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1 C?anules bas%ﬁo%ﬁﬁ g’éﬁﬁcally prepared silicon d|pX|de - avetaoqd, for '
their preparat rBheERaLY glpﬁéFébf 5 The invention reH§F§§=FB—gFanuhes=b§f%ﬁrﬁd>
on pyrogenicallI'y prepared silicon dioxide, the nethod for their preparat

and the use thereof as catalyst supports. The preparation of pyrogenic

silicas or silicon dioxides 10 fron1S|CI[érr] by neans of

hi gh-tenperature-or flanme hydrolysis is knowmn (U | manns Enzykl opadi e der

techni schen Chemi e, 4th dhthPds ngéamb f5§§hfgghi YSepar&y T 0geni c

. |

silicon dioxides are. di,stin ulshed b vin flne articles,
hi gh specific surfa@ér('jL Leen) 195?99h|éﬁtgﬁﬁlg9r & ﬁéF|?§ gﬁgPFF albpe and
t he absence of use thereof

5 The invention relates to granules based on pyrogenically
' prepared silicon dioxide, the method for their preparation
and the use thereof as catalyst supports.

The preparation of pyrogenic silicas_dr silicon dioxidés

10 from SiCls by means of high-~-temperature-or flame hydrolysis
is known (Ullmanns Enzyklopddie der technischen Chemie, 4th
Edition, Volume 21, page 464 (1982)).

Pyrogenic sil@don dioxides are distinguished by having

15 extremely fine particles, high specific surface (BET), very
high purity, spherical particle shape and the absence of
pores. On account of these properties pyrogenically
prepared -silicon dioxides are attracting increasing
interest as supports for catalysts (Dr. Koth et al., Chenmn.

20 Ing. Techn. 52, 628 (1980)). For this application the
pyrogenically prepared silicon dioxide is shaped by
mechanical means, for example, tabletting machines.

The shaping of pyrogenically prepared silicon dioxide into

25 sprayed granules also by means of spray drying, to obtain a
starting material for sintered ceramic materials, is also
known (DE-A 36 11 449).

It is also known that silicon dioxide pyrogenically

30 prepared in an electric arc may be shaped by means of spray
drying into sprayéd granules, which can be used as
adsorption media or else as catalyst supports
(DE~-A 12 09 108).

35 The subjection of pyrogenically prepared silicon dioxide to
a gel process and the subsequent shaping into granules by

means of spray drying is also known. These granules, after
. ’ E w5 Q‘ - {% f"‘ AT
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pores. - On accg%ﬂ‘% S fh s@Lproperties pyrogenically prepared &S @ —
0 Fibg g

di‘oxi des are r ST hg FHE ing interest as supports for [catal FEEEAEEP,

|

Koth et al., Chem 20 Ing. Techn. 52, 628 (1980)). For this application the
pyrogenically prepared silicon dioxide is shaped by nechani cal neans, for

exanpl e, tabletting machines. The shapi ng2of pyrogenically prepared silicon
di oxide into 25 sprayed granul es al so by neans of spray drying, to obtain a

starting materégdting wifheeRomehnbgidd] catal ssedSinl thekpovymePEsAL36n1l

449). 1t is alsp known that_silico I oxj de_pyrogenjca 30 prepared in an

electric arc ﬁ§§ %éb%ﬁé@%dzﬁé'%eéngsgfgégfaggaéy?hgéghb£g§prayed granul es,

‘whi ch can be used as adsorption nedia or el se as catal yst supports
Furthermore, the use of precipitated silicon dioxide as a

5 catalyst support for the catalytic polymerisation of
olefins is known (WO 91/09881).

The known sprayed granules of pyrogenically prepared
silicon dioxides have the disadvantage that they are not

10 optimally suitable for use as catalyst supports, for
example, in the production of polyethylene.

The object was therefore the development from pyrogenically
prepared silicon dioxide of sprayed granules which can be

15 used as catalyst supports in the production of
polyethylene. |

The present invention provides granules based-on -
pyrogenically prepared silicon dioxide and having the
20 following physicochemical properties: '

Average grain size: 10 to 120 um
BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g
25 Pore size distribution: less than 5 % of the total pore

volume exists of pores with a
diameter < 5 nm, rest meso- and

macropores
pH value: 3.6 to 8.5

30 Tapped density: 220 to 700 g/1

The granular material according to the invention can be
prepared by dispersing pyrogenically prepared silicon
dioxide in water, spray drying it and heating the granules

35 obtained at a temperature of from 150 to 1/100°C for a
period of 1 to 8 h. |
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(DE—A 12 09 18% 106 4Hr eA§Ub ection of pyrogenically preparsd”ﬁ&SHﬁﬁTHASBEEN
di oxi de to a eﬁFB&e 5185& he subsequent shaping into grpnul esREPLAEEDS

of spray dryirng is "al so known. These granul es, after 2 coating wWrth
chrom um oxi de, are used in the polynerlsatlon of ethylene (EP-A O 050 902,
US- A 4, 386,016). Furthernore, the use of preC|p|tated silicon dioxide as a
5 catalyst support for the catalytic polynerisation of olefins is known (WO
91/ 09881) . ThehknewwenRiayicdlgoapibeidet pyrangdeiscbhbrdpoappyrdgenically

prepared silicon dioxide and having the following
physicochemical properties:

5 Average grain size: 10 to 120 um
BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g
Pore size distribution: less than 5 % of the total pore
volume exists of pores with a
10 diameter < 5 nm, reét meso- and
macropores
pH value: 3.6 to 8.5
Tapped density: 3 220 to 700 g/1

15 The granular material according to the invention can be
prepared by dispersing pyrogenically prepared silicon
dioxide in water, spray drying it and silanising the
granules obtained. Halosilanes, alkoxysilanes, silazanes
and/or siloxanes can be used for the silanisation.

20

- The following substances in particular can be used as
halosilanes:

Haloorganosilanes of the type X3 Si(CpnH2n+1) X
25 n

Cl, Br
1 to 20

Haloorganosilanes of the type X2 (R’)Si(CphH2n+1) X = Cl, Br

R’ = alkyl

n =1 to 20

30 Haloorganosilanes of the type X(R’')2 Si(CphH2n+1)X = Cl, Br
' R’ = alkyl

n =1+t 20
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catal yst supports in the production of pd yethylene. The present invention

provi des granul es based on pyrogenically prepared silicon dioxide and
havi ng t he 20HA0bbe¢an®silEHen dfethea ltyipeo ey SigEHASRAgE grain si ze:

10 to 120 [er
vol une:
than 5 % of t

10

15

R]WEBEI syrface area: 40 to 400 nferr]/g Pore
! .5 to 2.5 mM/g 25 Pore size distribution:
he Foall for £0

R’ = alkyl, aryl (for example, -CgHs)
-C4F9, -OCF3-CHF-CF3, -CgF13, -0-CF2-~-CHF2
-NH2, -N3, ~-SCN, -CH=CHj,
-00C(CH3)C = CH2
~0OCH2-CH(O)CH2
-NH-CO~-N-CO-(CH2 )5
-NH-COO-CH3, -NH-COO-CH2-CH3, -NH-(CH2)35i(OR)3
-Sx~(CH2)3S1(OR)3

Haloorganosilanes of the type (R)X2 Si(CH2)m-R’
X =Cl, Br

R = alkyl

m = 0.1 to 20

- .R’ = alkyl, aryl (for example, -CgHs)

20

25

30

35

. -C4Fg9, -OCF2~CHF-CF3, -CgF13, -O-CF-CHFj
~-00C(CH3)C = CHp
-OCH2-CH(0)CH3
~NH-CO-N-CO-(CH2)5
| ISR |
-NH-COO-CH3, -NH-COO-CH2-CH3, -NH-(CH3)3Si(OR)3
=-S5x~(CH2)3Si(0R)3

Haloorganosilanes of the type (R)2 X Si(CH2)m-R’
X =Cl, Br
R = alkyl
m = 0.1 to 20
R’ = alkyl, aryl (for example, ~CgHsg)
-C4F9, -0OCF32-CHF-CF3, -CgF13, -0-CF2-CHF9)
~NH92, -N3, ~-SCN, -CH=CHj,
-00C(CH3)C = CH2
~0OCH2-CH(0)CH2
-NH-CO-N-CO-(CH2)5
—
-NH-COO-CH3, ~-NH-COO-CH2-CH3, -NH-(CH2)3Si(OR)3
-Sx~-(CH2)3S1i(OR)3 '
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REPI. za _wt 0 _J'l

3]

volune eX|st§n§f2§IE§§é :Qh,@ di aneter < 5 nm rest neso-
val ue: Yo 8.5 30 Tapped density:
700 g/| The gtranular naterlal according to the invention cd
di spersing pyrogenically prepared silicon dioxide in water, spray drylng |t
and heating the granul es 35 obtained at %.tenperature of from150 to 1,100
Cfor a period of 1 to 8 h. The i nvention also provides granul es based
on pyrogenically

The following substances in particular can be used as
alkoxysilanes:

5 Organosilanes of the type (RO)3 Si(CnHon+1) R = alkyl
n=1to 20
Organosilanes of the type R’y (RO)y Si(CpH2n+1) R = alkyl
R’ = alkyl
n =1 to 20
10 Xty = 3
x=1, 2
y =1,

Organosilanes of the type (R0)3 Si(CH2)m-R’
15 R = alkyl
m = 0.1 to 20
R’ = alkyl, aryl (for example, =CgHs)
- =-C4Fgq, -OCF2-CHF-CF3, -CgF13,--0~CF2~CHF2
-NH2, -N3, -SCN, -CH=CH»,
20 ~00C(CH3)C = CHj
-0OCH2-CH(O)CH2
-NH-CO-N-CO~(CH2)5
-NH-COO-CH3, -NH-COO-CH2-CH3, ~-NH-(CH2)3Si(OR)3
~Sx-(CH2)3Si (OR)3

25
Organosilanes of the type (R")x (RO)ySi(CH2)m-R’
R" = alkyl Xty = 2
X =1, 2
v =1, 2

30 R’ = alkyl, aryl (for example, -CgHs)
-C4F9, ~OCF2-CHF-CF3, -CgF13, ~-O-CF3-CHF3
-NHy, -N3, ~SCN, -CH=CHj,
~-00C(CH3)C = CH3 '
~OCH2-CH(O)CH2
35 -NH-CO-N-CO-(CH2)5
—
-NH-COO~-CH3, -NH-COO-CH2-CH3, -NH-~(CH2)3Si(OR)3
-Sx-(CH2)38i(OR)3
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‘;pre‘p')ar ed sil94moelirtxi/ddland havi ng the fol | owi ng physi coghesi-cal

properties: InteenalePgiaritygi ze: 10 to 120 [er]TmﬁlSEﬁ,ggtyrg‘,&cb ‘“'
ar ea: 40 to 400 nferr]/g Pore vol une: L Ruﬁn‘i:ﬂ F

m /g Pore size distribution: | ess than 5 % of the totar porewekmm .|
exists of pores with a 10 6 dianeter < 5 nm

rest meso- and nacropores pH val ue: 3.6 to 8.5 Tapped

the | mvent | FFRERERRLE, Ehar Bhl89e v pb781 hicRsP3eal <GPS b cpared si 1 con

di oxi de i n watbnetspxpyctiyysibane, ahsl esédnasi sjlahbsing agent.

The following substances in particular can be used as
5 silazanes:

silazanes of the type R’R2Si- N -SiR2R’

10

P
1

alkyl
alkyl, vinyl

RI

as well as, for example, hexamethyldisilazane.

