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4 CATALYST PREPARATI ON 1 a.

125 ml of dichlronethane were placed in a 3-neck 500 flask—equi-pped

with a nitrogen inlet for bl anket i ng-‘a:. gas outlet tube, magnetic stirri ng
nmeans, and a 100 m dropping funnel. Under a nitrogen cover, 9.70
gns [err] (0.097 m were 5 : added to the surred flask contarnrngthe@
di chl or onet hane sol vent Fromthe droppi ng . 5 - . funnel 17.5 gns -

triethyl phosp\hate (0.097 m) .dissolved in 75 m di chl or omet hane

ver s, avded over 2 per AR, NifRoIY Wﬁd&”éﬁfu lﬂﬂ‘iﬂ/

flask tqueUrk r eddi sh- br own e end pf one. hour of
stirring &l @ é)rAPPhcmPEH §%ﬁ3€éar é@’%ﬂd%@“s’cﬂ i on was (19) Pre
reddi sh- brown.. on was found to

1 Phcam 2 % ,
10 . ..I_ Eonvent q@ound on a support,

m crospheror d ded 16 /, y

m round: bottoﬁlf mt étQ s vvrthastlrrer andp ¢ id Sl
ni trogen bl ankﬁa SB{ ﬁrﬁg& beBE:. 1977 wer e w\w‘
flask contai ni ng shfa /bd 4y2 g was commenced in order N NEE=
insure a uniform yof tidedaiccdpidcde! - Then 90 granms of the dark
reddi sh-brown filteregiglar 2772802933&d4u34mow136m6903wt he fl ask:
contai ning the ‘gel and di ch46ors62re83r60 &5 635V35a155Y /578 683 652 679 . stirring for-
about 15 minutes, the stirrea3 6omI0Y To47851758175X A6Y 760BBXBY was al | owed to :
settle. At this tine, (3P WG40NIG4R JAGIRASGENBGHe13GVEd 13GBY owni sh col or and
the di chl oro- methane sol vetN213NX 48ROB4ASH) BAAALX D4XAIRS  ndi cat ed t hat. t he;
cat al yst - conpound (TR kaventors. LOWSJ@ﬁW%tR%SMrﬂWeFW§ al I'y adsorbed og
the gel. The supernatant |K4dZENwas - ~ removed by filtration and
the gel was dried in a ro ary_ey. o{;& r . ﬁg[o;,'l i AN - inches :
Hg vacuumi§ The dri ed and’ 32&% i"’ ﬂfg ‘ iy L%@ chromum

and O. 60%wt phosphorus L er . gr urs whi I'e

simul- . taneously passr ng dry-air throug the cat al yst ..

b. Chrom: dm di oxi de- wag1) f OWR{NATIONAL PETRO omnmsmmkpﬂ‘mhato@ounder .

25 - identi caltlon:wmtr,fsegggﬂuk mmm §1 E _§T :g :

CATALYST PREPARATI ONAmerica, . din
h

a 3-neck 500 m sfla mm 1tlstobeperforﬁed’l drk tﬁs‘cn Enandby 5

bl anketing, a gas outHeeduoinut)m, ::m-- stirring means and a 30: . 100

hocEgly commysifions, el prpduetign.anyhet inadded

h t
&hﬂ? oSy slaa ﬁéx%meiﬁﬁﬁg 5&9%&@ A

m dropping funnel. H‘]
30 . to the stfFEEd.T :

From t he droppigg fu"omyfomed fro Goly

di ssolved in 25 mM dicthe !bed)olymcrsystem tbet/ peodudf 2@
minutes. Wthin fives'lﬂ‘ﬁ g derlg agdf"’ mmP'?_’ of -
the dibutyl phosphl tﬁig tq; tr;@@ hdtestaty own.
Stirring 35, 15vva,s €L210; mﬁea’d glan 15
the sol ution was dar: I&he vse»erawmw %Bé._- eble gd¥as
found to weigh 353 gif “&‘sﬂ’chm;mas to :)"1 fgpaics dapn a
support, 42 grans of ciesy pQbi 4558 |case catalyst perf ﬂi&@m\{ﬁ dle’EeZn@uﬁﬁ/@n')

were placed in 29 200 @erms ofreﬁimnl:ybomtodmﬁtyamk stalily i odrensﬂvle life.

stirrer and provided wi I & Eﬂﬁ‘étd‘mT ,‘“‘% SFHF d| sh- |
40 br own frltra Ez&{ﬁ %‘ﬁ \AB'seppassyeEEt At oug hﬁgaﬁ?m o ‘ensure

t he absence of: un-. Through furthef &aeaicledre[f@ha }h)atsuarampdﬁlweﬁdom&ﬁmveﬁlnaﬁk ,
cont ai ni nit he 2ol yporod@htllm ﬁasuml‘ted gaalysy Ln'hlch are useful %Slerfp erizationfof gel 25

the catalyst _
had turned brownish & ﬁ g% ‘éﬂ;‘s‘ﬁﬁg Chlt o
col orl ess.g Thi's indi Q&ﬁ@ f’?ﬂ oy sGDRRDMA PS colfSRcfoSwitDGEY and
pr ef er en- L tiralhding eSOk pdl;m af 1-olEh$ aadi pepolyaitra ot interrglymers was
r emoved by fil t30at | Orqh ing a favorable blend of properties. The use of the organometallic and/or- 30
-organic’ non-metallic reducing agents with the air/heat treated catalyst gives latitude -
. in obtammg variety in: polymer property balance in addmon to promotmg catalync
activity. :
S . Inour U, S Patent 3,493 554 there is dlsclosecl the polymerlzauon of 1-olefins in - .
. 35 . the presence of a reducing agent and a bls (d.lorgano) chromate compound as a 35
_ catalyst. :
"~ . Other researchers have also mvestxgated certam other chromium compounds and
'phosphorous compounds and . their use in oleﬁn polymerization. For example U.S.




45 gel was dried in a rotary evaporator at 55[err] and 29 inches Hg
vacuum The dried 45 and catal yst coated gel containing 1.02% wt.
chromi um and 0. 60 wt. phesphorus was then treated at [err]. . for 6

“hours whil e si mul t aneousl y paSS| ng dry air through the - eatal yst.
ATALYST PREPARATI ON.3 50 In a manner of preparation simlar to
of Catal yst Preparation 2 but - 50 utilizing 3.66 _gns [err],
(&0366-m and 723 gm dibbutyl phosphite (0.0373 m ' a total :of
373 gns of dichl oronet hane as gqg(yﬂ@t a soI utlon of the di butyyphosphl te
- chrorr uml}ttug(}u, SIUUCL - TS —et-—Fh & as—usee-t 0 coat 195
oh " chr%k; ' Ofie 1mﬁwp‘l’eﬁgpfrom silica u?lfﬁraém ‘Iﬂﬁ‘b’ﬁnd 0.6%0wt. -
PhoSphor Usid thhAl, St EaRp chromium oyl B0the Bixhalest ) at e il €OV L Jpf A he
%Elysta .ﬁngchrgnﬁﬁen;nzigsl sal'gmdmdrmf 6 - ho;rs \tmh: | et
Ry ¥ lum oxide on p egom cata ys S
are utiligerty ’ﬁ ?’r""b‘f’d BPRSTRE gnder, aghydrous. con-
- Pol yneri-zat: lmm - Pade] S. d&%ﬂﬂﬁ%@}ﬂ;ﬂ&% | ous r’edu0| ng
agent's -.a chromium smdéaplaa:htrpus oxklabunpyﬂtalmmyﬂ; pMeand okt toh bor on 60 -

68e‘°atttour‘fc§ m@ﬁ:’&gﬁrﬁm%h _ d\rmp{%smlxea on #lfle support

passing

o at gee %behemd conpound and the
~desiréed | evehder afearchers @mmmmﬁhﬁsmm@a@mfse t he. anount of
redyci ng cyplic chromate esters — bue,ammlhIUShhtemsganophosphor yl
catQl yst vﬁé&% 24,101, 3,64-2 74 and 3,704,287, The last of this group discloses -
phofus chromate esters “of U.S, Patent 3,474 080 .on. pport and h
1,490, 14 ucing the catalyst prior to COntact w1th the oleﬁn by ting at The
nost effeeﬁmmeeat ﬂ:le}p&t&ce?ﬂ ekt @d Fitds ﬁ\ mﬁﬂ:ﬂﬂlﬁl ning the organo-

phe phory?mﬂi’_ﬂtdom um C_O"Eoun |n A, AMDUN:- such that the anount of C by
%ht : g : ﬁhtééqu? § ?‘ Yerand pr@Perably:is
gium aten %g .
and 3,652,216, anoun

suitable ‘as 3 I
from'O"Spt,@m?N %m-, 3 "he f or egoi ng:-
ranges sti’l ﬂhqprdedmaabﬁm%akgtﬂis&omihmomai@hgﬁ@a sblﬁixﬁ@muc -5 nonl y
- pr aredm%@ﬂlhﬂm&; chydmiyeh erogp ansphosphor us

said composition hay 1{@&“ W%L gm;"ﬁ‘@g?at | cul #ed on an

, eI enent akemp&h@i‘ttabbﬂswﬁm khdt fBw the tempemture at yst :are tyb' cally
1::0. 6. SuPPm 18 nnpalred: .and forp: ppmdpbnm: snfﬁcmg tb pemamuheTolymérisgtiooluci-ng, - agent to

t-heganmouf - of °°mP°sm°nf°”h°P° o en okl iiseacddmpound used as the
,‘;ca?gl yst ascg 'y uﬁaﬁm Rhereln org: u%mrf% mp"gd Put. sg
~gui del I ndgedoimiob fdﬁtﬂ& MNfolyiierisheiog X @ 1ydle(ﬂhd favorabl e 10
pol yner owaethsf Wﬂlaatéqaaahqswpﬁmen@kla in the use

e Of “ar-gan§one ----e” T polym d’ 5 Y1 Fedum g.agents
i th an a&ﬁﬁ&t ‘“mafaﬂﬁe BELU Tﬁfw s“pp° hrlggr;nﬂls}lm ¢onpodl %d
suf CI ent . ‘W@ b}veedeldatbamdle i%eﬁientiogedvmamtcmﬁiosmm nswnpmsett ihhe

; _ ligiseducingoggpits;, r at i 0s ar e -based

MWD E(m Weight. dls&tbuﬂtﬁ-shear response), Ufs Qdntikitien 'nﬂ'dﬂ' met

< reduci ngexwnd the %mghetqwnétw@mcmmsmt T!mstes@nhg pgentloey . 1

“oor ganophﬁ%% % At ed catalyst.in.a variety of Wagy, e@yanpl e, | based upon
© an 4§MDUN itk the Qb

tallig reducing
lic

_ J e T B crne e uly ™ e ont ai i ng
about ;L%dm;dﬂmogmcuiv tom lwaadndcpmamﬂhef ﬂecoghrt: e'gmt hﬁn@uﬂport he 20

preferreadi’ggﬁe‘h‘ﬂ C%S‘F‘%Wg?‘a ;9 nes. When upingiasc % cafxemgehse t’herewi-th,
e.g., t r&m P e volume, ¢ YPORY. B, :such as perog u’f W“Phaﬁﬂlf‘ I8 TI BAL), i s about
- 1156% by v aﬁmﬂwp&g vohim\ ghdoker @laP M9 cc/g, the POLYPOR fidpir® Of 9@0ut 3/1.
' The pr ef ewntedal iy chagerenzid by ¢hei major goftios ob faidApor¢ goludite. being fprayided / 1 t 0
: by .pores \having por diameters of 300600 A,.and by a surface area of 200500 -
m?/g. The . pore . volume. is determined by. the well known ‘nitrogen, adsorption= L
.. desorption, techmque described, for example, - Catalysis, Vol, - 11, pages -111—116; S
55 . Emmett; P. H,, Reinhold Pubhshmg Corp.; New York, N.Y.,. 1955 {Run to-a P/Po- 8§
o of0967whxchlsequ1valentw600.Apore dnameter),andelsewhere RO
...+ .. The -catalyst: compositions of this invention, when- used .in' known polymenzauon ’
proc&ses .(&:8.y. suspension,. solution and vapor-phase: processes can. produce--polymers
- .~ of .a variety of molecular weights and molecular weight  distributions: suitable for the - - :
60 . major- a.pphcauons of high and medium density polyethylene, especnally bIow moldmg ' 60 -
- and extrusion (e.g. sheeting, film) applications. - SR
.., There ‘followsa.. descnpuon of a preparatwe method for a camlyst composmon- .
- accordmg to the invention. For further information on the preparation of the com-
' pounds mvolved, reference. may be had to: the. above mentioned U.S. Patent 3 474 080

