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BACKGROUND OF THE INVENTION

The solid polymer obtained by polymerization generally

contains unreacted polymerization feed materials and

solvents employed in the polymerization. For example, the

powdery olefin polymer (LLDPE) obtained by a vapor phase

polymerization of ethylene and l-hexene contains l-hexene

as a polymerization feed material, a diluent used in the

polymerization, a catalyst slurry solvent, etc.

The above solid polymer containing unreacted

polymerization feed material has the danger of explosion at

the time of molding or uSe thereof. Further, the diffusion

of unreacted polymerization feed material and solvent

contained in the solid polymer into the atmosphere is not

favorable from the viewpoint of environmental protection.

Therefore, it is a common practice to subject the solid

polymer obtained by polymerization to a drying step in

which any solvent and unreacted polymerization feed
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2 materials remaining in the solid polymer are renoved with t he

use of a drying gas. In the liquid phase pol ynerization such as
the slurry pol ymeri zation or solution polynerization, the obtained

5 polyner fluid is prelimnarily dried by, for exanple, the

centrifugal separation or flash drying po thereby obtain “the solid
polymer, which is dried with the use of a drying gas as nentioned
above. In the above drying of the solid polymer, air or an 10
i nert gas sucWﬁﬂatlrsog@maiiéllﬁgeélnaghﬁhéobli‘?iP@lm aneyremoved anigbpl e,

Japanese Patent Publication Ng. 62&1987)-47441 describes a nethod in
whi ch an ol ef iR ASFEOE B dTYingegas. into a drying vessel with the use

f [ t whi,ch is i t d '
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which, in the &ﬂeﬂ&u@falaseﬁarae%x%ﬁf Elas® &ﬁ?ix@@&it@é%b;&ﬁbﬁaiiﬁ used

as the drying gas to thereby carry out deactivation of e catal yst

used in e BIIMEpDC2FNe?) Ghith! ase@rbéy Wit tHe udeyi0#d a0kiriiag
pol yol efin. 25 Thus, the recycling of the drying gas (inerf gas) to
the drying vesgs assnemtdenedt aboeepect to the drying of the solid
pol yrer. In the aﬁove drying of the solid polymer, air or an
10 inert gas such as nitrogen is used as the drying gas. For
example, Japanese Patent Publication No. 62(1987)-47441
describes a method in which an olefin polymer is carried
into a drying vessel with the use of a gas (inert gas)
which is inert to monomers and contains substantially no
15 oxygen and the olefin polymer is countercurrently contacted
with the drying gas {inert gas). to thereby remove
unpolymerized gaseous monomers from the solid olefin
polymer while recycling part of the drying gas to the
drying vessel. Further, Japanese Patent Publication No.
20 7(1995)-5661 proposed a method in which, in the drying of a
polyolefin, a gas containing water is used as the drying
gas to thereby carry out deactivation of the catalyst used
in the polymerization simultaneously with the drying of the
polyolefin.
25 Thus, the recycling of the drying gas (inert gas) to

the drying vessel is known with respect to the drying of

the sclid polymer.



3 In this connection, the inert gas recovered after drying
‘contai ns solvent and unreacted pol yneri zation feed materials, so that
recycling of the inert gas to the reaction system woul d enabl e
effective utilization of the 5 solvent and polynerization feed nmaterials.
However, recycling of the drying gas recovered in the drying step as
it is to the reaction system would cause m xing of a |large vol unme of

ol vent and pol ydh EMiGoROPBEETLED, FPEIREFS 585 TRV ARNEE gas whi ch
{her oby | OweREYARE CRBCAYASNBPIYERF (ARSI FREFETGR I Eh AL i oed
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separate t he *$41 unreact ed polynerization material s

recover edhi N satvent! UEd10I YhesiAe LEATELDE dileCiiding. Deliaal f ect i ng

recyclingt Ion system and 1t is 20 contenplated to

per form such L%%Sﬁﬁﬁtﬂdj dd¥hel QryeX8NBhS. recoverédeis URS -dx} ihd &tR¥paltaisOn of
adsor pti on separati on. Howeveéer, huge cost is inevitable in recycling

the unreactedt is toPeneTeaziionnsiyeedmnmabeldatsuseaniseimy dfy eXlemge ng
t he above separation. Accordingly, the solvent and unreacted 25

pol yneri zat i aroleed ofatitveirt! gasedover pdlfmenizér dendunrently wittdp theve
occasionally been incinerated or discarded w t hout conducti ng
separati on anichtreducdtiiogn of the solvent and polymerization feed
10 materials, so that the inert gas which is not consumed by
the polymerization reaction is accumulated to thereby lower
the polymerization efficiency. This inert gas is withdrawn
by blowoff of all gases from the polymerizer, which is not
only economically disadvantageous but also unfavorable from
15 the viewpoint of air pollution, etc.

Therefore, it is desirable to separate the solvent
and/or unreacted polymerization feed materials recovered in
the drying step from the inert gas before effecting
recycling to the polymerization system, and it is

20 contemplated to perform such separation by, for example,
the super-cold separation or adsorption separation.
However, huge cost is inevitable in recycling the unreacted
polymerization feed materials recovered by executing the
above separation. Accordingly, the solvent and unreacted

25 polymerization feed materials recovered from the drying
step have occasionally been incinerated or discarded

without conducting separation and recycling.



4 As nentioned above, the solvent and/or unreacted

pol yneri zation feed materials recovered in the drying step have

i neffectively been di sposed of, and the devel opnent of a met hod of
effectively recovering and recycling themis 5 strongly demanded fromthe
vi ewpoi nt of effective utilizatiog of polynerization feed materials
and fromthe vi ewpoi nt of environnental protection.

OBJECT OF THE I NVENTION 10 The present invention has been nade in
vi ew of the &ﬁb@@nﬁﬂpﬁﬁdaFPPVEndtgﬁesQ%ﬁ%Rﬁ a¥d4qre usreashed nventi on

[ t I d hod _of .dryi ng, lid I , whi ch net hod
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met hod of BiryighgoRgi9 hdmARLYALEraR COLE VbW Ate of errllRIGRL i Nvention
conpri ses: contacting a solid polyner obtained by polynerization

(or a product yehigedfibaabEOpoiméPEze0ldnl RAY MIeWalld and fromdEXeNg gas
so that any solvent and/or unreacted 25 polynerization feed materials

remai ning i n tiewpolind of enpiiynmentdl prstucidm thereby dry the solid

pol ymer, wherein said drying gas-contacting treatnent conprises:
OBJECT OF THE INVENTION
10 The present invention has been made in view of the

above prior art, and the object of the present invention is
to provide a method of drying a solid polymer, which method
enables not only efficient drying of the solid polymer but
also efficient reutilization of the solvent and/or

15 unreacted polymerization feed materials recovered from the
solid polymer, and to provide a drying apparatus capable of

efficiently carrying out the above drying.

SUMMARY OF THE INVENTJION
20 The method of drying a solid polymer according to the
| present invention comprises:
contacting a solid polymer obtained by polymerization
(or a product of modification of the solid polymer) with a
drying gas so that any solvent and/or unreacted
25 polymerization feed materials remaining in the solid
polymer are removed to thereby dry the solid polymer,

wherein said drying gas—-contacting treatment comprises:



5 (i) contacting said solid polyner wwth a gaseous

‘pol ymeri zation feed material as a drying gas to thereby dry the solid
pol ymer, and (ii) contacting the resultant solid polyner with an
5 inert gas-containing drying gas. It is preferred that a

sol vent and unreacted pol yneri zatBon feed materials remain in the
solid pol ynmer to be treated in the step (i) in an anmount of 20% by

wei ght or 1esd) chtacting Bath 85106%b61Ahed N1 M b g ecover ed

fromthe step (i) can be“recycled to a polynerizati st ep.