15 _
The following. substances in particular can be used as
siloxanes:

cyclic poly,sliloxanes of the type D 3, D4, D 5
20 for example, octamethylcyclotetrasiloxane = D 4

CH3 CH3
~_..”~
Si
HaC o7 Yo CH
3\., ~ ./3
25 Si Si
s ~ VRN
H3C 0 0 CH3
NS, 7
Si
e
CH3 CH3

\
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can be used fbRteRRal| PEAPEAEYON. 20 The fol | owi ng substanc FW3§@ftrcﬁFdVT
can be used as hal osil anes: Hal oor ganosi |l anes of the type X Lﬁi“’ﬁ“

Si((err]Herr]+1) X=d, Br 25 e —

gfanules obta?ﬁ%%PGPH1d%#¥énes al koxysi | anes, sil azanes anq% SToxares

E:m_“

n=1to 20 FblOorganosiIanes of the typ& X2 (R)Si(Cerr]Herr]) X =d
Br R =alkyl n =1 to 20 30 Hal oorganosi | anes of the type X(R‘)2
Si (Cerr] H erPpxsilogangs pr sijjigonenoils o§ Lhe type
'R 1 R ] m=0,1,2,3,.
I l n=0,1,2,3,.
5 Y‘-O- Ti"'o - Ti-o _Y u = 0,1’2'3'oo¢w
R’ R’’’ Y=CH3, H, CpHon+y D=1 to 20
- L Am b J4ndu Y—Sl(CH3)3, Si(CH3)oH
Si(CH3)20H, Sl(CH3)2(OCH3)
10 S1(CH3)2(CnHan+1) D=1 to
R’ = alkyl, aryl, (CH3)p - NHy, H
R’’ = alkyl, aryl, (CHy)p -~ NH3, H
R’’’ = alkyl, aryl, (CHy)p - NHy, H

15
The invention also provides granules based on pyrogenically
prepared silicon dioxide and having the following
physicochemical properties:

20 Average grain size: 10 to 120 um

BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g

Pore size distribution: less than 5 % of the total pore

volume exists of pores with a

25 diameter < 5 nm, rest meso- and
macropores
Carbon bontentz 0.3 to 15.0 wt.%
pPH value: 3.6 to 8.5
Tapped density: 220 to 700 g/1
30

The granular material according to the invention preferably
has meso- and macropores, with the volume of the mesopores
constituting 10 to 80% of the total pore volume.

35 The carbon content of the granular material according to
the invention may be from 0.3 to 15.0 wt.%.
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4: Haloorganosﬁ@£%9§ B vhdk %f pe X3 Si(CH2)mR X =04, Br m

R'= al kyl , aryTI t( ]E}?‘aje Clerr]Herr]) 5 -Cerr] 6H$SHEETHAQBEEN
-OCF[err] -CHF-CF[erf], C[err]F[err] -0-CF[err]-CHF[err] -N - NRERLACHD
- CH=CH2, -O&:(CHB)C=CHZ-G:I—IZ-CH(O)CI—IZ-NI—I—COI\I—CO(CHZ)S 10 P

-NH COO- CH3, - NH COO- CH2- CH3, -NH (CH2)3SB(OR)3

-Slerr]-(CHerr])[err]S (OR) 3 _
The particle size distribution of the granular material
according to the invention may be 80 vol.% larger than 8 um

and 80 vol.% smaller than 96 pm.

5 In a preferred embodiment of the invention, the proportion
of pores smaller than 5 pm may be at most 5% referred to
the total pore volume.

The granular material according to the invention can be
- 10 prepared by dispersing pyrogenically prepared silicon
dioxide in water, spray drying it, heating the granules
obtained at a temperature of from 150 to 1,100°C for a
period of 1 to 8 h and then silanising them. The same
halosilanes, alkoxysilanes, silazanes and/or siloxanes
15 described above can be used for the silanisation.

The invention further provides:a.method for the preparation
of granules based on pyrogenically:.prepared silicon
dioxide, which is characterised in-that pyrogenically

20 prepared silicon dioxide, preferably silicon dioxide
prepared from silicon tetrachloride by means of flame
hydrolysis, is dispersed in water, spray dried, the
granules obtained are optionally heated at a temperature of
from 150 to 1,100°C for a period of 1 to 8 h and/or

25 silanised. '

The dispersion in water can have a silicon dioxide
concentration of from 5 to 25 wt.%.

30 The spray drying can be carried out at a temperature of
from 200 to 600°C. Disc atomisers or nozzle atomisers can
be used for this purpose.

The heating of the granules can be carried out both in
35 fixed beds, for example chamber kilns, and in moving beds,

for example rotary dryers.
T e
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Hal oorgan05| I%ﬂ‘%@@eoif‘ﬁtdé AP’\éfﬁkj’( R X[err] Si(CHerr])mR X iE:IH,b E@Lﬁé@%ﬁé_

alt kyl m aryl (for exanple, -Cerr] ]
-C[err]F[err] -OCF2-CHF-CF[err], -Cerr]Ferr], -OCFlerr]- CHF[err] - NH2,

-N3, -SCN, -CH=CH2, 20 -O0C(CHerr])C = CH err]

-OCCH err]-CHOCHerr] -NHCONCO (CH2) 3 - NH COO CH3, - NH COO CH2- CHS,

-NH (CH2)3SI (OR)3 -S[err]-(CH err])3Si (OR)3 25 Hal oorganosi | anes of the

type (R [err]rhe Ss{{HhesationRcan be carried out using the same

halosilanes, alkoxysilanes, silazanes and/or siloxanes as

described above, for which the silanising agent can be

optionally dissolved in an organic solvent such as, for
5 example, ethanol.

Preferably the silane Si 108 [(CH30)3-Si-CgH17],
trimethoxyoctylsilane, is used as silanising agent.

10 The silanisation can be carried out by spraying the
granular material with the silanising agent and
subsequently heat-treating the mixture at a temperature of

. from 105 to 400°C over a period of 1 to 6 h.

15 In an alternative method, the silanisation of the granules
can be carried out by treating the granular material with
the silanising agent in vapour form and subsequently heat=..
treating the mixture at a temperature of from 200 to 800°C.
over a period of 0.5 to 6 h.

20
The heat treatment can take place under protective gas such
as, for example, nitrogen. '

The silanisation can be carried out continuously orx

25 batchwise in heatable mixers and dryers equipped with
spraying facilities. Examples of suitable devices are
ploughshare mixers, disk dryers or fluidised bed dryers.

The physicochemical variables of the granules, such as the
30 specific surface, the particle size distribution, the pore

volume, the tamped density and the silanol group

concentration, the pore distribution and pH value can be

altered within the specified limits by varying the starting

materials and the conditions during spraying, heating and
35 silanisation.

\
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X =CI B?j%m @éjf({ﬁ,/A 1to 20 30 R = al kyl,

-(er r]H[err]) C[er | F i[]Eb h]:9 -OCF[err]-CHF-CF[err], er‘?‘

-O-CF[err]-CHF2 -NH2, -N3, -SCN, -CH=CH2, -CIIXC}{err])C err

-OCCH err] - CH(O)CH[err] 35 -NH-COIH—CO(CHZ) 5 -NHCOO CH err],
_NH- OO0 CH[ err]- CH3, - NH- (CH2) 3Si (OR) [ érr ]

-S[err]- (CH[err])[err Si(OR)[err]
he granules according te the invention can be used as

supports for polymerisation catalysts, in particular as
supports for catalysts for the production of polyethylene.

5 They have the advantage of possessing a high purity, a high

thermostability, a low silanol group concentration,
primary particles microspherical in shape and less than 5 %
of the total pore volume exists of pores with a diameter
< 5 nm.

10 .
The invention further provides the use of the granules as
catalyst supports, in particular for the production'of
polymerisation catalysts. In a preferred embodiment of .the
invention, the granules according to the invention can be

15 used as catalyst supports for producing catalysts - -for the
production of polyethylene.

Examples

20 The pyrogenically prepared silicon dioxides used are
silicon dioxides having the physicochemical properties
given below.
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The foI | owi n o rticular can be used as al koystiames.—> _ ~"—
(r ganosi | aneglo %‘fté&éé’?h%?[err] Si(Cerr]Herr]) RS syl SBhE!
to 20 Organosilanes of the type R [err] (RO[err] Si (Cerrj H[err‘T = ['a?,

R'—alkyl n=1to 20 10

Xty =3 x =1, 2y =1, 2 Organosilanes 1df the type (RO[err]
Si(CHerr])mR 15 R =alkyl m=0.1to 20 R = alkyl, aryl (for exanple,
-Cerr]Herr]) '

AEROSIL | AEROSIL | AEROSIL | AEROSIL | AEROSIL { AEROSIL | AEROSIL

90 130 150 200 300 380 0OX50

| CAS Reg. Number 112945-52-5 (former No.: 7631-86-9)

Behaviour ; hydrophilic

towards water

Appearance loose white powder

Surface area :

BeT!) mg | 9015 | 13026 | 150 £15 | 200425 | 300+30 | 380 +30 | 50+ 15

Average size of ' _

primary particles mm 20 16 14 12 7 7 40

Tamped density 2)

Normal ware g/l |ca. 80 |ca 50 ca. 50 ca. 50 ca. 50 ca. 50 ca. 130

Compacted ware g/l { - ca. 120 |ca.120 |ca. 120 |eca. 120 |ca. 120 |-

{Addition "V") .

Loss on drying 3)

{(@2hat105°C) % | <10 | <15 | <059 | <15 <15 <15 <15
on leaving the

supplier

Loss on ignition 4)7)

(2hat1.000°C) % | <1 <1 <1 <1 <2 <25 <1
pH value 5) (in 4% ' -

aqueous dispersion) 36-45)|36-43]36-4336-43)36-43|36-43] 3.6-4.3
sio, 8} % |>998 |>998 |>998 |>008 [>908 |[>998 [>008
Al,0, 8) % |<005 |<005 |<005 [<005 |<005 [<005 [<0.08
Fe,0, %) % |<0.003 [<0.003 |<0.003 [<0.003 |<0.003 |<0.003 |<0.01
Tio, 8) % [<003 [<0.03 [<003 |<003 |<003 [<003 [<0.03
He1 8)11) % [<0025 |<0025 |<0025 [<0025 |<0.025 [<0.025 |<0.025
Screen oversize 6) .

(by Mocker, 6um) % <005 |<0.05 [<005 [<005 [<005 [<0.05 0.2

1) In accordance with DIN 66131 -

2) In accordance with DIN'ISO 787/XI, JIS K 5101/18 (not screened)
3) In accordance with DIN 1ISO 787/1l, ASTM D 280, JIS K 5101/21
4) In accordance with DIN 55921, ASTM D 1208, JIS K 5101/23

5) In accordance with DIN ISO 787/1X, ASTM D 1208, JIS K 5101/24
8) In accordance with DIN ISO 787/XVIII, JIS K 5101/20

7) Referred to the substance dried for 2 hours at 105°C

8) Referred to the substance calcined for 2 hours at 1000°C

9) Special moisture-resistant packaging

10)  Inwater: ethanol 1: 1

11)  HCI content in constituent of the loss on ignition
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C[err]F[err% g‘%::d‘-\;]‘ ~CF[err], -(err]Ferr], -0 S
TNH2, - “oo(CH err]) C = CH effr fHIS uHEET wss BEEN
OCH[err] CH(C»C}{err] -NH-CONCO (CHerr])[err] -NH CH[ eREPLACED

-NH-COO-CH err]-CH err], 'NH—(CH[err])[grr]Sl(O?)[err]
-Sx-(CH[err])[err]Si(CFQ[err] 25 CXgan&'iIanes of the type (R")[err]
(RO[err]Si(CHerr])mR R'= al kyl X+y = 2 X =1, 2y =1, 2 30
R = al kyl, T \prépare ek@psilica) edid*ides ] ))a -Gewid Feli¢on- GaRRoehE- CF3,
- BF13, -0 G alglafd& [ £8£d an oxyhydrogen flame consisting of hydrogen
Y
and air. In most cases silicon tetrachloride is used. This
substance is hydrolysed to silicon dioxide and hydrochloric
5 acid by the action of the water formed during the hydrogen-
oxygen reaction. After leaving the flame, the silicon
dioxide enterxrs a so-called coagulation zone, wherein the
primary Aerosil particles and primary Aerosil aggregates
agglomerate. The product, which exists at this stage as a
10 kind of aerosol, is separated from the accompanying gaseous
substances in cyclones and then aftertreated with moist
heated air.

By this process the residual hydrochloric acid content can
15 be lowered to 0.025%. As the silicon dioxide obtained at
the end of this process has a bulk density of only about
15 g/1, there is a subsequent vacuum compaction, whereby
'tamped densities of about 50 g/l and more can be
established.
20
The particle sizes of the silicon dioxides can be varied by
means of the reaction conditions such as, for example,
flame temperature, proportions of hydrogen and oxygen,
quantity of silicon tetrachloride, residence time in the
25 flame or length of the coagulation path.

The BET surface area is determined using nitrogen in
accordance with DIN 66 131.

