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(54)Title: MEmOD FOR FEEDING BORON COMPOUNDS, FINE PARTICLES OF BORON COMPOUNDS, CATALYST 
COMPONENTS FOR THE POLYMERIZATION OF OLEFINS COMPRISING THEM, AND PROCESSES FOR 
THE PRODUCTION OF THE PARTICLES 
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(57) Abstract 
A method for feeding boron compounds which comprises continuously feeding at least one compound selected from among those 

listed in the following groups (1) to (3) to a reactor in a state dispersed or slurried in a solvent; fine particles of at least one boron compound 
selected from among those listed in the groups (l) to (3), which have a maximum particle diameter of SO µm or below; catalyst components 
for the polymerization of olefms comprising the particles; a process for the production of the fine particles which comprises dissolving at 
least one boron compound selected from among those listed in the groups (1) to (3) in an aromatic hydrocarbon solvent and precipitating the 
compound into an aliphatic hydrocarbon solvent; and another process therefor which comprises grinding at least one boron compound 
selected therefrom into particles having a maximum particle diameter of SO µm or below: (1) boron compounds of the general formula: BQ1 

Ci Q3, (2) boron compounds of the general formula: o+ (BQ1 Q2Q1 Q4 )", and (3) boron compounds of the general formula: (L-H)+ (BQ1 Q2 Q3 

Q4 )", wherein B is a trivalent boron atom; Q1 to Q4 are each independently halogeno, a hydrocarbon group, a halogenated hydrocarbon 
group, substituted silyl, alkoxy or disubstituted amino; a+ is an inorganic or organic cation; L is a neutral Lewis base; and (L-H)+ is a 
Br6nsted acid. 
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6 mmOJ~/ilt (~~- : s Us 3 1 6 L) *3 3 7 O g -a:11oil • .:C;:::. "-N, N - 9 
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t.it6 4 o o o, 7.tr:ll?t;fff (Mw/Mn) t.i11. 7--C-~.Q.r.:T-v>--:17>--1 

zo :Jt•ft-<*~ 1 mJJL1~t.:. tJ, T i »lfr 1 .:CJvMit.:. tJ 1 o t on ~;liI L-t.:.o 

~fS{Jij 6 



W098/l8343 PCT/JP97/04716 

-22-

11'l~ftf 1 IJ 'Y t-JvO)fft~ll1'1";t- r-? v-:1~JX~~•;a:mt-)--c.:r.7v/c:t 

7/- 1 ;a:Jm~l'.l9l::.&:Pr.\Dt:J\Jt;:fjt**L1B:-€i';a:fi·:d::o lE-€i'~{ll:;a:~.EE:t.J;a: 8 O O 

kg/cm2 Gt::. 77/-lll.ll'd::45. 9mo 1%t;:~~Lt.::o ~79/c 

i/.tlbl'\ 7 7 -1 / (.:r. ':I 'J El'IB (~)I'!? iJ .A 1' - Jv 2 o 2) ©llfl~ ( -<*•Jt~ 7 

5 ~ / : i!rfibJ'\7 7"' /= 1 : 4) i:p t;: ~ j. 7)vY1) Jv ( 7 }'- 7 j. 7 JvY? O.I'{)' 

~:J.r.::Jv) (3 - t er t -:17Jv- 5 -j.7Jv- 2 -7 :r../;:f-y) 79::.r) 

b:J? o 71' ~'!::~Wf~it ( O. 0 6 6 .um o 1 / g) • ~mfi:J:tt::N, N-9 j. 

7Jv7:: •J ::&h.7 t- 7;:t..A <"">'~ 7 Jv'-i'"o 7.:r:.::;i-> ~ v- t- < t-Jv.:r./c 

~ 7 ~ /;a:JOt-'.\tdfiW7*l::J: t.'.)fl*'.:L=f{~Lt.:: ~<Do tt.::rm•i. 2,..., 3 .um-r:~ t.'.) 

IO , 1 0 µmW.,J:.<D*'.:i:T-•ii!.<!ttt.tft'.\~(/)o ) '!::~fl<!it ( 0. 4 µmo I/ g 

) • *'7~Jjj{=fcT iJjj{-=f'<DJt'IJ'f6. Oct.t-?>J:'5l::ll~Lt.::o ;:©7mflf!71W:J 

illc t- iJ 1' 'l:17Jv7 Jv~ ::.? h.0)~7°~ ;.--13~ < 5. 4 1 .um o 1 / g) c'!:: 

-ttV£tt1J1J..q ©3Ht::~frfi L. -ttt.:ttt;a: 3 2 3 g /~IL':l&tF 2 4 o g /"'Ml<D 

{jt*ftia!gf-r:, ~m 3 . 1 7 5 mm ©ftCl[f 'd::ii LL" .Ii~~ J;:i!f!~P~H:: .m>tift Lt.::.. m 
15 ~&:Jt\a.ll'IJ't2 0 5'Ct::. A I Jjj{-=f'C:T i l{-=fO)=E:Jvlt'IJ't6 1. 7 l::t.t~J:?t:: 

Lt.::o -t©M*· m~ (7 ::-Jv1!) 'IJ't 0. 8 7 3 g /cm 3 , MF R'IJ't 6. 8 

g/10~, ~-=fit (Mw) 'IJ't72000, ~T-il~:ffl (Mw/Mn) 'IJ'tl. 7 

-r: i:I!>.;;, .:r. 7 v / - :t -r >-- i;J:tm-8--<* ;a: i ieyr,m=~ t.:: tJ • T i Jjj{ .:r 1 .:c ;i,, ~ ~ tJ 9 

8. 4 to n!W~L~o 

20 ~jfjj{Jij 7 

· P'J~f1{ 1 1) ':/ }-- J).,(J)jl~Jl#;t- }-- ? v- /~_&JiC,\~fl:~ ffl t,.'.\-C .I. 7 V / C -:f 

7 /- 1 ~il!~i'.191::.&~BF".Jl;:@t*ft Lm-€i';a:fi? t.::o mft~-ftf;a::i:EE:h ;a: 8 o o 
kg/cm2 GJ;:, :17/-lll1Jt~47. Omo I %t::~~Lt.::o ~7"9/c 

Vffl/JJ'\ 7 7 -1 / (.:r. 'Y 'J Eidl (~)I'!? IJ .A t- - Jlt 2 0 2 ) ©llfJ~ ( -f*:MJt~ 7 

25 9/: i!rfilJ/'\77-1 /= i: 4) i:flt::.YJ(.7Jvy•JJv <-rt-7J(.7Jv-Y?o~/ 

9.Y.r.::Jv) (3-t er t-77Jv-5-j.7Jv-2-7:r../;:f-$-') 79::.r) 

b.Y?P71' ~~~iW~it (0. 0 6 6 .umo 1 /g) , ~~i:J:tt::N, N-9j. 

7-Jv7::. •J ::17 A 7 J-. 7;:t. .A ("/9 7 Jv::ta 7 :r.::Jv) ~ v- J-. < J-.Jv.r./ c 

~ 7" ~ /~Jnv\t.::#ftli~l::J: b fltLT-1tLt.:: ~<Do *-lr-T--m~d:. 2,..., 3 µ. m'1!'6 tJ 
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. 1 0 .umW..J:O)!l!J'tr~J:il~~tl.fctltltlO)o ) ~'1-fl~it (0. 4 ,umo I /g 

) • *'7~U.§t-TC:T i M{f-O)tf:t.i~6. 0 ctJ:.QJ:::d:ii.J!IL.t.::a i:O)ts!-8-U71m 

~c 1' iJ 1' 'J:17-Jv7 Jv~=17.b0).l\.7°?1 >-13ll£ < 5. 4 7 .umo 1 / g) l:~ 

.:C--tl..:ffliJIJll O)~~J;::~-ffnjf..,,. .:C--tl..:ftt~ 3 7 3 g /~rdJ. "lJt.'(]., 2 8 3 g /~ 

::i r"',O)@l:~~Jl'.-e. ~~ 3. 1 7 5mmO)~~~DL.'L.&Jit\~l:ii~a91:@1:*8'L-t.:: 

0 .fH~1.&~iliillfi.Jf2 0 6°Cl:. Al Jl{f-l:T i mtrO)~J).,JttJt6 3. 3 J:tJ:oJ:: 

? I:: t, t.::o -rO)~*· mlf (7 =-Jvft) tJt o . 8 6 7 g / c m 3 • M~t.Jf 4 2 

. 6 'C. MF RtJ~ 1 1. s g / 1 o 7t-eel5o:r.7-v>--:1r>-- 13tm-8-f*~ 1 

~r .. m:~t.:: fJ. Ti Jl{f- 1~Jv~t.:::tJ1 o 6. 3 t o nlW:i!L-fto 

10 ~:IJl!ff~ 8 

~~M 1iJ'/1'JvO)tl~KM:;t- 1--!7 v-:1~.&rt;i2•~mt.l'LX7v>-C::t 

r/- 1 ~Jirell(Jl:oc~BFl'H:#t~L-!ift~fi?t.::o m;t;~#-~~fE:h~ so o 

kg/cm2 GJ:. :17-/-10~43. 9mo l %l:~jEL.-t.:::o .r...7°?1/c 

5tt11J1~7 7 -1' ;..- <.:r. ~ 'J:Ollll <**>l'l!J iJ A. t---Jv 2 o 2 > OJfiftlf£ <f*IU~"' 7 

. 15 ~>-: mt11J1~77-1'/=1: 4) i:ri:9j.7-JvylJJv (71--7.;;l.7-Jvy!Jo~;.­

~9.:r.=JI--> (3- t er t-':17-Jv-5-Jl.7-Jv-2-7.:r./:\=-$--) 7?'=17 

b9!JD71' i.:~m1W-~it (0. 0 6 6 .umo I /g) • ~~i:f:JJ:::N. N-9j. 

7-Jv7= iJ ='7 A71' 7:f-A. (~/?17 Jv::to 7.:r.=.Jv) ~v-1' < t-Jv.:r:.;.-c. 

"'7° ?1 /~}fJ ltlt.::~tlit:RJ:J: IJ !t!l!ft-T-1~ L,t;: tlO)o *!r.rfl:~J:. 2 ,._ 3 .u m~cl!> tJ 

20 • 1 O ,u m.12./..J:OJ*'1-T~j:&~~ tltJ:ltl it OJo ) ~7t'ftt~it ( O. 4 J.t mo I/ g 

> • *17~:.!Etrc T i Jjj{T.©tttJ"f 6. o ctJ:oJ:: ?.J:~mL-t.::o ;:: ©li-8-!Btlm 

~e: 1' iJ 1' 'J:17-Jv711--~ ='7 A0).1\.7°?' ;.-m7it < s. 4 1 J.tmo 1 / g) c.~ 

-ttt-tttz1JllOJ~HJ:::~iiiL- • .:C--tt.:ftt~ 2 9 o g/~rlil,, &rJ.. 2 7 o g/mf 

ra':IC7)fjt~~.lf-e. 'if~3. 1 7 5mmC7)fc!~~iiL--C.&:.'t\Ul:Jl*1lt11H:~~L-t.:: 

2s .. mft.&fat\illft.it2 o st~::. A 1 ~.:re:T i /jj{r0)-:i=J1t.1tt.it11. 2 i::tc:1:oct 

? i:: L-t.:: .. -tC7))j6*, MF Rl)t 1 3. 3 g / 1 0 7t-C:c.f!>o.:C.7" v /-:17 /- 1 

:jtm-8-1*~ 111~r"'':l~t.:: tJ. T i !ij{-T 1 ~Jv~t.:: I? 1 0 4. 5 t on~~ L-t.:: .. 

~1Jf!"91J 9 

~?i:¥'1i 1 iJ '/ t-JvC7)ll~KM:.:t- t-? v-7°~&R;i2fR~Jfit.~-c.:r.7-v/c.I\. 