Part of the %&?Bﬂrﬁ%ﬁt&@ﬁofééa%«ﬁféﬂéi‘%éta?lQixh}i)mfQj&s to there®yaked to
the step (i). The drying gas recycled to the step (i) may contain

hydrogen. 1%he solidTbelymer} gad contained in the drying gas supplied to
the step (ii) is, for exanple, helium nitrogen, argon, neon or a

m xture thereof, add)t ventayitigggabenagsobbant nsolid podygesy iwitdn amount  of
not greater than 5% The drying gas supplied to the step (ii)
may cont & n i2@rtggesogceonteiningi dryvdm@rgasThe drying gas may have a water
content of 0.1 to 70% by wei ght. In the present invention, it is
preferred that ead¥ is prefersgdghbabeacsohvent ardmnseagitdcted with the
solid n the above present invention, the drying

pol yner. . 25 I |
gas ‘ reeﬁﬁgﬁ@alﬁﬁaﬁpphéegﬁeﬁawfielaﬂ Frmain i &he $olid polymer

I ri i on . Alternatiyvel he, r r ryin
polymerizati on $LeRreated 13 NS Yrep"T1f OL0VSE Sttt Uk 204 by weight

or less.

10 : Part or whole of the drying gas recovered from the
step (i) can be recyclea to a polymerization step.

Part of the drying gas recovered from the step (i) can
be recycled to the step (i). The drying gas recycled to
the step (i) may contain hydrogen.

15 The inert gas contained in the drying gas supplied to
the step (ii) is, for example, helium, nitrogen, argon,
neon or a mixturé thereof, and the drying gas may contain
oxygen in an amount of not greater than 5%.

The dryiﬂg gas supplied to the step (ii) may contain

20 gaseous or liquid water. The drying gas may have a water
content of 0.1 to 70% by weight.

In the present invention, it is preferred that each
drying gas be countercurrently contacted with the solid
polymer.

25 In the above present invention, the drying gas
recovered from the step (i) can be recycled to a

polymerization step. Alternatively, the recovered drying



6 gas can be cooled to thereby renove condensed conponents,

foll owed by recycling of part thereof to the step (i). The
apparatus for drying a solid polymer according to t he present

i nvention conpri ses: 5 a drying vessel, a solid pol yner
supply port (b) disposed in the viBcinity of a top of the drying
vessel , a first drying gas supply port (c) disposed in a
position belo e I'd S o] ng a flrst
gas cont ai ni n\é&%g"a""é‘g&f’s pg’il)ér%% ngﬂkﬁbg E&m&?& %’i&sdef&trl aIC%% n%

first drying %%ﬁmqﬂ'f&ym&hg( ek g5590§ﬁéré6f to thd Cﬁ:egﬁp(haf t he

drying vessel for dischargi.ng the"f dryi ng gas s been
countercurrently copidcdish ity fla'?r d&mr@ohl doD04YP®Iymer according t¥cond
dryi ng gas supply port ) disposed in the vicinity of a bott'om of
the drying vesgal gesefitpilnyiention comprigédnd dryi ng gas containing an

I nert gas, a second drying gas collector D arranged within the
20 dryingdvessel ia dryosy tdemselgt ween the first drying gas suppl y
port (c) and the second drying gas supply port (d) - for collecting the
second dryi ng gas vmlsrkﬂ.ihhspdiamer supplyopnrtr ¢o) rébspgsesbrtradited Wi th t he
solid pol yner, a recovery pipe line E extending fromthe second
25 drying gas"leﬁillf’rlé?dt ®f B tt@PoG@sF—gé dngidgyvyessebssel for " leading

t he second dryi ng gas_which h been col |l ected by t he second drying
gas collector D out%l%lié"sc%éiW ngas SuPP}¥sBert é‘ﬁ’d disposed in a

position below the solid polymer supply port (b) for

10 supplying a first gas containing a gaseous polymerization
feed materials, .
a first drying gas-discharging port (a) disposed at
the top of the drying vessel for discharging the first
drying gas which has been countercurrently contacted with
15 the solid polymer,
a second drying gas supply port (d) disposed in the
vicinity of a bottom of the drying vessel for supplying a
second drying gas containing an inert gas,
a second drying gas collector D arranged within the
20 drying vessel in a position between the first drying gas
supply port {(c¢) and the second drying gas supply port (d)
for collecting the second drying gas which has been
countercurrently contacted with the solid polymer,
a recovery pipe line E extending from the second
25 drying gas collector D to outside the drying vessel for
leading the second drying gas which has been collected by
the second drying gas collector D outside the drying

vessel, and



7 a solid polyner discharge port (e) disposed at the bottom
"of the drying vessel for recovering the solid pol ynmer whi ch has been
dried by the countercurrent contact with the first drying gas and the
second drying gas, 5 wherein the second drying gas collector D
separate inside of the drying vesgel so that a zone for contacting

the solid polyner with the first drying gas is defined above the
second drying gas collector D and that a zone contacting the solid
pol ymer with the siacﬁﬂid-@rpﬁwe@?a§lﬁ§ha£e'e H@FFnéﬁ) beigRPeeR ate dryi ng

gas collector D. is preferred that the recover pe line E
have a hatdian @f)ithe G&é’%cd’?é?? gfgﬁdr?)‘c‘)?;?ﬂ:b?n%oﬁf% ﬁ%]eip‘in cinity

f I f th d d
vessel 15 pf‘é‘%t siay D $o [%'rx”%%%ﬁ e R L

lindrical b ded d
s Dot tom witiEe i deet iy, pap,opk Eab lctbhd AIMFLAE | B0 &
The secong drying ‘H 't%ce% %recgn@i){izﬁ Sv\gﬁﬁségﬂéc r D sepafifaident

pl at e di sposed protr roman in the dryi ng vesse

toward a centffg fd%soéftﬁé“%ﬂ;mgns}essel s¥eenst at E@né\bf’dﬁ fotdsday plate

havi ng an opening at It he protrudent plate may

have an i nverggd m&%ol%er withl m&er ngﬂ'sﬂohi‘gﬁlﬁ§| g@yr bani def igd havi ng an
opening at its 25 apex. Further, the protrudent plate may conprise a

di sc f mxb@%&asedwa@ngﬁm a@satollliectert Braaddthatya i zmheé clor
part which extends below fromthe vicinity of the opening.
contacting the solid polymer with the second drying gas is
10 defined below the second drying gas collector D.
It is preferred that the recovery pipe line E have a
second drying gas recovering end positioned in the vicinity
of a lower part of the second drying gas collector D.
The drying vessel is preferred to be a hopper-type
15 drying vessel having a cylindrical body part provided at
'its top with a domed part and at its bottom with a hopper
port having a reversed conical form.
The second drying gas collector D may be composed of a
protrudent plate disposed protrudently from an inner wall
20 of the drying vessel toward a center axis of the drying
vessel, the above protrudent plate having an opening at its
center.
The protrudent plate may have an inverted conical or
inverted polygonal pyramid form having an opening at its
25 apex. Further, the protrudent plate may comprise a disc
form body having an opening at its center and a cylindricel

part which extends below from the vicinity of the opening.



8 In the drying apparatus of the above structure, it is

"preferred that a ratio of Derr]/Dlerr], in which Derr] represents an

i nside dianmeter of the cylindrical part and D4 represents a m ni num

i nside dianeter of the opening of the second drying 5 gas collector D,
range fromO0.3 to 0.8. The gecond drying gas collector D may be
conposed of an unbrella shaped collecting nenber arranged in a center
of the drying vessel so as to provide a spaci bgtmeen an out er

peri pheral part ofIFh%h%n%¥¥&421%Hﬂﬂﬁﬁ$q§ﬂ°&é groYs SHERBEPTENETGntS nner

wal | of the dryi vessel . he unbg el e I r may
have the for nP%?P%rre &%tbr%,Faé:jpooloyfg-éﬁzplbyjr'lgn*%i%?a% %eg%es%%tt%hggdryi ng
appar atus of {he, aboye t | t.J r h | f
Derr]/Derr] }n?hgﬁh%(%%ﬁﬁ%? r‘# S:ehrf'lr ece}elﬁ,[n?rg.%%:fl.nggg{é g‘lt‘%?r% eﬁeprléSS’gd(%% % he
cylindrical pagg. %égpt ' KNgkd i a8 of
the second dr f%ﬁ£§§s£%§#§%xéfﬁm ) réﬁagh%$§ggﬂghb ég.gh?os%f%fh g
The drying aphasatys1&Blos WPHaRk TeYoy £d el or part having an
i nsi de di amet &r di sposed between an 20 cylindrical part having an

