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INTR ODUCTION 
/ 

The fact that ethylene can be selectively dimerized to butene- 1 as well a s polym erized to 
polyethylene over tlta nium-aluminum catalysts has resulted in many attempts to desLgn a single dual 
£12!!etional catalyst capable of concurrent ly dLmerizing and poly meriz ing ethylene to branched co ­
polymers (1). Many of these catalys t compositions consist of a ha logen-containing titanium compound , 
optionally on a support, as a polymerization centre a nd a n aLkoxy bearing titanium compound as a 
centre for dimerization . However, in view of the known propensity of chlorine-alkoxy ligand 
exchange reactions, the two centres are fa r from being distinct a nd chemic ally non-interfering. 

In our effort to devise a chemically compatib le and yet non- interfering dual functional 
catalyst, we ih itlally examined ma;:nes ium chl or ide-Litanium-n -but xide (TNB) in combination with 
T NB . We reasoned that MgCl2-TNB cata lyst would function as a po lymerization centre (2) whereas 
free T B would act as a dimer iza tlon centre in conjunction with trie thylaluminum . The s tudy led 
to the discovery that MgCI2-TNB catalysts depending on the Mg:Ti ratlo can show a r a nge of 
activity from selec tive dimerlzation to polymerizatlon of ethylene. Thi s fact was used to devise a 
nove l dual functional catalyst for concurrent dimerization and copolymer iz ation of ethylene. 

EXP ERIMENT A L 

A II manipulations involving catalysts were carried out in an inert atmosphere box under a 
c ontinuous stream of ultra high purity nitrogen (moisture and oxygen < 5 ppm). Anhydrous magnesium 
chLoride (M/ s.Toho Titanium Co. Tokyo, Mg = 25.49%, CI = 74.4%, H20 = 0.05%, surface a rea 
82 M2 / g) and triethylaluminum (Ethyl Corporation, USA) were used as received. TNB (Synthochem, 
India) was purified by vacuum distillation followed by azeotropic remova l of fr ee butanol with cyclo­
hexane. Solvents (~-heptane, Cll -C 14 paraffins) were refluxed over sodium wire and fr eshly dis tilled 
before use. 

Preparation of Mg-Ti catalysts 
Anhydrous MgCl2 (1 mole) was heated with just s ufficient amounts of T NB at 125°C to effect 

complete di.ssolution of the MgCI2. 
The resultant homogeneous solution analyzed for the compos ition MgCl2 [TNB14. Solid 

Mg-Ti catalyst was prepared by milling anhydrous MgCl2 with excess TNB in a c entr ifugaL ball mi ll 
for 24 hrs washed with excess boiling n-heptane to remove all free TNB and the fil t r ate dried tn 
vacuo. The results of elemental analys is of catalysts are shown in Table 1. 

Dimerization and Polymerization 
Ethylene dimerization studies were conducted using Et3A I as a co-catalyst in a C u-C14 

paraffin solvent at 27°C and I atm C2H4 pressure using a method previously reported (4). P olymeri­
zation studies at I atm pressure were conducted in a glass cell connected t o gas burette and an 
ethylene reservoir at 30°C in ~-heptane as solvent. 
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TA BLE I 

MAGNESIUM-TITANIUM CATA LYSTS-ANALYTICAL DATA 

Catalyst % Mg/Tl 

Des ignation Compos ition State Ti Cl Mole Ratio
~ 

A MgCI2[TNB]4 Liquid 1.4 12.8 4.3 0.23 

B MgCl2[TNBJO.1 Solid 19.4 5.2 54.6 9.06 

Analvs is 
Dimerization products were analyzed by GC using a 2% AgN03 + 15% PEG 20M column, temp­

e rature 60-190%, TID, H2=20 mL m in-I . Ethyl branching in polymers was analyzed using IT- lR 
spec troscopy using a SRF-1475 NBS standard li near polyethylene as a r eference sample and the 
methyl symmetr ica l deformation bands around 1378 cm-1 (5). T m was determined using a DSC 
(DuPont 910), heating rate 10°C min-I, N2 ; 100 mL min- I . 

RESULTS AND DISCUSSION 

Anhydrous MgClz dis olves in neat titanium-n-butox ide (4 moles TNB p6 mole of MgCI2) at 
125°C to for m a homogeneous solution. Neat TNB exists as a t e tramer wherein the two internal 
titanium atoms are coordinative ly unsaturated (C N=5). It is pr oposed that the diss olution of MgCl2 
is favored by the c omplexation of the chlorlde ligand w ith the vacant coordinat ion site on titanium, 
forming a stOlchlOmetrl,c comp lex Mgc12. (TNB14 (catalyst A). ThI s complex was found to be 
a ctive in selective dimeriz ation of ethylene. Data on lni t ia l rates, convers ion and selectivity along 
with comparative results obtained wlth a T NB catalys t contaLning no MgC12 [s s hown in Table II. 
In generaL the Mg- Ti catalyst is character ized by h igh inItial rates but low overall conversion. For 
Mg fr e e cata lys t, selectivity remains unchanged over a range of AliT i r atios (5- 100). On the 
contrary the Mg-Tl c atalyst show an lnitial dec rease in selectivity (up t o A lin = 50) followed by 
sharp increase in selectivity (95% butene- I) at Al/Ti = 100. No s olid polymer was formed in any of 
the experim ents. 