I -
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:t:-~~ - l~~~~~oc~~~~•mL-mftefi~ttomft•~~~ff1J~79 

6 kg/ c m2 Gt:, .t'\:t:-~/- 1l!!ie2 9. 7 mo I %J:::~~L-fto ~ :J.7 

Jv~l)Jv (7J-.7;J.7-Jv~?O.l'\/:$'~.:C:.=.Jv) (3- t er t -/·~)v- 5-

)t7 Jv- 2 -7 .r. .1 :F;;) =r?' .=.'7.b. ~? o 71 ~ c.. t- •J -1'J7'7-Jv7 Jv3. = 
i> ry ,b.;f,}'timft~ tl.ft .I'\ 7° :$' /ifjilf (jtfif-f*, lf."(}., J-. 1) -1'J77-Jv 7 )}, ~.::. "Q .b. 0) 

iflll~i..'ftt.rtt. 0. 3 7 .umo 1 /g. Jk"(}. ... 1 8. 5 .umo 1 /g'"e, A I 

}j{-Tc T i J]{-TO)-l::Jv.lti1't 5 o ~il!>Q) ~- :~J;:ifmJ:tm~':::ct t'.lit~-Tft: L-t.::N 

• N- ~ )t7-Jv7.::. 'J ::'7 A 7 J-. 7:t:-.A (.I'\/?' 7 Jt-;to 7 .r.::Jv) ~ v- J-. < 
:fil::::kttm 2 0 .u mW. r) 0).1'\ 7° :$' / /ilifl/JJ\ 7 7 -{ / (.:C: 'Y 'J :OM(~) 1¥? IJ .A 

10 · J-.-Jv 2 o 2 > ilBft~ <f*f.l.lt~"" 7 ?' >- : mtl/JJ\7 7..., /= 1 : 4) ~0)~71 

Ri < o. 7 1 .um o I/ g) ~..'ftt-tt1JJ•Jk O)~~,:::~-m;L- ... ..'ftt.:ftte 2 4 6 

g /!eyri:i,, &"(}.... 4 8 4 g /mJr.,.,O)~~)if!t~... !}ff! 3. 1 7 5 mm0)1[!1f~im 

L-"Loc.£f.'~i:::i!!a~i:::~~L-t.::o li:ft.&.£°f.'i.i!fti1t2 1 O'C{::: ... $'7•1]{-T-C.T i 

Bi{-TO).lt;f,}t3. 6l:::tJ:.Q~:.d:::L-tto ~O)~*· MFRi1't3. 8 g/1 O~. m 
15 !ft (7.::.-Jvft) ;f,}t 0. 8 8 9 g/ Cm 8 '"eil).Q.:C:7v/-.t'\:t:-~/- 1 ~-ft 

1*~ 1 Mir"'i~tt t'.) ... T i JJK-7- 1 tJ1'~t;: t'.) 2 8 t on ti~ L-t.::o 

~M!iiJlJ 1 0 

f1\J~.rt 1 iJ ':J J-.JvO)Wl~KM'.t- J-.? v-:tmi&~~~(!:JJJt-~"L.I.7v/c.t'\ 

4=-"i!/-1 em!~~l:::&R£ffl*Jl:::~mt,,m;ft(!:f=J:Jt::o lift•~~itffn~ 1 9 

20 6 kg/ c m 2 G,;:, ~=1=--e/- 1ll~~3 1. 6 mo 1 %';:J5t~L.f~o -:/ ;J.7-

J.v~ IJ )v (7 J-. 7 >{7Jv~? O.r(/:$'y.:C.~Jv) ( 3 - t e r t -:f7Jv- 5 -

;1.7 Jv- 2 -7.r.; :F~> 7?' ::'7 b.-Y? o 71 ~ e:. 1-- 'J-1 'J77Jv7 Jv~.::. 

i:7 Ati~t.mft~tttt"" 7 ?' ::....m~ <~•"*· &rf.. t- •J-1 'J/=r Jv7 Jv~ ::'7 b.O) 

ll§Ui~tt-ttt. 2 µmo I /g ... ]k"(}., 2 0 0 µmo 1 /g'"e, A I J.fj{-TC:T 

25 i J.fj{-7-0)-l::Jv.ltn~ 1 o o '""C'6!> Q) ~. £l:::1ID!:rtffl~':::J:: t'.l lt*l!-Tft: Gt.:: N. N -

-::; ;;. :r Jv 7.::. 'J .=. '7 A -r r. 7 =t:- .A < ./'( >-?' 7 Jv;t o 7 .r. .::.1v > ~ v- r. <:11:-**'1 
t£2 o .umW.r> O)i1'f1JJ1\77-{ ;,- (X>:J'J:OidJC**)r!?'J;( 1---1v2 o 2 c1 

8 'CJ;:.t:Ht.Qfafl'.= 1 3 0 c p) : llil'f:Ot'fb{I:;~~ I P '/ Jv~/ 1' 2 0 2 8 ( 1 

9'CJ;:.t:Ht.Q~fl'.= 3. 2 c p) = 6 0 : 4 0 (1*fti%) O)ii'ft4t!J) !\171~ ( 7 
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. o ttmo I /g) :a:-r.n~.n.s1JkO)~~l:~tH ..... -r.n~tt:a:9 o g/lifHl. 

&rJ.. 1 9 5 g /Jeyri;rEJO)~JftimJJr1:\ if~ 3. 1 7 5 mmO)i!i2W:a:iit.:'L&~M 

::~~~l:fJti\'tfiL.tt. &ft&.Gf;ii.Ji::6t2 2 O"Cl:, i1\9*1*-TcT i J]'{-=fO)J:b~t 

7. 61:t~Qct?J;:L.tt. -t'O)~*· MFR:6t5. 8g/10~. ~If (7=-

5 Jlt1!) ;6tO. 8 8 8 g/cm 3
, Ef.i:6t6 9. 8"C. S CBi1t3 2. 6~~-?>:c. 

7-v>'-"':f-e/-l:Jti!-8-f*:a:1Pij=1L~~t;:f'J, T iL§'{-Tl=EJv~tttJ i 1 to 

n§~t.,.t;:. 

~-flj 1 1 

~~ffi 1 'J '/ J-.JvO)WIAit·fi#::t-t-? v-:1!W&~~~:a:11n~·cr.7-v>'c"' 

to :f-t/- 1 :a:~~~l:&~H~l:~lffiL-mft:a:rr-:>k .• i!-8-~#:a:~a:n:a: 7 9 

6 k g / c m2 G i:, "':f-t /- 1 llf:ft£- 3 1. 1 mo I % ';:~~ L. tt. "$/:). 7 

Jvyl)Jv (71'7:).7-Jlty!J0""\/::$1-$/.r..=.JJ,.) (3- t er t-:17-Jv-5-

Y.7111- 2 -7 .r.. / :fy) 7-::$1 =? .b. "$/? o 71 i-: c. r. 'J 1 '.J :17 Jv7 Jv~ = 
ry J.:,.;Otla-8" ~ tl,f;:"' "/ ::$1 /lff~ (~lf.f*, ]k'(J., )-- IJ-"( '.J /:f' )V 7 )f,-~ = Q).:,. 0) 

15 S!l~;:t-t-tt-t.n, O. 37.umol/g, ]k'(J., 18. 5.umo l/g~. Al 

mt-re T i ~rOJ.:CJvJt:Ot so ~if!>o) :a:. £l::lll2J:tm-Wl:ct tJ•*lf-T{t;L-ttN 

• N-y ;(.7-Jv:t= 'J .=.?.b.71' 7:f .A (""\/::$17 JJ,.::to 7.r...=.Jv) ~v-1' < 

•**'1~2 o ttm.IJf'f) OJi/rfibl~77-1' ;..- (.:r:'.!l'.J:fitlb(f*)~? 'J.A J-.-Jv2 o 
2 : t:tl7't::firffi{t~~ I P '.J Jl!J'\./ 1' 2 0 2 8 = 6 0 : 4 0 (1<$:'1i%) OJ7.m'8-fl.J) 

20 !lU&t:iffl ( 1. 3 9 .umo I/ g) a--ttt.:tttE1J~ OJ~Hl;:~frit,, .l'ftt~tta- 7 

4 5 g /llij:rr;ii, ]krJ., 1 2 .3 5 g /mfr13iO)~~:imf:ft~' ~f£ 3. 1 7 5 mmO)fiC 

if~im L-""C .&:Pr.\Hl:i!l!*1C~l::tit1fift L-t.::. 1R-8-Et~bill:6t 2 4 7 "Cl::, *?*I!{r 
c T i J.§{rO)Jt;Ot 6. 2 2 l:f~Q ct? l: L.t.:: • .l'f O)*fi*, MFR ;6t 5 5 g / 1 0 

'1. mll (7=.-Jv~) ;!)to. 8 8 6 g/cm 3 ~if!>-?>.r.7v/-"':f-t/-1 

'l­
.;. i) :Jt£'8"1<$: :a: 1 Pij=r~ ~ t.:: l? , T i mtr 1 .:CJv ~ t.:: l? 1 3 t o n ~~ l,., t.=. 

!i~J: O)~IJJfiPJfi~fi 

W.J:ff1zi! Gt.= ct? l::. *~e,JH:J:tt~t. 7.f"" v7..,. ;..-m:ftmMi!it$;7.t c L- ""C~Jfi 

tJ:*?;vHt-8-~~- il~~l::~ilJ:oc~§-"-iit~L-f~.Q1J~~"t~fJt~tt. ~l;: 
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~v7~/£ftmM•©mft~-~~v7~/mftm&»~•~O)~•O)~*? 

;1{Htft~©~~P9t.t#t*ft:6~ilJfi~ct.toa ~ G t:~i. 2fs:~IYH;:J:tt~i. lU.~17-~* 

9*{tft!l#JJ.SJ:lJ-t©r!ii/J~:6~tft{!t~t1.-?>a itifilt'fT-llJ(*ry*{t-ftllt~i~l;:I 

•P9rl:i!•~· f91JX.~t~v7-1 /mftoclit~ta-r.sff!m"t .o~. mifl~:tm-r.si!m t.. 

5 t.t<'l~. jE'm"P9t.t~*ft~mt~ct... ~~~•· f91Jx~tjljj£Em/7°0)~jE~~~ 

mt~ e: -r.s~-?> t.t c.. *~IJJJ 0)~1Jm1i11HimJt"t ;: ~~-?> * ~ t-~a 
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111111111111111111111111111111 
* C L M S * 

1. ""Fa8 < 1) ,..., ( 3) '/.J~ 6JU;ftttt--~1:©*9*~-€r~a-. ~-~:St;;t> 

5 L-< fi.A 7 1J-ftL-t;:~:fl""E~~a~n::B~:>i.'~•~tu:~-to ;:l: a-*1tci""o*9 

~H~fttt!J.I O)fjt~JJ~o 

( 1) -~Jt B Q 1 Q2 Q 3 '"E~~tl.o*'7*1t-€J!Jt 

(2) -ftJt G+ (BQ 1 Q 2 Q 3 Q 4 ) -'"E~~tloiJ\Q;i'/Mtft!t!JJ 

(3) -ftlt (L-H) + (BQ 1 Q2 Q3 Q4
) -'"E~~ho*9*1t-€!4t 

10 CJ:ii3~-®'.J:t~::.t.n~--r~n.:rtt. B •-;t 3 fiHiOJMfrfiffi~:fl©iJ\?*DJ{-=f""Ed!> tJ, 

Q 1 ...... Q 4 ~iJ\0~/11{-=f, h)t{l::J.1<*£, /\09'/1twH~7.J<*~· fRjlylj )).,~ .. 

7 Jv::i =1=-Y~~t;:~-;t 211:•7 ~ .1 ~""C'=dS tJ, ~tt r; •ifR.I c-ea; -::>-C :t>AtJ:-::>-Ct-~ 

-Clf.>~lt~o c+ ~i11lfl*t;:~ilfttlO):b7-:;d'- /"'ecJ!> tJ, L •ii:?i1JJ..,1' :Attl.£-ed!> tJ 

, (L-H) +•i7v/.A7~ ~lt"'ed!>oo ) 

15 2. i-fi11b~'tbRftJJ<;:m•""C'=3!>omf>.f<©ffii!il~ 1 :tiECO)iJ\9*ft-€J~©gt;*8'1i~ 

0 

3. ~1t7.l<*mt£lt.J'tf&"1W!ft7.l<~mt1""E~oBW>.1<©ft!lll~ 2 J.R~•(l)*9*Htft 

4#8 (1)-{jt~}j~o 

4. ~37-it o. 8 c P J;AJ:OJ!f0gf~;ff'9oftUl'"Ed5oiii!i>ROJtfiBil~1 JJi'::Bail(I) 

20 *'7~{1::-fi"~Cl){J!:$fj:J5#io 

tJ:.:8, ;::. ;:-et-~ ?~f:fUd: 2 0 'Ct:::t:Ht o~Jl: ~ 1.-~? o 

s. &Jf.'~flXitMf1¥DitJ~•*tdi::tv7..f /!D:-8'Jl.l&Jf.'~a-ea;oa~(/)tfii!im 

~ 1,..., 4 JJ{O)l.-~"9tl.7-l\';:~lt0)*1:J*fl::-€J'~O).gtit'tft}jf!o 

6 . .&»~fii7-it:tv7.{ /£ti"JF.1.&;5f.\!itfil""E<l>omt>J<OJ~lmm 1,...,41JiOJtt~--rn 

25 7-l\i:aattO)iJ\Q*f~ft~©-Dt~:lit*o 

1. :tv7 -1 ;.--•-B-m.&~~•ntf.liEE1' ::t/mftt!'::~~::tv7..f ;.--•-€Jm.&~ 

~S'"E a;~ mt>l<OJfiifjg 6 Jl l:!a•O) * r) $1~'€!~ OJm*ti1i~o 

8. ::tv7-1/!l!-€1.lf.IBOt\~27-lf~t.t<ct>3 0 0 kg/ c m2 G~J:O)fE;/J:S 

J::rt1>tJ: < c ~-1 3 o "C~J:OJm.tt-em-e-~~M§T .:,~ v7 -1 ;...-m:-e-m.ocJJt~• 
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-e d; .Q filj>}( O) qij tm m 1 iJH;:~-0)$9*ft-@l~O)fjt~/J~o 

9. *9*ft-@l~O):ft:;k~!~'/J~ 5 0 µ, m£rf"'C'd;.Qil*O)$Bij~ 1 ....... 4 JJ{O)lt\'f' 

tttr~ ':~aCO)* 9;fHt~~O)fJt~1i~o 

1 o. TGa < 1) ....... ca) n\ Sil~tttt.::-•~J:OJ*?*ft-ftit~rz:(lij-::> -c, ~O) 

5 B*~!~n~ 5 0 µ, m~ l'""'C' (lij Q r. C: ~*It C: T .Qlt~!-T-tt$ 9 *ft-0'@.Jo 

( 1) -~it BQ' Q2 Q 3 -e~~tl.Q$9*ft-ft~ 

( 2) -fi'.it G+ (B Q1 Q 2 Q 3 ·Q 4
) --e~~t1.Q*9*ft-ft~ 

(3) -!tit (L-H) + (BQ 1 Q 2 Q3 Q4 ) -"'C'~~tl.Q$17*ft;~4tl 

CJ: ~~-H'.s:.t '::av" -c ~tt-ttt, B •i 3 fiffi 0) Jjj{-=ffiffi~:ffiOJ iJ\17 *»Jfr-r: a; I? , 
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SPECIFICATION 

METHOD FOR FEEDING BORON COMPOUND, BORON COMPOUND IN 

THE FORM OF FINE PARTICLES, COMPONENT OF CATALYST FOR OLEFIN 

5 POLYMERIZATION COMPRISING THE SAME AND METHOD FOR PRODUCING 

THE SAME 

TECHNICAL FIELD 

The present invention relates to a method for feeding 

10 a specific boron compound to a reactor, a boron compound 

having a controlled particle diameter useful as a component 

of a catalyst for polymerization of an olefin and a method 

for producing the same. More particu1a·r1y, it relates to 

a method for continuously feeding a boron compound useful 

15 as a component of a catalyst for polymerization of an olefin 

to a reactor, particularly an apparatus for preparing a 

catalyst or a reactor for polymerization of an olefin, said 

boron compound having a controlled particle diameter, and 

a method for producing said boron compound. 

