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Note 

THE CATALYTIC PROPERTIES OF VERMICULITE 

By M. J. D. Low, P. L. BARTNER, 

and R. KRISHNAM(]RTHY 

School of Chemistry Rutgers, The State University 
New Brunswick, New Jersey 

(Received Feb. 9, 19fi5) 

The Catalytic Properties of Vermiculite 

Vermiculites are widely occurring soil components related to mica and also to 

chlorite, and consist of silicate layers of complex formulas (OH),Mg6[(Si, AI),02o] 

separated from one another by water layers. The structure and physical properties 

of the mineral are described elsewhere.')6)14) Large domestic deposits of vermiculite 

occur at Libby, Montana, and over a wide area near Greenville, South Carolina. 

The mineral has wide application as filler, absorbent, and especially as insulating 

material. It is also claimed to have some catalytic activity. 

According to the patent literature, raw or treated vermiculite functions as 

catalyst for the isomerization of pinene'l, the polymerization of epoxy compounds1l, 

and the conversion of hydrocarbons. ll
) The information available is, however, rather 

meager and of little value. We have consequently made a series of exploratory 

experiments, principally using the raw mineral as catalyst for a variety of reactions, 

with the intent of surveying the catalytic properties of vermiculite. 

Experimental Details 

Vermiculite ore from Butte, Montana, was hand-sorted to remove detritus. The 

irregular, squarish flakes (about 10 X 10 X 2 mm) were ground in a ceramic ball mill. 

Particles below 40 mesh (U. S. Standard Sieve) were used in all reactions. The 

nitrogen B. E. T. surface area2
) of the powder was 18.5 m 2Jg. A portion of the 

powder was slurried to a thick paste with an aqueous nickel nitrate solution. The 

yolume and concentration of the impregnating solution were enough to yield a catalyst 

containing 7.0% nickel by weight. The paste was dried at room temperature and 

the resulting solid was heated for four hours in air at 5000 to decompose the nitrate 

to oxide. The catalyst was reduced in situ in flowing hydrogen at 4000 for one 

hour before use. 

All analyses of reactants and products of the various reactions were made by 
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gas chromatography using standard techniques, with the exception of nitrobenzene 

hydrogenation. Aniline was detected by tests described by MULLIKENll
) and esti­

mated indirectly by the amount of hydrogen consumed. All liquid reactants were 

of C. P. grade, and gases were MATHESON and COLEMAN C. P. grade and were used 

without further purification. Analyses of the mineral are reported elsewhere.')6)!') 

Experiments, Results, and Evaluation 

A variety of apparatus was used. Vapor-phase reactions were carried out with 

12 m!. of catalyst in an atmospheric flow apparatus with a vertical furnace very 

similar to that of KOMAREWSKY and RIEsz'). When used with reactants normally 

liquid at room temperature, the liquid was introduced with a syringe through a 

septum at a roughly constant rate of 1 ml/min. The liquid vaporized on the Pyrex 

preheated chips, and was then swept into the reaction zone. Liquid-phase hydro­

genations were carried out with a vibration stirred apparatus'). Pinene isomerization 

was carried out in a three-necked flask fitted with a mercury-seal stirrer, and isomer­

ization of n-hexane in a rocking autoclave. 

The results of the various test reactions are briefly summarized by Table I. 

As the intent of the investigation was exploratory, no attempt was made to determine 

optimum reaction conditions. Some of the experiments were repeated with the 

nickel-impregnated catalyst. 

The acidity of the vermiculite powder was determined according to the method 

suggested by TEOMAS et al.!3) Vermiculite was dried at 2000 for three hours in 

air and was then slurried with water, and the mixture was subjected to filtration 

with NaOH.. The acidity of vermiculite powder was 0.04 meq/g. This value is low 

in comparison to that of 0.41 meq/g found by TTHOMAS et al. for a natural clay.l3) 

The cracking activity l2) of that clay was 43, on the basis of an arbitrary scale of 

100 assigned to SUPERFIL TROL (a commercial, clay-cracking catalyst). 

The negative results of the cracking and isomerization reactions, which require 

the catalyst to have some acid character, are congruent with the low acidity that 

was found. Some methane, ethane, and propene were produced from butane, but 

this involved thermal rather than catalytic cracking. The same products were 

obtained under the same conditions over glass beads, although to a lesser extent, 

probably because the surface area of the beads was smaller than that of the 

vermiculite. 