30 The pore volume is calculated from the sum of the micro-,
meso- and macropore volumes. The micro- and mesopores are
determined by recording an N3 isotherm and evaluation
thereof by the methods of BET, de Boer and Barrett, Joyner
and Halenda. The macropores D > 30 nm are determined by the

35 Hg porosimetry method. For the determination of the
macropores, the sample is dried for 15 h at 100°C in the
drying oven and degassed at room temperature in a vacuum.
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- NH COO- CH2- CH3, -NH (CH2)3Si (OR)3 -Sx-(CH err])[err]
Preferably the silane Si 108 [(CH[err]ﬁ%[err] Si-Cerr '8
tri methoxyoctylsilane, is used as silari’sing agent. The follomnng
substances in particular can be used as 5 sil azanes:

For the determination of the micro- and mesopores, the

sample is dried for 15 h at 100°C in the drying oven and
degassed for 1 h at 200°C in a vacuum.

5 The silandl group concentration is determined by the

| lithium alanate method. Here the SiOH- groups are reacted
with LiAlH4 and the quantity of hydrogen formed during this
reaction is determined from the pressure.

10 Principle of measurement

The granular material is weighed into a four-necked flask.
The flask is evacuated and an oil bath is heated to 150°C..
The temperature in the flask (controlled by an internal
15 thermometer) rises with the temperature of the oil bath to
"about 130°C. The pressure during the preliminary treatment
“&s. . is recorded using a pressure measuring device PIg (TM 210,
from Leybold, measuring range 103 to 10—3 mbar). The
desorption of the water can be monitored from the pressure :
20 measurement. At the end of the preliminary treatment
(30 min at the end temperature) a pressure of less than.
10-2 mbar must have been achieved.
After completion of the preliminary treatment, the
25 evacuated flask is separated from the vacuum unit by
closing the stop valve and is brought to normal
temperature. The actual measurement is based on a measured
quantity of LiAlH4 solution being introduced into the flask
through the dropping funnel and the rise in pressure being
30 measured from the hydrogen formed. If the volume of the
flask is known, the gquantity of Hy can be calculated from
the ideal gas law. The pressure is recorded using a digital
measuring device (PI1) (MKS Instruments PR-2000), having a
measuring range of between 0 and 1 bar.
35 .
The LiAlH4 solution used (2% LiALH4 in diethylene glycol
dimethyl ether) is degassed prior to the experiment being
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'si | azanes of>4H¢& Ef 2% err]Si- N-SIRRR H 10 R = al kyjf=R=—==
“vinyl as welJGRED ?P’éﬁéﬂp ¥ [

Sapbirpin

- SiSensLS
¥, hexanet hyl di si |l azane. 15 Th&H®bBHB®AT H@S BEEN |

substances in partiicular can be used as sil oxanes: cycliq pol y HEFiAGESs of_ﬂ

the type D3, D4, D5 20 for exanple,1%ctanethylcyclotet

CH3 CH3 [err] 25

10

15

20

25

30

35

carried out, in_order'to remove readily volatile
constituents, which distort the pressure measurement. For
this purpose the pressure above the solution in the
dropping funnel is lowered by a second vacuum pump to the
vapour pressure (3.7 mbar at 22°C), so that the liquid
boils. A blank measurement without a sample is taken to
test whether the solution is sufficiently degassed. In the
determination of the hydrogen pressure, a correction is
made using the vapour pressure of the solvent.

Intexpretation

The apparatus is calibrated by first of all determining the
volume of the dropping funnel provided with a ground-glass
stopper, gauging the capacity in litres. The volume of the
reaction flask inclusive of all connections as far as the
stop valve is obtained by the followiﬁg experiments::

The dropping funnel, filled with air at atmospheric::.-
pressure, is attached to the evacuated flask. A pressure
compensation between the two volumes is then brought about
by opening the tap of the dropping funnel. The pressure
established is indicated by the digital measuring device.
The volume of the reaction vessel is obtained from the mass
balance. A volume VR equal to 243.8 ml is obtained with
the.present arrangement.

The number of moles of hydrogen formed is obtained. from the
equations:

p.-V(corr.)

RT

Vecorr. = VR - Vsolids - Vsolution
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‘Pol ysi | 4 ] 4o s of the t 10 R
pol ysi L ovanele Bl cofghls of the type ferr] 10 R

al kyl, aryl,

‘(CH2)n - NH2, HR'' = aIkyI aryl, (CH2)n -

invention also provi des granules based on pyrogenically pr epar ed silicon""
di oxi de and havi ng the foll owi ng physi cbtheni cal properti es:

10

15

20

25

30

35

P is the increase in pressure in the reaction flask. This
value is corrected by an amount corresponding to the vapour
pressure of the solvent (3.7 mbar at 22°C). At room
temperatures greatly differing from 22°C the vapour
pressure is taken from the vapour pressure table. It is
useful so to select the weighed sample, that a value for p
of between 200 and 800 mbar is obtained. In this case minor
changes in the vapour pressure owing to temperature
variations have hardly any effect on the result.

The volume of the reaction vessel is corrected by deducting
the volume of solid matter and the volume of the solution
introduced. The former is given from the weighed portion
and the density and the latter is read from the dropping
funnel. '

The density of silanol groups is finally obtained from the
equation:

Nr,: Lohschmidt number
F: Surface of the weighed solid matter

The samples are treated as follows:

1 h heating at 120°C and 0.2 mbar; cooling to 60°C;
addition of LiAlH4; after 10 mins, reading the pressure
difference which has arisen.

The particle size distribution is determined by means of
the laser optical particle size analyser Cilas Granulametre
715.
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20 Average 91%101r9§§§5e/ AI;:‘lt 10 to 120 [err] m BET surf gpe=area: 40
“to 400 n[er?{ % vofﬁ Ly 0.5to 2.5 n11gTHﬁ38dSEZBASBEENI

distribution:* less than 5 % of the total pore volune exlsts GEPRACED W th
a 25 dianmeter < 5 nm rest &
“Car bon content: 0.3 to 15.0\&696pkivalue. 3.6 to
8.5 Tapped density: 220 to 700 g/I 30 The granul ar materia
-accordi ng t orhdetappedt vohupecisr dbtyrhifedesin- asodrdancepwieh, ASTMODt he
volune of thg, opsgpores constituting 10 to 80%of the total pore vol une.

Equipment: Tapping volumeter STA V 2003 from
5 Engelsmann, in accordance with DIN 53194,
section 5.2. b-f
Measuring cylinder 250 ml, graduation marks
every 2 ml
Balance with limit of error of max. £ 0.1 g
10
Procedure

The counter of the tapping volumometer is set to 1000
strokes.
15 The measuring cylinder is tared.
The granular material is placed in the measuring cylinder
up to the 250 ml mark.
The weight of the sample is recorded (t 0.1 g).
The measuring cylinder is placed in the volumeter and:-the
20 apparatus is switched on.
End of tapping: the apparatus automatically switches off
after 1000 strokes
The tapped bulk volumes are read to an accuracy of 1 ml.

25 Calculation
E: weighed portion of granular material in g
Ve volume read in ml
W: water content in wt.% (determined in accordance with

30 Specification P001)

E x (100 - W)

Tapped density =
vV x 100
35
. The pH value is determined in 4% aqueous dispersion, in the
case of hydrophobic catalyst supports in water:ethanol 1:1.
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35 The car bongé%% nﬁg g Ale granular material according to t»he“ifnvéq:&'ﬁ ens 21 e
may be from OIBLE TAPIHLY 8 The particle size dlstr|b¢LLon BEPLAGED l
gr anul ar naterlal accordlng to the invention nay be 80 vol. QﬁT?ﬁTﬁﬁzﬁﬁﬁ%¥#?xrzzf
[err]mand 80 vol.%smaller than 96 [err]m 5 In a preferred enbodi nent of

the invention, the proportion of pores shhller than 5 [err]m may be at nost
5%referred to the total pore volune. The granular material according to

t _hle_ i nvent i onpgapakatiBnboEPahed gwundil eBe bechEdBNHOEBNIEGRl inventared
silicon
The pyrogenically prepared silicon dioxide is dispersed in
completely demineralised water. A dispersing aggregate
5 which operates according to the rotor/stator principle is
used in the process. The suspensions formed are spray
dried. The finished product is precipitated by a filter or
cyclone.,

10 The sprayed granules are heated in a muffle furnace.

The spray-dried and optionally heated granules are placed
in a mixer for the silanisation process and sprayed with
intensive mixing optionally first of all with water and

15 then with the silane Si 108 (trimethoxyoctylsilane) or HMDS
(hexamethyldisilazane). After spraying has been completed,
the material is mixed for 15 to 30 more minutes and then
heated for 1 to 4 h at 100 to 400°C.

20 The water used can be acidified with an acid, for example,
hydrochloric acid, to a pH value of 7:to 1. The silanising
agent used can be dissolved in a solvent such as, for
example, ethanol.
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cdioxide in v»?:% r g it, heating the granul es]
tenperature 0 ¥%$ni’1§%§19£¥59100 Cfor a period of 1 to
silani sing them The same hal osil anes, al koxysil anes, s

si | oxanes 15 descri bed above can be us & for the silanisation. The

I nvention further provides a nethod for-the preparation of granul es based
on pyrogenically prepared silicon dioxide, which is characterised in that
pyrogenically 20 prepared silicon dioxide, preferably silicon dioxide

prepared frpm silicon tetrachl of edgphy. Teans of| flame Hydrol ysi|seomsari-
di spersed i [EX@0Ble spray dried] tkg gr 'anul es (bt ai ned fare optijonaddpy
heated at a terrperature of fron 150fsto (1, 1QP[erlr]CFor (a pgriod of gl tq 8
and/ or 25 sHan-sed-
Starting Aerosil 380 | 380 380 380 380
Data for spray drying
Quantity of H,O (kg) 10 10 105 105 15
Quantity of Aerosil (ka) 1.5 1.5 14.7 14.7 1.5
Atomisation using Dise Disc Disc Disc Disc
Operating temperature (°C) 380 - 380 380 - 440 380
Exhaust air temperature (°C) 105 105 105 108 105
Precipitation Filter Filter Filter Filter Cyclone
Data for heating (h/°C) ) } 21700 21700 3
Data for the modification
of the surface
Reagent o - Si 108 Si108 HMDS -
‘Quantity [g/100 g Aerosil) - 25 25 20 -
Quantity of water- _
[9/100 g Aerosil] - - 5 5 -
Heatingtime -  (h) - 2 2 4 -
Temperature (°C) - 120 120 140 -
Physicochemical
properties _
BET surface area (m2/g) 350 197 189 212 277
Pore volume (mi/g) 2.09 1.69 1.65 1.68 1.69
Pore volume (% of total pore
volume) in pores < 5 nm nd. 1.8 n.d. n.d. n.d.
Mesopores 2-30 nm (ml/g) 1.34 1.04 1.12 1.17 0.66
Makropores > 30 nm (ml/g) 0.75 0.65 0.43 0.51 1.03
Particle size d50  (um) 38 40 66 53 39
Tapped volume (oM 320 390 . 420 370 260
pH value 4.7 5.0 5.6 7.2 4.8
Carbon content % - 10.9 10.4 3.8 -
Silanol group -
concentration (mmol OH/g) 1.80 1.18 074 | 037 1.50
?\\
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to 25 wt. % 59 ﬁ%’é‘aslpreﬁ“tfr%%g can be carried out at a tefperat GEBLASEDBr om