Y5 NPV



5/1, or from3.8%to 19% by weight TIRAL. A wi der practicable range of

Tl BAL in terms of the AI/Cr atomic ratiois from0.1/1 to 201,

and in ternms of wejght 25 from 0. 4%to 75% by weight

25 “Anot her exanpl e- of “‘an “of ganomet allic reduci ng agent for

use in conjunction with t he organophosphoryl chrom um corrpoundD
T

is triethylalumnium Again. based upon: an anount of

or ganophosphor,yl chrom um conpound cont ai ni ng about 1% by wei ght "

of Cr based up\)ﬁsthe wei ght of t he support1,496' pref erred anount of, 3
trrethylalumnr-u-m—-—i!— - - - —ve g g .

Al /Cr atonic ratio of crg) gmbodigpsut of this invention the, EheTYs e of
atom c rati i hl A w&*‘}fg‘ir*ﬁm? o S T I S

11% by werght of TEAste selidr Coox, ascmrﬁabinerhé sb@a il tﬂéEdkganbphosbhﬂhKEooﬁﬁoum -
Al / Cr 5 aedslml Overag pesiod £.8, #hoq;mnehq#,k m@(ﬁe thef<potndy enguep 5
wei ght from 0.22%t 0 é]i utmlzs irrlg?de disap u:-e the P d the soluuonctlge&ct:orllle;

Triethyl boron (TEB) &Ry, e et & B T T Rt SRyl e the
35 pr opartalysosrﬂumi thnmaon,rmiiwﬁl . ibg meducr n@.g@htﬁquﬁ,Oég usprawng '

conj unction wi tlﬂ theTm'. e solution is added to a

swpatilde
hea mert gas stnpp
red si mﬁcant that the o
tingOdaBtidd/R bi pnor

t he support. The pr ef e:dodmmum tlmfsup]SEB The active witnalfY/ds giversigod/fongp a

B/ Cr 40 13t oni emvatrwg chromivgy, ejopide butythy W@Wm EeAgyen arrod'at oni c15
ratios of Bto O is wzuﬁgmd catalyst is then herQed {n a Ef} &%ﬂq-conafmngra%ﬂas m:l:,g to
19% TEB. A wi der pr asuth £l Qir,f RAlRAg in ihn MdTﬁ'oﬂfuoﬁ of polymerization activitp/ Heéatifid O C
ratio, is from 0. 01/ i conducddd)at temperetuten wg°l'bfegm£r 400 tof20003F Q argiXspsferably y
to 38% by wei g Then;'%ﬂw’r?éi TyiTe el e LR eI R o p
t he supported organo- When ing. ﬂm%ﬁm r‘(] hp@, ari Ted.
In general, the cat afhy&i'orrloﬁonl"u!@bl@derlzmond&wty may be carned outchtye:@eramﬁf omdaer dry .

oxygen- coft ai ni ng gaéooa‘tF fﬂa k@t &lbdvﬂealfdemffmblmrdemperams in the range
preferably over*650[ ¥f = su ?&a QJen”Rrrﬁe:cHQéi RAGI-N 25
preferred hi gh- conjunction with brl Grgand & fe&u Egnﬁj‘eg above,

heating i ¥ the rangeu-mkylilu:mnmﬂ:A&iﬁlkmmc] Eiaikylmagnesmm, dmlkylalt:mmﬁ.ﬁ&ﬁ[oﬂdef ]iﬁ!kylf or up

to 6 hours is desi raﬁ!“@'mulﬂd\lkod qaer efirs. Whs 'fsﬁ’gwd‘g\lf e
above 400[err]F. andyf _ gﬁﬂ.ﬁ{ff% ggﬁﬁ - e
The dry air. or ot her - oxmgﬁen olléw; ,; defd Penti EExample,
dehuni di fi ed  mehswep of ‘the is¢oel rs e? tlmpblvmorm p Ypraged watabes oo -

I, determmed in acc 238; j

obtain, maxi rr}j:%pr od gf f&gﬁ and ﬂi d meitllgexté ?ET the she Fsin[sgigtaiwty%/ h.e35.
air used in thé P OC Erespbnse é’a ?’FigectedmthemMI/Mi -
dried to | ess than 3raﬁ¢3mmgdn&ﬂ$th‘efbﬁﬁde? tpidlahla istribution, the more sensitiv !

i ndi cat ed above, thelsc!i@twc @Siﬁ%tmselmmer %ER@MIM ltggmdal"%drtl’mestmlee in 4
con- 55 40 gk LWWO T o st 84 i r ‘Egﬁ‘ﬁgg%lture _
and pressure condi t"?lﬂeg:%ﬂ _ t)énactualvalgglof ash t:fcn Ena. n% .
t enperat ure of 100 Findicated O] BLMIPMI aumid

b fingid ytﬁeiqmnhﬁa[ t];FPrefa-ted
to 230[err]F: and p%ﬁ? C?}"“;F; ..l'féﬁeﬁmzp%hlghmmﬂreﬂgwébﬂlyﬂﬁrom
300 to 800 45 A BT e hrcxnagﬁg&rn
The ' organophosphory&omphmam bfnhshﬁvaﬁioh(lfbﬂ& £§ fo
60 t he igchpsing raldvdcomwﬁwsttsphsﬁyl mhnsslatenvemlr phosphay uumyl pkas-
enpirical l'y forned aa€edi i’ bate and  trim et n%%ﬁre“f?rh 5 tgat;gmr%%emqgm L
or ganophosphor g ConggEe p mﬁ, ﬁa %@mm materials 50
trioxide i,n anlnertma»o&fv& ospiveyl uzucﬁéhﬂid Qre =

characteristic: Chron‘i1 rmed WlthSWhPhOSPhwq d@m&d scibeny!pbosplanio plid disthelr us ¢
conpounds nay -accor df; Egs ,gﬁ;;%‘g ﬁ?’f é’ﬂde The B‘Sfmed copppunds fafe; by
r ef erence,rto thr S test refer Ia s are der| ved from corrpounds 65

©.wheré X is P—-(OR), or PH(OR), and the: R’s are selected mdependently from
: alkyl aralkyl aryl, cycloalkyl, and hydrogen, but at least oné R is other than hydrogen.
- . The alkyl derivatives and" pamcularly ‘the trialkyl phosphates are éspecially pre-
ferted Typxcal emmplcs of the prepamuon of the, catalyst sysuems follow S
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6 containing at |east one organic noiety directly bonded through
. carbon - +5
oxi dation state and at |east one val ency satisfied by-+oxygen
droxyl grouping. Such preferred conpounds may - be schenathaIIy
(E%presented by the fornul ae: '
. _ RMH]ORONHH o or @Jr]P
'[err;R E ' 55 ' [err]
[erL \L\bpr ein the R[bﬁ@dlﬂ_arp ‘<ol oct prl i ndemw rom*al kyl ,

ar al kyl, aryl cycl oaI k;thAnﬁislI' PREPARATIOWdro en but at | east ong R[err] S
ot her . than hyd?. bt dirhlgromeghs e glacey r“} t37"6‘i# MUH‘EPPC umatem al s

organoloﬁaﬁw ] q waifihy fh roméag soa&.t.meduet&y oppih® - . 5 - “The
fol | owi ngmmaﬁzﬁlm méﬂlyllsihosdtag ¢otoe7 ) cdissdived Jn. 25 ylétdicsiysmahameof the invention

“in 10 mad&d“ﬂ%@mm.m -o;-'mg‘teh‘gft‘tﬁ %% gﬂhﬁs such -as

addition of the triethyl p te
et hyl eneA “end of one hour of stirring all the CrOahaddtsa onztﬁ ion Exanpl e 1

Toia sti Hirﬁ dammw eipking|ViHe Gol adsm&gvagﬁ zusobustane eithyl ene to a
. pressur e of Il @derpte Bouad)omlsem _zwmm;r%mowhm e, 0.33 gm' -
- hydr ogen# -gel (Da“sm‘ 595 W“e ‘ina 2000,y ttomm 4 g@ orted catalyst of
. Cat al yst m"gt,rt@rm cuﬁa 25 BHait : mmmenced ifi ordd tb!M Ni UM suffl CI ent
"to1give aas&eém&:ﬂweﬁnﬁgmcmr ﬂmeﬂoﬂmsmfﬁbdﬁkiddldi*rmﬂlﬁdehe 15 :
stirred. aqkmlwewed«ﬂmme methaat lyEtOAIO0F At thi s ti me
Y P e al most

1
the t ot afErTng °"ab°“t % _
: di at ehé‘gﬁ}t?a ﬁ‘ iﬁ, Egaﬁa%%ﬁt Hag dowast he et hyl ene:

-de and sumalsttoxe;vsanénprtf : oft: thi\fgble Tho isepe@Pant ‘liquid waour 0Po.
pol ymeT | ﬁ Hmatior Wi 29F WP GAMER react or contents
20 AR SOPE! okl ol WHIL Gt OF ans of
pol yet hyl.@aﬁtsl i prddinid ryeh thecatalyst. |ndex of 0.21. and a high-load mett:
i'nd&x of _16b( [dhkdmide dio W(!SASW 1@38)mct with- triethy}) plicephate wdrDgenyi ng wer e
. r ecover edfeutsalcpnditops whem ¢ fost 58t of 0. 82: gms the | -t was
-390 gms pol yet hyl ene/: gnmq-m‘hgprpmmno}; 2" ...+ Pol ymeri zat i-on

Exarrpl e 2.° 250m10f f:chloromcthanewereplacedma?:-ne%SOOnﬂﬂask eqmpped w:th co

for/elanksting,ca gRorq@lct e . __fm‘F'Eso it hyl ene to a
pre¥sure 1§ 1ot Hs ol ¥ eﬂpi gm-

‘hydr ogenis} &mdibutylphospm&owm) ' i Z3TFRL dichloRRe eﬁatiaadyst of Catalyst
Prepar at ioedh.a pekiod -afn2 mmues, Wﬂiuoﬁwmmum of the beg@mdﬁa"ofcﬂlenddlttoe give a 3. 8 to 1l

- atogic r & peddphe B0~ 35 with the
abot{% cof i

e O T T Figiting! the fa bﬁ‘?s e total pressure was 30
435 Psi g. “Pok videdo Fikd e c'ﬁfd ﬁl:rmfpporu, mrgdtnabel’g!yparssmmtm by the ethylene