Some methane was formed from butane-hydrogen mixtures at 202°, and at 3950 

the amount of methane formed decreased and catalytic coke was formed. This 

may have been caused by chemisorption of butane at centers produced by a partial 

reduction of the surface by hydrogen. As propane or other products were not 

detected, this suggests that a simultaneous cracking and polymerization reaction 

67 



68 

Reaction 

Cumene cracking 

M. J. D. Low, P. L. BARTNER, R. KRISHNAMURTHY 

TABLE 1. Reactions with Vermiculite Catalysts 

I 
Catalyst I Reactor i 

(a) (b) i 

Reaction 
Conditions Results 

T: 285-400°. ~ coke formation at 400°. 
RV I AFR II' N2 sweep gas: 60 ml/min; I No reaction below 400°; 

~~~~--~~~~~~~--

AFR I Butane: 40 ml/min ; 
IT: 200-500°. 

Butane cracking, 
dehydrogenation 

Hexane isomeriza­
tion 

a-~inene isomeriza-I 
tlOn 

I 

RV 

V-Ni 

RV 

V-Ni I 

RV 

RV 

I 

RV 

B~nzene hydrogena- I 

tlOn I V-Ni i 

RV 
CO oxidation 

AFR 

AFR 

AFR 

RA 

3NF 

AFR 

AFR 

AFR 

RV I VSR 

Methyl linolenate 
hydrogenation 

Cyclohexanol 
dehydration 

I RV I AFR 

I 
I 

I Butane: 50 ml/min ; I 

T: 200-400°. 

Butane: 40 ml/min ; 
H 2: 100 ml/min ; 
T: 100-395°. 

I Butane: 50 ml/min ; 
I H 2: 100 ml/min ; 

I 
T: 200-400°. 

H 2: psig; T: 125°; 
I time: 1 hr; 4 g. 

catalyst; 10 g hexane. 

T: 160°; time: 10 hr. ; 
4 g. catalyst; 50 g. 

, a-pinene. 

H 2 : 50 ml/min ; 
T: 39T. 

H 2: 50 ml/min ; 
T: 198-394°. 

CO : 60 ml/min ; 
O2: 110 ml/min; 
T: 130-251°. 

I 

I 

i 

I 

No reaction up to 415°, but 
CH" C2H 6 , C3H 6 , and 
coke formation above 4150 

(thermal cracking at 470, 
490°). 

CH, formed, and coke 
formation at 395°. 

CH, formed at 202-323°. 
Less CH, production at 
395°, but coke is formed. 

CH, formed, and coke 
formation at 395°. 

No reaction. 

Product: a-pinene, 25% ; 
camphene, 45%; mono­
terpene, 30%. 

Only coke formed at 
39T. 

No reaction below 301 0
; 

only coke formed at 394°. 

No reaction to 213°. 
40% of CO converted 
to CO2 at 251°. 

127° for 50 min; 40 mg No reaction. 
catalyst; 492 g linolenate. 

~~--

125° for 50 min; 40 mg 
catalyst; 521 g linolenate. 

N2 sweep gas: 75 ml/min; 
T: 179°. 

Product mixture composi­
tion was: methyl lino­
lenate 52.5%, methyl 
linoleate 27.5%, methyl 
oleate 20.0%. 

30% conversion to 
cyclohexene. 
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1'1 Catalyst' Reactor 
(a) 1 (b) 

I RV AFR 

I 

RV VSR 

V-Ni VSR 

Reaction 
Conditions Results 

N2 sweep gas: 75 ml/min, I 20% conversion to cyclo­
after heating catalyst to I hexene at 209'. At 300' 
500' for 2 hr in nitrogen. only coke is formed. 

70', for 5 hr ; 40mg No reaction. 
catalyst; .6 g nitro· I 

benzene. 
I 

70', for 5 hr ; 40 mg 
I 

13% conversion 

I 

to 
catalyst; . 6 g nitro- aniline . 
benzene. 

(a): RV = raw vermiculite catalyst; V-Ni= nickel-impregnated vermiculite. 
(b): AFR = atmospheric flow reactor; RA = rocking autoclave; 3NF = three-necked flask 

reactor; VSR = vibration stirred reactor. 

leading to coke had occurred. The decrease III the amount of methane could have 

been caused by a greater polymerization at the higher temperature, or by a change 

in active surface brought about by a change in catalyst structure.')') 

The relatively high conversion of a-pinene is surprising in view of the low 

total catalyst acidity. It has been claimed, however, that non acidic solids could 

