" METHOD OF PREPARI NG ALUM NI UM PHOSPHATE GEL, AND USE THEL SUPPORT-
EC}F\EFI N POLYMERI SATI ON CATALYSTS' This invention rel ates to the
u

&t' on of al um nium phosphatf?. The production of al um ni um phosphate by
|

pr :
co d* hg aqueous solutions of an alumniumsalt and a source of phosphate
i ong, such as phosphoric acid, followed by neutralisati:on with a base to

gi ve precipitate or a true hydrogel is well known in the art. The {“‘ .

re@.ti ng phosphate has been, di scl osed to have several utilities including
use—as a support for chrom um oxide catal ysts. There is considerable

pr ogr essy kRt | e [ of, i1l UM
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rel ati veTHEREQF pASi nAor SUPPOROLTFOR aohgljﬂ‘ér Yﬁ@@l-gﬁ'é@%r oduct .

Cener al IgaTARYSASEF suggests converting the hydrogel to a xerogel by neans
of sinple oven or tray drying or spray drying although it is incidentally
taught in the art to wash with a water mscible liquid, such as an al cohol.
At least as it relates to a base for chrom umcatal ysts, even the nost

advanced teachi nqﬁisofimgg‘qi&ri&i?t@gttgtjgjbéoréil%f,g?{io r 'puglg ig%se whi ch has

found favour as a Chrom um catalyst "Su ol el n"pol'yneri zati on.
Thus, crhosphatec athe production of aleminium phosphatechy combinirigcagueoHs ai ni ng bases

simlar .ioﬁltﬁ&QSS% WhCAlABARAS SaRUShd A Sodrbe &ﬂ‘bﬁ@ngQieC?&'@,} ¥6&@ as

pol ynmeri sation of ol efin-polyners first becane co rcial . The present

i nvent i ANOSRAGEIC (asidy Sptlowed, Ry, neutealisationi Withn3 s i@ &iY%r2 use as a

SUppFrt ﬁreéipeﬂiltébmrua‘atrﬁé hmoghgumwenrrrndotw&i i e artef The pesulting | salt i on

catalystg. I.n.brqad terr i s _metho C . Ses I tin n al um ni um

salt. Wi t‘?imgpl}a&ﬁrr?é%ﬁe" &wcrEBOSeJ 16 haVe 'several &gﬁ{xes mclucﬁgg us€ s §
support for chromium oxide catalysts. There is considerable progression
in the art with regard to the preparation of aluminium phosphate catalysts
and the newer art suggesting forming the gel at a relatively high pH in

J order to obtain a higher surface area product. Generally, the art suggests
converting the hydrogel to a xerogel by means of simple oven or tray
drying or spray drying although it is incidentally taught in the art to wash
with a water miscible liquid, such as an alcohol.

At least as it relates to a base for chromium catalysts, even
5 the most advanced teachings of the pricr art still do not produce a base
which has found favour as a chromium catalyst suppbrt for olefin
polymerization. Thus, chromium catalysts are generally Supported on
silica-containing bases similar to those used decades ago when the
chromium catalyzed polymerisation of olefin polymers first became
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5 orthophosphate  ions in a concentrated reaction mass containing no rmr@
t han- 40% by wei ght>of added water, based on the weight of the al um nium

'salt; ‘and thereafter neutralising the reaction nmass with a base to
“precipi-tate the gel. In'this nethod the_concen- trated reaction nass can

be either a nolten reaction mass conp- 1 rising an alum niumsalt in the
nol t én state, preferably an alu- miniumsalt having a nmelting po‘i nt at or

"pelow the bol11ng POl e Of: B uny 8 ida CNRENES HrBHAY LURSOIY biUHsfhy

fater-sol uble alu- mnid ana & ver unt
&xceedi ng 40% byphgephate. f!es use as a smmmatimd ct;rommns ¢mwmadmm— ebeet her
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“base to forma hydro el e conver 0 a xeroge
renoval of . wat erthe| g uhiaive cenld, cando dhereatten meutxalising &heorqaeam BASHBSS
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th
~a strongly acid {Fate Liqny mags fan bg &T‘Eﬂﬁrnﬁuﬁi’mg £an; §e§?f(,1 a%aﬁfy&P’élE 2d
&#U- mni umXO t reiiséngiran ralaﬁirﬂmcaﬂtu Hine the nvdteay sreté oprafelabhy sanasdu-

_preferred as thgne 324 @g'ghwiﬁg digk b0 BEIGUTRhE Opbu1#h poine

“Al um ni um brom mn|u romaecan use s ca
_broadly, -any al (@fi Metex ATt avgANEAntEated wyrep COPPr?Eﬁ%r%d'ate{rﬁoéum \ﬁéﬁl'ght

percent additi onglniwdt&1tCand be Wr§Semd110aneehtOst herereighl Rt eleeding
‘alum niumsalt o tgﬁre cgan be no water. except the water, if any,_ fromthe

'vvater of hydratl Fyeistwat er _
: ‘The method of this invention, whether using a molten reaction

mass or a concentrated aqueous syrup; can be carried out aé;ording
to either of two techniques, referred 't_:o_ herein as the first and
- second embodiments respectively. o
‘In the first embddiment, the concentrated reaction mass,
20 i.e. melt or syrup, 'combrisin’g the aluminium salt and the source
of orthophosphate ions is combineé with a bese to form a nydrogel
which can then be- converted to a xerogel by the removal of water.
In the second emb_od:.ment, the concentrated reaction mass
is paftial_ly neutr_alised by reaction with a neutralising agent,
_ _ 25 and then aged until gellation occurs. In this ‘embodiment, the
gel is formed at a strongly acid pH. | '
Generally, hydrated aluminium salts such as. hydrated . alu-
~minium nitrate are most susceptible to being melted and thus are
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preferred as the _source of aluminium ions for the melt method.
30 = Aluminium bromide and hydrated aluminium bromate can also be used
as can, broadly, any aluminium salt which will melt. If desired,
up to 20 weight percent additional water can be present 'based_
on the weight of the éluminium salt or there can bg no water except
the water, if any, from the water of hydrationl and the water,
35 if any, from the base used in the subsequent neutralisation, i.e.,

no extraneous water is added. By additional water is meant water



if any, fromthe base used in the subsequent neutral-isation, i.e., no
raneous water is added. By additional water is neant Wwatterr . 3 actually
ded as water and does not count the water, if any, fromthe water of
“>~hydration of the ingredients and{or the water, if any, fromthe base.

-, There may be sone advantage to ding 1 to 15 wei ght percent water based on *
the weight of the alumniumsalt, 5 however . Thfa per(:tan'éa'ges of wa';er T~
are bas h t ual | of e um.niu al t__includi ng any water\ off _
hydr atigér%ug?#ttﬁde&gyggpwgn%ﬁggdldaldg%ngn?ﬁém é@lﬁﬂ atq_}e'éivéatleaéajrff"gﬂi ted as the
al uni ni TFARSERE vaFem G g dantiannelithe alngredimtawnd/emithe water £ it e can be y
lt;sed. 1Qn)-(h-, from thel Baf,éehe BRGeNGa @?ﬁn@ﬁvaﬁhﬂ{eﬁtb Sdéihgd 'itft{ rlglu?'; ;FPsat  on ’

et ween_ t amopunt _of wat er ed, any, . an e degree of ne :
Less vvaYeelrg%&p'ﬁ’{fregt n‘é?ﬁefalgﬁ'%]tsi%n thﬁe‘?ﬁlgﬁFv%‘g" ff’?stag\"“%g'é}“l'aﬁqlén, while nore s
wat e7 ahekevess Thet pexicestrgesnofiganer girecbaseldoverthgehetdadt weight | no

vater, of +ap ﬁmtumv‘%éolm Enélmﬁi&glgﬁfwal%gr !’oéngfdr;?ioan > to 40 percent is

used, then the 60 to 70 percent heutral- isallon I's‘quite satisfactory to

formthe gel Bh tei AYrus Bethedsalwiplen syliate de| tdepdlyeapited each end

ther eof the @b@findluh Yal0@1gRbugh! Alurhifiwl 8515 GudfageiumiSin’ Al d38di On (56 %

percent of bl he stoichionetric amount of neutralising agent added) and

gener al ﬁ/n g%l"fsgﬁl’on wil'l 20 occur spontaneously at about 72 percent so

theld® extrenskn rthet séwndventwdiment\\thére lissan guitertelaion betweeneasy to use ' =

the rigthe apSRNCNSE 'wQEexoquw,t 8% ’adﬁrf, .t th@ggﬁpeeer i 4 rﬁeﬁg?a' &
Tor 1 mnu ra

.r%Iis_ation to
give gell ation on aging te to 4 ours, prefe %#1)? 5 minutes to

10 hour¥esspasery, @F cPORS) \petratinetios pgert gdvess faster gellation,

while more water and less neutralisation agent gives slower gel-

lation. If no water, or an amount within the preferred range
15 of 5 to 40 percent is used, then the 60 to 70 percent neutral-
isation is quite satisfactory to form the gel on aging with possibly
even a little leeway on each end thereof. - Generally, -no gel will
form at 56 percent neutralisation (56 percent of -the stoichiometric. |
amount of meutralising agent added) and 'ger'ier.all'y gellation will -
20 occur spontanecusly at about 72 percent- S0 these extremes must
be avoided. With these guidelines, it is easy to use the right
combination of water, if any, and percentage neutralisation to
give gellation on aging for 1 minute to 48 hours, ‘preferably 5
minutes to 10 hours, more preferably 10 minu_tés to 3 hours,
25 In the second embodiment by complete (theoretical) neutral-
isation is meant that the final pH is.7. The range of about 60 to
70 percent neutralisation is based on the use of aluminium nitrate,
~ monobasic ammonium phosphate and a P/Al ratio of 0.8. - This would
vary depending on the aluminium 'salt used, the phosphorus to alu-
30 minium ratio and would, of course vary in'a manner easily calculated
if dibasic ammonium pliosphate or phosphoric acid were used. That_'
is, if dibasic - ammonium phosphate is used, then one less mole
of base per mole of -phosphate is needed and if phosphoric acid
is used one more mole of base per mole of phosphate is needed.
35 In any event enough is used to give a pH below 4 and to cause

gellation after a.reasonable period of aging.



isatiion is.neant ‘that “the final pHis 7. The range of about 60 to 70
percent neutraliisation is based on the use of alum niumnitrate, nonobas
anmonj am~phosphate and a P/ A" ratio of 048. This would vary dependi ng on
the al um nium salt used,: the phosphor us to alu 30 mniumratio and woul d,
ofkcour se vary in‘a manner easi | y calcul ated if dibasic amoni um phosphate
‘orxphosphoric acid wer That as a n hosphate is
Used” then one | ess no e o?gf)aseg@ the ]I)l]msg?‘s&h i&' a{gg?lé ne‘gyde 1) ?‘Lf
phosphorl c aci d 9uhophaspbate nians nlmde £3% Ba!ye'a;bb:r nnﬂmpbtﬁsnbhosphau;l i er

needed. 35 In momaaa@gougbcu Sasusnegosaelgl yxﬁno«alah ekl ed apddiﬂasféuse
.gellation after a reasonﬁ PS %erl od of ag %%) source of

phosphate ions THHE 2 Bt C& ‘B‘P‘tHF"E%GB ﬁhatoé t‘?eoﬁ'g"méh'ﬂl PhP§PhateS'
generally or3 hoﬁleomqﬁhibesn: iscpréferredor t hophosphates, such as nonobasi c.

