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Transition metal chlorides complexes with tetrahydrofuran 
[MtCl4(THF)2] used as precursors of ethylene polymerization 
catalysts

S u m m a ry  —  Three com p lexes o f transition m etal chlorides w ith  tetrahy
drofuran (TH F), viz., [TiCl4(T H F )2] (I), [Z rC l4(T H F )2] (II), and [H fC l4(T H F )2] 
(HI), w ere prepared and  stu died  as the precursors o f titanium — m a g n esiu m  
catalysts to be used in low -pressure polym erization  (0.5 M P a, 323  K ) o f ethy
lene u sin g  A lE t3 (m ost favorable), A lE t2C l, or A l(z-Bu)3 as cocatalysts. The  
activity o f catalysts increases in the order [H fC l4(T H F )2] <  [Z rC l4(T H F )2] <  
[TiCl4(T H F )2], D egree o f crystallinity (C), density, bu lk  density , M , M W D ,  
and m .p . w ere determ in ed  for the resulting H D P E . C atalyst activity, fou n d  
to obey  the fo llow in g  ascending type (III) < (II) < (I), increased as the ele
m en t electronegativity w a s raised and the partial charge on the transition  
m etal atom  in the precursor w a s  d im in ish ed . The catalyst surface patterns 
visu alized  b y  a com p uter su pported  the experim ental data. The u n co m - 
p lexed , [M g C l2(T H F )2]-su p p orted  tetrachlorides y ielded  catalysts less active  
than (I)—(III), bu t fo llow in g  the sam e general activity correlations.

K e y  w o rd s: p o lym erization  o f ethylene, catalysts, transition m etal chloride  
com p lexes w ith  tetrahydrofuran, m olecular m o d elin g .

Transition m etal com p lexes containing L ew is bases  
p lay  an im portant role in low -pressu re polym erization  
o f olefins. A lth o u g h  the com p osition  o f m o d ern  cata
lysts has ch an ged as com p ared  w ith  the early system s  
d ev elop ed  b y  Z iegler and N atta , th ey  all derive from  
the co m m o n  source, i.e., transition m etal com p lexes. A l 
th ou gh  the structure o f so lu ble catalysts has been  w ell 
defin ed and they offer the possibilities o f prod u cin g  
n ew  p o ly m ers o f outstanding properties, heterogeneous  
catalysts are still o f great industrial im portance. The  
p o ly m ers obtained b y  u sin g  such catalysts constitute  
m ore than a quarter o f the overall p o ly m er production  
[1]. The activity o f a heterogeneous catalyst d ep en d s on  
a n u m ber o f factors. The nature o f the active site is not 
exactly k n ow n  and , on ly  few  attem pts h ave been m a d e  
to explain  this problem , both  theoretically and experi
m entally  [2— 12].

W e  h ave studied the activity o f the catalysts based  on  
[TiCL,(TH F)2], [Z rC l4(T H F )2] and  [H fC l4(T H F )2] su p p or
ted on  [M g C l2(T H F )2]. The correlation b etw een  the ac
tivity o f the catalysts and the electronegativity of, and *)

*) To whom all the correspondence should be addresed, e-mail: 
segot@uni.opole.pl

charge on, the transition m etal a tom  in the precursor  
has been  con firm ed [8, 9]. W e  h ave also considered the 
interaction betw een  su p p ort and  precursor b y  m ean s of 
m olecular m o d elin g .

MATERIALS

The m aterials u sed  in this stu d y  included :
—  ethylene (B lachow nia, K ęd zierzy n -K o źle ), purified  

in the co lu m n s o f a so d iu m  m etal su p p orted  on A120 3 
and over 4 A  m olecu lar sieves;

—  pu re-grade argon (9 9 .99 5% ) (L iquid  C arbonic, P o
lan d), u sed  after h avin g  been  p assed  through a co lu m n  
o f so d iu m  su p p orted  o n  А12Оз;

—  p u re-grade hexane (O R L E N  S A , Płock), refined  
w ith  sulfuric acid, dried over K O H , refluxed from  so 
d iu m  m etal and  b en zop h en o n e in an argon  atm osphere, 
and stored over 4 A  m olecu lar sieves;

—  Fluka's pure grade trieth ylalu m inu m , d iethylalu - 
m in u m  chloride, and triisobutylalum inum , u sed w ithout 
further purification;

