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CATALYST SYSTEMS

The present invention relates to a process for producing a catalyst support
comprising a layered double hydroxide, and to polymerisation, preferably olefin
polymerisation, catalysts incorporating such layered double hydroxides. The invention
also relates to polymerisation processes, preferably olefin polymerisation, using such
catalysts.

Layered double hydrox1des (LDHs) are a class of compounds which comprise
two metal cations and have a layered structure. A review of LDHs is provided in
Structure and Bonding;, Vol 119, 2005 Layered Double Hydroxides ed. X Duan and
D.G. Evans." The ‘hydrotaléites, perhaps the ‘friost wellskfiowi ‘examples ‘of ‘LDHE,
have been' studied for many years. LDH’s can intercalaté anions'betwéeti the layers of
the “structure. ' WO 99/24139 discloses use of LDHs" to separate anions mcludmg
aromatic and allphatlc ahiofis. R

'L DHs have uses in a range of applications such as catalysis, separation
technology, optics, medical sciérice, and nano-composité matérial engineering: *+*

" USB:7,094,724 discloses a catalyst solid comprising at-least orie calcinéd
ﬁydr'dtalcite‘ Surface area’ and pore volume"'\i/'hich' rriay""at' lea’st"'partly ‘owe" to
aggregatlon “of the particles, can &l be: 1mproved Further, thermal treatmerit
temperatures stich ‘as for calcrnatlon are somewhat hlgh for- example for the use of
silica which is typlcally calcined at 2 temperature of 400-800°C.

It is an object of the present invention to ’provide a supported polymerization
catalyst having ‘a support which overcommes the' drawbacks of ‘the-prior art, especially
having higher Surface area arid higher pore volume and/or low particle density, as well
as to prb&iae-a'pf‘b‘ées‘s for'i:ts“preparatit‘)nv its use ‘in"a pdlyﬁter"izatiohproeess; as well
as'a process for preparing such a catalyst support.” * o

= The present invention accordlngly provides, ‘in a first aspect ‘a process for
preparing a catalyst support compr1s1ng a layered double hydr0x1de (LDH) the
process comprising,

4. providing a water-wet layered double hydroxide of formula: =



WO 2014/051529 PCT/TH2013/000051

10

15

20

25

30

M MY ORI (K b0 (1)

wherein M and M’ are metal cations,z=1o0r2;y=3 or4, xis

0.1 to 1, preferably x<1, more preferably x = 0.1 — 0.9, bis 0 to 10, X is
an anion, r is 1 to 3, n is the charge on the anion and a is determined by
x, y and z, preferably a = z(1-x)+xy-2; .

b. maintaining the layered double hydroxide water-wet,

c. contacting the water-wet layered double hydroxide with at least one
solvent, the sol{;ent'beihg miscible with water arid preferably Having a
solvent polarity (P’) in the range 3.8 to 9, thereby producing a material
cothprising 4 layered dotble hydtbxide, and

d.  ‘thermally treating the matetial obtained in Step c) to produde a catafyst

Sipport;

This prockss'is ‘greatly advantageous becavise, déspite being such a simple
process; it, surpriéingly, fesults in Highly porous arid highly dispersed catalyst support,
preferably having 4-low particle density, Which function as Highly ‘effective catalyst
supports. For 1nstance for the convent1onally synthesrzed anAl Borate LDH; its
specific surface ‘hrea (Nz) and total pore Volume are only 13 m /g and O 08 cc/g,
respect1Vely.

Howev‘er“‘the"v:"inventors have discovered that LDH modified according to the
invention (even before thermal treatment) has a spec1ﬁc surface area and total pore
volume' mcreased to 30F'm /g ahd 2.15cd/g, respectlvely T add1t10n the modified
LD Has a very unlform partlcle size of about 5 fum. Thrs miéthiod of'the mventlon can
be applied to all LDHs. In add1t10n thrs method is srmple and can be easrly scaled up
for dommercial productlon

Further ifi'a preferred embodrment utlllzmg thennal treatment temperatures
of dbout 150°C this results in catalyst supports to be prepared usmg an easy, energy
savmg and Eost effectlve process
Advantageously, if the ‘méfterials’are subsequently thermally treated (at -about

150°C) and ‘then chemlcally modlﬁed ‘with'e: g. alkyl aluminivm ‘teagénts: they are

excellént supports “for metal-orgamc catalyst precursors. In* part1cular, ‘they" can“ be
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used to immobilize (or support) metallocenes and other catalyst precursors for olefin
polymerization. " '
" In order to obtain a polymerization catalyst, it is essential to
a) synthesize a modified layered double hydroxide as described above,
b) thermally treat, preferably at 100 - 200°C, the thus prepared modified
LDH, so as to retain a crystalline LDH structure,
c) modify the thermally treated LDH with an activator, preferably an alkyl
aluminium activator, most preferably methyl-aluminoxane (MAO), and
e dy i Sapport- 4 Sommiplex,! o1+ Example ‘mbtdllocerie” or ‘other omplex,” that can
iz 5 ymerize or co- -polymerize an olefin.

The*‘catalysPtsiipport | piépared’ has*uniqué! featitel tegarding the powder
dispersion (I0W particlé”dénsity), $tifface" area/pore Vollime, 'thérmal” chatalteristics
and the'ability to' maKé-effective'dispersions: of the support in & hydrocarbon 'Solveiit
in order to preparé‘immobilized catalyst p'r‘échtéo}s‘" LT |

Ii préparing”the ‘catalyst support; surface’ bounid ‘witer is “replaced by thé
solvent thu maklng the partlcles Nof thie '§upp6rt' hyd'r‘ phobic “LowW "tempt%rature
thermal‘ treafment ‘then actrvates the surface by ‘Solvént’ desorptlon (W thh dan'bé sedn

in thermogravrmetnc analy51s) and Teaves & very unique and reactive surface for

K\ » LT . 2 | 1
------ L T U TERC R N arding the moadar

xpt ’The ‘olvent” washlng process ' and the thennal actrvatron of the LDH' also
modifies” the surface chemlstry to' give ‘beneficial éffects on the cataly81s 'Suehas the
ablhty to 1mmoblhze ‘a 31gn1ﬁcant1y larger amount of metal catalyst.

For; preparmg ‘the 1n\>ent1ve catalyst support the ‘thermat treatment is of major
1mp6rtance“ Thémal hetivation s preferably carried "ot above 100°C‘ S st
preferably between 125-200°€: fter- thermal actlvatlon > the' support strll termains- a

.....

ctyStalline:LDH; Which'can be hown' beRD VLT d Tenetive e 1
""”“‘5“‘Surpri‘sin‘gl}'/’,"the inventors have discovered that supp:orts:produced 'acc\crding
to the ‘inverition ican” be Yuséd- to' suppoit 'c::at"aiyl’s;ts“""t‘hat"‘:afre ‘very® active “for
Folbtherisation’ ifcluding Sléfin polymerishtion, for éxample: ethiylene palyiierization
ahd-also for éthylene/héxelie copolyiherization.' in”‘the preséhce of alkyl aluminium
activator§” é‘fr’rd?"'pre'fer'abl'f' scavengers and/of "cB-cataly'st‘s.’ “However: ' the *’&{taig&é’t

1:\;‘, o Jﬁ,':l * !: “a' ."'.t\.' Sey \’:.: 5 '!.‘: . “.' TP “"I'{)‘f‘ :"1.\‘4. ’.‘}""‘,‘ " "":\.ﬁ Yoy g
support' prepared ‘according to ‘thé present invention can' be used” for ‘all*types of
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supported catalytic polymerization. Preferably, the catalyst prepared according to the
present invention can be utilized in slurry polymerization, for example using hexane
as solvent. Industrial slurry polymerizations for olefins are well known in the art.

Even more surprisingly and advantageously, the support appears to act not just
as an inert support but as an active eomponent of the catalyst system; both the identity
of the metal cations (i.e., e.g., the M*" and M?** ions) and the intercalated anion
affects the overall catalyst performance in olefin polymerisation, enabling properties
to be tuned according to the process required. |

“The'LDH morphdlogy in the support also ‘influences the polymer morphology,
mcludmg e.g. énabling the productlon of sphetical polymer particles’: =~ ' SR

The inventive catalyst support” can “affect polymerlzatlon actlvrty, polymer
morphology, and' polymer weight distribution for any given metal:catalyst. -

© ' The‘water-wet' LDH “should not dry before contactmg the solvent and is
preferablyawater slurry of LDH particles. ™ S e
-+ Solvent polarity (P°) i$ defined based oﬁ' experimental solubility data reported

by Snyder an’d"Ki'rklahdu'(‘Srryder" L. R.; Kirkland, J. T. In Introduction to modern
liquid chromatography, 2nd ed.; John Wiley and Sons: New York, 1979; pp 248-250 )
and as described in the table in the Examples section, below. -

Preferably, in step a., as stated ‘above, a substarice - compr1s1ng a water-wet
layered double hydroxrde of formuld (1) may be provrded '

Ini a most preferred embodrment, the at least one solvent is not water. = '

‘M may'be ‘& single metal cation or a mixture of different metal cations for
éxample’ Mg, Zn; Fe for a MgFeZn/Al LDH Preferred M aré Mg, Zn, Fe Caora
mixturé of two of more of these. 7 Lo R

R M may bea single metal catlon or a mixture of different metal catlons for
example Al Ga Fe. The preferred M’ is Al The preferred value of y is 3.
Preferably, zis 2'and M is Ca or Mgor ZnorFe. - - '
Préf‘e’r'ably,“M is'Zn, M‘g or Ca, and M’ s Al
Preferred values of X are 0 2 'to 0.5, preferably 0. 22 to 0.4, more preferably
0.23 to 0.35." '
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Overall, as is clear for a skilled artisan, the LDH according to formula (1)
must be neutral, so that the value of a is determined by the number of positive charges
and the charge of the anion.