. coning. (Pmmomezgthﬂuén@rdalmﬁg £ 49091 ”@Wtbemnt EEFSWP gctor. - ‘After one
"_hour. of * (g stirrer and provided ith gﬁ’ ated4gy dropp| ng
” filter Yo°
the'd eact ks o e skoommémeMﬁ&ssir&deet«f&mm:system In al

"-'"9

439 gr ands afinyes| tyegehytmaemmm aad e dichlbnomiehang olvent was algibst 0. 036 and A h| gh

| oad el teolpreste T e ¢ MAByQ) .-;Pﬂgﬁ 6‘1‘%‘%_. podi py y

Ver g 1 ec e ' ﬁ%g‘%'&fg@t qyid Wi Emoved Py 1 :

gns p0| y amacatalyst coated 2 }ggﬂ%cﬂt EHg? "iim and' 060 Wt phosphorus was
lhm treated at 1650°F for 6 hours whlle s1multaneously passmg dry a1r through the C

' S : CATALYST PREPARATION 3 : _ .
- 50 . In a manner. of preparation | simildr to “of - Catalyst Preparauon 2 but .- 50 o
ut.dtzmg 3.66" gms CrO, (0.0366 'm) and" ‘dibutyl ‘phosphite’ (0.0373"'m) -
"in-a total of 373 gms of dlchlorome'thane a5 ‘sol a‘solition of the dibutyl phosphite -~ . - . W
chromium - trioxide compound was’ prepared:- This solution -was used to coat 195 gm . = L
. . * of Polypor silica gel with 0.97%, wt. chromiim and 0.6%, wt. phosphorus. This coated S
~ 55 Polypor silica gel after removal of: the drchloromethane was then treated at 1650°F . 55 - -
" - for 6 hours while passing dry air through the sample : L
.~ The foregoing catalysts are utilized in the polymmzauon of ethylene in the
, Polymerization Examples which follow; with- d=w1thout vanous reducing - agents
- such as tn-lsohutylalmmmum and triethylbero E o
- 60 . - The ‘amounts ‘of ‘organ sphoryl chromi _:_pounddeposxtédonthesupport. . 60
o may vary widely depending on the ‘nature: of compound and the desired levels of -
. chromium and phosphorus Likewise' the amodiit of reducmg agents used in conyunc-
tion with the orgauophosphoryl catalyst may vary. o




Pol yrmeri zation Exanple 3 To a stirred autoclave there were
added 0.9 kg of |sobutane ethylene to a 40 pressure of 130 psig to
give 10 mle %
sol vent, and 2. 08 gns supported

cat--a‘ _iCat al yst Pr epar ation 1. The
stirred auto- clave with the. above contents was heated to S :
200[err]F. At this time the total pressure.was 435 psig. : @
Fol | owi ng an i: ndust i on period of about 30 minutes poI ynerization began

as noted by t he, ft hyl ene comi ng from the 1,%&11/419“9 derrand supply Sytemtos

»
t he 45 I edet-o+— /—\ftC:’ ehre—hott yerzattonmtheTeact o was

term nated by. droppr effective “‘alys B‘h O (cen J:{%:
pressure | et<down sy &éf’ﬂf";ﬂm mmmﬁ%fgﬁ?}}n%ﬁ o

havi ng a rel.t. i ndex miouﬁs

140) before honbgenime aatio, @&Ma@m@hé e OrgdnyS 1o roge- 5
2.08 gns © tppun %Ey%%{ﬁ;@@“‘p& | :
Pol yneri zati on Exanpl &y proportioning the amount of reducmg agent to the aMdunt .of orgarno- - :
To a stirred autocl apsphbirlr diromkuintcomgeiad uldd 9s the candlyst, Saryuvidnletinde! i B to a

=

pressure of 1300p5| gbtttos ¢\E§1dﬂ06 b%n rmbltShPé gopsistent with) geed wsldso ble
hydrogen/kg . . ﬁ% non- ;"H% 9 le, &1&'&@3@ fgpar ed
as in Catalyst Prep poundsuﬂicrent to G40 abuk 1/SCP Y .

sufficient to g| Ve apetantbtersoset] forth helow areatepres Uvalllmammrmauos are based upon a
1,49, 141 - calculation of the metal in the organometallic reduping agent ‘and the ng non t@n 15
At

The stirred aut ocI avw % V5 the H’é‘ﬁ’f“é“d c?"&nﬁﬁﬁfe%tr'f']
this time the total QE@, ﬁnmﬁpbfymmpmpuoemchﬁgmoaﬁn

i medi ately as 2got edcdo etbettrlf bmovewmfr@ tiasedmptnhdle dwmomdh%u
systemto the- r#act o erred amount of an

Foact | on was ter m naf BB, éﬁfihmtﬁpw a2 é‘iv?ﬁfch %m:tn
the pressure |.et-dow, 1$yxsﬁms1/rtoab (,, by AEhOTHAL. Afwifed pracicibyd

melt index of 1.45: andteﬂnsrufglte Alg@iclateic tratiorisl ém ¢X1/7 %o goﬂwmx@gs ofpwgbre

A2

homo- -~ - 25 gé‘mﬂ VeEgibyer ed. - Ba ed on. the cat ge
0.46 gns the yield q%":fh:num?:‘;:n 7 mg’n o'?w | :
Pol ymer i z&ti on Exaﬂp t of phosphoryl chmmﬁ:mc@pﬂm;ammtanﬂngabbmn%ww_@t of
Pol ymeri zati on Exanp bﬁeCribabd nbepré@redamountOf riethyla ?'gm e rﬁoz
niu

pol 'y priic bre%r % mprtm b BY/
at a total pressure o,lsfl'om 01/1 tozom,sangm Zbega#%
i mredi atel y and af t eweighthour the_reactign was t§rm at

510 gns of  pol Yt hylwm.%ﬁg

gat al yst f rorh H al yéTEP)rE “&tﬁ“@(ﬂ‘m %‘t&ﬁ& n ﬁ‘h 1F |fat5',‘/’ %@

and ..
ol T bt or ¥
15 hom)genr Zi ng &;,t ah,?gag@h Q:l 60 s '
the yield 15: chromium codBRuriiiSdon: Ibylwa

Pol yneri zat i on Exanplte sgpport. ‘The preferred amount of‘il‘@. b(}llf
ran tomic

&_atl}t{gfe
were added 0.9-4g of %&zﬂﬁ %@gf@% A,mder muc;ﬁe"s Osine vt 130%0
psig to give 10 nol e éatfot G&Uﬂnﬁi /B and) b o6k &h&l@up@ﬁrmm’ _
20 cat al yst of Catis bytweiéheparatlon 3 and triethylboron sufficient to -

give, a 2.7'to L °°°“d‘“°ns°5?°6?ﬁ"&“%x‘§de§fn m&l P95

s e
" phos jum- alyst-1s 45
stirred aUt OC' ave W' ﬂhﬁ%%ﬂ/ @ﬁm igS gas at a temperature above 400°F and -

preferably over 650°F for a penod of 2 hours or more. Using the preferred £gh
o " pore volume silica gel support described above, heating in the range of from ‘1450°F, .

: ‘i to: 1650°F. for up to 6 hours is desirable. For other. supports a regimen of heating at
-~ 50. . above 400°F. and preferably 1000°F. for about 6 hours is_effective. . .. .50
PO o The. dry air 'or other oxygen-containing gas should preferably be dehumrdrﬁed L

S down to a few parts per. million. (ppm) of water to obtin, maximum productivity
- from the catalyst. Typically the air used in the processes described in: this apphcatnon
xsdneﬂtolessﬂmn?oppmorlessthaanpmofwater :
Coe 55 As. indicated : above, the catalysts of this invention are. smtable for use in coi- .55
- ’ vennonal polymerization processes under temperatire and . pressure conditions generally . -

- employed in the art, e.g. temperature of 100°F to 400°F. and preferably from 160°F
‘to.230°F., and. pressures of from 200 to 1000 psig and preferably from 300 to 800
*  psig, as are used in slurry polymerizations. o
60 The ‘organophosphoryl chromium® reaction . products which form the basis for - 0
the supported catalysts of this invention may be empirically formed as seen in the
above preparations from organophosphorus compounds in a reaction with chromium
. trioxide in an inert solvent, identifiable by the dissolution of the characteristic chromium .
. itrioxide, Suitable. organophosphorus ‘compounds may accordingly be :readily selected
65’ for efficacy by reference to this test. Preferred materials are derived from compounds - 65



heated to 200[err]F. At this tine the total pressure was 435 psig.

Pol yneri zati on began al nost i medi ately as noted by the

et hyl ene comng fromtheuethylene demand. supply—— system.a t he

reactor. After one hour of polynerization the reactron was terni nat ed

.25 -~ by dropping the reactor contents into the pressure |et-down system

@ atl, 648 grams 25 ‘of polyethylene having a nelt index of
S

s than 0.1 and a high |l oad nelt index of - 16. 7 before

honogeni zi ng wer e recovered Ba. d

;ﬁ)n t he catal yst Iarge of 0?4 gms
i . - . TR nmr‘ntlhnnr

Pol ymer i zm:mnmg B(Mpbne ofganic moxe&de_rectly bonded'ﬂumghstrbonmd:xm ocl ave t her e wer e
added. 0. the phesp _4‘% ldal'fem het 'I°ér‘|‘éﬂt"l§a ns@% and has at leastone . nreggure of 130

psig to ofEYT el °°§'§°“@‘?Fsm"syupported .

catal yst ‘of -Cam ,'t Preparatron 3 and suffrcrent tri-i sobutylalumnium to
~.give an- - - 7 CAY/Og-atom € ratlooﬁ 1.5..The stirred autoclave with

t he above contents was hedted: t0.200[err|F. At this tine the
_total pressure-was: 3901‘931Pg-01$fol 1 Bwi n@‘%l’ﬁ%ctron period 85 - of

about - 30 .nv nut es. poI ynmerggation. began ‘as 'not ed -by 't he et hyl ene*com ng from

t he 35 Ui e et yI ene denand suppl y systemto the reactor. After

" one hour qLeyﬁ;arArg Eﬂ v alkil. lkr-e i Lyer m nat ed by
- dr Oppi NY Hydreeeh,Bak lf@ast et %?’”ﬁ- r’%pﬂ%&a o
.system 'Imt"agﬁ&&regnamemtonamba}semuwmmMy mxgforganapiospharyldex: of 0 07 and a
'_ Jjory L index of. 10.5 before horro eni'zi ng re .
ngereqnﬂh% Pg FXRmpY gﬁ" °“se°f1 ‘;fg;;sys&eﬂ‘éf’b%‘ °"5'§ gms Yhe yield
was 1230 gns pon t:hyl ene/ cat our S The
é&of vari ous. organophosmqlom zatohrbmtdmlco ounds |n supported heat

t t'ed cat & Sjugaglaver dere ¢ "&ft-l‘tgfé‘r furt he
et s iyl Ly “Pﬁ‘%ﬁﬁéﬂ&ﬁ? SRR T St o

© . Tables | i Witcnon

supportedﬂcqltvaﬁﬂyls‘te:vath theveboverpditenty w4 r‘%{ ﬁorﬂﬂv e tP‘r‘r‘dr cat ed- perr od
bﬁ%s 5@&;@% A Beficial linear

velzo0I ty nEifhtioR Ghe regtdlon was ated by diSSfidaNEe o 20

. T, 490, 14dte tie’ pressm{‘ ‘Jet-down system. In-all, 319- gratis of i lyethylene having’a .melt 8

[err] indexof 0.21 afl a'high load melt index.of 16 (HLMI/MI=76) (ASTM D—1238) =~

LELL . bofore homogenlizing were, recovered: Based on the catalyst charge of 082 gms ‘the