‘anmmoni um phosphate or dibasic ammpni:um phosphate or m_xtures ther eof . O

25 . .. In the second enbodi nent by conpl ete (theor‘eti cal) neutral - @ |
[

the amoni um phosphates, 5 t he monobasic is preferred. The _
tenperature, if a nelt is used, can be any tenperature at or above ch
‘the alum numsalt chosen will melt. The reacti on can be carried ouf in any

at'nospher e including air or can be carried out under an inert at phere
for instance. Generally, tenperatures of 65- 200[err]C;, 5. pref epabl y
6%-100[ err] C are used. Although, since the preferred alum nunfsalt is
A (NG3)3.9H err] 0 which melts at 73[err]C, the nost preferrfd _
‘t.enper at ures based on the use of this al um num salt is about/0[err]C +
.5[err]C ' : '




I a very concentrat ed syrup of a water "sal ubI e 'aI um numsalt and water kS
,ﬁﬁ d, any tenperature up to the boiling point of the’ syrupt under the 10

ordi ti ons enpl oyed can be used, preferably about 20 to about+150[err] C or
20 t 0 "about 100[err]C Si nce very little water,.if any, is present aduri ng

t he formatron tehe alt‘{,m nu, % Q\/\?t & |dt I S I?’Ot necessa\% ti lize
azeot ropic di 0% |CRPETAFUSE \ids i 5% mof HRPRy2 P §ETRFIREYEY 2fi sci bl e
or ganpx abote/ghich ttbe slemduen stahe clmisen rgﬂﬂt hgltal t'rtmrgharazientafambc 15

di stillati %ugel % err‘g%ﬁ&e gﬁé‘fdlﬁh Yad 99'&:""9& ar”kéc? %}: un%regam ¢

.sol'vent canbet renovi ng
concéd? daeed ahmhgrrr/e@ralgeqanﬁ#t h Ggrexaldy, pﬂrﬁ}wﬁcaﬂursﬂ@fngﬁhzoqfﬂnal I Y,

ol £f i pra¥elati1y’ 6324doe0 SAL QiFledM qattawgrssw@pqrhteegr@fb&umﬁm%@ have
hi gher actjvity and | ess tendency_for actrvrty to drop off during 20 .

pol ynBitz tsi M GP3d 5rfHpBnobich Peltmsabedd’® ‘Fouﬁ%letﬂ%ﬁt | RRREpEFeS vol ume
mdrogarpsrmua&lmsguv? tthslusésbﬂhﬁtﬁfﬁ tsrm&uhysﬂerﬂ?ﬁwutatom +CFoCl, ngf because

e ve erior . interna ren 0 e c réssion o -
Y S SRt Rrug ch Velok Seotuble 1 a10arant 58 ¥ 2o earegs 10 cm
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g @m gﬁﬁlﬂéﬁéﬂp\ggggd )ég{xq%e sgyi\;#{]&ergg{ ag%rxfTDQ& C{%I g'%)ult()%SO‘%CCgi' Oy base

convent 1 ofal 1y “pr epareéd T Fom’a e dqueous solution’
whrch w1 oc8imne very little water, if any, is Predemtit dégimgnthger gramor .=

Nore. foldtforC B PRE A% fhud ‘p”hokﬂ'ﬁatt%ncgt':?’s %@nkeéestsaﬁ €8¢ 9fam of any -

al dm num phosphat e _occupi ed "6 rr[err] In the dr oge stage. Thus,
anot hdfeohagpicodirfilfatiane o Jtasbing ikh %ﬁgenqlévthaplé wetar e sal t

rrel t/afgasphahelmss e ﬁl.manHHeSWa‘tkangﬁﬂi‘,atﬂﬂEBﬁQl'§ze$tfrf>p£‘d ently -
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solventcanbethe preferred method of removing water. Also,  the
.concentrated mass gives a gel with greater physical strength. Finally,
olefin polymenzatmn chromium catalysts supported on such a base have
higher "activity and less tendency for act1V1ty to drop off durlng
20 polymerization of the monomer. :
It has been found that low pore volume hydrogels usually give
the.. highest poros1ty xerogels after dry1ng because they have superlor
internal strength to withstand the compress:.on of surface tens:.on dur:.ng
the drying. Thus, if the hydrogel occupres 10 cm3 per gram of aluminum
25 phosphate or less, generally 3 to 6 cm3'per gram, it will give a xerogel
having improved porosity for a catalyst base than will a hydrogel
conventionally prepared from a dilute aqueoue-solution which will eccupy
about 11 cm3 per gram or more. - By 6 cm3 per gram, for instance is meant . #
that each gram of any aluminum phosphate occup:ied 6 cm3- in ‘the hydrogel
30 stage. Thus, another way to defineé the concentrated mass is that the
aluminum ‘'salt melt/phosphate mass or aluminum syrup/phosphate mass is
sufficiently concentrated so as to give a hydrogel which occuples 3 to 6
cm3 per gram. The theoretical minimum if no extraneous water is added is
about 3 cm3 per gram with aluminum n1trate.
35 ' The following ' representat:.ve calculations of the volume
D aEion, chowany tha sk Totbenatiss For 3 i B the Brlof S EREES
. further- ccu].."cu ations show:.ng the same mathematlcs for a dilute 'system are

presented to facilitate an understanding of the meaning of the.concept of
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3abo‘ut 3cmper gramvmth aIumnumnltrate 35 ' Thefollovmng
represent attve “cal clitations of the volunme per’ gram of concentrated nass of

i nvention preparations, the further cal- culation showing the sane
matherrath for. a run of the prior art and te two cul ati ons showi ng t he
sane mat hentitics for a_dilute.system.are presghted to facilitate an
unrglerstandl ng of the meani ng of the concept o “the final, dry al um num
phosphat e havi nghecp,_umeai, v nunmber of cm ramin
the: prior hydr o%el e. 3@#%‘5“&?” pg'?? %)nhsa%éir% FEURE D "dg Y sBeibne
guaster nole of tEIIEIO STomES S5 Abdde muier hﬁdfrpaelrmtegemrmhamalammwm
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Fatio of aluginumnitrate to alu i dicoms te Rlé‘FIsé’cftfsClteﬁé GrNO4 Xy - ﬂﬁ%‘mave

a phosphorusstogh‘f%ﬁi‘ﬁmﬂlsht pergény. aronmmnhenfthtalfm&ms:ﬁhﬂiﬁt Ilth,;.h@s1 gen

fand experi mentgdpays tyN e tlrddss o] ter when the aluminumnitrate -
is jmel ted and thlzplaé1 e ﬁiezg:ugtrll%sla th%u@f”é"“o&fﬁt@s tgpaiymigym
¢ it is GeP 5?/8155 £ drsdre Ao lzwq @nphasphomuss ¢ aildnixnizo da tionb €
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-yoliume and the e promeateI e ual "to t
-.thé mel t . Wﬁ yﬁuﬁgﬁopgl {:/%g'agn‘éhe(ﬁ'uésg ALUpRYn &F ﬁgﬂd&’&hsﬁu@d &herdthem .

gsphat e wh! chifgsrdieats mddednthenete avxopizmt ebowaldos cahd Tf iitdis ARlled, by jal
previously set mmmmmmwtmmgsl gad!, o2 SiPh Yfhs will
j90,cm ?5@ 1 h¥l ‘ded b 27 cm is 3.3.cm per gram representl n'g

. Appr oxi ma ?Pé’ P28t phonn tﬂ| B ¥pkume \wpd citheneolupeawfofther gehl @i num

_;phq)sphat e can oMPpapKimatedy lequauhetohylik G&thétéft Che mbRLS FhEM! tHé ygmsgmy

_'__I fiother proporgiagfse Rble of low phiosphorus aluminum phosphate which weighs 27 grams
' : : 15 _when washed of salts and dried. As previously set out, this amount of
ma;erial in the hydrogel stage occup1ed 90. cms. Ninety cm3 divided by 27

] . e’ is 3.3 cm3 per gram represent:.ng approxzmately the theoretical

' 1 S _-mnmum space which one gram of dry aluminum phosphate- ean occupy when in

] e the hydrogel state. This ‘might vary sl1ght1y if other proportions or A

3 .20 types of start.:l.ng :mgred:.ents were used. .

'_ i In the first enbodimmt mxe typically; however, neutfé.liation w111 be carr:.ed

o ot in accordance with the 1nvent.:.on by neut:al:.z:.ng with 46 cc of ammon:.um
{ - hydroxide per one quart.er mole. Th:.s then will add 46 cc to the 90 cc
' volume obtained with no water added in the neutral:.zauon to give 2 total
of 136 cc which will st.:|.11 produce the same 27 grams of ammonium
phosphate when washed of salts and dried. One hundred t:hzrty-six divided
by 27 equals 5.0 which is the volume in cc occnp:.ed in the hydrogel state

by one gram of final dry ammonium phosphate in this preparation. _
Inthefirstenbodinentinnanynms, avezymanquamtOfvater, for instance

.e; - ——

10 cc were added to the melt giving a total volu.me of 100 cc. instead of 90.

: i ' . Then on add:.ng 46 cc of ammonium hydrox:.de, the total. volume would be 146
which would still produce 27 grams of dry ammonium phosphate. One

. hundred’ fort.y-s:.x divided by 27 equals 5.4 cc of hydrogel which give one
gram of final dry alum:.num phosphate. o N

In the f:_!.r_st etrbod.men,t even if 40 percenc water ba.sed on the alum.mxn saJ R <

i e B,

t.h:.s is still a very smaIl amount of water overall. For instaace, 40

percent of 93 grams, the weight of one quarter mole Al(NO'.,).Q-HZO is only
* -4

37 cc which added to 136 cc gives a total volume of hydrogel of 173 cc,

f e 117 o e’ bz,

vhich divided by 27 grams is 6.4 cc per gram.




types of startlng |ngred|ents were used. In the frstsenbodlnent

typj cal |y, however, neutralixation will be carried out :

Zayried out in accordance with tWe invention by neutralizing Wwith 46 cc of

ni um hydroxi de per ane quarter nole. . This then will add 46 cc to the

90 cc volunme obtained wth no water added in the, neutralization to give a__
.total of 136 cc which will still produce the sane 27 grans of ammoni um '
phosphat e when washed of salts and dried. One hundred thirty-six d|V|ded;/
by 27 equals 5.0 which is the volume in cc occupied in the hydrogel state .
by one gramof final dry annnniun1phosphate in this preparation. In the -

first I n e for instance
10 cc \%Aﬁg aggnt(t? f“entiﬁ&n ﬂf‘%‘.‘ﬁg {'iéoﬁ‘af’r \75?% %’r‘%18§a£°c5 i nstead of
90. Thditesmofawatergarecutilizest withnone guartieni mole o ingriedients. aTakingure vvoul d be *
146 whi n%:%r f a?EYE at e.
hundrec}mdﬁagvibf:tbﬁsgggﬁps eﬂﬁgﬁfﬁ 24‘@‘:?}:‘ - &ﬂqﬂmﬁch gi ve one

gr am of€& Phiained. when e rﬂﬂ‘Fth'&sMeWWW gixe f3|3§s€° é dY‘P\‘EE‘F even if 40

ger centdwmerbybﬁeeuo cgaamba:fabwauavmm hnﬁeSaBdﬂtSlll j;fu itard. AEry snal |

anount veral | .. For_.nst nce 40 perc 9 rans, the weight »

. of one 'ﬁ%&%@%‘ﬁ@% N&Bargflgpr‘]t %ing gheyr one (‘!’ﬁt.%fgﬂ to 136 cc

“gi ves aneoquairteromolee obfingredienys | waid give ¢136 chiwhichlidividsdi bp\2727 grans is

6.4 cc red to the first enbodinment, in the prior art, i
g 86 92 cc periidha

typi cal ers of water are utilized with one quarter nole of
I ngr edi ents Taking the lower end of this typical preparation of 0.2 liter,

thltsI addled tOStMﬂk?grﬁcgﬂJ%alﬁ?ﬁ ngnis%sﬂﬁafetb wsﬁraéﬁeﬁydﬁle [ gi veb33? 0(1:1
al vagl une AZEOVROAIC, e B proauct wou glveaou
i per Yt yater th d‘ﬁ%\uﬁ Hioq of Eﬁ‘&r‘é’c‘h&n"ﬂﬂ S AHGeMbout one liter

of wat aonvaihingowatexrmsdilie organio solveny hdvmgtsrewu{rdygwesui:ﬂa% cc whi ch
di vi de%ﬁéﬁoﬁs desirable (adding water after the gel is formed does not harm
the pore structure if it is removed gently as just described). After drying
of water in this manner, the gel is preferably dned of solvent under mild
15 * conditions, for instance by heating ata temperature of 25° to about 150° s .
' - most preferably under vacuum.