catalyze this isomerization3), so that sites of high acid strength may not be required 

for this reaction, possibly the strain produced in the molecule on adsorption being 

sufficient to induce isomerization. Alternately, relatively weak acid sites constituting 

the low acidity found may be responsible for the reaction. 

Negative results were obtained with hydrogenation reactions, and cracking 

rather than dehydrogenation was observed with butane. Some activity for the 

oxidation of CO was found. Raw vermiculite exhibited some dehydration activity, 

a 30% conversion of cyclohexanol to cyclohexene being obtained. The decline III 

activity following a two-hour heat treatment at 5000 in nitrogen could be tied to 

a structural change following dehydration of the mineral above 2900
4)10, or to a loss 

of surface area.') 

The results of the survey show that, in general, raw vermiculite had little 

intrinsic catalytic activity. The surface was relatively inert. The nickel-impregnated 

vermiculite catalyst showed some hydrogenation activity, however, suggesting that 

the use of vermiculite as carrier or support for catalytically active materials is 

feasible. For that purpose, the very inertness of vermiculite may be a desirable 

feature, and suggests the use of raw or treated vermiculite as dispersant in cases 

where an interaction between the active component and the carrier is not desirable. 

69 



70 

M. J. D. Low, P. L. BARTNER, and R. KRISHNAMURTHY 

Acknowledgment 

Report of work done, in part, under contract with the U. S. Department of 

Agriculture and authorized by the Research and Marketing Act. The contract was 

supervised by the Northern Utilization Research and Development Division of the 

Agricultural Research Service. We are indebted to Zonolite Company, Division of 

W. R. GRACE and Company, for a donation of the mineral. 

References 

1) A. M. ALVARADO and H. S. HOLT (to E. I. du pont de Nemours and Company), 

U. S. Patent 2,187,006, (Jan. 16, 1940). 

2) S. BRUNAUER, P. H. EMMETT and E. TELLER, J. Am. Chern. Soc., 60, 309 (1938). 

3) CIDA, Ltd., Swiss Patent 264, 593 (Jan. 16, 1950). 

4) E. EITEL, "The Physical Chemistry of the Silicates," Univ. of Chicago Press, 1954. 

5) J. DE D. L. GONZALES and J. C. Rurz, Proc. Natl. Conf Clays, Clay Afinerals, 6th, 

Berkeley, 1957, pp. 399ff. 

6) J. W. GRUNER, Ann. Mineral. 19, 557 (1934). 

7) C. O. HENKE and G. ETZEL (to E. I. de Pontde Nemours and Company), U. S. Patent 

2,129,323 (Sept. 6, 1938); U. S. Patent 2,318,391 (May 4, 1943). 

8) V. I. KOMAREWSKY and C. H. RIESZ, Oil Gas J. 42, 901 (1943). 

9) M. J. D. Low, R. KRISHNAMURTHY and H. INOUE, J. Am. Oil Chern. Soc., 41, 433 
(1964). 

10) S. P. MULLIKEN, "A }vfethod for the Identification of Pure Organic Compounds", 

Vol. II, John Wiley and Sons, Inc., 1916. 

11) R. F. RUTHRUFF, U. S. Patent 2,320,799 (June 1, 1943); U. S. Patent 2,366,217 (Jan. 2, 

1945); U. S. Patent 2,377,577 (June 5, 1945). 

12) R. U. SHANKLAND and G. E. SCHMITKONS, Proc. Am. Pet. Inst. 27 III, 57 (1947). 

13) C. L. THOMAS, J. HICKLEY and G. STECKER, Ind. Eng. Chern. 42, 366 (1950). 

14) G. F. WALKER, Proc. Natl. Conf Clays, Clay Minerals, 6th, Berkeley, 1957, pp. 101ff. 

15) Zonolite Company, Bulletin, "Vermiculite: Chemical and Physical Properties". 


	10011889.tif
	10011892.tif
	10011893.tif
	10011894.tif
	10011895.tif