TABLE II 

COMPARA TIVE RESULTS OF ETHYLE! E DIMERIZATION CATALYZED 
BY MgCl2[T NB14 - Et3A land TNB - Et3A I SYST EMSa 

Al Initia l Rate P r oduct Distribution, % C8 
Sr. No. Ti Mole Conversion mol(C2H4) C311g­

Ratio % min-1 atm- 1 Butene-l 3Me Pente ne-1 2 Et Butene- l omers 

MgCl2[TN B14 

1 5 68 6.7 89 6 2 3 
2 10 66 5.2 79 6 7 8 
3 50 45 1.9 44 18 26 12 
4 100 20 1.7 95 1 2 2 

T NB 

5 5 96 3.9 79 6 11 4 

6 10 88 1.5 79 7 13 1 

7 50 41 2.0 83 12 3 2 

8 100 39 0.9 79 11 1 9 


a Temperature: 27 ~ 2°C, Reaction Time= 45 min. , = 1 atm , Solvent = 100 mLC2H4 Cll- C14 
hydroca rbon 

In contrast, solid Mg-Ti catalysts with higher Mg/Ti ratlos prom ote ethylene polymerization. 
The results with catalyst B are shown in T able HI. Analys is of va por phas e by GC showed no form­
ation of but ene-1 ind icat tng that catalyst B is selectlve for polymeriz atlon. Cata lyst B also s howed 
high activity (200 kg PE/ gTi, 70°C, 2hr C2H4 10 atm) even at low Al/T l r atios (<10 0). Furthermore 
the polymerization showed a re latively slower rate decay. Thes e observations are gener ally in 
agreement w ith those reported in the literature (2). 



.. 


TABLE III 
ETHYL ENE POLYMERIZATION MgCI2[TNB]0.1-Et3A1 

CATALYSTa 

Sr. No. A1/Ri Mole Ratio Conversion Catalyst r oductiv ity 
gPE-gTl- 1 % 

/~ 
 10 77 80 

25 85 88 

3 45 85 98 

4 100 83 101 

5 200 81 109 

a
Temperature: 3t)° C, Reaction Time: 2hr, C2H4 = 1 atm, .!:I.-heptane 

The concurrent dim erization-polymerization of ethyle ne was therefore a ttempted by a s uitable 
blend of catalyst A and B. The results are shown in Ta ble I V. Best results were ach i eved when 
TEAL/catalyst A was added first to the reaction vess el , a llowed to r eact for 10 m ln foHowed by 
addition of catalyst B as a heptane slurry. Ethyl bra nching (butene-l incorpor ation) was found to 
increase with increasing molar ratio of catalyst A :B. However. compared to pr ior r esults (lb , d) 
the loss in catalyst productivity was less than 15% over a broad r a nge of butene- l lncorporation . 
Apparently , the present catalyst system is prone to much less po i soning by t~ indlvidua l catalyst 
components. Control experiments established that there was no major change in c ata lyst composl ­
tion when catalys t A and B were mixed in n-haptane indicating that the catalys t complexes had no 
liable ligands capable of undergoing exchange. 

TABLE IV 

CONCURRENT DIME RIZATION AND POLYMERIZ ATION OF ET HY LENE ON Mg- Tl- Al 

CATALYSTSa 


(Ca ta lyst A1 Molar Ratio Catalyst Produc tivi ty Butene-1 in T m,.C d 
1Sr .No. (' ata lys t 13] gPE. gTi- Polym e r C , mole 


% 


1 -a 100 	 138 
2 0.5 	 93 1.8 132 
3 1.5 	 90 2.6 128 
4 3.5 	 86 4. 8 124 

aT emperature 30°C, Reaction Time: 2hr, Solvent g-heptane, A1/Ti = 100, C2H4 = 1 at m Catalyst: 
T riethylauminum; 

b Pure TNB; cBY IR ; d by DSC 

CONCLUSIONS 

1. 	 Mg-Ti catalysts consisting of MgC12 and Ti(.!:I.-OBu)4 show a range of activity from se lect ive 
dimerization to polymerization of ethylene depending on Mg/Ti ratios. 

2. 	 Appropriate blends of catalysts result in concurrent dimerization and copolymerization of 
ethylene. 

3. 	 The two catalyst types are chemically s imilar and have no labile ligands capable of m lgrating 
from one centre to another causing poisoning of one or the other centre. T h is is reflected in 
less than l5% reduction in catalyst productivity over of a range of butene-l incorporated in 
polyethylene. 

4. 	 The catalyst sys tems described in this paper are novel in the sense that they consist of only 
one titanium compound, i. e. Ti(n-OBu)4' yet are capable of two dis ti nct func tions. Presum­
able the two active centres differ only in the nature of the electronic environment surrounding 
titanium. 
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