20 

BACKGROUND ART 

Many reports have already been presented on methods for . 

producing olefin polymers with· catalysts for olefin 

polymerization, which uses a transition metal compound (e.g. 

25 a metallocene complex or non-metallocene complex) and a 

specific boron compound. Said boron compound, which is also 

commercially available in recent years, is usually solid 
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containing large size particles having a particle diameter 

of several hundreds micrometers to several millimeters, and 

while it is soluble in toluene to some extent, it has a low 

solubility in most solvents including saturated 

5 hydrocarbons. Therefore, conventionally it has been used 

in a solution having not so high concentration or used by 

adding undissolved part of s-aid boron compound remaining in 

solid form into a vessel. 

For example, In Japanese Patent Publication (Kohyo) 

10 No. Hei 1-502036 discloses a method for producing an olefin 

polymer in which tri-n-butylammonium 

tetrak~s(phenyl)borate is suspended in toluene, 

bis(pentamethylcyclopentadienyl) zirconium dimethyl is· 

added thereto, Cp*2Zr(C6H4 )B(C6H5 ) 3 <wherein Cp* represents 

15 1} 5-pentamethylcyclopentadienyl group:> is isolated and 

used as a catalyst for polymerization of an olefin. In this 

method, tri-n-butylammonium tetrakis(phenyl)borate is 

provided in advance in the form of a suspension in toluene 

in a reactor for preparing a catalyst, and the catalyst is 

20 prepared by adding a metallocene complex thereto. 

In addition, in u. s. Patent Specification No. 5, 408,O1 7, 

it is disclosed that a method for producing an olefin polymer 

in a high-pressure polymerization apparatus at 1,300 bar, 

in which method N,N-dimethylanilnium 

25 tetrakis(pentafluorophenyl)borate and 

dimethylsilylbis(4,S,6,7-tetrahydroindenyl) zirconium 

dimethyl are mixed in toluene to prepare a homogeneous 
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catalyst solution,· which is used as a catalyst for 

polymerization of an olefin. In this method, while a solid 

N, N-dimethylanilnium tet~akis (pentafluoropheiiyl) borate is 

used for the preparation of the catalyst, a homogeneous 

5 catalyst solution is provided before use for polymerization 

by mixing it with the metallocene complex in toluene, and 

then said solution is continuously fed to a polymerization 

reactor with a high-pressure pump. 

Furthermore, Japanese Patent Publication ( Kokai) No. 

10 Hei 7-157508 discloses a method in which a solution of 

triisobutyl aluminum in toluene is added to a solution of 

diphenylmethylene ( cyclopentadienyl) ( fluorenyl) zirconium 

dichloride in toluene in a separate vessel before use for 

polymerization, and further, a solution of N,N-

15 dimethylanilnium tetrakis(pentafluorophenyl)borate in 

toluene is added to obtain a homogeneous catalyst solution, 

then said solution is fed to a high-temperature high­

pressure polymerization reactor. 

Conventionally, as described above, when said boron 

20 compound is continuously fed to a reactor, a discontinuous 

procedure for preparing a homogeneous catalyst solution in 

a separate vessel, was adopted or a solution having not so 

high concentration was used. 

In Published Specification No. W094/00459, there is 

25 described a method for producing said boron compound and a 

method for purifying a produced crude boron compound that 

is colored. According to said method for purification, a 
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method is disclosed in which the produced crude boron 

compound dissolved in ethers, alcohols, ketones or 

halogenated aliphatic hydrocarbons as a solvent is 

precipitated by water or an aliphatic hydrocarbon solvent, 

5 but there is no description for particle diameter of the 

obtained boron compound. 

DISCLOSURE OF INVENTION 

In view of these circumstances, the problem to be solved 

10 by the present invention, in other words, the purpose of 

the present. invention i~ to provide a method capable of 

feeding a boron compound useful as a catalyst component for 

polymerization of an olefin continuously and in large amount 

to a reactor, and additionally, to prov·ide a boron compound 

15 capable of allowing steady feed thereof without using it in 

the state of a solution and allowing stable operation of a 

feeding apparatus, when used as a catalyst component for 

polymerization of olefin or the like, and to provide a method 

for producing said boron compound. 

20 Namely, the present invention relates to a method for 

feeding a boron compound, which comprises feeding at least 

one boron compound selected f ram ( 1) to ( 3) descr.ibed below 

in the state suspended or slurried in a solvent continuously 

to a reactor; a boron compound in the form of fine particles 

25 having a maximum particle diameter of 50 µm or less 

comprising one or more boron compounds selected from ( 1) to 

(3) described below; a catalyst component for olefin 
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polymerization consisting of said boron compound in the form 

of fine particles; a method for producing a boron.compound 

in the form of fine particles which comprises dissolving one 

or more boron compounds selected from ( 1) . to ( 3) described 

5 below in an aromatic hydrocarbon solvent and then 

precipitating in an aliphatic hydrocarbon solvent; and a 

method for producing boron compound in the form of fine 

particles, which comprises pulverizing one or more boron 

compounds selected from ( 1) to ( 3) described below so that 

10 their maximum particle diameter is 50 µm or less. 

( 1) a boron compound represented by the geneJ;al 

formula: B(iQ2Ql' 

(2) a boron compound represented by the general 

formula: G+ ( BQ1Q2QJ Q4 ) - , and 

15 (3) a boron compound represented by the general 

formula: (L-H)+(BQ1Q2QJ Q4 )-

(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 

a hydrocarbon group, a halogenated hydrocarbon group, a 

20 substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid.) 

The present invention is described below in more 

25 detail. 

The boron compound used in the present invention is at 

least one boron compound selected from ( 1) to ( 3) described 



-6--

below. 
. . 

(1) a boron compound represented by the general 

formula: BQ1Q2Q3
, 

(2) a boron compound represented by the general 

5 formula: G+(BQ1Q2Q3 Q4 
)- , and 

(3) a boron compound represented by the general 

formula: (L-H)+(BQ1Q2Q3 Q4 
)-

(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 

10 a hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is ·a Br$nsted acid.) 

15 In the boron compound (l) represented by the general 

formula: BQ1Q2Q3
, B is a boron atom in the trivalent vaience 

state, Q1 to Q3 are a halogen atom, a hydrocarbon group, a 

halogenated hydrocarbon group, a substituted silyl group, 

an alkoxy group or a di-substituted amino group, which may 

20 be the same or different, respectively. Q1 to Q3 are 

preferably a halogen atom, a hydrocarbon group containing 

1 - 20 carbon atoms, a halogenated hydrocarbon group 

containing 1 to 20 carbon atoms (for example, a fluorinated 

aryl group of 6 to 20 carbon atoms containing at least one 

25 fluorine atom being preferred), a substituted silyl group 

containing 1 to 2 0 carbon atoms, an alkoxy group containing 

1 to 20 carbon atoms or an amino group containing 2 to 20 
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carbon atoms, and more_ preferred Q1 to Q3 are a halogen atom, 

a hydrocarbon group containing 1 to 20 carbon atoms, or a 

halogenated hydrocarbon group containing 1 to 20 carbon 

atoms. 

5 Specific examples of the boron compound ( 1) represented 

by the general f orm.ula: BQ1Q2Q3 include 

tris(pentafluorophenyl)borane, tris(2,3,5,6-

tetrafluorophenyl)borane, tris(2,3,4,5-

tetrafluorophenyl)borane, tris(3,4,5-

10 trifluorophenyl)borane, tris(2,3,4-

trifluorophenyl)borane, 

phenylbis(pentafluorophenyl)borane and the like, with 

tris{pentafluorophenyl)borane being the most preferred. 

In the boron compound (2) represented by the general 

15 f orm.ula: G+ ( BQ1Q2Q3 Q4 
)- , G+ is an inorganic or organic cation, 

B is a boron atom in the trivalent valence state, and Q1 
-

04 is the same as Q1 to Q3 described in (1) above. 

In specific examples of the boron compound (2) 

represented by the general formula: G+ ( BQ1Q2Q3 04 
) - , inorganic 

20 cati~ns as G+ include ferrocenium cation, alkyl-substituted 

ferrocenium cation, silver cation and the like, and organic 

cations as G+ include triphenylmethyl cation and the like. 

Particularly preferred one as G+ is carbenium cation and the 

most preferred one is triphenylmethyl cation. (BQ1Q2Q3 Q4 
)-

25 includes tetrakis(pentafluoro~henyl)borate, 

tetrakis(2,3,5,6-tetrafluorophenyl)borate, 

tetrakis(2,3,4,5-tetrafluorophenyl)borate, 
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tetrakis(3,4,5-trifluorophenyl)borate, tetrakis(2,3,4-

trifluorophenyl)borate, 

phenyltris(pentafluorophenyl)borate, tetrakis(3,S­

bistrifluoromethylphenyl)borate and the like. 

5 Specific combinations of them include ferrocenium ·. 

tetrakis(pentafluorophenyl)borate, 1,1'­

dimethylferrocenium tetrakis(pentafluorophenyl)borate, 

silvertetrakis(pentafluorophenyl)borate, triphenylmethyl 

tetrakis(pentafluorophenyl)borate, triphenylmethyl 

10 . tetrakis ( 3, 5-bistrif luoromethylphenyl) borate and the like, 

and triphenylmethyl tetrakis(pentaf~uorophenyl) borate is 

most preferable. 

In the boron compound (3) represented by the general 

formula: ( L-H) + ( BQ1Q2Q3 Q4 
) - , L is a neutral Lewis base, ( L-H) + 

15 is a Br<j>nsted acid, Bis a boron atom in the trivalent valence 

state, and Q1 to .04 is the same as Q1 to Q3 described in ( 1) 

above. 

In specific examples of the boron compound (3) 

represented by the general formula: (L-H)+(BQ1Q2Q3Q4 
)- , (L-H)+ 

20 as the Br<j>nsted acid includes trialkyl-substituted ammonium, 

N,N-dialkylanilinium, dialkylannnonium, triarylphosphonium 

and the like, and ( BQ1Q2Q3Q4 
)- includes those mentioned above. 

Specific combinations thereof include 

triethylammonium tetrakis(pentafluorophenyl)borate, 

25 tripropylammonium tetrakis(pentafluorophenyl)borate, 

tri-n-butylammonium tetrakis(pentafluorophenyl)borate, 

tri(n-butyl)ammonium tetrakis(3,S-
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bistrifluoromethylphenyl)borate, N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium 

tetrakis(pentafluorophenyl)borate, N,N-2,4,6-

pentamethylanilinium tetrakis(pentafluorophenyl)borate, 

5 N,N-dimethylanilinium tetrakis(3,5-

bistrifluoromethylphe:nyl)borate, diisopropylamm.onium 

tetrakis(pentafluorophenyl)borate, dicyclohexylammQnium 

tetrakis(pentafluorophenyl)borate, triphenylphosphonium 

tetrakis(pentafluorophenyl)borate, 

10 tri(methylphenyl)phosphonium tetrakis(pentafluorophenyl) 

borate, tri(dimethylphenyl)phosphonium tetrakis 

(pentafluorophenyl)borate and the like, and tri-n­

butylammonium tetrakis(pentafluorophenyl)borate or N,N­

dimethylanilinium tetrakis(pentafluorophenyl)borate is 

15 most preferable. 

The boron compound used in the present invention is 

pref er ably the boron compounds of ( 2) or ( 3) described above 

and in particular preferably triphenylmethyl 

tetrakis(pentafluorophenyl)borate and N,N-

20 dimethylanilinium tetrakis(pentafluorophenyl)borate. 

Most preferably, it is N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate. 

In the present invention, the above described boron 

compound is used in the state suspended or slurried in a 

25 solvent. The state suspended or slurried in a solvent 

referred to in the present invention means the state in which 

solids are not completely dissolved in the solvent and solid 
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particles are dispersed in the solvent. In the present 

invention, the state of suspension and the state of slurry 

are not particularly distinguished. 

In the. present invention, when the above described 

5 boron compound is fed in the state of which the boron compound 

is suspended or slurried in a solvent, it is preferred that 

the sedimentation velocity of said boron compound in the 

suspended or slurried state is lower than the flow velocity 

in the pipeline in order that, for example, said boron 

10 compound does not deposit in the pipeline. 