The di sper si §AOLASBH e/ BEn have a silicon dioxide concent {EH@r\SHﬁETH@&TBE&j)
200 to 600 C. 'Disc atom sers or ‘J

nozzl e atom sers can be used for this—

pur pose. The heating of the granules can be carried out both in 35 fixed
beds, for exanple chanber kilns, and inlfoving beds, for exanple rotary
dryers. The silanisation can be carried out using the sane hal osil anes,
al koxysi | anes, silazanes and/ or siloxanes as descri bed above, for which the
si | ani si ng ggent—Ttanmbe ' compari-
Example SJ:,
6 7 8 9 10
Starting Aerosil 300 300 300 0x50 0 x50
‘Data for spray drying |
Quantity of H,O (kg) 16 105 105 10 10
Quantity of Aerosil (ka) 1.5 14.7 14.7 1.5 15
Atomisation using Disc Single Double Disc Disc
nozzle nozzle
Operating temperature(°C) | 380 440 440 380 380
Exhaust air temperature (°C) 105 108 108 105 105
Precipitation Cyclone Filter Filter Cyclone | Cyclone
Data for heating (h/°C) 21700
Data for the modification
of the surface
+:| Reagent HMDS Si 108 HMDS - HMDS
'Quantity [g/100 g Aerosil] 15 25 20 - 3
Quantity of water
[g/100 g Aerosil] 5 5 5 - -
Heating time (h) 4 2 4 - 5
Temperature (°c)| 140 120 140 - 140
Physicochemical
properties
BET surface area (m?2/g) 222 180 195 46 41
Pore volume (ml/g) 1.79 1.49 1.51 0.73 0.68
Pore volume (% of total pore '
volume) in pores < § nm n.d. 17 15 n.d. 1.2
Mesopores 2-30 nm (ml/g) 0.78 0.60 0.60 0.08 0.09
Makropores > 30 nm (ml/g) 1.01 0.89 0.91 0.65 0.59
Particle size ¢50  (um) 32 40 43 21 21
Tapped volume (g 290 320 300 540 570
pH value 6 5.2 6.9 53 7.4
Carbon content % 27 9.3 - 3.3 - 0.5
Silanol group .
concentration (mmol OH/g) 0.61 1.156 0.40 0.29 0.14
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';optlonal |y dP48b9& et ih Bn organic sol vent such as, for
"Preferably tiﬁ@tgrpéﬂ}el’SllOI(WY[(CH[ err]O[err]-Si- C[ err] HI{7]
trimet hoxyoctyl silane, is used as silanising agent. 10 T
be carried out by spraying the granular nmaterial with the silanisi ng agent
and subsequently heat-treating the m xt2@e at a tenperature of from 105 to
400 C over a period of 1 to 6 h. 15 In an alternative nethod, the '
silanisation of the granules can be carried out by treating t he gr anul ar

material w ﬁﬂ‘hc*srramb—lug ag,ln Ay pothH fw—amtly heat -
treating theggy pﬁtﬂfge at a tenpef &ompParivi from 206°MB2EYO[ err] C over a

SxARhe:T AAb@EaN.
. REPLACED

per od of 0/]5 to 6 h. 20 | 31"_;’ 12 sf; 14
Starting Aerosil - 130 130 200 200
Data for spray drying |
Quantity of H,O (ka) 15 115 15 15
Quantity of Aerosil  (kg) 1.5 | 15 1.5 1.5
Atomisation using 1 Disc Disc Disc Disc
Operating temperature(°C) | 380 380 380 380
Exhaust air temperature (°C) 106 105 105 105
Precipitation Cyclone | Cyclone | Cyclone | Cyclone
Data for heating (h/°C)

Data for the modification
of the surface

Reagent - HMDS - HMDS
Quantity [g/100 g Aerosil] | - 5 - 7
Quantity of water '

[9/100 g Aerosil] - - - -
Heating time (h) - 5 - 5
Temperature °C) - 140 - 140
Physicochemical

properties

BET surface area (m?/g) 131 111 196 153
Pore volume (ml/g) 1.92 1.62 2.25 2.04
Pore volume (% of total pore

volume) in pores < 5 nm nd. 1.7 n.d. 0.9
Mesopores 2-30 nm (ml/g) | 0.24 0.24 0.46 0.47
Makropores > 30 nm (ml/g) 1.68 1.38 1.79 1.57
Particle size 50  (um) 20 20 14 | 14
Tapped volume (g/) 250 280 230 240
pH value 48 7.3 4.8 7.2
Carbon content % _ - 13 - 1.7
Silanol group |

concentration (mmol OH/g) 0.83 0.44 116 | 0.56
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fThe heat tr e240i0ft Bdard ke place under protective gas Suck—as

exanpl e, n|t¥@§@hnarh5rsprahysatlon can be carried out con 4ﬁU6h%$@inAQBEEN
bat chwi se in heatable nixers and dryers equipped with sprayjing fBEFLAEEBs.

Exanpl es of suitable devices are ploughshare m xers, disk dryers or
fluidised bed dryers. The physicochem cal variables of the granules, such
as the 30 specific surface, the particle size distribution, the pore

vol une, the %ﬁ&gﬁgﬂﬁ 83k ¥12004 Berbletshsd ?UQhﬁOEP_SHBi? igﬂta&hsdpo;e

di stribution an ue can speci
varying the %@g@rdhggnﬁPeEkamﬁlaﬁdlt ke ddnare 6ﬁ§raﬁenhgdswayahglamat. ng

and 35 sil anyig@t4§PAphical form in Figures 1 to 4.

5 Examples 1, 5, 9, 11 and 13 are comparative Examples from
prior art (DE-A 36 11 449 Liu).

Examples of the use of the granules according to the
invention as catalyst supports in the production of

10 polyethylene

Referred to the active component titanium, the catalysts
achieved the following results in the polymerisation of

ethylene:
15 _ _
Catalyst on | Yield Comment
a support kg PE/g Ti i
Example
Example 1 292 Only spray-dried support
as in Example 1
Example 2 360 Chemically treated support
as in Example 4
Example 3 376 Heat-treated and chemically
treated support as in
Example 6
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10 The gr anl@4L.06c#8r i g t o the invention can be used as BFS—F
polynerlsallcﬁntgmmaysPs;orntpartlcuIar as supports for ca aT@E&%HE&HPA&é EN
production of polyethylene. 5 They have the advantage of p ssessﬁh@‘%&hﬂgh

purity, a high thernostability, a |ow silanol group concentfatiom, Primary
particles mcrospherical in shape and | ess than 5 %ef—the total pore

vol unme exists of pores with a dianeter < 5 n n further
provi des the SEL I&; t he granul es as catal yst n‘*“ K“lr ‘W ““I cul ar for

t he producti ofi b

1. Granules based on pyrogenically prepared silicon
dioxide and having the following physicochemical

5 properties:
Average grdin size: 10 to 120 um
BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g
10 Pore size distribution: less than 5 % of the total
pore volume exists of pores
with a diameter < 5 nm, rest
meso- and macropores
pPH value: 3.6 to 8.5
15. Tapped density: 220 to 700 g/1
2. Method for the preparation of the granules according:-

to claim 1, characterised in that pyrogenically

prepared silicon dioxide is dispersed in water and )
20 spray dried and the granules obtained are heated at a

temperature of from 150 to 1,100°C for a period of 1°

to 8 h.
3. Granules based on pyrogenically prepared silicon
25 dioxide and having the following physicochemical

properties:

Average grain size: 10 to 120 um
BET surface area: 40 to 400 m2/g
30 Pore volume: 0.5 to 2.5 ml/g

Pore size distribution: less than 5 % of the total
pore volume exists of pores
with a diameter < 5 nm, rest
meso- and macropores

35 PH value: 3.6 to 8.5

Tapped density: 220 to 700 g/1
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A 940106_FH . A
‘pol ymeri sat i ys preferred enbodi nent of the |nb§Hﬁi§Q§EfQQSBEEN
granul es accgggﬁﬁgg% %§i°r§%§nt|on can be 15 used as catal yq}. supfriaiEsy

pr oduci ng catalysts for the production of polyethylene. Exanples 20 The
pyrogenically prepared silicon dioxides used are silicon dioxides having
t he physi cochenical properties given below. AERCSI L | AEROCSI L AEROSI L

AERCSI L AERCSIL | AEROSI L. AEROCSI L 90 130 150 200 300
380 OX50t CAS MReghod\ufiber the preparation of the 1¢P8d01862-&cEbedimyg No. :
7631- 86- 9)

to claim 3, characterised in that pyrogenically
prepared silicon dioxide is dispersed in water and
spray dried and the granules obtained are silanised.

5. Granules based on pyrogenically prepared silicon
dioxide and having the following physicochemical
properties:

10 Average grain size: 10 to 120 um
BET surface area: 40 to 400 mz/g
Pore volume: 0.5 to 2.5 ml/g
Pore size distribution: less than 5 % of the total.
pore volume exists of pores
15 : with a diameter < 5 nm, rest
meso- and macropores
pH value: 3.6 to 8.5 '
Tapped density: 220 to 700 g/1

20 6. Method for the preparation of the granules according
to claim 5, characterised in that pyrogenically -
prepared silicon dioxide is dispersed in water and
spray dried and the granules obtained are heated at a
temperature of from 150 to 1,100°C for a period of 1

25 to 8 h and subsequently silanised.

7. . Method for the preparation of granules based on
pyrogenically prepared silicon dioxide according to
claims 1, 3 and 5, characterised in that pyrogenically

30 prepared silicon dioxide, preferably silicon dioxide
prepared from silicon tetrachloride by means of flame
hydrolysis, is dispersed in water, spray dried, the
granules obtained are optionally heated at a
temperature of from 150 to 1,100°C for a period of 1

35 to 8 h and/or silanised.

Iy i

e i




‘Behaviour 220106 FH / AL hydrophlllci owT 85t VaFéV

Appear ance Interna_tl Priority | oose white povder Sif¥ FASEE .--,:,—~_-;.£_§
area BET[err]) nferr]/g 90 15 130 25 150 15 200725 300 30

380 30 50 15 Average size of primary partlcles mm 20 16 14

12 7 7 40 TanpedZ?8ensity 2) Normal ware g/l ca.

80 ca. 50 ca. 50 ca. 50 ca. 50 ca. 50 ca. 130 Conpacted
ware g/l . Use caf td ra:mlés?(hccdzail o cdaanﬁé(ll. Taand?29 as

8

Addi "V') L 105 5

(<0 5'[;?]”) ) Q%Stao.ﬂ(éjté yélg&p(%}té a:.[teircré%lc%r eta}%/el r%rc?lcrl]tgctlon o%
polymerisation catalysts

5 9. Use of the granules according to claims 1, 3 and 5 as
catalyst supports for producing catalysts for the
production of polyethylene.

AR
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940106 FH EN

ET HAB BEE
S“pp"er Losin%rh%ri' Lp'r%r‘i)tg)z (2h at 1. <20Lar\r/}a&e°/°5) (in 4[(%?33“,[@“% \
dlsperS|on) “3.6 - 4.5 3.6- 4.3 3.6- 4.3 3.6- 4.3 3N=—F33.6 -

4.3 3.6 - 4.3 SiJerr] 8) % > 99.8 > 99.8 >09.8 > 99.8
> 99.8 > 99.8 >998A|[err]qerr}’58) % < 0.05 < 0.05
< 0.05 < 0.05 < 0.05 < 0.05 < 0.08 Fe[err](err] 8) % <

0.003_ < 0.003_ < 0.GRanules0baaq on GyaGdenisallQrepsredl TiCR ©)
% < 0.03 < 0, 03 0 HC
8) 11) % <o, gdoticon o‘g)’o‘g’gldek Ty fof Fhets prspfidion Spd 00

<0. 025 Screen oversize 6) (by Mocker,use theréof % < 0.05 < 0.05 <

0. 05 < 0.05 < 0.05 <0. 05 0.2 1) I n accordance with DN
66131 .2) _ - In accordance with DIN I1SO 787/ XI, JIS K 5101/18 (not
screened)

.Abstract

Granules based on silicon dioxide and having the
10 properties:

Average grain size: 10 to 120 um
BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g

15 Pore size distribution: less than 5 % of the total pore
volume exists of pores with a
diameter < 5 nm, rest meso- and

macropores
pPH value: 3.6 to 8.5
20 Tapped density: 220 to 700 g/1

They are prepared by dispersing silicon dioxide in water,
spray drying, optionally heating and/or silanising.

25 The granules are used as catalyst supports.
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IS sprayed into an oxyhydrogen flane consisting of hydroge.
nost cases silicon tetrachloride is used. This substance i )
silicon dioxi de and hydrochloric 5 acid by the action of the water forne

durlngth ) ing the flage, the silicon
di oxi de eﬁters a so-call ed coagul ati on zone, wherein the primary Aerosil

]
: . : . . <
particjaes [and primary Aerosil aqggregates aggl onerate. The product, which > §
exi st &S fthis stage as a 10 kind of aerosol, is separated fromthe ga
acconpdnyijng gaseous ﬁhmg@nmedme yéal ones and then aftertreated with e
noi st at ed air. By t resi dual hydrochloric acid content ~ ©
can 15¢pe {l owered to 0 I 1icon dioxide obtained at the end of
this ptncess has a bul Iy about . _
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thereof by the met hods of BET, de Boer and Barrett,
macropores D > 30 nmare determ ned by the 35 Hg por03|net
t he detern1nat|on of the nacropores
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m”th Li AlH4 and the quantity of hydrogen fornmed during thIS feactlon“ls }
determined fromthe pressure. 10 Principle of measurenent he gr gB'FMN Kﬁﬁ
-nfiterial is weighed into a four-necked flask. The flask |s eyacua
oil bath is heated to 150 C. The tenperatiure in the flask (controlled by an
internal 15 thernonmeter) rises with the tenperature of the oil bath to
about 130 C. The pressu g pr.el ecor ded
using a pressure maasur?%%lq %§$C€£E§fe§§ b?#ﬁ?%%ﬁEgﬁiggEEE§%§F neasurlng
range 10[err] to 1@pémqonﬂﬁqu16ﬁwamﬁ&hﬂqnﬁQﬁwﬁhennupmﬁnsﬁatxpntﬁn
monitored fromthe pressure 20 neasur gg@NttheMedfre end of the prelimnary
treatnent (30.mn at the end tenperature) a pressure of |ess than 10[err]
nbar nust have been achi eved. _

5 The invention relates to granules based on pyrogenically

prepared silicon dioxide, the method for their preparation
and the use thereof as catalyst supports.