- Y '}ldwas390 gms polyethylme/gm eat/hout R
._ o Polymenzanon Example 2 ' RS AEN 25 :

To i stu'red autoclgve ‘thete were added 0.9 kg of xsobutane, ethylene toa |
.. pressure of 130 psig to. give ‘10 mole* o/in the: liquid phase;:-0.33 gm hydrogen/kg - -
. solvent; 1.59-gms supported catalyst of - Catalyst Preparation 1, and " tri¢thylboran
" suifficient o Bive: a-3.8 to"1 atomic rdtio of boron to chromium. The stirred: autocave L
- “with. the’ aboye’ Contents. was heated’ to -200°F. At thrs time ‘the total pressure was -’ 30
. 435 psig. Polymerization’ began almost immediately as noted"by: the éthylene ‘comiing -~
- % from ‘the ethylené¢ démand- supply system/to the .reactor: After -one ‘hour"of - poly-
o merization. the reaction- was terminated by dropping: the ‘Teactor-contents -into: ‘the _
.- pressure let-down system.:In all 439 grams of polyethylene having-a. mel ndéx - .
- 35 ‘of 0.036 and :high load melt index of 10- (HLMI/MI=278) before homogenizing - - 35
o were recovered. Based on the catalyst charge of 159 gms the ytel'drwas 275 gms poly— T
B ;;;ethylene/gm cat/hout o EOEE :

Polymenzanon ]

. ' To g su‘ autoclave theré were added 0.9 : kg * of “isobutane;; t:thylene 0.2
‘40 . pressure of 130° pmg to give 10 mole %" in the liquid: phase, 0.33.gm*hydrogen/kg = ‘40

solvent, and 2.08 ‘sipported catalyst of Catalyst Prepardtion ‘1. The stirred auto- - -~ .~ «
'-chvemﬂ:'theabo;’:scontentsmhea’nd "200°F. At this time the:total pressure¢ was .~ -
435 psig. Following an induction period “of - abotit ‘30 miiiites : polymerization :began - -
. . as moted by the ethylene coming from the: éthyleric demand: supply ‘system to the .~ - .
45 reactor. - After’ oné-hour of polymerization ‘the  reaction ‘was” teriminated. by, droppmg L E45 e
" ‘the réactor contents into the pressure Jet-down' system. In all,~443 grams  of poly- T
. ethylenie having a melt index of 0.05 and a high load melt index of 7. 0 (HLMI/MI=
- 140) before homogenizing were recovered. ‘Based on the catalyst charge ef 2 08 gms
the yleld was 212 gms polyethylene/gm cat/hour B : . _

50 e Polymenzauon Example 4 - ' B g0
S ’I‘o a stirred ‘autoclave there were added 0.9 kg of 1sobumne, ethy]ene 0 a .
pmure of 130 psig to give 10 mole %, in the liquid phase; 1.0 gm- hydtogen/kg o
"solvent, 0.46 gms of the supported catalyst’ ‘prepared: as in: Catalyst Preparation 2,
and tn-lsobutylalumlmum sufficient to give a 1.4 to 1 atomic ratio-of ‘alurhiniim to




9 1,490, 141
9 It Is readily observabl e fromthe data shown in Table I th

at

are suitable ‘for use in this inventi on | ncI udi ng those pr oduced
by the reaction of CrJerr] with phosphorus conpounds havi ng

substituents which are alkyl or-aryl. 5 .In Tables Il to I X th
triethyl-, di butyl and {err] chreni um . conmpounds of the catalyst
conposi tiagns useg are obta| necl by the reacuggrf of GrJerr] with

triethyl phosp 2 vyaghga@gﬁoz °f.m |
i e

wetw@ttts EEE

as reducing agent AdGeakdoON |

hour of pol

Is al so seen fr@n t heonctas intd the prislre let-uownjs@stem In all, 298 grévast éietrmed:am /st

productivity is foun@elhi “dWJlﬂf s‘gﬂwjg M Glpefore homo-

concentration Furt hﬁ cag‘ df yf“‘lll w674

i ncreases ‘ t I’lCI’ e I Ng. CI‘ at omc rati os.

TABLE || - 0 ' I ' EPdlmtxzaoén Example§obLEt I al tulm nloléom

Concentrati.on ' 7l a manner sy m?'?@ t utlizing By Cr
' . of the catalyst from repara nd without the inium a

gm Catal yst/Hr) lymenzatlon of eth %e was carried’ t 220°F and at antﬁl%?m of 490

phosphoryl - i) Polyiiderizdgon began immediatelynd ther 1 hour the reaction was terminated

700 : - and 51D @ms of polyethylénethaving a melt index of 13 3nd an HLMT of 71 before

1030 ' : 15 homogenj recover %ased on the catalystzcherge of 0.60 gms the yield

342 ' - Loygs 850 gms polyethyleng/gin catalyst/hour. 5.35 96 -

0. 90 23.8 Di butyl phosphPulslerization Examplers: ormi um (2) -

1.35 ‘ o To a stirred autoclage] ghere were added 0.9 kg of isobutape, efffglene to7 9

2 70 ‘-' pressure of lg;) tatIl>sxg t; 'gg mole %, in thed:l?&d phase, 0.57 the suppo:

(1) Catalyst on P&Yﬁﬁgﬁt ‘ﬁolof:aoy“ e BRI

e

7
|

t
5.

10 g

15

-20

1110[err] K/ 6 hours Keated oy 3(10°E0°nttlmﬁmrtln qxassmtmls 351 pigC mﬂmmncgazo 6%

phosphorus. - "%:Id& tghs ien%@mimﬁ aro Wd@a@ wRplyy m)
air heat treateg at ;ﬁgm mj}%‘gﬁ “ﬁ% G, gmﬁ?

appr oxi rrat’el 'y 1% chr errribdwai: th@% melt lndex of Tess 03RO hfgh load melt mdex of
16.7 before homogenizing were recovered. Based on the catalyst c‘large of 0.57 gms

the yleld was 1137 gms polyethylene/gm cat/hour.
) i
T C S Polymenzatlon Example?
30 To a stirred autoclave there were added 0.9 kg of 1sobutane, ethylene
g pressure of 130 psig to give 10 mole %, in the liquid phase; and 0.53 gms sup] ed
catalyst of Catalyst Preparation 3 and sufficient tri-isCutylaluminium to give an
Al/Cr atomic ratio:of-1.5. The stirred autoclave with the' above:contents was heated
to 200°F. At this time the total pressire was 390 psig. Following an‘,mductlon ‘period
35 - of about 30 minutes polymenzatton began ‘as noted by the ethylene cothing from the
T ethylene demand supply- system to’ the reactor. After one hour of polymerization the
reaction was terminated by dropping the reactor contents into.the pressure let-down
system. In all, 652 grams of polyethylene having a melt index of 0.07 and a high
: load. melt mdex of : 10.5: ‘before -homogenizing were recovered. Based on. the catalyst °
- 40 charge of 0.53 gms the yield was 1230 gms polyethylene/gm ca’t/hour :
"~ The use -of various' organophosphoryl chromium compounds in supported heat

25

30

- Jz3s

treated catalyst systems -for ‘the polymerization of l-olefins is further illustrated in .

the data set forth in Table 1. In each of Tables I to IX the heat treatmient involves .

heating the supported camlyst at the indicated. temperature for the indicated pcaiod
-45 by pass’ing heated dry a1r therethrough at a- superﬁcnal lmear veloc1ty of 0.2 feet per
o second b .

45



Sol vent

10 nmpl e 04
LILA. "4} A>3 79

200F.

Tenperat ure
4 Ethyl ene

Pol yrmeri zation Conditions

15

15
1 sobutane

o) To)
< « (N
(9p] — © —_ [72]
O— 83 = . > 80
c”2S° B . O - £ ®o
w O _— O,0 (72108 : a h > = — n . P °
PRLEHR 8 Qe RSB
7 LN .
ﬂ%|. ISKW - - . £ .ETno
o — :...n_l.v : ;_._u .38 O > I%
= VX O. s '
@© O 4’ %) — N X>Cc.. -
- o - b o < PN
m .o h N .w... o |.. . .”H..m o ﬁoaasv 05 uo vu#_monov EEEoEo _Eoﬁmoﬁo:ams 2: uo '$1S18UO0D 15A1818) .GV .
—CT P -0 - T - PG .
@ W.t .w o ot M - m_”_ L9 = . "JusA[Ps. wu_\Ew c ._ 0} Ew mm c wo1j vo:a> :o:Eancog :uwo._g: * 5007 o._BEunES =o:nN:oEbom. (€9
. o © m. c. = y_ ) % E_ ) & D - . n“_ﬁ.v .& ) Eoum w:.ozvou E:E.Es_m;.._snoﬂ 1) se voE.:w _< R
ON @ S XC <L-N O X ST .; _. e
- O n.c e e a ...l,_.l . .e,.w.. = . S w L .Ew\«.Gmm Eopa gale ooc._.:_.m _:_c. Eu\uw m N Sonw ..> mLu;?_uw uo_:w uo _cn_ s om m. Amv
m w w .m....m. S m w . ....0 IR S ...S % t e : . euung?a S: m_ :o&:.m o& Boss :30:: ve:us saseo oy
-] & 1dsoxa .omaw, & uog: AM dwes waiwoggo ma oﬁmoﬁo_sws oﬁ us:oo 03 oyd cossr& JusuneaIL (L) 756 SW UosIAR( ! *o1s ased - (0)
= 9 | o 3 Lo " +H < S uosvo.a =o:ouo._ vougmov oE _.E& o7 OHO u_oE\.o_oE peI0Ey’ Qu
mu.q.u ..m RS ml ~ .:J . .:.. - . c— - — - - e e ——
>Q < - O . . S . - : o i z T
Z tlﬂ. Sy ob. . 0L0 L - gL . TST s o_\_n"_o%ﬁ_ 2: ST @ 32_. - 3%8&;&%
—cFL O U Tes R TR o
=5 % 25 6t © 0°€0T- 1o 3 ,ms.ﬁ.. COT/0LT - tSIU9/d00591 ....No r . Amv eou B:Emosn _336
o Ss=P _Ooun = S8 < 0. %« /9T tSIOJHoTIIT L 0T @ 2__ 9/d00001 32%2322&:
N A NO P> ST o oo . o . o - :
= .W.H [l 4 mm Sh1 - m %..3 .S..mad _ ..nmﬂ. 19 S 9/doTITT 88°0 : (D ﬁo.: .22%23 _boc_.s
— pogo ....m = SfSoNo T L - S . . B
2 Viu.u. - .w.h:. 5 w.,P.H. e r-T m 086 - B 7 sy TATIIT - O A.S * 834 9/400001 - ajeydsoyd [Ayier) -
g 4 = o T — T : . : . ;
o o c L . - - . N - — . . . B e Y N 1y-9 Abv u:ﬂgﬁuu.ﬁ . - Aﬁv vCSOQEOU
w 2 P, WANTH. : NS = /1e) ws ) juauneal], . aseq /1y-% :
d 6= ® o mm_.\m,_ .z% m EW_E& ws 1Y @ 1shimey. 7 _ 6 5 woddng wniwoyy
' - .% = ¢ w e . W,..e._m R = = £5Y3! s@;xzm o ”.._...:u_u. ._ .s . : - . _bo:amosnonsmé
ocn fxa R = We »w@ L _ _
—~ = % ) 5 m c =~ h.um_ w.:ﬂuan:oﬁzom se mvzsoaﬁou Ez.EoEO ;._onamosao:wmuo msoaa>
T © o0 T aco - .Mrln - R : :
=, O O = 0N o o T BHA._@®o < mm.._mﬂw : .
2555 Tal 2-2>s5 sz 8 s -
->c SN ..Pm.ﬁ.uo:. Cw_® ¢ R L
—_— e N > >SS, mw . . : S :
VO OTETuw —— E_o_o
— U = L4 OO o DN i U0.0rnr
n oE O @O - o E3 Eao._&_ o RN
NX o OO o.- O >T . R i
PQ. nD.r401TPP954CD...I.P_EH



A still further extension of this catalyst systemis the type of base which

may be

seen that_either

used as support for the catalyst. In Table IVit is readily
MyCOlerr] or Allerr]lerr] as well lerr] are

sui tabl e supperts for the catal yst. The'”eat treatnent was 10

conducted in [err]

phosphor yl
1, 490, 141

on the catalyst af t er .deposi-tion of the triethyl

chrom um 10 ' conpound on the indi cated support.