In the present invention, the solvent used for 

suspending or slurrying is not particularly limited insofar 

as it does not cause problems in the use of the boron compounds, 

and hydrocarbon solvents are preferably us.ed. 

15 As the hydrocarbon solvents, either saturated 

hydrocarbon sol ven.ts or aromatic hydrocarbon sol vents may 

be used, but saturated hydrocarbon solvents are preferred 

from the viewpoint of problems such as offensive smell, in 

the field of polymerization of olefins. The saturated 

20 h~drocarbon solvents include butane, hexane, heptane, 

octane, cyclohexane, dodecane, liquid paraffin and the like, 

and the aromatic hydrocarbon solvents include benzene, 

toluene, xylene and the like. 

In the present invention, it is preferred to use a 

25 solvent having a high viscosity in order that the 

sedimentation velocity of said boron compound in the 

suspended or slurried state is lower than the flow velocity 
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in ~he pipeline. The viscosity of the solvent is preferably 

0.8 cp (centipoise) or.more, more preferably 1.4 - 1200 cp, 

most preferably 1.6 - SO cp. 

Specific examples of solvents having a high viscosity 

5 include dodecane, various liquid paraffins, mixed sol vents 

of these with other solvents and the like. As the liquid 

paraffins, for example, commercially available liquid 

paraffins having various viscosities within about 2 to about 

2000cp can be used. The viscosity referred to herein means 

10 the viscosity at 20°C. 

15 

When a pipeline is used in the feeding method of the 

pre~ent invention, the diameter of the pipeline is not 

particularly limited and is O.S to 100 mm, preferably 1 to 

SO mm and more preferably l.S to 30 mm. 

In the present invention, there is no particular 

limitation in the ratio between the amount to be used of the 

boron compound in the state of which said boron compound is 

suspended or slurried in a solvent and that of the solvent. 

While the above described boron compound is soluble to some 

· 20 extent in the aromatic hydrocarbon solvent such as toluene, 

according to the present invention in which the undissolved 

part is used in the suspended or slurried state, it is 

possible to feed a large amount of the boron compound in 

smaller volume. In addition, while the above described 

25 boron compound has a low solubility in the saturated 

hydrocarbon solvent and said boron compound contained in the 

solution are small in amount, according to the present 
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invention, it is possible to feed a large amount of said boron 

compound in smaller volume. 

When an aromatic hydrocarbon solvent is used, it is 

possible to feed in the ratio between the above described 

5 boron compound and the sol vent, represented by a molar number 

of the boron compound to the volume of the solvent, of 2 

800 millimoles/liter, and it is possible to feed more 

preferably in 6 - 500 millimoles/liter and further 

preferably 10 - 300 millimoles/liter. When a saturated 

10 hydrocarbon solvent is used, it is possible to feed in the 

ratio of O. 0001 - 800 millimoles/liter, and it is possible 

to feed more preferably in 0.001 - 500 millimoles/liter. 

In the present invention, the above described boron 

compound is continuously fed to a reactor in the state of 

15 which the boron compound is suspended or slurried in a 

solvent. 

The reactor herein refers to an apparatus subjected 

to the reaction using the above described boron compound, 

and include, for example, catalyst preparation apparatuses 

20 in which the above described boron compound is continuously 

fed in a large scale to. and reacted with a transition metal 

compound such as a metallocene complex, non-metallocene 

complex or the like, and a reactors for olefin polymerization. 

Among them, it is applied suitably from the industrial 

25 viewpoint to reactors for olefin polymerization to which the 

above described boron compound needs to be continuously fed 

for a long period. 
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The reactors for olefin polymerization include, for 

example, reactors used for solvent polymerization or slurry 

polymerization in which an aliphatic hydrocarbon such as 

butane, pentane, hexane, heptane, octane or the like is used 

5 as the solvent, high-pressure ionic polymerization carried 

out without solvent and under high-temperature and high­

pressure, gas phase polymerization carried out in a gaseous 

monomer and the like. 

Preferred one is a reactor for olefin polymerization 

10 by high-temperature solution polymerization in which the 

polymerization of olef ins is carried out using a solvent such 

as cyclohexane or the like under conditions of 120 - 250°C 

and 5 - 50 kg/cm2 at which polymers are melted or by 

high-pressure ionic polymerization in which the 

15 polymerization is carried out under a pressure of at least 

300 kg/cm2G and a temperature of at least 130°C. More 

suitably, it can be applied to a reactor for olefin 

polymerization by high-pressure ionic polymerization in 

which feed needs to be continued for a long period, and the 

20 advantage of the present invention is especially great. 

25 

In the present invention, when the above described 

boron compound are continuously fed to a reactor in the state 

suspended or slurried in a solvent, the feed to the reactor 

is suitably effected using a pump through a pipeline. 

In the present invention, while shape, particle 

property, particle diameter, distribution of particle size 

and the like of the· above described boron compounds are not 
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particularly limited, it is preferred that the particle 

diameter is smaller because the possibility of blockade in 

a feeding apparatus (for example, pump) is reduced and the 

sedimentation velocity in the pipeline tends to become 

5 lower. 

Such boron compounds include the above described boron 

compounds in the form of fine particles having a maximum 

particle diameter of 50 µm or less. Such boron compounds in 

the form of fine particles allow steady feed by and stable 

10 operation of the feeding apparatus, without any troubles 

such as blockade in the feeding apparatus (for example, pump) 

in case where used in the industrial production conducted 

in a.large scale, by using, for example, in the suspended 

or slurried state or in the powdery state rather than the 

15 dissolved state, when, for example, used as a catalyst 

component for olefin polymerization. The maximum particle 

diameter of such boron compounds in the form of fine 

particles is preferably 30 µm or less, more preferably 10 

µm or less and in particular preferably Sµm or less. 

20 A method for producing such boron compounds in the form 

of fine particles is not particularly limited insofar as it 

allows the maximum particle diameter of the boron compounds 

to be so·µmor less, and there can be illustrated, for example, 

a method in which the above described boron compound is 

25 dissolved in an aromatic hydrocarbon solvent and then 

precipitated in an aliphatic hydrocarbon solvent, or the 

like. 
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Specific examples of said aromatic hydrocarbon 

solvent include benzene, toluene, ethylbenzene, 

propylbenzene, isopropylbenzene, butylbenzene, 

isobutylbenzene, o-xylene, m-xylene, p-xylene, 1,2,3-

5 trimethylbenzene, 1,2,4-trimethylbenzene, 1,3,5-

trimethylbenzene, fluorobenzene, o-difluorobenzene, m­

difluorobenzene, p-difluorobenzene, 1,2,3-

trif luorobenzene, 1i2, 4-trif luorobenzene, 1, 3, 5.-

trif luorobenzene, 1,2,3,4-tetrafluorobenzene, 1,2,4,5-

10 tetrafluorobenzene,pentafluorobenzene,hexafluorobenzene, 

chlorobenzene, o-dichlorobenzene, m-dichlorobenzene, p­

dichlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-

trichlorobenzene, 1,3,5-trichlorobenzene, 1,2,3,4-

tetrachlorobenzene, 1,2,4,5-tetrachlorobenzene, 

15 pentachlorobenzene, hexachlorobenzene, bromobenzene, o­

dibromobenzene, m-dibromobenzene, p-dibromobenzene, 

1,2,3-tribromobenzene, 1,2,4-tribromobenzene, 1,3,5-

tribromobenzene, 1,2,3,4-tetrabromobenzene, 1,2,4,5-

tetrabromobenzene, pentabromobenzene, hexabromobenzene 

20 and the like. Preferred one is toluene. 

Usually, it is desirable that the concentration of the 

solution of said boron compound is at the solubility for 

saturation. It is also preferable to set the temperature 

of the solution higher in order to increase the 

25 concentration. 

Specific examples of the above described aliphatic 

hydrocarbon solvent include pentane, 2-methylpentane, 3-
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methylpentane, cyclopentane, methylcyclopentane, hexane, 

2-methylhexane, 3-methylhexane, cyclohexane, 

methylcyclohexane, heptane, 2-methy°Iheptane, 3-

methylheptane, 4-methylheptane, cycloheptane, octane, 

5 nonane, decane, a petroleum ether (petroleum benzine), a 

mineral oil (paraffin oil), ligroin (mineral spirit) and the 

like, and hexane or heptane is preferred. 

The method for precipitating the boron compound from 

an aromatic hydrocarbon solution to an aliphatic hydrocarbon 

10 solvent includes, generally, a met:ho~ in which the solution 

is added dropwise to a large amount of stirred aliphatic 

hydrocarbon solvent. 

The rate of dropwise addition can be set at any value 

according to the amount of the solution. 

15 The method of stirring during the dropwise addition 

includes a method in which the known stirring blade is used 

for stirring, a method in which one of various dispersing 

instruments excellent in dispersing efficienc;::y (for example, 

homogenizer, line mixer, ultrasonic radiator and the like), 

20 and any known method can be applied without particular 

limitation. 

Depending on particular case, the stirring may be. 

completely omitted. 

The amount of the aliphatic hydrocarbon solvent to be 

25 used _is not particularly limited and any amount of the 

aliphatic hydrocarbon solvent required to precipitate ·the 

boron compounds dissolved in an aromatic hydrocarbon solvent 
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may be used. Specifically, the aliphatic hydrocarbon 

solvent may be used in an amount 0 .1 to 1, 000 times the volume 

or weight of the solution of the boron compound in the 

aromatic hydrocarbon sol vent. More pref er ably, it is used 

5 in an·amount l to 100 times, further preferably 1to10 time~. 

Sometimes, the obtained boron compound in the form of 

fine particles is washed further with an aliphatic 

hydrocarbon solvent. 

The boron compound in the form of fine particles 

10 obtained in the above described manner can be those having 

a maximum particle diameter of 10 µm or less, and is 

substantially free from the aromatic hydrocarbon solvent 

such as toluene or the like. 

And, as the method for producing such a boron compound 

15 in the form of fine particles, there is given a method in 

which it is converted into fine particles having the maximum 

particle diameter of 50 µm or less by pulverization. 

The method for pulverization is not particularly 

limited insofar as it is a pulverizing method allowing to 

20 pulverize said boron compounds into those of the maximum 

particle diameter of 50 µm or less, and may be any one of 

batch pulverizing method and continuous pulverizing method 

using routine pulverizing machine, or closed circuit 

pulverization method in which-classification is 

25 simultaneously performed. 

Specific examples of such pulverizing machine include 

jaw crusher, gyratory crusher, hammer crusher, roll crusher, 
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ring roller mill, ball bearing mill, bowl mill, edge runner, 

stamp mill, hammer mil_l, cage mill, pin mill, disintegrator, 

dismembrator, cutter mill, feather mill, oscillating rod 

mill, aerofall mill, cascade mill, hard shell mill, 

5 turbo-mill, microcyclomate, hurricane mill, pot mill, 

compound mill, compartment mill, conical ball mill, 

supercritical mill, radial mill, tower mill, circular 

vibration mill, disk mill, high swing ball mill, centrifugal 

ball mill, sand grinder, atomizer, pulverizer, supermicron 

10 mill, jet mill, colloid mill, mortar and the like. 

The method for pulverization may either be a dry 

pulverizing method which is carried out with the boron 

compound in dry state or wet pulverizing method which is 

carried out using a solvent or dispersing medium depending 

15 on the kind of pulverizing machine. A preferable solvent 

or dispersing medium used in the wet pulverizing method is 

an aliphatic hydrocarbon solvent. 

As the aliphatic hydrocarbon solvent, similar one to 

the already described aliphatic hydrocarbon solvent can be 

20 used. 

The method for controlling the particle diameter of the 

boron compound by pulverization is not particularly limited 

in either a dry pulverizing method and a wet pulverizing 

method, and may be one which allows.pulverization by 

25 selecting conditions for pulverization such that the maximum 

particle diameter of the boron compounds is 50 µm or less. 

The conditions for pulverization include, for example, 
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pulverization time, pulverization temperature, number of 

vibration of pulverizing machine, number of rotation, flow 

rate of gas or liquid applied to pulverizing machine, flow 

velocity, slurry concentration of slurry of the boron 

5 compounds when wet pulverization is conducted, and the like, 

but the conditions are not limited to them. Similarly, by 

selecting conditions for pulverization, the maximum 

particle diameter of the boron compounds can be controlled 

to 30 µm or less, 10 µm or less or 5 µm or less. 

10 The pulverization time may be set several minutes or 

more and there is no particular upper limit. The longer the 

pulverization time is, the smaller the particle diameter of 

the boron compounds becomes and the smaller the maximum 

particle diameter becomes. However, when the pulverization 

15 time exceeds a certain length, the particle diameter 

converges and no further change is observed, and.therefore, 

the pulverization may no longer be continued for further time 

when the particle diameter is considered to attain 

convergence, and the time may be set within a range, for 

20 example, of 10 minutes to 3.0 days. 

The pulverization temperature is not particularly 

limited, and while some times the temperature of the boron 

compounds may rise by pulverizing, allowable temperature of 

the boron compounds is between -10°C and up to the melting 

25 point of the boron compounds. Preferably, the temperature 

is O to 100°C and more preferably O to 50°C. 