The preparation of pyrogenic silicas or silicon dioxides

10 from SiClg by means'of high-temperature-or flame hydrolysis
is known (Ullmanns Enzyklopddie der technischen Chemie, 4th
Edition, Volume 21, page 464 (1982)).

Pyrogenic silicon dioxides are distinguished by having
15 extremely fine particles, high specific surface (BET), very

hiQh purity, spherical particie shape and the absence of
pores. On account of these properties pyrogenically '
prepared silicon dioxides are attracting increasing
interest as supports for catalysts (Dr. Koth et al., Chem.

' 20 Ing. Techn. 52, 628’(1980))[ For this application the
‘pyrogenically prepared silicon dioxide is shaped by
mechanical means, for example, tabletting machines.

‘The shaping of pyrogenically prepared silicon dioxide into

25 sprayed'granules also by means of spray drying, to obtain a
starting material for sintered ceramic materials, is also
known (DE-A 36 11 449).

It is also known that sxllcon d;oxlde pyrogenlcally

30 prepared in an electric arc may be shaped by means of spray
drylng into sprayed granules, which can be used as
adsorption media or else as catalyst supports
(DE-A 12 09 108). '

35 The subjection of pyrogenically prepared silicon dioxide to
a gel process and the subsequent shaping into granules by
' meanS'of_spray drying is also known. These granules, after



After conpletion of the prelimnary treatnent, the 25 eva uare
separated fromthe vacuumunit by closing the stop val ve Y%p%rought to *
formal tenperature. The actual neasurenment is based on a asur-gl qumqggﬁ/....
of Li AlH4 solution being introduced i nt o2t he flask throughi Pﬁé _pp+ng a
funnel -and the rise in pressure being 30 neasured fromthe hydrogen f or med.

|T the V0|w“%6gt£ﬁ§ &iéﬁkchﬁoﬁﬂﬁmnoxi@é q&féthé¥d0inF@h€aBoQ?m%§ 5 GWlegleed

fromthe ideal gas pressure i s recorded using a dfgi measuri ng
devi ce (M[}ﬂqq)erxéﬁmﬂsfFBn%nQSO@ﬁ 2880) UShBv#ndBh, FhAduring range of
between 0 and 1 bar. 35 The Li AlH4 sol uti on used (2%)LiALH[err] in

avethylene olycol, diistivl £LNGL) 1P 92925300, PLCL; | 0cbReagARERLTR! ol no

5 catalyst support for the catalytic polymerisation of
~ olefins is known (WO 91/09881). '

The known sprayed granules of pyrogenically prepared
silicon dioxides have the disadvantage that they are not .

10 optimally suitable for use as catalyst supports, for
example, in the production of polYethylene.

- The object was therefore the development from pyrogenically
prepared silicon dioxide of sprayed granules which can be
15 used as catalyst supports in the production of '
'polyethylene

The present invention provides granules based on
pyrogenically prepared silicon dioxide and having the
20 following physicochemical properties:

Average grain size: 10 to 120 um
BET surface area: . ' 40 to 400 mz/g
- Pore volume: o 0.5 to 2.5 ml/g

25 Pore size distribution: less than 5 % of the total pore
' .volume exists of pores with a
diameter < 5 nm, rest meso- and

| macropores
~ pH value: 3.6 to 8.5
30 Tapped density: - 220 to 700 g/l

‘The:granular materfél éccérding to the invention can be
pfepared by dispe;sing pYrogenicélly prepared silicon
dioxide in water, spray drying'it.and heating the granules

- 35 obtained at a temperature of from 150 to 1,100°C for a
period of 1 to 8 h. ' o



14 carried out, in order to remove readily volatile constitg =W |
distort the pressure measurenent. For this purpose the presls REPLAGEHENTRIEET
sotution in the dropping funnel is |owered by a second vaculimpu t .
vapour pressure (3.7 nbar at 22[err]C), s that the |iquid @aﬁ%@@ﬁl\;ﬂ@?

nmeasurenent without a sanple is taken to test whether the sofution 1s
sufficiently degassadeniionhaldet erdvideisogrehules haderUon PyasgEtically

correction I's Hade,uskng; L0 HPRA BLOSHY Bl et et 0wl

physicochemical properties:

5 Average grain size: 10 to 120 um

BET surface area: _ 40 to 400 m2/g
Pore volume: ' 0.5 to 2.5 ml/g'
Pore size distribution:  less than 5 % of the total pore
' volume exists of pores with a
10 .' _ | diameter < 5 nm, rest meso- and
_ macropores
- pH value: 3.6 to 8.5

Tapped density: 220 to 700 g/l

15 The granular material according to the invention can be
prepared by dispersing pyrogenically prepared silicon
dioxide in water, spray drying it and silanising the
granules obtained. Halosilanes, alkoxysilanes, silazanes
and/or siloxanes can be used for the silanisation.

20 _
' The following substances in particular can be used as
~ halosilanes:
Haloorganosilanes of the type X3.Si(CnH2n+1) X = Cl, Br
25 | n =1 to 20

| Haloorganosilanes of the type X2 (R’)Si(CpH2n+1) X = Cl, Br
o R’ = alkyl
_ _ _ n=1to 20
30 Haloorganosilanes of the type X(R’)2 Si(CpHan+1)X = Cl, Br
' ' R’ = alkyl
n=1to 20



Interpretation The apparatus is calibrated by first of al
vol ume of the dropping funnel provided with a ground-glass BEELOppel-
gdugi ng the capacity in litres. The volune of the reaction

Iask Lk
of all connections as far as the stop val ve is obtained by Jﬁi{ﬁfﬁ&
experinent: The dropping funnel, filled with air at atnDspnerlc 20 _

pressure, is aﬁggg?gﬁghgsaﬁgﬁ%%a%&a %% Eﬁg%ﬁg3bsgé%%% qonpensatlon

bet ween the two vo en bro he tap of the
droppi ng funnek. Th€l prB§Sure establlshed S |nd|cated by the digital
measuring devige.=Tpeijvebury of the reaction vessel is obtained fromthe

mass 25 bal ance, A ngune VR equal to 243.8 m is obtained with the present
arrangenent . . yl, aryl (for example, -CgHs)

5. - =C4F9, -OCF2-CHF-CF3, -CgF13, -O-CF2-CHF2
'~ -NHy, -N3, -SCN, -CH=CHj, . |
-00C (CH3)C = CH3 '
-OCH2-CH(0O)CH3
-NH~-CO-N-CO-(CH2)5
10 -NH-COO-CH3, -NH-COO-CH2-CH3, -NH-(CH2)3SL(OR)3
-Sx- (CH2)3Sl(0R)3

—ef1n11|ngm

w55k

Haloorganosilanes of the type (R)X2 Si(CH2)m-R’
X =_Cl, Br |
15 R = alkyl
0.1 to 20 _
alkyl, aryl (for example, -CgHs)
-C4Fy, -OCF2~CHF-CF3, -CgF13, -O-CF—CHF»
-NHy, -N3, -SCN, -CH=CHj,
20 -00C(CH3)C = CHj
~OCH2-CH(0)CH2
-NH-CO-N-CO-(CH3) 5
-NH-COO-CH3, -NH-COO- ~CHp-CH3, -NH- (CH2)3Sl(OR)3
~Sx~(CH2)35i(OR)3

m
R’

25 .
Haloorganosmlanes of the type (R)2 X Sl(CHz)m-R’
X =Cl, Br
R = alkyl
m = 0.1 to 20
30 R’ = alkyl, aryl (for example, -CgHsg) _
-C4Fg, ~OCF2-CHF-CF3, -CgF13, -0-CF2-CHF3
-NH2, -N3, -SCN, -CH=CH3,
~00C(CH3)C = CH»
~OCH2-CH(O)CH3
35 -NH-CO-N-CO-(CH3 )5
i : ,
-NH-COO-CH3, -NH-COO-CH2-CH3, -NH-(CH2)3Si(OR)3
~Sx-(CH2)351(0R)3 |



L 2

The nunber of noles of hydrogen formed is obtained fromif h@pggggﬁtpﬁs%4ég}
p.-V(corr.) n=RT 35 V[err] = V[err] - V[err] - V][err] z) ﬁ %
isncrease in pressure in the reaction flask. This val ue |5D@@n”§g"é“l ___________

anount corresponding to the vapour . 5

10

- 15

._The following substances in particular can be used as
" alkoxysilanes: '

OrganOSilanes of the type (RO)3 Si(CpH2n+1) - R = alkyl
| _ | n =1 to 20

Organosilanes of the type R’y (RO)y Si(CnH2n+1) R = alkyl

‘ ' - R’ = alkyl
n =1 to 20"
Xty = 3
x =1, 2
y =1, 2

' Organosilanes of the.type (RO)3 Si(CHz)m-R'

R

alkyl
0.1 to 20

m

- R’ = alkyl, aryl (for.example,.éCGHS)

20

- 25

30

35

-C4Fg9, -~OCF2-CHF-CF3, ~CgF13, -O-CF2-CHF2
~-NH3, -N3, -SCN, -CH=CH3,
-00C(CH3)C = CH2
-OCH2-CH(0O)CH3
-NH~-CO-N-CO-(CH2)5
: —d
-NH-CO0-CH3, -NH- COO-CHz-CH3, —NH-(CH2)3SL(OR)3
~Sx-(CH2)35i(OR)3

Organosilanes of the type (R")x (RO)YSi(CHz)m-R"

R" = alkyl - xt+ty = 2
X =1, 2
Y =1, 2

R’ = alkyl, aryl (for example, -CgHs)
~-C4Fg, ~OCF2-CHF-CF3, -CgF13, -O—CFz—CHFz
-NHp, -N3, -SCN, -CH=CHj,
~00C(CH3)C = CHg
~OCH2~CH(0)CHg
-NH-CO-N-CO-(CH2)5
| -NH-COO-CH3, -NH-COO-CHp-CH3, -NH-(CH2)351i(OR)3
 -Sx-(CH2)3Si(OR)3



YR Lag

pressure of the solvent (3.7 nbar at 22[err]C). At roon1tén@eva%twes JEE i
greatly differing from22 C the vapour 5 pressure is takef fro qp$ﬂma 0
pressure table. It is useful so to select the weighed sanl@tet-Rat -a-vat’ ewif
for p of between 200 and 800 nbar is obtained. In this ca$e—nrnUT “changes
in the vapour pressure owng to tenperature variations have hardly any

effect on the result. 10 The vol une of the reaction vessel is corrected by
deducti ng t hePveferabdy tbei gikaneePiah@8t H&CHAPIBESHCaBa7dol uti on
introduced. Tpg;h@tABkybetg1¥ENaheOM ENEsKA aBtemah&ﬂ ga'a‘éetrﬂe densi ty

and the latter 1s read fron1the dropplng 15 funnel. The density of silanol
groups is finally obtained fromthe

The following substances in particular can be used as

5 silazanes:

silazanes of the type R’R28i- N -SiRgR’

10

R = alkyl

R’ = alkyl, vinyl

‘as well as, for example, héxémethyldisilazane.
15 |

The following substances in particular can be used as
siloxanes:

_ . cyclic polysiloxanes of the type D 3, D 4, D5
20 for example, octamethylcyclotetrasiloxane = D 4

