2 090628 1 PHGSPHATE- SUPPORTED CHRONIUNlCCNTAINTING OLEFI N POLYMERI SATI
CATALYSE METHOD) FOR THE PREPARATI ON AND USE THEREOF catal yst for olefin
pol ymeri zati on. -Supported chr.om um oxi de catal ysts can be used to prepar
olefin polyners in-a hydrocarbon solution to give a product havin

&xcel lent characteristics frommany standpoints. Sili a)@Mﬁﬁbg; %d

-.chrom um oxi de catal ysts can al so be used to prepare olef in. polyners in a
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Skurry system wherein the polymer is produced in the formof small

‘particles of solid material suspended in a diluent. This process, 10
frequently referred to as a particle-formprocess, has the advantage of

bei ng | ess conpl ex. However, certain cqontrol operations which are easily
*carried out' in the sol ution process are considerably nore difficult in the
particle-form process. For instardce, in the solution process-control of

t he nol ecul ar r weight can be effected by changing the 15 tenperature

with | ower nol ecul ar wei ght (higher ne bt ai ned at the
hi'gher tenperature. FbﬂﬁgﬁﬂiﬁiﬁﬂﬂﬂéléP‘}EQM% ﬁagkﬂﬁ“ id

: e el is~d echni que is.
. inherently linmited si M\P%Yﬂ ALY mI_;'%.? YWT‘M’ RtfI ow to any
appr eci abl e extent by EB&EEQQBA§L&£&§&£§§EE d cause the polynei to go"

into solution and thus destroy the slurry or particle-form 20 process. It
is known to extend the range of nelt. flow capabiljty of a given catalyst

tshrough the use of hydrogen. However, it has not heretofore been

comrercially feasible to produce a conplete, spectrun1of -pol yners -so”far as
melt flowis concerned-in a slurry systemwith a single. chronlunlcatalyst
system  Also it is frequently desired to heave 25 polynmer with greater

. shear -response than is ng&nally optained in the slurry or gaTtche form

process. is 1nvent10n relates to .a phosphate supnorteo chromiun
catalyst for olefin polymer1zatzon. _
Supported chronuum oxide catal;sts ten be used to_.'wrnl are
5 olefin polymers in a hydrocarbon solution to give a product hLzving
cxcellent cbaracterlstlcs from many - standpoints. ; Silica supy u)teo
chromlum oxzde catalysts can also be used to prepare. orefzn polymers in g
slurry system whereln ‘the polymer is produced in the form of small

part:cles of solid mater1a1 suspended 1n a diluent. This process,

. 10 frequently referred to as a part1cle-form process, has the advantage o

being less complex. However, certain control operatlons which are casil;
. '; . carried out in the solution ﬁrocessaare considérably more difficnli in
the particle~form process. . For instance, in the solution'process,
control of the wmolecular weight can be effected by changing the
- " 15 temperature with lower molecular weight (hlgher.melt flow) being

.obtained at the higher temperature. However, in the slurry process, thi:

[ 43

technique is-inherently-limited since any efforts to increase the melt
‘flow to any'appreciable extent by increasing temperature would cause th:
polymer to go into solution and thus destroy the slurry or particle-for
20 process. 1f is known to extend the range of melt flow capability o1r 2
' given catalyst through the use of | _hydrogen. However, it has nut
heretofore been commercially feasible to produce a complete spectr&m 0
polymers so far as melt flow is concerned in a slurry system with a

. s1ng1e chromium catalyst system.  Also it is frequencly desired to have :

- - 25 polymer with greater shear:response than is normally ‘obtained in the

. -
. - ..

- slurry or particle-form process.
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2 Wile it has long been known to use phosphates as supports for chrom um
i n polynerization catal ysts, such supports have never achieved -

erci al success. Thus chrom um catal ysts are generally supported on

ca-containing bases simlar to those used decades ago when 5 t he
shvOm um cat al yzed: pol yneri zation of olefin polynmers first becane _
commercial. In accordance with one enbodi ment of this invention, an olefin
pol'ymeri zati on catal yst system conprises (a) a chrom um conpound
supported on a catalyst support n@terial 10 consi sting

predom nantly of an anorphous al um nium phosphate xerogel, and (b) an
organoboron cocatal yst. In accordance with a second enbodi nent of this

)

i nvention, an ol efi n poI yrreri zation catalyst conprises a chrom um conpound

supported o ort material consi s n redom napt |y of

anor phous \gﬁ’dﬁ’n i has p‘ﬁB%p kBP¥R; | t"&f’eﬂh‘?sﬁ T‘Fg Bge%‘BH%"és £° fa' bor on
Corrpmm&nul?ar Toll i apoaﬁlrvamiagﬁs &:ltalysnmy sbeh obuppares! havergnewdral ysts and
catal%g stem; accqrdi ng ' entlonln the ability to obtain
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bl ow nou IoNns requiri strength; 25
t he a@smmescizle obt ai n' ol efl n poI ynmers havi ng unexpect edly high flexur al

modul us;  apS LACAAaREE M HR! oY SERBLIRAIMILE @fis GhVéditord BAOAdmimpect rum of.
polynmers sq far as nelt flow is concerned, and having unusual sensitivity

t o ndeernedzatien §ﬁfal¥§¥rﬁyr56?m§€é‘?ﬂrsse§uc h as hydrogen.

(@) a chromijum compound supported on a catalyst support material
consisting predomlnantly of an amorphous aluminium phosphate
‘ xerogel, and
(b) * an organoboron cocatalyst.
| 'In accordance with a second embodlment of this mventmn, an olefln
polymerlzatlon catalyst' comprises a chromlum compound supported on a
support ~ material conslstmg predommantly of amorphous aluminium
phosphate precipitated in the presence of a boron compound
Particular advantages that may be obtained using catalysts and
catalyst systems accordmg to the invention include’:s
the ability to obtain olefin- polymers havmg both hlgh melt flow and-
- high shear response;. '
.. a catalyst system which is particularly suitable for use in slurry
_polymerization systems; _ ' '
the ability. to obtain polymers suitable for blow moulding and other
_ _appllcatlons requiring good melt strength- y
the ability to obtain olefin polymers having unexpectedly high
- . flexural modulus; _ : , :
- a single catalyst system capable of giving a broad spectrum. of'
'polymers so far as melt flow is concerned, and havmg unusual
. sensitivity to molecular welght control agents. such as hydrogen. .

o ——



Various properties of the catalyst systens and polyners in accordance with
‘this invention are jllustrated graphically iii the acconpanying draw ngs i

which Figure 1 is a plot showi ng the rel gtionship of (1) surface hydroxyl :
cangentration, (2) activity, and (3) mett index, to alumi nuimto phosphorus

ratio;, Figure 2 is a plot simlar to Figure 1 shovm ng the rel ationship of
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- 25 is hereby i orated b T I.r um num sal t whi ch
will nelt can be 3@ exﬁa%ﬁ%r?é o‘if‘f&’g ‘Eﬁ“lﬁﬁ gf ll%ﬁs HIRBi HEFURi th t he

malt and tmamemsmhseed to give .the hydr ogel CGeneral ly those al um num

Referr1ng in detall now to the preparaLlon of catalysts and
catalyst systems in accordance with this invention ‘any suitable method
can be used to prepare the alumlnlum phosphate base or catalyst support

material. At least three sultable methods are presently known.. F1rst conventi:
‘technlques as disclosed in Hlll et al, U. S. 4,219,444, the disclosure of

vhich is hereby incorporated by reference can be used In thls method an
alum1num salt is combined with. .8 source of phosphate ions in an aqueous
20 medium and neutrallzed WIth a neutrallz1ng agent to give a hydrogel
Alternatlvely, a polar organlc solvent can be used. The second method
for forming the base of the catalyst system of thls invention . is to_
combine an aluminum alkoxide with phosphorlc acid to give a hydrogel _
o dzrectly, as disclosed in Pzne, U. S. 3,904,550, the’ dlsclosure of which -
25. is hereby 1ncorporated by reference. _Thirgd, -an aluminum salt wh1ch will )
melt can be use& -with the source of phosphate ions combined with the
melt and then neutralized to .give the hydrogel Generally those alum1num
salts with~ j'suff1c1ent1y low melting point are bydrated.’
Orthophosphorlc aczd, orthophosphates such as monoammon1um phosphate and
30 diammonium. hydrogen phosphate or mixtures of monoammon;um and diammonium
phosphate are preferred sources of phosphate 1ons. 'The scope of the
phosphate ion source can be the same as in the flrst method. In 2
variation of this third method, a concentrated syrup of an aluminum salt
is used. Thus, the third method can be broadly viewed.as employing a
) 35 concentrated-mass of the acid phase (source of aluminum and source of
- -orthophosphate ions). Althrpatively;' id ‘method three and possibly
.nkthod one, the aluminum-phosphate composition can he.qnly.partially

neutralized and allowed to sit as a strongly acid composition until



salts wth a suff|C|entIy low nelting point are hydrated:-
tihophosphoric acid, orthophosphates such as nonoammoni um phosphate +and 30
' & moni um hydr ogen phosphat e or mxtures of nonoammoni um and-di ammoni um
osphate are preferred sources of phosphate ions. The scope of the w
phosphate ion source can be the sane as in the first nethod. In a :
variation of this third nethod, a concentrated syrup of an alumnumsalt is~ .
-used. Thus, the third nethod carlgbe broadl y vi ewed as enpl oy| ng a 35 7
concentrated mass of the acid phase (source of alum num and source of
ort hophosphate i ons). Al ternatively, in nethod three and possibly
met hod one, the al um num pho hate conposi tipn cap.be 0 tiall
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: h as romumnitrate can e I nt uced wth the reactants, as can a
si li.con. cdhporentbes dgsirgble in some instances to coprecipitate other

materials with the phosphate or have other matenals present during the

2

15 | . .gellation. For instance, the chromium compound such as chromium nitrate

. 'can be_introduced w1th the reactants, as can a silicon component such as
Sx(OEt) _

It is frequently preferred that a small amount of a boron compound

_ such as B(OH)B be introduced into the melt to be coprec1p1tated with the '
20 alummum phosphate. Other su1table boron compounds include borates such_
0 as ammonium borate. By coprecipitated as it relates to the boron
compound itis meant that the aluminum phosphate is formed into a true
hydrogel 1n the presence of the boron compound. It is not known to what
extent the borate becomes 1ncorporated into the hydrogel structure. The
2'5" - amount of boron compound present when the aluminum phosphate is gelled
' can vary w1dely but it is generally 'such as to give 1 to 30 mole percent .
boron compound based on the moles of phosphate. ; . '
* The neutralization in the first and third methods can be carrled out-
either by adding the acid phase to the hase phase or vice versa (or by addmg
30~ both to a third vessel). One suitable practice is to: drip the acid phase into -
‘the base phase. " ‘This results in the productxon of small spheres or balls of _
‘the orthophosphate, - partlcularly with the th1rd method where the melt of.. . -
aluminum salt and source ' of - phosphate fons- is dl‘lpped or sprayed. or
otherwise slowly added to a large excess of ammonium hydroxide. The .
35 - spheres-are subsequently collected, washed, dried and calcined. |



Si (CEt)4 It is frequently preférred that a small "amount of a boron conp
such as:B(OH)3 be introduced into the nelt to be coprecipitated with the 0“
al umi num phosphat'e. Qt'her suitabte bpron conpounds incl ude borates such as.

anmoni um borate. * By coprecipitat ed as it relates to the boron conpound,
4 is-meant that the al um num phosphate is formed into a true hydrogel in
the presence of the boron conpound. It is not known to what extent the

“Jporat e becones i ncorporat‘"ed‘lahi@ltm:.\hydsptgﬁlansbum;t wte.a “ﬁHeoQEBbout am)dmtu is
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base phase or vice versa (or . dr n
suitabl e pradti ckitherio Gl] promhén brs dslph'éxemﬁt csttlhelmasael)thas‘s'é patient of the

results in the pJnQ@EEt 'o nngixt lh gﬁlgg&ﬁf t?Jed%?t k’g Oé rl%tgr e %@Q?QMO% and

part|cularly witht ird met he’ e um'sa
sourcé of phosph“el’cﬁé“fiﬂfﬁ@r avicklpplding tbprzazyedsmlasotdwer:mw gtbldyioadsted pib

A large excess ofg Mg a'?)é‘i”ogl ne(fab-{pe §5}east e ‘3§r£"i1§ro%”l%%eﬂlde”$l-y§2)

ol | ect ed, washed, dr| e and cal atlon ’occurs nt aneoud
a pH of about 4,copRieing éror]wbzp @expent of sheuteurzapizingnsgerft pheded for complete

. deutrali zi ngwgeﬂgutraﬂfkdéloha&@ggﬁgrﬁ g?gelﬁ?gf:{drputglhlywhi& Rvgffryquﬁallv be 1

three, that this is undeswab e neutralization i1 s
preferably achi d@4teyts 48 Bpupsy more memnﬁlmﬁ@lgpbw yont@ hoyrs r mppg generally

about 72 percent1ghibii€e AERUB hitfrsRCiiS iggh Nk FEBE AL A ToH bEUWPL Sl nerally
neutralization and thereafter qui ckly adding the rest so as to achieve

gel lation at a [AROBF 3- o"hdleaamst bape csan 6| ysed, (censentyatgdnamugniymchydyoxide,
10, or (2) Conbldiirnaﬂ1§035§3 o1 Bﬁﬁ)@@fﬂ cﬁfssEi‘@ed‘eﬂf Fady 'aib@lgolagﬁmotﬁggd%-faﬁheous

-Conplete 15 solvent are preferred, Other suitable: neutral121ng agents ‘include
ammon1um carbonate used alone or .in combination, ethylene oxlde and
propylene oxzde. _Alternat;vely, in techniques uone and - three,
_Partxcularly one, the phbsphate can be in the. nautraiizing agent..

The chromium can be coprecipitated as noted hereinabove or can
20 - be added to. the hydrogel. For example, a water. soluble chromium
_compound, such as chromium n1trate, chromxum acetate, or. CrO3 can be
added to the.hydrogel. Alternat1ve1y, a chromium compound soluble in an
anhydrous solvent such as hydrocarbon can be used to 1mpregnate the
xerogel prior to activation. Suitable chromium compounds for such
-25dttanhydr9us impregnation iﬁclude tertiary-butyl chromate. The chromlum
‘. ~ ‘compounds are used in amounts sufftcient to give 0.601 te'ld, preferably“
' . -p;l to 5, more preferably about 1 weight percent cﬁromiu@'based:on the |
v -. weight of the-xerogel base."(The term xerogel ia'ﬁsed to refer.to the
‘-predom1nant1y amorphous gel result1ng from the removal of free water from
30 the hydrogel ) '
' The act1vat10n of the thus formed xerogel can be carrled out at
a lower temperature than is generally. requlred for actlvatlng silica-
" based chromlum_catalysts which is a major advantage for the invention.
Temperatures of 1501800°C, ptefetably 300-800°C, more preferably 300-
35 600°C, are suitable.” The activating ambient can be any oxidizing ambient
- -but for convenience and ecoﬁbmy, an oxygen-containing a@bient such as air
T o -~ is pteferred. The chromium is at least predomihantlf in the hexatalent

state after activation. If an excess of chromium over what is required



.neutralization and aging until gellation occurs which will generally be
y nute to 48 hours, nore generally 5 mnutes to 10 hours, nore generally
_ mnutes to 3 hours; thus, gellation occurs at apH below14 "general |y
bgut 2. Wil e any base can be used, concentrated amoni um hydr oxi de,
“ammoni a gas, or ammoni a di ssolved in an al cohol or other non-aqueous 15
solvent are preferred. Qher suitable neutralizing agents include amonium,
carbonate' used .alone or in conblﬁﬁtlon et hyl-ene oxi de and propyl ene =
oxi de. Alternatlvely, in techniques one and three, particularly one,
the ph te ca l, i The
chrom 58%9%3 t‘]%'Beexctégg)“se may B‘Pt PQSH%Q he{? a\%ﬁﬁ@gg&tﬁgbg\% rgmams ‘%“e be added to
the hycdtadgszﬂ at alkor Temempf &, minutes &0 24 dioubs,epreferabhufa5 tecbipoursd, such as
chr oy ol sUihER' for e QRIRAL6H BhRininglstE8.0 TRERNANRINA I BKbef L N

hydr o ternatlv -a-chrom um.conpound soluble 1n an a hydrous
sol veﬁ? be redueed H}/H’P%Ba#yml@é%?’b@ﬂ?sbﬂ the Mopsmaefarebahiy eklgel prior to

5 act i vakbQikidatist bahke 1€ hégaéarmc@fmuﬂdﬁ &y bé ¢afried ouasbwdé aHe
i nmpregnation, i'ncl ude tertlar bu% hromate '{ € ‘chrom um conpounds are

used FcRTNFISONEREd Withthe O‘TSWCEO" ¢aFEVaRfy. 0.1 to 5, nore

pref er iabl y Theoafumiinuvai gk pipxmphems crhﬁp?enm he?edleemed e asetn%itxe of t Ihe
t
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hydr oge¢ferabilfe Ol i ttd. 8. of tl'hgurtehLls—Showsred'!e(eanSbm tb'swsanrl ed out at
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chrom um cat al a maj or ant t he I nventi on.