The anion in the LDH may be any appropriate anion, organic or inorganic for
example halide (e.g. chloride), inorganic oxyanions (e.g. X,,O,(OH),? ; m = 1-5; n =
2-10; p =04, g = 1-5; X = B, C, N, S, P: e.g. borate, nitrate, phosphate, sulphate),
and/or anionic surfactants (such as sodium dodecyl sulfate, fatty acid salts or sodium
stearate). ‘

Preferably, the particles of the LDH have a size in' the tange 1'nm"to 200
mlcrons ‘more preferably 2 nm to 30 microns and most preferably 2'nm <20 microns.

‘Generally, ‘any ‘suitable organic solvent, preferably anhydrous, may be used
but the preferred Solvents’ are' selécted from' one or ore of “acetone, acetonitrilé,
dimethylformamide, dimethylsulfoXide dioxane, ethanol, methanol, n-ptopanol, iso-
propanol 2-propanol or tetrahydrofuran " The preferred solvent is:acetone. Other
preferred solvents are alkanols ¢. g meéthanol or ethanol. |

“The role of the organic solvent is to strip the surface bound water from the
water wet LDH particlés. The dryer the solvent, the more water can be removed and
thus the LDH dispersion be 1mproved More preferably, the" orgamc ‘solvent contains
less than 2 weight percént water.’ B . N :

Preferably, the layered double hydroxide, modified acoordlng to the inventive
process and used in the support, has a specific surface area (Nz) m the range 155 m' /
to 850 mz/g,-preferably 170 m*/g to 700 m*/g, more preferably 250 m%/g to 650 m ’/g.
Preferably, the modified layered' double hydroxide has a BET pore volume (N3)
greater than ‘0.1 ¢m’/ g Prefetably, the modified layered double hydroxide has 4'BET
pore volume (Nz) in the range 0.1 cm’/g to 4 cm3 / g, preferably 0.5 cm3/g to 3.5 cm3/ g,
morepreferablylto3cm g : S e

Preferably, the process results in a material (e.g. before the thermal treatment
step) havmg a de- aggregatron ratio’ greater than 2, preferably greater that 2.5, more
preferably’i in the range 2.5 to 200. The de-aggregation ratio is the ratro of the BET

surface area of the inventive material compared to a comparatrve .
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Such a comparison is based on an identical LDH synthesis in which the water
wet LDH is just dried and not been treated with the water miscible solvent. The
deaggregation ratio is closely related to the % decrease in particle densities.

Preferably, the process results in a catalyst support having an apparent density
of less than 0.8g/cm3 , preferably less than O.Sg/cm3 , more preferably less than
0.4g/cm’. Apparent density may be determined by the following procedure. The LDH
as a free-flowing powder was filled into a 2 ml disposable pipette tip, and the solid
was packed as tight as possible by tapping manually for 2 minutes. The weight of the
pipette tip-was measured before and after the packing todeétermine the mass of the
LDH: 'Thén the: apparent density of 'LDH was calculted” ising’ the following
equation: - - ‘ .

Apparent density =LDH weight (g)/LDH volume (2 tl) ~
" The ¢atalyst support has preferably a‘loose bulk density of 0.1-0.25 g/ml. Thé
lo6sé Bulk derisity was deterrined by the following proceduré: the fréely flowirig
powder was poured into a graduated cylinder (10 ml) using the solid addition funnel.
The cylinder containing the powder was tapped ‘once ‘and the volume measured. The
loose bulk densify was determined usinig equation (1).© | '
Loose bulk density =m/Vg (1) "

Wherein m is the mass of the powder in the'graduated cylinder, Vj is the
powder volume;‘i{n\ the cylinder after one tap. = - | .

Preferably, the thermal tréatment step comprises ‘a -heating profile in the
feihpefatu‘re ‘range 20°C ‘to 1_000°C,- preferably for a predetermined time at a
prédeterminied  pressure. - Preferréd temperature ranges' are 20°C to 250°C, ‘more
préferably 20 °C to 150 °C: 150 °C to'400 °C; and 400 °C to 1000 °C; ‘more preferably
500°C to 600 °C. Even more preferred, the temperature range is from 125-200°C.

A preferred predetermined pressure is in the range 1 x 10" to 1 x 107 mbar,
'preférably: around 1 x 10”2 mbar.

- < Preferably, a predetermined time is in the range of 1-10 hours, more preferably
6 hours for thermal treatment.”

"“"“The layered double hydroxide (LDH) as used in the catalyst support could be
calléd -agueous miscible organic-LDHs (AMO-LDHs). The AMO-LDHs: used for the

catalyst support of the present inventiofi have characteristics and properties as iri more



10

15

20

25

WO 2014/051529 PCT/TH2013/000051

i

detail described in the copending GB1217348 and in the PCT application.based on
this GB application, both incorporated herein by reference, and see also below.

In a second aspect, there is’provided a process for producing an’ activated
catalyst support (solid catalyst), the process comprising providing a catalyst support
as in the first aspect, and contacting the support with an activator.

Preferably, in the second aspect the process further comprises contacting the
support, before, simultaneously with or after contacting the support with the activator,

with at least one metal-organic compound.

A HL

Th‘us“ ‘in '3 ‘third aspect  thé’ present iffvention™ prov1de polymensatron
Eat"afyst corhi)‘rfsin‘g; a)'a‘éatal’yst\ ‘s"u‘p‘ﬁo"rt’ 5fép5feafa¢‘cardin'g=t6 ihe fnvehition’and b) at

P waaa ey b ovided o ooy S Y prodneing G e s
least on‘e“rﬁetaliorgamc"C'ompohn'd.' provedad o ot OF PTG Gl GCs i

lll

Il IprfRYaB1Y tHe ‘Catalyst Alifther 'comprises” ati” dctiVAtGE Dindre ‘préferably ai

g ary Thup i pe s creens e g e r s e Tl et g b g eyt fnd
A1 HUrRiniiny dctivator ™ Préfelréd attivators include' talkyl aluminium (e.g.

MY

.o e oyt o 1 Plise g4 60q) 2 et b, T4 e f‘:*" YRR Y AN L AN
tnlsobutyl' aluminiutn, tiiethyl dluminiun) and/or rhethylaliminoxaté (MAQ). e 5
T “ ey Vioge Tf.' ot Ty ',,_ EENEY S I S ey Yyt \"A oo BT A% Aty
PO praferabl 1y, "the -‘metal-organic * 'co'mpound ‘'Somprises’ a “transitiot - metal

compound ‘mbte preferably a t1tan1um zxrcomum hafnium, iron, nlckel and/or cobalt

J"'

compound 0

N . e . N 5 ,‘. - :
3 |ll|“ .“ Sl T i ..,'«.‘;?I l-.‘\\.] “l “ A d.. 4 ') -” ‘l; ”ll

gy In‘a preferred embodlment the catalyst s suitablé foi ethene dnd’ alpha oleﬁn
hOmo polymerlsatron or Tgot polymensatlon for example ‘ ethene/hexene co-
Tt sl e fUrdi l‘ an

‘

+ LI
" H‘ f.f'.“ LA ir,‘:‘ ‘ l l) o ]“"' vl N

polymensatlo

‘11 AN
' “Thus ‘inta fourth aspect there is" provrded an oleﬁn polymerlsatlon Pprocess

' N

isiiig the ctalyst 6 thé'third aspect. =+

it

VLot .L ‘. ‘ll"\ =’.,(\' \(5\

e i) i

F‘ urthhr"prefe’rr'ed e‘rﬁh:o'dir’rleﬁts“can b taksh from .t'l’fe Subclaims. T
g Ao possrble that 'a prepolymenz‘ed catalyst comanmg the cat’aflyst
support‘ accordmg to clarm 1 and, polymenzed onto the catalyst sohd lmear Cz Clo 1-
alkenes wherem the’ catalyst solrd and the alkenes polymenzed onto if'are present m a

(RN CArnde cthcne e "L‘ PR

ks tatio of from 1:0.1° to I 200 may be used.
ERELE Furthér advantages and features of the subJ ect-matter of the present invention
can be fakén froth the following detarled descnptlon takmg in COnJunctron with' the

drawmg,' i’ which: :
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Figure 1: X-ray diffractogram of:
a) (EBI)ZrCl, supported on MAO-modified

Mgy 75Alp25(OH)2(CO3)p.12501.36H,00.17(Acetone) (catalyst-supported LDH/MAO);

b) MAQO-modified Mg0‘75Alo‘25(OH)2(CO3)(),125'1 36H20'0 1 7(Acet0ne)

(LDH/MAO);

c) thermally treated MAO-modified

Mgy 75Al0.25(0OH)2(CO3)g.125°1.36H,0+0.17(Acetone) (LDH/MAO), and

d) Mg0_75A10.25(OH)2(CO3)0_125' 1.36H,0+0.1 7(Acetone) (AMO-LDH)
Figure 2: X-tay diffractograth of: a) thermally treated

Zno s7AlG. 33(OH)2(CO3)0 1250 51(H20) 0. 07(acetone) being exposed to air,

b) thermally treated Zno 67A10 33(OH)2(CO3)0 125°0.5: I(HZO) 0 O7(acetone)

LDH, and *
a "c) 7nA1-CO3 Znog7Al, 33(OH)2(CO3)0.125°0.51(H20)+0.07(acetone)_LDH.