When, in the kinds of the pulverizing machine, a 
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pulverizing machine in which the pulverization is performed 

by giving vibration, for example, ball mill pulverizing 

machine, is used, one of conditions is the frequency of 

vibration of the container. The frequency of vibration is· 

5 again not particularly limited and may be set depending on 

the performance of the pulverizing machine. For example, 

the frequency may be in the range of 100 times/minute to 

100,000 times/minute. 

When, in the kinds of the pulverizing machine, a 

10 pulverizing machine in which the pulverization is performed 

by using revolving hammers, for example hammer mill 

pulverizing machine, is used, one of conditions is the number 

of revolution of the hammer. The number of revolution is 

not particularly limited and may be set depending on the 

15 performance of the pulverizing machine, and for example, the 

frequency may be in the range of 100 times/minute to 100, 000 

times/minute. 

When, in t·he kind of the pulverizing machine, a 

pulverizing machine in which the pulverization is performed 

20 by collision with each other of the substance in the steam 

of gas or liquid, for example jet mill pulverizing machine, 

the flow rate and the flow velocity of the gas or liquid used 

are not particularly limited, and the flow rate and the flow 

velocity can be anyone that allows to make the maximum 

25 particle diameter of the boron compounds of 50 µm or less: 

the flow rate may be, for example, within a range of 0.1 

liter/second to 1,000 liter/second, and the flow velocity 
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may be, for example, within a range of 0. 1 meter I second to 

1,000 meter/second. 

The slurry concentration of a slurry of the boron 

compounds in the wet pulverization is not particularly 

5 limited, andthe slurry concentration can be anyone that 

allows to make the maximum particle diameter of the boron 

compounds of 50 µm or less. The concentration may be, for 

example, 0.01 gram/liter to 1,000 grams/liter, preferably 

0.1 gram/liter to 500 grams/liter and more preferably 1 

10 gram/liter to 300 grams/liter. 

The stable operation of and steady feed by the feeding 

apparatus can be realized by feeding the boron compound in 

the form of fine particles produced as above by the method 

feeding to a reactor in the state slurrie~ in a solvent or 

15 by the method feeding in the state of powders. When used 

in the polymerization of olefins, the solvent usually used 

in the polymerization may be used as a solvent for slurrying, 

and there are illustrated aliphatic hydrocarbon solvents 

such as pentane, hexane, heptane, octane and the like, and 

20 unless the use does not cause problems, aromatic hydrocarbon 

solvents such as benzene, toluene, xylene and the like and 

halogenated hydrocarbon solvents such as chloroform, 

dichloromethane and the like, or others. When the boron 

compound in the form of fine particles is produced by wet 

25 pulverization, the solvent or dispersing medium for the 

slurry may be the used one. 

When the feeding method of the present invention is 
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When the feeding method of the present invention is 

adopted in an apparatus for preparing a catalyst for olefin 

polymerization or in a reactor for olefin polymerization, 

or when the boron compound in the form of fine particles is 

5 used as a catalyst component for olefin polymerization, the 

catalyst for olefin polymerization includes a catalyst for 

olefin polymerization obtainable by using (A) a transition 

metal compound and (B) the above described boron compounds, 

or a catalyst for olefin polymerization obtainable by using 

10 (A) a transition metal compound, (B) the above described. 

boron compounds and (C) an organoaluminum compound. 

As the transition metal compound (A) herein, there can 

be used various compounds exhibiting activity for 

polymerization of olef ins, and examples include metallocene 

15 complex and non-metallocene complex. Specific examples·. 

include biscyclopentadienyl zirconium dichloride, 

bis(methylcyclopentadienyl) zirconiumdichloride, bis(n­

butylcyclopentadienyl) zirconium dichloride, bis(tert­

butylcyclopentadienyl) zirconium dichloride, 

20 bis(pentamethylcyclopentadienyl) zirconium dichloride, 

bis(trimethylsilylcyclopentadienyl) zirconiumdichloride, 

ethylenebisindenyl zirconium dichloride, 

etP.ylenebis(4,5,6,7-tetrahydroindenyl) zirconium 

dichlori.de, dimethylsilylbisindenyl zirconium dichloride, 

25 dimethylsilylbis(4,5,6,7-tetrahydroindenyl zirconium 

dichloride, dimethylsilylbis(2,4-

dimethylcyclopentadienyl) zirconium dichloride, 
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zirconium d:i:chloride, ciimethylmethylene ( cyclopentadieny1) 

(fluorenyl) zirconium dichloride, 

diphenylmethylene(cyclopentadienyl) (fluorenyl) zirconium 

dichloride, dimethylsilyl(tetramethylcyclopentadienyl) 

5 (tert-butylamido) zirconium dichloride,· 

dimethylsilyl(tetramethylcyclopentadienyl) (3-tert­

butyl-5-methyl-2-phenoxy) zirconium dichloride and the like, 

and compounds wherein zirconium in these compounds is 

changed to titanium, and further, compounds wherein 

10 dichloride_ in these compounds including the latter is 

changed to dimethyl or dibenzyl. Similarly, other examples 

include N,N'-bis(2,6-diisopropylphenyl)-l,2-

dimethylethylenediimino nickel dibromide, N;N'-bis(2,6-

diisopropylphenyl)-l,2-dimethylethylenediimino palladium 

15 dibromide and the like. 

As the organoaluminum compound (C), there can be used 

compounds having a carbon-aluminum bond in the molecule and 

generally used in the field of polymerization of olefins. 

Specific examples includE! trimethyl- aluminum, triethyl 

20 aluminum, triisobutyl aluminum, methyl aluminoxane, 

isobutyl aluminoxane and the like. 

As to the amounts to be used of respective catalyst 

components, it is desirable that respective components are 

used in a range of 0.1 to 10,000, preferably 5 to 2,000, in 

25 molar ratio of compound (C)/compound (A), and 0.01 to 100, 

preferably 0.5 to 10, in molar ratio of compound (B)/compound 

(A). 
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As monomers applicable to polymerization, any olefins 

having 2 - 2 0 carbon atoms can be used and two or more monomers 

can simultaneously be used. Specific examples of such 

olefins include linear olefins such as ethylene, propylene, 

5 butene-1, pentene-1, hexene-1, heptene~l, octene-1, 

nonene-1, decene-1 and the like, branched olefins such as 

3-methylbutene-1, 3-methylpentene-1, 4-methylpentene-1, 

2-methylpentene-1 and the like, and should not limited to 

the above described compounds. Specific examples of 

10 combination of monomers for copolymerization include 

15 

·ethylene and propylene, ethylene and butene-1, ethylene and 

hexene-1, ethylene and octene-1, propylene and butene-1 and 

the like, and should not limited to the above described 

combinations. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in more detail 

by means of Examples and Comparative Examples, but is not 

limited thereto. 

20 Properties of polymers in Examples were measured by the 

methods described below. 

(l) The density was measured according to JIS K-6760. 

Provided that the value ·of density (without annealing) was 

a value determined according to JIS K-6760 without the 

25 annealing treatment, and the value of density (with 

annealing) was a measured value after the annealing 

treatment. 
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(2) Content of a-olefin: It was measured from 

characteristic absorptions of ethylene and a -olef ins using 

a infrared spectrophotc:>meter (IR-810, manufactured by JASCO 

Corporation) and expressed by a number of short chain 

5 branches (SCB) per 1,000 carbon atoms. 

(3) Melting point of copolymer: It was measured using Seiko 

SSC-S200 under the following conditions. 

Heating: from 40°C to 150°C ( 10°C/minute), maintained for 

5 minutes 

10 Cooling: from 1S0°C to 10°c (S°C/minute), maintained for 

10 minutes 

Measurement: from 10°C to 160°C (S°C/minute) 

( 4) Intrinsic viscosity [ TJ] :. This was measured in a tetralin 

solution at 130°C using Ubbelohde viscometer. 

15 ( S) Molecular weight and molecular weight distribution: they 

were measured with gel permeation chromatograph (lSO.C, 

manufactured by Wate~s) ~nder the following conditions. 

Colll:1DD: TSK gel GMH-HT 

Measuring temperature: 14S°C, setting 

20 Measuring concentration: 10 mg/10 ml o-dichlorobenzene 

(6) Melt flow rate (MFR) was measured at 190°C according to 

the method provided under JIS K-6760. 

( 7) Particle diameter of boron compounds: it was determined 

by observing the boron compounds under an optical microscope 

25 and measuring the major axis in the image. 

Example 1 

(Preparation of boron compound by precipitation) 
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Into a 500 ml cylindrical flask equipped with a stirrer 

and a thermometer was placed, at room temperature, 4. 3 g of 

N,N'-dimethylanilinium tetrakis(pentafluorophenyl)borate 

(commercially available from Asahi Glass Company, maximum 

5 particle diameter: several millimeters), to. which 290 ml of 

toluene was added. Then, the mixture was heated to 80°C with 

stirring to completely dissolve N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate. On the other hand, 60-

ml of hexane was placed in a 100 ml cylindrical flask equipped 

10 ·with a magnetic stirrer. To this was added 5 ml of the 

solution of N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate in toluene at 80°C 

prepared above. Immediately, N,N'-dimethylanilinium 

· tetrakis(pentafluorophenyl)borate precipitated in the form 

15 of fine particles. Their particle diameter observed under 

an optical microscope was 2 - 3 µm and no particle of 10 µm 

or more was observed. 

Example 2 

(Preparation of boron compounds by precipitation) 

20 Into a 5.00 ml cylindrical flask equipped with a stirrer 

and a thermometer was placed, at room.temperature, 4.03 g 

of N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate (commercially available 

fromAsahi Glass Company, maximum particle diameter: several· 

25 millimeters), to which 339 ml of toluene was added. Then, 

the .mixture was heated to 80°C with stirring to completely 

dissolve N,N'-dimethylanilinium 
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tetrakis(pentafluorophenyl)borate. .on the other hand, 

2205 g of hexane was placed in a 5-liter cylindrical flask 

equipped with a stirrer. To this was added the whole amount 

of the solution·of N,N'-dimethylanilinium 

5 tetrakis(pentafluorophenyl)borate in toluene at 80°C 

prepared above. Immediately, N,N'-dimethylanilinium 

tetrakis (pentafluorophenyl) borate precipitated in the form 

of fine particles. Their particle diameter was 2 - 3 µm and 

no particle of 10 µm or more was observed. 

10 Comparative Example 1 

Into a 50 ml cylindrical flask equipped with a magnetic 

stirrer was placed, at room temperature, 2.0 g of N,N'­

dimethylanilinium tetraki~(pentafluorophenyl)borate 

(commercially available from Asahi Glass Company, maximum 

15 particle diameter: several millimeters), to which 20· ml of 

acetone was added to completely dissolve N,N'­

dimethylanilinium tetrakis(pentafluorophenyl)borate. 

On the other hand, 500 g of water was placed in a 1 

!_cylindrical flask equipped with a stirrer at room 

20 temperature, stirring was carried out, and the whole amount 

of the solution of N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate in acetone prepared 

above. Immediately, N,N'-dimethylanilinium 

tetrakis (.pentafluorophenyl) borate precipitated, but their 

25. shape were irregular and fine particles having a diameter 

of 1 µm or less, needle-like crystals of several tens µm and 

particles of several tens µm - several mm were observed. 
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Example 3 

(Dry pulverization) 

Into a cylindrical metal container (metallic material: 

SUS316L) having an inner volume of ~65 ml was placed about 

5 350 g of metal spheres (material: SUS316L) having a diameter 

of about 5 - 6 mm, and 10.3 g of N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate (commercially available 

fromAsahi Glass Company, maximum particle diameter: several 

millimeters) was added thereto. The container was sealed, 

10 placed in a small-scale vibration ball mill pulverizing 

machine (1042 Special Model, manufactured by Yoshida 

Seisakusho Co.) and subjected to pulverization at room 

temperature with vibrating at a vibration number of 

17O0 /minute for 14 hours. 9. 7 g of N, N • -dimethylanilinium 

15 tetrakis(pentafluorophenyl)borate in the form of fine 

particles were obtained. The recovery was 94.2%. The 

particle diameter was 2 - 3 µm and no particle of· 10 µm or 

more was observed. 

Example 4 

20 (Wet pulverization) 

Into a cylindrical metal container (material: SUS316L) 

having an inner volume of 265 ml was placed about 370 g of 

metal spheres (material: SUS316L) having a diameter of about 

5 - 6 mm, and 10.0 g of N,N'-dimethylanilinium 

25 tetrakis(pentafluorophenyl)borate (commercially available 

from Asahi Glass Company, maximum particle diameter: several 

millimeters) was added thereto, followed by addition of 100 
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ml of heptane. The container was sealed, placed ·in a 

small-scale vibration ball mill pulverizing machine (1042 

Special Model, manufactured by Yoshida Seisakusho Co. ) and 

subjected to pulverization at room temperature with 

5 vibrating at a vibration number of 1700/minute for 14 hours. 

There was obtained 9.7 g of N,N'-dimethylanilinium 

tetrakis(pentafluorophenyl)borate in the form of a slurry 

in heptane. The particle diameter was 2 - 3 µm and no 

particle of 10 µm or more was observed. 

