34]. It is concluded that the activity of the
catalyst increases firstly and then decreases, when the Al/Ti
ratio increases from 50 to 300. However, the influence of Al/
Ti ratio on the isotacticity, melting temperature or crystallizing
temperature of PP is not obvious.

Hydrogen response performance of CAT-2

As chain transfer agent in olefin polymerization, hydrogen is a
common molecular weight regulator especially in PP manu-
facture. During propylene polymerization process, the present
of hydrogen can accelerate the polymerizing rate because
hydrogen can activate the dormant Ti centers. The hydrogen
response performance in PP depends on the pairs of internal
donor and external donor used in the catalyst system [7].
Figure 3 confirms that the present of hydrogen has profound

Table 5 Effects of the ratios of Al/Ti on the performances of the CAT-
2catalyst

Al/Ti 25 50 100 150 200 300

Activity (Kg PP/g cat.) 92 118 100 76 40 30

Isotactic index (%) 98.0 98.3 97.3 97.9 97.0 96.7

Tm(°C) 161.3 161.5 160.2 160.5 160.5 159.8

ΔHm (J/g) 88.7 96.2 96.1 101.8 95.9 94.9

Tc (°C) 113.5 113.5 114.8 116.2 115.9 115.2

ΔHc (J/g) 94.3 103.3 102.8 109.1 103.5 102.3

Polymerization conditions: 50 mg catalyst, 0.1 MPa of propylene pres-
sure, 45 °C, Al/Ti= 100, external donor: CMMS, polymerization time 1 h,
the total volume of the liquid phase was 100 mL

Fig. 3 Dependence of MFR on the amount of H2

Table 6 Hydrogen response of the CAT-2

H2 (mmol) 0 20 40 100 180 240

Activity (Kg PP/g cat.) 10.0 17.0 20.0 21.5 23.5 20.5

Isotactic index (%) 97.1 97.5 97.6 97.2 97.1 96.6

MFR (g/10 min) 0.2 3.9 4.3 18.0 29.9 39.8

Mw
a (104) 30.6 20.9 23.4 18.6 15.5 15.1

Polymerization conditions: 20 mg catalyst, 1200 g propylene, 70 °C, Al/
Ti=1000, Si/Ti=10, H2=0.2 mmol, polymerization time 1 h, external
donor CMMS
aDetermined by GPC with polystyrene as a standard
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effect on the PP molecule weight. As the hydrogen amount
increases, the melt flow rate (MFR) increases apparently,
while slight changes in isotacticity were observed (Table 6).

Effects of difference external donors on the CAT-4

Various external electron donors including DIB, CMMS,
DCP, NPTES, DIP and TEOS were screened in propylene
slurry polymerization using CAT-4. From the data in Table 7,
it can be found that propylene polymerization with ID-4 as the
ID shows high activity. Ideal balance in activity and
isotacticity is acquired by DIP and DCP. The melting temper-
atures and crystallization temperatures of PP samples using
DCP and DIP are also higher.

Effects of Si/Ti ratios on the CAT-4

With slurry polymerization at atmospheric pressure, the Si/Ti
ratios in propylene polymerization with DIP as external donor
were investigated. The results are listed in Table 8. Similar to
the performance of CAT-2, the Si/Ti ratio of CAT-4 has little
effect on the polymerization activity. However, the isotacticity
of the PP increases to 97.9 (Si/Ti ratio 15) firstly and then
decreases. The phase transition heat during melting and
crystalizing process show the same tendency as CAT-2.

Conclusion

To investigate the substituent structure effect of internal do-
nors in PP supported catalysts, four novel diester compounds
were successfully prepared and used to prepare MgCl2 sup-
ported titanium catalysts. It was found that different diesters
had notable influences on the porosity and the specific surface
areas of the catalysts. Propylene polymerization results
showed that proper substituents in the internal donors were
crucial for the activities of the catalysts and the isotacticity of
PP. The presence of isopropyl substituent in the ortho-position
of the ester group in diester compound can improve the
polymerization activity and raise the isotacticity of PP.
Cyclopentanyl was better than cyclohexanyl in diester to
improve the performances of the catalysts. Both the ID-2
and ID-4 had the potential to replace DIBP as the internal
donors.

The effects of several external donors on the propylene
polymerization using CAT-2 and CAT-4 were investigated. As
for CAT-2, CMMS, DIP, DIB and DCP show higher activities
and higher PP isotacticity. And for CAT-4, DIP and DCP show
higher activities and higher PP isotacticity.
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CAT-4 catalyst

Si/Ti (mol/mol) 5 10 15 20 30 40

Activity (g PP/g cat.) 110 120 120 115 100 90

Isotactic index(%) 96.9 97.0 97.9 96.4 96.2 96.4

Tm(°C) 162.2 162.6 162.8 162.5 162.4 162.1

ΔHm(J/g) 97.3 97.0 98.1 88.4 87.3 86.0

Tc(°C) 117.2 116.8 117.6 115.2 116.2 115.2

ΔHc(J/g) 89.7 94.9 92.7 98.8 98.3 91.8

polymerization conditions:50 mg catalyst, propylene pressure 0.1 MPa,
45 °C, Al/Ti=100, external donor: DIP, polymerization time 1 h, the total
volume of the liquid phase was 100 mL
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