TenperhevR s a@# qwsseb{eerbpyelsepm erespest 3%158@@[@ CFystaliine apr ef er abl y
300- - 3ppostdlis éh']oggh&fseaﬁdl el edbEss AsHdsyRdius ImapicaRtivadd the any

OX|d|2|ng anbi ent but for conveni ence -and econony,” an oxygen- contalnlng
“anbi e O™ Mas air . is preferred.  The chromumis at |east :
pr.edont nantBaged ramtdmeehexadsndlsrﬁbtamaemtnftheth;abbnav;atarﬂrm-nl-tmm excess of

| 150hr Omb%tr%n%\fe{he\'\'goronl Scoéae ystegs preferably a tnhydrocarbylborane, more

.preferably a trialkylborane,. ‘the’ alkyl groups preferably havmg 1to12, more

preferably 2 to- 5, carbon atoms per group. Tnethylborane, trzpropylborane

and ftributylborane are presently believed -to be ‘especially preferred.
-. Tri-n-butylborane is presently most preferred because it gives greater MI

20 increase than the others tested. : Other boron compounds such'as boron

| alkoxides, for instance B(CZH 5)20C2H 5 ‘alkyl haloboron compounds, for
instance BCZH SCIZ’ aryl borons such as - triphenylborane 'and metal “aryl -

. borate (MBR )_can also be used. - The boron compound cocatalyst:is

o ge.ner_ally'_utiliz_ed in an amount so as to give an atom ratio of boron to

25 chromium within the range of.0.5:1 to 15:1, preferably 2:1 to 10:1. .. This is

- base_d_ oh “test results indicating that lower amounts are progressively less

_effective and higher amounts, while operable, do not. give any appreciable

~ added benefit.  Based: on the solvent if any, these amounts of boron

_ ' compound cocatalyst correspond to a range of 0.5 to 20, preferably 2 to 10

30 parts by weight per million parts by weight of the solvent, these amounts

' bemg based on the total reactor contents in 1nstances ‘where no solvent is

' utlhzed The cocatalyst may also contain an-alkyl of aluminium, zinc or

. magnesmm, e.g. an alumlmum trralkyl such as alummxum triethyl
~ The boron—contammg cocatalyst can either be premixed w1th the
35 catalyst or added as a separate stream to- the polymerrzatlon zone, the
latter being preierred - o



6 is used the excess may not be I n the hexavalent state, if it

i ! remai ns ﬁI!!!
the.catahyst at all. Tinmes of 5 mnutes to 24 hours, preferably 0.5 to 10 :

hours, are.suitabl'e for the activation or calcining step. The chromumis

thought to be reduced in the polynerlzatlon zone by the nononer, probably
td plus 5 ‘two oxidation state. If desired, this reduction may be
.—.carried out before the catalyst is contacted mnth t he nononer,. for instance
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:t.he others tegteda- p%Mlz&OVe&ﬂyQ@ﬁ@%@% $HEd ASa 0" oo d6%om fmci&tures of
|nstance B( C2H5) 2

CEQ{E E hal -obor on conpounds, _ f-or i nStance BC2H5C
borons -such k8¥ 159 RBAYI IS0 CANBO LM FoRRRAMe IEr §Ele5dest Eramvbredetdan %ﬂ“§6mn‘8 3

aaryl
. be used.

of 0.5:1 to 15;

. The basos Q@B‘B&unsluﬁﬁcqieel )ﬁﬁﬂet&l&en@x%hb){ai# | dolndBEnd #s FralDeiNbith

chromumw thin the range

'so.as to give an ratio o 0 25
egfﬂ%“& dBFyude 1ao’tlé’ﬂif)1°1 1-plefins, il agnPreRtlengs i thutene, 1-

i ndi cat i ng t hat. bemnearmunésez&re1pwosﬁessnae&ohelre§§g@ézf RAbEues and Hb@bted or
anDunts

.on t he solve

20

25 -

30,

. can also be employed.. -

35

hg ggéﬁ%!nepﬁgg%y a%ﬂﬁ¥§n%?yu§gfgrﬁei g bllnﬁ;a (:j.ggf(:j ’ blesro%];le;[xe, p1%%§'5er?ene, _

2,3-dimethyl-1,3-butadiene, 1,4-pentadiene, 1,7~ hexadlene, .and other-

such diolefins ‘and .mixtures the_reof., Ethylene copolymers preferably

- constztute at least aboqt 90, pr'eferably 96 to 99"7 weight percent .

polymenzed ethylene units and 0.3 to &4 weight percent comonomer.

Propylene, l~butene, l-pentene, 1- hexene, -and l-octene are especially

preferred comonomers."

- The. polymers - can be prepared from the catalyst of this

. invention by solution polymer:.zatlon, slurry polymerization, and gas

phase polymenzat:.on techniques using ‘conventional - equipment and
contacting processes. Contacting of the monomer or monomers with the
catalyst can be effected by any manner known in the art of solid

catalysts. One convenient method is to suspend the catalyst in an

: organ:l.c medium and to ag:.tate the uu.xture to maintain the catalyst in

suspension - throughout the polymerization process. Other known

contacting methods such as fluld:.zed bed, grav1tat1ng bed and fixed bed

The catalysts of this mvent:.on are partlcularly sultable for

. use in slurry polymerzzatmn systems to produce a complete spectrum of

. polymers so far as melt flow is concerned, utilizing a smgle catalyst

Everyth:.ng from blow moldmg grade resins which may requ1re a melt mdex

of as little as 0.1 or less to paper coat:.ng and :mJectlon moldlng grade

_.reszns vhich may reguire a melt flow of 20 or greater can be produced

.from a single catalyst system simply by the use "of a molecular weight



€ 'rrpound cocat al ySt correspond to a range of 0.5 to 20, preferably.2 to 10

parts by weight per mllion parts by weight of the solvent, these
fount s bei.ng based on the total reactor contents in instances where no .
sol/vent is utilized. The cocatalyst may al so contain an al kyl of 7

~atum nium zi nc or: magnesium e.g. an al Bminiumtrial kyl such as aluminium
triet hyI of on-.cont aj ni ngl cocatal yst can either -be prem xed with the
Y

35 c%ﬁ rﬁgt 2872 %ddeq Sepertt eWat Y ddregen He FAmes iszarl i zene,” -

the | att eveilphitrigcquteber agdnt, tildecead Blatster Ofnidi ShvleRYEHY | #1:A30s Den
furt her tr’§1ted Ln t he sape, manner - 33 chromumon silica catalysts are

‘sonet i mes®HRFERIEHEN &F0E1 BTNt LylRosst ke khat I"IXOF?‘(fé’(Tlan&)éPﬁg‘”'}”é'dﬁced

and r'eoxi of Mrbgenfmﬂmﬁanﬁelﬂe&}b hetDeg o Weeyt hER MRIE Uk CO:{ old Qued
by act§ vap i 5‘% descr fﬁ her Q’iﬁ:‘?\nBB oXi d| zi ng ambi ent.. - The_ cat_al yst

of thi%s i H8Fi 'gf ¥hr dBBRINE Fr BEB Ieunpplecular
: amlor phouswalghm asmirmmspaatmf mafxahemmgwerwlbebas&ﬁga bert;mﬁdvt&m:ol
- po .ymarl Zz L east one jon : 0 n.cont car bon at ons
‘ol ecul e. &F% llkngécﬁ"f i8R b e gf’a ﬂ’&ﬁllfr s“‘giplglaf" uRt (of eekyy-in ﬁeﬁ?‘o‘Ech’rng
et hyl ene trmnrpmlembbg xamdkmaoleyﬁems otrmuﬁx&wa@sefa&hwte&etamplemer@r .

nore conpy rom l e cont ai 0 rhon_at ons per
" ol ecul e. a?))n é%ngi%‘ﬁe‘}tj t?’ﬁ YPEHP W eﬁ‘é 11er1?‘I‘§§%"'al Forstete
- ?\l eTthsyetsmrfufsher opduamtege 1e£)utlﬁrse,1nienmii @8ethalt begeﬂgl.el ka]::aﬁimenﬁnd *
. other- hi | n on at ugat e, ol efins such as -
1, 3-but ag{.]ee eQ‘L@urd‘%o@ ghg pdet.laq eﬁe @IWJf Zi)f[}toéld#gwéerature icn

" 1, 4- pent ak# eate-h&ﬁ #@(as:hléﬁepbm Gt fbebad lx;fecftlrohecif [p® 1 gnelr STiutt Ui £ng 2
b et or i SBRY SSEEEARC, WP SaBELE Y BB Ll By e aRRE, BRERGEY: 1o
4 weight ¢ptedwat senmhormsed 2@ PRedpge emelov -filowe polynemnenkettne 1- Tarane,
and~ 1150“%%@{-%%@6%%' Is)éme type of catalyst can be used to. produce a hlgb
R ' flow polymer or anyth:.ng in between by adJust.:Lng other variables such as
) temperature and amount of hydrogen. - .
WJ,th slurry polymer:.zatzon of ethylene and predominantly
. e'thy_lehe copolymer systems, the conventlonal temperature range ‘is
20 geﬂer;a'l_ly 'about_. '200-230°F .. (93-110°C) a__nd the commercial systems are
R generally run-as 'close to the maximum (i.e., the point polymer goes into
.'solntlon) as’ poss1ble, i.e. 225°F % 5°F (107°C + 3°C) in order to get the
- .. h1ghest possible melt index. 'The catalyst of ‘this invention allows
N 'runn:mg at the lou end of the conventional temperature- range i.e. 205°F
25 + 5°F (96°C + 3°C°1 in systems normally employing 225°F (107°C). The
'_ : "lower temperature gives a relatzvely higher monomer partial pressure, %
" thus g1vmg higher activity. . , _
' Catalysts of this 1nvent1on have the further advantage of not -
hav:.ng any notlceable induction time between 1n1t1al contact w1th the
30  monomer and the 1n1t1at1on of polymenzat:.on _
. When hydrogen is used in the prior art, it is generally used at
'_partial'pressures up to 120 psia. (0.8 MPa), .pr.efer.ably within the range
of 20 to 70 ps1a (0.01 to 0.48 ‘MPa). Similar amounts: are used in
. accordance w:.th this invention, although because of the high sensitivity
.. 35 ' to hydrogen, 1t is possxble to use smaller amounts, for instance 10 to 70

e ._'ps:.a.

a

The tendency of the catalysts of th1s 1nventzon to produce

hxgher melt flow polymers vhen hydrogen is ut1llzed cone.-.ponds to the -



: r

~ though: pol yner s ggvr ng -ver°f°f’o
 mel't flow can befbbt,aithes. glvﬁmrgthaunmret opporafuniey ttd lcont £6ln me@toblai aed Mylated
..-the smal| anount giynj SEVaY; J N Lemerature control and by the known effect

. of higher catal y ‘5,3(%

*-resulting polymer to be hft‘lgn‘téner I—bhﬁreerarelﬂmumetebatfmeheps adtaatagheoBensity of

RIS

preferred cormnorrers The polymers can be prepared fromthe catalyst. of@

“.-fluidized bed, gV

."require a nelt f %‘I“?

;'catalyst of this?

o beinte i i W L e Ak - o M

this i nwention by solution polynerization, slurry polymerization, and gas
phase pol ynerization techniques using conventional equipnent and 25
contacting processes. Contacting of the nononmer or nononers with the ™
tetal yst can be effected by any manner known ingthe art ofsolid catalysts.

~--One conveni.ent- method is to suspend the cat al yst in an organic medi um and
"4 agitate the mexddiRyt Qﬂﬁﬂe&atﬁltﬁlf}%‘ca{@iéb&t thp SHHRENG] A r hEIOUIRQUSol ymers

the polymerizati pr.oces known. 30 contactin “met hods_such as

g%'r théh"rﬂgefbéa “tdr}dzrf’xéa‘eb%rf%aﬁnar d6ips Wl BRregetalpse of this
catal ysts of t hi Snvemaohi Q8 ar:erp@rctmeukwlyezmt&abl €of @he USLrddtsSIodr Mydrogen.
pol ymeri zati on s§stems to prqduce a co Iete slgectrum of polymers so far as

mel t flow i s conBBYTEX, L T4RATNETSE S K Fbs(of $51is BRYEERRGCF righ? manner

bl ow .mol di ng gradeffa&hlas ) c:therr@ynbeqm—t ecaﬂ;a'I?Ets | dHdeXhese @if@erdrdes! EraiSin a
0.1 or less to p .cQa %]rgr and inj %ctron nol di ng grade resrns whi ch, may
etdaRer Bén“b%taﬁFSdrR‘e*d’“f FRfiAR: ¥F$-®Is€"‘t%&“§=lsy‘éied in

system sinply bythdieprize aktaap®lwed o5 itehss theCgatt OlhaR0ERéy . teENt@have an
hydrogen Whi | e 1L}%drog I S kno,\ﬁggazﬁa mgl ecul ar wei.ght con @rol agent, fhe

RET Fgﬂ e<h OB “¥xtirfor FANEFY e RET T iIPYyEQ frop- . However,

hydr ogen. so t hat they h(b&bhroédaﬂagyste RHDE ﬁvehydmgﬁmsusniiamg} 1We3é|§er6he melt
having a veryq hi t as i.ndi cat ed by

S eRpshiRts; SHRPoRE PRAIA LAY BT LR dvers melt

At va |on°f"e ePAtur e causi ng the nelt flow of the

this invention *§ ﬂJY§5e§ gfrgJ gr@f&df@%lhgghmer and the resulting propertles such as

15 stréss crack resistance and flexural modulus The polymers of the prior
art generally represent a compromise between competing properties, for
instaoce, in the use of a'small'amount.of comoﬁomer in ethylene polymers
to produce a polymer;with greater stress“cracklresistance‘bpt one which

o has’a'coacomitant'decreaseiin flexural modulus. Unaccountably, the

20 .. polymers produced by ‘the catalysts of thls 1nvent10n have densities {(and

-the - correspondlng higher flexural modu11 assoc1ated thereW1th) in excess
' of what would be predlcted for a g1ven monomer and at the same time*
“exhibit a- whole order of magnxtude greater stress cracking resistance

than would be expected based on the performance of similar prior art

25 olefin'oolymers This increase in dens1ty also is the inverse of what

‘e A occurs in prior art catalyst systems using boron cocatalysts since boron

cocatalysts normally decrease dens1ty These novel and beneficial .