Flgli’l‘e‘3'2‘ Infraréd speétra of LDHs:

4) CaoigrAly 35(OH)2(NO3)o.125°0.52(H;0)+0:16(acetorie) LDH, "

b) Mg 75Alo 25(OH)3(NO3)o 25+0.38(H,0)+0.12(acetone) LDH, -
&) Migs 75 Aly 25(OH)(Clo2520.48(H,0)40.04 (acetone) LDH,

"d) Mgo 75Alo 25(OH)5(CO3)p 125*1.36H,0#0: 1 7(acetone) LDH,

€) Mgy 75Gao25(OH)2(CO3)s 125-0.'5‘9(H50)-0.’1"2(5'¢étqﬁé) DH, and"

| -*f)Mg'OgsAlo 25(OH)2(SO04)o.125°0.55(H,0)+0.13(acetone) LDH.

'Flgure 4:" Infrared spectra of [(EBI)ZrClz] supported on* LDH/MAO with

various ‘AMO- LDHs components

a) Ca() 67A1() 33(OH)2(NO3)0 ]25‘0 52(H20) 0. 16(acetone) LDH
b) Mg() 75Alo 25(OH)2(NO3)0 25‘0 38(H20) 0. 12(acetone) LDH
C) Mg(),75A10,25(OH)z(Cl)o,25'0.48(H20) 0.04(&061501’16) LDH,

d) Migg 75410 35(OH)2(CO3)o 125 1.36H,0#0.17(acetorie) LDH,

€) Mg 15Gao :5(OH)2(CO3)o.125+0.59(H;0)+0.12(acetone) LDH, and
) Mg, 154l 25(0H)2(SO4)0 125°0. 55(H20) 0. 13(acetone) LDH.
Flgure 5 SEM image: S ‘

" a) Mgo 75Ga0 25(OH)2(C03)0 125°0. 59(H20) 0. 12(acetone) LDH,

b) thermally treated Mgo 75Gag; 25(OH)2(C03)0 125°0. 59(H20) 0.12(acetone)

LDH, 1
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c)Mgo.75Gag 25(OH)2(CO3)0.125°0.59(H,0)+0.12(acetone) LDH/MAO support, -

d)[(EBI)ZrCl,] supported
Mgo 75Gag.25(OH)2(CO3)0.125°0.59(H,0)#0.12(acetone) LDH/MAO catalyst.

Figure 6: Molecular weight distribution of polyethylene using [(EBI)ZrCl;]
supported on MAO-modified Cag¢7Alp33(OH)2(NO3)0.12520.52(H,0)+0.16(acetone)
(calalyst-LDH/MAO) under the condition of 10 mg of catalyst, 1 bar of ethylene,
2000 equiv MAO: 1 equiv (EBI)ZrCl,, 15 min at temperature of: a) 60°C and b) 80°C.

Figure 7: SEM image of polyethylene using (EBI)ZrCl, supported MAO-
modifiéd ™ CageiAls 35 (O NG3 ) 5540, 59 (FL0)0. 16 (hicetstie) - EDH/MAC" Satalyst
under theltbndition 'oft0"ME ‘of catalyst, 1 bar of ethylene, 2000 Al: 1 Zr, 60°C, 15

IEY K]

mm' héXirie’ (25 ml) With different cocal alyst“a)“ MAO-and b) TRy

Figuire & Thermograwmetnc analysis Suived of ‘pol‘yethylehi%‘obtamed froim
(EBI)ZfClz supported LDH/MAO catalySt w1th a varlety of LDH compohents (RT i3
600°C at 10°9C /it heatitig’ rate): ¢

Y(a) Cag sYAL 35(OEHINOL )b 12200, 52(H Y 0)40. 16 (acktone) LDH)

(b)'Mgo 55 Aty 25(OH)20\103)0 1530: 38(H20) 0. 1’2(acetone) LDH i

(c) Mgg: Sl 25(OH)2(C1)0 25°0. 48(H20) 0’ O4(acetohe)‘LDH M ‘\"

'(d)"Mgo’&s‘Alo‘ﬁis(OH)ﬁ(‘SO4)o 125-0 55(H20) 0" 13(acetone) ﬁDH

‘) Mgg 75A10 (OH)Z(C03)0 1'2’5-1 36H20°0 17(Ac'étone) iBir, "

(f)'Mgo 75A10 25(OH)2(B405(OH)4)0 125'0 53(H20) 0:2 l(acetone) LDH RN
etz (g) M?goﬂ%Gao25(OH)2(CO3)E):T2;'O 59(PI20) 0“12(acetone) "LDH’* nder ‘thie
condltlon of lO mg of catalyst - bar of ethylene 2000 Al(MAO) 1 equlv (EBI)ZrClz,
60°C lSmm 25 “hltof hidkane!” Sag e STHLGR TR ot L0

. Flgure 9: 'Thermograwmetnc analysxs (TGA) Qirve of polyethylene (a) and
(b) and\ poly(ethylene co-hexene) (c) Al (c) usi'n'g (EBI)ZrCl supported on MAO-
mod1ﬁed Mgo 75Alo 25(OH)2(§04)0 125-0 55(f-rzo) <0. l3(aCetone) LDH/MXO catalyst
with différént®1- hexene ‘Eotitent! () 0 M (b) 0:05 M (c) 0 lO M *and (d) 0. 20 M
under the condmon of 10 mg of catalyst “1Vbar’ of' ethyleneir 9000 ’MAO 1 equ1v

(EBI)ZrC12, 60°C 15 mih, Yy ‘r'rll(ofhexane G acen aed LMY nder e

cemdition o j o o vatid s 1 bar of vt han, 2009 A00AO | egiis {(BRBZrCE
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'The invention is further illustrated by the following Examples.

Examples

1.

Synthesis of LDHs

For a number of sample LDHs the results for surface area, ané pore volume

and deaggregation factor are given in Table 1 below. In column 1 defining the LDH,

the last digits after the anion are the pH of the synthesis solution. For example, in line

1 of Tablé1; MigsAl:CO;-10 mean’ that the synitiesis solution'had a pH = 10.

The BET surface area (N,) of a number of samples of LDH is shown in Table

1-togethet with the de-aggregation factor of the products of inventive process. The

apparent density of the samples is shown in Table 1a.

Table 1. The Surfacé Propéfties of AMO-LDHS and C-LDHS

O
LR S

TSR g

C " Pore Volumé (ce/g) |

R

acefone) ,

L TAMOT T T Deagsrea | AMOS T~ — -~ -i: Formula'of ! | |-~ Fotmula of C-
LpH! AMO: o Deaggreég | AMO c. o ‘
v [LEDHs | S| -, ation: LDH- |+ s | AMO-LD]\-{-}A B . LDH e
| ‘LDH" |~ : . LDH* | Change | R
LA . . Factor | A o N PR U I e
o Mgg 75Alg2s(OH | Mgg 75Alg2s(OH
CMgALS [ T S CO3)p.125°1.36 | )2(CO1)g 125*
‘ g3 277 43 6.4 0.63 011 472 )2(CO3)g.125 )2(' 3)0.125
- CO;-10 N H,0+0.17(Aceto | 1.67H,0
oY ne) . .
o Mgo.67Alp.33(OH ‘M.gomAlo.‘aa(OH
Mg,Al- : COo st (CO3)q 125
MeAl 1 ee llaas. | as | 1 | eg | a1 | HEOus o ACODnst -
‘co, 210 S O [ ; SO 0s2H,0)00.0 | 0.92(H,05
o 6(acetone) .. - cae
_ - Mggr5Algas¢OH ! Mgy 75Al425(OH
Mg;Al- R B o , S (€08 gast NCOVorzs®
& 148 | 41 36 | 0405 | 013 | azp | JACOes 2(C0)o.as
Cop12 |0t o : | 1.76H,040.45(. | 2.83H,0
Ape;on_e) R RS
Coo - MgozsAloaasEeo, | MgonsAloiasFeo.
Mg;AlgsF , 1__25(0H)2(C03)0,1 125(0H)2(C03)o.1
€5-NOs- -| 128+ | 91 - 14 - k.1 068 | 62 |5 | 50.74(H0)
10, 0.56(H,0)0.07(
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Zng 67Al0.33(OH) Zno,mA]o,sa(OH)
th AL 0,081 2(3405(01‘1)4)0.12 2(B4Os(OH)4)o.12
: 301 13 23 2.15 2534 | 5 5*0.66(H,0)
Borate-8.3 6 -

: 0.35(H,0)+0.11(

acetone)

Mgo.75Alo.25(QH Mg 75Alg25(OH
Mg;Al- 0.000 | 14732 B4Os(OH B4Os(OH

g3 263 | 263 0516 )2(B4Os(OH)a)o.1 | )2(B4Os(OH)4)o,y

Boratc-9 35 9 | 15*0.53(H,000. | 25+ 0.59(H,0)
21(acetone)
Mgo 75Alo25(OH | Mgg 75Al025(OH
“MgsAl- - : e : S04)0.12500.5 »(SO 55.0.6(:

& 101 14 72 0305 | 0.012 | 24ap | POOPeR02 1 L5000 1s 0.6
50¢10 00 36 | HO)

‘ !]-_v,‘\i- I . ’e‘tone) ....‘ o :
e Mgo.1sAlp2s(OH | Mgo7sAly2s(OH
Mg;Al- 0.006 NO . NO .