—  A ld rich 's  titanium  tetrachloride, zircon iu m  tetra
chloride, and h afn iu m  tetrachloride.
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T a b l e  2. Properties of the polyethylene obtained in ethy
lene polymerization in the presence of catalytic system: 
[MgCl2(THF)2]/precursor/AlEt3. [Mt] = 0.01 mmol dm-3, 
[Al] -  5 mmols ■ dm-3, Mg:Ti mole ratio = 10:1, Tp -  323 K, 6a = 
15 min, Pelhylene = 0.5 MPa

P re c u rs o r
D e n s ity  ’ 

g 'c m  3

B u lk  
d e n s ity  ’ 

g 'c m  3

C'"\ %
m .p . * 

К
M W D

fra iis - [T iC l,(T H F ), ] 0.958 125 61.7 412.4 8.62

r is - [Z r C l4(T H F )2] 0.960 107 58.2 411.7 5.76

r is - [H fC l4(T H F )2] 0.955 122 57.3 412.1 6.31

T iC l4 0.951 115 54.0 411.1 9.27

Z r C l4 0.948 111 57.1 410.8 4.12

H fC l4 0.950 104 57.0 410.5 8.65

ł ) P o lis h  S ta n d a rd  P N -8 0 /C -8 9 0 3 5  
**) P o lis h  S ta n d a rd  P N -8 0 /C -0 4 5 3 2  
***) D S C -T A  In s tru m e n ts  
****) G P C -W a te rs  150-C

cocatalyst ap p lied  (Table 1). The o rg a n o a lu m in u m  co m 
p o u n d  u sed  as cocatalyst p lays an im portant role in the 
catalytic system . It is the alkylating and  reducing agent 
for a transition m etal atom . It also  transfers g row in g  
p o ly m er chains and  interacts w ith  the other co m p o 
nents o f the catalytic system . W ith  A lE t3 as a cocatalyst, 
catalyst activities are several tim es greater than those  
in v o lv in g  other cocatalysts. T h e h ig h -d en sity  p o ly eth y 
lene obtained is characterized b y  specific den sity  o f
0 .9 5 5 -0 .9 5 8  g -c n f3, bu lk  den sity  o f 107— 125 g -d m "3, cry
stallinity o f 57.3— 61 .7% , m elting point o f 411.7— 412.4 K, 
and m olecu lar w e ig h t distribution o f 5 .76— 8.62.

The activities o f the catalysts obtained fro m  the tetra
chlorides (titanium , z ircon iu m  and h afn iu m ) co m p lex ed  
w ith  tetrahydrofuran and  su p p orted  on  [M g C L fT H F ^ ]  
are a fe w  tim es greater than those for catalytic system s  
based  on  correspondin g chlorides (w ith out T H F ) and  
su p p orted  on [M g C l2(T H F )2]. D en sity , crystallinity and  
m eltin g  p oin t o f PE are sim ilar and  MWD  is narrow er.

The changes in the activities o f the catalysts corre
sp o n d  to changes in the electronegativity o f transition  
m etal atom s. For instance, titanium , w h ich  is the m o st  
electronegative o f the three elem ents, form s the m o st ac
tive catalyst. This can be attributed to the low er stabili
zation  o f the л-co m p lex  b y  the p ositive charge on  the 
transition m etal a to m  [8, 9]. E lectronegativities, charges  
on  transition m etal atom s as w ell as activities o f cata
lysts are g iven  in Table 3.

In the heterogen eous catalysis interactions betw een  
catalyst com p on en ts are o f great im portance. Therefore, 
w e stu d ied  the com patibility  o f the precursor and  
su pport surfaces d u rin g  the catalyst preparation step. In  
our calculations w e  u sed  the m o d e l o f accessible surface  
d ev elop ed  b y  C o n n o lly  [15]. In this m o d e l, the probe o f  
a g iven  radius is rolled on  the v a n  der W aals surface o f  
the m olecu le . The crystallographic data necessary for 
calculations o f the precursor and  su p p ort interactions 
w ere taken from  [16— 19]. C atalyst surfaces are sh ow n  
in Figs. 2— 6. N u m e ro u s M iller p lan es for cleaving the

Fig. 2. Catalyst surface: (left) interface between MgCl2 cleft 
with the (110) Miller plane and (right) trans-[TiCl4(THF)2]

Fig. 3. Catalyst surface: (left) interface between
[MgCl2(THF)2] cleft with the (100) Miller plane and (right) 
trans-[TiCl4(THF)2] cleft with (011)
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Fig. 4. Catalyst surface: (left) interface between
[MgCl2(THF)2] cleft with the (100) Miller plane and (right) 
cis-[ZrCl4(THF)2] cleft with (Oil)