‘_e. R ,.'.propertles are all the more remarkable becanse 1nfrared ana1y51s of the

_ polymer does not indicate any difference between the novel polymers of
30 this 1nventzon and convent1onally produced olefln polymers

It is known in the art that the presence of a comonomer in

ethylene polymerxzat1on may . increase the melt flow of the resulting

- : polymer. However, with ‘the catalyst of this invention th;s.effect is

| unexpectedly magnified, with only small amouhts'of'comonomer giving
. 35 major increases in melt floéﬂof the resulting polymer. The difference is
- - ‘one of a kind rather than degree such that it is actually feasible to use

e ' comonomer add1t1on as a method of controlllng melt flow.



pérature for the catal yst and a si ngl e :pol yneri zation tenperature can be
i'l.i zed and still obtain a broad spectrum of polymers utilizing a single
alyst. By "spectrumof polyners", it is nmeant that that catal yst can be..
dsed to produce a | ow fl ow polyner one time. Then 15 another tinme, the
sane type of catal yst can be used to prodﬂbe a high-flow pol yner or

anything in betvveen by adj ustii ng_ot her vari abl es such as tenperature and
amount of hydr ogen Ih¥¥t b5 RAFHEFuber Brefqzsabl orbestausehgf ebles @lics peculier el

pr edoni nardhby etdpikene T LTSV ER T b
c A about: ZOaOt 220 errJf IEMSS{AF%%[@S“ q‘?;)a{‘%‘;n ima{ ak! Sy

range.is enerﬂa%
COMET Ci alp°§§78?’é’rrs \g ej'éﬁe?’h‘i}f f”F‘EnC%EE‘“tS’l“’%ef—Q Faike. rﬂm’(lt'@ dengify
poi nt poI WERT £ P0RST all b AWsUR F O 1A3: L PSS bbﬁnaﬂleeam&?:ﬁisebf]é%m’anéip@f rdoz

(107[e 3[err]C) in order get t hest possible nelt index. The
cat al y c%b ﬂé Feftt ot THl ‘I”o‘%ﬁ(s)lyr Bﬂﬁ?%@’]-&tr?t’hbf Itb% ehircdf isnke produce a

convent i ombolmmer alfirther abfect KsCto 30R(MEER] £ ;%ﬁer:{%%‘mlc]ﬁgs( Qﬁiﬁ-fetr:lgs\gra
err

3[err]C i em; nor al | | oyi ng 225[err
t enper at urhgm%ﬁy @1@1 &é @ni SRefeRIgnEr 0p 4ot P o} MBLe REFFENt (RAENYPSA Ny
hi gher- acbeved yon tEat:sdust 8£OétHyliefiel Y Ahel feed1aYE btehﬁséd”tfp'th@%\ba@t:@g?s of e
not . havi ng, an’yO‘pot [ ceabl e,l nduch gn tine between initial contact with t

f-

30 rononef BRAFUGFe & §PPP AT pbP y AR POLR BSHCeRh R HBAFLOGRM be ‘lf§é‘d | n
“the pifor aamqught eneugemar givy 0u9cdoa8 WAlght ape RIAISUAESrPRat fonl Blsed on
p5|a(08t y within the r e of 20 to 70 psia (0.01 to 0.48
MPa) . NF aﬁmun‘f aﬁe regerH éﬁcBFﬁg’g‘b‘éd\m threfairsednsenenanersafehough
because oPremﬂmaghlxee@ytlleuetyonﬁ’@oltyﬁebydiﬁgeﬁ. lebst SoR@oH Bkepyieneser -
o this RS, 1EBEat I, S Chertbel Bnd ot Brlelng LBl RS B mptisgeides T
utilized eérgzgﬁy@mdshao 0hk can easzly be produced in this way 1n a slurcy -
' 15 - system. .
' Anothef_area-in which the prior art olefin polymers always
represent a compromise in propefties is'with regard to shear response.
For certain applxcatlons a hzgh shear response as evidenced by tbn ratio
. of high load melt index to melt 1ndex, is des1rab1e. This has heretofore
-ZQ been assoczated w1th broad molecular we1ght dzstrlbutlon as determined
~ by.size exclusion chromatogtaphy, for 1nstance. Unexpectedly the
polymers produced by the catalysts of thls invention exhibit hlgh shear
response as evidenced by h1gh HLMI/MI ratlos indicating extremelv b;oad
-molecular welght d1str1butzon. However, the size exclusxon '
__25' chromatography analyses-zndlcate a far narrowef Mw/Mn than would be
expected for a given HLMI/MI ratio. The molecular weight distribution or R
heterogenelty index is indicated by the ratio of the we;ght average
' molecular we1ght (M ) to the number average’ (M ) In this regard, it
_ must be kept in mind that HLMI/MI ratzos are mean1ngfu1 only if compared
:_30-r on a comparable melt 1ndex basis. The references herein to melt index
- {MI) refer to ASTH D1238-65T, Condition E, and to hlgh load melt 1nuex
(HLMI) refer to ASTM D1238- 65T Condltlon F, the dlfference belng 21 600
gram welght in the hlgh load test and a 2, 160 gram weight-in the regular -
_ melt index test, the temperature be1ng 190°C in each instasce when the
> 35 tests are utlllzed for predomznantly ethylene polymers and copolymers.
- _F1gures 4 and 5 v;sually deplct this novel property.
. The following table demonstrates the relat10nsh1p between melt

index, HLMI/MI ratio, and Hw/Hn as determined by size exclus1on



9 tendency' of -other catal yst systems to produce higher nelt f1 ow pol yungr '
when hydtogen is utilized, the difference being that the catalyst of tHi
invention is extraordinarily sensitive to the effects of hydrogen. Howe

- in other areas, the catalysts of this invention act in a rmanner 5 difféerent

omthe prior art catalysts and these differences are in a benefici al

“direction. For instance, boron cocatalysts sonetinmes used in the prior art

~Twr'e used in -spithropttedrnphycfor ranurhey dfendttadl have wadeaducism@bhact:ioh the

~-cocatal ysts of this invention su .
~ whil'e boron in ¥ipecphesphaveivumdde oftalykts hawiest & oveltodeds: 0l Q.1f tow,.5 has

mel t flow i.e ;5 Lfuse! h%foqelctomggpﬂ.o%? gr %%l%gpmyoe{%(ghngp?%%ggrfil%ﬁv silica

stant’all rease-

~thus giving a ugj g8y ﬂplpqr;kgﬁir%gfrbguet d Sha"BlY {{h‘ 0¥ a:{%%uEGif‘tz%‘E a HRHI{HT to

“> crack resistance but one which has a 'conco

oo P Wy i B
i

pol yneri zati on condi tions. , - ere are knhown relati onshi ps” bet

_© the densityJof %/¥qt yatsio of abqutr 6i wbich coohomts wathtthe resid tafnd7-31 for the

properties suchy@ASmdps o tBESiddedtfoh Ofl %h@%@l@’lﬂd&%g' Bm%ué;l abdo.5.

polymers of the prior art tggneral l'y represent a cor‘rEro.m et ween
conpeting propeftiseditiiisy thigithaense maved nelymsirsahavidd aandeAst ofif greater than
gomonomer i n’ etiyheneoRabY Rifs! thePE t% RAUHTBE oL efRigl. Stress.
tant decrease In exur al
nodul us. Unaccountabty, the 20 polyners pr@&gﬁeg by the catalysts.of this

.. knhvention have. densities (and the correspondrng nrgher flexural maduli

;. associ ated ypherewi th) in excess of what ywauhfsiarpreghcted for a given

. nononer and at the same.time- exhi bit a whore order_of nagnitude greater.

" stress cracking resi'stance than woul dylyg expected baseqQRot&e Highfef mance

~of simlar ‘prior art 25 ol egt n polymBIs. Thip,/Macrease i god@fsaty also is

. the inverse of what .occurs Tn prior arr_catal mystemw ' _ _
cocat al ysts since boron'.co'ca?- yst s nd¥ral | y. détbease densityd-3 These novel

- and beneficial properties aire.gll the ggpre rema lsabl e becausep jinfrared .

anal ysi S'OfISt he polyner doei not indicate any difference between.the novel
pol ynmers of*?30 this invent: 6P and corffent i onaﬂ.'y" produced ol&f3 n pol ymers.

) i2.0. . 51 . . 6.3 - . 8T
- 3.8 15 - “mo. - 105 -
.15 118 .- 15.3 B 5
o . 0.63 = 246 - 20.9 11.8
20 . - . 0.60 .- -210 20.9 Co10.0
| - - ..0.43 315 12.1 - 31.0
0.23 461°. 17.0 .. 27.0
) 0.13 . 38  23.0 17.0
. eaz 36 16.7 - 21.0
235 0.4 - 405 22,2  18.0
i | ' 0.17 64 - 25.0 . - 26.0

- Table B dem.qnét;ré_tes' the felaf..'i_onshi'p-"l-)etv.veen density and P/Al
atom ratio for_":ethylen'e'h;_mop_o_lymeri'za_tion using 2 éhfomi@-catalyst on

- -am aluminum’ phoéphate base activated at SOO°.(;.. The - density was -
30 _.det.:ermin'ed .by the:s_tandard deﬁsity'_ gradient éolumn method ”(ASTM D 1505-
" 68). TEB' stands for triéthyib_orane. ) ' T



It"is known in the art that -the presence of a conononer in éthylene

| yneri zation may. increase the nelt flow of the resulting polyner.’

wever, with the catalyst of this invention this effect is uhexpect edly

gnified, With only small aimounts of conononer giving 35 major increases\«
mel t. f1 ow of the resulting polymer. The difference is one of a kind B

~~father than degree such that it is actually feasible to use conononer o

~addition as a nmethod of controlling nmelt flow. "~ This i's particularly )

f easi bl e because of the other peculiar TABLEcRar act eri sticof. -t he

cocatal ysts of this invention _ﬁrﬁ,s}:mh g %QT&’?’G}P? Thus even with

some cononomer to raise melt f -t-y—m-ro‘kig ural nodul us are

still high.. Suitable &fddnesO-F conondfmdt Fhew5 this Penpd&e can vary

widely particularly if t Qbject is to (p?i?‘qklce a copol YREbg22 | f the object

s to produce a pol yner |c i-s essentiallTy a honopolyner, O 001 to 0.3,

“preferably 0.01 to 0.1 mol Hzpercent -conthddetI based on tBe9Bdt es of ~
ethylene in the feed can bgggsed. . If the,.q bg gct is to prdygs a copol yner,

0.5 to 20 nol e percent or nore can be used 1 al though enough to-give 0.4

to 3 wei ght percent incoBBrathpn basedt®R tHe wei ght of %af72&onomers is ’
preferred. Preferred nangrs for predom nantly ethyl ene honopol yrers

are at |east one of prm - but ene, |-pentene, 1-hexene and

_I-octene. -Polymers havi ddoaenelt index O HE¥hter than ®-P563n easily be *
produggd in this way in a grry 15 sysgamgpgnot her- areg igg7ghi ch the '

prior art ol efi i polyners al ways represent a_conpron se in pr perties is

w.th regard to shear r espgélst. for cert B +f &lﬂpllcatlons 8:9628h shear

“responsg as-evi denggdchy wesere%t 'densyiléy O leRadsself 0.086X 6P WRInbek DEEX,
is desirable. This has heretofore 20 been associated With g&g‘bﬁﬁm?‘l ecul ar

wei ght ~ di POLYPRR 358 Beswidier it dhsy cataly sy of uhigh ivvaafiglo e L
i nstance. soh@%?ﬁyicbggLaiﬁiyiludes to polyethylene densities above 0.965 and such

15  can be obta1ned by annealing, the fact is that the densities produced
“with the catalyst of this 1nvent10n for a given set of conditions are
higher than can be produced w1th prlor art chromium or titanium -catalyst
. systems. .- L
Table C demonstrates theﬁrelafi@nship of density and ESCR fox °
.20 éthjleﬁe homopoiymers produced using catalets-ofiih{s invention.
| L ' TABLE C

: ESCR AND FLEXURAL HODULUS

o ) o T : 1) (@) Flexural Hodulus(s)-
. - P/Al - Temp. Add. =~ _MI Den. _ .ESCR MPa__” .;ps1
25 0.2 500°C Hy+ TEB 0.10 0.9626 428 1458 211,500
0.4 300°C H,-© - :0.11 '0.9636 214 1497 . 217,100,
-0.4 3oo_°c_"n2 + TEB . 0.37 0.9666 . 82 . 1604 232,600
. 0.8 300°C TEB  0.60 0.9701 181 1519 ' 220,300
- 0.8 s00°% ”Hz L o.zsf 0.9629 47 . - 1656. 240,200
30, 1.0 . 500°C H, 0.30 ©0.9651 . 47 1657 240,300
1.0 500°C TEB 0.43 0.9710 - 1869 271,100
1.0 700°C TEB 2.5 0.9727  -- 2020 293,000

(1) ASTM D 1505-68. _ . o
(2) ASTM D 1693-70, Condition A (50°C), Environmental Stress Crack

AR}

‘1
¢



pol yrer's produced by the catalysts of this invention exhibit hi gh shear oA
response' as evidenced by high HHM/M ratios indicating extrenely broaf &0/ ¥
nol ecul ar , wei ght” distribution. However, the size exclusion 25 P
chronat ogr aphy anal yses indicate a far narrower .M /ML than would be w n
\ea(pect ed for a given HLM/M ratio. The nol ecldar wei ght “di stribution or

**heterogeneity-index ig i ndi cat ed by the ratio of the weight aver age

~wgel ecul ar .wei ght (M R&F48t82R&mber average (M. In this regard, it nust be
kept. in m nd that(3b+LM4Mragam¢mu§rgsmaenggiw only if conpared 30 on a

--conparable nelt index ba%ég - The_references herejn to melt index (M)

‘: refer to ASTM D1238- 65T, “CHHEFRS oheoPodiets Af gkbe cekfofelart maeRakiy ihaye 2n

: " refer to ASTM Dléiﬁ&rﬁﬁﬂ_entGQndtiéﬁn cFack hesdiideenca Moiina12d, 1689 & @@35 than 30
- . weight in th t?:h Ioa test .and a 2,160, ,gram wei ght in-the regular

i ndex test, LFER O 5551 o ERRIYT o OB RG1 PRER 47EE AMERCE A8 !resch 2s an
tests are uti I i zad&oofpmagiﬂltuaanhighe&{ Yk o BM?&@GdcﬂﬂDMXﬁErlﬁghe , not

Figures 4 and 5 Y sual | i ct ,this novel perty he ‘f ol | owi-ng
deronstrates the w&Fa?‘f%qd?ﬁF é‘{tv\b%r?mt?é’ﬁ 1ﬁ[3r¥g‘§xl’nlqu\ﬁ7tr\/lt° fegd; pure S%WM’" a
~as determ ned byreaiczer emﬁlngsa Ofs ta lyst GHHiQEEL DI ctieRYz4 9 s e N @ihﬂ%eato 1-
. produced by pr G SR G eblx LOMSBPPERF R HmESH: HIaPer Yok SORAIPRG vt such
'.rrEIt i nczie? dﬂ 0.¥blywed. EamameauoHLMdd\ﬂtyr ahﬂOP?fr E(uauy iﬂ&@ﬁd SoddWld @brmally
about 12 for 00 out - contrasts
with the ratio ol_%sw&[?nstffw% °p\|\f&|y’ﬂe’b%'l 3.héfsn°d'fe tﬁ’é°ﬂer’r'\7'¥n?$cfﬁ‘el H°{Wéerﬁel’f this
‘index range bet vieernOidn aﬁdviblﬁll?jhdépiltﬂﬂehl fin tHiigardl 3 naigR sHial tﬁeliysmattsonsth
haV|rm; a ratio (ﬂétgéééléﬂﬁﬂiﬁﬁﬂenta1 stress crack res1stance (ESCR) aud ‘modulus for

commercial high den51ty olefin polymers and the novel type.of polymers

.15 - produced by the catalyst of this invention. In all instances, the melt

1ndex is in the 0.1 to 0. 9 range 'so the comparlson is on 2 fazr basis.

