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Ethylene Polymerization by Bisarenechrome z-Complex Compounds

By Yoshio TaziMA and Sadao YUGUCHI
Central Research Lab. Toyo Rayon Co., Ltd., Otsu, Shiga

(Received November 9, 1965)

Ethylene polymerization by a binary catalyst
system composed of bisarenechrome =z-complex
cations and an organoaluminum compound was
investigated. The bisarenechrome z-complex com-
pounds used were bisbiphenylchrome iodide, chro-
mate, dichromate, thiocyanate, tetrathiocyano
diammono chromate, etc. Instead of biphenyl, such
other benzene derivatives as benzene, toluene, and
mesitylene were also used as ligands.

As an organoaluminum compound, Al(i-Bu);
was the most suitable; the other organoaluminum
compounds, such as AlEt; and AlEt,Cl, showed less
catalytic activity.

Figure 1 shows the relation of the polymerization
temperature and the weights of the solid polymer
formed during the initial 10 min. with the binary
system of the bisbiphenylchrome compound (ab-
breviated as (C;H;CgH;),CrX-) and 4 mmol. of
Al(i-Bu);. As a solvent toluene was used, and
the ethylene pressure was 40 kg./cm?.

Weight (grams) of polymer formed

30 50 70 90

Polymerization temperature, °C

Fig. 1. 1 (CsH;CoHs),Cr(NH,);Cr(SCN),
~ Al(i-Bu)g
2 [(CeHsCeHs):Crl:CrO,  ~ Al(i-Bu)y
3 [(CgH;CeH;):Cr]Cr:0; ~ Al(i-Bu)

Bisbiphenylchrome dichromate showed a maxi-
mum activity at 80°C; bisbiphenylchrome chro-
mate, at 75°C, and bisbiphenylchrome tetrathio-
cyano diammono chromate, at 50°C. The order
of the catalytic activity of bisbiphenylchrome com-
pounds as a component of the binary system with
Al(i-Bu); is as follows:

[(CeH5CsHs),Cr],CryO7 > [(CeH5CeHs) ,.Cr],CrOy
> [(CeHsCsHs),Cr] [ (NH;),Cr(SCN),] >
(CsH;sCeHs),Crl

The same tendencies were observed for other li-
gands, such as benzene, toluene and mesitylene.

The orders of catalytic activities of bisarene-

chrome m-complex compounds with the same anion
species are as follows:

X-:I-
(C(,H(,)zCl‘I) (CGHscHg)zcr:[)
[CeH3(CHy);]:CrI > (CeHsCoH;),Crl

X - : [(NH;),Cr(SCN),]-
(CsH;CsH;),Cr[NH,),Cr(SCN),]>
[CsH;(CH;);],Cr[(NH;),Cr(SCN),]>
(CsH;CH,;),Cr[(NH;),Cr(SCN),]1 >
(CsHs),Cr[(NH3),Cr(SCN),]

It should especially be noted that bisbiphenyl-
chrome chromate or bisbiphenylchrome dichro-
mate alone has the catalytic activity for ethylene
polymerization without the presence of an organo-
aluminum compound. Table I shows the results
obtained at different temperatures by using bis-
biphenylchrome chromate or bisbiphenylchrome
dichromate. Bisbiphenylchrome chromate showed
increased activity above 75°C, and bisbiphenyl-
chrome dichromate, above 80°C. The temperature
(75°C or 85°C) accorded with the temperature
of the maximum catalytic activity of each binary
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system with Al(i-Bu),. Bisbiphenylchrome dichro-
mate or bisbiphenylchrome chromate was inferrior
to bisbenzene chrome dichromate or bisbenzene-
chrome chromate in catalytic activity.

TaprLe I. ETHYLENE POLYMERIZATION WITH
[(¢2)2cr]201'04 or [(¢2)2CT]2CF207

Polymerization hour: 1 hr.

Catalyst T%EP- fi_‘f_g‘:,erg.
[(¢2):Cr]:.CrO; 0.05g. 60 0.15
[($2):Cr]:CrO, 0.05g. 75 0.45
[($2):Cr]:CrOs  0.05 g. 85 0.50
[($2):Cr]:CrO; 0.05g. 100 0.50
[(¢2):Cr]:Cr:0; 0.05g. 60 0.13
[(¢2):Cr]eCr:0; 0.05g. 75 0.45
[(¢2):Cr]eCr:0; 0.05g. 85 0.75
[($2):Cr]sCr,O; 0.05g. 100 0.70

TasLe II. ETHYLENE POLYMERIZATION WITH

OXIDIZED PRODUCT OF BISBIPHENYLCHROM
Polymerization Polymer
temp., °C formed, g.

75 0.55

100 0.75

150 0.60

Bisbiphenylchrome (CiHsCgHs),Cr(O) (chrome
is zero valency) showed catalytic activity for ethylene
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polymerization after it had been oxidized and ac-
tivated by heating it above 75°C.

The results of some experiments obtained by
the oxidized product of bisbiphenylchrome are
shown in Table II. One procedure was as follows:

After the oxidation of (C¢H;CzH;),Cr (0.2 g.) dis-
solved in toluene (50 ml.) with oxygen (3 kg./
cm?) at 30°C for 1 hr. in an autoclave (100 ml.),
oxygen was removed by stirring it at 75°C for 30
min. under a nitrogen atmosphere. Then ethylene
was introduced up to a pressure of 40 kg./cm?.
Above 75°C, the oxidized product showed some
catalytic activity, but the activity was lower than
that of bisbenzene-chrome. Bisarenechromium
compounds were prepared!'®> by reducing chro-
mium(III) chloride with benzene derivatives
(benzene, toluene, mesitylene, and biphenyl) in
the presence of aluminum and aluminum chloride
in a sealed tube at 150°C, and by then decomposing
the reduction products with methanol and water,
followed by a treatment of the decomposed pro-
ducts with potassium salts. Bisbiphenylchromium
was prepared by reducing the preceding product
with Na.gSan.
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