11 . _ Terr]
1,490,141

15

20

25

It is' xeadlly observable from the data shown in Table 1 that a variety of organo'.

phosphorus/chromium trioxide reaction products are:suitable for use in this invention,

including those produced by the reaction of CrO; with phosphorus compounds having

substituents which are alkyl or aryl.

-~ In Tables IT to IX “the triethyl-, dibutyl- and dtethylphoc,.....-,-/chromnum
compounds of the catalyst compositions used are obtained by the reaction of CrO,
with triethyl phosphate, dibutyl phosphite and diethyl phosphlte respecttvely

- Purther illustration of the usage of this new catalyst is seen in Table II' wherein

--polymerizations were conducted using triisobutylaluminium as reducing. agent, but
the -Al/Cr ratio was varied. In addition it is also seen from the data in Table II
that better catalyst productivity. is found at an intermediate m-tsobutylalummlmn
.concentration. Further the polymer ﬂowablhty as mdlcated by the H'LMI increases
-with increasing Al/Cr atomic ratios.

TABLE II -
Effect of Tri-isobutylaluminium Concentration

h . f’roductiv.ity (gm Polymen/ o o
Al/Cr - - gmCatalyst/Hr) _ -MI HLMI

" Triethyl phosphoryl

Chromium (1) . . _
o7 . - 10 "~ Low 4.8
133 L 1030 . Lpw. . 58
263 S s Lbw o 128,

sas o % T s _233/_

Dibutyl phosphoryl ’ v
Chromium (2) '

135 - 644" Couase 759

2100 . 1076 2.1 103

(1) Catalyst on POLYPOR silica gel (P.V. 2.3 cc/gm) air heat treated at
1110°F/6 hours. Catalyst contains approximately 1% chromlum and 0.6% -
phosphoms

(2) Catalyst on Polypor silica gel (P V. 2.5 cc/gm) air heat treated at './
1650°F/6hss. Catalyst contains approxnmately 1% chromium and 0.6% -
phosphorus. -

Polymerization Conditions .
Temperature - — 200°F.
Solvent .~ isobutane
Ethylene — 10 mole %,
Pressure (Total) — 420 psig .
H. Concemrauon 0,33 gm/kg solvent

10

15

20

As still further indication of the versaullty of this catalyst, Table ITI shows the

effect of increased polymerization temperature upon the MI of the polymer produced

- with the new catalyst system. In addition, it is-to be noted that the triethyl phosphoryl
chrommm compound has been prepared using excess triethyl phosphate, for example,

in a molar ratio of 2/1 of phosphate to CrO; without any deleterious effects.

25



12 1, 490, 141 12

Still further work show ng the broad scope of the air/heat treated
supported . ~catalyst is shown.in Table V where a variety of reducing
agents are used in conjunction. with the air/heat treated

h___supported cat al ysts. _ ~ TABLE V

.of Various Reducing. Agents with the ' ~ Triethyl

' sphoryl Chrom um Cat al yst . -. S
PoI y! Product i vi t . \"‘ N
(gt - bﬁ?"“l XQr (7). 10\ ¢ HLM
Catalyst/Hour) -~ = tri-i sobut yﬂ&ﬂmrmturm (1) 2.7 (2) - 0.20 . 26.5
400 triet hyI al um ni um (1) . (2) < 0. 18 .27 @:
400 di et hyl al uni- nkﬂimt@tlt?é}%lpuey %}rmmﬂsﬂb (2) - 096 77.5 *

150 tri et‘hyil-ber on! t(ef} of Polymerization emqu.ttﬁe (3) - 19. 9
280 boil iyl umi ni um + tt&ﬁt%@gwﬁww 2.8 (2)

'[Mjll -i sobutyl al um ni um

0. 32 ; Télapératute, °F. - Al"Cr@
. ctrnethylalumnlum+

(10/1 m) L1). 3 7.(4) _ .

- di buty rragne@pum 1/6 n) (36!) -'355 :'('4) 520 12 5004 . 2500

~diethy zinc 49) S (5)""- . 610
(1) Ms 952 supported £ri 8t hy phosphoryl chrom um (l% C?r Lair/ heat treat ed
11[err] 1OK1Y Catalyst is trietBPPhSsphory] chrofdn oﬁ'da@l‘sor(m 953/at X, 0%( 4) B + A| - AL+ M
- (5) Zn/ Cr ( 6)xhicgiualapd . Z%mhdsptg*uspgrl@at treated at 1110°F/6 hours. = - o

i FZS(§e|<2)a%aﬂ§%nwﬁsarwobuwmmmmm o« o

'triﬂted at 1650[err]F./h"

or on’; +
’%?0

hours ~  Polynerization Conditi. ons Lo
(7)) Xror Pcﬂymhaﬂmcmnmm of .Sol: vent | sobutane . . L
- metal "or: non- nti 0. Cr ‘1?61 %Et hylene == _1.65 g Herr]/Kg. -
sol v?nt 435 p %{t&h pr es E{%ﬂ % 200[ err] F Pol yrrerl zatl on Terrper at ure.
B, Concentrauon — 0.3% gm/kg solvent : _ .

A still further extension of this catalyst system is the type of base whtch may be-
used as suppory!for the catalyst. In Table IV it is readily seen that either MgCO, or
- . AlOy as well aﬂf SiO, are suitable supports for the catalyst. The heat treatment was .~ '
~ .10 - c¢oducted inai¥‘on the catalyst after. deposmon of the tnethyl phosphoryl chrommm 10
. d‘mpomd on the indicated support. - _ .-

~




5 The effect of TEB on silica gel supported organophosphoryl

chrom um catal ysts 5 is set forth in the data in Table VI.
13 1,490,141 13
TABLE VI . ' - Effect of Triethylboron
Productivity (g Pol yner/ BICr. (2) g Total Catalyst/Hour) . ’
M HLM HM/M - Triethyl phosphoryl chrom um (1) No D0
TEB O 1030 - - 0.1 11.0 110 - :
2.7 S~ . 1210 1 1 0.08 11.5 R
144 D et hyl Hhosohmvl ___chromi um (3) =49°1$1 wa — 11
. 418 . | ow (4) ,_0.."5_'_ QA)' oF o 54w LT
400 G low (4) = 5.5 _‘éj < o |- (1), Cal aI yst an’ I\/B 952 gel
(%w. O +0.6%w. P) and air- Hgat|<t r€at dd at 1470[ err]F. for 6
hours. Pol ynerization cor@liftign (A - (2) B/ Cr atome-Tatio. Boron
as triethyl boron. (3) Catal y&t{ on Pol ypor. :si'lica gel, air/heat treated.
at 1650[err]F/ 6 hours. P& ynerti zat i on ,ondl ti ons (B) (4) Powder
sanpl es. Pol ymeri zati on Condi tjgbrlg .. 1" hed 1 (A) (B) -
React or Tenperature : 210[err] FU o , . 200[err] F [err]
Pressure o « 10 p9ig. .. -~ None ~ Total Pressure
: 435 pSI g 3+ 1370 psig - o :
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o . h
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Sol vent | sobut ane | sobut ane

Et hyl ene. 145 psig. 145 psig.
--The effect.of.using-high.pore volume silica xerogel as-the support paterial
IS illustrated in Table VII. 1,490,141 - 14 14
_,[err] : : - 15 1, 490, 141 ;
' ' ‘ . The effect of TEB as a redum ng agent using the high
Gk’ vol une silica gel as catal yst support is also observed i-n Table VII.
ere pt is found that with 0”')4490141 sl Lght change |q2 e M of
t he . -UL.L.UI 31 1 tllc ucual t-y -~ {hen
TEB is us ' olyner pr oduced
Wi th ﬂ,%:?':u et %aﬁ" ﬁrﬁmg“ﬁaﬁ"&sémxfg °’§“$| ca gelimy be
controlled [err] TEB as " reducing agent. In addition; the
ef-fect” of the Ose—ef triethylboron on the.nolecul ar o wel ght

- distribution of the produced pdaapievis seen from Tabte VII The._'m)l ecul ar

- weight distribution (as rreasured by the HLM/M ratio) is increased from91
when . - usi n&s"cth ;‘fs ' ‘@ ¢ chroni um catal yst on POLYPOR

to 151 when tri et hyl - netyifhosphoggfhspminm Cata ided at 5. 4/1 B/COr ratio. ‘This

br oadeni ng of the nol ecul ar wei ght d| Pblgerr 10  Productivit bution . = -

contri Rut es gn| ficantly tg & Lﬂd—% sh@grPolymspense. )
A furt %‘1“°‘f‘¥ i ration of t & rsatMlllt thl_ Lagalysyiiow) pI aced on hi gh

SUN K sty el (D 27 @) 0.0 265 0
" triethylaluminium (1) 21 els 216 400
- \ dlethylalummmm ethoxxde (1) 5002 0";96 775 P 150
— L . i " : .
triethy Iboron (1) . 4003 ;011 . 199 280 .
 wiethylaluminium + - - o o R =
. triethylamino (_m/m) . 28( 0.32.. 702 . 55
: triethylboron + 5 ’ o ' ' .
m-rsobutylalummlum 10/1 m) ns3r@ - - 170 320 - .
triethylaluminium + | _ ' o _
dxbut\"rlmagnesrum h/G m) (6) - 3.5 64) .- 12 5 . . - -2500 .
diothy zinc 6 S 200 021 %6 610
. (1) MS 952 supported tnethyl”phosphoryl chromium (l% Cr) arr/heat treated 1110°F. /6
\J, ) hours : o _ _
' (2) Al/Cr 3) B./;C-r (499 B+Al - Al+ Mg (5) Zn/Cr (6) Catalyst on hrgh pore .
: ' T f—— O volume (2.5 ce/gm)
- Cr. Cr : _ silica gel and air/heat
' E E : treated at - 1650°F./h

. R hours
 Polymerization Conditions . : o .
. _ : (7) X/Cr is atomic ratio of
- Solvent — Isobutane : : ~ etal or non-metal to Cr
10 mote* % Ethylene ’ : ; ‘
1.65 g H,/Kg solvent, 435 psig total pressute -
. 200°F. Polymenzatlon Temperature.

s The effect of TEB on slhca gel supported organophosphoryl chrommm catalysm L 5 -
. rssetforthmthedata mTableVI o



area silica gel (POLYPOR) is its response to hydrogen which results in an

increase in the M of the polynmer produced with increased

hydr ogen pressure duri ng—t—he—-peJ—y-—-—LE—__nefi zation Thig effect s
illustrated in Table VIII. 15 _
TABLE VI | I Hydrogen Effect on. Organophosphoryl Chrom um .
Cat al yst on POLYPOR (1) Productivity @
(gms Pol yner/ ; v B/Cr ' H2 Pressure psig : - gm _
Cat al yst/ Hour) (2 oM 14%54 . Tri et hyl 13
Phosphoryl - ——Cheom-Hh — ey - —
1363 ' 54  0.12 18 2 TABLE VI - 20