In the second embodxment more typlcally, however,
neutralization of the concentrated mass will be carried out by partially
neu_trahzmg it with concentrated ammonium hydroxide. Complete

20 neutralization (obtaining 30 g of hydrogel of pH 7) would :equir_e 46 <:m-3
: of ammonium hydroxide per one quarter mole. Partial neutralization with, -
for instance, two-thirds of this would require 31 cm>. This then will add

31 cm> to the 90 <:'rn_3 _volume obtained with no water added in the = '~ :

neutralization to give.a total of 121 cm‘-"_ which will stillproduce the same

25 27 grams of ammonium phosphate when .washed of salts and dried. One .

' " hundred twenty-one '¢:m3 divided by 27 cm3 eé[ua!s 4.5 which is the volume
in cm> occupied in the hydrogel state by one gram of final dry ammonium

- phosphate in this preparation. By concentrated ammonium ‘hydroxide is



woul d” be 42 cc per gram In the first enbodinent if it is desired to was

"t he "hydr ogel '5 with water, then (azeptroprc)drstrllatron or washi ng
with a volatrle, oxXygen- contarnrng wat er m sci-bl e organi ¢ sol vent havi ng
;relatrvely | ow surface tension is desirab& (adding water after the gel is
.forned. does not hatrm the pore structure If it is renpved gently as just
described). After drying of water in this manner, the gel is preferably
«-dgied of solvent under mild 15 - condi tions, for instance by heating at a
xéﬂperature of 250 to. about. 150 er nost ref abl under vacuum In the
“second enmbodi meMEAMHANLAYLGNS 59l I‘%V\E"é‘ PSFCeSt amygonia.
-eoncentrated mass will be carrred out by partrally neutralrzrng it with
“concentrated amonium h r t [0 bt ai ni ng
3079 of ' hydrogel of i 7 ik feBnd ERBBe3E s very HL dintfR g adel kb 1
“one quarter nol dinstapee |18|cmemere|aﬂged tothesmelt, tlmerwqu%sarncnatotamlumerqjs of

s Blt S wogl d [ﬁqwm X ifsteddi 6x ?beem@r lti'heﬁddn3&dﬁ 3p dif® &?aﬁﬂﬁoﬂifﬁﬂnlizﬂﬁ
'obt ai ned w no r a in neu I(NB ive. a total of
orswhieoh wi 11 ShFPHn ot toteh vokime, eyl e 31 i whieh wekBhenlh prpdbicgen
; wgshed of salts 2mhgrais efidy @nﬁnﬁmmirmspmai pnermrﬂaed chirtydenk bm Eemam
efuals 4.5 whic 3 v e [ te by
.one gram of fi ngw 3r p’ﬁ e(anug[?ran %h%grﬂ%ar%’e)&ﬁ Wgédlpgl ?,@/g%ﬁ yﬁ hal gry
-concentrated annﬂnmunuhybmﬂmaﬁa is  meant an aqueous sol ution cont ai ning
-eBout 30 wei ght percent ammnia. In the second enbodinent if a very small
‘amount of water, for instance 10 cnB were added to the nelt, this would
"give a total vol ume of 100 cn8 i nstead of 90 cnB. Then on addrng 31 cnB of

-amonium5 = ' hydroxrde the total volume would be 131 cm whi ch
woul d sti'll produce

»h



. grans of dy amoni um phosphat e. One hundred thirty-one cn8 (divi oled) by
ZAicnB equals 4.9 cc of hydrogel whi give one gram of fihkal' dry al um num.
'Q{sphate In the second enbodi nent even if 40 percent _vvat el based on-.

‘the alumnumsalL i used, this is still ‘a very smal.l anpunt of water.

over al Inﬂ@éedoﬁ@bﬂﬂﬁﬁne&@eﬁﬁfmmp&fceﬁéwg%seﬁ%t?@*ag.murﬁﬁns%ﬂﬁ qqgu;,{er . ’
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5 whi cherdient dddodygr2is gritisbwéiph. Of G QR LEF e (&qm@r)ednt@ skhansecond

enbodi nt3n ntjqQnalz dilute s yS i.cal 3 t 2ailters o *.
wat er %"rae ut Pt r}kgggﬁé/% ]It?ﬁfe ”huﬁ?‘felfa S éi d’fn"il"ﬁegf’gd}yéﬁ%el °i‘aﬂ§ﬁrfg“ the | ower .-
end of vhilthglivyded by 30 gpawsals 6n9 adm™Opex kiraner, this added to the 136 3 cm

obt ai negpYhe +6 hi'abEdnd ¢ L '

neutragi 1eéﬁg)ﬁgmh| chgémrgul %F%@%%B%no %% %%W%@gégo X

“total Waker @reiutddipgd mith Xnegnuanteaf mpleodicingrediahtgi. v&akibagitthé2 cnB per
gram 1dwedDdfd by PirGa! tﬂl@X?%bBMuQﬁeoQaéaé h@ﬂz?:“t{ﬂlszaﬁ'&«ﬁ?é)‘ﬂr}gqré% liter of

wat er W|3th one quarter "nol e of " ingredients wo
di vi det bybeeAned, vhgp e Hatem igns &¢ mrmwte%ﬁdtme Icarpfese 15
anmntna&rumzeu&o%&ml@md telqui Pé 36 bRV 9Bt 9 em ?Qogﬂ Geht 385684 on the
. alum num sa 'f\ § %b eLg/fz(szmal | ampunt. While | ow phosphorus al um num.

~ phosphat @ n# °3L?l"{38 13859 tPYof r BEAH, 8| RAPGBCY would giver bWt A2 A na and .
- al um rern ghasphatmore itypilnednvehuionadt pﬁépalrswoxgehmztahgswmwhé he '
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de5| ra In sone I n O coprecl
which divided by 27 o’ would be 42 cm” per gram. Thus, even the largest

LIPS ,.

*

15 .amount of water contemplated in this. invention, 200 percent based on the
 aluminum salt is a relatively small amount. ..
While low phosphorus aluminum phosphate may be thought of -for
convenience as a mixture of alumina and aluminum phosphate, it is not,

but rather :|.s a gel with some of the trivalent P04 groups replaced with
20  trivalent AlO3 groups.. ‘ B '

‘It may be desirable in some instances to coprecipitate other
materials _suc.li"'-'a.s titania with the phosphate or ha\}e other materials
present during the geliation and/or activation such as fluoride. For instance, if the
purpose -is to produce a suppc;rt for a chromium catalyst, the chromium

25 compound such as chromium nitrate or CrO3 or chromium acetate can be
introduced with the reactants. Similarly, a s111con compound, such as
silicon tetraethoxide can be coprec:Lp:Ltated with the phosphate

When the object is to produce a catalyst base, it is frequently

W

. preferred that a small amount of a boron compound, such as boric acid be

30 mtroduced into the concentrated mass to be coprecipitated w:.th the v
' alununum phosphate Other su:.table boron compounds include borates,
" such as ammonium borate. By coprecipitated as it re_]'.at'es to the boron
compound, it is meant that the aluminum phosphate is formed into a true
hydrogel in the presence of the boron compound. It is not known to what
35, extent the borate becomes incorporated in the hydrogel structure. The
amount of boron compound present when the aluminum phosphate is gelled
can vary widely but it is generally used in an amount so as to give 'l to

30 mole percent boron compound based on the moles of phosphate. |



n’aterl aI s-such as titania with the phosphate or have ot her materi‘al $ "
present duri ng«t He gell ation and/or activation suchas’ fluoride. For '
Instance; ;. Tf the purpose is to produce a suppgrt f.or a chrom um cat al yst,

the chrom'um 25  conpound such. as chrom umnitrate or Cr0.'or chromum
acet at €' ¢an be 352:;1;03;1;% with the reactants. : Similarly, a silicon _
gaprpound,  such & i ttmmmxﬂ@gﬁmiﬁmmgﬁ@ranﬁbg&‘ tthg,d{e neutrali
Bhasphat e. hodnlae- Y 86 diinkp DY WHIGR, ifPhEY $ha025G oL 3 LIgS Ue“{ TR
m‘ef erred that a snmall anoun boron corrpound ghEh 48 bdP o 4

3@ introduced |P|’1t’%i’htdhé ‘é@?ﬁé@ﬂﬁ%»e&orrasbaﬁmpbescm odipi vatsed VAaeh snhfsable

“aljuni num phosphatpeactiGk hey t%Lﬁxt:.%anesB?ﬁPQrC&'ﬁQWSimgruhqﬁrggﬂgé €fe a%%%xase
as ammoni um bor at, eh%‘g% coprecl pl tated as.it relates to"the boron co :

#t is nmeant that *f Lhﬂ%?uﬁ#'iﬁfosp?ﬁﬁew@mérh%crhpmvdacm;!eowepélg@mhems or
t'He presence of tbhmd)efmecemm#nds pldtel 6hEPhKNAWR b tHBAL1uvRR num E18Nknd REe

_'bdrate becones i n¢or por d in the droge|l structure. _ The anmount of bor.on .
cgnpound present Q&’ﬁecﬁ ?gepiﬁfﬂ% %o’?p EiRPed SO SPFANEdoom ObBE T ARe oy 1 Added

1€ s generally doed llamgarannfeslrttf aamasi uinOhyirogide & OTEY sphéfesPaEE Sibsb@idhtly
carrpound based oRei ;gg’r %§sﬁéd p Qs&h ;nd if desr-réfpga{l {35 enbodi ment the

dgél lation is genera ought T8i%tarried out either .

by addi ng thg, agi Sfhodi al um num sal t/ phosphat e Conbi nat i on, )
t& a base phase O?ﬂ\%%e Ver s ____ﬁﬁa H’%@“‘F &b | PHpoH rab%ﬁ‘;éy which |
.o otherwi se sl O\R)F’}‘q"ﬁf‘r%&e@blmga&@tpMmrcmto ofhehebnart rpDESRg gUnt, and it

results in the phesustdenoBort I S e _Qrtho h sphat e
‘vién the. melt of t %rt %{ uni r?u%ﬁ?'a th§9h§’ ﬁﬁ%%"&%?#e o?ﬂexﬁggbﬁhf‘&u ’Efﬁ§g?§"°“ is
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neutralzzat1on and thereafter quickly adding the rest so a5 to quxckly go
. through the 4 to'5 pH range and achieve gellatlon at a pH of 5 or greater,
preferably at least 6, generally 6 to 10, or (2) combining 60 to 70
.pErcent of the neutrallzxng agent needed for complete neutralzzat1on ani
B | aging until gellat1on occurs which will generally be 1 minute to 48
‘i ' | . hours, more generally 5 minutes to 10 hours more geperally 10 minutes to

3 hours, thus, ‘gellation occurs at a pH below 4, .generally about 2.