10 Reference Example 

(Synthesis of transition metal· compound: 

dimethylsilyl(tetramethylcyclopentadienyl) (3-te~t­

butyl-5-methyl-2-phenoxy) titanium dichloride) 

(l) Synthesis of 1-bromo-3-tert-butyl-5-methyl-2-phenol 

15 Under a nitrogen atmosphere, 20.1 (123 mmol) g of 

2-tert-butyl-4-methylphenol was dissolved in 150 ml of 

toluene in a 500 ml 4-necked flask equipped with a stirrer, 

and subsequently 25.9 ml (18.0g, 246 mmol) of tert­

butylamine was added thereto. The solution was cooled to 

20 -70°C and 10.5 ml (32.6 g, ~04 mmol) of bromine was added 

thereto. The solution was stirred for 2 hours keeping the 

solution at -70°C. Then, the solution was warmed back to 

room temperature and washed 3 times with addition of 100 ml 

of 10% diluted hydrochloric acid per one time. The organic 

25 layer obtained after washing was dried with anhydrous sodium 

sulfate, removing the solvent using an evaporator, purified 

with a silica gel column to give 18.4 g (75.7 mmol) of a 
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colorless oil, l-bromo-3-tert-butyl-5-methyl-2-phenol. 

The yield was 62%. 

(2) Synthesis of l-bromo-3-tert-butyl-2-methoxy-5-

methylbenzene 

5 Under a nitrogen atmosphere·, 13. 9 g ( 5 7. 2 mmol) of 

1-bromo-3-tert-butyl-5-methyl-2-phenol synthesized in the 

above described ( 1) was dissolved in 40 ml. of acetonitrile 

in a 100 ml 4-necked flask equipped with a stirrer, and 

subsequently 3.8 g (67.9 mmol) of potassium hydroxide was 

10 added thereto. Further, 1 7. 8 ml ( 4 0. 6 g, 2 8 6 mmol) of methyl 

iodide was added and the mixture was stirred for 12 hours. 

Then, the solvent was removed by an evaporator and the 

residue was treated with 40 ml of hexane to extract hexane 

soluble fraction. The extraction was repeated three times. 

15 The solvent was re~oved from the extracts to give ·13. 8 g ( 53. 7 

mmol) of a pale yellow oil, 1-bromo-3-tert-butyl-2-

methoxy-5-methylbenzene. The yield was 94%. 

(3) Synthesis of (3-tert-butyl-2-methoxy-5-methylphenyl) 

chlorodimethylsilane 

20 To a sol"Ution consisting of tetrahydrofuran ( 31. 5ml) , 

hexane (139 ml) and 1-bromo-3-tert-butyl-2-methoxy-5-

methylbenzene ( 45 g) synthesized in the above described ( 2) 

was added dropwise a 1.6 mol/liter solution (115 ml) of 

n-butyl lithium in hexane at -40°C over 20 minutes. The 

25 obtained mixture was kept at -40°C for 1 hour and 

tetrahydrofuran (31.5 ml) was added dropwise thereto. 

To a solution consisting of dichlorodimetylsilane ( 131 
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g) and hexane (306 ml) was added dropwise the mixture 

obtained above at -40°C. The obtained mixture was warmed 

to room temperature during 2 hours and stirred further at 

room temperature for 12 hours. 

5 The solvent and excess·dichlorodimetylsilane were 

evaporated from the reaction mixture under reduced pressure, 

a hexane soluble fraction was extracted from the residue with 

hexane, and the solvent was evaporated from the obtained 

hexane solution to give 41.9 g of a pale yellow oil, (3-

10 tert-butyl-2-methoxy-5-methylphenyl_) chlorodimethyl 

silane. The yield was 84%. 

(4) Synthesis of (3-tert-butyl-2-methoxy-5-methylphenyl) 

dimethyl(tetramethylcyclopentadienyl)silane 

To a solution consisting of (3-tert-butyl-2-

15 methoxy-5-methylphenyl)chlorodimethylsilane (S.24 g) 

synthesized in the above described ( 3) and tetrahydrofuran. 

(SO ml) was added tetramethylcyclopentadienyl lithium (2. 73 

g) at -35°C, and the mixture was warmed to room temperature 

during 2 hours and stirred further at room temperature for 

20 10 hours. 

The solvent was evaporated from the reaction mixture 

under reduced pressure, a hexane soluble fraction was 

extracted ·from the residue with hexane, and the solvent was 

evaporated .from the obtained hexane solution to give 6.69 

25 g of a yellow oil of (3-tert-butyl-2-methoxy-5-

methylphenyl)dimethyl(tetramethylpentdienyl) silane. The 

yield was 97%. 
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(5) Synthesis of dimethylsilyl(tetr~ethyl­

cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy) 

titanium dichloride 

To a solution consisting of· (3-tert-butyl-2-

5 methoxy-5-

methylphenyl) dimethyl ( tetramethylpentdienyl) silane 

(10.04 g) synthesized in the above described (4), toluene 

( 100 ml) and triethylamine ( 6. 30 g) was added dropwise a 1. 63 

mol/liter solution (19.0 ml) of n-butyl lithium in hexane 

10 at -70°C, and then the obtained mixture was warmed to room 

temperature over 2 hours and stirred further at room 

temperature for 12 hours. 

The mixture obtained above was added dropwise to a 

solution of titanium tetrachloride ( 4. 82 g) in toluene ( 50 

15 ml) at 0°C under a nitrogen atmosphere, and then the obtained 

mixture was warmed to room temperature over 1 hour and 
. . 

stirred further at room temperature for 10 hours. 

The reaction mixture was filtered, the solvent was 

evaporated from the filtrate and the residue was 

20 recrystallized from a mixed solvent of toluene/hexane to 

give 3. 46 g of orange pri°sms-like crystal of dimethylsilyl 

(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy) titanium.dichloride. The yield was 27%. 

The spectral data were as follows. 

25 1H-NMR (CDC13 ), o: 0.57 (s, 6H), 1.41 (s, 9H), 2.15 (s, 6H), 

2.34 (s, 6H), 2.38 (s, 3H), 7.15 (s, lH), 7.18 (s, lH) 

13C-NMR (CDC13 ), O: 1.25, 14.48, 16.28, 22.47, 31.25, 36.29, 
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120.23, 130.62, 131.47, 133.86, 135.50, 137.37, 140.82, 

142.28, 167.74 

MS (CI, m/e): 458 

Me 
M~ 

Example 5 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

stirring blades by continuously feeding e~bylene and 

10 butene-1 into the reactor. In the conditions for 

polymerization, the total pressure was set at 800 kg/cm2G, 

the concentration of butene-1 at 29% by mol and the 

concentration of hydrogen at 0 .12% by mol. In separate 

containers were prepared a solution of dimethylsilyl 

15 (tetramethylcyclopentadienyl)(3-tert-butyl-5-methyl-2-

phenoxy) titanium dichloride in hexane (0.7 µmol/g), a 

solution of triisobutyl aluminum in heptane (35 µmol/g) 

and further a dispersion of N,N-dimethylanilinium 

tetrakis (pentafluorophenyl )borate (fine-granulated by the 

20 precipitating method using toluene and heptane. The 
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particle diameter was 2 ~ 3 µm and no particle of 10 µm or 

more was observed. 1. 2 µmol/g) in a mixed solution ( volume 

ratio of heptane : liquid paraffin = 1 : 4) of heptane and 

liquid paraffin (Crystal 202, ~anufactured by Esso Sekiyu 

5 K.K., viscosity= 130cp at l8°C), and each of them was 

continuously fed to the reactor through a pipeline having 

a diameter of 3 .175 mm at a feeding rate of 300 g/hour, 360 

g/hour and 750 g/hour, respectively. The temperature of 

polymerization was controlled to 230°C, the molar ratio of 

10 Al atom to Ti atom to 60 and the ratio of boron atom to Ti 

atom to 4.4. As the result, ethylene-butene-1 copolymer 

having a melting point of 90.6°C, a molecular weight (Mw) 

of 64, 000 and a molecular weight distribution (Mw/Mn) of 1. 7 

was produced at a rate of 10 ton per 1 ~l of Ti.~tom per 

15 1 hour. 

Example 6 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

stirring blades by continuously feeding ethylene and 

20 butene-1 into the reactor. In the conditions for 

polymerization, the total pressure was set at 800 kg/cm2G 

and the concentration of butene-1 at 45.9% by mol. 

Dimethylsilyl (tetramethylcyclopentadienyl)(3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride (0.066 

25 µmol/g) was dissolved in a mixed solution ( volume ratio of 

heptane : liquid paraffin = 1 : 4) ·of heptane and liquid 

paraffin (Crystol 202, manufactured by Esso Sekiyu K.K.) and 
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N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

(fine-granulated by the precipitating method using toluene 

and heptane. The particle diameter was 2 - 3 µm and no 

particle of 10 µm or more was observed. ) was dispersed ( 0. 4 

5 µmol/g) controlling such that the ratio of boron atom and 

Ti atom was 6. 0. In separate containers were prepared the 

mixed dispersion-solution and a solution of triisobu~yl 

aluminum in heptane (5.47 µmol/g), and each of them was 

continuously fed to the ~eactor·through a pipeline having 

10 a diameter of 3.175 mm at a feeding rate of 323 g/hour and 

240 g/hour, respectively. The temperature of 

polymerization was controlled to 205°C and the molar ratio 

of Al atom and Ti atom to 61.7. As the result, 

ethylene-butene-1 copolymer having a density (without 

15 annealing) of 0.873 g/cm3 ,·a MFR of 6.8 g/10 minutes, a 

molecular weight (Mw) of 72,000 and a molecular weight 

distribution (Mw/Mn) of 1. 7 was produced at a rate of 98. 4 

ton per 1 mol of Ti atom per 1 hour. 

Example 7 

20 Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

stirring blades by continuously feeding ethylene and 

butene-1 into the reactor. In the conditions for 

polymerization, the total" pressure was set at 800 kg/cm2G 

25 and the concentration of butene-1· at 47.0% by mol. 

Dimethylsilyl (tetramethylcyclopentadienyl) (3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride (0.066 
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µin.ol/g) was dissolved in a mixed solution (in a volume ratio 

of heptane : liquid paraffin= 1 : 4) of heptane and liquid 

paraffin (Crystal 202, manufactured by Esso Sekiyu K.K.) and 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

5 (fine-granulated by the precipitating method using toluene 

and heptane. The particle diameter was 2 - 3 µm and no 

particle of 10 µm or more was· observed.) was dispersed (0.4 

µmol/g) c·ontrolling such that the ratio of boron atom to Ti 

atom was 6. 0. In separate containers were prepared the mixed 

10 dispersion-solution and a solution of triisobutyl aluminum 

in heptane (5.47 µmol/g), and each of them was continuously 

fed to the reactor through a pipeline having a diameter of 

3.175 mm at a feeding rate of 373 g/hour and 283 g/hour, 

respectively. The temperature of polymerization was 

15 controlled to 206°C and tl).e molar ratio of Al atom and Ti 

atom to 63.3. As the result, ethylene-butene-1 copolymer 

having a density (without_ annealing) of 0.867 g/cm3
, a 

melting point of 42.6°C and a MFR of 11.8 g/10 minutes was 

produced at a rate of 106.3 ton per 1 mol of Ti atom per 1 

20 hour. 

Example 8 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

stirring blades by continuously feeding ethylene and 

25 butene-1 into the reactor. In the conditions for 

polymerization, the total pressure was set at 800 kg/cm2G 

and the concentration of butene-1 at 43.9% by mol. 
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Dimethylsilyl (tetramethylcyclopentadienyl) (3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride (0.066 

µmol/g) was dissolved in a mixed solution ( volume ratio of 

heptane : liquid paraffin = 1 : 4) of heptane and liquid 

5 paraffin (Crystol 202, manufactured by Esso Sekiyu K.K.) and 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

(fine-granulated by the precipitating method using toluene 

and heptane. The particle diameter was 2 - 3 µm and no 

particle of 10 µm or more was observed.) wa,s dispersed (0.4 

10 µmol/g) controlling such that the ratio of boron atom and 

Ti atom was 6. 0. In separate containers were prepared the 

mixed dispersion~solution and a solution of triisobuty~ 

aluminum in heptane (5.47 µmol/g), and each of them was 

continuously fed to the reactor through a pipeline having 

15 a diameter of 3.175 nnn at a feeding rate of 290 g/hour and 

270 g/hour, respectively. The temperature of 

polymerization was controlled to 205°C and the molar ratio 

of Al atom and Ti atom to 77.2. As the result, 

ethylene-butene-! copolymer having a MFR of 13.3 g/10 

20 minutes was produced at a rate of 104. 5 ton per 1 mol of Ti 

atom per 1 hour. 

Example 9 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

25 stirring blades by continuouslr feeding ethylene and 

hexene-1 into the reactor. In the conditions for 

polymerization, the total pressu~e was set at 796 kg/cm2G 
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and the concentration of hexene-1 at 29.7% by mol. In 

separate containers were prepared a solution of 

dimethylsilyl (tetramethylcyclopentadienyl) (3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride mixed with 

5 triisobutyl aluminum in heptane ( the concentrations of said 

complex and triisobutyl aluminum being 0.37 µmol/g and 18 .5 

µmol/g, respectively, and the molar ratio of Al atom to Ti 

atom being 50) and further a dispersion (0.71 µmol/g) of 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

10 fine-granulated by the wet pulverizing method (the maximum 

particle diameter: 20 µmor less) in a mixed solution (volume 

ratio of heptane : liquid paraffin = 1 : 4) of heptane/liquid 

paraffin (Crystol 202, manufactured by Esso Sekiyu K.K.), 

and each of them was continuously fed to the reactor through 

15 a pipeline having a diameter of 3. 175 nnn at a feeding rate 

of 246 g/hour and 484 g/hour, respectively. The temperature· 

of polymerization was controlled to 210°C, and the ratio of 

boron atom to Ti atom to 3.6. As the result, ethylene­

hexene-1 copolymer having a MFR of 3.8 g/10 minut~s, a 

20 density (without annealing) of 0.889 g/cm3 was produced at 

a rate of 28 ton per 1 mol of Ti atom per 1 hour. 