Example I - Catalyst Preparatlon

H
3
H

_ . The catalysts were prepared 1n three general methods and
var1at10ns thereof. - '

PRTYAIE TEE

)

fZO ' L In method A (the first method broadly descrlbed here1nabove),
' about 0. 5 mole of Al(hOs) 9H20 was d1ssolved in about SOD ml of
deionized water and to it was added sufficient 85% H POA to give the -

_; -‘de;zred atomic ratio of P:Al.. The- resu1t1ng solution was neutralized by

A v o AROENE MR Tt WAL A 23170

adding sufficient concentrated ammonium hydroxide to reach a pH of about

L psned

25 _6-7._ ‘The white hydrogel precipitate was filtered off and washed with

_ o about 3L of deionized:water. .The filter cake was dried in procedure (1)
i o by simply placing it in a vacuum oven at about 80°C for 2 few hours. In a
:b ) o .prefefred_procedure (2) the filter-oakelwas d}ied'of ﬁater Ey employing

-.azeotrofiC'distillatioo_or?washing witﬁ'ieoamyl'alcohol to remove the -

(LTI TBEPL I 1, NN

'.30 water. Each product after removal of water wés impregnated with a
B _solution of chromxum(III) acetate dissolved in an alkanol such as methyl'
._alcohol, suff1c;ent to provide about 1 weight percent chrom1um based on

N .'f the dry finished catalyst. Afterward the filter cake was dried of

PRI PR WA O P

alcohol by heating at 60°C in a vacuum to remove the alcohol. Each

35 catalyst was activated for polymerization by calcining it in a fluidized

PP SR

i ‘; I bed wlth dry air for about 5 hours or more at the spec1f1ed temperature
. .When a boron—alumlnum phosphate gel is desired 2 suitable’

amount of a soluble borate such as ammonaum borate or bor1c acid can be



*

'. re common usi ng the catal yst systemof this invention. TABLE A.[err]
B denonstrates the relationship between density and P/Al X ‘
at}

Yatio for ethylene honopol ynerization using a chroni um cat al yst on an .
l'um hum phosphat e base activated at 500[err] C. The density was 30
m ned by the standard density gradi en’t col umm rret hod (ASTM D 1505-

| 68). TEB, sI é‘;o %%Lgé Iégorane err] As can be seen densities in

excess of Ol “‘ﬁﬂf%?a]ére $ssi%| eenpephesthetearapyrst of
this i nventqomercwmlye at!helwlt. eemﬁumgom?ﬂybg&é Lﬁ%&l{ngn nggys%ﬂagl ?3??
d ties 0 9 n 15 can be _obtai ne y. anneal i ng,

i gntSIha!t t h?déﬁ%&?aggz’gs glcfé’?ég"m’hp e ehitheyatupipupgittagoention for a
gi ven set of conditiAdme, aim plagleebst. banlﬁaﬁumm&@dum et bt p@l ttl)_k,wg;%m

' t
Gomanst oy BRCERNATERER ) MR ICHEL B (o) e e be usd whons sherevres

- honopol ynerthepeat toe dunsisty that déyived Bhoddt %fl 108 1 ohEBlE WS ESGR ANR
FLEXURAL N@ULB\&&(IS%JS%B]“ ge’13 Resi st ance. exuraI , du us ASTM D
790 66

Another soluble alunnnum salt such as alum.num acetate or
sulfate can be substltuted for the nitrate, if desired.. Less preferzble
10 ‘soluble alununum salts such as. the chlor:.de can also be’ employed but the
gels may requ:.re more thorough wash:.ng to remove ‘most of the chioride .
anions. . . ' B ’ - _
' _ Hethod B (the second method broadly descr:.bed hereinabove)
is a substant:.ally anhydrous method To a solut:.on conta:.m.ng abou 1/3
15 mole of alum.num trnsoprox1de (or related alkox:uie) d:.ssolvec_ in about
'ﬁ'_400 mL of dry 1sopropy1 alcohol for example, was added a solut1e“
--conta1n1ng about 200 mL. of dry 1sopropy1 alcohol,_a little deionized
; water, e.g. 0. 2 mole and sufflczent 85% H3P04 to give the desired atomic
ratio of P:Al. For example Wlth about 6.5 mL of 85% H P04 (0. 095 mole),
20 - the P: Al atomxc ratJ.o is about-0.76:1. The resu1t1ng preclpltate vas
' isolated by - f:.lter:.ng and the f11ter cake is dried in a vacuum oven at
.about 80°C The dry product was ‘then impregnated anhydrously by contact
. with a methanol solut1on of’ chrom:.um(III) acetate sufficient to prov: de
~about 1 we:.ght percent chromum ‘based on the dry; finished catalyet The
:' 25 catalyst was act:.vated by heat1ng for the desired length of tlme, e.g.
" five hours, at the specified temperature in a £1u1d:l.zed bed in dry air.
Method B is d1fferent in principle: from methods ‘A and C in that the gel
.forms on add;tzon of the phosphoric- ac1d . o
' Method K (the third method broadly descrzbed here:.nabove,a is
30 'presently preferred It was generally -carried out by heating the desired
' 3)3 9H20 e.'g"”, ahout 1 1b,
_'(454 g), to about 80°C to.. form 'a melt. The desired quantity of an

“quantity of an alum:.num salt such .as A1(NO

. ammon:.um phosphate, e.g., NH4H2PO4, was dissolved in thé melt to provide
the atonuc ratio of P/Al needed, ‘and finally the des:.red amount of
35 ‘chromlum(III) acetate or. chromium: (III). nitrate was added to the melt

",m:l.xture to prov:.de about l we1ght perceat chromium based on the wught of

'l

- "'the dry, f.uushed catalyst Sufficient concentrated NHQOH, e.g., 390

wexght percent NHS,__ was mz.xed with the melt m1Xture to neutrallzc it



envi ronnental stress. crack resistance at a nominal 0.1 M of

5 . hours., As .cah be seen, the invention pol yners have an ESCR as nuch. as

an order of magnitude hi gher t han woul d be expected.and w th higher, not
wer sti'ffness. It is known in the prior art 1% f eed pur-e ethylene to a

= hyk ene:honopol ymers of the prior art normally have an * G{?j
| ess t han\3

. -reactor using a catalyst which oligomerizes sone of -the ethylene to 1-
.“Qut ene or other giodogomepdl ad abhus §el. a T ymenl oinganiktbBERWbEIt wodlad 1ﬁ;h

o bet ween envi- ron ?ii r%aﬁ.%hgiag I8 stv%?ig?h eESwCé\I;éFand gul us

. _anmoni um hydroxi de to reach

1
s

-conmer ci al hlgh

‘renoval of \riil/%ter was mpregnat ed wth a solution of ¢

ey B

P Y Y
.

o by e rr
v

, ol yner has the nsg t or..(lo exur al, nodul n
_ gss)c/)m ated with %‘%‘g&?ﬁﬁ &/e |§£)ér)1c‘)”’\5s F: p'\F,\%pree °"eo§“htsltr§“b’o?ﬁ¥e gfg‘fg ty“HF ammonium

invention is vi slua-lrlayedeprpntcehllctnaﬁdgnhe Bashid Iproidovs fhetufd astvason&rslhpd with

N pol yners an e nével "Tfé of %ﬁaﬁfﬁr%"‘l‘é}d to
produced by the ‘blap&ayettim weltes pnvazedtoope dniadl.l Tlﬂst:&mﬂs;ng heravekt can be

index is in the Qe lnlp HQd 8HGE gume SAPRE! 00 L daac 1vatt% Sassbefore in a

Exanpl e |- Catal yst Preci)aratlon 'F%e cata ys’ts wer e pré
. - general nethods ér‘\‘éld%@r

deidoin thlelaeaffox?@bout 5 hours altnthneisbedlﬂe(dt tamperature.

first nethod.brogadlycf I 4t 9.5,
Al (N03) 3. 9H20 was d| SSO e(f?l n g%tﬁw * °ﬁo$?tle|°5ﬁfz%cf‘ vv‘éfers"l iple bpyate such

was added suffi (ﬁseWCSBQ@I-WEt ey becindiadgd wicdi thed raaomnsrptmr b6 gelAktiion.
The .resul ting sol ution wag Qggtggjaflg,ggoﬁyep%%qltggn]s&grhégﬁmﬁdw q__a&g&ammg

dro &
precipitate was ¥l ANy gf H thdthei dHgH, P modithet CSLNQi5C £Q1|czecbev\ateerted with

The filter cakamyes €4 idtRaifn & ﬁvoefduwué ls)-vbe/o $b BRItk el aH@e

Ehvacuum oven at ab&ut 80C for. a.few hours. I. prgFerre proce %é{lg? ?%m the

filter caké was RFEFeRCOHfOf\hber bByP’é?ﬁHC&yNHgN@geot“?heb# cthfisstis| kaseniadly a non-
washi ng' with i SQai¥bug | SRR | T héAITONE of G239 NIRRT oﬁr gm UW(WE}%HHE §ICt11eEhat a

acetate:
di ssol ved i f2an sherbrRf PHs deficatorepRar sadohe| presged | intonthe gedr and gepll reading

about 1 wei ght - psteendd.chtrpen ?i‘@@ﬂ:to'cahhehék Yef cﬂﬁro%.d,lQaéaqlcYﬁEG to obtain the
Aftervvard the- fi Ite{ cake -was dri ed

fina catalyst Th:.s procedure must be done carefully to avoid potent.tal_

explos:Lons or other undesired reactlons. .

Method C is fundamentally d1fferent from Methods A and B in.
20 that no sol\rent is-used. = | -

i Example 11 -~ Ethylene Polymerlzat:.on

Each run was conducted in a clean, dry, air=~ free,.' stirred,
stainless steel reactor of about a 2 L capacity. About 600 g of
-isobutane was used in each run as d:.luent with a catalyst charge ranging
25 from about 0.03 to about 0.8 g. The reactor and its contents were heated
L . to the desired operatlng temperature, ethylene was pressured in to give
| - ..about 565 psia (3.9 MPa), and the run was started immediately as the )
. Lo catalysts, unlike the correspond:.ng chrom:mm oxide-silica catalysts, do
- . : not have an 1nductxon penod. Ethylene pressure was maintained during
30 the run by supply:mg add1t:l.onal ethylene as requ1red from a reservoir.
" ‘When used, the tr:.ethylborane (TEB) was added to the reactor as a
solutionsof l weight percent in n-heptane: . .
Each run was terminated by stopping the ethylene flow and
venting_the gaseous reactor contents to a flare line for disposal. The
35 polywer was recovered, dried and weighed to determine. catalyst

product:.v:.ty which is expressed in terms of grams polyethylene per gram
. . - catalyst ' '



~ -at céhol by heating at 600C in a vacuumto renove the al cohol.  Each 35

o (NH gl . !
"~ furnish the desi rgg%ﬁ%g( 'ngphosphate_l ogls{\éﬁéq]rﬁggg J1eke the egal

a5 alurti.numacetate or

~ gels may require nore tho

0o

catalyst was activated for polynerization by calcining it in a fluidized

bem

{ofbub

W th/the al um num* salt.

or

phosphat e gel s.. An

e B2

;/ehe &

mrohi um

is desired a suitable'

rLérSnd@H rupfz{%%agg ) a(élﬁ‘gamj:
phosphat s such as

amount of a

. 14 incl uded _

: enpl oy commercially .
- avarl abl e conpoun@heordliysingl botrhpettiwisnued apdchompedysech &is this and
- AL () 206aERe SRR 11 ) 3fiEs

in admxtute with t

ith dry air for about 5 hours or nore at the specified tenperature.
a boron-al um num phosphate gel
e. borate sSuch as ammoni um borate ‘d boric acid can he
It .is convenient to

of

1 P@ollemingeASBedeat @cgdunekt ures 42 * 4 and- (NH4) 2 HPO4-thereof to

er.sol u

e alum num s

sul fabe can be suBdghtlnadmedt idvexn(ikiide, APTHId:1R238-65Tgs SopdifienaBl e 10

sol ubl e al um num ﬁ@h&&}s;U%VCQS the chloride.gahy 3 $90P

ough washing to renove nmost 'g? the chloride

€npl oyed but the

ani ons: Method B ThacHBMLBHA tasinods brhsaghy tesgivehad Haderstimpowd) the a

SUDSL ANt pBie AUMBERNS: NEIAAA. g1 JEr uBoblid:OR1E0R Alicfe

mol e of ~al um numtrii sopr.oxi ] )
nL of dryioFEeRRespy|thel cemisiculpnr vekahpl istridusdandia «dsat.itbaugint & ni ng
aboug20Qpetesde dry i sopropyl .alcohol, a little deionized water, e.g.'"'0.2

. mol e,. and sufficient 85% H3P04 to

relate

koxl de

abggt t_‘.’:y_' %'al,@o

i ssol ved I'n about 400

ive the desired atom-c ratio of P:ALl.

For exanple, . wit hTBBobeteropaneisy 3sdewREl) (d5. dhsuaht o provide He Mgl

15

20

25 .

30

atomc - glekRrdte
filteri n%

and 't he

bsOnt/fibn pfhﬁoi

Fod oR8cPI£C IR AL Cadias1bapl at.edaby
ilter cake is dried in a vacuunm oven at
he ratio increases, the molecular weight distribution is thought te

broaden. -HI is dgiermined from the weight average and number average .

molecular weight values obtained from size exclusion chromatography:

catalysts -activated at differe’ni:_-t.e.mperatures~and the results are

_Etbylene,'p_o_lymeriz'a'tion was carried out with _Saﬁnples of the

sunmarized in Table I.

. Table 1.

.'I-lffeci‘.' of Alkyl Boron C_ocatalyst':'_'_ '

-

MI -

- Act.. . ‘Rua : e
"Run S Temp. _ .. Temp. -Prod. Time
No. _ Prep. PJAl _°C "Add.. . °F . _g/g _min,
1 - ag-az) 1.0 500 Nome . 205 1725 . 90
2. .7 1 -8ppmTEB (96°C) 3565 65
3 : ﬁz_' PR UL 90 - -
& 8 ppm TEB#H, 2515 . 50 -
"5 Aq:OD(ZJf"é;gj f?bp None _'f__zzs_ . 605 - 90.
6 - "7 & ppmuEB (107°C) 509 - 60"
7 My . .. 421 100
8 8 ppm TEBSH, 605 90
9 - Helt-az3) .8 700 None _ 205 3844 60
0 . 4ppmTEB (96°C) 9420 . 60
- 4 ppm TEB+H

2.