Also ethylene oxlde or propylene ox1de or ammonium carbonate
or any agent which will neutralize the ac1d can be used alone or in
3 | o combznatlon to effect gellat1on. : '

Coa

—— e [ . .. .



the first enbodi nent gel I ati on occurs 'spontaneously at,a pH of about -4,

QQ{:I ch is achieved by conbining about 72 percent of the neutral t zi ng agent,’

dyit
is pre

has been found that thi 3 is. undesirable. Therefore °‘n
ferably achi eved by EIthEI' (1) combini ng slomy with s

edtralizat’ion
tirring about .,

percent of the anount of neutralizing agent needed for corrpl ete

neutralization and thereafter quickly adding the rest so as to quickly g

through the 4 to 5 pH range and achieve gellation at a pH.of 5 or great

pref er

agi ng
nore g
t hus,
oxi de

ably at | east 6, generally 6 to 10, or (2) conbining 60
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neutralize t eaC|dc be us al one,or ination to eff
gel | at Peypral 1zmg agent ai\ase Y <I:f"e veEs fpr E)'rb%@g%rﬂ"ﬂf‘ ht® Gethind,;
Br oughVeszUOnb)SUnQbIel pdacticetis ab siosily ditrédudecthe theliratigingoagehbi s can be

carrie
salt/p
by addi
i ntrod
second

he aci d phase, i.e., the alumnu
ﬁggghggg{%g%ﬁﬁ{r&?% a neutralizing agent phasé or v
ing both to a third 5 vessel ). One suitable practice

uce the rxﬁ%eaéei:a.i.dﬁenmgmedtr%sos&t@a a64ve, R SRutaiatibh

enbodi nent as st at ed ove, ‘the neutrallzation must be

neut r aPshileo only, Ragtial gentralization oies thet gellation; deasiingt <9SFUBY

af ter

narr ow,r.an
10

15

anmmenbbe: ages GcturBftePy f&ds&hzﬂﬂé nme.tsurﬁnkﬁg&,r
this rnlga relatwe?y HSJ:L%t#a%Ee.Wne gel atx ulgcan ge groug?nt agout at a
pH anywhere from % to 10 or more as is known in the prior art, if the pH
is low, i.e., below 5, a poor quahty gel forms. However, if about 60 to 70
mole percent of the theorencal amount of neutrahzmg agent is added,
based on the exact amount needed for complete neutralization using
monobasic ammonium phosphate, and the composmon is allowed to sit,
gellation occurs under acid conditions but w1thout the bad characteristics
associated in the prior art with gelling at an acid pH. Indeed, the results

are superior even to elling at an alkaline pH. The aging can be carried out

~ at any convenient temperatute from 0°C to 100°C, for instance, and in

20

25

any nondeleterious atmosphere. For convenience and economy, this is
generally done at room tepmerature in air. Of course, if -thé melt method
is used and the gelling occurs in a matter of mmutes, the composition will
still be warm.

In the second embodiment the neutralizing agent is u.«liauy a
base such as gaseous ammonia or concentrated ammonijum hydroxide.

to 70 : »
percent of the neutralizing agent needed for conplete neutralization and

to 48 hours,
s to 3 hours
o et hyl ene
ich wll '
ect

on nust be

m *

»

I ce versa (or '

is to slowy

ring. Inthe ™

only parti al
t does occur
elatlvely

Also, ammonia dissolved in alcohol can be used. Also ethylene oxide or

propylene oxide or ammonjum carbonate or any agent which will
neutralize the acid can be used alone or in combination.



pH anywhere from4 to 10 or nore.as is known in the prior art, If the pHIi
law, 1 e.,. below ‘:‘n a poor quality gel forms. However, if about 60 to 70
mol e percent:-of: the theoretical amount of. neutralizing agent is added,
based”.on,the exact ampunt needed for corrnlmte neutral.ization using
rnonobasi ¢ ammoni um-phosphat e, ‘and the conposition is allowed to sit,

gel | ati on occurs‘under acid conditions but w thout the bad char acterl stics

sociated in the prior art with gelling at an acid pH Indeed, the results

'are Superior even to ell at .an, al kal.i ne Th e c d out
__.o\t any conveni ent temerf&nﬁfﬁ?%%ﬁ{s tqgi&®€??&ﬁ%% &'Pﬁ‘?”gﬁ qand
.in 20 any nomdth ewaterothent azeasiopic. dilitillat:lonvmlw&bmgamitbcmnmiptxl&.hl S
‘1's general |y dopg Wy ln-LORTIIRY Gl WiScible 8iganicLolbEHt b falte'i@m@#tloﬂm hod

‘IS used and the ng occ s In m nut es, osition wll

still be warm ' ISHrigge tensiomis Maalerleﬁémswgtnéaﬁearthesﬁﬁ na&e'meq doesNed| |y a
=25 - Dase suchapm MheSRpe Straictae B iPlls FENEweH aitgd A& Ndryinghyidwaterds.

Al so, ammoni a di.ssol ve aI coho): can be use so eth n i de or
~propyl ene oxide® Efs ﬁﬁ?ﬂﬁ\'l OlBSW&t eopataiy v gBe@‘F ﬁ’y lkﬂ'f‘ﬁ)’ (8% 1870
‘the acid can be prefedably adrbedoof solvemtrbndest mild. condxtiuns;fnr instaonel byriieatingent

it it is desiregtp é}ahi}% &ygga)g‘? alb%{ Ijsyqré’n s P&Bm ngy{,ﬁ?@ facuum.

distillation or Was a vol a 0X m sci bl e
~og gani.c sol vent Maemiﬁ puEpQseils 80 ynakea welttlesstmnV@eéé%blﬁemlv@Sh
(addi ngionvat er  afyigl albaSe afer g leﬁaﬁ&'i,’“ﬁ@fél‘%ﬁ? &Hhoﬁmm hydroxide?éria t he pore
structure if it is renpved gently). ‘After drying of water in this manner
“(i.e. replacing the water with the organic liquid), the gel is preferably
dried of solvent under mld conditions, for instance by heating at a:
“tenperature of 25[err] to about 150[err]C nost preferably under vacuum
"Also, if the purpose is to make a catal yst it is generally desirable to
wash




with a base after gellation, preferabl y ammoni um hydr oxi de or a
St\i t ut ed ammoni um hydr oxi de such aﬁ et r anet-hyl ammeni um hydI’OXI de.

' Iy, the base will be in water it can be in an organi'c’sol vent -

in this preferred sequence; the gel.is washed with an aqueous base

nd_ t hefukidd brtede ppwenivm bydrdxéde osundl by temmdtlwlgmmmohpmddas 5

previ OUSEM:rgﬁEC,r 'tﬁ@cbas-ghﬁnlrleﬁylltn' &'&&'M @H%B@épb tn.b %rﬁ%peso Liized as &

filler rubber pl astics, as a catal yst as a or vanadi um o .
chr oni ujll}lnEI Yo IR tt“bsp?‘tféﬁééedaséa‘fea‘lcﬁsttk%ﬁebl@f W?ﬁfﬁdlmaqaauws bafethe case o

of chr cahdirtheh heatelRr eammcemmlmngommgehugmt odfhnilke carfdunat £ in an

oxi dd zipng a can be carried out either by having chrom um
’ cop?gem Bgﬁ“fmolev\ﬁ?%crtlﬂﬁghydrogel or adding chronmi.umto the hydrogel or

addi ng an anhydThesresol tingoslufinan Ghosphat eﬂﬁp@l’iﬂdliﬂ:dt ke aXﬁngellrand

"t her eaf e an_oxi anbi ent _such The chronm um or
vanadi u?nﬁ{ seg ég? #ﬂ:s *af &) amg)ﬁﬁ lygtt ikt P55 é’r ‘fanfg um) OpFRr PR,

- preferape yTS(J:OlPtQﬁUQe aroetelystfforatlef iatpniymérimitgbe. percent based on the
veight of the diiethe4aBOTde chddifullednedbhOlhih- &'}&4{% LQ: go0el “can

be carrjied out at a | ower terrperatu e than 1I's genera
act 1@ at Pagetivated- imsadositiging pmbientt.ysThis Tenpher avtmsé qw- @.E@ESO@[ err]C,

~prefer ah&mgO&z%QQ{ueréo]pGecip:&stm & 8h AileY np@bge? Vor Zﬁﬁi&%%&mﬂ {d mes of 1
m nut e f;o 48 hou;smb%rdgf er ab 5 to 10 hours are suita Al'ternatively, =

the act Fmbydreee e |a§d *Bmdrﬂ*ﬁ Snpubian efit2 Fhaerivy F9mRWAMI %9 ons and

"t her eaf tler xarmrlomt embrmm heBtifQrin aﬁtm@ezﬁngoemﬂmhtoaganaehmm um
conpounghs scﬂg dicynme hyomi um gr .di benzene chy ¢ ugh‘badded

anhydr ous ny arrﬁl et é‘mﬂ 1 PEBPUSE 2R BPPURS Wit g6Peci% used to
cardy v&rﬂﬂdl ton10,, f preferghilypOst tios 54 anqureophefersbhabedty N wedght. petcentpport

the based on the weight of the dried support. The _ac-.:.vat:.qn_ of the thus

=

formed xerogel can be carried out at a lower temperature than is
_generally requlred for activating silica-based chromlun catalysts
o Texggegﬁaugsaoef 150-800°C, preferably 300-800"0 more preferably 300-
20 '700°C,and times of 1 minute to 48" hours, preferably 0.5 to 10 hours are
suitable. Alternatz.vely, the activation can be carried out in any |
ambient under -dry conditions and thereafter a zerovalent chromium, for
instance rni-bonded organo.chromium coﬁpduﬁds such as ‘dicumene chromium or
- 'dibenzene chromium, added anhydr;msly.- Any ambient can also be used when
25 the support is used to carry vanadium. _ .
If the purpose is to produce a chromium catalyst support, the
~ aluminum and phosphorus components '_are selected so as to give an atom
.z"at;io of phosphorus to a’lumimm; 'within the range of 0.2:1 to 1l:1,
] . preferably 0.6:1 .to 0.9:1. - Broadly, however, any ratio, for -instance
R 30 fr-om 01 1to 2: 1 can be used. _ S -
.Vanadium can be comb:.ned w:.th the support by copreC1p1tat- '
1ng a vanadium compound with the phosphate-containing support, by adding
a vanadium compound to the support at the hydrogel stage, or by adding a
vanadium compound anhydrously to the xerogel. Suitable vanadium-
35 compouhds - include ammonium vanadate, vanadyl sulfate, vanadium
'tribromide, vanadium di or trirhlbri:de, vanadium tri or pentafluoride,
vanadyl dibromide and vanadyl tribromide, vanadyl tnchlorlde or other

water soluble vanadium compounds Vanadlun acetylacetonate and other




al uni num.and phosphor us- conponents are sel ect ed SO as to give an atomrati 0 g)/
‘of. phosphorus to af umi numw thin the rangi of. 0.2:1 to 1:1, preferably
0.6:1° to 0..9:1.. Broadly, however, any.ra " for instance 30 fromO0.1: 1
to 2: /1 Can be used. Vanadi um can, be conmbi ned with the support by :
coprem pitat-. ing_.a vanadi um compound with the phosphate-containing -
support, by addififreraghemdiodibtomssadiin sorprundappen tbeansedethyidpoggtate the
ssthage, or by addiepgged.vanadi um conmpound anhydrously to the xerogel .