inside di aneter D @he] s@B86n@ dPPDRE gas coll@dtorl D maypbef eompdsédiadft he

above D5 be greater than the above Dierr] and that a ratio of
Dl err]/ D err] ahaigBrél D $hapdéd collecting memb2ir arranged in a c8RI&F
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic diagram

showi ng a perb€rthd drying evdssklresy axf tich@nostdedaospaeinggbatwesn (an
potymer outer periphefal part of the umbrella shaped collecting
10 rmember and an inner wall of the drying vessel.
The umbrella shaped collector D may have the form of a
cone, a polygonal pyramid or a disc. 1In the drying

apparatus of the above structure, it is preferred that a

ratio of D2/Di, in which D; represents an inside diameter
15 of the cylindrical part and Dz represents a maximum inside
diameter of the second drying gas collector D, range from
0.2 to 0.8.
The drying apparatus may comprises a greater diameter
part having an inside diameter D5 disposed between an
20 cylindrical part having an inside diameter D3 and a hopper
| part. It is preferred that the above Ds be greater than
the above Dj and that a ratio of D1/Ds range from 0.2 to

0.7.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram showing a perferred

embodiment of the method of drying a solid polymer



9 according to the present invention which is perforned by t he
‘use of a drying apparatus of the separate vessel type; Fig. 21is
a schemati c di agram showi ng an anot her enbodi ment of the method of
drying a solid polyner 5 according to the present invention, which is
perfornmed by the use of a drying gpparatus of the nonseparate vessel
type; Fig. 3 is a schematic explanatory view show ng an
unseparate-type drying vessel in a preferred enbodi ment of _10 the drying
appar at us ac@sesindingo tonshsr esesentnavenbion which is pexfprmed by,
schemati c expl anatory view showi ng an nsepar at e-type drying vessel in
the other enthd@ Ws® off a dry ﬁeagP?FﬁBuﬁpﬁgrﬁlﬂ%ssm r?’ge%%e]t %&?pﬁr’esent

i nvention; and, 15 ., ig. .5 1s,a_schenptic expl Vi ew

showi ng an urFs’E%ars"atles- t%/pq‘ézit?%'ﬁtr’rﬁ 3&8%?“% nﬁﬁﬂb?%egn g@%‘% fent of the
dryi ng apparatys accordi esSeniy..| nt i :

DETAI LED DES Mt o bt mARRBACBE bV NG Al Qs a potymer drying a
solid pol gner L\ af e Q% di Qs £k g igwvention
will be ¥ aég'lel%cér*i egz%l r?hgepgi%?gg{e:l %%?eﬁﬁ%ﬁ, mlal&)nigt]ﬁ%@for esen(% By
invention, tRgd §idd g0l ®BHi2dt apParkus of tRECASHSEEAFLaISARSEIEL

collectively nean not only 25" honopol yneri zation but al so
copol yneri zatdys; and the term "polynmer" is occasionally used to
col l ectively nean not only a honmopol yner but al so a copol yner.
(Met hod of drying Bsidi B pid \arevychematic explanatory view showing an
unseparate-type drying vessel in a preferred embodiment of
10 ' the drying apparatus according to the present invention;
Fig. 4 is a schematic explanatory view showing an
unseparaté—type drying vessel in the other embodiment of
the drying apparatus according to the present invention;
and
15 Fig. 5 is a schematic explanatory view showing an

unseparate—-type drying vessel in another embodiment of the

drying apparatus according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 The method of drying a solid polymer and drying
apparatus according to the present invention will be
described in detail below.

In the present invention, the term "polymerization” is

occasionally used to collectively mean not only

25 homopolymerization but also copolymerization, ana the term
"polymer” is occasionally used to collectively mean not
only a homopolymer but also a copolymer.

(Method of drying solid polymer)



10 The nethod of drying a solid polynmer according to the
present invention conprises contacting a solid polyner obt ai ned by
pol ymeri zation (or a product of nodification of the solid polynmner)
with a drying gas so that any sol vent 5 and/ or unreacted pol ynerization
feed materials remaining in the g@ id polynmer are renoved to thereby
dry the solid polymer. Further, in the present invention, the drying

gas contacting treatnent conprises (i) contacting the
solid polynmer with di%%}%d %drﬁd-lnﬁrrér seaifoRol ¥eer meerrdingita tdheyi ng

as to thereby dr solid | yme t he
?esul tant sol YQF‘?%TWW“FH‘O% cpﬁﬁggséﬁs°°nta°ti%%rﬁ a?%‘rfb(ﬂﬂlzﬁ"}?gr gas.

W th cath ot he '“Ve“tés%éfsse TBEy BraPE: 165 & Brodfif iRf aaESHAe T ng
I cul fqr I
ol ymor - G ecJt peR Y LR %L??-‘%S%‘?i%gﬂ%‘% %ata-%'gﬁ%%?‘%%%g as

t I f d
IITHt IEEI ZFSI gl’ ergr%l(%a) part | Clﬁ a%ﬁn%bl%]ﬁ C@igagggnog?l gm?t?% é)%ymar IS pPO?'er I‘egd
L0 be One pr OdHEe b iAol ymeRORVEC kbdBbb 5 6kl SRR ey goroan be used

as the drying gas descCri bed below and, in partlcular t he

pol ymeri zat i orpdBask Bt Shirdhelrs ahei:nérpdghenhamv@n@mﬂ,l Rthe 2ryipQy Wasof
not hi gher than 20[err] C at the atnospheric pressure. The above

solid pol yner contdarimexarelkeémeatpebypktsesn: Sui t abl e polyol efins are
pol ynmers derived fromolefins having 2 to 10, preferably, 2 to 6
carbon atons. Exanplids contacting the solid polymer with a gaseous
10 polymerization feed material as a drying gas to thereby diy
the solid polymer, and

{ii) the resultant solid polymer with an inert gas-
containing drying gas.

In the present invention, the solid can be lumps which

15 do not reunite with each other and is especially preferred
to be powdery (including particulate form).

In the present invention, although the polymer
subjected to drying is not particularly limited as long as
it is solid and also the polymerization method and

20 polymerization feed materials are not particularly limited,
| the solid polymer is preferred to be one produced from
polymerization feed material which can be used as the
drying gas described below and, in-'particular, the
polymerization feed material is preferred to have a boiling
25 point of not higher than 20°C at the atmospheric pressure.
The above solid polymer is, for example, a polyolefin.

Suitable polyolefins are polymers derived from olefins

having 2 to 10, preferably, 2 to 6 carbon atoms. Examples



of such ol efins include ethylene, propylene, 1-butene, 2- but ene,

‘I sobut ene and 1-hexene. The polyolefin may be any of honopol yners,
random copol yners and bl ock copol ynmers of t hese ol efi ns. 5