Example 10 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 

25 stirring blades by continuously feeding ethylene and 

hexene-1 into the reactor. In the conditions for 

polymerization, the total pressure was set at 796 kg/cm2G 



-39-

and the concentration of hexene-1 at 3i.6% by mol. In 

separate containers were prepared a solution of 

dimethylsiiyl (tetramethylcyclopentadienyl)(3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride mixed with 

5 triisobutyl aluminum in heptane (the concentrations of said 

complex and triisobutyl aluminum being 2 µmol/g and 200 

µmol/g, respectively, and the molar ratio of Al atom to.Ti 

atom being 100) and further a dispersion (7.0 µmol/g) of 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

10 fine-granulated by the wet pulverizing method (the maximum 

. particle diameter: 20 µm or less) in liquid paraffin (a 

mixture .of Crystol 202, manufactured by Esso Sekiyu. 

K.K.(viscosity = 130cp at l8°C) and IP Solvent 2028, 

manufactured by Idemitsu Petrochemical Co., Ltd. (viscosity 

15 = 3.2cp at 19°C), Crystol 202 : IP Solvent 2028= 60 : 40 (% 

by volume)), and each of them was continuously fed to the 

reactor through a pipeline having a diameter of 3. 175 mm· at 

a feeding rate of 90 g/hour and 195 g/hour, respectively. 

The temperature of polymerization was controlled to 220°C, 

20 and the ratio of boron atom to Ti atom to 7. 6. . As the result, 

ethylene-hexene-1 copolymer having a MFR of 5. 8 g/10 minutes, 

a density (with out annealing) of 0. 8 8 8 g I cm3
, a melting point 

of 69. 8 °C. and· a SCB of 32. 6 was produced at a rate of 11 ton 

per 1 mol of Ti atom per 1 hour. 

25 Example 11 

Polymerization was carried out using an autoclave type 

reactor having an inner volume of 1 liter and equipped with 
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stirring blades by continuously feeding ethylene and 

hexene-1 into the reactor. In the conditions for 

polymerization, the total pressure was set at 796 kg/cm2G 

and the concentration of hexene-1 of 31.1% by mol. In 

5 separate containers were prepared a solution of 

dimethylsilyl (tetramethylcyclopentadienyl) (3-tert­

butyl-5-methyl-2-phenoxy) titanium dichloride mixed with 

triisobutyl aluminum in heptane. (the concentrations of said 

complex and triisobutyl aluminum being 0.37 µmol/g and 18.5 

10 µmol/g, respectively, and the molar ratio of Al atom to Ti 

atom being 50) and further a dispersion (l.39 µmol/g) of 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 

fine-granulated by the wet pulverizing method (the maximum 

particle diameter: 20 µm or less) in liquid paraffin (a 60 : 

15 40 (%by volume) mixture of Crystol 202, manufactured by Esso 

Sekiyu K.K. and IP solvent 2028, manufactured by Idemitsu 

Petrochemical Co. , Ltd. ) , and each of them was continuously 

fed to the reactor through a pipeline having a diameter of 

3.175 mm at a feeding rate of 745 g/hour and 1235 g/hour, 

20 respectively. The temperature of polymerization was 

controlled to 247°C, and the ratio of boron atom to Ti atom 

to 6 .22. As the result, ethylene-hexene-1 copolymer having 

a MFR of 55 g/10 minutes, a density (without annealing) of 

0.886 g/cm3 was produced at a rate of 13 ton per 1 mol of 

25 Ti atom per 1 hour. 

INDUSTRIAL APPLICABILITY 



-41-

As described above in detail, according to the present 

invention, there is provided a method which is capable of 

feeding a boron compound useful as a catalyst component for 

olefin polymerization continuously and in a large amount to 

5 a reactor, and particularly, it enables continuous feed in 

a large amount of said boron compound to an apparatus for 

compounding catalyst for olefin polymerization or a reactor 

for olefin polytt'2rization. In addition, according to the 

present invention, a boron compound in the form of fine 

· 10 particles and a method for producing it are provided. Said 

boron compound in the form of fine particles is capable of 

allowing steady feed thereof without using it in the state 

of solution, and allowing stable operation of a feeding 

apparatus, for example, a high-pressure pump, when used in 

15 -an industrial manufacturing apparatus, for example, in a 

reactor for olefin polymerization, and thus the value in 

utilization of the present invention is extremely great. 
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CLAIMS: 

THJS SHEET HAS BEEN 
REPLACED 

1. A method for feeding a boron compound characterized 

by feeding at least one boron compound selected from ( 1 )·to 

( 3) described below in the state of which the boron compound 

5 is suspended or slurried in a solvent continuously to a 

reactor: 

( 1) a boron compound repre·sented by the general 

formula: BQ1Q2Q3
; 

( 2 ) a boron compound repres·ented by the general 

10 formula: G+(BQ1Q2Q3 Q4 
)_-; and 

(3) a boron compound represented by the general 

formula: (L-H)+(BQ1Q2Q3 Q4 
)-

(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 

15 a hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which.may be the same or different_, respectively·. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br•nsted acid.) 

20 2. The method for feeding a boron compound according 

to claim 1, wherein the solvent is a hydrocarbon solvent. 

3. The method for feeding a boron compound according 

to claim 2, wherein the hydrocarbon solvent is a saturated 

hydrocarbon solvent. 

25 4. The method for feeding a boron compound according 

to claim 1, wherein the solvent is a solvent having a 

viscosity of 0.8 cp or more. 
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5. The method for feeding a boro,/r:-',1:!"1!1\154miina"a<5C(5r(rii 

to any of claims 1 to 4, wherein the reactor is an apparatus 

for compounding catalyst or a reactor for clef in 

polymerization. 

5 6. The method for feeding a boron compound accqrding 

to anyone of claims 1 to 4, wher_ein the reactor is a reactor 

for olefin polymerization. 

7. The method for feeding a boron compound according 

to claim 6, wherein the reactor for olefin polymerization 

10 is a reactor for olefin polymerization by high~pressure 

ionic polymerization method. 

8. The method for feeding a boron compound according 

to claim 7, wherein the reactor for olefin polymerization 

is a reactor for olefin polymerization in which the 

15 polymerization is carried out under a pressure of at least 

300 kg/cm2G ·and a temperature of at least 130°C. 

9. The method for feeding a boron compound according 

to anyone of claims 1 to 4, wherein the boron compound has 

a maximum particle diameter of 50 µm or less. 
I 

20 10. A boron compound in the form of fine particles 

characterized in that the boron compound is one or more boron 

compounds selected from ( 1) to ( 3) described below and has 

a maximum particle diameter of 50 µm or less: 

(1) a boron compound represented by the general 

25 formula: BQ1Q2Q3
; 

(2) a boron compound represented by the general 

formula: G+ ( BQ1Q2Q3 Q' )- ; and 
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(3) a boron compound represented by the general 

formula: (L-H)+(BQ1Q2Q3 Q4 
)-

(in each of the above general formulae, B is a boron atom 

in the trivaient valence state, Q1 to Q4 are a halogen atom, 

5 a hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 
. \ 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br,nsted acid.) 

10 11. The boron compound in the form of fine particles 

characterized by being obtainable by dissolving one or more 

boron compounds selected from ( 1) to ( 3) described below in 

an aromatic hydrocarbon solvent and then precipitating in 

an aliphatic hydrocarbon solvent: 

15 (1) a boron compound represented by the general 

·· formula: BQ1Q2Q3
, 

(2) a boron compound represented by the general 

formula: G+(BQ1Q2Q3 Q4 
)- , and 

(3) a boron compound represented by the general 

20 formula: ( L-H) + ( BQ1Q2Q3 Q4 
) -

(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 

a hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

25 amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid.) 
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12. The boron compound in the form of fine particles 

according to claim 10 or 11, wherein Q1 to Q4 are respectively 

a fluorinated hydrocarbon group of 1 to 20 carbon atoms 

having at least one fluorine atom. 

5 13. The boron compound in the form of fine particles 

according to claim 10 or 11, wherein Q1 to Q4 are respectively 

a fluorinated aryl group of 6 to 20 carbon atoms having at 

least one fluorine· atom. 

14. The boron compound in the form of fine particles 

10 according to claim 10 or 11, wherein the boron compound is 

tris(pentafluorophenyl) borane, triphenylmethyl 

tetrakis(pentafluorophenyl)borate, tri~n-butylammonium 

tetrakis(pentafluorophenyl)borate or N,N­

dimethylanilinium tetrakis(pentafluorophenyl)borate. 

15 15. A catalyst component for olefin polymerization 

consisting the boron compound in the form of fine particles 

according to claim 10 or 11. 

16. A method for producing a boron compound in the form 

of fine particles characterized by dissolving one or more 

20 boron compounds selected from ( 1) to ( 3) described below in 

an aromatic hydrocarbon solvent and then precipitating in 

an aliphatic hydrocarbon solvent: 

(1) a boron compound represented by the general 

formula: BQ1Q2Q3
; 

25 (2). a boron compound represented by the general 

formula: G+ ( BQ1Q2Q3 Q4 
)- ; and 

·(3) a boron compound represented by the general 
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(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 

a hydrocarbon group, a halogenated hydrocarbon group, a 

5 substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br,nsted acid.) 

· 1 7. A method for producing a boron compound in the form 

10 of fine particles characterized by pulverizing one or more 

boron compounds selected from ( 1) to ( 3) described below so 

that their maximum particle diameter is 50 µm or less. 

(1) a boron compound represented by the general 

formula: BQ1Q2Q3; 

15 (2) a boron compound represented by the general 

formula: G+ ( BQ1Q2Q3 Q' ) - i and 

(3) a boron compound represented by the general 

formula: (L-H) + (BQ1Q2Q3 0• )-

(in each of the above general formulae, B is a boron atom 

20 in the trivalent valence state·, Q1 to Q4 are a halogen atom, 

a hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy grc:>up or a di-substituted. 

amino group, which maybe the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

25 base, and (L-H)+ is a Br,nsted acid.) 

18. The method for ·producing a boron compound in the 

form of fine particles according to claim 17, wherein the 
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pulverization is dry pulverization or wet pulverization. 

19. The method for producing the boron compound in the 

form of fine particles according to claim 18, wherein the 

wet pulverization is carried out in an aliphatic hydrocarbon 

5 solvent. 

2 0. The method for producing the boron compound in the 

form of fine particles according to any of claims 16 to 19, 

wherein Q1 to 04 are respectively a fluorinated hydrocarbon 

group of 1 to 20 carbon atoms having at least one fluorine 

10 atom. 

21. The method for producing the boron compound in the 

form of fine particles a~cording to claim 20, wherein Q1 to 

04 are respectively a fluorinated aryl group of 6 to 20 carbon 

atoms having at least one fluorine atom. 

15 22. The method for producing boron compound in the form 

of fine particles according to claim 16, wherein the boron 

compound is tris(pentafluorophenyl) borane, 

triphenylmethyl tetrakis(pentafluorophenyl)borate, tri­

n-butylanunonium tetrakis(pentafluorophenyl)borate or 

20 N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate. 
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ABSTRACT 

A method for feeding a boron compound, which comprises 

feeding at least one boron compound selected from ( 1) to ( 3) 

5 described below in the state suspended or slurried in a 

solvent continuously to a reactor; a boron compound in the 

form of fine particles being one or more boron compounds 

selected from ( 1) to ( 3) described below and having a maximum 

particle diameter of 50 µm or less; a catalyst component for 

10 olefin polymerization consisting of said boron compound in 

the form of fine particles; a method for producing a boron 

compound in the form of fine particles which comprises 

dissolving one or more boron.compounds selected from (1) to 

( 3) described below in an aromatic hydrocarbon solvent and 

15 then precipitating in an aliphatic hydrocarbon solvent; and 

a method for producing a boron compound in the form of fine 

particles which comprises pulverizing one or more boron 

compounds selected from ( 1) to ( 3) described below so that 

their maximum particle diameter is 50 µm or less. 

20 (1) a boron compound represented by the general 

formula: BQ1Q2Q3
, 

(2) a boron com.pound represented by the general 

formula: G+ ( BQ1Q2Q3 Q4 
)- , and 

(3) a boron compound represented by the general 

25 formula: (L-H)+(BQ1Q2Q3 .Q4 
)-

(in each of the above general formulae, B is a boron atom 

in the trivalent valence state, Q1 to Q4 are a halogen atom, 
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a hydrocarbo·n group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different~ respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

5 base, and (L-H)+ is a Br$nsted acid.) 
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DATE OF RECEIPT ... Q~te!.ffi ... 
method is disclosed in which the produced crude boron compound 

dissolved in ethers, alcohols, ketones or halogenated 

aliphatic hydrocarbons as a solvent is precipitated by water 

or an aliphatic hydrocarbon solvent, but there is no 

5 description for particle diameter of the obtained boron 

compound. 