'Su\‘t/abl e.vanadi um 35 conmpounds include _ammoni um vanadate,  vanadyl :
@ fate, vanadi umtribrioth G823 WEEadPERAVARY G¥sing b d%alsaeprﬁl&ﬁéﬂl‘tﬂntf‘? jnoyel

<pent af l uori de, wenadlylofdithiomisienaiéh idnaadiding bDERFINdan ¥aRAQMHEium compound
tr| chl ori de § her wat eri) sol Hbl e vlanadl um co]t? npounds. Vapadi ¢ 9
Acetyl acetondte ff 8y hit be used to polymerize,al Isaat Loe pAng- anstin fontaining

..corrpounds can betou&edﬂhcm atipisepeninel ddd eX afueheds. eﬂlhaeﬁa; @h:yp;tnene;ddnmedxe, 1-
Jusing the base gﬁ?&r ed bﬂethe ng Fel 1-JEEhQd O%ué[ csa Iy sq__r;t |agn CQnt a| Pga '
St

.c?nrom um or- vanadi um (‘,o héreon can
oOhe moho- | -'ol ef |anp1:mbelznwngm2 nrodgcmsr ts@hylaer@rrsxomepolrmleeeumd ethwws of
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'-cat al ysts are .0 particular applicability In producing ébene

~Horopol yrer ¢ an&°c§)ﬁﬁf‘§ﬂfb?§°‘?§f P&t H?’r%ﬁ“\’éeaﬂ’(fho?fepﬁ?ﬂﬂﬁﬂé- (,10 rkPeBt RSl
fkom 1-ol ef i ns Genémni ninag Botfend.0 Bhesd b@lya.teegrscaerbér%m&ea SHE NsARtion
oy opyl ene, 1-butene e,ntene oct Thesepgﬂgxrrers can

b prodyced, by ?oﬁme%ﬁ Py nﬁ?"‘i")z"gt |P8ﬁym%’ilﬁf’g§fmpola§} B8 RUASE Fagation
-phase’ pocl yNEer | zasing cosienticuxly eqtiipanat ieqedntaen tani iprooss st et actdng ssfeshe

pntaoti ng of { Wen SRR ncRbnlNAIY $ulich DA CALBLYSECEA BF AR HRGHET Bhn

QG
‘ajty. mahner known I'd catar
c3nven| ent 8t hd@ the apt ofspekid ph@alyst. One . convement method is to suspénd the

'_-';: catalyst in an organic medium and to agltate the mlxture to maintain the
i ) . . . catalyst :.n_ suspension throughout the polymerization process.
o ' '_'.l’ypically, predominantly .. ethy]..ene copoly'mers are prepared using 0.5-20
. ﬁeight I;ercent comonomer as - deséribed' above in the"'feed,' preferably
20 'suffu:lent ‘comonomer to g1ve 97 to 99.6 we:.ght percent polymer:.zed
~ ethylene un:.ts in the result:.ng copolymer. .
‘ . When the novel method of making a phosphate of this 1nvent10n'
; is used to make a phosphate for a catalyst base for a’ chromivm or
vanadium olefln polymerization catalyst, the resulting catalyst can be
25 used in conjunction with a cocatalyst if desired. Suitable cocatalysts

include organometal compounds primarily aluminum and boron alkyls. The

; ’ - most preferred boromn compounds are t_:rihydrocarbylboron | compounds, .
B 17 part_.:flcularly trialkylboron compounds, such as tri-n-butylborane,
g o - . t_ripropylborane,- and triethylborane (TEB). Suitable aluminum alkyls
‘ ) 30 include’ R3A1, RZAIX,- 'and‘RAle where R is a 1 to 12 carbon atom

hydrocarbyl - radical and X is a halogen preferably chlorine.

_Txiethjrlaluminmn and diethylaluminum chloride are particularly suitable.
Bereinafter Examples I to Irrelate to_embodiment 1 and Examples IV and V
__ toembodiment 2. Example I -

‘A number. of samples of aluminum phosphate were made in _
accordance with this invention and used as a base for a chrom:.um catalyst
by the follow:.ng general techniques. The desired quantity of an aluminum
salt such as Al(N03)3 91,0, e.g., about 1 1b. (454 g), was heated to

‘asbout 80°C to form a melt. The desired quantity of an ammonium

™~

phosphate, e.g. NH4H2P04, was d1ssol\red in the melt to proV1de the




','ca alyst in an organic médi;um and to agitate the nixture to maintai n t he
eatlal yst  in suspension throughout the- polymerization® process .
\-Typically, predom nantly ethytene cop¢Bynmers are prepared usi‘ng 0. 5- 20

N i ght percent conononer as descri bed above in the feed, preferably-20 .
suffici g, c0upn t i to hi, percent poi Brized ethyl eug
units in th g resutlnlg)/cff%oeegz'd W? Jtnha o&lé {87 Hsd & |nga
phosphatiropiun(FLE5) Mﬂﬁénw oAF chrsmu@édd b niticete w;lsos@dral 60f bhe aregat-al ysu
base fohi:@ubdtQNhLVIQE MDA Hgiéﬂtef:éﬂ:eaeléﬁ%ﬁi&@“%&@t&kyﬁﬁgh{ e e

resul ti n cat-al yst can be 25 wsed Tn-conjunction wt cocat al i-f
be &y im

desi r edtte &5¥¢ skesb sesplnts | PRifigdensy g&ﬁﬁﬁ'ﬁt‘aFeééﬂhQﬁnd% i fBrily

al urs nuweightl faicent | @as Tmeaoampr&tee{nép@ riQERFe GONREUNE iAE Gt _
trihydrogar byI b nds :Tgﬁcul arly trjalkylboro ounds o

n.co
. such  a&YPfi? %B?yf%‘ﬂ‘ yFoUHAARS '“a’ﬁ‘(‘}“F?l"é"'tshWB’o?daggU@TEB)
Sui t abl mﬁhcﬂamuueﬂddiyba \Bﬁ;erl ImdevR&AbstaE&AhNy anl dAltKe adbreneurR is a 1

to 12 car drocarb i,s__a han en eferably
- chl ori ne. %‘I g%yﬁ?f Tk fah anﬁ 8 qi yIP5P df SRR PR sg BaFtrtularly
sui t abl &sopkreydi pAtelal Branphers vhlaillel watet-auecibieenb@zhmemq\hdamd Exanpl es®
|V nd ¥ dp® dVIREE o azeot ! A
s?) agénrgﬁ o% azeotro%?_l dri d Ex’ﬁ{gjkgsdlt%ng product was further

nunber . es o al um num osp ate were nade>in accordance with this
i nvent i riedntP dseruad everpgadiantiyated dni yrflyvadinedsbedyin Awy fadr| &4 ng

general abgae hepasat the é%é’i:hfféh Gél?'ﬁrlah‘{ré)f an alum num salt such as
Al (N03) 3. 9H20, was heated to about Sogerr] Cto

forma nelt. Tgég‘?fé‘gﬂ?éyqu&hﬁ ?‘é“ofc"é‘rtra%‘rﬁﬁnlt@}ﬁ] hOQat
NH4H2 Pom dné suieved(}r )%hm kén tba pfauedewi&wm40}a&e%&aﬁata Cp;{of P/ AI

'nee$d of gul'f "N |7yt Po ile gel &”yhe gel dried in the presence of the
_by—product NH4N0 Wh:l.le this is essentially a non-aqueous system, there

is a small amount of water present such that a sheet of pH indicator

_ paper can be pressed into. ihe gel and a pH reading obtained. The dry

- product can then be caut:.ously calcined to obtain the final catalyst.
20 This procedure must be done carefully to avoid potent1a1 explos:.ons or

other undes:.red react:.ons.

Example II - Ethylene Polyrnerlzat:.on

_ "~ Each i:un was conducted in a _clean, dry, air-free, stirred,
stainless steel reactor of about a 21 capacity. About 600 g of
25 isobutane was used in each run as diluent with a catalyst chargé ranging'
from about 0.03 to about 0.8 g. The reactor and its contents were heated
to the desired operating temperature, ethylene was pressured in to give
-about 565 psia (3.9 MPa), and the run was started immediately as the
catalysts, unlike the corresponding chromium oxide-silica catalysts, do
30- not have an induction period. Ethyléne_pressnre was maintained during
the run by suﬁplying additional ethylene as required from a reservoir.
. Each rumn wos terminated by stopping the ethylene flow and
" . venting the'ga-seous reactor contents to a flare line for disposal. The
polymer was recovered, dried and weighed to determine catalyst
35 productivity which is expressed in terms of grams polyethylene per gram
catalyst. When used as a reaétor additive (add.) triethylborane (Ti-lB)
* was ddded to ‘the ‘reactor as 1 weight percent solution in n-heptare
Hydrogen, when used, was admitted to the reactor to prov1de 50 psi (0.34

RN MPa) parnal pressure of the total 565 psia reactor pressure.



chromum(lll) acet ate or chromum(lll) nitrate s added to the nelt - @
-.-mxture to provis de; about 1 weight percent chrom based on the wei ght of
#ihe dr)/' fini shed cat al yst.. Suf ficient concentrated NH, OH, e. g., 30 5°

Iy ght"::per cent NH3, was e th XL T neytralize i iyiLpg -
-g: pH of about 6 to 7. Th@g)ér% H]anlg ﬁ%’leégwaéngg RhedPw ¥t éuflfxl 5?%9 mhe

dei oni zed wat er FBbyegneRte egamlmmvlm gvmu. vére [determimail uin pctemiegce with the

s 4y-product and t Be1 s dshl QUWE lhrbBediiled Was washed with isopropyl al cohol
-.dr\ox/her 'volatile water-m sci bl e organic¢ I|qU|d to 10 displace the water

@ azeotrope dried. The Med&inderMdp oduct was fur AREY Ddﬁ?@ddﬂr BoRA&{onE -
coven ?ndd actpvated.in aAlmhwwaaeﬁulaeﬂhdeg d{mlml raémnqtz@yieﬁ hedHas c8dn Fhe
:sfpem ied temperature. terpativ the nelt con i

A (NB) 3. 9H20, the NH4 2 Deps ity %ﬁ‘eyc:r(Noe 9H20 cé%ﬂ'bg ﬁ%éa%'d with NH 4H .
tao obtain a-pH 15 of abdke BLNIYMI taticonm thmgy_el t_anghwiehengedxd:d:ra:ed; igf the .
pil’ esence of the g&ﬁ{ gd&{&eﬁ!ﬁéwe;gﬁl dzs\é\@lbuet:lgglosr Isﬁegxssreerslgtlu?‘lel Y £ the rsatlo

On- aqueous syst on-aqueo

s a snal | anpundnefeages or thy esdeculac wedght distoidutdén pik nbhq:atknugpapeo
an be pr essqd i Rherabe, 0el and a pHreading obtained. The dry product can
hen be cautiously calcined'to obtain the final catalyst. 20 This

- gcedure. nust be” done cdher Brtgraggneitsn dindsx e HT lisc khpughtofse Brovddpes more

pdesired react. ea&raExazraglresédtauﬁi i goBmRe| HoTRicLT A kv@i‘glﬁﬁﬁf’sﬁﬂiﬂum HI is
JI’ldUCt ed in a cl ean, air-free, stl rred, 5’}5‘?' nl ess st eel ?%%Jgr of

hdut a 2 L capaéFf‘V‘mn Jremethe yeis t23"erﬁg§o AHBbGH 2VEERSE i‘“ﬂ AT YRR

0. -cs ":*:-‘c’j' " -"“- ':;s

~a% ‘diluent with &ah&tsably&tmehafm sﬁtgleﬂglesrlem ctironbt dpx@phy @ndhiduefindd (s the

ab

Theé reactor d it t 3,eeh 8 “heat ed t t he _desire

~thnperat ure, qgt hy ene%\%ag é:sgﬂ?’éa eltﬁ' t%“"b VeV HE & m%@ggfa""(‘%héswpé the
“ahd. the run was setid edlcrm,attéley m@detdiarc aedklyst distmibikiont hie thought to

. Cprrespondi ng- chypem 4 oxi de-silica catal ysts, .do 30 not have an | nductlon
‘period. Et hyI ene pressure was mai nt ai ned during
E "Ethylene polymer:.zat:.on was carrled out with samples of the

"3 o catalysts activated at d:.fferent temperatures and the results are
i 20" summar:.zed in Tsble I-

{
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.t he

. . n
'... Xt epct or
. O

wei ght perc

t he

this an sub

t he

ed and weighed to determ ne catalyst .35 ,
=kpressed in terns of grains polyethyl ene per gram cat al yst.
react or add}xblve (add.) triethyl borane (TEB) was added to the reactor as 1

psia r eacts& MOr esSukre.