Speci fic exanples of the polyol efins include honopol yet hyl ene, hi gh
density pol yethylene (HDPE), a C qolyner of ethyl ene and anot her
a-olefin such as |inear | ow densit'y pol yet hyl ene (LLDPE)
honopol ypr opyl ene, a bl ock pol ypropyl ene and a random pol ypropyl ene.
The above 1d¥ spuihyoleffiinscdnpiliudengthplenefiprepykens, riciiptiersqn@enent
may contain an appropriate anmount of conmononer conponent such as a

di ene. butenejhd sgbyrengobrpd| dFhaxang . hEher 0 mah ey snyof

an appropriate common pol ymeri zation catal yst such as 15 Ziegler

cat al yst, rmﬂQQIhﬂﬂﬂﬂ?Lﬁﬂ?&ﬁysF38@°PhFPP95¥m€5§a??@tbl°°k GRRIOY P 1oFf t he
customary pol ynerizatign nethod. Wth respect to the polynmer produced
by the |iquid @lefins,g| ypnerizati on nethod such as the slurry or

sol ution nmet hod, .however, preld minary.dryi s, conducted by the 20
centrifugdl separg%? (S a?fh enggﬁg?%gggﬁ? *?%é#ﬁg dryi ng
met hod to thereb hi) 4L sql.i | drying of the
pr esent inve?FFb.é¥yé%h@leg%' §%8§93§Eé§§? ?ﬁ%Q%F%Q%%?eiﬁggﬁﬁVbﬁyis

suitabl e for copolynéyyidHJ eithe1ealki @nAobysehepr odoLedinystidle 8¢ WXiyear?5
pol ynmeri zati on or vapor phase pol ynerization. Al so, in the

present invenidwiieddi@ wipRdyeth9iene (LLOPE) | | RehoSo1Pdrdpielatodyea pol yer
can be subjected to the :
block polypropylene and a random polypropylene. The above
10 polyolefin comprising an olefin as a principal component
may contain an appropriate amount of comonomer component
such as a diene.
The above polyolefin may be produced with the use of
an appropriate common polymerization catalyst such as
15 2Ziegler catalyst, metallocene catalyst or Phillips catalyst
according to the customary polymerization method. With
respect to the polymer produced by the liquid phase
polymerization method such as the slurry or solution
method, however, a preliminafy drying is conducted by the
20 centrifugal separation method, spray drying method or flash
drying method to thereby obtain the solid polymer prior to
the drying of the present invention.
Among these, the present invention is suitable for
drying the solid polymer produced by the slurry
25 polymerization or wvapor phase polymerization.
Also, in the present invention, the product of

modifiéation of the above polymer can be subjected to the



12 drying. This product is, for exanple, a product of
‘chlorination, graft nodification or mal eic conversion. I n
particular, it is preferred that the anount of sol vent and unreacted
pol yneri zation feed material s which 5 remainin the solid polymer to be
subj ected to the drying be not grﬁgter t han 20% by wei ght.
In the step (i) of the present inventi a gaseous pol yneri zati on
feed material is used as a drying gas and contacted with the solid
polymer in thar§ingng rhiseproddét is, fodhexgmpleye pabdaetfe€d nateri al
enpl oyed as the drying gas preferably has a boiling point of not
hi gher t khlo2dphatipf, agrafie modbEiderion mresmled cagdniversdonhavi ng
been used in the production of the solid polyner. Wen a pIurallty of
pol yneri zation feednpeatichdax; eit16s prpteyred that the Raoyaty Of
production, the drying gas may have the same conpositign_as the
polynerlzatloﬁoﬂ@G@t and HBFEFFEF@ E?%YmﬁEﬁFQ&1QQ%£ﬂ?§gWétSFlﬁﬁé which

| f t | b th i s _
fhen one &t ?E@mééaopyn;m@?agié% Feliion i b oibdeied Lo dhedrking, yi ng
, th t | h I int i f bl d. F
gianle? Qﬁeﬁ %ﬁngFﬁ§#g%§ gﬂgn bh%?%%e WE Oiﬂerlfspgsongedyagsfhe sg{id
polymer, it is e”igt égé‘ Dyl epgoben eI AL It W1 GadelhB0 gas.

In the above step ( nerl Tion fe rlals and

sol vent enpl 0% gxgg,_.tl gtaghyggg?zxaatg laMo'ﬁb used ad %”%!r@}:.h@ Gas aabid

pol ymer are p renove rom-t _ solid pol yirer by the contact

of - the solid M&%ﬁ;e\& Wthhene solxéryémné@&ramher REQMeGedelseeat her with
t he dryi ng gas.

10 The polymerization feed material employed as the
drying gas preferably has a boiling point of not higher
than 20°C at the aﬁmospheric pressure and is one having
been used in the production of the solid polymer. When a
plurality of polymerization feed materials are

15 copolymerized in the polymer production, the drying gas may
have the same composition as the polymerization feed
materials although at least one of the polymerization feed
materials may be used as the drying gas.

When one of the copolymerization feed materials is

20 used as the drying gas, the material having a low boiling
point is preferably used. For example, when an ethylene/1~-
butene copolymer is produced as the solid polymer, it is
preferred that ethylene be employed as the drying gas.

In the above step (1), unreacted polymerization feed

25 materials and solvent employed in the polymerization which
remain in the solid polymer are purged and removed from the
solid polymer by the contact of the solid polymer with the

drying gas and recovered together with the drying gas.



13 In the present invention, part of the recovered drying

‘gas can be recycled to the step (i). The recycled drying gas (recycle
gas) nmay hydrogen and ot her conpounds used in t he pol ynerization. A

| ower boiling conponent of 5 copolynerization feed materials, for
exanpl e, ethyl ene may be newy aq d to the recycle gas before

circul ation. Part or all of Yt he drying gas recovered fromthe
step (i) can be recycled to the polynerization step. Wen a

copol yneri zation iIncnheipxhsnntiﬂnﬂdmtipnbypamtzafibhe técovgse@ndrying
according to necessity, the recovered drying g can be cooled to

t her eby ef f ecdas orate satienycled ket the step (1) sephetrecyeted mrwinati| e
conmponents and vol atile " conponents before recycling to the

copol yneri zatgash tsequghe gas) may hydxopger angdasther eempendshaiendiiy gas
supplied to the 15 step (ii). _The inert gas I's, for exanple, helium

ni t rogen, RRbmeRization.r & dRWeEopPoiling componept R% gh t he dryi ng

ar
the 35552 ¥ to%# g s q%ém &ﬁ,f*ﬁéjegiﬁt o ot STEmLe: (SERESE i ghe.
20

I | %I%e\rl‘g{ ?édef#e dry| n c‘ie %S% géké’rgaiglggﬁ&l‘m'

gaseous or ave content of

0.1 to 70% bg \ge![% R Pfaeff‘%f%”uﬂe ertﬂnﬁoéétﬁ,yreﬁove &ﬁ'ﬂpéma@ﬂ]e(- ?ﬁ%d

preferably, Fove steps
(ii) of the pgfﬁeéun r?éredyefl@ai N thel ﬁbixﬂéﬂ%ffgntb@é%t hesgd ig pol yner
be countercurrently contacted wt e drying gas he above
drying is predsg ORI d Alcaddiled 548[ ehl the pSPEReSd23tion 60 to
110[err] C and, | especially, 70 to 100[err]C under a

10 system, according to necessity, the recovered drying gas

can be cooled to thereby effect condensation so that it is
separated into nonvolatile components and volatile
components before recycling to the copolymerization system.

An inert gas is used as the drying gas supplied to the

15 step (ii). The inert gas is, for example, helium,
nitrogen, argon, neon or a mixture thereof.

Although the drying gas supplied to the step (ii) may
contain oxygen, it is preferred that the oxygen content of
the drying gas be nof greater than 5% by weight.

20 The drying gas supplied to the step (ii) may contain
gaseous or liquid water. The drying gas may have a water
content of 0.1 to 70% by weight, preferably, 1.0 to 50% by
weight and, still preferably, 2.0 to 40% by weight.