DISCLOSURE OF THE INVENTION 

In view of ·these circumstances, a problem to be solved by 

IO the present invention is to provide a method capable of 

feeding a boron compound useful as a catalyst component for 

polymerization of an olefin continuously and in large amount 

to a reactor, and .additionally, to provide a boron compound 

capable of allowing steady feed thereof without us~ng it in 

15 the state of. a solution an~ allowing stable operation of a 

feeding apparatus, when used as a catalyst component for 

polymerization of olefin or the like, and to provide a method 

for producing said boron compound. 

According to one embodiment of the present invention 

20 there is provided a method for feeding a boron compound 

characterized by feeding at least one boron compound selected 

from {l) to {3) described below in the state of which the 

boron compound is 

continuously to a 

25 {l) a boron 

BQ1Q2Q3; 

(2) a boron 

G+ ( BQ1Q2Q3Q4) - ; and 

(3) a boron 

30 (L-H) + (BQ1Q2Q3Q4) -

suspended or slurried in.an organic 

reactor: 

compound represented by the general 

compound represented by the general 

compound represented by the general 

This is the replacem~nt ajle~t-

Date:· 0 1 JUL 9i9 
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formula: 

formula: 
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(in each of the. above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

5 amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid). 

According to another embodiment of the present invention 

there is provided a boron compound in the form of fine 

10 particles characterized in that the boron compound is one or 

more boron compounds selected from (1) to (3) described below 

and has a maximum particle diameter of SOµm or less: 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3; 

15 (2) a boron compound represented by the general formula: 

G+ (BQ1Q2QlQ4) -; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in· 

20 the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

25 base, and (L~H) + is a Br$nsted acid) . 

According to another embodiment of the present invention 

there is provided the boron compound in the form of fine 

particles characterized by being obtained by dissolving one or 

more boron compounds selected from (1) to (3) described below 

30 in an aromatic hydrocarbon solvent and then precipitating in 

· 1Uii1ii1nr This is the replacement sheet 

Oats: 0 1 JUL 1999 
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an aliphatic hydrocarbon solvent: 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3, 

(2) a boron compound represented by the general formula: 

5 G+ (BQ1Q2Q3Q4) -, and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

10 hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G• is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid), and having a maximum 

15 particle diameter of SOµm or less. 

According to another embodiment of the present invention 

there is provided a method for producing a boron compound in 

the form of fine particles having a maximum particle diameter 

of SOµm or less characterized by dissolving one or more boron 

20 compounds selected from (1) to (3) described below in an 

aromatic hydrocarbon solvent and then precipitating in an 

.. aliphatic hydrocarbon sol vent: 

(1) a boron compound represented by the general formula: 

-· BQ1Q2Q3; 

25 (2) a boron compound represented by the general formula: 

G• ( BQ1Q2Q3Q4) -; and 

(3) a boron compound represented by the general formula: 

(L-H) + {BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

30 the trivalent valence state, Q1 to Q4 are a halogen atom, a 

This is the replacement sheet 
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hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different; respectively. 

·G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid). 

According to another embodiment of the present invention 

there is provided a method for producing a boron compound in 

the form of fine particles characterized by pulverizing one or 

more boron compounds selected from (l) to (3) described below 

so that their maximum particle diameter is SOµm or less. 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

G+ (BQ1Q2Q3Q4) -; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a born atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom; a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

. amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

.. base, and (L-H) + is a Brct>nsted acid) . 

The present invention is described below in more detail. 

The bor~n compound used in the present invention is at 

least one boron compound selected from (l) to (3) described 

This is the replacement sheet 

Date:· 0 1 JUL 1999 
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A method for feeding a boron compound characterized 

by feeding at least one boron compound selected from (1) to 

(3) described below in the state of which the boron compound 

5 is suspended or slurried in an organic solvent continuously to 

a reactor: 

{l) a boron compound represented by the general formula: 

BQlQ2Q3; 

(2) a boron comp9und represented by the general formula: 

10 G+ {BQ1Q2Q3Q4) - ; and 

(3) a boron compound represented by the general formula: 

. (L-H) + {BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

15 hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid). 

20 

25 

2. The method for feeding a boron compound according to 

claim 1, wherein the s~lvent is a hydrocarbon solvent. 

3. The method for feeding a boron compound according to 

claim 2, wherein the hydrocarbon solvent is a saturated 

hydrocarbon solvent. 

4. The method for feeding a boron compound according to 

claim 1, wherein·the solvent is a solvent having a viscosity 

of 0.8 cp or more. 

This is the replacement sheet · 
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(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

5 hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an· alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br$nsted acid). 

10 11. The boron compound in the form of fine particles 

characterized by being obtained by dissolving one or more 

boron compounds selected from (1) to (3) described below in an 

aromatic hydrocarbon solvent and then precipitating in an 

aliphatic hydrocarbon solvent: 

15 (1) a boron compou~d represented by the general formula: 

BQ1Q2Ql, 

(2) a boron compound represented by the general formul~: 

G• (BQ1Q2Q3Q4) - ' and 

(3) a boron compoun4 represented by the general formula: 

20 (L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

25 amino group, which may be the same or different, respectively. 

G+ is an inorganic.or organic cation, L is a neutral Lewis 

base, and (L-H)• is a Br~nsted acid), and having a maximum 

particle diameter of SOµm or less. 

12. The boron compound in the form of fine particles 

30 according to claim 10 or 11, wherein Q1 to Q4 are respectively 

This is the replacement sheet 
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a fluorinated hydrocarbon group of 1 to 20 carbon atoms having 

at least one fluorine atom. 

13. The boron compound in the form of fine particles 

according to claim 10 or 11, wherein Q1 to Q4 are respectively 

5 a fluorinated aryl group of 6 to 20 carbon atoms having at 

least one fluorine atom. 

14. The boron compound in the form of fine particles 

according to claim 10 or 11, wherein the boron compound is 

tris(pentafluorophenyl)borane, triphenylmethyl 

10 tetrakis(pentafluorophenyl)borate, tri-n-butylammonium 

tetrakis{pentafluorophenyl)borate or N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate. 

15. A catalyst component for olefin polymerization 

consisting of the boron compound in the form of fine particles 

15 according to claim 10 or 11. 

16. A method for producing a boron compound in the form 

of fine particles having a maximum particle diameter of SOµm 

or less characterized by dissolving one or more boron 

compounds selected from {l) to (3) described below in an 

20 aromatic hydrocarbon solvent and then precipitating in an 

aliphatic hydrocarbon solvent: 

fl} a boron c:;ompotind represented by the general formula: 

· BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

25 G• (BQ1Q2Q3Q4) - ; and 

(3) a boron.compound represented by the general 

This is the replacement sheet 

Date: 0 1 JUL 1999 
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(in each of the above general formulae, 8 is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

5 amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid), wherein the boron 

compound has a maximum particle diameter_ of SOµm or less. 

According to another embodiment o.f the present invention 

10 there is provided a boron compound in the form of fine 

particles characterized in that the boron compound is one or 

more boron cqmpounds selected from (1) to (3) described below 

and has a maximum particle diameter of SOµm or less: 

(1) a boron compound represented by the general formula: 

15 BQ1Q2Q3; 

(2) ·a boron compound represented by the general formula: 

G+ ( BQ1Q2Q3Q4) - ; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

20 (in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

25 G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid). 

According to another embodiment of the present invention 

there is provided the boron compound in the form of fine 

particles characterized by being obtained by dissolying one or 

30 more boron compounds selected from (1) to (3) described below 

in an aromatic hydrocarQon solvent and then precipitating in 



i j,.!i Ji;'f_i\:l('i '. 
'. i ,. 

11111111 llllll lllll lllll ll 1111 . 
* C L M S * 

' Substitute sheet - 17 January 2000 

-42-

CLAIMS: 
1. A method for feeding a boron compound characterized 

by feeding at least one boron compound selected from (1) to 

(3) described below in the state of which the boron compound 

5 is suspended or slurried in an organic solvent continuously to 

a reactor: 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

10 G+ { BQ1Q2Q3Q4 ) - ; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

15 hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid), wherein the boron 

20 compound has a maximum particle diameter of SOµm or less. 
.. 

2. The method for feeding a boron compound according to 

claim 1, wherein the solvent is a hydrocarbon solvent. 

3. The method for feeding a boron compound according to 

claim 2, wherein the hydrocarbon solvent is a saturated 

25 hydrocarbon solvent. 

4. The method for feeding a boron compound according to 

claim 1, wherein the solvent is a solvent having a viscosity 

of 0.8 cp or more. 

5. The method for feeding a boron compound according to 

30 any of claims 1 to 4, wherein the reactor is an apparatus for 

compounding catalyst or a reactor for olefin polymerization. 

6. The method for feeding a boron compound acco"i;ding to 

any one of claims 1 to 4, wherein the reactor is a reactor for 

olefin polymerization. 
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·1. The method for feeding a boron compound according to 

claim 6, wherein the reactor for olefin polymerization is a 

reactor for olefin pol0nerization by high-pressure ionic 

polymerization method. 

5 8. The method for feeding a boron compound according to 

claim 7, wherein the reactor for olefin polymerization is a 

reactor for olefin polymerization in which the polymerization 

is carried out under a pressure of at least 300 kg/cm2G and a 

temperature of at least 130°C. 

10 9. A boron compound in the form of fine particles 

characterized in that the boron compound is one or more boron 

compounds selected from (1). to (3) described below and has a 

maximum particle diameter of SOµm or less: 

(1) a boron compound represented by the general formula: 

15 BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

G+ ( BQ1Q2Q3 Q4) - ; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

20 (in each of the above general formulae, Bis a boron atom.in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

25 G+ is an inorganic or organic cation,· Lis a neutral Lewis 

base, and (L-H}+ is a Br~nsted acid). 

10. The boron compound in the form of fine particles 

characterized by being obtained by dissolving one or more 

boron compounds selected from (1} to (3} described below in an 

30 aromatic hydrocarbon solvent and then precipitating in an 

aliphatic hydrocarbon solvent: 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3, 
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(2) a boron compound represented by the general formula: 

G+ ( BQ1Q2Q3Q 4 ) - , and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3Q4) -

5 (in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

10 G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid), and having a maximum 

particle diameter of SOµm or less. 

11. The boron compound in the form of fine particles 

according to claim 9 or 10, wherein Q1 to Q4 are respectively 

15 a fluorinated hydrocarbon group of 1 to 20 carbon atoms having 

at least o'ne fluorine atom. 

12. The boron compound in the form of fine particles 

according to claim 9 or 10, wherein Q1 to Q4 are respectively 

a fluorinated aryl group of 6 to 20 carbon atoms having at 

20 least one fluorine atom. 

13. The boron compound in the form of fine particles 

according to claim 9 or 10, where·in the boron compound is 

tris(pentafluorophenyl)borane, triphenylmethyl 

tetrakis(pentafluorophenyl)borate, tri-n-butylammonium 

25 tetrakis{pentafluorophenyl)borate or N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate. 

14. A catalyst component for olefin polymerization 

consisting of the boron compound in the form of fine particles 

according to claim 9 or 10. 
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15. A method for producing a boron compound in the form 

of fine particles having a maximum particle diameter of SOµm 

or less characterized by dissolving. one or more boron 

compounds selected from (1) to (3) described below in an 

5 aromatic hydrocarbon solvent and then precipitating in an 

aliphatic hydrocarbon solvent: 

(1) a boron compound represented by the general formula: 

BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

10 G+ ( BQ1Q2Q3Q4 ) - ; and 

(3) a boron compound represented by the general formula: 

(L-H) + ( BQ1Q2Q3 Q4) -

(in each of the above general formulae, B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

15 hydrocarbon group, a halogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 

G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid). 

20 16. A method for producing a boron compound in the ·.form 

of fine particles characterized by pulverizing one or more 

boron compounds selected from (1) to (3) described below so 

that their maximum particle diameter is SOµm or less. 

(1) a boron compound represented by the general formula: 

25 BQ1Q2Q3; 

(2) a boron compound represented by the general formula: 

G+ ( BQ1Q2Q3 Q4) - ; and 

(3) a boron compound represented by the general formula: 

(L-H) + (BQ1Q2Q3 Q4)-

30 (in each of the above general formulae, .B is a boron atom in 

the trivalent valence state, Q1 to Q4 are a halogen atom, a 

hydrocarbon group, a h_alogenated hydrocarbon group, a 

substituted silyl group, an alkoxy group or a di-substituted 

amino group, which may be the same or different, respectively. 
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G+ is an inorganic or organic cation, L is a neutral Lewis 

base, and (L-H)+ is a Br~nsted acid). 

17. The method for producing a boron compound in the 

form of fine particles according to claim 16, wherein the 

5 pulverization is dry pulverisation or we~ pulverization. 

18. The method for producing the boron compound in the 

form of fine particles according to claim 17, wherein the wet 

pulverization is carried 6ut in an ~liphatic hydrocarbon 

solvent. 

10 19. The method for producing the boron compound in the 

form of fine particles according to any of claims 15 to 18, 

wherein Q1 to Q4 are respectively a fluorinated hydrocarbon 

group of 1 to 20 carbori atoms having at least one fluorine 

atom. 

15 20. The method for producing the boron compound in the 

form of fine particles according to claim 19, wherein Q1 to Q4 

are respectively a fluorinated aryl group of 6 to 20 carbon 

atoms having at least one fluorine atom. 

21. The method for producing boron compound in the form 

20 of fine particles according to claim 15, wherein the boron 

compound is tris(pentafluorophenyl) borane, triphenylmethyl 

tetrakis(pentafluorophenyl)borate, tri-n-butylarnrnonium 

tetrakis(pentafluorophenyl)borate or N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate. 


