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Abstract— The influence of nickel metal distribution on the properties of Ni/ Y-zeolite catalysts for CO hydrogena
tion was investigated. The studies using TPR/TPO, TEM, X-ray line broadening and FMR have shown the existence of
a bidispersion of nickel metal particles; i.e., small particles were restricted inside the zeolite pores, and large particles
were formed otitside the zeolite crystal. CO hydrogenation reaction was performed in a differential reactor operating at
atmospheric pressure, 270°C and H,/CO ratio of 3. Nickel metal distribution affected the activity and hydrocarbon prod-
uct distribution  significantly. With increasing fraction of nickel metal inside the zeolite pores the activity continued to
decrease, while the production of the long chain and olefinic hydrocarbons was enhanced significantly. Especially
when all the nickel metals were restricted within the pores of zeolite, a bimodal hydrocarbon product distributions for
C, and C4 were observed. This was ascribed to the dimerization of the primarily formed ethene to butene on the active
species of Ni* cations.
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Table 1. Degree of reduction and nickel metal

distribution
N Degree of  Nickel metal distribution (%)
Catalyst reduction (%)  External Internal
500-12 60.0 64.0 36.0
500-4 59.8 60.0 40.0
500-1 59.7 58.5 41.5
400-12 44.3 32.2 67.8
400-4 40.1 28.4 71.6
450-1 37.5 26.1 73.9
400-1 35.0 25.0 75.0
300-1 8.5 0.0 100.0
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Fig. 2. Four representative TEM photographs of Ni/Y-zeolite catalysts (A; 500-8, B; 400-8, C; 350-8,
D; 300-1).
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Fig. 3. FMR spectra of Ni/Y-zeolite catalysts
{(detection temperature =20°C).
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Table 2. Nickel crystallite size of the Ni/Y-zeolite
catalysts

Nickel crystallite size (nm)

Catalyst
XRD TEM H, Chem. H, Chem’

500-12 20.4 31.0 30.6 19.6
500-8 21.8 309 30.4 18.8
500-1 16.3 - 29.9 17.5
450-1 15.2 - 43.0 11.2
400-8 136 289 36.0 10.9
400-1 12.4 - 30.4 7.6
350-8 12.2 217 58.1 7.0
300-1 ** ** 45.0 —

* Nickel crystallite size was calculated by follow-
ing the assumption that the nickel metals inside the
zeolite pores are inactive to H, chemisorption.

** No nickel crystallites of detectable size were
observed.
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Table 3. Activity and hydrocarbon product dis-
tribution

Turnover frequency distri Product

Catalyst Neg x 103 (sec) bution (wt %)

C;, C C; Cy
500-12 134.3 86.8 87 41 04
500-8 185.1 90.1 68 3.1 0.0
500-1 91.7 80.1 11.6 83 0.0
400-12 50.1 87.7 79 41 03
450-1 33.4 59.6 14.6 19.7 6.1
400-1 18.1 62.6 13.4 169 7.3
350-1 16.7 59.0 12.3 18.0 10.7
300-1 0.3* 46.4 2.7 8.0 429

* Turnover frequency of the 300-1 catalyst was cal-
culated under the assumption that the size of nickel
crystallites is the same as that of faujasite supercage
(=1.3 nm).



#4989 Ni/Y-Zeolite ool Al & Z&o ¥ Z7t dabstats 443 gl vlAe 4% 435

veht glch, w3342 turnover freguency, 5 g
ABHA, 2]z A3E COY 22 vER
ot eehed AR B4 A 18 'a
42 3AFg e, Azte] Fre FA WEgE Vet
ol

Agetole AT el EAisle UF 359 80
ZF7VdE (3 Jd 2% A 207 2agsS)
U3 kAt glet,

Van Hardeveld ¢ Hartog[ 18] U8 2% <=l
27)7} AelA4E 2lnmol4 4nm 2 2ol S E“
< ZetAl 3w dAkstekae] FusiEo] A4E