In the above steps (i) and (ii) of the present

25 invention, it is preferred that the solid polymer be
countercurrently contacted with the drying gas. The above
drying is preferably conducted at 40 to 120°C, especially,

60 to 110°C and, still especially, 70 to 100°C under a



14 pressure of 0.0001 to 0.6 MPa, especially, 0.001 to 0.35 MPa
‘and, still especially, 0.01 to 0.25 MPa. The appar at us cost woul d be
| ower when the pressure is over the at nospheric pressure (0.01 MPa).
5 Wth respect to the drying tine, it is preferred that, in the
step (i), the duration during which thp4drying gas (gaseous

pol yneri zation feed material) contacts the solid pol ynmer (residence
time) range from0.5 minto 5 hr, especially, from1l mn to 3 hr
still especi apirgssticenpf 01000k ko t®. & MRaqaspeaialdar 9001 topBeBal Iy,
from5 mnto 1 hr. In the ste (igi, It is preferred that the

dur ati on MBar eRg. WAt &hlt asPerid kY gl Q3 &t O -F&s MPaont ABEsaPRATabRF d
pol ymer (residence tipge). rapnge froml mn to 3 hr, especially, from1l
mnto 1 hr, §P?FIW@Eﬁ@c?%lfs?e¥rﬁﬁﬁ%'t & PLASPULS 46 FVATa g? further stil

especially, fr Part of the

5 mn,t 20 m
pol yneri zat i oﬁ%frygégwﬁgf'ng’é?sﬁ%? o%gmasupa) * the drying gas is pol ynerized
poryer e t ial-Al o e IS P t
whi ch var B the 28R, FREPest, porfby[BEEN b A Rk RecE el EHabid
degassi ng effiﬁttﬂhtQt&ﬁeé%fauéﬁetéﬁgaﬁigﬁ* f18%g whicROk¥EEHEGRhE08ak eed

. L ¥
mat eri al s (nononers) an ent can eftectively be renoved ™ ffomthe

sol i d pol yner .(gAkebliat polymeki #®t i bk ordd B radll) OkonadtERELREI 8blid
dissolved in the 25 'solid polynmer also polynerizes, so that the anount of
pol yneri zati opoflgpdrmresiabice etbme) NEarge tfrons @.i5dmin top6l kepr i's nore
effectively reduced than in the drying with the use of an inert gas.
especially, from 1 min to 3 hr, still especially, from 2

10 min to 2 hr and, further still especially, from 5 min to 1
hr. In the step (ii), it is preferred that the duration
during which the dryiﬂg gas (inert gas) contacts the solid
polymer (residence time) range from 1 min to 3 hr,
especially, from 1 min to 1 hr, still especially, from 2

15 nmin to 30 min and, further still especially, from 5 min to
20 min,

Part of the polymerization feed material employed as
the drying gas is polymerized in the above step (i). This
polymerization emits polymerization heat which warms the

_20 inner part of the solid polymer to thereby enhance
degassing effect with the result that unreacted
polymerization feed materials (monomers) and solvent can
effectively be removed from the solid polymer. At that
time, the polymerization feed material dissolved in the

25 solid polymer also polymerizes, so that the amount of
polymerization feed materials remaining in the solid
polymer is more effectively reduced than in the drying with

the use of an inert gas.



15 Thus, the nonomer renoval ratio of the step (i) is hi gher
‘than in the drying with the use of an inert gas, so t hat the usage of
expensive inert gas such as nitrogen can be reduced in the step (ii).
5 The drying gas recovered fromthe step (i) contains

substantially no inert gas, so that it ﬁan be directly recycled to the
pol yneri zati on system w t hout causing‘& e probl em of accumnul ati on of
inert gas in the polynerization system Therefore, it is unnecessary
to blow 10 pol ynEhusatthe mesomed ardénmeval netpiverof itheosdep t(d)r ésove
Inert gas fromthe polynerization system so that the dryi ng process
of the inventhbgheantkdheinitisd \dirging lvith theumisecatfedngiseahdgas, sedvent
and is favorable fromthe ° vi ewpoi nt of environnmental protection. 15
The content ofthpbl Yherusage orf fexmensivs iglerti gashsuch assphitgogehyaegn to
be dried in the step (ii) is reduced to a very |l ow value, so that the
danger of expbesredueed| by the stemueiithe drying gas enployed in the step

R I TR N, AR AR
Th f , th t_of dryij b . d (o J

et e0re, R PLaL L S ARl ot B rpeti
conponent and, g éié‘liyt?%hﬁgg%&ﬁ%ﬁgzb% fon SystiX mhﬁgencgngsgga%gat ed,

so that the reac§|on W I zer “used at t tl

granul ation cgBoBeehBEPhéEGnulatiod bf NGIEY J3AAe tReeyBinae 1 REELSA

col ori ng.
system. Therefore, it is unnecessary to blow

10 polymerization gas into the atmosphere in order to remove
inert gas from the polymerization system, .so that the
drying process of the invention can effectively recycle
untreated gas and/or solvent and is favorable from the
viewpoint of environmental protection.

16 The content of polymerization feed materials in tﬁe
solid polymer to be dried in the step {ii) is reduced to a
very low value, so that the danger of explosion is low.
Thus, the drying gas employed in the step (ii) is not
needed to be expensive inert gas such as highly purified

20 nitrogen and may contain oxygen if the amount thereof is
small. Therefore, the cost of the drying gas can be
reduced.

Further, when water is used in the step (ii), the
metallic catalyst component and cocatalyst remaining in the

25 polymer can be inactivated, so that the reaction with a
stabilizer used at the time of granulation can be inhibited

to thereby enable preventing pellet coloring.



16 In the execution of the above drying according to the
‘present invention, as long as it is feasible (i) to contact t he
gaseous pol ynerization feed material with the solid pol ymer and,
thereafter, (ii) to contact the solid polyner 5 with the inert gas, the
step (i) and step (ii) may be perﬁ med in respective separated drying
vessel s (the separate vessel -type g%paratus) or may be performed in a
single drying vesssel (the nonseparate vessel type apparatus). 10

Al t hough, for exanple, tidestsiunioteofr thedabdoyendrying ag@erding tas adiedi Ng
to the present invention can be used as t he above apparatus of the
nonsepar at e vaesdenty gayvention, as loagpaef ttr sl fedeiblwentilofta meontraicihod
of drying a solid pol ymer according to the present invention will be
15 il ustr at dthenigasears podymerd zatiorefaefonaterint ity ithe solid

apparatus of the separate vessel type including two drying vessel s
(hoppers) conRRk¥Rey andyy tdergrffegachid) nkp gentact thg,Ggtid, pglymer

e e CHEC S Bl R LR ENEF and e LY SO 1
POl YOL L 15 Sk AN, 1o, reBhotBISE, beErdih A1 TRAGEN b Lo, L
g gy S B ypelSefhEbiis | OE P ot tes
through a | oweg; dNe Fryile® Vi@ sy i(RleVASAEpdrate vessel type
apparatus). |
10 Although, for example, the below described drying
apparatus according to the present invention can be used as
the above apparatus of the nonseparate vessel type, first,
a preferred embodiment of the method of drying a solid
polymer according to the present invention will be
15 illustrated with reference to an execution using a drying
apparatus of the separate vessel type including two drying
vessels (hoppers§ connected in series with each other as
shown in Fig. 1.
In the following description, for convenience,
_ 20 polyolefin (LLDPE) is used as the solid polymer.
Referring to Fig. 1, the solid polyolefin is led from
an upper line 1 of a drying veésel A into the drying veésel
A. An olefin gas (carrier gas) is fed from a line la into
the line 1.
25 An olefin (for example, ethylene) gas (drying gas)
heated by, for example, steam at a heater 3 is introduced

through a lower line 2 into the drying vessel A.



17 In the drying vessel A the solid polyolefinis
‘countercurrently contacted with the olefin gas (step i). The
solid polyolefin is discharged froma bottom of the drying vessel A
through a line 11 and led through a top 5 of a drying vessel B into the
drying vessel B. On the ot hgry hand, a recovery gas di scharged

t hrough a top line 4 fromthe drying vessel Ais led through a cool er
5 into a condenser 6 in which the |iquid phase is separated fromthe
vapor phase. Separn ethéiidgying [Vesgedoifat theo sodddppatrelesbnohdner) is
recycled fromthe condenser 6 through a line_10,into the
polynerlzallcﬁpﬁﬂﬁﬁ¥#ﬁqﬁﬁﬁq%¥lﬂﬁ?taCtedoﬁlﬁthHﬁr8§§S*ngga?aﬁ?tﬁﬁ the gas

System g""i%. o The $hid RAWAISETdS A FBaforBu P oRoRob Phrste 15
d, f he | I h d

ary! ng. vessolHE #péfrg%l‘?%sp% Foiedrensz, ot 11 haraed hrqush 5. "¢

fromthe sryl ye sel yf&esssel fBeg'q'tlE%t% %hmﬁﬁh\%evggggfcﬁed with an inert

gas-conta n|n ng gas rou Ine 12 of the drying

vessel 20 B (StEpOh'% e .other ﬁ?nd,*&if@ad%%xgobhﬂ Bﬁkﬁﬁhﬁﬁéa tAr¥hghds awn

t hrough a I|ne froma bottomof the drying vessel "B. The drying

gas- r 9ese tbrﬁw t?hel 'd]:"yila%h%s%etloﬁ Bar te@f thB6ughyangooler

vessel B |s Ie to flare. dryi ng gas dlscharged t hrough t he
line 14 may bg jnto aréﬁbﬂéﬁgbicstﬂKEwﬁiﬁhnghbeaiqhiB phase is sepagatéd

shows the ot her enbodi nent.-of the nethod of drying a solid pol yner
accordi ng to f£hempekesevipondseon Separated high-boiling-point
10 component {comonomer} is recycled from the condenser 6
through a line 10 into the polymerization system by the use
of a compressor 9. Part of the gas (ethylene gas) is
recycled through a line 7 into the polymerization system
while the other ethylene gas is recycled through a line 8
15 and, for example, the line la into the drying vessel A.