& 169 | 15 12 | 0639 osgy | PN 2(NOs)oas
NOg10-- |- - |- o T e b | 038(H0)0.12(-| 057(H,0)
N ; acetone) ‘ i _,'!: .
[, - . Mgo 75Alo zs(OH Mgo.25Alo25(OH
Mg;Al- 0.003 Cl » Cl)g.as®

& 64 1 64 0.319 10190 MO, Aoz

CL10- | | : : 1 T 0.48(H,0)0.04( | 0.61(H0) -
) acetone) ) SO Gl
Loty " ’ Zng, 75A10 25(0H) Zno 75A|o zs(OH)
Zn;Al- 3 NO +0.32 NO
N 61 g 61 037 | o016 | 2212 | Oozs032( | ANOsJzs
NOy-8.3 ~ |~ T o < | | Hy0)#0:Iaceton Q:6I(Hzo)j,ﬁ'-".""
e bt e)\- 1 . . ‘v'i\
e AMO- | | °Deaggreg | AMO- . R
- , c ¢ % | Formulaof* '~ | Formuld of C-
LDH LDH- ) ation LDH- 5
. | LDH , | LDH? | Change | AMO-LDH-M | LDH
M! L Factor - ML R B O - o o
: ,\:1. Mgo 75A10 25(OH 'Mgoi.jsAlo."zs(OH
Mg;Al- - o SRR B¥(ee 2(CO5). .
Mot s | | ses o | o | mss | e RS
CO;3-12 0 44(H20) 0. 11( 0.125°1.67H,O
R - methanol) ¥ ' o -

ASEALTE

1AMO LDH- S (AMO = aqueous modlﬁed orgamc S = solvent) is-an'LDH'of. .

;forrnula

5

_[M _xM’Y+ (OH) ]”+(X"_)a/,-bH20-c(AMO solvent)

‘wheremMand M’ aremetal catlons z— 1 0r2 y= 3 or4 O<'x<1 b O 10 c=0-"

i'.\tl

t10 preferably 0<e<10, X is an anion, n is the charge of the a_mon r is1 to 3 and a —” ‘

z(l—x)+xy—2 ' AMO-solvent (A= Acetone M Methanol)

T
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2C-LDH is an LDH of formula
M7, ,xM’y+x(OH)2]"+(X"_)a/,-bH20

wherein M and M” aremetal cations, z=10r2 ;y=30r4,0<x<1,b=0-10, X is an
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anion, n is the charge on the anion, 7 is 1 to 3 and @ = z(1-x)+xy—2.

Deaggregation Factor is defined as the ratio of the BET surface area of acetone

washed sample to the water washed sample.

Table 1a

T Apparent density? | g

--'I'x(g/-ml} RS Dens1ty R T FICAR S £ WP S AP T
LDHs Decrease Formula of AMO-LDH-A Formula of C- LDH
s s G Gl AMOE s e e

LDH? l:l)H-A1 % | »
MggAl- 091 - 012 N 868 ‘ .Mgo 75A1025(0H)2(N03)025 5 Mg075Alozs(0H)2(N03)
NO;- 10 T T 038000 | 02s0057(H,0)
e v ' 0.12(acetone)

MgsAl- | 0.99 0.13 86.8 | MgossAlozs(OH)2(S04)o1zs | MgossAlozs(OH)2(SO)o
soito |n | «0.55(H;0) 12590.6(H;0)

. R e  i0.15(acetond] "
MgoAl | 103 | 51024 767 Mgo75Al2s(O)z(Cozs» | MgorsAlozs(OM:(Choz
clio | G | 048(H0)-004(acetone) | se0.61(H;0)
TmAL | @24 | 03E 75.0 Zno75Alo2s(OH)2(NO3)ozs | ZnorsAlozs(OH)2(NO3)o
NOs- - ’ e i0§32(,Hz,O)o 0-1'(a‘c‘e'teﬁe) - 2590.61(H20). ¢+
83 | | | BT
MgAL | 101 | 014 86.1 Migo75AToz5(OH):(B:0s(0 | Mgo7sAlozs(OH):(B:0s
Borate | 1.t T o ' . H)a)oazse | (OH)4)o12520.59(Hz0).
9. 0.53(H20)¢0.21(acetone) T
InAl- | 062 .|, 010 839 | ZnosrAlo3s(OH)2(BiOs(0 | ZnosrAloss(OH)2(BOs(
‘Borate | . o iEE " H)4)o12590. 35(H20) “OH)a)o.125% 0.66(H20). |
83 ‘. e, 11(acetone) ‘ﬂ B
MgsAl- | 09 | 010 900 AM80.75A1012SEQH‘)Z(C03),0.12 Mgo.758l025(0H)z(C03)o
C03-10 501.36H20e . 12521.67H;0-

0.17(Acetone)
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'AMO-LDH-S is an LDH of formula

M 1M (OH)]"" (X")ar*bH20*c(AMO-solvent) ' 1)

wherein M and M’ are metal cations, z=1or2; y=3 or 4, 0<x<l1, b =0-10, c= O-lO, '
preferably 0<c<10, X is an anion,n is the charge of the anion, »is 1 to 3 and a = z(1—

x)+xy—2. AMO-solvent (A = Acetone, M = Methanol)

2C-LDH is an LDH of formula
[MZ LM (OH )] (X" )as*bH,0 Q)
wheréin'M anid M dre metal cafionsz=1or2; y=3 or4, 0<x< 1, b=0-10, Xis

an'anion, n i§'thé‘chatge of the'anion; r'is 1 to 3 and a =z(1-x)+xjL2.

Apparent Density-is the wéight pér Uit volume of & EDH powder (aftér tapping'
ﬁlaﬁually"fdr 2iin); this may bé ‘differént to the wei ght per unit volume of individual

LDH particles.

Méthod’ Apparefit density riay-bé determined by the following procedure. The LDH
as'a fr‘eeﬂowmg po‘Wdér"Was.’ﬁll'e"d into a 2 ‘ml disposable pipette-tip, and-the solid
was packed a& tlght as possrble by tapplng mamially for 2 thin. “The werght of the
plpette tip was measured before and after the packmg to determlne the mass of the
LDH. Then the apparent dens1ty of LOH was calculated usrng the followmg equat1on

T LS e TS (LB S S O O SO EE I AN LRI C UM IR

Apparent density = LDH weight (g)/LDH volume (2 ml)

In this regard it has'to be noted that the TDHs ‘wete prepared as descrrbed

below but for the results in Tables 1 and la without the thermal treatment step
3" Synthesis of supported catalyst -

2.1 .' | Synthesis of Layered Double H);fdroxide (AMO-LDH)
' A mixture ‘6F M2 and: WVP¥ $alt ‘with NESMS iolar ratior of 3.0 was
drssolved in delomzed water in which the concentration of M** was 0.75 molL". An

aqueous solutlon of an anion source was prepared w1th X” /M’3 * molar ratlo of 2. 0 of
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which the pH was set at 10 by NaOH aqueous solution. The M**/M*** solution was
added dropwise into an anion solution at room temperature under a nitrogen flow
whilst maintaining the constant pH. After addition, the resulting slurry was vigorously
stirred at room temperature overnight. The obtained LDHs were first filtered and
washed with H,O until pH = 7. The still water-wet LDH slurry was then redispersed
in acetone. After stirring for about 1-2 h, the sample was filtered and washed with

acetone: [M>"_.M’** (OH),]*" (X" )us*bH,0¢c(acetone) (AMO-LDH).

Table 2: Synthesmed ‘Layered Double Hydroxides (LDHs)

z\‘w‘ BRI SRR Anmn -7 AMO: | Chemical formula TR v T T
M source o ) '

sl T 'souree v | Seuree cfp JLDH G| ot rn e o s -
con e e e v CagAl- [, CaggrAlg 33(OH)(NO3)g 12500.52(H,0)#0.1 6(acetone);
GaNoyy | AINGy |- Naney e $RAT | Caoerblog(OH)NO:)n1210 52(H;0)-.1 6(acetone),

_ 1. o NO;-10 o

I R T MgAL | MagrsAly25(OH)2(NOs)s 2000, 38(H;0)+0. T2 (acetone)
MgNOY, | AINOy), | Nano, | oAt | MeersAlasORNO s G S(HLONG. [oacctone)
] AN T Sl T e T NOS-10 TN [ R S I P
e el e e o L MgaAl-Cl- | Mgg75Alg 25(OH)y(C1g 35°0.48¢H,0)+0.04(acetone
CoMgch P oAl ] Nact : ‘8310, Mgo 73Al0.25(OH)2(Clo 3520.48¢H,0)+0.04( )

. Mg;Al- Mgg 75Alg 25(0OH)(SO4)0.125°0.55(H,0)+0.13(acetone
M0N0 | A0 | Naisog | S | OO S OIR Blaseong
i - BREAGE FAE PEIMORGEA RN PP A =80, B R A 2 I

