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More and more scientists around the world are paying attention to the creation of new nanostructured materials, among them are micro/mesoporous zeolite-containing materials, which are of great 

importance. An advanced porous system is the key to creating highly efficient adsorbents and catalysts that will ensure the proper accessibility of reagents to the active sites. Problems with high diffusion 

rates of reagents or reaction products often occur for microporous zeolite materials. Highly active compositions may lose their efficiency because of partial blocking of the active sites by overlapping narrow 

zeolite channels and pores with reagents or coke. This moment is very relevant for mordenite zeolite with channel structure. Its bigger channels of 0.7 nm diameter are generally available for hydrocarbons, 

but smaller ones (0.3 nm) can adsorb predominantly water molecules. Therefore, the question of improving the porous system of mordenite zeolite, on the basis of which an industrial catalyst for the 

isomerization of linear alkanes is obtained, is very relevant. Modern isomerization catalysts are bifunctional systems, which, in addition to the acid component, contain hydrogenating-dehydrogenating 

metals. The latter is usually represented by elements of the platinum group. A number of studies have shown high activity of both bimetallic systems containing nickel and platinum [1-3] as well as 

monometallic nickel containing MFI zeolites [4]. Earlier it was shown that the natural mordenite-clinoptilolite rock of Transcarpathia is quite good as a carrier for palladium-coated isomerization catalyst. 

Therefore, the aim of this work was to evaluate the effect of improving the porous structure of the natural Transcarpathian zeolites on the efficiency of Ni-containing isomerization catalysts on their basis. 

 

Mordenite-clinoptilolite rock (Lipcha village, Transcarpathian region) was an origin for successive modification. To start with, natural rock was grounded to a fraction of 0.5-1.0 mm. The sample was treated 

by ammonium chloride by being boiled at 95-100 oC for 2-3 h in a water bath with stirring. Thus, the obtained ammonium form of natural zeolite was separated by filtration, washed by distilled water from 

chlorine anions and dried at 100 °C. Ammonium form was converted to the hydrogen one by means of calcination for 2 h at 600 °C in a muffle furnace in the presence of air. In order to expand the size of 

pores of the natural material, the rock was dealuminated by removing structural aluminum from the zeolite lattice with hydrochloric acid. For this purpose, the samples of zeolite hydrogen form were treated 

by concentrated HCl solutions (1, 3 and 5 mol dm-3) at the boiling point of the water bath for 3 h. The obtained samples were filtered off, washed with distilled water until neutral reaction and dried at 100 °C. 

Thus, samples HMLP-1, HMLP-3 and HMLP-5 were obtained. The samples were impregnated by nickel. The metal nominal loading for the samples obtained were 1.0, 1.5, 2.0, 2.5, 3.0 wt %. Nickel-

containing samples were prepared by wetness impregnation using solution of nickel (II) nitrate hexahydrate. The solution was evaporated for 12 h at ambient conditions. Then the samples were dried for 2 h 

at 100 °C. As a result, catalysts with different nickel content were synthesized. Nickel recovery was carried out in a hydrogen flow at 380 ° C for 6 hours.  The amount of nickel in the samples is indicated 

before the symbol Ni. 

Samples have been characterized by means of XRD, XRF, FTIR-spectroscopy, low temperature nitrogen adsorption/desorption, DTA/TG, TEM. Catalysts have been tested in micro pulse linear hexane 

isomerization using micro pulse set-up based on gas chromatograph equipped with a flame ionization detector .  

 

Results 

1. The low-temperature nitrogen adsorption/desorption has indicated that, despite additional modification by metallic component, acid treatment of natural zeolite rock increases the volume of mesopores by 

2-3 times and the volume of micropores  up to 4 times; 

2. X-ray fluorescence analysis and FTIR spectroscopy confirmed the increase of the silica-to-alumina ratio in samples during the process of acidic dealumination of the zeolite structure; 

3. Pyridine sorption with IR-spectroscopic control shows the presence of Brønsted and Lewis acid sites over catalysts.  For the HMLP sample and for the sample treated by 1 mol dm-3 acid solution the ratio 

of Brønsted/Lewis acid sites practically equals to 1, but the application of stronger acid solutions leads to the predominance of Lewis acidity; 