992 e 5.4 0.21 2 - 50

1052 . 5. 4 . 0.43 °§‘°”"e‘hy“""ﬂ‘et hyl Phosphoryl

Chr om um . 0. Productlwty (g Polymer/ . 40—

5.4 l.ow - B/CIHZ)S _ .8 Total CataB@t/Hour) o Mi HLMI  HLMI/MI

510 - 5.4~ Hf— 50— 75

505 : . 50 - 21.2 . (1) Catal yst on POLYPOR
silica gel at- 1 0 P and then air/heat: treated 1650[err]/6
hours. Pol ymeri zat NeAEBondi tion (A). 1030 (2) B/ Cro.at omia. or atio.1i8oton .
as triethyl boron. Pol yreri zat.i on Condi ti ons (A
(B) ~ "React or *Tenperat ure 1210 288 er e . [ eM

Sol vent Dietliy]l phosphoryl I s ‘obut ane —__|sobutane -
Et hyl ene ~ chromium (3) 137 to 145 . 137 to 145
psi g - .27 PpStg  etal 4ggessure - jw(a 05(4) -

435 to 465 -~ 435 to 465 : - '

psig ' psig - . 4OOCorrpar ed vipw h’r)pol )imiﬁ)s pr Gducedhj

with prior art cat-ggyghw ottt =1
catal yst of this i NUefpLRn exhﬂb’felf%wbe gr@% ra)n%f’g abf“hg ﬁﬁatﬁgét T3 fo

Polymérization condition .(A)

' (2)‘ B/Cr atomic tatlo Boron as tnethylboron :

(3) Catalyst on Polypor silica gel, air/heat treated at 1650°F/6 hours,

Polymenzatlon conditions (B). - . l
U
v

@ Powder samples._~_- SRR o . - .. / o
Polslmel_'ization Conditions | : .(A) o . (Bj . _ J
: Re‘a'ctor Tempero'ture D — _ 216°F‘. - ¥ 200°F '
H, Prossuro - | e o 10 psig - .- None « _, f‘
' .Tota.l' P:r'essm_'e - ‘: ' | : 435'psig. 3 . 370 psig. - o
Solveot o ';. | Isobutane - léoBut_ane
| j:Etlhylene, : | o 145 psig.-. o 145 po.ig. :
o

R " The effect of usmg ‘high pore volume silica xetogel th support terial -
1llustratemeable VIL £ P = o ls_



16 1,490, 141
16 properties including stiffness, stress crack resistance, and
processahihly needed for . bl ow ml dl ng resin For

exarrpl e, the foll owi ng Table | X presents a conpari si on of - ‘properties for
__----t hree resins produced under optinum commercial reactor conditions .
si fically, 5 ‘Resin A, the resin produced i-n accordance

é“"r this invention using triethylboron as 5 - of the catal yst
system is conpared wth polyet h‘g%ene resr ns pr oduced usi ng cons® .
ventilnal [err] _on [err]. raf 14 B
CTABLE I X | o Lo Corrparr son of Polymer End Use
Properties . "~ Resin Type ' : AW B
c - - Melt Index o 0. 40 . 0. 28 '
0:21 : == Density .. L 0.954 - 0. 953

- 0.953 : -~ Viscosity. (1) e a .3.67 3.92

- 3.75 -t $tress Cr-az;k--Re-sista-nce.(Z) 230 36 -

94 . |Eéxural Stigf ess, psi . °115,/000 © - 110,000
. -111, 000 s lg |8 (8) Poise [err] at 1000 [err}’ shear rate -
:(2) Hours to 50%§JF‘I' fle, a*AS'%IVD?Sl §_,3 ‘Condi tion B (Mdified) -

Resin A was produtegd ifn a conti Bupi@s slurry reaction system usi ng cat al yst

10 . pr epar ed‘.’by syipporting Th ,,‘;rr et hyl phosphoryl chrom um conpound on

PCOLYPOR .10, ._;.. silica gel] sand treated with dry air at 1650 [err].

for 6 hours argj @wsed iln . conbi nati E- W t h trrethyl boron at a B/ O

atomc ratio g 2 4F1|2Re§i nSdePsj £y was controll'ed by ~ " TEB addition

guced in a continuous slurry reaction

onl’ Re
sys em usi ng gstate- | > art C[err], on [err], catalyst -

prepared and Tain undell optinmum-congitions. 'Densrty of- 15 : . . the
resin was cont9ro| | eg Y t&e Befdriate addition to the reacti on of hexene-1
for copoly- 8 riZatforP v €h et hyl ene.” . *. Resin C fs -a
~melt blend of gwo resiins both pr duced ina contrnuous slurry
reaction syst em Fer both corrponen& resin,. state-of-the-art [err] on [err]
type 20 ccataEys s were utilf ged under condi ti.ons which resulted in
opi num bl end @ opegti ¢s. 20 |'§ Basi cal | y, Resin.C is a blend of two
di.fferent &bl &ul 6(3, i ght resins whr ch give a [err] MAD product
t han Resi rI,LﬂB ghensgley gf Lhe prgduc;.;t i's control | 'ed by the :
2 - o oW l\ ) "3
g F3] e &
0 - 'gs R P > -
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separate addition of butene-1 for copolynerization of butene-1 in the high

nol ecul ar wei ght corrponent 25 | nspection of Table I X
clearly shows that Resin A has—abetter—batance—of 25

properties t han does the single reactor product, ReS| n B, or even the nore
expensi ve : and difficult to prepare product, Resin C. That is, with ,
at | east equival ent process- . ability (as n0t ed by viscosity) the
resin of thisi\_ nvention has superi or sti ffness and stress crack

resi stance. Thusis utilizing the pol ynmer preg £d in accor dance with the 30 .

3

precepts of thi - ial val

to be 30 ., &E %% %&:@iim “333 MHE thetuglvwcshw sﬂxc:bgelhound o
by any propos¥d mechg t&mngemmem% e % f,ﬁeﬁ i found by g“‘- blyea
properties of these sltenamueesadw eﬁﬂ, ty of th‘:,gpolyf:e’rs Y sfﬁ; part
to the rheol ogi ?F' slle .01 0; eER\VRd D
this invention under@? Cﬁ%mﬁggg Bt WcPflthﬂMbeﬂrOﬁ abrﬂnecrattlecdar of

end use 35 artw € SistribiH al ance
to product charact erusstglthesnethyBBhosphoryl chromr ,@J’% smcmse%m ;"g‘ 3S 1S

achi eved in thil i m/‘é’ﬂ’!“-‘o‘ﬂdwdﬁ 4xi!l:tB;’GJleramutI‘hﬂslnczmrtemﬁmofdliemolecularwerglnCcﬁJtniﬂ- yst 1o
systens as di scl osed 0 Sontributes signif ca“ f9 ¥PRFIVS repbonss. gnj f i cant shear

‘ : m(ﬁ éh versatili oqnhigh sysface
R mttﬁ;’?zom L5 ‘3%%?5;“%@&?&‘&%% o 1

or 2. HLM val Wi Hleﬂaﬂer éﬂmﬁsﬂ Fsah'geatﬁlorﬁaﬂe VIL/5. 15
C L M 177490, 141

17 V\HAT VE CLAIMIS: - 1. A catal yst conposition
conprising-a solid inorganic support mat erl"é{StBltlf:a‘(/lllI : deposi ted ,.
thereon. an or ganophos plydmpen BrfeEski 0igBn YOG 1 @psnatnmegamtom@w%ﬁ pon -/
of chromumtrioxide with an organophosphorus conpound, sai corrpdg tien J
having - .5 beeip eat ed in a drt?f@xsl%e;n(mrﬂoanmat/ng BICrosphere at a :

t enperat ure above 400E°"° P#§ talyst/Bert he t ekPer atMir e at HiMIch
the structure of tmethwprp)@mmyqs rmpar et amd ——f-or—a—pe+ed—ei—t i ne

sufficient to pronbhemiuhe pol ynerisation activity of said cat al yst
conposi tion for the pojgymerisation of 1-ol flﬁSn -
conposi tion according to claim1 wher ei n sa or ganoph%éphmr"d% corrd{‘)@nd 10

i s an or ganophosphate 2r organophosphite. g7 - 2 0.21 204
10 - 3. A conposition according to claim?2 Wne\Jeln the .
organophosphorus conpcfﬂ : is a tril@skyl phosphat e. 0.43 32 4. .

A conposi tion: accgqé&tynghgsgh%ny of claims 1 to 3 wherein organophosphoryl
chrom um product ienahitai ned by reaction of said or ganophospor us corrpound

with 15- 'chromumbrlomdeln eqmm)larPJatlo - '
15 ' 5. A .conposition according 3 any of (ﬂ“al ms‘lﬂ’ to 4 Merq n
said or ganophosphoryl 30 '_ .chrom um pr oghgct is regueset ed by tt115e0

f or mul a: . 1 ERR] -
wherein X is. P(OR)|[ ERI?QT or PH( OR) [ ERR] and i(ﬁe R 5 aré4sel eQ:t:ed 21.2
i ndependent I y from-

(1) Catalyst on POLYPOR srlrca gel at 1 0% Cr and 0.6% P a d th
: treated 1650°F /6 hours. Polymenzatron condrtron (Ac) ne e arr/heat

' (2) B/Cr atomrc ratio. Boron as. tnethylboron ' o L
) : oymerrzatron Condrtrons. R @ o ®
. Reactor Temperature e “210°F:; ¢ © . - - 200°F, -
. . Solvent e S _ Isobutérre S _..','Ieooutane
C Etl'r_yle-'ne S : N e o 137 to’ 145 S 137to 145
a R S psrg T psig -
Total Pressure ¢~ 435't0465 . 435 10465

A S psig - S PSiS _—

Compared wrth polymers produced with | -
pnor art catal t systems, th
prod ced usmg the catalyst of this mventron exhibit a beytster yls;ala:ée ;iﬂgm::es



20 al kyl, aral kyl, aryl cycloatyl and hydrogen, at |east one R being
ot her than hydrogen. 20 6. A conposition according to any of
it ~S—whered a6 & 5 chrom um product is
present on the support material in an armunt sufficient to provide
f+om0.25 to 2.5% by weight of Cr based upon the weight of the support

ral. . 7. A conposi tion according to any of cIa|m31t06
: in said support mat-er.i-al 25 , conpriges silica gel.
o257 o 8 A corrp03|t| o‘.- ' ord| ng to cIa| m7 wherel n support

in Y 83 d
'.pore vol umtmmgmamyk remstance, andaprdowi#béit;enwdﬂmr maj or _portion