Fig. 5. Catalyst surface: (left) interface between
[MgCl2(THF)2] cleft with the (100) Miller plane and (right) 
cis-[HfCl4(THF)2] cleft with (100)

Fig. 6. Catalyst surface: (left) interface between MgCl2 cleft 
with the (101) Miller plane and (right) trans-[TiCl4(THF)2] 
cleft with (100)

T a b l e  3. Activity of catalysts as a function of electronegativity 
and charge on transition metal atoms. Catalytic system — 
[MgCl2(THF)j]/precursor/cocatalyst

T ra n s it io n  m e ta l 
c o m p le x

C h a rg e s  o n  
t ra n s it io n  

m e ta l a to m s  

[7 ]

E le c tro n e g a t iv ity  
o f  t ra n s it io n  m e ta l 

a to m A c t iv i t y  o f  
c a ta ly s t 

k g  PE- 
• (m o l M t - h ) 1P a u lin g

[21]

A lf r e d  
a n d  R o- 

c h o w  
[21 ]

c is - [T iC l4(T H F )2] +0.48 1.54 1.32 10147

fra n s - [T iC l4(T H F )2] +0.40 1.54 1.32 n o t  e x a m in e d

c is - [Z rC lj(T H F )2] +0.77 1.33 1.22 1568

c is - [H fC l4(T H F )2] +0.72 1.30 1.23 982

crystals o f both  su p p ort and precursor w ere exam in ed . 
Figure 2 illustrates the surface o f the catalyst obtained  
on |3-MgCl2 crystal cleft w ith  a (110) p lan e and  a 
frans-[TiCl4(T H F )2] crystal cleft w ith  a (O il) p lan e. The  
C on n o lly  surface [19] represented b y  dots surrou n din g  
the crystal structures is rather u n iform , w h ich  indicates 
strong interactions b etw een  the su p p ort and the precur

sor. M oreover, the interface b ased  o n  [M g C l2(T H F )2] 
cleft b y  the (100) M iller p lane and  frans-[TiCl4 (T H F )2] 
cleft b y  the (O il) M iller p lan e (Fig. 3) is also favorable. 
H ow ever, in  this case the C on n o lly  surface is n ot so  uni
fo rm  as in the p reviou s case. The w eakest interaction
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exists betw een  [M g C l2(T H F )2] cleft w ith  (100) and  
ris-[ZrC l4(T H F )2] cleft w ith  (O il) (Fig. 4). Therefore che
m ical anchoring o f the precursor on  the su p p ort surface  
seem s not to be favored . The sam e applies to the inter
face betw een  [M g C l2(T H F )2] cleft w ith  (101) and  
cis-[H fC l4(T H F )2] cleft w ith  (100) (Fig. 5). Figure 6 sh ow s  
an exam ple o f unfavorable interactions b etw een  the 
su pport and the precursor. T h e crystal o f M g C l2 is cleft 
w ith  the (101) M iller p lane and  the crystal o f  
frans-[TiCLi(THF)2] is cleft w ith  the (100) p lan e. Both  
cuts seem  to be less suitable for the form ation  o f a cata
lytic system .

In general, the (O il) M iller p lane turned out to be the 
m ost suitable for cleaving the trans-[TiCL(TH F)2] cry
stal, w hereas (100) is favorable in the case of 
[M g C l2(T H F )2]. These planes are parallel to the T H F  
rings in either o f the crystals and the resulting C on n olly  
surfaces are rather flat. For m a g n esiu m  dichloride, the 
easy form ation  o f active centers on  its surface cleft w ith  
the (110) M iller p lane has been  p reviou sly  described
[20]. Titanium  atom  b o u n d  on  M g C l2 cleft b y  this plane  
is one o f the m o st stable system s in the form ation  o f h e
terogeneous catalysts. This fact is con firm ed b y  m o lecu 
lar m o d elin g .

The interaction o f |3-MgCl2 cleft w ith  a (110) plane  
and frans-[TiCl4(T H F )2] cleft w ith  a [011] p lane seem s to 
be the m o st interesting (Fig. 2). H ow ever, it sh ou ld  be  
n oted  that the n u m ber o f active centers w h ich  are for
m e d  m a y  be sm aller because o f the fact that the surface  
is less available to a h exagon al structure than to a linear 
p o ly m er (such as [M g C l2(T H F )2]). Secondly, the d o n a 
tion o f T H F  ligands from  the precursor to the su pport is 
also possible in this case.
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