4. The size of metal crystallites deposited on the natural zeolite rock surface after preliminary acid dealumination has been estimated. The latter is 10 nm for most samples, but larger units up to 20-50 nm 

and smaller particles of about 5 nm were also observed; 

5. DTA/TG investigations show different peculiarities of physisorbed water removing from pores of the original zeolite rock and from the samples with enlarged cavities after acid treatment.  Structural zeolite 

water in the form of Brønsted acid sites is removed at 500-800 oC;     

6. Nickel modified catalysts were tested for isomerization of linear hexane in a flow micro-pulse mode in a hydrogen stream. The sample with 2 wt % nickel content and the smallest metal nanoparticles of 5-

8 nm showed the best performance (20% yield of C6 isomers at 250 °C), which is higher than the microporous nickel-containing synthetic mordenite zeolite (12% at 300 °C). 

 

Conclusions 
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Catalyst Species size, 

nm 

Description of metal particles 

HMLP-1-1Ni 10-60 Significant particle size distribution  

HMLP-1-2Ni 5-8, 12, 15 Many small particles 5-8 nm, few 12, 

15 nm 

HMLP-1-2.5Ni 10-15, 20-40 Many particles 10-15 nm, few 20-40 

nm  

HMLP-3-1Ni 10-15 Slight variation in particle size  

HMLP-5-1Ni 10, 50 Most particles are 10 nm, some are 50 

nm  

Table 2 - Adsorption characteristics of nickel-modified samples of acid-treated zeolite rock 

 . 

 

Table 1 - Characteristics of nickel specimens over the catalysts   

Figure 1  TEM images of nickel nanoparticles over zeolite 

samples with different metal content: a, b - HMLP-1-1Ni;  

c, d – HMLP-1-2Ni; e, f - HMLP-1-2.5Ni 

 

200 250 300 350

0

20

40

60

80

100

200 250 300 350

0

5

10

15

20

25

200 250 300 350

0

20

40

60

80

100

200 250 300 350

0

20

40

60

80

100

c d

b
3

2
4

5

X
, 
w

t.
 %

T, °C

1

3

2

4

5

3

24

5

1

a

Y
i-

C
6
, 
w

t.
 %

T, °C

3

2

4

5

1

Y
C

1
-C

5
, 
w

t.
 %

T, °C

1

S
i-

C
6
, 
w

t.
 %

T, °C

Figure 3 Yield of i-C6 (a) and selectivity to i-C6 (b) for the 

zeolite samples with different nickel content in conversion 

of n-hexane: HMLP-1-1Ni (1), HMLP-1-1.5Ni (2),  

HMLP-1-2Ni (3), HMLP-1-2.5Ni (4), HMLP-1-3Ni (5) 
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Figure 2  IR-spectra of HMLP (a), HMLP-1-1Ni (b), HMLP-1-2Ni (c)  

and HMLP-3-1Ni (d) in the region of adsorbed pyridine:  

1 – vacuumed samples before adsorption, 2 - after pyridine adsorption  

at 150 °С, 3 – after pyridine evacuation at 250 °С 

Sample SBET,  

m2 g-1   

St
miсro,  

m2 g-1   

VΣ,  

cm3 g-1 

Vt
micro,  

cm3 g-1 

Vmeso BJH,  

cm3 g-1 

MLP  95 69.9 0.099 0.032 0.020 

HMLP-1-1Ni  330 298 0.204 0.133 0.040 

HMLP-1-1.5Ni 304 274 0.189 0.121 0.035 

HMLP-1-2Ni 287 257 0.182 0.116 0.040 

HMLP-1-2.5Ni 278 228 0.215 0.116 0.070 

HMLP-1-3Ni 301 261 0.211 0.124 0.050 

HMLP-3-1Ni 292 259 0.186 0.117 0.045 

HMLP-5-1Ni 322 284 0.212 0.113 0.065 

HМ-1Ni 

micropor. 

336 319 0.172 0.132 - 

a 

b 
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