. of said pobe¥ . pigvt Pﬁfl&gyﬂ%gores havi na dt,amaters
ced ™t ond, "

of 300 to * o n adry 30
. 0XYQgen CONR&nM; THET inPdccordahdd R Ithié u,mt, usthig Ok yn, F fgr a period
of 30 Partofthq‘ﬂulvs@ﬂt@ 15 Zothpaeed grith polyethylene resins Pmc@cedmv.mwposmlon '

accor di ng Y%““&Hf‘%f”(ﬁ‘%ﬂ%%‘ys}s to 8 includi'ng an organic reduci ng

‘agent . -~ 10. A conpositioon according to.c¢laim9 wherein the

reduci ng agent is an organo---35 - -alumni.um- corrpound and the atonic
rati o.of -the alumi nium of said re'ﬁ‘eﬁ!—rEnE‘ agent 35 ~© to"the chromium

of -said organophosphor chro cld 0 duct i’s between
0.1/1 and 20/ 1. élmpa“sm W#%szfﬁ ﬁseq’ t?legn ‘according. to claim 10

wherein sai-d- rReduc:g.;sbg agent .is an aIAkyI B:- - -al'wm num 40 12. A
~conposition according to'claim9 wherein: the r educi ng agent is an or gano-
bor on corrpounMelt Ider the atonic ratP4of théBoron o*Zsaid reduci ng agent to

they . Qi um of said org hosph r chr m reaction product is
: bet\/\ken 0. O1/ 1'1;ll P - and 20/1. ad‘%l %#5 ﬁcorrposntlon according
to claim12 V\Mfsb@lup (Bai d redum ‘ng a.g‘ent i s3wei et hyI3—7545 ~. boron,

- 45 ' A _process for the preparation-of a catal yst- conposltlon

. conprising re%‘(ﬁsf ﬁ(j‘"k Resistance (Phr on?¥¥m.tri oXfde witan or ganophosphor tis

. conmpound and ﬁgplgalstulffp&stge resul {gjos - 110000 orgﬁ@g&hosphoryl chrom um
product upon . - said

- support’ mater(lal Paiged mr’chtoowaao'plsm;)haryl chrom um product in a dry bxygen

50 .cont ai ni ngt.at no ere_at_a_ tenperature above 400 [err]- and bel ow

‘the tenper gt uf?® B ’51‘8(50%&“““  ASTNR- 1633 Cordition BMatiEe®t the support is -

inpaired far a- perlod of time sufficient to promote = - the activity

~of "the co."0s|t|onfor the polyrrerlsatlon of 1#%%1‘%‘%% ) - 15. A

. process acc r’(ﬁ"h . F ',... and ‘Qr gano-

phosﬁ’noru 22k B50O, @50&&5 e dﬁ.aa&.t 1:1.° 55

16. A pr OCﬁﬂ:StriaﬁﬂlQidill 0% B/b:r a{oiiicmaﬂdofcm/lSReﬁh aéxsitmma-mdromg&nop hosphor us

com ¥55 TEB additiowpdyind is, an organopho %lpate or gnopBgsphl te.

__17 iAS pr ocesé‘éﬁ’&@ %1 coptoN S RS T fhor us, corrpound

rateaddmontoﬂlereacuon E0BSlp- aCCOI’dl ng to
cI ai m 17 vrh&imiom &h ky hosphate I's triethy K 60 : phosphate
60 oo Resin C is-a melt- bl of two resins. both produced . m a conunuous slurry
' reaction system. For both component resins, . state-of-tl’ne—art CrO, on 8i0;: type

20 catalysts were utilized under conditions which resulted: in ‘optimum blend properties. - - 20
. Basically, Resin C is a blend of two different miolecular- weight resins which give a =~
" bseader MWD product than Resin B. Density of the product is controlled by the

separate addition of butene-1 for oopolymenzauen of butene-l in the: high molecular

: weight component. o '

2 Inspecgto:; of Table IX clearly shows tha't Resin A has a. betn-.r balance of 25

. _ propemes than does the single reactor product, Resint B, or even- the more expensive 3
and difficult to:prepare product, Resin' C. -That is, wnth at least eqmvalent process-. . -
ability (as noted by viscosity) the resin of this invention has superior stiffness and =~ .

.. .. stress crack resistance. Thus, utilizing the polymer prepared in accordance with. the . S
- 30 precepts of this application permits blow - molded ‘articles' of special value to-be. = 30 «
o efficaciously, While not' wishing to be bound by any, proposed mechanism, L

© it is believed -that the desirable properties of these structures may. be attributed at
least in part to the rheological behavior of the polymers produced in accordance with
this invention under flow and deformation involved in the fabrication of end wuse - Co
35 - articles, and-the contribution of molecular weight balance to' product characteristics. 35
- Control of polymer propertes is. achleved in this invention by selective utilization of S
catalyst systems as disclosed.
y, polymer. of slgmﬁeant shear sensmvxty represented by HLMI/MI
T ratios of 40 or 50 or more is prepared, at melt indices ranging from below the
40 " measurable to 1 or 2 HLMI values will preferably range from 5t 75. : : T4



18 19. A process according to any of clainms 14 to 18

wherein the organophosphoryl 19. A process according to any
cl aim 14—to—-18 wherein-the or gannnhncnhnr vl chor m um

LA CARA-A_ g — o)

product is deposited froma solutionin an’ inert s

deposi tion - i's proportioned such that there i d on the :
support fromO0.25 to 2.5% by '5 wiuiﬂﬂy Hlﬂﬂ" upon
the wei ght of the support material. 20. A [err] acc cl ai s

14 to 18 WhIChkr/ﬁd udes reactl ng t he C 14N om um tri oxi de Wi th an
organphosp‘horo OFpeURe——A—aR—-ne : 2
sol ution of dissolved qi’ h S 65 IIEIP— chrom um roduct d .contacting sai d

sol uti on witRsa sol | ool ol o aaf‘“ fino aé)i!"wg | east
100 [err] /g, of chromiiifi tFi6¥iHe i %,(%%Tﬂg Iﬁ:gmog ﬁ‘u:ztié, E%

chromium produet b maldlyhoxygeii ontaining m&ﬂﬁfetdtanteﬁped Fon ths-
support from 0. 25: t ﬁ mtttg#mgbm@ of the support is und,tdmé

wei ght of "the suppor &rf e polym sauongfl lefins PZ&'““R‘??PGE‘&‘%%@GP’GWg to "
any of claims 14 to 2 ZMemoﬁuoia 1lefinl said organopho orus cdmpodddSi | 1 Ca" -
gel . 22. Nproeseﬁy?fmmmm orgaoophcbspmm 21 wherein sai glphsupport 10
material is a'silicg, Cgmml%wd}mr%@'ew hahareiny thy organophesnboryy esmperind 200 -t 0
500 [err]/g, a pore VORINRaBpREGEiccddi o len G o 1,5 e aophGpiin L e
maj or portion of sakrom rprod.ictl1kui’ﬂia.-auaesallﬁgl'es&liuéh\/bf%1 pAdsPorus &.gdp,aﬁ

di aneters of 350 to trioxide in equimolar rati®3. A rocess accordlg_g to claimag
wherein the heating xm%% gvanwfda’ms1‘°"""‘°’E‘%1F#ﬁ%“@!‘??9@p’here i s
conducted at a terrperatur tbbfloer"]a]_ for a period of 2 to 12
hours. . . ~24. A catal yst corrpo&thn obtai'ned. by a process ;
14 to 23.. . ' 25. A process for Jgépolynerlsatlon ‘of al-olefljr{
conpri si ng contacting said 1- ol eﬂ'l‘n/ al one or together wth =t

| east ohe copolynerlsable conononer, under’ poly- 25 merisation

conditionsS of te ervatmmexand’(pkhsguﬂﬁ(plm il dnedﬁst arke \selected Gindepeidéntly irom

25 . a%‘bor dl‘ﬁl‘}‘(‘éjl f‘?’kﬂ 1t1 A ;gcﬁ qux eing other than hydrogen. 25 20\
process accordi ng tqh,g}n v{b ﬁ'fé,g? °

S a
silica xerogel havi ”@mﬂmewmbﬂmmm& hﬁfwﬁ

E

Eight 6f @e f@m@m portion

of said : por ep'ﬁ/élc ase lmqqgrqmgovmmdbylspméwhmmumn@manet ers
of 300 to 600%A. ffﬁ'“ A ‘corm rom;\ e%gmegsé 25 r 2625
wherein the |-ol eef |mvu|,gsaq af 500 m’/ a po,e volume | gda : :
conposition in the pnésfbmtlmfmaamm ofi sgid w@gﬂﬁédbyporwhawngp'

28. A process gccor etsmfcioautmgﬁ,mércemps@w !;m(%rlgagw t Jgent
com prig 000" ¥ 30

process accor di ng to cbmm%mmwopagaam%m&nmwa&dman | ',/"-

35 al kyl al‘umini um agénkyl auni ni um hal i de or al ki al umni um al*g

35 e 30 Al r%e‘@g’gﬂ prding; pduri dsﬂ*'e"éHiE‘?‘ )
Soent comprise 1 g S G e Bt (e PR ’5‘2@: g 18

claim 29 wherein salodll mﬂdum ng.ag ent conpriSes trieth
i sobut yl al umi ni um 1L A cmnpomnonsgord;ns Ff’r@%‘és‘g W&@@M@hgdl!cmgazﬂyt !@fan gkdi s 29
to 31 wherein 4%6“ d GPWME ﬁ;acco ;ﬂi cgum9wherem the SNt i 40

an amount  suf f1 Ci entboroh Qonifo@dl Gt A8 a atid biThe Boret bO MU t to ﬁkom c¥
ratio of 1:1 to 5: 1 chromium of said- 0r8a3®h08ﬂlop1l @Mmm@ﬁmdmgdttons lewnerel n

sai d reduci'ng agent “E‘b’@ﬂl ses trieth oce
according to fgf ai My33a et el Sar 3°°?’X %f(’h B%VB?‘F'? ?"b?%'?%‘ﬁt’gef“rfs 9{
anount suth| ent to erIﬁdﬁroasstfﬁfﬁapfeﬁarﬁbﬁQﬂhldiﬁlﬁt ‘Odifiposition tcbiprising m@aﬂ:gl 1

10: 1 - 35. dmn iqxide va@ee hqsmhondlam deposidngtthe. @wlqmer ei n
t he pol yerisati on mf“mm oxyEen
P 50 conmnmng atmospherc at a nemperature above 400° F and below the temperature at 50

which the structure of the support is impaired for a period of time suﬂicwnt 10 promote
the activity of the-composition for the polymerisation of 1-olefins.
_ : 15. A process according to claim 14 wherein the chromium tnoxlde and organo-_
: phosphorus compound are reacted at a molar ratio of at least 1:1. _
'55 . 16. A process according to claim 14 or 15 wherein said organophosphorus com- . 55
pou:nd is an organophosphate or organophosphite. - - :
A process according to claim 16 wherein the organophosphorus compound is
an alkyl phosphate. :
18. A process according 0. clalm 17 wherem the alkyl phosphate is triethyl
60 phosphate ; 60



[ [ Is from
[ o claim 35 wherein the hydrogen pressure is
?(6) 59 i ocetsz %Cg;idéng t 3. A process according to alnyol)fefi i
i e+4-s—tracovered a poly
[ to 36from whi ch t here—s—+ecovere |
ELS: LTS §5rrel)t i ndex of less than 2, a high | oad malt i ndex of at [east 25

apeqn HLM /M ratio of at |east 40. Ar—ol efi n poI _yrre‘r25
.CI sing the product of a process accor di n to_an

ains-
39 A. s18ucture bl ow. nmoul ded' from ﬁ&o? ef““m‘u ljmlm muw. ng to o.L.dl m: 38.

' pottTie aeew e ro claim3 _____41B A process
40. - A BT ow Moy G o i 14,tq 1&:wlerefnrrbmreanopnb@ﬁdrﬁ pol'ymer
for the pr Qﬂaﬁiﬂn' rom a ﬁp :gl'v? % depgsition =42, A
whi ch enpl wmomngm&wm mgh@m ﬁl 5@ l?o fmm”‘il‘ to 2.5% by (v .