5340 .60

. %
0.(.7& }1)(5‘ -

43
.30,

152

11.4

0 (.86
1.2

H)

- 0.95

.32

0 (.76

)

To1.41

6.8

375

57

144

104

47

122

6.!4 .

and

2



about 80[err]C. The dry product was then inpregnated anhydrously by
contact . with a nethanol solution of chromun(lll) acetate sufficient. ,
provi de-about I, wei ght' percent chroniun1ba5fﬂ on the dry, finished A
kggtalyst. The 25 catalyst was activated by*heating for the desired | ength

o tinme, e: flve hou(®) at t specified tenperature_in a fluidized bed

in dry ai r.&\/bt hﬁStB&r’s di’ ergﬁ? i i 3% i nci pl e 44%m Abdhods éoandcca-ﬁ’ fHat -
{he gel - Iprns on addition of thes Ppasebpri c(ggdcd. shbhod @o(the thyrd 143

met hod broag y described hereinabove) is_30 presentlxggreterred. |t was
.general ly chtried out by heating tHeR&sTERH guantit$03. an £Puni nuiinlPalt 73
such as Al (N03)3.9H20, e.g., about 1 |b. (454 g), to about 80[err]Cto form -
a melt. The desired guantity of an ammoni um phosphate,* e.g., NHAH2P04, was

di ssol'ved i+P t hHehET®Dt 0 plovi 8ROt He PRMOKER rat30S of 3PLA nedfed, and3 533
finallysthe desired anount of 35 chram un(l | dggopget ate or chromum (111)

nitrate wa;ggdded to tfyy melt mxture to provide about 1 weight percent

chrom um ba&d Baltthz Wei gBt 0f0® heé wpp, TEBni sIROS caRaBGst. 68ufficidt 511
concentrated NH4OH, e.g., 30 weight. percent N?63@§s m xed with the nelt

m xture to neutralize it. 3, 'giving a .pH of abdut 6-7. . The resulting

fi xt.ure was(ida¥atlodiA wishf Hrpinntmatdiodn 2kd inat.caqueons mreeipibat tont izldl y

all of the a | | Jra y-product.and the washed product in turn was
washed with ﬂ%g?%‘fﬂéaﬂgﬁé "' or other volatile water-mscible organic

Fi qui d 0o H2)dMephed d Mishndrping methedt (pe ild.cdquedine precipt tatiqr addct

can be further g E%Eﬁ%#i' a vacuumoven, if desired, and act.i vated as before
~in a fluidized bed I Fy air. for about 5 hours at the specified

t enper at ur 3}AHethad G,hd .ki.r bydmegdiodofived hbm\melhobit Brindwaten sddiadl e

borate such as, ' : an be included with the reactant.s prior-to.

gel l ation. 10 taﬂﬁ;gu}fyligFgafﬁg %ﬁﬁé%r§gfcp 2088t i on of Method €, the nelt
containirm;(4) Eydrogel formed f:om-melt but water added to wash followed by

15 oven dfyidg; i.g. also a concentrated mass during gellation.
xIn this run, 469 grams {1.25 moie) of Al(NdS)s.ngo and 3.48
grams boric acid were used:with sufficient monobasic ammonium
'phogﬁhate tb-give thé_Al/P:tatiofof 0.8. Some water (125 mL)
. wés;in thg melt énd.the ﬁelt.ﬁaS'd:ippedfintd éoncentratgd
.20 - apmonium hydroxide. | | o B
. - (5) Like (4) except washed in_alcohol and the a@?ohollfemoved in
' a vacuum oven.; Whilg'the produﬁtivity is not outstandihg in
this rhn, other :uné gave better ovefaii results. One other
'rhn'simiiér to this except without boric acid and using aluminum
25 ;ulfagg_instead_qf aluminim nitrate gave 32 cc gréms éélymer per
_ | .:.grém of catalyst in 25 minutes. B ' a
. (6) “Hffinqﬁ:a;es HIMI. . _
- - In.ihe :irét-series;.Runs;l'and 3 are control rums. A
comparison of.i-;nd 2 shows the dual benefit in:productivity and melt
30 flow from the triethylborane (TEB) cocatalyst. A comparison of Runs 2, 3
" apd 4 shows how much more effective in increasing_melt flow hydroges is
with a catalyst of this invention as compared with a prior art catalyst.
Runs 5-8 show the same effect of the boron-containing
cocatalyst at a different P/Al ratio, different activation temperature,
---*35 and diffegént polymerization'témpefatﬁre, Runs 5 and 7 being centrol

- . ruans.



: e Al (NO3)3.9H20, the NH4 2P04 and the Cr(N03)3 9H20 can be treated with
d40H to obtain a pH of about 6-7 to formthe gel and the ‘gel drled in the
psence of the by-product '4NH3N Wiile this is essentially a’ non- aqueous

fstem there is a small anount of \A/ate1spresent such that a 15 sheet of

pH i ndi cator paper can be pressed into the gel and a pH reading obtained. .

The dry product RaA §hem he ediparadsby Eshtd1eGunO bt &R tdhe ki @ahm -

catal yst Thi s ocedure %%J glg done, carefully to avoid potentiﬁ :

expl osi FHE2HAvetHerRiRfded « ck oRROV \ER S oRPRE | & feshagfehbal ‘y“f-

di ffere%ntfmdgbtbeﬂeaws&ndn&léht%(lysth@éomeaotyemtuoa OseRunEyasPlan Il -
Ethyl ene, Pol ymeri zation Each run was conducted in a cle dry, air:free,

stirredP80L84a é‘s’§1§t éél 2R IRYERLiSN ZHBuEinge it Ifb(?élﬁaEngPm%’d‘&F BB g of

| Sobpt a@@o&@@ems&dmlm R ghivas agigh peedhctivity]d £ad 21383k 6&anGe 17aR0ing 25
“fromabqu 03 _to about 0. 8 . The reactor and its contents were heated to

the desif d opdftidiengartnper this differpnes anag ey dves kpeghIngasy igj gher
. about vaePaiiNisy tBe SadVEhtagdnbot Nhe MB)1¥WaGed 121K HaRBEURERbYN B bBBer

cat al ysts, unli Ke the correspondl ng chrom um oxi de-silica catal ysts, do not .
have an m’1’=\wcluct|on peri od" Et hyl ene pressure ‘was maintained during 30 the?

run by supplyi ngxadahélfvwmekbﬂ@@emsrfmar 8ol R Rah@SEf MY of VRS
usegﬂ the triethyl borane (TEB) was added to the reactor ‘as a sol ution of 1
t.

pereRTfontaiging picatatabysh . At fasdiffarenht ceptplvetopdfitiyathen *

et'hyl en&eﬁ.ﬁmﬁaﬁ@ Y€ HohPIrbf R iGRS 8P a6t Uont Bl HinS130 a flare - line for
di sposal.. -~ The 35- poil yner was__recovered, dried and vei ghed t

det er ni ne ‘cat al ng"ﬁ?'E?dli’ctRl“PFt} W (Flli‘°f"sl'&<‘iPrV€§sEH°‘|"‘-FFtt1é’|1ﬁ¥ %ﬁmpgrrsﬁsmth
pol yet h)doﬁi‘f‘o]p?runglamﬂibabﬁﬁe the #8It index is shghtly higher (a barely

-._measurable amount’ us:mg the regular melt index test compared w;.th 0),
15 these runs ‘show that compared with Runs 10, 11 13 and 14, the melt index
'is Iower. . This would allow hlgher act1vat1on temperature (to get higher
act:.v:.ty) 1f deszred.- . : -

| - Example IIr

A series of polymer:.zats.on runs was made in the reactor at 96°C

20 for 1 hour in the manner described before uszng a catalyst prepared as |
.descrlbed in Hethod B. and a metal alkyl adguvant. " The P: Al atomlc ratio
was 0. 8:1 and each catalyst was activated at 500°C for 5 hours in dry air
under flu:.d:.zxng cond:.t:.ons. _ ' .

The concentration of metal alkyl is expressed in ppm based on the
25 wexght ‘of diluent contaxned in-the reactor.-
| Hydrogen, waen used, was generally introduced to the reactor
cont.a1n1ng the deszred ethylene pressure to provide’ 50 ps:. (0. 34 HPa)
.partial pressure. The total pressure in each run was about 565 ps:La.-

The results obta:.ned are given in Table II.-



The physical properties of each polyner, in this and subsequent exanplesy” j
when given, were determned in accordance wi tH% he follow ng ASTMt est 24
procedures.. ‘Helt *i ndex (M) : ASTM D 1238- 65T, Condition E\

Hygh | oad nelt index (HLM) ASTM D 1238- @BLECDPndition F. Density, g/cc
ASTM D 1505-68. The HLM/H ratio is thought to give an indication of the
-D?lewrer mol ecul ar wei ght di strib&Efon: dif sheal ABSPONIQ...AS the ratio

| T eases, the nol ecul ar wei ght H25t}ituOnoRols at 1+ theught to 10
i ncrease.. The heterog ntei y,.index;¢H) is thought To providée a nore :
i I Lecul ar wei ght distribution. As the

accurat e seprgsentatt & _ ( _ _ _
ratio increasgs, {'Re ﬁ‘b?’é‘(ﬁi-l"ér__ wei ght distribution i gh{jfou?’uta o_tb‘r'oaden.
-H is detered—f+eMEhe uei ghtT¥peer age_angs nunber ~gyer a i) Beul ar
wei ght val uedZobt ai ned ¢ r om*si Zﬁoﬁcl usi og &W‘t ography. £ KHIm
pol yneri zatiqg was carrjed out wt sanpl es 2 IHHe cal) ysts -agypyat edeghicyas
different tenperatures 8ind the BESQILL s are, gunmmar i zedzdgtp Table I, [ERR] T
1'ng in.thi20%un, -

a vacuum oved®' Wile jghe prodlﬁtti {:y i s not outstan
ot her r ggye better overall reaurrs. B2 other rudssi il ar izpg hi s

except- w t hout boric a8i d and #EAQg al um'mL(r@.gSH)' Sulfate instead of
per gram of catal yst -345%5"

al um.num ni t2hte gave g2 cc gr pol yner
N?’ERFn the @-18 series20Buns | andgy are 5 also o

- o— s

mnutes. (6),, H' indicates HL
control runs®® A conpa#ison of DEAEE 2 5@0\(@.% dual benel t 1 ear :
productivity2zand mett 0. flowfromthe triethyl borane (TEB) ddé8talyst. A
conpari son Runs 2, 3 - B 0.10 156. ~ | :
mpari son of F & . Edc - oco.6m - . oo 2
15 25 o . e - less
; _ .8 EADC 0.03 - ' 526 -4 '
. . ’ | _ - 100 Hé also u:
2 : . LiBu 0.00 606 1240 -
. f 8 i | LiBu | 0.09. 2110 | g¢g H, also us
= HgBu, 0.13 o185 . 1170 g
% . | | - L 70 - H2 also us
20 30 | TEA 0 (.2m) - 7 g
| .. 8 TEA © 04w - 3320
. 31 8 . TEA 0.23 167 ' L s
L 32 4 L " > .. 1 167 .0 1055 ' H. alse us
. 3 ~TEB - 0.1 315 3820 '
. 33 8. ' P ‘o '
= & . TEB 076 190 a13s
i . 12- IEB 061 270 - 193
. TEB - 5.5 1 325 . g .
(a) Abbreviations vsed o 2 ;+s° -
- BEtCl,  ethyldichloroborane
= BEtzost . diethylboron ethokide
R DEAC diethylaluminum chlorige
L 0o - .. L e - - :. o
| 0 DEALE ¥ dlethylaluminum ethoxide
"DEZ  giethylzinc - )
_.EADC gthylaluminum dichloride
LiBu n-butyllithium
MgBuz ' di-n-butylmagnesium
35 TEA ) triethylaluminum

TEB o triethylboréne



amd 4 shows how much nore effectlve in increasing nelt row hydrogen IS

ﬁ}n a catalyst 'of this invention as conpared with a prior.-art catal'yst.

: 5-8 show t he sanme effect "of the boron-containing cocatalyst at a
different P/Al ratio, different .activati @b tenperature, 35 and dlfferent\d
o6l yneri zation tenperature, Runs 5 and .7 ‘being control runs. Run 9 is a
“conpar atl(\bé §odasiol: *cuﬂfi@s rtdteaflﬁli’tdzb&erl es relative to Runs 10 and 11- tq.: -
show the sang effect, t he baqro. ont ai ni ng cocatal yst i-n.a catal yst
produced by thod € fﬁ?ﬁ Q’S?gbﬁ‘ ﬁw%sol ute basis is an invention run since
.it shows the phosﬁhapecbimec& the adbteegitennm Table i vevellghthat of the
product i X r part

- di fferen\(geeur{rla r’}b 3§ d(efhgr:il% iZFa”(ft"He?mi‘Pa?ﬁngﬁl‘é%pp*lrﬁéedﬂ\%n{é\”gé" F?)]ry"“he
el t Sgelllnam@’mﬂmpbémershmwﬁnbysxﬂisftehtwr@ hight hendlalihiBeSordlQes €S

13- 14 shqyy, ect of .th or on- cont aj ni n cocatal

di fferent' ca alc)?g’ é’fY?/a‘:[°n5’ﬁ°f rlgl‘ ur‘g CREPRLHIRN g’é WPER 3? ﬁi‘)‘%\?‘at’ﬁf@

Control R&n( slhlows nthm mng&:&g&ns haw iRt By EFoRinedBEs ibothypamparQe

W th Oontr% Al so while the rTélndexw sllghtly hi g herdga barel
el P BEVRS t‘h%ﬂﬁp&jm%fe febimatk fBEX cERPRARRE Wit »

neasurable

t hese rumoéthmivt:.ltgt, € 0gPAREREWS t FprRTES , 16he Pblymdd meld ibdexthe m%taﬂhdqdex
to get hi gher

|sI ul.d w-hi gher activation_ tenperature
" acti VI ty)p °?J€hsv‘:£§d “E;ghgl & ?ﬂ] TSBFF & GE3PEFY ¥ithoh BHIERR Usade
in the ré&drugens,t 196 E;Ra]yﬁezo meltOfindeROi¢ 55 tah@ PRBACELIALY hbeszisefé)r CH

using a catal re as_descri bed i Met hod and a net aI al-ky
adj.uvant Pq’ é/ E% zﬁp Elyﬁﬁ 0 §r098n'2b%ﬁ?&'éaﬁ?ﬁ’6§1“§| §§Fa§\%r§’%ét Wh‘?l‘ed

at 500[ERE&£3tr&edSAHHUE$ubB doy fBrproduce any MI improvement over ‘that of
' * Control Run 17 were tr;butyl antimony, trzphenyl antimony, tetrabutyl
15' tin, and tributyl tin (Sn '

u.).
These data show6 1) a varlety of - boron~contalnlng
. cocatalysts gave hlgher melt 1ndex, and (2) none of the non-boron-
.containing cocatalysts trzed gave 51gn1f1cant1y h1gher melt index. The
_ trlalkylborane-contalnxng cocatalysts worked best gzvzng both hlgher
T 20 melt index and greater product1v1ty. One boron-containing cocatalyst
"was tried wh:ch had little or no beneficial effect. -This was sodium
tetraphenylborate. ‘Two others, 11th1um tetrabutylborate and
.trzphenylborane had only a sl1ght benef1c1a1 effect.
. B L Example IV S ,

25 . . 'Anbther aeries?of'catalysts_having a'calculated atoﬁic ratio
of P/Al of about 1, some prepared in the presence of a borate, were made”
by employing catalyst preparatxon Hethod A.' fhe catalyStS”confaining
AlPOa alone were made by prec1p1tat1ng an aqueous solution. conta:n1ng

. aluminum n1trate and diammonium hydrogen phosphate wzth aqueous ammon1um
30:-'hydrox1de to.a f1na1 pH of about 6-7. The precsztate was washed with

' ”;-hot vater, -oven dried (convent10n31 preparation method) and 1mpregnated

' wlth an aqueons solution of Cr03 sufficient to provide 1 welght percent
- chromium on the f1n1shed catalyst. o
The catalysts made with aluminum and i:oion prepared by
'. 35 contacting an aqueous solution containing 140 g of’Al(OH) oC H 1/3H 3 -
wzth a water solution conta1n1ng 132 g of (NHA) HP04 to obtaxn a Stlff
. whxte prec1p1tate. The'pre:1p1tate was f}lteredr the ‘cake washed with

water and then dried by azeotropic distillation with isoamyl.alcohol.-:



' Hydr ogen,

: ~g|ven in Table I'l".

et e it b

e e AT 5ad AN G Vb

..!.. Aopoatani g st

iy e

Jerg.