‘MgiAl- | Mgg75Alo35(0H)2(CO5)g 155°0.55(H,0)+0.13(acetone)

?Mg(N’Q")Z";'_ AI(N03)3 Na2C03 | COox10

SRR B T T | MgGa | MagssGagas(OH)A(COL)s 135+0-59(F;0) 0. [2(acetone)
MgNOy: | GaNOps~ | Naco, | 0% | MeonGaoa(ORL(C0)0 252029000 [2(aceone)
Mg(NO3); a(NO: "0 €10
— T T | ZmAL | ZinggrAls s3(OH)2(CO5 Y0 12520.5 1(H20)+0.07(acetone)
Zn(NOy), AINOY), Na,CO,3 c(; 8 10,67A1¢.33(O )2(‘ O3)0.125 (H20)+0.07(acetone)

. . R N 5 i ) 3-8,

:__ 2.1. 2 Thermal Treatment of LDH

Synthesmed LDHs were thermally treated at 150 0C for 6 h under 1x10 mbar

"and then kept under nitro gen atmosphere

'2.1.3 . Synthesis of MAo\-Ac.ti'vate&‘f‘AMo'-Li)H (LDH/MAO support)

Thermally treated LDH . was weighed “and “slum'e‘d “in . toluene. :

: Methylalummoxane (MAO) w1th MAO:LDH weight ratio of 0.4 was prepared in

| toluene solution and added, to the calcined LDH slurry. The resulting slurry was
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heated at 80 °C for 2 h with occasional swirling. The product was then filtered,

washed with toluene, and dried under dynamic vacuum to afford LDH/MAO support.

2.1.4 Synthesis of (EBI)ZrCl; supported LDH/MAO catalyst

LDH/MAO support was weighed and slurried in toluene. The solution of
ethylenebis(1-indenyl)zirconium dichloride [(EBI)ZrCl;] in toluene with LDH/MAO
support: catalyst weight ratio of 0.01 was prepared and added to the LDH/MAO
slurry. The resulting slurry was heated at 80°C for 2 h with occasional swirling or
until the solutron became colourless The product ‘was then filtered and dned unider
dynamic vacuumn to afford zirconitim supported LDH/MAO catalyst '

It is also possible to mix both LDH/MAO and (EBI)ZrClz in the same flask

and add the toluene aftcrwards

2.3 ‘Polymerization of ethylene

' ‘The (EBI)ZrCl, supported LDH/MAO catalyst and MAO weré weighed with
the desired ratio arid put ‘together in the Schlenk flask. Hexané was added to-the
mixturé, Ethylene gas ‘was fed to start polymerization at targeted: terﬁpcrature. ‘After
the désir‘ed;time the reaction’ was stopped by ad‘ding ‘PrOH/toluene solution The
polymer was qurckly ﬁltercd ‘and washed with toluene as well as pentane. The

polymer was drled in'vacuum ‘oven at 55°C and collected

2.3 Copolymerization of ethylene and 1-hexene

" The (EBDZrCl; supported LDH/MAO catalyst and MAO were weighed with
the desired fatio and put together in the schlenk flask. Hexine was added to the
mixture. Under a flow of ethylene gas, 1-hexene was immediately added to ‘the
mixture "to'istart'copOIyrncrizatiOH at targeted temperature’.\ After the desired time, the
reaction was stopped by adding l_iPrOH/tolucne,solution‘. The polymer was quickly
filtered“and washed with toluene ‘as well as pentane: The polymer was dried in

vacuum oven at 55 °C and collected.
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3. Analytical Data ~

3.1.0 Characterlzatlon methods

X-ray diffraction (XRD) — XRD patterns were recorded on a PANalytlcal
X’Pert Pro instrument in reflection mode with Cu Ka radiation. The accelerating
voltage was set at 40 kV with 40 mA current (A = 1.542A°) at 0.01° s™" from 1° to 70°
with a slit size of 1/4 degree. T

Fourier Transform Infrared Spectroscopy (FT-IR) — FT-IR spectra were
recorded Bata* Bid-Ra4#FTS 6000 FTIR Spectrometer equipped with a DuraSamplIR
II diamond accessory in attenuated total reflectance (ATR) mode in the range of 400-
4000 crh™:4100" 8408 5% B ¢&Solution were collected. The strong absorption in the

range 25001667-cit™ Wis from the DufaSatipHR IIdismond $lffacg: o Vihalinicad
-

" Transiiission Eléctron” Mlcroscopy (TEM) ETEM- analysrs “Was performed

OHETEOL 2100 ‘Microstopé! with 4" acceleratmg voltage o 400 kV. Samples were
di’spel‘s'e'd‘ ifi“ethanol‘With sonication and then cast onto copper TEM grids coated with

cansfurne Jafrored Secciyecops (80 Y B spea v were
laceycarbonﬁlm asburme Tafroared b peops fF 0 4Ry R WTY

T\.L‘) i

Scannmg Electron Mitroscopy “(SEM) * and" Enlergy dlspers1ve‘X-ray
Spectmmetry (EDS)”' SEM and SEM:EDS analyses were perfomled on- a“JEOL

|
ey

samples were sputter édated w1th thm Platmum layer to preVent charglng and to

o, 5 . Vw .
‘n' o k\l'\. Vg ';;' ‘,‘.' i l; 1 N S \} ( \, ‘:\‘-!;

1mprove the'i 1mage quallty
A
" BET speclfic surfade areas - BET spemﬁc ‘Surface': areas were nleasured fromm

the Nj adsorptron and desorptlon 1sotherms at 77 K collected from a Quantachrome

Autosorb 6B° surface ‘Arel and*pdre"’s1ze analyzer Before each‘ measurement LDH

K oo i .““' CNE
samples‘w ere’ ﬁrst degassed overmght at'116°C. o o el

M Thermal gravnmetrrc“analysrs (TGA) “The thermal stablht fLDﬁs"W's
studiéd by TGA(N etzsch) analysrs which was camed bt w1th d heatrng“rate”o’f 10°%¢
miin " And+2 an “ait: flow raté of'S0 thL min™ from' 25’to 20096 1 ' i atog il ’.‘l
AT Tlle apparent derisity was detérmined us1ng the followmg procedure The

LDH as’4 free: ﬂowmg powder wjas ﬁlled 1nto a2 ml dlsposable prpette t1p, “and ‘thé
sohd‘was packed as trght as possrble by tappmg manually‘forl2 mmutes The' welght
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of the pipette tip was measured before and after the packing to determine the mass of
the LDH." Then the apparent density of LDH was calculated usihg the 'fo‘llo’win'g
equatiori:’-

Apparent density = LDH weight (g)/LDH volume (2 ml).

3.1.1 X-ray powder diffraction

X-ray powder diffraction pattern for thermally treated LDH revealed lower
basal spacing of samples after being calcined at 150 °C for 6 h (Table 3) due to the
18s5 "o Subfadsiniterlayer *Solveiit aHa" ‘ét'éf‘\Wﬁi’cﬁ"“'\i}‘c’fs”Eco'r’lsis‘t“e‘ﬁ‘t“Wx'i'fitﬁ"’t}fe“fI"'GAf
Fesults Divalent ahion!intéréAlatéd LD Hs ‘showed-gredter 1dyar cofitrattiof’ (143 1AY
thil'Snovalent anion intercalated LDHs (0.5 A). One possibility was higher density
of mondVilefit ahioh to stabilize ¢ationié 1yers CAUSiAg' thé ‘dlfﬁculty in contraction
between layers. Moreover, LDHs could rehydrate and reconstruct after being exposed
fol-t X-rigpipient e WHragHRssphere (Figure 1), except

Zno ALy 5(OH)>(COs);! .z-;oo‘51(H703 $0.07(acetorie) LDE“Which ‘dedSiviposed - after

k] >

spyer hoier calsred at AU Jor o B (Table 3 dud o e

théfthal tréftinent (Figure 2)
Tons ob S ino it o ECent o wvater Wwinch s cconsitloRt winth the TN

Table 3! Summarlzed’d spacmgs of dynthesised AMOSLDHS! o - vntion £.3

e PO AT T T T T T T s T O T § \‘d spacmgs (A) Ty
ST menes A, arden et i el v ofs s o ”tf"Afte.r- W Rnngiaion
LDHs ) Before h |
Ty SR ¥ P " TG could rerediite ot yuifr e RCTMa R 5 (o e
YRS tt wov e v LR cauld retdpie tﬂenﬁal ¢ 0 leference
g e g e . treatmcntat o
W Phbeeielt P utdnenhere {treatimefit axeept
: : _ . 150 °C .
=y RN T AT IR VR LS RN L TN L ‘tr.'h, i CRST I SRR LN sl "."‘,"L‘-."; v
Cao 67A10 33(0H)2(NO3)0 125'0 52(H20)'0 16(acetone) . 8.6 . 8 1 . 0.5
. ..' R I U g
4 M§0 35A10 2;(‘o'h)2(No3)O b’ 38(H20)-0 12(acetone) 85 80" 0.5
Mg 75Alp 25(OH);(Cl)o 25+0.48(H,0)+0:04(acetone) 78 0 T 78 o
"Mgo 75A10 25(OH)2(SO4)0 ‘12520, SS(HZO) 0 113(acetone) 'l' K "85“';)5 1 7.2 , 1.3
- Mg0.75A10.25(OH)2(C03)0.|25°0.‘5‘5(H20')_'0-. 1'3(acet0ne) ' 78 G ‘C- ";“r;‘:'c’g':%'( ,“»\" o 13
. Mgo.75Gag 25(OH)»(CO3)0.125°0.59(H,0)+0.12(acetone) | 787 <. e k3
. FEESSEES . EITOTS
L o e ; L ema
| ; ; ' e ' Coanforones
1 3.1.2 Thermogravnmetrlc analysns , X beattie Lot ;
] N LSRR
The TGA results suggested that all. LDHs were thermally stable (crystalllne)
i /. (YRR
, up to 180°C Cao 67Alo33(OH)2(N03)0 ,2‘5-0 52(H20) 0. 16(acetone) LDH showed

‘,“.‘i e {\)1 CIRSSE HERARIANN (

’ multlple steps welght losses Wthh corresponded to surface acetone surface/mterlayer

LTRRIN S '
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water elimination, dehydroxylation, and anion removal Isothermal heatmg at 150°C,
resulted ‘in multiple-step weight loss events startlng at approximately at 80°C which

was attributed to the loss of surface/interlayer solvent and water for all LDHs.