In the drying vessel B, the solid polyolefin supplied
through the line 11 from the drying vessel A is
countercurrently contacted with an inert gas-containing
drying gas fed through a lower line 12 of the drying vessel

20 B ({(step ii).

The dried solid polyolefin is withdrawn through a line
13 from a bottom of the drying vessel B. The drying gas
discharged through a line 14 at a top part of the drying
vessel B is led to flare.

25 The drying gas discharged through the line 14 may be
recycled to the drying vessel B.
.Fig. 2 shows the other embodiment of the method of

drying a solid polymer according to the present invention



18 in which the drying is perfornmed by the use of the bel ow

‘descri bed single drying vessel (the nonseparate vessel type appar at us)
according to the present invention. In Fig. 2, t he sane nuneral s and
marks as those in Fig. 2 indicate the 5 sane parts or portions as those
in Fig. 3. The process of Fig. 2 is the same as that of Fig. 1 using
t he above drying vessels A and B éﬁbept that use is made of the drying
apparatus of the nonseparate vessel type in which a vessel C is used.

10 Al t hgyiGhh itdie e ediyTRgt 1sNpehiEs PmélcoPOEn® 1 Bfd b the HellWPE) as
a

m
the solid polymer 1s dried has bBeen descri bed bove, it naturally in

no vway |imt tdesoora $inglle drying vesbgle(thehneiseamrdie drdsakl rypee
present invention. (Pol yner drying apparatus) 15
The appar at us dpparltitis)g accoaidisigpobythe peresenit nintention. t Hin [Figseidt,
I nvention conprises a single drying vessel adapted to sequentially
count er cur r entthe csamenatumeradlsi dnd marks| gaethose him Figst2 dmdimptgashe
containing a polynerization feed material and a second drying gas
cont ai ni ngBan sams tpatE arapoxsiomsr asytheget ke Eb¥i B polThreProcafd ove
appar at us , conpri ses: a drying vesse|, F? solid
pol ymer suppl VFibr 2 (I tdhes &€ asnthak of Figy; 1 w3189 Jibe ARy EAnyiad
drying vessel, 25 a_first dryin as supply port, .(c).di.sposed in a
posi tion bel oWe$RELDA (fnﬁol%/ﬁé‘tc_e?ﬁp_ﬁk‘?%ngF B)‘E?%? °£_t SR YIhg a first
gas containi ngagp Stus of gﬂén%gn%%tphggte vengfdt@é &A ch a vessel

C is used.

10 Although the embodiment in which the polyolefin
(LLDPE) as the solid polymer is dried has been described
above, it naturally in no way limit the scope of solid
polymers which can be dried in the present invention.

(Polymer drying apparatus)

15 The apparatus for drying a solid polymer according to
the present invention comprises a single drying vessel
adapted to sequentially countercurrently contact a solid
polymer with a first drying gas containing a polymerization
feed material and a second drying gas containing an inert

20 gas to thereby dry the solid polymer. The above apparatus
comprises:
a drying vessel,
a solid polymer supply port (b) disposed in the
vicinity of a top of the drying vessel,

25 a first drying gas supply port (c) disposed in a

position below the solid polymer supply port (b) for

supplying a first gas containing a gaseous polymerization

feed materials,



19 a first drying gas-discharging port (a) disposed at t he
‘top of the drying vessel for discharging the first dryi ng gas which
has been countercurrently contacted with the solid polyner, 5

a second drying gas supply port (d) disposed in the vicinity of a
bottom of the drying vessel for supplying a second drying gas

contai ning an inert gas, a1 cond drying gas collector D
arranged within the drying vessel in a position between the first

drying gas 1 O SuppPEYrPOTérdflg aihIdiesdRaRhgdpork] (dfSqsypakyapraet (d)

for collecting the second drying gas whi ch has "been countercurrently

contacted W t¢héheos bt k| dfEing vessel for dikehavgiwgpthRe finstE
extending fromthe second - drying gas collector D to outside the drying

vessel for 18ryigadiag wikcls eoon bbby icomingarcultirehthgscbaeacted| witied by
the second drying gas collector D outside the drying vessel, and

a solid pol ynehedsstihdrpelywest, (e) di sposed at the bottom of the
drying vessel for recovering the solid 20 polynmer which has been dried by
t he count 8 currentacsacondsdrying gds suppdly post dd)i ddsgasedndnt keesecond
dryi ng gas. L. Referring to Figs. 2-5, the second drying, gas
col l ector D sepaipieytof 3 leotomiof fdieydpvigo, ¥eseplctes subpPlyifgtaa zone

for contacting the solid polymer with the first 25 drying gas to thereby
dry the sol i dSﬁ‘éPs}ﬁireﬁirY%n%eq $kpntaining an. inQXt 8@8nd  dryi ng gas

S borg ary P & "8t s8c88%tPlng gas SSYUAHGD WifatPeuRELIACERYL! N 1DE
drying vessel in a‘position between the first drying gas
10 supply port (c) and the second drying gas supply port (d)
for collecting the second drying gas which has been
countercurrently contacted with the solid polymer,
a recovery pipe line E extending from the second
drying gas collector D to outside the drying vessel for
15 1leading the second drying gas which has been collected by
the second drying gas collector D outside the drying
vessel, and
a solid polymer discharge port (e) disposed at the
bottom of the drying vessel for recovering the solid
20 polymer which has been dried by the countercurrent contacts
with the first drying gas and the second drying gas.
Referring to Figs. 2-5, the second drying gas
collector D separate the inside of the drying vessel C so
that a zone for contacting the solid polymer with the first
25 drying gas to thereby dry the solid polymer is defined
above the second drying gas collector D and that a zone for

contacting the solid polymer with the second drying gas to



20 thereby dry the solid polyner is defined bel ow the second

‘dryi ng gas col |l ector D. It is preferred that the recovery pipe
| ine E have a second drying gas recovering end positioned in the
vicinity 5 of a lower part of the second drying gas collector D,
especially, positioned within the height of the second dryi ng gas
col l ector D. The above dryiag vessel Cis preferred to be a
hopper - type drying vessel having a cylindrical part 21 provided at

10 its top th&bgow_ RRE! s32ianfotymét SidaiéFinel Weldw the Beppas part
23 having a reversed conical form In the above dryi ng apparatus

of the nonsepyrititig gas volsdektbypp,. the residence tine at each zone for
contacti ng (contact zone) can be determined by the formula: 15

vol ume of each contmctisz prefienfredr thatetbe poecevenywipipe line B/ dlaye @y
(mMerr]/mn). In the above fornmula, each of voluns and velocity
are def iseewbrak drylingwgas recovering|end psitdened, iphitde vAeisdtyd
pol ymer contacts the 20 first drying gas

merr]): It is
defined as®an qmtaermel\/@laﬁﬁeoﬁcﬁbéuﬁﬁ?%ldtéﬂékng gas qqldestSFnPrion that a
vol une excluded by the collector D does not, exi st f the drying
vessel which @apsfdalilyonpogdtioned pithin é‘h?ir}b?"gﬁﬁe °c%|tl%§ctsglc°|5 0
pol ymer powder_ pl.ane (its 5 height is nmeasured by a | evel gauge).
Usual ly, it i 9‘%:1“9 9&&&‘-’-13'9 E8*hYt he formul a: sectional area

o Bcyiinar cal Pafle QU A8 WBbser ¢ 18%alEed SQINEdIHd WRbppRAL O
type drying vessel having a cylindrical part 21 provided at
10 its top with a domed part 22 and at its bottom with a
hopper part 23 having a reversed conical form.