_under fldidizing conditions.

__in yielding polymers having

tributyl tin (Sn2Bu6). Vlduali pohbiens
=:=gggogofgm almngaea%kahyﬂ £n0349; B GNP L AP fa thBIENmadfihids?) none of the

o By et 2 0
‘e

o - . et out in Table I1I hereinbelow as run A.

e s

g marmi -u-m"‘y;"'"
q
[

The concentration of netal alkyl is express
in ppm baSed on the 25 weight of diluent contained in the reactor.

when ,used, was generally introduced to the reactor containing the"
desired ethylene pressure to provide 50 psi (0.34 MPa)’ parti al pressure.
\Ihe total pressure in ‘each runh was-.about 565 psga. The results obt a| ned are
19 (a) Abbr evi at i ons. used [ ERR] :
24[ ERR] l. nspe@hla)mir@f ngtwes date 1g:dtenmihi TehBiridns, evoal att habm (tfcmbhﬁzt.ure
netal al kyls tesggd,, ogoy,{xp % n£Q o‘pnd cogpera
&&ostant’ art

o3 Lg mth 3%:@‘%111
8Perre| t ﬁ‘rﬁf@i‘“‘% 2r&& P ham <t Tor
t hat -of. conpar-at By LIRS, r @heramolt?opeﬁbo;d‘q:)artl Shouto 5PN - CtBe(dlty:lﬂ%Ota!:nt 3Dace

un

)

- (H2) shows t-hat mﬁbgg paed
“.conbi nati on ives u
Jproductivity,

thyl.bho bot nt _the -
expect edl'y hut"{] o % iex r%ég%‘ﬁseen Oasom.‘op}l alcohol

e. §he miixthre WUFI?FEBiamhé plnlgtmiy. nild. bpdex absuﬂ 6DPCandhd product
productivity-

© wiith 4
-hydr ogen, the poryﬁeﬁxﬁgﬂgt?’%ﬂéx@q g%%(ﬁ/parngd&gﬁ vf?prelgsgg]ﬁggﬁt% 3 "°h"'l°n

per g catal yst. C@ﬂ%ﬂlhﬂnﬁhﬂ?ﬂ@hﬂéﬂiﬂaamm}mdcn@lg@t snvdrauhtylv\elcealto&l eudtflcmnc

ant1 nony,

df d I
3mra PTELTEY oeRTRER il LT s T

¢1) tha qpa:pﬂgsty sel’nples were then

Analys:.s of the finished catalysts showed the actual P/Al
atomic rat:.os to be about 0.95:1.
- The catalysts were employed in ethylene polymenzatmn as
In some runs 50 psi hydrogen was present, in some ‘runs 4 pPEM TEB

‘was present and in some runs both 50 psi hydrogen and 4 ppm TEB were

_ before.
"~ 15

present All of the AIPOA bases were,oven dried and the - polymenzat:.on

carried out at 225°F. All of the A1P04~BP04 bases were azeotrope dried

and the polymer:.zat:.ons carried out at 205°F.

_ . The results are presented in Table III runs 36 47.
. 20 . An A1P04-BP04 base was prepared ut:.lzz:.ng 469 grams of

AI(NO ) 9H20 plus 3.9 grams of boric acid, 1-1 5 grams (:::(l*!():‘})_3 9)’20, ‘115

‘One part of this

~ grams monobas:Lc ammonium phosphate and 125 mL of water.
pelt was diluted with one-half part of'..'-water' and the resulting
concentrated mass -d.rippe_d into concentrated ammonium hydroxide. The

25 . resulting gel was washed twice with water and then with alcohol. .This is
e Run B hereinbelow is identical

except the dilution was 1: 1. The above procedure was repeated except

I, . . titanyl sulfate was subst:.tuted for the bonc ‘acid so as to give 5 mole

percent t1tan1um 1nstead of 5 mole percent boron and a small amount of
30 hydrogen peroxide was utilized in order to dlssolve the titanyl sulfate.

Th:.s is set. out here1nbelow as run c.’ Run D. set out hereiubelov. is

1dent1cal to run C except 7 5 mole percent txtanlum was used in place of
. the 5 mole percent boron. -

(X
i
']

it

b



jcont aining coca-talysts tried gave significantly hi gher melt index. The
kyl bor ane- cont ai ni ng cocat al ys:l'-% wor ked best givi ng hoth hi ghet 20
i ndex and greater productivity. One boron-containing cotatalyst was

whi ch had little or no beneficial effect. This was sodium o’
\ aphenyl,‘g)o; ate. Two -otdhers, ||th|d:lm:=: t @bg(y%gor ate __
tri phenyl bof dfje had only a sl& ght benefi cifl Ebf fEct le IV 25 o5

Anot her -serf & @f gatgal gst Raviengva cal cutated. 8 ofi Ergio of PPA of
about 1, s peeppr g B gthehppe en?e af awber afe, “‘wé‘r‘e“rmde by enpl-oyi ng
cat al yst prepdration NEt hod A -“Tré Cat&l ygt & coft a‘Tnl ngT* Al PO4

al one were nage by preci pi tating.an aqueous solution. cont ai ni.ng alum num
nitrate and di armonl um hydr ogen phosphate w th aqueous armoni um 30

hydroxi de tog fingal pHgofgatmput 6:=7g ':Ehe::pn:em |tate ‘was washed with hot
wat er, oven d ;gc vgntﬁo I-ipr‘-g:paf a§| oﬂ et h d)Z amd npregnated with an
aqueous sol u gl@ saf fg cyem o Browi ge. 1eweE gt fercent 3 chrom um

on the fini s d=c & algysg. heg cgtag %s>n&de§/\n t# & uf nm and boron
. prepared by 3 S C‘GI’I[—HC'H ng en wqueors Solditicon ok athi8g 140 g of .
Al (OH)y20C2H5. 1/ 3H3B03 with a water sol ution containing 132 g of (NH42I HPO4 =
to obtain a stiff, white precipitate. The preci pitate was filtered, the

cake vvas_heg:? th vvater and then dried by azeotropic distillation vvlth

i soanyl . al ¢phol., Thi g drying was done under. mld conditions, i.e. at

room tHmeraBure oo go Shen bml n e sz et . Wth |soarryl
al coh@] whisc) boi 6. = at £36 rsF] g f’heNazeog‘f opd Bi Rs Bt about 95[err]C
"so thé&{dryigm! t akes. pl ace nai nI y at 95[-ere] C but creeps up to 1350C at the

end.. Wth Psopropyl al cohol 5 “the mixture is just warmed -slightly, i.e.
up togfbout 60[err]C The product was driied at 150[err}C | n nltrogen and

.then re e th a,sqlu io _ .
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\actual P/Al atomc ratios to be about 0.95:1.

- )
contai'ning chromunm(111) acet ate di ssol ved in et hyI al cohol . suffici ent
provide I wei ght percent chronm um based on the final catalyst. |ndividual
portions of the catalyst sdnples. were then 10 activated at the indigcat ed

t enper at ur es and times. Anal ysis of the fini shgg catal ysts showed the
"~ The catal ysts’

i | d‘ n th | 0" N
oo ket Beant! EPREOLUE SR B0 LRLT - cnk” ARTECL  Uhech” B8]

" . mass dripped into concentratéd anmoni um

S

o e E R et e A Auabta e
R

resen and 1n sone.
runs both 50 psPredpstdyery anre 4omﬂntE3:m esméisenan zAﬂcIreo:Ee uhepmd%@n*ty due’

b | t el
bases wer g%vegpggl%gsgpgsé&% Be &/ﬁ?%@%' Ofneleal aa@edsa%,% ‘a2erdftle hE e A lindex

S were azeotrope dried and the pol ymerlzatlon

carried out- at vk ZiAevEesnkratimee 3 @sdvigber i noMmisirdzption riampegsture. In
.- 20 ' ' S d; Mt .
© Al (NOB) 3. 9H 0 plfﬁh%goé"gn& M%gr% LY h) &léhr"’agﬁﬁg" ?@%’% 9H§‘8L’ Ffaovs

e
gr ams” nonobasi c CeRHFOR 8%} P sthh adcsmuprd s o isf Smfelmes Sred resk tbesauamlosf 4he
mel t was dil ut egamirtle oAk oPayHe ehx@ 5 a?dume %@Mltohngo 38ReENd ﬁiedme

roxi d resul’ting. g
was washed twi cBerafigiahieffents Pﬁe'ﬁﬁwéﬂwn&l eéhbll  copfunct Eom twidlt hvﬁrqm ére

+11 herei nbel oWe@ient Mefkh Lipal e ;
dilution was_ 1:1.. e. e.%b?\égag’;iﬁdﬁh?gﬂm‘ggrr@p“é%?;dbggﬁe%ﬁtﬁ wE'i‘F S %ft‘épo‘*

was substit I edgeks t%qﬁoppcpmdtwtsm% algng; rans 4fppad iy eppmoy @fémru‘h’iaﬂ the

Tnstead of 5 NMDLentR1EENIHGWRESN Wm@l@@d'exa%sgf sBs. RREE OGN presence of

peroxide was utilized in order to dissolve the titanyl sulfate. This is set

‘. out hereinbel owi&h algRecor with [?F-@eff byfrogepcgiins af prexpgsned wasuld ¢\ae with
gxcept 7.5 nol ecWeﬁQﬂ&néthMi'ﬁu}ﬁa%Hé%ﬁﬂaﬂé‘ pAseecep&fpatrBelén M@nd@ere&@ are
~ boron

1nventlon runs.

~15 - Examgle V

A series of gels m which the atom1c rat1o of P/Al was vaned
from 0 to 1.2 was prepared by employing Hethod A and procedure (2)
azeotrope dry:.ng, for drying the gels. As before, each gel was
impregnated w:.th a solutmn of chromzum(III) acetate d1ssolved in methyl

alcohol suff:.c:.ent to prov:.de about 1 we:.ght percent chronumn based on
" the dry f:uushed catalyst.

20

As before, each catalyst was act1vated for

' polymerlzat:.on by calcination in a fluidized bed wlth dry air for about 5
hours at the spec:.ﬁed t.emperature. S :

. Each cataIyst was tested for ethylene polymerzzatmn as before

25 at 96°C with 4 ppm TEB in one series and w:.th 4 ppm TEB plus 50 ps1a (0.34

MPa) hydrogen in a second series. '

The melt flows of the produced polymers are g1ven in Table Iv.



(r] 23 The results show that- V\h'er’r"*"t——he factors V\/mch af f ect

F{[e presence of the boron. These data show decrease in melt ihdex which

| lJows operating at a higher polynerization.tenperature. In addition the \/

ésence of the boron in the support consistently allows control of the M
downward which is sSonetines desired because of the ‘inherent ability of the
catal ysts. of this invention to'increase-M. The - beneficial effects of TEB
al one or- in conjyncti.on with hydrogen are evident with catalysts derived

--from Al PO4- BHO4 gel s ‘as.well as the ‘Al PO"10 .gels. Based on productivity

o -4 dﬂ46 ar:,e Ro betf.ep than the controls. However, -the melt

_ ' g? thqopLes nce of TEB al-one or with TEB + hydrogen
~gives an une C ed res t-‘e\ren-W‘Ph conventional al.um num. phosphate base

'-preparat-ion,"ﬁe ce these are invention runs. 15

- Exanple V A'%eni ¢s of gels-in which the atomc rati o of P/Al was vari ed

~fromO to 1.8 'ﬁrepar_pd by e[r,pl,gyl ng Method A and procedure (2)

~azeotrope dr, if(gzi dryg,,n the gels. As before, .each gel.. .
inpregnat ed a sol uti on ehreni um(I11) acetate di ssol ved | n methyl 20
al cohol suf t to pr'ovi de about 1 wei ght percent chrom um based on the
dry fini shedt cAt @l yst_ As” before, each catalyst was-activated for .

pol ymer@Zat-ighireib cal;_cl nation’in a fluidized bed with dry ai.,v for about 5
hours at &% he |sfje¢ifi edl tenperature.- . ... - Each catalyst was tested for
et hyl ergg ol ywgl zat ipn as before 25 at 96[err]th 4 ppm TEB in one series
and wi th2d pdfiTEBZPIUs (50,,psd a 034 MPa) hydrogen in-.a second serl es. The
mel t. f1%ys aff t|h .grqduged_; ygerg are given in Table IV -
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.25 The data-presented in Table IV show several trends. Catalysts in'which .
the PI.Al atomratio is zero showed poor activity. Simlarly, catalysts with F{U
a PPAl atomratio of 1.2 are generally inactive, with the single exception,
shgwn in run 58. Thus,. active catalysts with good nelt 5 i ndex potenti al
‘ezg. about 0.1 M or higher, have atomratios of /A ranging from about
.0.2:1 to about 1:1.- The cak&i ning tenperature is also seen to be one

. déFernining factor in the MeFtddtedexepmrtiedr baTH,1Qf fhs.gatal ysis. Thus,

~.as the calcining t@npbick whe PNCr aasgs,f;gm; about 360[err]set"8ré durends. Catalyst
.700[ err] C, . the melhedfQ eyl Qdﬁ% p%rfor mance YRR Fhover poasesctaveiy! N@imitars
preferred P/ Al range roted Abbe: /Aﬁ'tﬁtgmi.sat/icsuqliyzq pi gt ed i _Figure 2.7~ Vs

ﬁysﬁ SRS E%FPPEEEW,With the

As noted before, FHBlfekkcepden pRéGNGLAL, Off he cata S
bug & n This p8FYATE kaBilyers Wi h 800d melt

. inmproved whers TEER&ARd,P Qz{toi%ﬁn i s enpl oye
"Exanmple VI A series of “alum m ptirs ghave Gdl NIves H;rgggpr.qld'vgy e&PI oyi ng
Met hod G and sevef2R81pgrdcom anstt bez.qotoaa%'Shom bel 6w | h WhI cAtY Fatioswed P/AL
formed from94 g (0. 25 m)!g%)e (fg]é}éb\lléiNOS)S. GRG t:1- . 23 9 (0.2 nole) of
'~ NH4H2P04, and 2.4 0. 006 nolé DECREM@Erature is . 0, hy -
. g ( CRM@rature is also sHdn 66%_"&? determining

‘ -ampli cat | i J#ctoycin |theh t i; I f about 1
Ehper ature of abankid e G ot SYBTRAP T Fom catalibes] 5 THIQUL s .

tenperature of akeuéifQl et %é: The cal
- 0:8:1. Tot mel t vad aé T ARER iAcrenses frém BBout BRge 1€ el t added
vk th vigor oug8 StPIe% Reripgmante  fhefa1ip! g, ) Of concent%"at’%{“ﬁ\l' 0%+ eBeo melt
. weight percent NuGled aBB6e [ fgLd QN TASS at™a 6F SBeuttle: prederiad P /sy range
o X ) e 2018 15 visually depicted in Figure ' ST _

As noted before ,

the melt index potential of the cataiysts .is
n TEB and hydrogen is émployed in the

5, -
. _ A Example VI
: Series of aluminum ph
- Method C a Phosphate gels was prepared by employing

20. gentle heat to .gi.ve a volume of

addea'with i i rrd v
vigorous stirring, 46 mL (0.72 mole NH.) of conc :
(30 weight percent NH3) The ﬁreac-t.. o "37 concentrated NH, OH
S o - Niigl. -actlon mass at a pH of about 67 et
hard gel, which was thoroughly washed witl'i.hot - o7 et o s
25 vashed product divided ih tu.

