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Abstract— Two types of layer nickel silicate, nickel montmorillonite and nickel antigorite were synthesized by co-
precipitation from an acidic solution of a nickel salt-sodium silicate mixture followed by hydrothermal treatment at
275°C and 780 psi. The structures of synthesized nickel silicate were examined by X-ray diffraction patterns and in-
frared absorption spectra. The nickel silicates thus synthesized were activated for ethylene dimerization by evacuation
at elevated temperatures, giving two optimum temperatures, 100°C and 600°C. The acid site responsible for the catalyt-
ic activity is Bronsted acid at low evacuation temperature of 100°C, while Lewis acid at high evacuation temperature
of 600°C. The crystallinity of the nickel silicates was improved gradually with the hydrothermal treatment, while the

catalytic activities and surface area decreased with that.

1. M =
)lE]?}- ul /{131 }_ o

ethylene & 3% %3
aledz glri[1-4],
ol 24e] o)

AA

Foluell Bix] 5 AlEhd Eef
olgkslel fAsichs 7o
n-butene ¢ o] Ehi1-3-

oo} 2 mechanism 2 proton donor-

RN

L

o] Hull:=

737

-aceeptor type °l2kx 2iEH 5], Uchida &
A3t 2 - Adejgh - abge|t Zolf el ethylene &
3rgh4 ) butene & o] 43hakg-o] Alel ol tisjo]
T Az T°‘§L“ ! AlEld2

o
&
=
=
O
A

,J_LH = Ol OL'T‘U

2hol] o] Z3+e ¥ w3alodvH 6], Kazansky 52 4Hsh
A . g7} 2o S 442 e Nit OI%‘D] B4



738 &zel.

5|0} ethylene € oligomerization #] 71tk B 123}93

ot} 7]. & Ni o9 Y=lrlel wel ethylene o 53

Fel 7t wepdg 2 nshsdct

gl x| Zefe] Fejgde A E

phase ¢to| Ab& zb8of gk of &k2-

[8-10], Alelztet JAHgEde] dtetrel Asag

°] ks RS de Lange 5ol 9sto] Hgo2 ¥y
AoH11]. olF ALHQ] A7 Az7ket A

% Atolel}l nickel hydrosilicate & 348 8k 3}

94oH12,13]. Nickel hydrosilicate ol &A4-72%

7}2 nickel montmorillonite[ Ni, (Si,Os), (OH) ]2+

nickel antigorite[Ni;Si,Os (OH),J7F vk 7Zlo] &

2= 3lcH14, 15].

2 AFel 4 Ael7heh

a

At active
7hol

FAEhde] FAAEE 5
odzjz|sle] nickel montmorillonite ¢t nickel anti-
gorite & $43ta o] 5 }—UH Arell ethylene o] o] &3}
2123 sPloich, zajsle] ol ool F=&, EAHA,
297 5l $dHe] A% %01 Fo Aol wlx]& o33t
<+ ZAPstaa} gkt

i

2, &

2-1. Hofd|=

?3_
:
A
_!
s
o
rlot
o
ol
g <
2
k=]

=

N
L

O

o

= -

sish, IE“II WY FANEE O ol o]
W FR4E AL F 4l 120Ce4

A %5

Table 1. Catalyst preparations
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%4t nickel silicate & 43612t o5  nickel

silicate & £71 Foll4 550°C W 1, 54]7F A4 3}o]
desicator ol E.#sidict, olg A uhEoizl Zoje] =
Aab wedAe] ol A4 BEE Table 1ol 5
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of W& % ofe] s}d2% (20-800T)oN A 1417 AF
g % ubg2E 20Tl ethylene & Z7|qk 280
torr o4l sloiet, kR4l FHE] 27] 587)ol| 7t
4% ethylene ® <k (mmol/5min-g)& Folg4lo
ERR R

Mol ~H el KBr# 459 vlE 802F dlo
disk & a5 Jasco Model A-202 double beam
spectrophotometer 2. d3ich, X-A | FHE
Jeol Model J,,-8E diffractometer & ¢1%lov{ =7
2712 30KV, 1000cpsoll Feleb#s Ja5e s Ahg
staict, AEA4-E¢ Fzl Shimadzu Model GC 3BT
2 gzl or] A48 column g FxAE VZ-70]
i r|Ale Aagew] columnd 5% 2()C°}i
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R.atio- of NiQ NIO weight % X-ray and IR Specific Color of c‘aml‘yst

Catalyst No. to Si0y in starting . . surface after calcination
i in catalyst analysis
material area (m?/g) at 550°C

NS4 1:45 4 Mont+S 176.2 yellowish white
NS-7 1:30 7 Mont+ S 186.5 yellowish green
NS-16 1:5 16 Mont +S 159.4 blackish brown
NS-20 1:1.3 20 Mont +S 260.5 blackish brown
NS-37 1.5:1 37 Mont 461.2 black
NS-40 1.8:1 40 Mont 357.2 black
NS-45 4:1 45 Mont + Ant 245.6 black
NS-65 7:1 65 Ant 225.2 black
NS-80 10:1 80 Ant +NiO 180.1 black

Mont = nickel montmorillonite, Ant = nickel antigorite, S =silica gel

*The sample was treated hydrothermally for 50 hr.
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Fig. 1. X-ray diffraction patterns of nickel layer
silicates synthesized by hydrothermal
treatment.

(a) nickel antigorite, (b) nickel montmorilionite.
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Fig. 2. Variations of X-ray diffraction pattern of
NS-40 with hydrothermal treatment time,
(a) 0 hr, (b) 10 hr, (¢) 70 hr, (d) 100 hr.
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Fig. 4. Infrared spectra of some samples hydro-
thermal-treated for 50 hr.
(a) NS-4, (b) NS-16, (¢) NS-20, (d) NS-37, (¢)
NS-40, (f) NS-65.
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Fig. 5. Variation of specific surface area against
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