In the above drying apparatus of the nonseparate
vessel type, the residence time at each zone for contacting
(contact zone) can be determined by the formula:

15 volume of each contact zone (m3)/feed powder volume
velocity (m3/min).

Tn the above formula, each of volums and velocity are
defined as follows.

1) volume of zone in which the solid polymer contacts the
20 first drying gas {(m3):

It is defined as an internal volume {calculated under
the assumption that a volume excluded by the collector D
does not exist) of the drying vessel which extends from the
lowest end of the collector D to polymer powder plane (its

25 height is measured by a llevel gauge) . Usually, it is
deter-mined by the formula:

sectional area of a cylindrical part (m?)/polymer

height from the lowest end of collector D (m).



21 The hei ght of polynmer powder plane can be neasured by

‘the use of any of.paddle type, tuning fork type, ultrasonic type, |oad
cell type and radiation (ganma ray) type |evel gauges. 5 2) volune
of zone in which the solid polymer contacts the second dryi ng gas
(mMerr]): It is defined as gﬂ I nternal volunme of the drying
vessel which extends bel ow the | owest d of the collector D. Usuallvy,
it is determined by the formula: 10 vol une of a cylindrical part
whi ch ext ends bel owhiehbeight ofopelymendpodden|plaxieorcan (b aealshredvbiyune
of a hopper part (nferr]). 3) feed powder volune velocity:

It is determ bbe bget b€ Anynofapaddbe type, tuddgpdinddr typeghultrasonic

vel ocity/ bul k density. The second drying gas collector D may be
conposed of type,ahoafbeellat¥pepred ceadiationy (aaswer ray? akyes LaV&lcent er
of the drying vessel so as to provide a spaci ng between the out er
peri pheral paPBY¥8fSthe unbrella shaped collecting 20 nenber and an inner

wal | of t driin vesse%f%$§$0+ngwh£%h tQﬁnﬁ?lﬁglﬁﬂ he un%rg%%gﬁgg ged

col | ect or HOehE

di sc. e secg dry|n gas collector D may be conposed of a
pr ot rudent pI398°8|585¥é ?%?ru% ntly froman inner wall of the .

rying vessel t owand 4 ,caabeheaxkS 8h 1ol Volume ofvga,%e' xylay above
protrudent plate having an opening nter ee

vessel which extends below the lowest end of the collector
D. Usually, it is determined by the formula:

10 volume of a cylindrical part which extends below the
lowest end of collector D (m3) + volume of a hopper part
(m3) .
3) feed powder volume velocity:

It is'determined by the formula:

15 feed powder weight wvelocity/bulk density.

The second drying gas collector D may be composed of
an umbrella shaped collecting member arranged in a center
of the drying vessel so as to provide a spacing between the
outer peripheral part of the umbrella shaped collecting

20 member and an inner wall of the drying vessel (See Fig. 3).

The umbrella shaped collector D may have the form of a
cone, a polygonal pyramid or a disc.

The second drying gas collector D may be composed of a
protrudent plate disposed protrudently from an inner wall

25 of the drying vessel toward a center axis of the drying
vessel, the above protrudent plate having an opening at its

center (See Fig. 4).



22 The protrudent plate nmay have an inverted conical or

‘inverted polygonal pyramd form each of which has an opening at its
apex. Further, the protrudent plate nmay conprises a disc-form body
havi ng an opening at its center 5 and a cylindrical part which extends
bel ow fromthe vicinity of the o I ng. In the hopper-type
dryi ng apparatus having a cylindrical part whose cross section is
circular at its upper part as shown in Figs. 3 and 4, the hopper part

(the 10 dried polTrerpyetusienti pdasgr MRYabR¥AGEH bﬁv?FkﬁimﬁQQﬂﬁaﬁ or

the vessel generally has a divergent angle [err] of 20[e

70[err], pref e#rasmlsteclz@qldma&nm@wm fBF&f e?%%]f‘y" 2&[’&4 ]haﬁ) an

el o maning 5 S Sk ne ESBF $i’p%€t%8¥eém% L Tk

ceoti onal | 0?0 SR ASH, 3 fisc-fom pody bayiS g SFRrTiRg diait e RSy

D[err]/D[e e er of the

cylindrica. eﬁéél c#éii#gé%gre Fggeﬁéggﬁ %ggéﬁ%ﬁﬂ?%gﬁﬁe Jg%ne er of the

col | ector 0.8, especially, from0.3 to 0.6 and,
i PR geBins. P Vhen”

still espeC|any When h[err] represents the

hei ght fromthe drigg tl?x%Wper—typeV\ﬂdtrB'dthVab?Qﬁé{:uéel)a'i'ihé‘f'@ second
drying gas (inert gas) 25 supply port t he hopper part, it is

preferred thateplindricdRtgaitofwhidiser bkb@&eééi:tlﬁileis |eiscilzer iatsiides
di aneter of the cylindrical part, range fromO0.05 to 0.5, especially,
0.1 to Oufper part as shown in Figs. 3 and 4, the hopper part {(the
10 dried polymer withdrawing part) arranged at the bottom of
the vessel generally has a divergent angle ®; of 20° to
70°, preferably, 25° to 60° and, still preferably, 25° to
50°.
The collector D is preferred to have a divergent angle
15 @, of 20° to 120°, especially, 40° to 90° and, still
especially, 50° to 90°.
When the collector has a sectional form as shown in
Fig. 3, it is preferred that a ratio of D2/Dj, in which D3
represents an inside diameter of the cylindrical part and
20 D, represents a maximum inside diameter of the collector D,
| range from 0.2 to 0.8, especially, from 0.3 to 0.6 and,
still especially, from 0.4 to 0.55.
When hj represents the height from the dried polymer
withdrawal port {e) to the second drying gas {(inert gas)
25 supply port (d) of the hopper part, it is preferred that a
ratio of h3i/Dj, D1 is the inside diameter of the
cylindrical part, range from 0.05 to 0.5, especially, 0.1
to 0.3.



23 Further, when h2 represents the height extending from

‘the | owest end of the cylindrical part to the first drying gas
(gaseous polynerization feed nmaterial) supply port (c) and h3
represents the height extending fron1the | owest end 5 of the cylindrical
part to the top of the collector Is preferred that a ratio of
h2/h3 range from1.0 to 2.0, esggilally froml.1to 1.7.

Still further, when h[err] represents the height extending fromthe
| owest end of the Eytthdrjcmhethz nepresents| the heightl ¢rtendipgl framort
(b) and when D err] Derr] (Derr] is the maxi num I nsi de di aneter
of the hoppertherl@west erxd wftdve exyliiimairical pahfeto] theefitstadgeidgom 2
to 20, especially, from3 to 15 and, still especially, from5 to 10.
Wen use is ngae (gasenus Melmeni tdons ferd mﬁtrzr:galn suBPlyhe]Et i@l mum
i nsi de di aneter  is re resent ed

dith
Dl err]/ D err]2fdnde ¥ H)‘PﬁQ?‘Btsc d’-% giggﬁeEF&Ff‘ging fr°m1[{'}g?n %c“gé?’b P
In Fig. 4 d th | f th
enbod! men® shERrERn B EAdrICHE Ratd: 0 Eng 5op) oFnBRE, Brpecsar B Lk have

h I D
ertbod ment  ShRETY %érééaéﬂa‘*cs)a% FUE B rere B LBH 200 s o

that having a p err] and may have a shape of an
oopagi 19 ey 18 g3 A -

enbodi nent yi ng vessel C of the enbodi ment 25

shown in Fig. 5 CO§911§efuﬁtﬂéfaiﬁﬂeﬁ“KU“?é%ieB@hEszﬁhEaﬁéﬂght extedfihgsi de
di aneter D[err] between an- cyllndrlcal part 21 having an inside

di aneter O erflo@nehe 1OwPsE &l loRInd heabavacliephkt to thBespuigreater
t han the above Dierr].