30
- Cat w
_ b ha].yst. 3 base was pPrepared in the manner used for catalyst 2
. cept t n
) : - P at in the gelling step the 100 oL, of melt was diluted to 200
mL with water (100 ol water) .a i
: nd to
? 40 . it was added 46 mI of concentrated
' Catal w
N » ys.t 4 base was Prepared in the manner used for Catalvst 2
—_ ept that in the 8elling step the 100 mL of melt was diluted to 400
o

U S ol wi _ .
T et A .,1t1_1 Watgr (300 mL_of water) and to it was added 46 mL

,-—:. - *  NH,DH.

T 4 of concentrated -



. N

hard gel . V\:hl ch was thoroughly washed wth hot, deionized -water and
th e 25 - vvashed product divided in two approxi mately equal .portions.’

Poktion 1 (cat al yst 1 base or support) was dried overnight (dbout = 15 -
ho‘ rs) in-=a vacuumoven at 80[ERR]C. Portion 2 - . (catal'yst 2 basey/
dried of water by azeotrope distillatjon with isoanyl al cohol and thep,h

e alcohol renoved by heating at 60[err]C in a vacuum oven.

Catal yst 3 base wagaRh ggg{ ad i, 88 Es g,?gﬁefed,usﬁdt ?I uﬁﬁ%i?w %O%D,bgie )gcept

that in the gelling st

t he t was
wat er -( 10(P3FE except wimiter peblidiat occurywb beddeed abl rﬁLheofammeneemtlm*realdn

NHAOH.  Catsahugios Jﬁsﬁddws &EQ&?H s Lﬂoe t,_hg Hawétrhl‘ésFE'aéé)ranﬁaQ@ %S & 35

base except that in the ge ng ‘step

Tited to
400 ni wi t4psheatand dried m f°é‘f cmlms)t 2gbrbe-t oThix shays akthidd thaephdusing

- concentr at ey se was prepared in the manner used
INT% ould a 25YSL aBoP@s

. by gellln

-each cat ali}’gf’ wre

L34
e

for catal yst ase except that gelling occurred béfore all the amoni um
hydr oxi de”-sol ut i on GA%a1gsfk & basqrrespprepearediey se3ling d 0P Hils of t Ehferekid Vi e

gel was weshatl GNdofelftaded| Minobabd NiAroRi MASE desttiBed AMERL DAL 1 06 PbE

during 5 %II ling shoul d be about 5 or above.. Catalyst 6 base 'was prepared *
SOE¥aURIe -t hEberzepuliing 881 nvanRrisd cetnnright AoTR DWFHSRATORT de

as descri tepdcali dHa@tbRGidvaL NGE Rhe tdl1 ByPMla8er. The resul ting gel was dried |
overnight i'n a vacuum oven at 80[err]C wi'thout renoval of the 'salt ' :

by-prdfuct. 10  Catalyst Ichesewas PrEReErdds pheganeer iurednérmaarely sisd

for catal WaseZebeit @KEEPIn that gl inies 64 kb o)t B0 &fhﬁeﬁ@QaangélfleaﬁchV\@S
gel l ed- V\nthasolufv\gé of 46_ni -of N OHngutedto 100 nL. portlon of

nheh Né‘q.?ﬁ\f‘d‘tléaeétt% 8% &lr] C for

) A port1on of each catalyst base was then activated at 500°C for
_:5 hours ‘as before. The surface areas of the recovered, activated
15 catdlysts were then determined by the B. E T n1trogen sorpt1on method as
known in the a t. - . _
. A port1on of -each catalyst was tested in. ethylene
polymerlzatlon at 96°C us1ng 4 ppm TEB as adJuvant 1n each rua.
" The surface’ area of each catalyst and its product1v1ty in terms

20 of grams polymer per g catalyst.per hour are glven in Table v.
. TABIEV

| Ethylene Polymerization With Melt-Derive&'CataIysts

T -Catalyst* .~ Pore o :
Run Catalyst - Surfac Volume, Productivity
25  No. Base Area, m /g cc/g g/g .cat/hr - Remarks
66 1 Invention ._330-380( a). 0.60 2540 "washe& . oven dried
_67.._2_-Inyentionf'.330 380(3) 0.84 33955l_' washed, azeotrope
o S ' o "7 - dried
' 68 3 Comparative 254 0.73 3540  diluted before
30 o Control : e : - gelling.
69 4 Comparat1ve 223 0.39.:. ' -3020.. diluted before
- Control L - ' gelling
:70 -5 Control. - = - 495 0.51 o 'oeaé | . gel at acid pH
- 71 6 Invention 330-380%®) 0.74 . 4160  uawashed, oven
e 38 _ . S f *. + dried



5. hours as before. + The surface areas of the recovered, activated 15
catal ysts were then determ ned by the B.E.T. nitrogen sorption nethod as
known in the art.” A portion of each catal yst was tested in. ethyl
pol ynmeri zation.at " 96[err] C using 4 ppm TEB as adjuvant in-each run. The
\surface area of each cat alyst and its productlvii%ty internms 20 of grans
poI ymer per g-catal yst per hour are given in Table'V. TABLE V Ethyl ene
Pol ynerizati on W& h Kel¢omperpbdYe Cat af9Sts Catalyst = Bbe  ddupec before
npar ati ve 269 - = Control. 2485 .  diluted before ConBeblirng
-;gel inG (a) EStI@t d surface area based on similar _preparations. The data
presented in Tab sEipptes: surtarn 2ges hased oy admd1ar RyAPpABEi 9S-I On

.catalysts are derived fromemghts gueatsd nh Tabis wfmakamergu%aemcq%mfamenr
“.ammoni um phosqphat s that are subsequently [%sl led b n hr amoni um

" " hydroxide to sRP?léfmFﬁé‘fatt’ﬁé SREBIYRUFe ahexdsrdved’ é{ftﬂj &5t Fantaipige fFalig of

| east 5,  prefer afguhiabe)tchofivm GaREbAhdMun bh&!ﬂﬂatb@ at %@éts&seq:[@@tnofgtmd

resul-ts observe%;n run, 70 shows that a.. 10 st derived froma g

precipitated at & R5Qush: amupgigm E’&%‘P"(’“GFI ¢ h‘bﬁﬂﬁe shat the RS %ntpﬁa{‘b‘t’ﬁt\‘}ée is

catal yst. The gowiuteﬁe&ﬁz&lshﬁwt 53 wrnewstdsgw 2bB1y N¥out Ne-Pr.PEEAdIR 1Ry, it
. *atal yst base. it. l&i got essary to renove t el atively, | arge_amunts o¥

anmoni um ni trat ¥ Eneti ﬁe‘isﬁ’e 6gel Thih EROFatrs AL s dRteTvEd0in MGndl cthovsathat 2.
nust  be exerwi seftalpst f&r15edC£ﬁddﬁhl el Sptzﬁﬁlﬁﬂta(treQVEHta RodBE4dThzed aRYel (pH of

ossi bl e violent_.reac m ght occur due to t resence of  the
gmmnl -um ni trat ¢2BPRT i%"g)rs1 52%%€ng?ﬁ%°tr’é7§uﬁ? r‘ﬁenTﬁﬁ gqnd B?s‘ﬂé%?g?‘?na%’é run 71

that a very act.idemonstrate that in preparing a catalyst base it is not necessary to .

remove the relatzvely large amounts of ammonium nitrate present in thke
gel when made as descnbed. ‘However, care must be exercised in the
-15 act:wat:.on step to preve_nt or ﬁipimize any possible violent réaCtion that
might occur due to the presence of the ammonium nitrate as it is heated.
The results given in run 67 demonstrate that a very active
_ catalyst can be der:wed from a gel produced in the presence of relatively
little water. The reason for th:.s is thought to 'be that the more
~20 concentrated the gel the more phys:.cal strength it has. When the water
'_content increases as in the preparation of the gels used in making the
catalysts employed in ‘runs 68 69, and 72, then catalyst act1v1ty :
-d_mun.shes. -Runs 68, 69 and 72 are labeled comparat:.ve control ruas
‘relative to runs 66, 67 and 71 to show the advantage for _gellzng in the
25 melt in the absence of substantial amounts of water on 'an-absolute' basis.
‘ They are :mventmn runs because they employ a borane cocatalyst.
| ‘EXAMPLE V1T o
In all embod1ments of this :.nvent1on, a m:thure of boron-
---contanung cocatalyst . as prev:.ously defined, preferably '
B 30".'tnhydrocarbylborane, more preferably trlalkylboranes such as
o tributylborane, and a.conventmnal cocatalyst such as an aluminum, ,z:.nc
or magnes:v.um alkyl can be used. Suitable alummum alkyls are known in
e the art and include materials of the formula R3A1 R2A1X and RAIX, and
' mixtures thereof wherein'X is a bromine or chlorlne, preferably chlonne
35 and R'is a 1 to 10 carbon hydrocarbyl radical, preferably a 2 to & carbon
T _, _: -atom alkyl most preferab‘ly' ethyl. Ttiethyl’boréne/triethylaluﬁninum, :
...7,, - . tnpropylborane/tnethylalummum and tnbutylborane/tnethylalummum
i are especially preferred combinatioms. Other suitable copventlonal "

- . cocatalysts are ZnRz and iing wherein R is as defined above.



fcat aI yst can be der| ved from a geI produced in the presence of  rel ativel y
~ \ttle water. The reason for this is thought to be that the nore '20
) centrat ed the gel the nore physical strength it has. Wen the water -
tent increases as in the preparation of the gels used in making the o/
eat al ysts enpl oyed in runs 68, 69, “and 72g then catalyst activity
di mi ni shes. Runs 68, 69 and 72 are |abeled conparative control runs

relative to runs Gthe Q:z)raﬂdcgzﬂtatxﬁ1§§'0%&m*%g‘faﬂéﬁ‘&e Joormgegl,g,pgﬂhn Ahe 25
welt in t{lr? 8 ence of suhstantial anpunts of water on an absol ute basi s.
Ve

They are T’Eﬁfsr& § PEETuSEcTHY SERpFEsh Aspbbaridusdnem ANt s EXAVPLE

VIl In aITheemﬂiﬂduf@rgfwe@f al'ldbspidnsRet ifMe1d FHG Lﬂ§ﬂgh@q{e0'&yp§9mda' 8l.pg -
cocat al yst_- prﬂ‘eou sl defined, - - preferabl

trihydr oc‘&f‘b‘%}f’%‘i)"r rrB?‘ﬁX“’iFr &osFaBPYy 2ive @ IQPINBG?‘&*F@S onggekiviky but

tributyl herthee, tmdcmeﬂqvarst hengaod:ggag@iyg,t tgggmﬁg 2he A IHTROLH ¢ Ay, REg OF
magnesi um aI %Jeycan be used. Suitable alumnum alkyls are khnown -in the

art and i¥cr HufdPPe1 s of the formula R3AL, R2ALX and RALX2 and. mi xt ures

t her eof wherein xmmsaubeomnehermsm&@ 321 oWé eéﬂeelehxnméuﬂm@tyﬁow R

s a'l tOhJinCcf‘ gyg{ ﬁl radical, preferably 2'to 4 carbon -atom #*

al kyl., most eﬁ*@ﬂf I‘?§ FOPEE Y (055K et i‘P‘é‘t’hVP%H‘ @FnPokymer baving a .
Cotri propylhmeaméltr iadby| pd Besred. allrﬂattirsl LDuivhbey agebtdiwitybR: WHthumare |

‘espegpal | dpr erze}r%egd2 Conhq\?g%Ql aﬂﬂ Oher suitable conventional - '

cocat. 9 ysts ar o R particudarappdisptinn: Uso@frhhe

bor on- corticxent exntadeshg| mtatraestds will BEELSRR BBeieidy ﬁhqu\émemeashﬂﬂaﬁ

" other cocafa such as_the al ym pum al kys do:not. The m ure i ves a.
- conpr oni g‘gs lr’lgét"i fnla%vﬁ'ésterarisﬁtﬂe egg é&?éﬂ"cg‘but d&ﬁ@ﬁﬁé’&"eﬂ% "i’ﬁlﬁt"ﬁre
- does not ggicebalystorplows setentiod iof b;tlbw the aéﬁi*h.&.ly iﬂeréh(‘sfel ‘(bi‘: Yevieh @S

good or %E:R:ﬁér ﬂacr}eﬂéi' Jhﬁebzgerrx(:)oqn%(%nt a;')anz.'ltn%f the melt ‘low increase. The
.:15 B _wexght ratio of boron—contaznzng cocatalyst to the other organo metal

cocatalyst can vary from 1:10 to 10 1 but wzll generally be within the

o N

| range of 3:1 to 1:3. This can be var1ed to g:.ve the exact melt flow
deslred wlthout adversely affect1ng act1v1ty._ '
Thzs is .shown in Table vi. '

20 - T mmE VIO o
" RunNo. . __ Additive _ Activity M1
73. Neme . 1325 . .20 HLMI
% . 4ppmTEA , 1885 B ' .51 HIMI
- .75 - 8ppmTEA 1720 1.35 HIMI
U T 76 SppmTEA + N, 1055 .23 HI
.7 - . . &ppmTEB 3820 .11 NI
LT84 ppmTEB + nz L sss sssomn
©79 .- None -_ . . 77 1880 . 1.3 HIMI
WT.r 86 Gppm TEB+H, 2925 . 16.2 MI
3. 81 - - o & ﬁpm TER + 4 ppm TEA + 4215_. i 3..6 ME |
. Hy s ST

_'_The aluminum _'_;-;l_xzes?ha_t_e, base of runs 73-78 was made in eccbrdence;ith .

' _He'thod B"_'(:'i.e. » using the ‘aluminum isopropoxide). The P/Al ratio was 0.8

and the_ ac’_ti\'ret.:ien te}nperature was 500°C. The chromium content was 1
35 weight percent.: 'l‘he alum:.num phosphate base of runs 79-81 was made using -
R method C, i.e., _from melt and was activated at 700°C. The P/Al ratio was

0 8- and the chronumn content was 1 weight percent.



. cocat al yst .al.one. - Thus use of the m xture allows except' onal .,

activity’'to be achieved and still allows contrTol over melt 1 ndex when aL(L[ 7
pol ymer having & lower nelt index is desired.:- ) A ﬂ cocat @l ystf -
tlhhe activity 10 and nelt flow can be too | ow fH“mmIlﬂ“m ”mppl i cation.
Use of the boron-containing cocatal ggt w I'l increase lactM visty*and nmelt flow
whi.ch is good but may increase nelt“ftow too nuch. Adding sone of the

aroni num cocatal yst allows retention of all of the activity increase (or
even a furkt %1Si ncrease) while renoving a-part of the nelt flow increase.
The 15 \Aerrqll-rf— rati o -of boron-containing cocatalyst to the other organo
nmetal cocatal yst can vary from-1:10 to 10:1 but will generally be wthin

the range pf 3:1 ghooflef3n pd pimérfs%m@ hRhipd g$st94mveoraﬁ}qs§efg@ct melt flow
desired wi thout adversely affecting activity. This is showm in Table VI. 20

TABLE VI H (a) a chromium coggoupd suppartad, /i A FABRBSShEERPBESe of runs

73-78 was nade | mat&fiRNndesta stiid) pMeddiadaltlyl o€.an WRbFholb Calamtlf diIm

i sopr opoxi de) . THe P/Al ratio was.,0.8 and the activation tenperature was
500[err] C. The CRPERHAGM ¥HRBBht 3ds 1 35 weight percent. The al uminum
phosphat e base of(b) uars o¥farbbovars coraierlystng nethod C, i.e., fromnelt and

" Was activat ed at 700[err]C.- The P/Al ratio was 0.8 and the chrom um

PP IV LI

[ RAPE TR )

PR N

. e,

P R LTI Py 1Y

content was | weight percent.. - C-L M 29 CLAIMS 1. " An olefin
pol yneri sad« on cdt easadystysyssam ceeprdisisngo (dpia bhwbereim thamseontrlyspport ed
on a cataljst eriRAFScarbyl boron compound or a boron alkoxide. '

. 3. | A catalyst system according to claim 2, wherein the co;ataiyst

is a trialkylborane,_

4, ‘A catalyst system according to claim 3; wherein the cocatalyst

is triethyl, tripropyl or tri—grbutylborane.