(I

uppl yi ng addi tional et hyl ene as required -froma reservoir. Each '
nat£d Ry stoppishg.the ethylgne. flow apd ,){ent.l.qg thg gas€ous
ent& Lo flar e:’J iRef or di sgosal. TheIpdtynmerfBwas Hr ecover ed,
productivity which is-
When used as a’

run
vvast [,

@M

3

bk sol uti on -n n-heptane~ Hydrogen,ﬁvvhen used, . was admtte%tgé
pr Qi de 5 psi :(0.34 MBa) 5
2 The:&iphysi c#

reactoy, parti al™ pressure of t he total

L 4
Sproper thed Bf - .

edch pdl yner, in

equent’ %arrphes-v vdaem gi veh,~wet e defermimed in accordance with .
foll owi hg® ASTM t est pPocedures. Mst t i ndex (M) . ASTM D :
1238- 65T, Condition E. 5 Hi gh | oad mel t -i ndex (HLM) ASTM D .

. 1238- 65T, Condition F. Den5|ty,
HLM./ M

gl cc ASTM D 1505-68. The
rfdl i g dhaught $ogiyean ipdigatd on Qf Lhegpol yger mal ecul ar

wei ght . di&gliDu¥E Bn¥r siRkar rﬁsﬁbnse‘a Bs ? he ratto ¥Yncre®ses, °t he

mol ecul af*
het erogeneity index (H)

i ncrease. The
is thought to provide a nore accurate g
is determ ned

ight di stribution is also thought to 10

reprgsentation of polyner nolecul ar wei ght distribution. Hi
fronﬂthe ﬁut wpgerage afdeonurbey avesr age o0l ecyl ar wei ghed val ges obt ai ned
frorgsi zek uﬁSnmhroﬁtﬁgrﬁpﬁy an@iS defindd ¥ Bhe 18 rafio of -
wei gt aver ge {0 ndhber average, mol eCul Br “hei ghts Bs th8 ratfo
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catal'ysts activated. at .different terrperatures and the results are 20
‘summarized in Table | [err] [err] [ (1) queous precipitation and

_ azeotrope dryi ng, i.e., a conventional dilute ss. (2). Aqueous :
‘precigi t.ati on and oven‘dryi.ng, also a conventional *

«dilute mass. 5 (J()&)qdelyds wgehlzharanreoh kndrmzeet topeudritingn et era ecdedtienalash
1ol | owed by azeot rogidryiflg. This denonstrates the effect of a _

« Gphcentrated mass at the critical tine, i.e., when the reactants are

«COrbi ned and shol® é%seqlmﬁslmeit@%nnéfovm@wmx abeg ggceryentimal( 4)
oHydrogeI formed-fromrRkipnddt then water added to wash foll owed 10 by
cbven drying, j:e al so a_concentr.ated_mass during gel]lation n this run,
*3650 (1 25 moh &) CBr FSdroReR S raRb Erama<3t B5E ¢ BB AL A eheov e fo bR
,Sufficient nonobasi by am#&mwamg aegbﬂsa:rhh@s Phélesratt @f0f c@m?am.S@ﬂi&’

*water (125 nL) was in the he mel.t .was ed i ntq concent.r.at
;;ammoni o hydrzax' o, »a’ SF e, $xs@itad Maduse e un i PR SHpEEAE SHCTHRed ond

"al cohol renoved in shosacsubseament adlition b€ yrtedusdt beiyg ikerabil.out st andi ng

_'JnthIS run, oth \, u ot ,| | ar
"o this except Wﬁt{)h%;tﬁ}%ﬁgf‘ f%r&’?& g? g!ﬂ %%% tg E. nv]latr%%—n asaﬂéﬁ eri&rPS cf%' ﬁ‘
'¢a1 um num ni t &t e gablé oZe2(ygngud - pol ¢phey a concentrated mass during gellatlon.

o In this run, 469°g €1.25 mole) of AL(NO _) .9H.0 and 3.98 g boric’

i? : acid were used with sufficient monobasic ammozm.mn phosphate to
_._j ) give the P/Al ratio of 0.8. Some water (125 mL) ..was in the melt
‘ '- _ and the melt was dripped into coﬁcentfaté_d ammonium hydroxide.
: 15 (5) Like %) except ﬁashad in a-l-cohol and the .alcahol removed in a -
§ . vacuum oven. Wh11e the product1V1ty is not outstanding in this
i run, other runs gave better overall results. One other run
similar to tlus except without bor1c acid and using ‘aluminum
3 : _ ' sulfate instead of alum:.nu.m nitrate gave 3,200 grams pdlymer
: . 20 ' pexr gram of catalyst in 25 minutes.
4 o (6) "H" indicates HLMI. _ ' . )
4 . Runs 9-16_ show a general advantage to the use of the melt technique in -
: produqtivi.ty and/or melt index. ' - |
B | - Examgle 111
3 - 25 3 A series of alum:.num phosphate gels was prepared by employ:.ng
‘ o ‘the melt’ technique and several variations thereof as shown below in which
1 " a melt was formed from 24 g (0.25 mole) of Al(NO3)3;9H20, 23 g (0.2 mole)
:f'_§~ of NH,H,PO, , and 2..4 g (0.006"m01é?', of CR(NOB)S’QHZO by application of
3 ' gentle heat to give a volume of about: 100 mL at a temperature of about
4 . " -30 80°C._'_The'ca1culated P/Al atomic ratio is about 0.8:1. 'To the melt was
a | added with vigorous stirrming, 46 mL.(O'.'IZ mole-NHa) of cont.:entratéd.N}-i"OH
(30 weight percent NH ). The reaction mass at a pH of about 6 to 7 set to
B "~ a hard gel, wh:u:h was thoroughly washed with hot, deionized water and the
" washed product divided in two approximately equal portions.
3 | 35 Portion 1 (catalyst 1 base or support) was dned overnight
3. ' . (about 15 hours) in a vacuum oven at 80°cC.

- ' Portion 2 (catalyst. 2 base) was dried of water by azeotrope

dxstlllauon with isoamyl alcohol. Thg alcohol was .removed by heating at
60°C in a-vacuum oven. ' '
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+ n gt e S e



20 per gram of cat alyst in 25 mnutes. (6)-"H',indi cat es- HLM
s 9-16 show a general advantage to the use of the nelt. techm que in,
oductivity and/or nelt index. Exampl¥&Il1 25 A Series of
. m num phosphate gel s was prepared by enpl oyi ng the melt techni que and
several .vari at | oailykereodbsavashprepaield o ithe Wahsbr 3so@lfor viasaiwntned from

94 g ( f.Al( 9H20 3
NH4H2P85Af%§an el}é gat %%GL fiep otfePCﬂ%\éég ?Lg:i-qjizﬂz})%/wé?)&q‘é%ﬁl bh %8¢ gent\LeJ
heat t anlgiwith savet L(ﬂreooer abbart) 209 tionlkit atasaaddadpébatiuing ofncabbiated0 .
80[err @ og.The calculated P/Al-atomc ratio is about 0.8:1. '"To the nelt
was added w th vigorous stirring, 46 nL (0.72 nole NH3) of concentrated
NHACH (30 wei gh@afr?é-wéérﬂ bppm)was FrrRparedcid she maogenusad forgratabvik 26 to 7
set t0 pashakde dgelthatwﬂl ﬁﬁomgghlevwmhecﬁk m&wwbptm@@éaoeé 280 wat er .*
and the _was roduct 4di Vi ded | roxi mately equal portions.

RN

Portlori"r'lW Farsis (340 gils of yratey &ag3ddgd ¥‘¥1|°§h‘i°“€aﬁb‘iﬁtei5 hours). '

in a vamyom oven at 80C. Portion 2 (cat al yst 2 base) was dried of water by
‘azeotrop€ distillatio th isoa ohol The al cohol_was r :
heating at 60[e#?ﬁaéyfﬂ %95‘6011%3 ”’C&P%\I“S?gf‘e%“ﬁﬁgé%/a‘?tﬂf ged in ¢
t haOmarbese eseptf ahatagelling acdlas-edeb(ezﬁapé alﬂatthenaizdmm;gmlhydx@xsaep the 100
mL of I S I r (1l nd t was
ndded FEMhHHefs d0EH URAG0 oF ptbd DabRiAth LighR iy UPLEG kyBCrbO gl .
pr epar ewsi ppouite3 emihert bde $tasecandithstsed basevaeke@mndt fitedi as thee gel i ng
stéep trt?atlﬂ&t”‘! ﬁsermlfhl\éas%ﬂhl tﬂa@dtﬁ@gﬁ%r% ‘@e&ﬂﬂ’?gﬁ&ulﬁw aBbut05 wat er )

and to it was ad nmL of concentra
] or above 1f gellat:.on 1s to be forced by combination w:l.th base unt:.l

)

15 gellation \occurs. Partial neutralization followed by aglng will give 3
good product, however. . _
. Catalyst 6 base was prepared by gelling 100 mL of the melt wit
46 mlL of .conc'entrated ammonium hydroxide aé describer_i‘" at the beginning of
this Example. The resulting gel was dried overnight in a vacuum oven at
20  80°C without removal of the salt by-ﬁrodﬁct. - . .
' Catalyst'7 i)asé was prepared in the manner used for catalyst 2
base except that in the gelling step the.l00 mL of melt was gelled with a
solution of 46 nl of NH,OH diluted to 100 mL. )
- A portion of each catalyst base was then activated at 500°C for
25 5 hours as before. The surface areas of the recovered, activated
catalysts were then determined by the B.E.T. nitrogen sorption method as .
known in the art. . ) . o ,
A. portiomn of each catalyst was tested in ethylene ¥
polymer:.zat:r.on at %6°C us1ng 4 ppm TEB as- adJuvant 1n each run.
‘30 - The surface area of each catalyst and its productivity in terms | .

of grams polymer per g cat‘aiyst per hour are given in Table II.



NH \O-l 4 Catalyst 5 base was prepared in the er used for cat al yst 2 (10 3%
base except t hat: gel I'i ng occurred before al t ammoni um hydr oxi de ' /
'sol utirdh"was. added because .of. sl ow addition ri ght up to the end. The pH was
about/3 to 4-at this stage and the gel was washed and dried-as for catalyst

2 base. This shows that the pH during gelling should be about 5 or above

|t gellation is to be- forced by combination with base until 15 -gellation
s0BCUrS. Partial neutralization followed by aging will give a good product,-
'hom - Catalyst 6 base was prepared by gelling 100 nL of the melt with 46
AL of concentrat ed ammoni um hydr oxi de as descri bed at the ‘beginning of this
Exarrpl ¢. The resulting gel was.dried overnight in a vacuum oven at 20
80[err]C wi t hout renoval of the salt by-product. Catal yst 7 base was

prepared in the manner used for catalyst 2 base except that in the gelling
-step thelO0 nmL of .nelt was geIIed with a solution of 46 nL of NH OH diluted
-0 100 nL. 4 A portfonPf gagh catalyst base ‘was then activated at :
-400[err]C for 25 |5 hogr& af befgr¢g The surface areas of the recovered
“gctivat'ed catal ysts were t:hen detﬁrm ned by the B.E.T. nitrogen sorption

-Aethod as known in lﬁe &rt.,, poftipn of - each cat-al yst was tested in
@l hyl ene poI yrrerr z iong aty 95[ gf r&Cqusi ng-4 ppm TEB as, adj uvant in each
“run. 30 ¥ Eheds@ fHcé afed of each catalyst and its productivity
g terms of g§ams §|o|§',‘yrr%r 'f.‘be‘ﬁg ,cafatfgst per hour are given-in Tabl e Il.
ierr] - | ) .
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1, 2, and 6 show an advant age for preparing .the.base in accordance.

the |nvent| on utilizing the melt technique as conpared with runs

inthe melt was diluted with water@o-give, in effect, .a - -

- enti onal aqueous system Run 1 of Exanple II' conpared vvlth run 5 of 5

Exanpl e Ring dus2evad bostevt be adttwdiipag o %eﬁfﬁngﬂﬁe BEEPAALLON 5 qupar ed
I'S