3.1.3 Infrared spectroscopy

IR spectroscopic studies of all LDHs indicated two major characteristic peaks:
i) broad band with maximum at 3,400-3,680 cm™ related to ~OH stretching of layer
double hydroxide as well as interlayer water and 1i) strong peak at approximately

1,350 ¢m i related 40 stretching tiode of NO5* and’ CO32“ on' SO4 ’alf’*E;l@OF et
g

(Fig‘li‘l"é 3) muepiesstor woidhi s cver U stapting W pprodimimaly ar o070 which

v R ra of hll ‘Catalysts éXHibited” tﬁ‘-r"ee ﬁo’ﬁééame»“cﬁ'afaé%érfs‘t’i‘c‘-»peaks of

methylaluminoxane (MAO) at 3,090, 3,020, and 2,950 cm™ and the diminishing of —

6111"l)erldih"§"ﬁ‘*é§ki"of :i’ri't‘érl'éyér water at 1 650 cm_1 Also the results conﬁrmed the

ITIEEE ' i’ B s !
I ')M)I}Ll ‘.-‘,.‘r\ \\.Trl R IR VY A TR REAVLEE S o bl.(l«.; SR fi SO Il\"m wl, ;ﬁ'\“.f

aogabele Saadrives o o L b ey mstaaden n e e ey ey Dol D GRDTON TG
314 Scanﬁlﬁgelectroh nucroséope FET LT TN PO L GPPTeR it

@A,
[

YSEM 1mage reveéled broad si%e distribution ot Synthesmed LDHs owmg to an’
hggrégatron excludmg Mgo 75Alo 25(OH)2(SO4)0 125-0 55(H20) 0 13(acetone) and

.....
P

Ay l»x-- a\\-‘ R
Ca() 67A10 33(OH)2(NO3)0 ]25'0 SZ(Hzo) 0 l6(acetone) SR et o

Mgd Gy (OH)z(CO3)o {2400, 59(H20) 0. l2(acetone) i.pH showed therhrghest
q

.- 1, ; . 3
Yoo Al Lt it :!zl ¥l b

partrele 51Ze up 3 =400’ im, followed by ’
Mg JAly 25(OH)2(C1)0 15°0: 48(H20) 0. O4(acetone) (~2oo iy SR e
Mgo 75A10 25(OH)2(NO3)0 15+0.38(H,0)+0. lZ(acetone) (~50 pm) SR
Mgo 75Alo 25(OI-D2(CO3)6 1‘25'50 55(H50)+0. l3(acetone) (~10 pm) |
Cag 67A10 | (OR)N O Y 155+052(H50)+ 0! T6 Rty (-s i), ! e vt B

Mgo 75Alo )2’5(OH)2(SO4)0 125'0 55(H20) 0 13(aceto'r'1'e') l um) I‘CSpCCthGly
Cus

) -
PR L

However ithbtinal treatment at 150 °C for 6 1 1mproved partlcle size d1spers1ty
In addrtron “the: reactron w1th MAO”énd‘(EBI)ZrClz complex did ' not alter the

morphology of thiermally treated I'DH (Flgure 5). .

k‘ R oL . . . . o . WwE T s
n n By '\‘ ﬂ(‘ S "N’_‘,'rl’v BN FY fl ,{v:»}'!i.l-'. ’
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3.2  Polymerization of ethylene

3.2.1 Conditional study using - (EBI)ZrCl, supported MAO-modified

Cag 67Aly.33(OH)(NO3)9.125°0.52(H,0)0.16(acetone) (LDH/MAO
catalyst) ‘

Various conditions of ethylene polymerization studied shown in Table 4. The
optimal temperature appeared to be 60 °C. Increasing temperature from this point did
not significantly change the catalytic activity but the molecular weight distribution
became bimodal (Figure 6). The ¢atalyst maintained the average activity regardless of
time and catalyst content. Nevertheless, increasing the content of methylaluminoxane

(MAO)"up to 4000° Al: Zt'thdlar tatio-enhanced the polyméfization:

T4ble"4: Polymerization of ethylene using (EBI)ZrCl, supported MAO-modified
Cag 67Alo'33(OH)(NOs)o 135°0.52(H;0)+0. 16(acstonie) (EDH/MAO catalyst) ufider ‘the

condition of 1 bat of ethylené, and 25 ml of hexane.

' s "‘-..i . ;.,'-‘\'; (LN [Xl]o’/N R R Aéti‘:i;y“ P ,' LN RO Y ‘x"«i
-~ Catalyst [, Co-3 )., - T, (iTime t' ;. -° - 5 o by s s of
,.(mg) . | catalyst .v[,M;]O 1. (C) .| (min) | kgpe/gz/ kgpglmélZ,/ s M,ﬂ‘l,, Mw .
10 | MAO | 2,000 | 80 IS 416 [ L741 | 386 | 210,032
10 IMAO | 2000 |75 |15 | 527 2204|334 | 202,566
Todh  |"MAO 4 {21000 {7601 s [ 53400 7[22350 050 | 3,08+ L 195404
10, v | MAO . 5 2:000.+:30%¢ LB | 164 | 6863 e [ 4.80. i [:390,976-
10 | MAO | 2000:|60 |5, |485. |2031 330 |220642,
10 | MAO - |2000 |60 . |15 534 2235|308 .| 195404 -
10 . |[MAO  |20b00 [60 |30 [433 {1812 1311 | 194,766
10 |MAO _ |2000 [60. |15 [534  |2235,  |308 | 195,404
20 |Mao |2000 |60 |15 |514 2151|308 | 195404
40 | MAO | 2000 |60 7 583 - (2439|352 |334817
10 MAO 1,000 | 60 15 |5.02 2,101 386 | 302,359
10 |MAO - |2000 |60 15 |534  |2235 . |3.08 | 195404
10 [MAQ . 4000 [60 |15 |86 3624|303 {221,048
10 - [MAO [ 2000 [60 |15 | 534 [2235 | 308 | 195404
10 |TIBA 2000 {60 |15 499  |2089 344 | 81650,
10 TEA. | 2,000 | 60 15 |265 | 1,10 |443 | 101,754
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As a cocatalyst, triisobutylaluminium (TIBA) improved the morphology of the
polymer but not the catalytic performance compared to MAO (Figure 7). Unlike
TIBA, triethylaluminium (TEA) lessened the catalytic activity by half. The polymeric
structure of MAO may be the cause of poor polymer morphology resulting in
aggregation. Both TIBA and TEA cocatalysts generated lower molecular weight
polyethylene with broader polydispersity index than MAO. MAO is preferred.

Increasing the ethylene pressure doubled the polymer yield with constant rate

of polymerization (Table 5).

Table 5: Polyinerization of ethylene tsing [(EBI)ZrCl;] supported:MAO modified
Mg 75Gag s(OH)H(CO3).125°0.59(H>0)+0.12(acétone) (LDH/MAOY) ¢atalyst under the
condition of 10 mg of catalyst, 2000 equiv MAO: 1 (EBDZrCL, 60 °C, ‘15 min;

hexane (25 ml) with varied éthylene pressure. -

' ‘ | Act1v1ty
Céta:lyét : - | Ethylene | Polyethylene. |-
Ty i (bar) yield (g) (kgn:/gzr (kng/moer/
‘ _ h/bar) h/bar)

(EBI)ZrClZ supported on, MAO |1 0216 | 8.65 3,621
modified G B T T A A S R ORI PO OO
Mg 75Gao 25(OH)(CO, 125.0 59( 2 10448 896 |'3,750
H,0)+0. 12(acetone) ” o e o ‘

3.2.2 (EBI)ZrClz supported LDH/MAO éatalyst study

To compare between d1valent cations 1n the layer, structure of the catalyst

support, Ca®* exhibited higher act1v1ty than Mg . On the contrary; no differences was

- observed for trivalent cations; Al’* and Ga** (Table 5).

' As the component in (EBI)ZrCl, supported catatlysts, a vatiety of anions

. intercalated in' MgAl LDHs were studied in ethylene polymerization. Considering the

results, divalent anion seemed to be greater active catalyst than monovalent anion.