CH3 CH3
”

| “si |
#H.e - o~ Yo CH
: 35 . o FHs

25 : Si : Si

. . . N SN
HaC 0 0 CHj3
N s i

Si

7N
CH 3 CHj3



equation: 20 [err] NL: Lohs tﬁE&Mﬁh‘ e “‘25‘ 2 b
F: Surface of the weighed solid matter The sanples are treadjfed as fgﬂMAMm%QB !
1 © heating at 120[err]C and 0.2 nbar; cooling to 60[err]C | IBtad 1tr0w“‘flf1:5
Li AlH4; after 10 mins, reading the pressuﬁe di fference whic ari
The partlcle si ze dlstrlbutlon I's determ ned by nmeans of the |aser optical
‘particle size Rokygbbox@neasory ahlicorereids gisthe type _

- - - -

[I= R" m=0,1,2,3,...0
| I n=20,1,23,...0
5_ Y"O_ Ti—o - ?i-o "Y u = 0'1,2,3,--ow
R’ R’’’ Y=CH3, H, CpHopn+1 n=1 to 20
- L 4dm & “ndu ¥=8i(CH3)3, Si(CH3)2H
' Si(CH3)20H, Si(CH3)2(OCH3)
10 - S1(CH3)2(CpHon+i) n=1 to 20
R = alkyl, aryl, (CHy)p - NHy, H |
R’ = alkyl, aryl, (CH3)p - NHy, H
R’ = alkyl, aryl, (CH3)p - NHp, H
- NHp, H

R‘'* = alkyl, aryl, (CH3)np
15 :
- The invention also provides granules'based on pyrogenically
prepared silicon dioxide and having the following.
physicochemical properties:

20 Average grain size: 10 to 120 um
BET surface area: | 40 to 400 m?/g
Pore volume: ' 0.5 to 2.5 ml/g

Pore size distribution: less than 5 % of the total pore
volume exists of pores with a

25 o _ : diameter < 5 nm, rest meso- and
macropores
Carbon content: . 0.3 to 15.0 wt.%
PH value: 3.6 to 8.5
Tapped density: 220 to 700 g/1
30

The granular material according to the invention preferably '
has meso- and macropores, with the volume of the mesopores
constituting 10 to 80% of the total pore volume.

35 The carbon content of the granular material accordlng to
the invention may be from 0.3 to 15.0 wt.%.



16 The t apped vol ume is deternined in accordance with AS Nﬂﬁ‘AIGH'SS

Equi pnent :
Engel smann,

w7 GHEET )

Tappi ng vol unmeter STA V 2003 from5 28 M V'EQB’

in accordance with DI N 53194, section 5.2. blﬁ Rasutiag )

cylinder 250 m, graduation marks every 28m Balance with Timt of error of
max. 0.1 g 10 Procedure The counter of the tapping vol unoneter is set to

1000- strokes.chd pHY& 16385 i 48 CydéFdaition tef ethe granular material

10

15

20

25

.30

35

accordlng to the invention may be 80 vol.% larger than 8 um
and 80 vol.% smaller than 96 um.

In a preferred embodiment of the invention, the proportion
of pores smaller than 5 um may be at most 5% referred to
the total pore volume.

The granular material according to the invention can be
prepared by dispersing pyrogenically prepared silicon
dioxide in water, spray drying it, heating the granules
obtained at a temperature of from 150 to 1,100°C for a

period of 1 to 8 h and then silanising them. The same

halosilanes, alkoxysilanes, silazanes and/or siloxanes
described above can be used for the silanisation.

The invention further provides.a method for the preparation'
of granules based on pyrogenically.prepared silicon

diokide, which is characterised in that pyrogenically
prepared silicon dioxide, preferably silicon dioxide
prepared from silicon tetrachloride by means of flame
hydroleis, is dispersed in water,.spray dried, the

granules obtained are.optionally heated at a témperature of
from 150-to 1,100°C for a period of 1 to 8 h and/or
silanised.

The dispersion in water can have a silicon dioxide
concentration of from 5 to 25 wt.%.

The spray drying can be carried out at a temperature of
_from 200_to 600°C. Disc'atomisers or nozzle atomisers can

be used for this purpose.

The heating of the granuies.can be carried out both in
fixed beds, for example chamber kilns, and in moving beds,
for example rotary dryers. ' '



The granular material is placed in the neasuring cylind &
mark. The weight of the sanple is recorded ([err] 0.1 g) lﬁﬁh'?ﬂﬁﬁg .
cylinder is placed in the voluneter and the 20 apparatug|]|is smn C li
End of tapping: the apparatus autonmaticedly sw tches of fj ng 1000" strokeﬁ
The tapped bul k vol unes are read to an accuracy of 1 m . 25 CaIculatlon E:

hed
o Pen port IT%I% %&l%rﬁrgg I{@ﬁ Ib% (fa'}ﬁe% tqf}lltvgléir}?g ﬁ%gec'{}?l cation POOL)

content in w.% tern1ne I N accordance W P001)
E x (100 - mﬁalos;lanes, alkoxysilanes, silazanes and/or SLloxanes as

described above, for which the silanising agent can be.
optionally dissolved in an organic solvent such as, for

5 example, ethanol.

Preferably the;Silane Si 108 [(CH30)3-Si-CgH17],
trimethoxyoctylsilane, is used as silanising agent.

10 The silanisation can be carried out by sprayihg-the

| granular material with the'silanising agent and
subsequéntly heat-treating the mixture at a temperature of
from 105 to 400°C over a period of 1 to 6 h. |

15 In an alternative method; the silanisation of fhe,granules

can be carried out by treating the granular material with

- the silanising agent ih vapour form and subsequently heat- ..
treating the mixture at a temperature of from 200 to 800°c
over a period of 0.5 to 6 h.

20 | | . | |
The heat treatment can take place under protective gas such
as, for example, nitrogen. |

The siianisation can bé carried out continuously or

25 batchwise in heatable mixers and dryers equipped with
spraying facilities. Examples of suitable devices are
ploughshare mixers, disk dryers or fluidised bed dryers.

The physicochemical variables of the granules, such as the
30 spedific surféce, the particle size distribution, the pore

volume, the tamped dens;ty and the silanol group |

concentration, the pore distribution and pH value can be

altered within the: specified limits by varying the startlng

materials and the conditions during spraying, heating and
35 silanisation. ' | | |



Tapped density = V x 100 35 The pH value is deternmned in 49 éﬁﬁé@us e i
di spersion, in the case of hydrophobic catal yst supports in ter:et R# .l
1=1. 17 Preparation of the granules acc rding to the invefptdesh ik ﬂqﬂ_}%ﬁﬁ;i
pyrogenically prepared silicon dioxide is glspersed in conpl rery“”“”““”"“’

dem neralised water. A dispersing aggregate 5 which operates according to

the rotor/statghepgraaufles iatcosedngn toheher dosentibne cams pensisens dr ned

are spray

supports for polymerisation catalysts, in particular as
supports'for catalysts for the production of polyethylene.

5 They have the advantage of posséssing'a high purity, a high
thermostability, a low silanol group concentration,
primary particles microsphérical in shape and less than 5 %
of the total pore volume exists of pores with a diameter
< 5 nm. ' ' '
10
The invention further provides the use of the granules as
catalyst supports, in particular for the production of
polymerisation catalysts. In a preferred embodiment of the-
invention, the granulés according to the invention can be
15 used as catalyst supports for producing catalysts for the
 production of polyethylene. |

Exampies-
20 The pyrogenically prepared silicon dioxides used are

silicon dioxides having the physicochemical properties .
given below. ' '



Sy oA L

m@tmew 19 dher |
dri eg and
Dati:£.

dried. The finished product is precipitated by a filter orj
sprayed granules are heated in a nuffle furnace. The spray!
‘optionally heated granules are placed in a m xer for the
process and sprayed with intensive mxing optionally fi r st~
108 (trimethoxyoctylsilane) or”

—

In accordance with DIN 66131
In accordance with DIN I1SO 787/XI, JIS K 5101/18 (not screened)
In accordance with DIN ISO 787/Il, ASTM D 280, JIS K 5101/21
In accordance with DIN 55921, ASTM D 1208, JIS K 5101/23
In accordance with DIN ISQO 787/1X, ASTM D 1208, JIS K 5101/24
In accordance with DIN 1ISO 787/XVIII, JIS K 5101/20
~ Referred to the substance dried for 2 hours at 105°C
Referred to the substance calcined for 2 hours at 1000°C
Special moisture-resistant packaging
In water: ethanol 1 : 1
HCI content in const:tuent of the loss on |gmt|on

water and 15 then with the silane Si HVDS
(hexanet hyl di si | azane) After sprayl ng has been corrpl et ed the material is
m xed for 15to—S6—Tmorermmutes amd—tignr—heated—for 60—t 00
C. 20 The wdter used can HAERLT'H|ASROFILAEROS!H| ARROF!L f“E’?o%'k a?'ﬁﬂoé"- AEROSIL
hydrochloriclacid. to a pH v of'3% o 10 The289| 4ni ¥ngl a8t KO can
be di-ssol ved das reg.sahsent [such as, f or 1eusrmisqiomet hasweb-e6-0)

Behaviour ' hydrophilic '

towards water

Appearance loose white powder

' Surface area .

BeT!) mig | 9015 | 13025 [ 150+ 15 | 20025 | 30030 | 380+30 | 50+ 15

Average size of

primary particles mm 20 16 14 12 -7 7 40

Tamped dé_nsity 2) : :

Normalware g/l [ca.80 [ca.50 ([ca.50 |ca. 50 |[ca.50 [ca.50 .- |ca. 130

Compacted ware g/l |- ca. 120 |ca.120 (ca. 120 |ca. 120 |ca. 120 |-

(Addition “V™)

Loss on drying 3) '

(2hat105°C) % | <10 | <15 [ <059 | <15 | <15 <15 <15

on leaving the

supplier

Loss on ignition 4)7) . :

(2h at1.000°C) % <1 <1 <1 <1 <2 <25 <1

pH value S) {in 4% : :

aqueous dispersion) | 3.6-45 | 36-43 | 3.6-43 | 3.6-43 | 36-43 | 36-43] 36-43

sio, 8 % |>90.8 (>998 |[>998 (>998 |[>90.8 [>998 |>99.8

ALO, 8) % [<005 [<005 [<005 |<005 |[<005 [<005 [<0.08

Fe,0,8 % |<0003 |<0.008 |<0003 |<0.008 [<0.008 |<0.003 |<0.01

| Tio, ® % |<003 |<003 |<003 [<003 |<003 |<003 |<0.03
| Her 8)1) % [<0.025 |<0025 |<0.025 |<0.025 |<00256 [<0.025 |<0.025
Screen oversize 6) . - : |
(by Mocker, 6pm) % [<0.05 [<0.05 [<0.05 [<005 [<005 [<0.05 0.2



© 18 Conpari -
son 1 2 3 4 5 Starting Aer SI

380 380 380 380 Data for spray drying gﬁkl r]Cf
(kg) 10 - 10 105 1053 15 Quant |l.&gt—_&“:§em|__lﬁ®%(}§g _
1.5 1.5 - 14,7 14. 7 1.5 Aton1sat|on usi ng.

Di sc D s@o pregirse the silicorpkiatides i enpeicatid es{]bedl) comﬁBQnd

380 380o pralfilh inco dR oMol "HIBIDUAM S of APRrobSR
- and air. In most cases silicon tetrachloride is used. This
substance is hydrolysed to silicon dioxide and hydrochloric
5 acid by the action of the water formed during the hydrogen-
oxygen reaction. After leaving the flame, the silicon
dioxide enters a so-called coagulation zone, wherein the
- primary Aerosil particles and primary Aerosil aggregates
agglomerate. The product, which exists at this stage as a
10 Xkind of aerosol,'is.separated from the accdmpanying'gaséous
substances in cyclones and then aftertreated with moist

heated air.

"By this process the resxdual hydrochloric acid content can
15 be lowered to 0.025%. As the silicon dioxide obtained at
"the end of this process has a bulk density of only about

15 g/1, there is a subsequent vacuum compactlon, whereby
. tamped densities of about 50 g/l and more can be
- established.
‘The particle sizes of the silicon dioxides can be varied by
- means of the reaction conditions such as, for example,
flame temperature, proportions of hydrogen and oxygen,
quantity of silicon tetrachloride, residence time in the
25 flame or length of the coagulation path.

The BET surface area is determined using nitrogen in
- accordance with DIN 66 131.