W th t heigenrwenth | u aratjon so as product|V| ty
concerneé As- can emgg%ﬁq %uP et%F oF ttﬁﬁ%‘e‘qHFg?ferc%a?lftﬁlceﬂélr EUNHAS |

obt ai ned fﬁflﬁeltF‘Fn@eiFoma éol‘m;eﬂt Matledwamas tolOgiEwéarralne elfyeA_ mejt of 1, \2'3'6 »

grams Olcorvenbded)a19 kgt dilsU gk r aTe NCB)S o0 . *
(aboyt ‘?‘ﬁ er,ce ta cﬁgom um%%gt%he ; na'}!r114 mg)l%aﬁd B redSW"é‘n*B“‘t/\ét‘e*r was .
made BPAE L shows gien &‘PFEr"—hHeiH’c"Pn’gaaeofmlthe te 1 £ Qrrepar WIBRGRAGOHES SYT UP

was 1, 200ticrthe conventional aquedud¥preBhsatlioga00, C 200. cnB first aliquot .
was put Onéy | bl ender. and vqery sl I“o a%mﬁng c%gr%ce%t PRt AN Am : )

hydrOX|§e was added.. This is 56 percent of the t heoreti cal 125 cnB needed

for conplete nemsraanI&tlseen, iheveigUiddcgRte Mlkn jnto a
beaker gfd iRed Pg e‘i’Ed to stand for 24 hours bu ?ip% ?cgeﬁ ¢ Aw%%cond 200
t

cn8_ al i quot . EERRS FRRCePRITSS PAsender as above and very slowmy 80,
cm ®f concentrat ed ammnl um hydr OXI de was added After blendtng t-ogether i

“the- I|quld is poured-into a beaker. o _
Examgle v _ . : -

o A melt of 1, 230 grams of Al(NO ) 9H 0 plus 302 grams of -
NH4 2P04 and 75 grams Cr(NO:;)3 9H 0 (about 5 percent chromium in the -

- final catalyst) plus 50 cm3 water was made. The f:mal volume after

g+

heatmg to melt to form a homogeneous syrup was'1, 200 cm3.
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fier : ' itr ) jello. Eighty 3e
fter 3 hours, it got- thick. _After 24 hours, it resenbled je

?{)ie IS+ 64 pergent of the theoretical anpbunt needed for conplete .
neutral bPzation. sA third 200 cnB8 aliquot -of the ba2 rrelt was put in a .

bl ende( and very sl owly ‘(over .2 .minutes) 85 cnB of concent rated ammoni um
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{ fieor eti cal amount. of Pﬁtl 1igpddt 89% hot, apy
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5 h i ot .thick.. It was Lnto
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g8l | ed i mredi at P g PREI M -ender . These runs dermnstrate that about 56

pdrcent neutrdlization ia timedl 200 I3t béeds gel 'b@LiPr)nelgf»}a% uat o 2 blender |

B n at ,about_72 percent | S4qt00 Nuc
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4 believed in t#wdrprider vas taded beThadesuTtingel Halia b4l wﬁfedsb@t‘!\&ﬁ?o a bdler.
\M‘hen about” tl/§3 tfi‘.’ t85e86Qeh0, Zgrcp% (.I\Ieinnt ;bout {&%131H‘.'egn§tg pH of about 2.

A - fourth 200 cm3 a11quot of the basic melt _was placed in a

‘added. - It gelled before it could be taken out of the “blender. " This
i% e represents .72 percent of the- theoret1ca1 amount of neutrallzlng aoent
20 requ1red for complete neutralization. .

_ L CoL A fifth 200 cm3 aliquot of the melt was placed in a blender
e ' : ‘w:Lth 50 cm3 of water and 90 cm3 of the ammonium hydrox1de was ‘slowly

'_ < | ) - -added. The solution got hot and was poured into a beaker. Nothing
T happened in 10 mlnutes It was put back in the blender, another 5 cn® of
25 ammonium hydroxide added and it got thick. It was poured into a beaker

A o o - and gelled during the ‘opération of pouring it into the beaker.

Oy

The 11qu1d from the first aliquot to which 70 cm3 of ammonium
Sl . - hydroxide were added and which had not gelled after 24 hours was put back

s _ o - percent neutral1zat1on is too 1little to effect gellation ‘after a
Lo reasonable aglng time and that about 72 percent is too much caus:.ng
'-':unmed:.ate gellation which would be, of course, ‘under ac:Ld conditions
wh1ch is believed in the prior art to be bad. These data further show

35  that when about two-thirds (60 to 70 percent) of the amount of base

B e

needed for gellation is used, :gelling will occur under acid conditions
after a waiting period. These results also show that there is an

- interrelationship between the amount of dilution and the amount of base
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: blender and very slowly 90 cm3 of concentrated ammonium’ hydrox:.de was

in a ‘blender and 10 cm3 add:.t:.onal ammonium hydrox:.de added whereupon it

.,u ) _ 30 gelled’ :unmed:Lat.ely in the blender. These runs demonstrate that about 56 .



needed for gellation is used, gelling will occur-.under acid condi t ] ons
) Q%k r a waiting period. These resul t%_ffgl so show that there is-an
“\i'™-efrel ati onshi p between the ampunt dilution and the amount ©of base i
Wsed with dilution tending to inhibit geld ation and additional base, of
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Vand nesdubdd | 26ghiRy & %édltgdldcl tion with stirring of two-thirds of the
anmoni um hydr oxi de needed for rgl ete neutralization. This nmade a

'solution with a pH of about 2 whi t aside to cool. - Wthin an hour

it was.hard. Altgeiehaig oabEess hgwﬁ«ambhwasaﬂﬁmcéﬁ%@apwe@faytmwbeaker as
a h rd b |ck Be next, day, the_brick s split into faour pieces which

wer 1Efosrikh ShERHE Shtvorshitds of the FBonswE Aydroxidgmesded dPEh ¢ hr ee
vol urresconf;ldruet n&ﬁx@ﬂ;zﬂ'ﬁi%npamhhg|n&ﬁ!ef£|sblﬁﬁaihtwiﬂht5) pA éwsbout Btwhaas then

dried i _a_yvacuu ven Lr].C he sanme,wa used as in
Al and THRer ﬁs”m a‘\/\aq%[t l?harneg"?f II Wit ﬁ‘a Get gﬁéer ﬁﬁﬁn‘)’é\&?éﬁe under a
vacuumhbeuzs, 115was knocked ouRf thédenker dasahlhpndt bwbrk . welBHeedevi tdayf-hree

vol umeseal vk WAl So15P iRk Choiafi dasnRidede AMERY] U Qisfiga Rgmake a

pH of to oven er vacuum I's was treateds
in Yhe ‘?f&ﬁéaﬁafﬂ%épwas A3 except it was washed three tines with acetone '

before the ovenatlh VirghedRith three volumbhloff BU wSEdR! £he %E&cﬁ%&'f‘é@led in
air 5 hours at 700[err]. Ethylene was polynerized under particle form 2

condi:t i AL iAAtY as'f‘ﬁ‘?’?'edn E’?%utﬁF’é§§1§4 ééla F’é&‘t"c"bP"%"f 3hR9GE- 2 L capacity
enpl oyi ng aboutAﬁQOme Qfame Sdtiérands A Ga flivsde nis n{mea&ﬂa tRER ’ﬂhé Bed wast al yst

char ge raﬂgé tgree times with acetone, and drled under a vacuum-oven.

15 .. A3: The third aliquot was washed with three volumes of hot
water to which had been added ammonium hydro:ude to make a pH of 8 to 9
and was oven dned under vacuum at 60°C.

Ab: Th:Ls was treated in the same manner as A3 except it was
washed three times w1th acetone before the oven drying.
.20 ' All four samples vere actlvated in'air 5 hours at 700°C.
Ethylene was polymerized under par_t:.cle form conditions im a '
stirred, stainless steel reactor of about 2 L c.apa-city employing about -
600 g of isobutane as diluent in each rum with a catalyst charge ranging
- from about 0.03 to about 1.2 E, and in the presence of 1 mL of a
25 .hydro'carbon solution of triethylborane (TEB) The reactor and its
,_contents were heated to the operat:.ng temperature of 205°F (96°C),

ethylene was -pressured in to g:.ve an ethylene pressure of about 550 psig

o

and the run was started and continied for the time set out. . Ethylene

pressﬁre was maintained'during. the run by supplying additional ethylene
30 as required from a reservoir. - - o - ‘ - *

Each run was term:mated by stoppmg ethylene flow and venting
" -the 'g'a'seous contents to a flare line for disposal. The polymer was

recovered,, dried and weighed to determine catalyst preductivity which is

expressed in terms of grams polyetnylene per gram catalyst for the time
35 period set out. '

The polymerlzatmn results were as fOllOWS’



f.rom.aboyt 0.03 to about- 1.2 g, and in the presence of 1 nL of a 25
hydr.qcar/b“on solution of triethylborane (TEB). TBbeyreactor and its contentsiy
-wer e -heated t-o the operating tenperature of 205[erf]F (96[err]C), ethylene
‘was pressured in to give an.ethylene pressure of about 550 psig and the run
was started and continued for the tinBoBbgierdzdtionFRdiyhene pressure was '

‘i ntai ned during’thg,\r by. s I addi tiongl. ethyl'ene 30 as_requi¢ed

_‘f.g‘ﬁ{g/a reservoir. Eat'?réri\%n vva%r‘ger-nﬁ‘rwlgg d by ﬁ-i—g.-é%?—ng- et hyfne 18 =

¥entihg -the. gaseous ontents tolzckl are |ine3bomindi sposal = The polyner

.Was recovered; dried g3 wei ghed 3 @goget érm ne Qatnq{xyst pr oggcti Vi ty%gni ch
I'yst for t

4$ expressed jn terns of granms polyefhyl ene per “gram cata tinme
35 period set out. THS pol ymeri zat%®8n results6@ere as foll ews: _ -
Pblymerization Resultsgerr] . 1 7,476LAINS. 1. 39 A met hgd of fofqing an

-akum ni umort hophosphahtée ‘hydrogel_ which conptises reacting an al uminium
-salt with a source of "Ort hophospﬂaﬂgqi ons in a2foncentrat ed=reacti on= mass
‘¢ontaining no nore.tha 40% by veo,gbd of addedgpater, basegdgon the i ght
of the aluminium5 - ,1y wy Saht., . _.neutraljsing the reaction mass
whth a base to preci Sll) gi[elﬁ rlldtézlﬁgqn%ex determined {)y ASTM_D%.23§-65T, Condition E
4 10 and High Load Melt Index (HLMI) by Condition F.

As can be seen, the catalyst pfoduced in accordan-ce with this

4 ki toermina

LA : 1nvention had ‘the ability to produce polymer with exceptional

productivity and good melt index. In’ addition, the rate of
polymerization held constant during the 'runs,.as evidenced by a cbnstant -
15 rotameter reading for rate of ethylene addition, thus giving better

4 L overall activity than in a conventional chrqmium/A1P04 preparation.
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oduct hydr ogel

alum niumsalt. 4.

A net hod accor di ng to claim1, wherein, after precipitation the

gram of al um ni um ort hophosphate. 5.

oclaiml, 2, 3 or 4, wherein the base is ammoni a or amoni um hydr oxi de.