This might (without wishing to be bound) be attributable to crowded monovalent

anion between layers leading to less space for monomers to coordinate active sites.
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Table 6: Polymerization of ethylene using (EBI)ZrCl, supported on MAO-modified

AMO-LDHs -

MAQO: 1 equiv (EBI)ZrCl, , 60°C, 15 min, 25 ml of hexane

(LDH/MAO) catalysts: 10 mg of catalyst, 1 bar of ethylene, 2000

Activity
Catalyst P e — Polymer | Polymer
. M, /M, Mw
h/bar h/bar

[(EBI)ZrCl,] supported on MAO-modified
Cags7Aly 33(OH)(NO3)g135°0:52(H;0)#0.16:1 [.5.:34 " .+¢[12,235: 50| 3:08-0 57 | 195,404
(acetome) vt 11 NN oy et B of eholdne 200
[(EBDZrCl,] supported on MAO-modified - |. 7 .., e
Mgg 75Aly 25(OH),(NO3)g.25° 2.49 1,040 3.29 221,647
0.38(H;0)+0.12(acetone) - i
[(EBI)ZrCl,] supp.o}rt;e‘d‘ﬁo‘p MAO-modified o ) ol Sl Vieds i
Mg 75Aly 25(OH),(Cl)g 550 675 2, 826 3108 4. | 244/467
0.48(H;0)+0.04(acetone) LT "’
[(EBI)ZrClz] supported on MAO-modrﬁed L C e R
Mgo 75A10 25(OH)2(SO4)0 125-0 55(H20) 0 13 | 149 6215 |3, f4 | “27'0,"9?6_4
~(acetone) oo o L | '
[(EBI)ZrClz] supported on MAO-modrﬁed , . . C
My sl 25(OH)2(CO3)0 sl 36H,0:017( | 9.06 3790 347 | 286,980
acetone) ‘ oy A |
[(EBI)ZrClz] supported on MAO modlﬁed oL L o RO
MgO 75A1025(OH)2(B4O5(OH)4)0 125°0.53(H, 237+ |990.1" " 3.47 240,361
VO) 021(acetor1e) R R .i 4 |
[(EBI)ZrCIZ] supported on MAO-modxﬁed_ L L L
Mg0 75Ga0 25(OH)2(CO3)0 1250.59(H,0)°0.1 | 8.65 3,621 3.39 275.826
2(acet8ne) S | |

| x R

"x“ l

(EBI)ZrClZ supported LDH/MAO catalysts drsplayed polydlspersny 1ndex 1n'

the ~range . of .~ 308 . to

Mg() 75A10 25(OH)2(CO3)0 125° 1 76H20 0. 45(Acetone)
| Mg_o..15Gao;gs(0»H)2(CQ3)o.1_25‘0-59(H20) 0.12(acetone)

3.47.

Among

-~ the

catalysts, |

e Dy

and:
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Mgo 75Al0.25(OH)2(804)0,125°0.55(H20)+0.13(acetone) LDH/MAO supported catalyst
expressed high in both catalytic performance and molecular weight of the polymer
(270,964 = — 286,980),. = whereas polyethylene obtained .= from
Cag 67Al033(OH)2(NO3)g.125¢0.52(H,0)+0.16(acetone) LDH/MAO catalyst showed_ the
lowest molecular weight (195,404).

Polyethylene obtained from most of the catalysts started to degrade thermally
at approximately 300°C (Figure 8).
33 Copolymierization of ethylen¢ and 1-hexene * '
¥ #n addition of comloniomer; 1-hexehe, improved the rate:of polymerization
(Table'7). At increasing I-hexene Sontent, copolyther became mote translucent ‘with
llower ”i’ﬁolééuléf-”vvéi ght -P'o”lyci{S’;iéréftgr’ \iﬁdéx'W‘as' 'lo'v&estl ét‘ I-hexene coricétitration of

propert1e‘s" of the‘polymer (Figure 9).°

Table 7: Copolymerrzatron of ethylene and 1-hexene usmg (EBDZCl, supported on
MAO modrﬁed Mgo 75Alo 25(0H)2(SO4)0 125'0 55(H20) 0. l3(acetone) (LDH/MAO)
catalyst: 10 mg of catalyst, 1bar'of ethylene, 2000 Al(MAO). 1 equrv (EBI)ZrClz, 60

°Ci'15 min, 25'ml of hexane

" "'1-Hexene

< , Activity ,
S oy o oL fcontent '
Catalyst __ M/M, My
N (kgpe/gzr | (Kgpe/molyz,/
™M) | (8
T T A /wbar) - Whar)...\, o !
,[(EBI)ZrClz] supported on 0 |0 149 | 6215 3.14 | 270,964 |
MAO-modified 1005 [o1t| 217 | 9074 | 345 | 205992

i . ek . . . T . LV R I f . '
‘Mg075A1025(OH)2(SO4)0125°0 55 = — T ‘
(LOY0.13(adétone) - e | 010|021 292 12211 .| 209 | 91,944
| (LDH/MAO) 020 [042| 384 | . 16081 | 220 | 87,075

3‘.4, Other transrtlon metal compounds
‘ The catalyst support prepared accordlng to the present invention may be

equally ut1hzed to support other trans1t10n metal compounds known for the



10

15

WO 2014/051529 PCT/TH2013/000051

23

polymerization of ethylene and other alpha-olefins. Within the art, transition metal
compound catalysts belonging to the families of metal mono indenyl and di(indenyl),
metal mono and di(cyclopentadienyl), metal ansa-bridged cycldpentadienyl and
indenyl, metal(constrained geometry), metal(phosphine-imido),
metal(permethylpentalene), metal(diimine) catalysts and the so called metal
bis(phenoxy-imine) (now known as FI) catalysts were tested. Selected examples are

collated Table 8.

Table 8. Polymerisation of ethylene using different métal complex'supported n *
MAO:thodified M) 75A10 S (OH)H(CORYo135 1. T6HL0-0:45(Acétonie) (AMO-
LDH/MAO catalysts)

"Polyethylene 2

Métal domplex 'TEC) | Productivity *- | My/M, ' | ‘M,
: kgpe/gcat’h

[(EBDZiCL] 60 0.121 2.08 194,134
[PMe““SBI)Zrclz] T [ 60 [ 0200 393 [ 437,490
[Co™ziCh] T 6 | 0211 (340 | 74453
[(Cp™HfCE] B 60 | 0004 477  |679829
T DDNiBr] 60 | 0003|557 [694.09
[(Cpm)MezslN(’Bu)Tlcm 60 | 0025|426 | 1,032,406
(oA TiCEMGN(PBuls] |60 | 0305 251 |269:665
_[?“‘*SPDI)FeClz] L 60 TSI [1351 368,083
[ TRDDPACIMe] & | ooz [ |
[CFFDZCE | 60 | 0138|703 | 448022

' EBI = C2H4(mdeny1)2, ‘
2-Me4- PhSBI = (Me)zsl{(Z -Me,4- Ph-mdenyl)}
= H4(nBu) - -
{}6 Me- "“DI 2,6 (the)ZCGHrN—C(Me) C(Me) N-2,6-(PhiVé),CoHs;
CpMe4 = C5Me4H
Cp* —C5Me5,
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Mespp = 2,6-(1,3,5-Me-C6H3N=CMe)2C5H3N).Mgp 75Alp.25(OH)2(CO3)
01250 1.76H,040.45(Acetone), o '
10 rhg of catalyst, 2 bar, 1 hour, [TIBA]/[M]o = 1000, Hexane (50 ml).

The chemical structures of the metal complexes used are given below:

[T

. HEBIZICLT jawearnsBIZICI] [("Cp)ZICL]  [(P“CR)HICI]

W ClI
Me 11 S| / \Cl
Me? \N\ .

[Cp)Si(Me,N(BuU)TICL]

Py sy -
[N S B FN ]

: . Rl : ’ . 'Bu M=Tiand2Zr
[(szﬁ'f‘efP“NDl)PdClMe] v [(#8MePhDI)NIBr,) : [(ATFSFI)MCI,]
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3.5 Variation of the LDHs

Table 9. Polymerfsation of ethylene using AMO-LDH/MAO/[complex] catalyst
under the condition: 10 mg of catalyst, 2 bar, 1 hour, 60 °C, [TIBA]¢/[M]o = 1000,
Hexane (50 ml).

Polyethylene
AMO-LDH Complex Productivity
kgpe/gcar/h
Mo 252l 35(OH)(CO5) o1as 1.76H,0+0.45(Acetone) | [("“PDDFeCl,] | 0.511
1 Mgo.75ALos(OH)2(SO4)0.12520:55(EH,0)20: 13 (acetone) 1| 'i[C%e.SRDIf)EeQ.I;z] o 10:562
| My Al s(OH(Choast0481,0)-0.04(acetone) | [("PDDEeCL]. | 0260 .
| Mgo75Aly35(OED(CO) o a5+ 1.76H,0#0.45(Acetone) | [(EBI*)ZiCL] | 0081

Mg 15AL 25(OH)(SO4)o 125°0.55(H,0)+0.13(acetone) | [(EBIMZrCly] | 0.147
Mg 75Alyas(OH)(Cl)o 25+0.48(H,0)+0.04(acetone) | [(EBI*)ZrCly] - .| 0.093 .