30 The pore volume is calculated from the sum of the micro-,
meso- and macrbpore volumes. The micro- and meéopores are
determined by recotding an N2 isotherm and evaluation
thereof by the methods of BET, de Boer and Barrett, Joyner

_ and Halenda. The macropores D > 30 nm are determined by the
'_ 35 Hg porosimetry method. For the determination of the
 macropores, the sample is dried for 15 h at 100°C in the
drying oven.énd_degasSed at room temperatﬁre in a vacuum.



Precipitatio

Data for heating (h/ Q) 2/ 700 2/

nmodi fi cation
108 HVDS

n Filter . Filter Filter FREPEACEMENT BHAET

783@Fa%ih&ﬂ§b§@§"

)

of the surface Reagent

-

- =20

Quantity [g/100 g Aerosil] 13 25

Quantity of water [g/100 g Aerosil]

- Heating ti
([err] Q)

properties B
277 Pore vol

5

10

Wor the &Brermination of tRe micro-2and mesopérEQUpehéture

SRR ab8 %Fé&é ?ﬂfe??]%gﬁt 1035§ in tE§7éo PthIcochenlc

d

212

usgassednfog)l h ag. 200°C 1n1a69acuum1 55 - 1.68 1.69

The silanol group concentration is determined by the
lithium alanate method. Here the SiOH- groups are reacted
with LiAlH4 and the quantity of hydrogen formed during this
reaction is determined from the pressure. '

Principle of measurement

. The granular material is weighed into a four-necked flask.

15

20

25

30

The flask is evacuated and an oil bath is heated to 150°C.
The temperature in the flask (controlled by an internal

thermometer) rises with the temperature of the oil bath to
about 130°C. The pressure during the preliminary treatment
is recorded using a pressure measuring device PIy (TM 210,

from Leybold measurlng range 103 to 10~ -3 mbar). The

desorption of the water can be monitored from the pressure l

measurement. At the end of the preliminary treatment
(30 min at the end temperature) a pressure of less than
10 -2 mbar must have been achleved

After completion of the preliminary treatment, the
evacuated flask is separated from the vacuum unit'by
closing the stop valve and is brought to normal | _
temperature. The actual measurement is based on a measured
quantity of LiAlH4 solution being introduced into the flask
through the dropping funnel and the rise in pressure being
measured from the hydrogen formed. If the volume of the

- flask is known, the quantlty of Hy can be calculated from

35

‘the ideal gas law. The pressure is recorded using a digital
measuring device (PIj) (MKS Instruments PR-2000), having a
measuring range of between 0 and 1 bar.

The LiAlH4"solutioh used (2% LiALH4 in diethylene glycol
dimethyl ether) is degassed prior to the experiment being



Lol A T .
l RIF A0 o

Pore volume (%of total pore volume) in pores <5 nm  n. d! gfﬁ'”'““"”“
n. d. n. d. n.d. Mesopores 2-30 nm (m/Q) 1.34 “ Awlﬁﬂﬁ
1.17 - 0.66 Makropores > 30 nm(m/g) . 0.75 0. 65 & N =
1.03 Particle size d50 ([err]m) 38 14 40 66 53 S
-39 Tapped vol ure (g/l) 320 390 420 370 . 260 pH

val ue carried out; /in ordé&cko remoéeGreadlli Yolatile4. 8 Carbon

cont ent % 10

8
concentratlcn1q9ﬁﬁﬂlQ}$%ﬁsr ﬁh%ﬁh digtqgt theopgﬂssure Be%%uremenE0|8grou

this purpose the pressure above the solution in the
dropping funnel is lowered by a second vacuum pump to the

5 vapour. pressure (3.7 mbar at 22°C), so that the liquid
boils. A blank measurement without a sample is taken to
test whether the solution is-sufficiently degassed. In the
determination of the hydrogen pressure, a correction is
made using the vapour pressure of the solvent.

10

Interpretation

The apparatus is calibrated by first of all determining the
volume of the dropping funnel provided with a ground;glass
15 stopper, gauging the capacity in litres. The volume of the
reaction flask inclusive of all connections as far as the
. _ stop valve is obtained by the following experiment: -

The dropping funnel, filled with air at atmbspheric--

20 pressure, is attached to the evacuated flask. A pressure

| compensatlon between the two volumes is then brought about
by opening the tap of the dropping funnel. The pressure
established is indicated by the digital measuring device.
The volume of the reaction vessel is obtained from the mass

25 balance. A volume VR equal to 243.8 ml is obtained with
the present arrangement. '

The number of moles of hydrogen formed is obtained from the
"equations: '
30
p.V(corr.)

RT

35

Vecorr. = VR - Vsolids = Vsolution



Exampl e Conpafri=—s01 o

7 8 9 10 Starting Aerosil §BBLAC*hr”3@@EET g

3060 0 x 50 0 x 50 Data for spray drylng Quanti ty |jof F{EQB]EMN m@&g);

15 105 105 10 ~ 101&uantity of AenjoSRE (kg)ydib |

14.7 14. 7 1.5 1.5 Atomi sation using — DI 5C SlngTE?—“
‘ Double  Di scp is thdiiycrexsd ein proggdwrdin ath@grémpﬁmmtﬂl&sk[ewhlﬁ)

?gg 10340 : v(fglfhoe is cicbétg cted %gaégxgragfé aust %z%eéfgw&{r% uégcé/l&?er\rr pour

Filter  Filtempresgutemst tl@@mheernat(aafbmbmat_amgzz?memq Gyoom

2/ 700 Data forﬂéﬁ%é?&%&féé“df&htly differing from 22°C the vapour

| 5 pressure is taken from the vapour pressure table. It is
useful so to select the weighed sample, that a value for p
of between 200 and 800 mbar is obtained. In this case minor
~changes in the vapour pressure owing to temperature
variations have hardly any effect on the result.

10 _ '
The volume of the reaction vessel is corrected by deducting
the volume of solid matter and the volume of the solution
introduced. The.former is given from the weighed portion
and the dens;ty and the latter is read from the dropping

15 funnel. '

The density of silanol groups is finally obtained from the

equation: -
20 - - neNy,
d =
: -
N1,z Lohschmldt number

25 F: Surface of the weighed solld matter
The samples are treated as follows:

_ 1 h heating at 120°C and 0.2 mbar; cooling to-60°C;
30 addition of LiAlH4; after 10 mins, reading the pressure
difference which has arisen.

The particle size distribution is determined by means of
the laser optical particle size analyser Cilas Granulametre
35 715. ' ' '



of the surface Reagent HVWOS Si 108

- HVDS Quantity [g/ 100 g Aerosil] 15 25 20 .
‘Qantity of water (g/100 g Aerosil] 5 5
time (h). 4 2 416 : B -
([err]Q 140 120 140 140 Physi cochem cal
properties BirhesWd &f&laume( rﬁ[é?rdd'l{éﬁmlneézﬁm accdfdhnce w1ﬂ-}95ASTM D 46
41 Pore volu /9) 1.79 1.51 0. 0.68
Pore vol une giQﬁ -§ ta pore volune) in pores <5 nm n.d. 1.7
1.5 ‘n. d. 1.2 Mesopores 2-30 nm (m/Q) 0.78 0. 60 0. 60
0.08 0. uipment: Tapping volumeter STA V 2003 from
5 . Engelsmann, in accordance with DIN 53194,
section 5.2. b-f ' '
Measuring cylinder 250 ml, graduation marks
every 2 ml
Balance with limit of error of max. % 0.1 g
10 |
Procedure

The counter of the tapping volumometer is set to 1000
strokes.
15 The measuring cylinder is tared.
The granular material is placed in the measuring cylinder
- up to the 250 ml mark. _ '
The weight of the sample is recorded (¢ 0.1 g).
The meésuring cylinder is placed in the volumeter and:the
20 apparatus is switched on.
End of tapping: the apparatus automatically switches off
after 1000 strokes
The tapped bulk volumes are read to an aCcuracy of 1 ml.

25 Calculation
E: weighed portion of granular material in g
Vs volume read in ml _
W: water content in wt.% (determined in accordance with

- 30 Specification P001)

E-x (100 - W)

Tapped density =
| vV x 100
35 o |
The pH value is determined in 4% agueous dispersion, in the
case of hydrdphobic catalyst supports in water:ethanol 1:1.



Makropores > 30 nm(m/g) 1.01  0.89 -  0.91 0. 65 REW@%‘Q HEET

Particle size-dlerr] ([err]m 32 40 43 D 128 MAY 1gg&
Tapped vol ume (g/l) 290 320 300 - 540 | Date:

value 6 5.2 176. 9 5.3 7.4 Caroon
.cont ent % 2.7 9.3 3.3 0.5 Silano

‘group. concent r gl {aHTIn GF dhe éﬁhlesihéﬁhrdln 49 the ifv&ftion O. 14
20 Conpari - npari - anpl e 4

The pyrogenically prepared silicon dioxide is dispersed in
completely demineralised water. A dispersing aggregate

5 which operates according to the rotor/stator principle is
used in the process. The suspensions formed are spray
dried. The finished prodﬁct is precipitated by a filter or
cyclone. ' '

10 The sprayed grahules are heated in a muffle furnace.

The spray-dried and optionally heated granules are placed
in a mixer for the silanisation process and sprayed with
intensive mixing optionally first of all with water and

15 then with the silane Si 108 (trimethoxyoctylsilane) or HMDS
(hexamethyldisilazane). After spraying has been completed,
the material is mixed for 15 to 30 more minutes and then
heated for 1 to 4 h at 100 to 400°C.

20 The water used can be acidified with an acid, for example,
hydrochloric acid, to a pH value of 7 to 1. The silanising
agent used can be dissolved in a solvent such as, for
example, ethanol. '
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Starting Aerosil 130 130 200 20}? RERLACFHiE S ,’f
|

Quntity of Aerosil (ko) 150 18 15 1 ACHSARMeN g
usi ng D sc Disc Disc 18 'Disc Qperating terrperat ure B
380 380 380 380 Exhaust air tenperature (O 105 105
105 : 105 Precipitation Cyclone Cyclone Cyclone Cyclone
.ggggem)r | heat }:-ng&;%[e_”m _L)at a TC%:%‘; WDCIIT.I CRUI on_ or tne?_lll\J/lr3 %&I‘é’ﬁf" .,
[g/lOQgAer DSi | ] B 5 1 2 7QJa:§1t|ty of4watgr 5

| Starting Aerosil 380 380 | 380 380 380
Data for spray drying '
Quantity of H,0 k)| 10 10 105 105 15
Quantity of Aerosil  (kg) 1.5 1.5 14.7 14.7 1.5
Atomisation using - Disc Disc Disc Disc | Disc
Operating temperature (°C) 380 380 380 440 380
Exhaust air temperature (°C) | 105 105 105 108 105
Precipitation , Filter Filter Filter Fiter | Cyclone
Data for heating (h/°C) ) R o700 | 27700 ]
Data for the modification |
of the surface -
Reagent . o - si108 | Si108 | HMDS | -
Quantity [g/100 g Aerosil] | 25 25 20 -
Quantity of water - '
{9/100 g Aerosil] R S 5 -
Heating time (h) - 2 2 4 -
Temperature | (°C) - 120 120 140 -
Physicochemical | |
properties .
BET surface area (m2/g) | 350 | 197 | 189 212 - | 277
Pore volume (ml/g) 2.09 1.69 1.55 1.68 1.69
Pore volume (% of total pore |
volume) in pores < 5 nm n.d. 1.8 - n.d. n.d. n.d.

| Mesopores 2-30 nm (ml/g) 1.34 1.04 1.12 1.17 0.66

Makropores > 30 nm (mlig) | 0.75 | 065 0.43 0.51 1.03
Particle size ¢°0  (vm) 38 40 66 53 39
Tapped volume 1) 320 390 420 370 260
pH value ' 4.7 5.0 5.6 - 7.2 - 4.8
Carbon content % - 10.9 10.4 3.8 -
Silanol group | | |
.concentration (mmol OH/g) 1.80 - 1.18 0.74 | 0.37 1.50