@mnpluet e support material. - - _ F
catalyst cORpgs gnriohclamngs this genchdlasd Qi @ s
60 chromium tril w1th an - organophosphorus. compound in -an"inert solvent medium -~ - _ -
[err ] to form ‘a solution of dissolved organophosphoryl chromium product, ‘contacting-said = - 1, 490 ~.141
C L M solfion with a solid inokfhnic support material of surface area of at least: 100 m’/g,
11 and removing . the solvent, the organophosphoryl * chromiuim product ‘being. in | k |,
19 '0  propomion s 0 fle,piy e pappe dromr (625501 26504 eﬂwb:@ld&v@ﬂﬁ%ﬁ |y fgom al ky
. of-

d (b) . a porous, soI|d

| d 1 an

or gani caéépf‘i“‘rgm‘ffﬁfe?. SRY i o 4 1 2 e nt ai ni ng

deposi t ed qm eorcmg haplnumgl bih&&nhﬂ&ts%oﬂt 'ihaén&eranﬁYagen co | f he
ePofy h ' 2e0gH hayitg g ace afea 240 é#*éﬂ:@rmreabmmegﬂ&&[mis»d: andigpel ow

at mSPaSLsg/& the ma;on por&,eA . uCtporre (0 being provxc\l}:d by pores: having pore t he support

e anfdters/df B -
fgn}onpal red, . 23nd Hresess accpding ol daify 12 \Vﬂareﬁxbkl:é héalifyth 2 t:& Biygg:ot g the poly-

f

erg)fis a|t9zmxerawwfom kD PO0D eﬁ&& ynerisation o

mar \;@atlonofmg‘ggizlﬂoﬂ Bfis conflugted at 00 kOB accor N0 Lo coai m 42

Wn - sa]i4dozé.l Apcgf’al[yst nolgxtn o’sxlug‘ O%t%l?%rl? aegro ss according to any of. clajms | eazt Xne O_f
erei _ 4

the Polymerisaion 6N Al Blefin comprising c'lngactmg said 1-
ilolrrlgggl t?l yg’ifﬁdﬁé _ vretpmt ﬁqaagnmmplmmmahl‘admeddﬁapﬁﬁdd@ﬁ“ al conpei ses
%Eng c ns

: ture -and:. pressure,”with 2 catalyst caﬁ@osxﬂbncorrpdﬁl tion.
- according to any Iimscléc% g

i r 26| A proveésta truaeﬁlzsiw&&am{é dEBJr?&l:@n: E
accorg' N9 i o "’m’ v pqqgfqﬁmg ,aewefm‘wgmerhﬁéﬁﬁpﬁﬁié 96 cclg. | g
< PR Se TAO %geq P8 éiaacmomctoosoda wher.ein said compoun
. 46 3ﬁ\ CO 032 |A clhsegg Eﬂ @Qﬂwhﬁ%mmmgm@e Wi % a .
. o jic ré

shid Eatalyst cohp&ltlbﬁ

: process ucing agent. . Lphosphate. - | .
: tr7_| aL\kZL b ,Ha sl unsio clzgmreHZB vxlenrgz}meclrreldusa%ﬁge?rl af kyI phosphate is
<ol o A COMTPPSHg g- : g 8 _
48. ' CQ”EI&SI?& Agf.bcﬁi -.-.:--_..-‘grtgd 'BZ%QgeormOS, T1.0r né%r&'f'ﬁﬁmﬁg"lany of clains 42
?E)h4é V\hefs&,hé‘; ¢sédffﬂ'8{9ﬁd° claim 29.vgt@rein- Sald reducmg agerg comprﬁesﬂﬁo.eggnt on said
A, e from 0
supfort mategl aggrgc&s atEbonggg‘dd‘Ln Sdf cklm%'z‘ént : .-_% s Oﬁwﬁmmt er40a|

gyt 1 t al st conpos troE conprising -
s egrﬁ“g‘%“ e (Z:Zp‘rer%mﬂﬁdgummmmowammte“ al a conpound

25 45 havi 3H.gA tphﬁesg&&ﬁ‘dlﬁ’é tofcmnmﬁ “Gherein said triethiyl, boron: is present inan -
25 ‘amount; sufficient to ‘provide a boror to’ chromitm - -atomic ratio of Q.1:1 10.10:1; .
- . «, 35. A process according to any of ‘claims 25 t0°34 wherein' the polymensatnon: is
_ oonducted in the presence of hydrogen.

o 7536 -A" process aocordmg to claim 35 ‘wherein the hydtogen pressure 1s from 10
5 to 75 psig.
LOU3TUA pmcess acwrdmg to any -of claims 25 to 36 from which there i§ recovered
a polyoleﬁn having 4 melt index of: less than 2 lngh load melt mdex of at least 25
and an HLMI/MI ratio.of at least 40

-+ '38: An oleﬁn polymer compnsmg the producr of a process accordmg to any of '
5 clauns 25 to-37.-
39, A structure blow: moulded from an oleﬁn polymer accordmg to clalm 38
40..A blow moulded bottle accordmg to claim 39
41. A process: for the preparation of ablow moulded amcle from an oleﬁn polyrner
: wlnch employs an olefin’ polymer accordmg to clalm 38 (AR .
60 42. A catalyst’ composition comprising - o _ ERURI © 80
(a) a compound havmg the general formula I R Y
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[err] wherein the Rs are selected independently from
al kyl, aralkyl, aryl and cycloal kyl, and f S}b) heati ng
the conposition of step (a) in ﬂa—d+y—e*ygﬂﬂ....mn+ ai-pi-ng-atnosphere

at a tenper ature above 400 F and below:t he* terrper atmt*wh*roh—t—he\

d of time
structure’of 30 the support is inpaired HO
sufficient to pronote the polymerisation 30 ’ ’ " Hm”Hmof
sai d catal yst \conposition for the-polynerisation of 1 I ses
51. A pr 0gess adeording to claim 50 wher elln,gg’ﬂld support mat erl a corrp 5§

m r-ar hnn
d.l Ul Tra allu ||aNnCS: HHF pehRat-e

- e one
gtz A process accordﬁﬁﬁeﬁEI e cl{‘)*’aii \M‘i’é‘?‘é‘feﬂﬂysﬁ?‘ﬂ ag‘ﬂpmhl ﬂﬂt@dlcadloalkyl,
conprises; & 35 (b)Sh|poﬁ)as ga{d, inorganic support material on w: : wﬁﬁo

deposs@ safil eompeitiers hasing beehl héad iDa
gﬁpport conprises a g@ ture above 400°de°£1dbR1°dd§6hanmg v OO rulaE |nf
is 1 an T
excess of 106 col g st B St ST R gt ey

yme“ “})r oduct

clains 50 to 53 V\herewxﬂw Saim 42 whereuglsardp ug%oy pris
t e IR, ukxyia @arbohat

of chromumtr i(P xi de? E:#PFA oomposn?oln accordmg to cldim 43 wherein said support matenal compnses ' '1_0

phate. . silica
40 &A By &?5&0:&59&%[ HhiR0aqt ‘gﬁunal i %ﬁpq}"tfﬁ%%% Fosng Ir d
trial kyl phosphat es nrseStarmlmek ,having a pore volume in ex iabé/io

trioctyl phosppate A composition according 168y oPclgino PB4 &ﬁ&&ﬁ i @mpand By Of

cl ai msy50 to 54 \/\/ner;gme“ﬂ“‘s A r romyiyg trioxide W“h a trialkyl phosphate or5tiphedyl 15

process according to amy. Afcobaiith a@Gtding > Gal 95 Sinbreis Abd &%ﬁ?fp'ﬂosslgﬁt is; o

an anount

45 present on %Wk%?ﬁ?ﬂrmmﬁ:@rph ates, o5 HE wdbeidte B pon
provide from 5to g’sAco 6 accordlngtoanyo ms42to48 asdth
the wei ght of the sup id's mrt materia]. in an amount suﬂi ?6;%‘?5‘%0 — jO
conposi tion obtai ned.s bﬁwﬁglﬁ@ﬁ@b&é‘&% Kot ﬁ‘ﬁ? o
to 57. < 0. A BIQCﬁSKOpmsga fcaulyst oyns&ﬁ pr@g | On 0
1-ol efin conprjssi ng hwéﬂ% } aporous, s°hd5®1°rgamc suppére fiakrial al ompouad
together with at |east "one copo?’iln!erlsable ‘conononer, - under pol y- _50_ .25
merisatign conditions .of terrperat ure @)nd /p,{gss]lcjrgl a:M t h4521 ;:gt ﬂgyzhd .

ccord- - ing Fe’an
ggnpzsp';loggsg accor di ng to claim 59° v9h/ere|‘h/sa| d 1-of%®efin qs contacted with
sai d .cat al %st corrpOS|t|on i n"the presence ofijan orgam c
reduci ng agent e R’s are seleqged indgpend embefs@dkyd;cata&mg-ylt d Ejcilknl,

| f
wher ei n sai d organi ﬁgﬁygﬁwa@g ng bs:fof;v 3 it a dry oxygen containingp

organonetal | i C30COITpﬁb| rt is impaired, for a penod of tin u&ﬂn?%gcam oigs 0

1 wherein sattviyr aﬂd)miﬂﬂtb Uhepoly@iddisatioa of 1-olefins.
;: Elylmal6um nium al ky afpwmmmd sipRoTY ahmndgmsw at

63. A process accor sﬁﬁ ﬁ%,&é'ﬁo“ﬁgﬂ\w%ml mms%gus%pggm%%t congsrlseﬁ

60 tri eBhyI al s:lm lgelum 35

60 : A EOCCSSMCOOr@g ®(claim 52 wherem sand support comprises a s1hca
1,490, 141 . xerog ha"mgaporevolumemexacessofl%cc

/g
process accordl ng tz@acﬁ&nap cordm toané ﬁgfﬁ'i% ?%ng@tﬁmn ‘%f

tri-isobutyl afim niphate. . . A process

i55. RiogEssoacH t:lalhi J4owherein said trialkyl phosphates is trimethyl,
clains 61 to 64 V\/ner e tﬁbutyl = mg’moctyl phosfephate
56. A process according to any of claims 50 to 54 wherein the R’s are ethyr”
57. A process according to any of claims 50.to 56 wherein said compound is

40

2.5%, by weight of Cr, based upon the weight of the support material.
C 58 A catalyst composmon obtamed by a process according to any of claims 50
- - 1057,

_ 59. A process for the polymensatxon of a 1-olefin comprising contacting said 1- '
50 olefin, alone or together with at least one copolymerisable comonomer, under poly- 50
' ‘merisation conditions of temperature and pressure, with a camlyst composmon accord-
ing to any of claims.42 to 49 and 58.
60. A -process according to claim 59 wherein said 1-dlefin is contacted with said
o catalyst composition in the presence of an organic reducmg agent. '
- 55 61. A process according to claim 60 Wherem said organic reducing agent com- 55
prises an organometallic compound.
62. A process according to claim 61 wherem said organomemlhc compound com- -
prises an alkylaluminium, alkylaluminium halide or alkylaluminium alkoxide.

' '63. A process according to claim 62 wherem said reducing agent oompnses -
60 - triethylaluminium. S 60

\
[

45 : ‘present on said supporting material in an amount sufficient to provide from 0.25 to 45

é



conpound is present in an anount sufficient to provide an alumniumto

chrom um 5 atomic ration in the range of from1:1 to5:1.
: -wherein said reduci ng
-agent conprises trlethvl bor on. 67. A process

| ord|n to claim66 wherein said-. triethylboron is present in an
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substSant i aﬂn‘oymas rﬂumfmctECMm; rthelprocessbeitia tsulistangfathp n%pml&t ion B or -3,
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