Fodv ekt

(«EBI*)ZrClz = ethylenebis(l-permethylindenyl)zircohium dichloride :

(MCSPDI)FeClz— 2,6:1,3,5-Me- C6H3N—CMe)2C5H3N)}FeC12

Coa e

i

As expected ‘when using the iron. complexes all the re‘s‘ults are. higher than; When the

21rcon1um complex was used Surpr1smg1y, (EBI*)ZrClz supported on MAO modlﬁed

Mgo 75Alg. 25(OH)2(C1)0 25°0.48(H,0)° 004(acetone) was -much ' more - active than
(EBI*)ZrClz Sl supported “on MAO ' modlﬁed
Mg 75A1525( OF)(C03)y fase ET6H;040. 45(Acetone) LDH™ (0 093 and
0.081 kgpr/gear/h respectively), Table 9. -

3 6 Comparlson of the AMO LDHs versus conventnonal and commerclal LDHs

'\ t . v

The catalytlc propertles of dlfferent MAO modlﬁed LDHs Were studled the
aqueous, miscible organic (AMO-LDHS), conventional (synthesised by, know co-
ppe,c:ipitatioh methods) and a:commercial grade LDH (PURAL MG 62, SASOL,

previously Condea) were used. The results,are collated in Table 10
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Table 10 Polymerisation of ethylene using metal complexes supported .on’ different
types of LDH/MAO support under the conditions: 10 mg of catalyst, 2 bar, 1 hour,
60 °C, [TIBA]¢/[complex]o = 1000, Hexane (50 ml).

v Polyethylene
LDH/MAO ‘ Complex Productivity
kgpg/gcarh
Mgp 75Alg 25(OH),(CO;3)g.125°1. 76H,00.45(Acetone) | [[EBDZrCl) 0.122
| :Mgo.75Alo2s(OH)(CO)o1252 1.67HR0. - - v W[EBDZIChL] - 1:0.095 . 0 a0 s
i| PURAL MG 62 st e e o] [([EBDZECh] - No Gatalyst - o
Mgy 7fslaums(OH)z(cos)O 125°L.76H, 00 O45(Acetone) [("PDID)FeCl,] | 0.511
PURAL MG 62 [("PDI)FeCl,] | 0.050
Mg 75Aly25(OH);(Clo.250-48(H,0)+0.04(acetone) | [("“PDDFeCL] | 0.260
Mgo75Al525(OH),(Co 25+0.61(H;0) [(MeSPDI)FeCIZ] 0 026
5 PURAL MG 62 is a commercial grade LDH supphed by SASOL (prevlously
Condea)

10

15
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3.7 Variation of the thermal treatment on AMO-LDH

Table 11: Variation in polymerisation of ethylene using complex-supported MAO-
modified Mgg 75Alp 25(OH)2(CO3)o.125°1.76H,0+0.45(Acetone). Before MAO-

modification the LDH was thermally treated at a range of different temperatures.

Thermal Treatment Temperature for Complex Polyethylene
Mg 75Aly 25(0H)(CO3)0.125°1.76H,020.45(A c Productivity
etone) before MAO modification/(°C) kgpe/gcat’h
A A T e e T S TERN ZiCl] | 0.001
1500, | (EBDZLCL} .. |:0,002:..
1100 -, | (IEBDZICL] +:..1.0.049
150 | ([EBDZeCL] | 0.122
190 - ([EBDZICL)- - | 0.038
25 [("PDDFeCl,] 0006
50 [(““PDDFeCL) | 0. 006
100, } | [C*PDDEeCL;) 0. 208
125 [(M“PDI)Fer] 0. 374
1 ?1‘5‘0 [(MeSPDI)FeCIZ] o 511
| "190' S ' " [(M“PDI)FeCIZ]”‘ 0386

Catalysrs conditions: 10 mg of catalyst, 2 bar, 1 hour 60 °C [TIBA]O/[complex]o =
1000 Hexane (50 ml)

Table A1 shows when ‘ usihg V(EB'I)'Zr('flz supported MAO modrﬁed
Mgo 75Alo 25(OH)2(CO3)g.125°1.76H,0+0. 45(Acetone)[AMO LDH/MAO/[(EBI)ZrCl;;_]
thermal treatment in range of 125-150 °C prowded the hrghest product1v1t1es most
preferably 150 °C. Using (MeSPDI)FeCIZ 3 supported on ‘“‘MAO -modified
Mg, 75A10 25(OH)2(CO3)0 12571 T6H2040. 45(Acetone) also showed tha‘t"lvso °C was the

best thermal treatment temperature A

The features disclosed in the foregoing descnptron in the clalms and in the
accompanymg drawmgs may both separately or m any comblnatron be materlal for

reahzmg the 1nventlon 1n dlverse forms thereof
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CLAIMS
1. A process for preparing :a catalyst support comprising a layered double

hydroxide (LDH), the process comprising,

a)

b)

d)

providing a water-wet layered double hydroxide of formula:
M LMY ((OH) ] (X" )ar*bH20 (1)

wherein M and M’ are metal cations,z=1or2; y=3 or4, x is 0.1 to

1, préfetably x<1, more preferably x = 0110195 b is 0't6 10, X'is an

ISR I A N S IR ) |>:'_‘:,t: . . .
~'anion, r is 1'to'3, n"is'the charge on the anion and a is determined by

X, y and z, preferably a = z(1-x)+xy-2,
maintaining the layered double hydroxide water-wet,

contacting the water-wet’ lay"ere‘d double hydroxide with at least one

solVent the solvent bemg mlsc1ble w1th water and preferaBIy havmg a

' ~'solvent polanty (P ) in the rang’e 3 % to 9, and

}

thermally treatlng the material obtairied in step c) to produce a catalyst

support

2. The process as claimed in clalm 1, wherem M is Mg, Zn, Fe, Ca or a mixture

of two or'more thereof

3. The process ‘as clalmed in any one of the precedmg clalms wherem M is Al

Ga, Feora mlxture of A1 and Fe.

4. The process‘as clalmed in any one of the precedlng clalms wherein z is 2 and

M s Ca, Mg, or Zn
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10.

12.

13:

11.

29

The process as claimed in any one of the preceding claims wherein M’ is Al.

The process as claimed in any one of the preceding claims wherein M is Zn,

Mg or Al, and M’ is Al.

The process as claimed in any one of the preceding claims, wherein X is
selected from halide, inorganic oxyanions, organic anions, surfactants, anionic

surfactants, anionic chromophores, and/or anionic UV absorbers.

The process as claimed in any one of the preceding claims, wherein the at least
oné ‘$olvenit -is an’ orgaric Solvent, preferably anhydrois, and' préfétably
sélected froth cetone, acetonitrile, dimethylformamide, dimethyl sulfoxide,
dioxane, ethanol, methanol, n-propanol, 2- propanol tetrahydrofuran or a

rthuré of two or more thereof

thermal treatment comprrses heatmg at a temperature in the range 110°C to
1000°C preferably for a predetermmed "timé at a predetermmed pressure

optronally tinder 4 ﬂow of an inert gas ot under reduced pressure '

The process as claimed in claim 9, whérein the predetermmed pressure is in

the range ofl X 10 ‘to I'x IO mbar

A préicess for 'prodicing a'solid catalyst, the process comprising providing 4
catalyst support prepared by the process ‘of any one of the’ preceding clarms

and contactmg the support w1th an actrvator
The process as clalmed in clalm 11, further comprising contactmg the support
before s1multaneous1y with or aﬁer contactmg the support w1th the activator,

wrth at: least one metal orgamc transrtron metal compound.

A polyinerisation catalyst comprising,
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16.

17.

18.
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a)  acatalyst support prepared according to the process of claim 1, and

b) atleast one metal-organic compound.

The catalyst as claimed in claim 13, further comprising an activator.

The catalyst as claimed in claim 14, wherein the activator comprises an alkyl

aluminium activator.
The catalyst as claimed in any one of claims 13 to 15, wherein the metal-
Organit’ ¢omipound comprisés a”trafsition metal compound, preferably a

titanium, zirconium, hafnium, iron, nickel and/or cobalt compound.

The catalyst as claimed in any one of claims 13 to 16, wherein the catalyst is

an' oleﬁn polymensat]on catalyst

The catalyst as claimed in any one of claims l3 to 17,.5furth‘er comprising one

-or moté metal compounds of the f yfmula’ (II)

IMRDWRDRY,
where - “
M? s an° alkah metal an alkahne earth metal‘ or a metal of group 13 of
the PCI‘IOdIC Table) ’ S -
| R is hydrogen Cl Cm-alkyl C6-C15 aryl alkylaryl or arylalkyl each
hang from T to 10 carbon atoms in the alkyl part and from 6 to 20 carbon
atoms in the aryl part )

7 R? and R® are each 1ndependently selected from hydrogen halogen
pseudohalogen Cl-Cm—alkyl CS-QS aryl alkylaryl arylalkyl or alkoxy each
havmg from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon
atoms 1n ithe' aryl’ radrcal

wis an'rnteger from 1 to 3, and
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s and t are integers' from O to 2, with the sum w+s#+t corresponding to

the valence of M™. ¢ nvq ¢ - i Do ey s cueh
v ey dpree o4y oY iy i ' b o o] b ol e e & e 2 cLrean
gt e HEeT o vy ot O IR oy BN TGP AT B YD PRGN FERSE 14 ST e Lad SR GER TR BN BYSPL Y 18 Jo !

19.  Use of an olefin polymerisation catalyst as claimed in any one of claims 13 to

18 in a polymerisation process, preferably an olefin polymerisation process.