[g/ 100 g Aerosil] - Heating tine | BE)’LAGENENT SHEET {
5 5 Tenperature ([err]0Q _ % MAY 1996 i
¥40 Physi cochem cal properties BET surface area (nferr]/ Dat@zi- s i
1196 153 Pore vol une (m/9g) 191.92 1.62 w25 2. 04
Pore volunme (% of total pore volune) in pores < 5 nm. n. d. 1.7
n. d. 0.9 I\/Esopores 2-30 nm (m / g) 0. 24 0.24 0. 46 0. 47
“Nakr opor es > 30— 138 Tt +—~5-F—Ray-ti-ete—sj ze
dlerr] ([e E}%ple 20 20 14 14 Tapp€ampsfi-une (af 1)
- 250 . 28 230 240( pH val uge sap g 7.
4.8 7.2 6 7 8 s 10
Starting Aerosil - 300 300 300 0x50 | 0x50
Data for spray drying ' _
Quantity of H,0 (kg) 15 105 105 10 10
Quantity of Aerosil  (kg) 1.5 14.7 14.7 1.5 1.5
Atomisation using Disc Single | Double Disc Disc
nozzie | nozzle '
Operating temperature °C) 380 440 440 380 380
Exhaust air temperature (°C) 105 108 - 108 105 . 105
Precipitation Cyclone | Filter Fiter | Cyclone | Cyclone
Data for heaﬁng (h/°C) 2/700
| Data for the modification.
of the surface
Reagent HMDS | 'Si108 HMDS - 'HMDS
Quantity [g/100 g Aerosil] 15 25 20 - 3
Quantity of water
[9/100 g Aerosil] S 5 5 - -
Heating time ) 4 2 4 - 5
Temperature (°C) 140 120 140 - 140
Physicochémical
properties
BET surface area (m?%/g) | 222 180 195 46 41
Pore volume (mi/g) 1.79 1.49 1.51 0.73 0.68
Pore volume (% of total pore '
volume) in pores < 5 nm nd.’ 1T 1.5 - nd. 1.2
Mesopores 2-30 nm (ml/g) | 0.78 0.60 0.60 0.08 0.09
Makropores > 30 nm (mi/g) 1.01 0.89 0.91 0.65 0.59
Particle size ¢S50  (um) 32 40 - 43 21 21
Tapped volume (gt 290 320 300 540 570
pH value ' 6 5.2 6.9 53’ 7.4
Carbon content % 27 | 93 3.3 - 0.5
Silanol group ' ' , _ -
concentration (mmol OH/g) |  0.61 1.15 0.40 0.29 0.14



Car bon cont ent % 1.3 1.4
concentration (mol OH g) 0. 83 0.44 1.16 0. 6.
.particle size distributions of the granul es obtained accordi
1 to 14 are represented in tabular and graghical formin F
Examples 1, 5, 9, 11 and 13 are conparative Exanples fromprior art (DE-A
- 36 11 449 L| u). Exanples of the use of the granules according to the

i nvention as catalyst supports in the production of :
Example Cogz:,an- _ Co:sno;:’an- | _
11 - 12 13 14

Starting Aerosil | 130 | 130 200 200
Data for spray drying '
Quantity of H,O (kg) 15 16 | 15 15

‘| Quantity of Aerosil (kg) 1.5 1.5 1.5 1.5
Atomisation using | Disc Disc | Disc Disc-
Operating temperature (°C) 380 380 380 380
Exhaust air temperature (°C) 105 105 - 105 105
Precipitation o | ' ‘Cyclone | Cyclone | Cyclone | Cyclone
Data for heating (h/°C) . i i _
Data for the modification
of the surface : _
Reagent - - HMDS | - | HMDS
Quantity [g/100 g Aerosil] - 5 - 7
Quantity of water _ o
{g/100 g Aerosil] - T - T
Heating time (h) - 5 - 5
Temperature | (°C) - 140 N 140
Physicochemical
properties
BET surface area (m?2/g) 131 111 196 153
Pore volume (miig) | 1.92 1.62 2.25 2.04
Pore volume (% of total pore | | ' '
volume) in pores <5 nm n.d. 1.7 n.d. - 09

‘| Mesopores 2-30 nm (mi/g) 0.24 0.24 0.46 0.47
Makropores > 30 nm (ml/g) 1.68 1.38 1.79 - 1.57
Particle size d®0 (M) 20 20 | 14 14
Tapped volume  (g/) 250 | 280 | 230 240
pH value . ' 48 - 7.3 48 7.2
Carbon content % - 1.3 - 17
Silanok group ' | ' _
concentration (mmol OH/g) 0.83 0.44 116 0.56




10 pol vethvl ene Referred to the active conponent titaniug

achieved the followng results in the polynerisation of ﬁgbgngtmtﬁTsHEET
Cat al yst on Yield Comment a support | kg PE{ g Tléﬁgagp ‘
Exanple 1 292 : - Only spray-gifi ed support as @aE% ﬁ.K@ﬁ .....
Exanpl e 2 360 Chemcally treated support a

Exanple 3 The3ggrt1cle size %&s%&g%u%go%gdo eF%EL %%a% tal éxwt as

i n

accordlng to Examples 1 to 14 are represented in pabular

and graphical form in Figures 1 to 4.

5 Examples l' 5, 9, 11 and 13 are comparatlve Examples from

prior art (DE-A 36 11 449 Liu).

Examples of the use of the granules according to the
lnventlon as catalyst supports in the production of

10 golxethxlene

Referred to the active component titanium, the catalysts

achieved the following results in the polymerisation of

_ ethylene:
15 _
Catalyst on Yield : Comment
a support kg PE/g Ti =
Example
Example 1 292 Only épray-dried support
as in Example 1
Example 2 360 ' Chemlcally treated support
as in Example 4
Example'B f 376 | Heat-treated and chemically
N .~ treated support as in
Example 6




Exanpl e 6—— 22 Cf@ms L.~ Granul es based on pyrogeni cal |;j - BLERAL ¢ a1

| Z'v'e'rSSE or R BERAFNUR "2 o' 2207 er ™) e ot ace P ﬁ*ﬁ@.'@%‘ |

: n{ err]/ g+ Pot e volMumé: * §,5 to 2.5 m/gjg,ﬂﬁjigﬁéﬂggg;:;a:
dlstrlbutlon less than 5 % of the total pore vol unme exi sts of pores
| Claims

1. Granules based on pyrogenically prepared silicqn
dioxide and having the following physicochemical

5 . properties:

Average grain size: 10 to 120 um
BET surface area: . 40 to 400 m2/g
Pore volume: ' 0.5 to 2.5 ml/g
10 Pore size distribution: less than 5 % of the total
pofe volume exists of pores
with a diameter < 5 nm; rest
meso- and macropores
pH value: ' : 3.6 to 8.5
15 - Tapped density: ' 220 to 700 g/1
2. Method for the preparation‘of the granules according

to claim 1, characterised in that pyrogenically .
. prepared silicon dioxide is dispersed in water and

20 spray dried and the granules obtained are heated at a
' temperature of from 150 to 1;100°C for a period of 1

to 8 h.
- 3. Granules based on pyrogenically prepared silicon
25 dioxide and having the following physicochemical

properties:

Average grain size: 10 to 120 um

BET surface area: : 40 to 400 m2/g.
30 Pore volume: ' 0.5 to 2.5 ml/g

Pore size distribution: less than 5 % of the total
' pore volume exists of pores
with a diameter < 5 nm, rest
_ _ _ meso- and macropores
35 PH value: 3.6 to 8.5 |
Tapped density: _ 1220 to 700 g/l



with a dlaneter - and macropores pH val ye: f
3.6 to 8.5 15 ﬂlﬂ%mﬂ[amgwq 220 to 700 ;/‘FED}AV“‘ﬁeﬁBHE?ow
the granulses»

the preparation of ccording to claim1, chfr qtg@l&ﬁd rnﬁ} ‘J
pyrogeni cal |y prepared silicon dioxide i23dispersed in wgt F and 20 R |
spray dried and the granules obt ai ned are heated at. a tenperature .of from

150 to 1,100[grr] R
pyrogenically pregg%g Si I rlQ%fh%r£pagéﬁégpdgfan88L§3% %iﬁ¥ﬁ%gﬁé¥gm
physi cocheni cal pr&pecﬂaem 3av ehagacgexisedi is: that PYn@gﬁﬁxzﬁiﬁxHr]rn
prepared silicon dioxide is dispersed in water and

spray dried and the granules obtained are silanised.

5 :
| 5. Granules based on pyrogenically prepared silicon
dioxide and having the following physicochemical
properties: '
10 Average grain size: 10 to 120 pym
' ~ BET surface area: 40 to 400 m2/g
Pore volume: 0.5 to 2.5 ml/g
Pore size distributioné ‘less than 5 % of thé_total
| pore volume exists of pores
15 : I with a diameter < 5 nm, rest
. o meso- and macropores
pH value: ' 3.6 to 8.5
Tapped density: '_ 220 to 700 g/l
20 6. Method for the'preparation of the'graﬁules according
to claim 5, characterised in that pyrogenically
prepared silicon dioxide is dispersed in water and
spray dried and the granules ‘obtained are heated at a
temperature of from 150 to 1, 100°¢ for a period of 1
25 to 8 h and subsequently silanised.

7. Method for the preparation of granules based on
pyrogenically prepared silicon dioxide according to
claims 1, 3 and 5, characterised in that pyrogenically

30 prepared silicon dioxide, preferably silicon dioxide |
prepared from silicon tetrachloride by means of flame
hydrolysis, is'dispersed in water,'spray.dried, the
gtanules obtained are optionally heated at a
'temperature of from 150 to 1,100°C for a period of 1

35 . to 8 h and/or silanised.



‘BET surface area:

' enit o %_“.—gi
0.51t0 2.5 rﬂ/gf meﬂlﬂv“ﬁ Bj ’ ?| g{nerlr!a/sg ?gan 5 %P&[% Tug&ﬂﬁérﬁgﬁ ii;

“vol une exists o ter < 5 nm rest neso{ _ECIOpores 39
pH val ue: .6 to 8.5 Tapphkd density: 220 to 700
o/l 4. Met hod for the preparatlon of the granul es according to claim

3, char acterléed 'ﬂs&hak E}iéoﬁ?cﬁhﬁ%lsya%%éiﬁ& $bl £2aRmdl QX de 4}y 5 as

-di spersed in water an

catalyst supports, in partlcular for the production of

- polymerisation catalysts.

Use of the granules according to claims 1, 3 and 5 as
catalyst supports for producing catalysts for the

' producticn_of polyethylene.



spray dried and the granul es obtained are silanised. 5 5. R LG FYENT SHEFT |

on pyrogenically prepared silicon dioxide and having the flohLawi 2 MAY 1006

physi cocheni cal properties: 10 Aver age grain size: 10716 120

[err] m BET surface area: 40 to 499 nferr]/g Pore vol une:

0.5to 2.5 nmM/g Pore size distribution: less than 5 %of the total pore

vol unme exists of pores 15 : - : s oowth di aneter <

5 nm rest neso- and HB%FBBB}SE Bﬁﬁgglag:pyrogenlcally preggge%o 8.5 Tapped
density: s12(d.con. di®xj/de, method for their preparation and -

use_thereof

. Abstract

Granules based on silicon dioxide and having the’
10 properties:

. Average grain size: = 10 to 120 pm
 BET surface area: 40 to 400 m2/g
- Pore volume: 0.5 to 2.5 ml/g

15 Pore size distribution: less than 5 % of the total pore
volume exists of pores with a
diameter < 5 nm, rest meso- and

_ macropores
‘pPH value:’ . 3.6 to 8.5

20 Tapped density: 220 to 700 g/l

They are-preparéd by dispersing silicon dioxide in water,
spray drying, optionally heating and/or silanising.

25 The granules are used as catalyst éupports.

'Nb-EQ}uB Suggested'




20 6. Met hod for the preparation of the granul es accordiffg—te—erarmF&=====
characterised in that pyrogenically prepared silicon dioxildBEFEAQTEBei Sedst h
i*’n water and spray dried and the granul es obtained are hegted. aQBaMAY 1995 i
tenperature of from 150 to 1,100[err]C for a period of 1 25Date....t.0..8.- K ... l
~and subsequently sil ani sed. 7. Met hod for the preparatlon“of‘granu1es“;*";”
based on pyrogenically prepared silicon dioxide according to clains 1, 3
and 5, characterised in that pyrogenicdly 30 prepared silicon
~dioxide, preferably silicon dioxide prepared fromsilicon tetrachloride by
~means of flame hydrolysis, is dispersed in water, spray dried, the granul es
~obtained are optionally heated at a tenperature of from 150 LQ 1,100[err]C
for a period of 1 TETT
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Use of the granules

3 and 5 as catalyst supports for producing catalysts f
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