B3k, darsielae] FAtejo] ofstE4-E, A
2 a7} 3o Ae Fatsie] F<4-3le
F50} FvkeAl ", olol whe} AdASREE 443
W4 s 7} FobakA "ok, ol CO 9o §aHEe] 7}
oFgl F4-Fwio] dARslElA 43t ubSolA 7HE
45 % Jepdcke Vannice[19]9) Akt 4|3}

ojc}, Table 39 wHg-24 Hsts o|zd A+
Addd 4 & Felrt,

ShollA A= g 2<% A 2719 Zdel &
CO &9l Z7H= Table 39| widhr4 AAE9] ¥
Zokw Aol gle o= 47HEd, Fust Bar-
tholomew[20]+ L4i3teldr} of% AsHA] S48k
Bedoll A ER}Tke] 2 %E}—r* 3ol 4A4EE B

o], o]t Bl4E E3tehe HIS F7HEAE (interme-
diates) 2| v & AlFAlzke] F718)7] wEole} 5
Aot wEtA Al Eetel B AlF Hell EAl3e 2 &

v .J)Lu
B fo ao

Ml ol ot

2 Koo

FEgol FHEFE Aol F w4 Ee]
AAEE Aoz A7dc),

23 22 Vo] AlelolE AT el mxE ¥4t
A Ay EAske A% (] A% 300-1 Eo1), C2
Cot 72 AAslE o3 AATELE el 9l

6
g.
= 40
2
g
g 20+
=4

0. — e .

0 1 2 3 4

Carbon Number
Fig. 4. Hydrocarbon product distribution of the
300-1 catalyst at 270°C.

o} (Fig.4). Ao|adel o]2ndtsd Aldeto]ef »
slo] ofl’lale] o153 (dimerization) 4t ‘a‘*‘d S
ArA#Ee] wFsolx 9ch, Riekert[21]+ Ni/
Y-Zeolite 7} F-& ol el SEAE YER
thi 3491, Yashima 5{22]% Al&elolE o &
A 152 EAE Niolv} Rh &40 uke- 344
ole} sict., 2k H2 £47]715 o] &3 Aol
osbd Algelele ZA o] EAlsl= Rh*[23]7
Ni*[24, 25]c] SA4do= va{A Qlch, 300-1 Zviol
A velde G C, 33 A 448 vkl
A 12 AAE o'lale] Al gSetelE AlZ ol Ex)
@ 4 e Nit o|2ol|4 o|FE k3ol 93] C.2 A
gsl7] o Fo2 Y7s & 4 gk, o|F HAAI] 4
3 0.5g9 300-1 ezl AHA e 270C] wHaak
Al "l e FUAA, ol AP AHES F
2 Helojgiel, Fig.59 Ao 300-1 FofoliA o
dlo} olFY ubgo| AdojdE BedFa ek, ool
4zke] of"lals AA datstele 4438 b vk
Eol H7HCO: H,: C,H,=1:3:0.15)3] =34
3z A uolet(Fig.6), ol=ale Aol o# C,9
Aol &3] FeAA FoEIAEE ¢ & Aok =
2k 300-1 FullollA C# Co F 7R 3t
F2 AXEE e dakz 44 o"ale] C.& o4

ni

[o ru]m
r;'h o

}-sl—ﬂ

28—
24
)
S 20f
&
A -~
o 16 initial Pc, g, = 80 torr
=
@
£ 12
[« ¥
8
4
0 ! ! I ! i
1 2 3 4 5 6

Reaction Time (hr)
Fig. 5. Changes in the pressure drop of ethylene
over the 300-1 catalyst at 270°C.

HWAHAK KONGHAK Vol. 27, No. 4, August 1989



436 qA7] - o] FZ
1500 |-
= 1000
Q
3
£ 5001
Q0
i
g o
g
3
& -5001
1000} CO: Hp:CoHy = 1:3:0.15 in molar ratio
l [l 1 1

1 2 3 4
Carbon Number
Fig. 6. Effect of the addition of small amount
of ethylene on the hydrocarbon product
distribution over the 300-1 catalyst.

0.8 0.8
0.6 106
oo [
&) St
it 0-4F —404 [©
&)
0.2 -10.2
! ] 1

350 400 450 500
Reduction Temperature (°C)
Fig. 7. Changes in the olefin fractions over the
Ni/Y-zeolite catalysts with reduction
temperature.

!
300

A7) wgel Ao ol

Fig.7& AXE % o1F A% w4y
ezl wel vepd Zolet, 44E £
gl wka} 2A W3] eget ol el
do| $g Aggol A Y& W] Wil vlad
HAstod oF 2,4%9] FAZ AIAZolA o]F AT =
49 £¢& et ULt AATFF (BT A
LejolE AT ol TAHE U I35 &l %—7}
T4EF), ti% B olF AY mErart AdEE o
4 Sioh ot PolMs ARG AgeelE AT LH«]
U 253l vehde $4F3 94 agal A
o2 7ojAlct,

(o]

:

(]
2

Xy

w2 e

ook

olo
o L e

=

l

sjstZet Hi27T™ X435 19897 83

2o =

4.8 B

TPR/TPO, TEM % FMR #azie 35
Ni/Y-Zeolite vl o|F #4kel Vg 3<% #2 &
2AE o 4 Uleh AgetelEY Al Wele
E FAH J#o] EAsz, AMEetolE o FaEel
= & 4? 25 At F2 EAsas ARk
43 wRge] 84 W AMdIEEE 3" Ni/
Y-Zeolite ool 4o U@ I F3o s 24 4
3g dhghet,

A getelE Al Holl EA3te UF 359 8]
Z7)8h8 Bl g e 7radlgi o), Hxlake] Z B
23} gl sHehEe] AAe] FeeiAc, £39] 2E
U go] dlgetele Al el A= 4% C3
C.ol elshr4 gEate] A=Y en, o]& L4bst
Bl a3t uhgold Az AAE oddale] Al
o|EcllA o|FF whE-§ Fal FEleE AFFT] w1
o Aoz Al

i

# A

£ A7 daEkAcle] s FAH 72T
ARz 24 435]9] o ool FrAb=zlc),

REFERENCES

1. Minachev, K.M. and Isakov, Y.L: in “Zeolite Chem-
istry and Catalysis” (J.A. Rabo, eds), p. 552,
American Chemical Society, Washington, 1976.

2. Nijs, H.H., Jacobs, P.A., and Uytterhoeven, J.V.:
J.C.S. Chem. Comm., 180, 1095 (1979).

3. Tkatchenko, D.B., Chau, N.D., Mozaanega, H.,
Roux, M.C., and Tkatchenko, L.: A.C.S. Sym. Ser.,
152, 187 (1981).

4. Tkatchenko, D.B. and Tkatchenko, I.:
Catal,, 13, 1 (1981).

5. Tkatchenko, D.B., Coudurier, G., and Chau, N.D.:
Stud. Surf Sci. Catal., 12, 123 (1982).

6. Chew, Y.W., Wang, H.T., and Goodwing, J.G.: J
Catal, 83, 415 (1983).

7. Nazar, L.F., Ozin, G.A., Hugues, F., and Godber,
J.. J Mol Catal, 21, 313 (1983).

8. Fraenkel, D. and Gates, B.C.: J Amer. Chem.
Soc., 102, 2478 (1980).

9. Vannice, M.A.: J. Catal,, 37, 449 (1975).

10. Vannice, M.A.: J. Catal,, 44, 152 (1976).

J. Mol



11.

12.

13.

15.

18.

17.

#9" Ni/Y-Zeolite Fofoll A V4 F459 237t dAfeta 548 g nixe 4

Romanovskii, W.: Z Anorg. Chem., 351, 180
(1967).

Jacobs, P.A., Linart, J.P., Nijs, H., and Uyt-
terhoeven, J.B.: JCS. Faraday, I, 73, 1745
(1977).

Jacobs, B.A., Nijs, H., Verdonck, J., Derouane,
E.G., Gilson, J.P., and Simoens, A.: J. Chem. Soc.,
Faraday Trans. I, 75, 1196 (1979).

. Simoens, A. and Derouane, E.G.: Stud. Surf. Sci.

Catal, 4, 201 (1980).

Jocobs, P.A., Tielen, M., Linart, J.P., Uytter-
hoeven, J.B., and Beyer, HK.: J.C.S., Faraday |,
72, 2793 (1976).

Bartholomew, C.H. and Pannell, R.B.: J. Catal,,
65, 390 (1980).

Kubo, T., Arai, H., Tominaga, H., and Kunugi, T.:

18.

19.

20.

21.
22.

23.

24,

25.

437

Bull. Chem. Soc. Japan, 45, 607 (1972).

Van Hardeveld, R. and Hartog, F.: in “Advances
in the Catalysis”, Vol. 22, p. 75, Academic Press,
New York, 1972.

Vannice, M.A.: J. Catal., 44, 152 (1976).

Fu, L. and Bartholomew, C.H.: J. Catal, 92, 376
(1985).

Liekert, L.: J. Catal, 19, 8 (1970).

Yashima, T., Ushida, Y., Ebisawa, M., and Hara,
N.: J Catal, 36, 320 (1975).

Okamoto, Y., Ishida, N., Imanaka, T., and
Teranishi, S.: J. Catal,, 58, 82 (1979).

Elev, LV,, Shelimov, B.N., and Kazansky, V.B.: J.
Catal., 89, 470 (1984).

Zheng, L., Wang, G., and Bai, X.: Proc. 7th Intern.
Conf. on Zeolite, Tokyo, 965 (1986).

HWAHAK KONGHAK Vol. 27, No. 4, August 1989