R A nmet hod according to any one of clainms 1, 2.- 5, wherein the hydrogel

f or med

CGLAMMSH of at |east 6. 20 7.

one of clainms 1 - 6, wherein said concentrated nmass conprises said

al um ni
one of

umsalt in the nolten state. 8

i's

_ . ~ A nmethod according to any
bl ai ms | A- methachof clonming: an aluminium orthophosphatenhydragelsal t i s

is treated to renpve the water therefromthereby to forma
ogel . 10 3 A nethéﬁgaccording toclaim 1 orr 27 wherein
. ¥sajd mass contains no nore thdn 20% by wei ght of addéd water, based-on the
N A nethod according to claim:1, 2°or 3, wherein the
formed by said neutralisation occupies a volune of from3 to 6 ¢
A et hod accordin

6. 5

A nmet hod according to any

hydr at eghieh USbiig ke Hddttig $n aluminibl ™40 Wi idliicd Oof! ai M 8, uherein

neutralised at a

t he concentrate o, concenTRATERNBSS IS fornmed an
t enper aqrawhefpmimsspbawmmm mass contaifipg 8 MH€or di ng t o

claim

cont ai nprenipitadelthe gelal wat er beyond water of 10
met hod according to any one of clainms 1-6, wherein the concentrated nmas

than 3096 by welght i ddded vate¥) baséd 8k eHe WRightCsIihel dl6minidM% by wei ght of 3
added wa erB‘l%g eranrrafhe We'!ﬁgl;[ OLet' he aJ um ni um sgl t. 11,
Saccor di ’f?gt’t Mf% B the greagtion. mass ,With, 3. bate $Peq

conpri Séas said salt in the formof a concentrated

10

15
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2. A method according to claim 1, wherein, after precipitation
the product hydrogel is treated to remove the water therefrom thereb_y to
form a xerogel. ' '

_.3 A method according to claim 1 or 2, wherein said mass

contains no more than 20% by weight of added water, based on the
aluminium salt. ‘

4. A method according to claim 1, 2 or 3, wherein the hydrogel
formed by said neutralisation occupies a volume of from 3 to 6 cm™ per
gram of aluminium orthophosphate.

‘5. A method according o claim 1, 2, 3 or 4, wherein the base is

ammonia or ammonium hydroxide.

6. . A method according to.any one of claims 1, 2.~ 5, wherein the
hydrogel is formed at a pH of at least 6. -

7. A method according to any bng_ oiclair_ns 1 - 6, wherein said

concentrated mass comprises said aluminium salt in the molten state.

I
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A net hod
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_aqueous syrup. 13 . A met hod accordi ng to cl a| m 12 wherein said syrup
_.contains 15 | s 52 2@% by wei ght of based on the wei ght of the
alum nilum-salt. 14 - A nmet hod accor g to claim12 or 13, wherein the
“salt m\al um ni um sul fate. 15. . A method accoding to any one of clains.
2-10;" mhereln t he source of orthophosphate lons is orthophosphoric acid, or
S<npno-or di-basic:20 - ° ammbni um ort hophosphate. 16. . A net hod
~aé\'(;q(;£d| ng to cld&mil, wa mietboﬂmccardmgfm anyigne ofoclgiend I at Bdwherein the
€0 i sing an al t hophosphat e i ons;

cpartially neutramlﬁlndgg} gﬁ‘%ﬁ'?"?’“ﬁ*%é‘?‘ﬁh a base; and aging the
cpartiall y neutral'i sed nass thereby to precipitate an al uni ni um phosphate

~hydrogel . 179. A net mdna%e@rshcagdmg) 1ol aiaitn 186, vmé@éxﬁlihesab&ehﬁdiﬂge'

" occupi es a vol ume of ¥3 T%g dg\ g amo al uni ni um (9 hat e. - A
et hod accor di ng*a% 1% 15Mse £8d Sputralishd At Ferangr ﬂ“‘Sﬁ? ia or ammnl um
~hydroxide. 19. A nmethod according. to any one of cl ai m; 16- 18, wherein the

~base is §fsed i ngn anmourg  LQtHidY Sclo rgmlé%owaqm - 8 Aor ™, hQtle AR Ofl N tO

;.any-one clains 16-19, erelrn sal sS Conpri 4es the'alumniumsalt in
“fhe nolten st at €oncentratedrmanygontains it 3% hyoweight ofiadded water hasedsorpthe
“Wherein the al URjefghiBf3hé aluntinfunslsat.ed al um niumnitrate. 22. A net hod
“according to claim 21, wherein the concentrated mass is formed and -
'_ngutrallsed at a tenperature of. 80[err]C 5 [err]C 23. A nethod accor di ng -
to any one of clldi ns 16-R Methix: mccordingetes amy one raft cldimmd s 9owherieirs the 15 per

3 cent by vei ght  agdashtMRLE" mBas @nfdind h‘% W iFidhal n@vater beyond water of
‘ 10 hydration.

12, A method 'according to any one of claims 1-6, wherein the
“concentrated mass comprises said salt in the iorm of a concentrated
aqueous syrup.

13. A method accordmg to claim 12, wherein said syrup contains
15 5-2096 by weight of water, based on the weight of the alummmm salt.
18, A method according to claim 12 or 13, wherein the salt is
aluminjum sulfate. '

15. A method accoding to any one of claims 2-10, wherein the
source of orthophosphate ions is orthophosphoric acid, or mono-or di-basic
20 ammonium orthophosphate.

6. A method accordmg to claim l, whxch comprises forming a
concentrated mass comprising. an aluminium salt and a source of

' orthophosphate ions; partially neutralising the concentra_ted_ mass with a
base; and aging the partially neutralised mass thereby to precipitate an
aluminium phosphate hydrogel. '
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‘sal\. 24. A nethod accordi ng to any one of clainms 16-22, wherein the, .
&é centrated mass contains no added water beyond water of hydratlon 25. A
: hod according to any one of cl 7713 16- 19, wherein the concentrated nhss
gonfains said alum niumsalt in the formof a concentrated aqueous syrup.
. A nmethod according to claim 25, wherein said syrup contains 5-40% by
wei ght water based on the aluminiumsalt. 27. A nethod according to claim®
25 or 26, wherein said salt is alumniumsulfate. 28. A nethod according to
any ond? of Ageshed atgontingkreckiin ihe wbareinapaid hpdrogal icsedpimsss is aged

S M NULERimkOofl B-H QU Sper gra® of alumifidELPQRpRSSGALELNG 0 any one of clains
16- 28, wherein the base is used in an anount of 60-70% of that theoretically

required for conplete neutralisation. -5 - 30 A met hod accordi ng
~to anyl&nerﬁethbcala«soﬂ:ﬁnQQ:o Whﬂne[lﬁ drhe7 soetein ehigbasphiate ions is

nonoba g’n&n A met hod according to any one of .
cl ai m;g'%% g I'nc %,BJ%%,E qr t| onal step of renoving water fromthe
hydrogel to form a xerogel 32. A .met hod according to. claim 31,

wher ei po f hg nmedsmebomng&o an)\REEGE W4 ThsATEIIRI, WHARKIK A6l dasefl A4 | oved by
renoval of .the water B%/ washing with a water m scible organi ¢ sol vent, and

evapor 385§ 130 28YT et 8l¥e AP REAPY 4erogel. 330 - . An al uminium

ort hophosphate gel, when prepared by a nethod.clained in any one of’ t he

precedpgg Elnﬁe'tﬁgd r#:g%rd V\HF% any one @cf%ﬂr@ 6.4, Orﬁe@QP&'%ﬁE@%a%s gel

according to clal a xer
comprises the alumlnlum salt in the mo ten state.

21. A method according to any one of claims 16-20, wherein the aluminium

salt is hydrated- aluminium nitrate,

22. A method according to claim 21,Awherein the concentrated mass is

formed énd neutralised at a temperature of 80°C % 5°C,

23. A method accordihg to any one of claims 16-22, wherein the cdncentrated
mass contains 1-15 per cent by welght added water based on the alumlnlum
salt.

24, A method according to any one of claims 16-22, wherein the concentrated

mass contains no added water beyond water of hydration.

25, A method according_tb any one of claiﬁs-]6—19, wherein the concentrated
mass contains said aluminium salt in the form of a concentrated aquecus

syrup..

26. A method according to claim 25, wherein said syrup cdntains SQAOZ

by weight water based on the aluminium salt.

27. A method according ;o.claim-25 or 26, wherein said éélt is aluminium
sulfate. - |

28. A method according to any one'of'cléims.16—27; wherein the partially

neutralised mass is aged for 5 minutes to 10 hours,

—_—
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34. ., _A supported chromum or- \gnadi"um cont aj ni ng ol efin

pol.yter i satlon cat al'yst wherein the o t material conprises a xerogel
cl ai red in clai m 34, which has been activated by heating in an oxidising 20 -
at nosphese and into which the chrom.um or vanadi um conpound is incorporated
prlor to, activation-in an amount sufficient to provide from0.001 to lo%by
we| ght of vanadi um or -chroni im based on the wei ght of the support. 36.
‘Agatal yst according to claim35, wherein the support contains 29 an
ato ati o of phosphorus/alumniumin the range of 0.6:1to 0.9:1. 37.

‘& catal yst according to claim35 or 36, which is a chrom um cont ai ni ng
catal yst and wherein the chromumis introduced by treating the xerogel
under anhydrous conditions with a zeroval ent chrom um5 cont ai ni ng-
conmpound. 38. A pro BSS i ich c r| ses ;S ny e. or

mono-1- ol efin &P 2-8- carLBR™ ?ﬁsc“ h° EB¥p?® é?&dﬁfact?%gh?ﬁ?éggﬁ%fl n
“under pol yrer i sdaseis ssedlin anrenonnt lofa60:20%| 9fs thatctheodktinallyorequiredn 186, 36
-or 37. 39. rr@flé)& ﬁtr%ﬁ?aﬁ"x?i ng to claim 38, wherein the olefinis 10
et hyl ene, pr opyl en ut ene pent ene, |-hexene or |-octene. 40. A
process according to claim38, or 39, wherein the olefin consists of

‘ethyl ene, 5Or etisplene ang rﬁéthi:acace&tdxﬁg)wmymheta aanm d6-29 warekalh @Re

copol yrer contalnl ed et hyl ene units.

18 ar ol gt Eriieneed ek e e enR RN 02 wherein

the catalyst is used in conbination with an organonetallic cocat al yst 42.

A process accorgng to CAghLhdd ackBidify to bRF oﬁ@ciﬁt‘ﬁkﬂ‘r%t 16-30 3ncluding the

-trlalkylborane
addltxonal step of removmg water from the hydrogel to form a xerogel.

32. A method according to. claim 3I, wherein the hydrdgel is

10 washed'with ammonium hydroxide, followed by removal of the water by"
washmg with- a water miscible orgamc solvent, and evaporating the
solvent to form sald xerogel.

33. : An .aluminium orthophosphate gel, when prepared by a method
claimed in any one of the precedmg clazms. _

15 34. An aluminium orthophosphate gel accordmg to claim 33 which
is a xerogel. :

34, A supported chromium or vanadium-containing .olefi_n

polyrﬁerisation catalyst wherein the support material comprises a xerogel

claimed "i_n claim 34, which has been activated by heating in an oxidising
? | 20 . atmosphere and into whi_ch the chromium or vanadium compound is

incorporated prior to activation in an amount sufficient to provide from
0.001 to 10% by weight of vanadium or chromium, based on the weight of
the support. '

36. A catalyst according to claim 35, wherein the support contains

/
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an atom ratio of phosphorus/aluminium in the range of 0.6:1 to 0.9:1.

37. A catalyst according to claim 35 or 36, which is a chromium
containing catalyst and wherein the ch_rorriium is introduced by treating
the xerogel under anhydro'us éonditions with a zerovéler_\t chromium
containing compound. - '

38. A process which comprises polymerising one or more mono-1-
olefin of 2-8 carbon atoms which comprises contacting the olefin under
polymerisation conditions with a catalyst according to claim 35, 36 or 37.

39, A process according to claim 38, wherein the olefin is

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

40, _ A process accordin.g..to claim 38, or 39, wherein the olefin

consists of ethylene, or ethylene and sufficient comonomer to- provide an .

ethylene cbpolymer containing 97-99.6 weight per cent of polymerised
ethylene units. ' '

41. A process according to claims 38, 39 40, or 42, wherein the
catalyst is used in combination with an organometallic cocatalyst.

42, A process according to claim 41, wherein the cocaialyst is a

trialkylborane.
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