5. A catalyst system accordihg to any one of tlaims 1-4, wherein the
cocatalyst provides a catalyst system having a B:Cr atomic ratio of from
2:1 to 10:1. | i B

6. A catalyst system according to any.oﬁe of Claims.l—s containing

from 0.1 to 5 percent by weight of chromium based on the weight of the

support,
“ - 7. A catélyst systemlacﬁording to any one of_the'preceding ciéims,
_ wherein the aluminium phosphate support has a P:Al atomic ratio of
i from 0.2:1 to 1:1.
8. A catalyst system according to claim 7, wherein said ?:Al atomic

ratio is from 0.6:1 to 0,9:1.



redonmi nantly of an amorphous al um ni um phosphate.
an or ganoboron cocatal yst. 2. A catal yst systenr
_asgco d| mi L”merel n the cocatalyst is a trihydrocarbyl boron

conmpound « xi de. 3. A catal yst system according to claim,
2, wherein the cocat aI yst is a3t0r'| al kyl borane. 4. . A catal yst system ,
accordlngto claim3, wherein the cocatalyst is triethyl, tripropyl or -
tri-n-butyl borane. 5. A catal yst system according to any one of cl ai ms ™

1-4, wherein the cocatalyst ‘provides a catal yst systemhaving a B:Cr atomc
rat.i'o of Afcamail Pstl systéf .abcofiding to shycanelofStheymtecpitngolalinsg. t 0 any one
0 t s Dby, rom um based
orHEd Eng bRt BhAGNDR bdbobrk 1S PREREAN AR HILLrBE SET D1 1 DS
orf@orgfl-t3ﬁemqiree@ed¢¢fg‘— ef a8 rhoroptromgpund he al um ni um phosphat e support -has a

P: Al atomic ratio of from0.2:1 to 1:1. 8. - A catal yst system according
to claim7, wherein said P:A _ atomc ratlogts fromO0,.6:1 to:0:.9:1. C L
ME030. oA catalyst sysiey accepdingnta Ry PR SharRr eSRELE LAy ecedi ng

ChbP@in WhEicBtaNEstabUSs HokPt1¥es phadlRmSHPRNT kid off Bfaieedun mlkpE, presence -
of from 1-30 nole percent of a boron conpound. 10. - A catal yst system %
according to any one of the preceding clains, wherein the cocat al yst also
cdipri ses catadjystrigyistem acicording MHgt:Wmuhﬁ’aIWhytelnlthe cocAtelﬁs!cl yst system

ag:g&ggs@g é%ﬁgfﬂcﬁa&%mmf ein the cocatal yst : . bl

12, A catalyst system according to claim 11, whereln the cocatalyst
comprlses trlethylalumlnum. '
15. A catalyst system according to any one of c1a1ms 1-11, whereln

the chromium is predomlnantly in the hexavalent state, .

14, A method of ureparing a catalyst system as claimed in any one of

the preceding claims, which comprises

(a):forming'an aluminium phoéphate—containing hydrogel,
(b) converting the hydrogel to a xerogel, | B
(c) 1ncorporat1ng a hexavalent chromium—-containing compound
or a chromium contalnlng compound convertlble thereto by

' calc1natlon, into the xerogel either by coprec1p1tat1ng the
chromlum compound with the aluminium phosphate hydrogel,
addlng the chromium compound to the hydrogel or adding the
chromium compound anhydrously to the xerogel
(d) actlvatlng the chromium containing xerogel by heatlng in -
an ox1d151ng atmosphere, and

(e) comblnlng-the activated xerogel with the cocatalyst.

15. A method accordlng to clalm 14, wherein the xerogel is actlvated
by heatlng at a temperature of from 150-800°C.

16. A method according to claim 15, wherein said temperature is from -
300-600°C. —-



conprises a trial kylal um num 12. A cat al yst stem according to cl

11, wheréin the cocatalyst conprises triethyl ummuﬁﬂu A cat al
system accdrding to any one of clains 1 11, umis
predom nantly in the hexaval ent stat 31414, A net fod "of ¢ pr‘épari ng a

catal yst systemas clainmed in any one of the precedi' ng cl ai ms, - which
conprises (a) forming an al um ni um phosphat e- cont ai ni ng hydrogel (b)
¢Onverting the hydrogel to a xerogel, (c) incorporating a hexaval ent

chr oni ub? cont & metkpd eppondiag o aaymn%nfmha@@ﬁt%ﬂﬁngdhﬁsmmmremivert| bl e
theret 019%09&&&'%%1:&% bﬂ%pﬁ@@pﬁ&%&’g&'m%i hir oPthi:ﬁQéﬁfa'tB' &l g9 the

chrom um corrpou he al'um ni um phosphat e_hy g , .addi ng the
chr onmi uReGRpJUdated SRAt (Rf) pduiniug, ad’(S‘dPﬂ‘gtrtallfésE}& Re H*EBRHOUNd

anhydrously to the xerogel, (d) activating the chronium containing ‘xer ogel

by heating in an I di Ssing,.atnosp ere I ng the activated

xer ogel ié/‘:n th tAhé‘eE f5f ngl%c’ 31'9\ 1%et'%lﬁ()‘ }EE '%?edPH TRP £I9P2E wher ei n
t he xerﬂgeﬂrthSpmphaﬁtcedcm, Renaé iam@oniunn phesphartat onr eharﬁmo‘nmmli;ai-ogélﬁ)c 16.
A'mathod%ac 0£d| ng to claim15, wherein said tenperature is from -
300- 600 PF' - 17. A et hod accordi ng
to any one of clains 14-16, wherein hydrogel is fornmed by m xing

ort hophosphoric acid or an orthophosphate with a nolten, hydrated salt of
4l uni ni W and methodalacsoriingheo milrimrld. o2 818, whereimet i dydratsddi ng to

claim 17 mihekeidd1t hes ngﬁmégr yfu“ﬁggmr}ﬁ%a%g ort hophosphori ¢ acid, nono
amoni um phosphate or ammoni um hydr ogén phosphat e.
20. A method according to any one of claims 17-19, wherein the mixture

is neutrallsed with ammonia gas or ammonium hydrox1de.

21, A method according to any one of claims 14—20, wherein the
aluminium phoéphate hydrogel is formed in the presence of from 1-30

mole percent, based on the moles of phosphate of a boron compound.,

22, A method according to any one of claims 14-21,-whereih the hydrbgel
is converted to a xerogel by azeotropic distillation, or by washing with

a water-miscible organic solvent.
23. A method according to claim 22, wherein the solvent is an alcohol.

24, A method atcording to claim 14, 15 or 16, wherein the alﬁminium
phosphate hydrogel is formed by neutralising an aQﬁeodé solution containing

a source of aluminium ions and a source of phosphate ioms.

25. . A method according to claim 14, 15 or 16, wherein the hydrbgel _

is formed by reéding an aluminium alkoxide with phosphoric acid.

26. A method according to any one of claims 17-20 modified in that a
concentrated aqueous syrup of said aluminium salt is used in'plaée of thé_

molten salt,



' to claim17 or 18, wherein the hydrated .
iju LS al'um niumnitrate. 20. A met hod accordi'ng to
g”'mlﬂu"algﬁﬂﬁﬂmherei n the mxture is neutralised with amoni a -

i anmoni u i'af 21.32. A nethod accordi ng to any one of clains \(J

-14-20, wherein the al um ni um phosphate hydrogel is forned in the presence

of from 1-30 nole percent, based on the noles of phosphate of a boron

conmpound. 22. A -met hod -according to any one of clains 14-21, wherein

t he2hydr ogal olefinopolymeeilsdition saralget dystawmemicooging dpsdnyl baei on, or by

was g 11 h_ -1 SGlL o] G qS 3 of ' ! accordi ng

to C glg%x%li \f;‘\?])é"?}g?% ‘%pﬁ?ggg# &gn%q@hgﬁ %a\égﬁgll.g%ﬁ? one é&%’? ﬁ%d accordi ng

to ¥-@bm 14, 15 or 16, wherein the al um ni um phosphate hydrogel is formed

by neutralising an aqueous solution containing a source of alum niumions

and_a source of phosphate ions. 25. A nethod according to claim14, 15

or 4%, vm@l“eP#%lﬁePﬂﬁ’Mb%ﬁPg PRSESE WLPeSoRRTdSeh PLVREIHiSHRS A% 0xi de wit h

P hgﬁo _huagé qnoaﬁ';momins of A—smialgadn antons dimaghe Opr?lﬁﬁnﬁé; e»ff)& @dtal yse 1|7-. 20

nmodi fied in at _a.concentrat aguequs., syr,up,of “said alumniumsalt is

useﬁyﬁtﬁmp?sac‘?éab’?ed?ﬁ& Vi PBR %ﬁf??gms (i?;:.’ aind Q?A‘n ol efin pol ynerisation %

catal yst system according to any one of clains 1-13, when prepared by a

met ﬁ@.d cl q gﬁgcés% Qéé’or‘ariﬁ%% Eh.-ginmiél'd'ﬁl‘?e@eigathe _oleﬂr}x ?L et{ﬂen.op%&f?s“ sation 4
process whi conprises pol.ynmerising one or nore nono-l-olefins of 2-8 ’
car¢orethylane,i prapydepe cdehutansf, L-pentangstl-boxenen av lciogkerst i n any one of '
clainms 1-13 and 27. 29. A process according to claim28, wherein the
olefin is one or nore of ethylene, propylene, 1-butane, 1-pentene, '
"1- hékene, dPracess: apwerdips to d%“brzgce‘&erééﬁo?‘tﬁ AERMFIctAiMh 28, wherein the

NDNESHPrikés @thylene and the polymerisation is.carried out at'a temperature
of 205%F + 5°F (96°C *+ 3°C), '

31. A_processhaccording,td claim 28, wherein the monomer charge consists

of ethylene and 0.001 to 0.3 mole percent of one or more‘comonomefs.‘

32, _ A process according to claim 31, wherein the monomer charge

contains from 0.01 to 0.1 mole of comonomer.

33. A process according to claim 31 or 32, wherein the comonomer is

' propylene, l-butene, l-pentene, l-hexene or l-octene.

34, A process according to any one of claims_28f33_wherein'the cocatalyst
is added separately to the reactor, thereby to form the catalyst system in
situ. '

35. A process accordiﬂg'to'any one of claims 28-34, wherein the

polymerisation is effected in an inert diluent in which the catalyst
system is suspended.

36.  An ethylene polymgr-having a ratio of HIMI/M1 to Mw/Mu of greater
than 15 and a melt index in the range 0.1 to 0.5.

L



conpri ses ethylene and t he pol yrréri sation is carri ed out at a tenperature
of 2056F-.-[err] 5[err]F (96[err]C 3[er A process accordi ng

claim 28, wherein the nononer charge Cé‘%‘SI sts cnmmmum ﬂ 001 ‘tq
nol e percent of one or nore conobnoners. "m ,dl ng to

crai m 31,  wherein the nonomer charge cont a| ns fr'om‘0. 61 %o V. * nol e of

. conmononer. 33. . A process according to claim31 or 32, wherein the
. ¢ghononer is propyl ene, 1-butene, 1- pentene, 1-hexene or |-octene. 34.

- added separately to the reactQr, there

A process ggcordifgetRRY AGmef h%L %%‘% ?@Ii’éo\‘}@lﬂpeb? éﬂé‘ér%’&%i"c Yitdek S

formthe catal yst systemin

"~ situ. 35. on °rAab?"(§‘cé§§"ea@c6‘? di 163“t6 8F1ytfl?né°‘?ﬂm°é{’3ét‘t"t$sd’2%"1333 wherein the
- polymerisation is effected in an inert diluent in which the catalyst system

[ ded. 36. A | I HLM MV Mu
o g1 ohtr han s CRGREIARIIC PR, N (R FAROBRETE £ oresionenigzet o

Nt iR ess At d o Louira bl o FRREIEY

TESPLTI E Py

An et hyl enen\;iabymmtahasmmgsacrraekatesn%mqe ©b. ﬁhmara]t modelits bmdex abover
above curvg, G.0f 5 YL e.4308f n ngs 38. A :

t her nopl astlc polyrrer§§% {>1 ene F g abre at| nship of environnental
stress crack resistance to flexural rmdul us on or above curve B of Figure 3

Of- the accenpanyimgosy BESrd3de to cldPay VSEB8GARER! 110 al forpdlied? Of
38, which |§ a m)nop ymer of et%‘n | ene or a copolynmer. of ethyl éne and 0.4

¢0 3 wei ghtt sEPEkse 8F aprcaawéﬁé o ehhyiane, and Yafii bhe welahixpereegk of
1-oct ene. gfbpylene ,Al-bhdhie) PPeyit@rid,sdthixdneadmllysite@enpri sing a chronium
conpound supported on a support material consisting predom nantly of

.anor phous al um ni um phosphate precipitated in the presence of a boron

conpound. 40. An olefin polymerisation catalyst comprising a chromium compound
. supported on a support material consisting predominantly of amorphous

aluminium phosphate precipitated in the presence of a boron compound.

41, A method of preparing a catalyst as claimed in claim 46, which
‘comprises mixing an aluminium salt and a source of phosphate ionms,
neutralising the mixtufe in the presence of a boron compound thereby

to form a h&drogel, converting the hydrogel to a xerogel, incorpofating
a hexavalent chromium compound, or a Compound convertible therefo by
calcination, into the hydrogel or said xerogel, and activating the

- chromium-containing xerogel by heating in an oxidising atmosphere.

42, A method according to claim 41, whéein the boron compound is

boric acid or ammonium borate.

43, -A method according to claim 41 or 42, wherein the hydrogel is

Eod 4

_ formed in the presence of from 1-30 mole percent of boron compound based

on the moles of phosphate.

44, A method accordinghto any one of claims 41,—43, wherein the boron

compound is boric acid and the hydrogel is formed at a pH of at least 6.

45, A catalyst according to claim 40, when prepared by a method claimed
in any one .of claims 41-44,




41. - A method of preparing a catalyst as clai med in claim 40, V\:hl ch
Conprises mX| ng an alum niumsalt and a source of phosphate ions, "

form g“yydro he hydrogel to a xerogel, incor poratl ng a .
hexa ent Cﬁm mwmwml“ or a conpound converti bI e thereto by "
cal ci nation, |*nt9 the hydrodel or said xerogel, and activating the —
chronmi um cont ai ni ng xerogel by heating in an oxidising atnosphere. 42. -
A nethod according to claim41, wheein the boron conpound is boric acid or '
ammoni um borate. 43. -A nethod_according to claim4l or 42, wherein the

- hydrogel is forned in the presenc%“ of from 1-30 nol e percent- of boron
conpound based on the nol es of phosphate. 44. A met hod according to any
one of clainms 41, -43, wherei n t'he boron corrpound is boric acid and the
hydrogel is for rred at a pH of at |east 6. 45. A catal yst -according to

cl ai méo0, Nnenlqiheppal%:b;atbmptduﬂs cthat nexinpriseangordaeting onleaomns 41- 44.
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ng con 1 ons cat al yst as
cl ai melpimed éh glaimien.
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