10 polymer supply port (b) and when D; = Ds (Ds is the maximum
inside diameter of the hopper part), it is preferred that
hg/h3 range from 2 to 20, especially, from 3 to 15 and,
still especially, from 5 to 10.

When use is made of the collector D as shown in Fig. 4

15 whose minimum inside diameter is represented by D4, it is
preferred that D4g/Di range from 0.3 to 0.8, especially,
from 0.4 to 0.6.

In Fig. 4, ¢; and ¢, have the same value ranges as
those of the embodiment shown in Fig. 3, and hg - h3 and D31

20 - Ds have the same relationships (ratios) with each other
as those in the embodiment shown in Fig. 3.

The drying vessel is not limited to that having a
shape of D1 = D2 and may have a shape of an embodiment
shown in Fig. 5. The drying vessel C of the embodiment

25 shown in Fig. 5 comprises a greater diameter part 25 having
an inside diameter Ds between an cylindrical part 21 having
an inside diameter D1 and a hopper part 23, the above Ds

being greater than the above Dj.



24 In the above drying vessel C, it is preferred that the

rTatio of the inside dianeter Dierr] of the cylindrical part to t he

i nside dianmeter Dlerr] of the greater dianmeter part (Dlerr]/Dierr]),
range fromO0.2 to 0.7, especially, from0.3 to 5 0.6. In the
drying vessel of Dierr] [err] Dierr] ? he enbodi ment, it is
preferred that a ratio of average resi dehce tine at hei ght h[err] to
average residence tinme at height h3 range from 2 to 20, especially,
from3 to 15 and, sltnlthesmvgldwinmorea‘sedm% is 1e. preferred thatn the
drying vessel of Dierr] [er[] %eerr of this enbodi nme t he greater
di aneter part 6? %l%f‘] tEif%r iemeter; Pan°§[‘éh?]cyllndrim 8N the

present |nvent ter ich diameter Derr]
is smaller tha eﬁf‘sm ‘%‘f%e n} 5p%g?§ 9'58?5\%5 % CSA i cal par t
and the hopper ,pa The,conf hour D|s
appropriately (B }65)s'el % Trroglmaéﬁogé ?hgéeééég?go#d af%%n{ rto
desirabl e ﬁa |ze a p|ston flow at a zone where the drylng |s
conducted by thé gaseous polynerization feed 20 material in the drying

apparatus of the pregeghei dy fmé Ofessel of &t Redst he B Vet e i S
set at 20[err] to 40 or a baff .plate can be provi ded. However, the

piston flow isjfohreferred QGRS idalk i) %ffe%.beéaga Pe 086N MO S fnd met dr yl ng
S conducted by the inert gas. FECT OF
THE | NVENTI ON height hg tol haremtgieod:eeﬁdénycengmesa)tlmemﬂwrtey Bmnger cfumg to
t he

S

2 to 20, especially, from 3 to 15 and, still especially,
10 from 5 to 10.

In the drying vessel of Dj # Ds of this embodiment,
the greater diameter part of which Ds is greater than Dj.
However, in the present invention, a smaller diameter part
of which diameter Ds is smaller than D; can be disposed

15 between the cylindrical part and the hopper part.

The configuration of the collector D is appropriately
selected from among those mentioned above. When it is
desirable to realize a piston flow at a zone where the
drying is conducted by the gaseous polymerization feed

20 material in the drying apparatus of the present invention,

| either the above angle ¢z is set at 20° to 40° or a baffle

plate can be provided. However, the piston flow is not
necessarily preferred in a zone where the drying is
conducted by the inert gas.

25

EFFECT OF THE INVENTION
The method of drying a solid polymer according to the

present invention enables not only efficiently drying the



present invention enables not only efficiently drying the

25 solid polyner but also efficiently recovering any sol vent and
unreacted polynerization feed materials renmaining in the solid pol yner
and easily recycling themto the pol yneri zati on system or drying
apparatus. 5 Mor eover, the use the solid polyner drying
apparatus of the present invention en es efficiently perform ng the
above solid polyner drying using a single vessel . 10

EXAMPLE solid pdlymerdmt alsecefifdecientlynvecteerinhgsanyt sol vent
greater detail with reference to the follow ng Exanpl es, which in no
way |imt theamstopmredctet polymerigation fepdampterialgoremainbng in The
solid polyners specified in Table 1 were dried_and the results are

gi ven i n Tablthe solid polymerrangt el lve¥gryslare SReMnt@stBMal ytical
results of hi gh, boi | i ng poi nt conponents gconnnoner whose nol ecul ar
wei ght is | arRRivEeEizaEan cﬁyﬁiﬁ“h(ﬂrpgyﬁ'&gc?? A*8FBfrn, 20 sol vent,

. ined in the pol yner. i d; Powd

ol yIrer we. oxtr aCRRRSSTER, Th YA 19 SAEATIAR RELARBEHAYIRR oxtr act was
titativel | yzed, b ch  ctont1d

Beampl oo 1t FaPaRAE S o4 T Hedb<E RYeRIoAZeRRRLes etictontlyl (e

o oo PR s s (P Rt WSaaEPaAss AasEbdine)

I n Exanpl es ryi
vessel.

10 ' EXAMPLE.

The present invention will now be illustrated in
greater detail with reference to the following Examples,
which in no way limit the scope of the invention.
Examples 1 to 13

15 The solid polymers specified in Table 1 were dried and
the results are given in Table 1.

Treatment results are shown as analytical results of
high boiling point components {(comonomer whose molecular
weight is larger than that of principal reaction olefin,

20 solvent, etc.) contained in the polymer.

Measuring method: Powdery polymer was extracted with
methyl isobutyl ketone and the extract was quantitatively
analyzed by a gas chromatography.

In Examples 1 to 4 and 10 to 13, the drying was

25 performed in accordance with the process of Fig. 1
{(apparatus of the separate vessel type).
In Examples 5 to 9, 14 and 15, the drying was

performed in accordance with the process of Fig. 2



perfornmed in accordance with the process of Fig. 2

‘26 (apparatus of the nonseparate vessel type). Referring to

Fig. 3, the drying apparatus of the nonseparate vessel type enpl oyed
in Exanples 5 to 9, 14 and 15 is outlined by the foll owi ng val ues:

5 [err] = 5[err], [err] = 75[er5% Derr] =0.35m Derr]
= 0.175 m Dlerr] = 0.075 m qeyr] = 0.08 m h[err] =0.25 m
h[err] = 0.175 m The pol yner hei ght was neasured by the use of a
gama- r ay (appaxatumiefe theaonsepgratst vessal topel i siReferring £9 on

10 source which emts gama rays and a detection tube capable

of
detecting t he Ki@me3r &g drying apparatpscgfnthe Apnaeparate vessel dyRe of
conducting the dryi ng of pol rs _usi t he ar at usges shqwn in
Fi gs. L emeiored reh AR TR & Fd o LAoAPant ekt CHEGLeE BEARE 15

gas derived fr he, second drying gas (the inert gas- cont ai ni ng
dryi ng gas) in?‘g]' ‘P]"é”?%c‘fé)éﬁﬁ'gas di schar ged t hrough |ine 4.
Moreover, ign the prgductggn Pojgners in Exanples 1- 15 with using
t he dryingsapparatdg s of ﬁigé. 1 and 2, loss 20 of nononers (including

comonorers) coul d bg, redyced 4 0p, = 0.30Br RYI BRILl . g5 By wei ght based on
100 of that in a production of polynmers w thout using the drying
appar at uses. h; = 0.08 m, hp = 0.25 m, h3 = 0.175 m. -
The polymer height was measured by the use of a gamma-ray
level gauge (ﬁeasuring instrument comprising a radiation
10 source which emits gamma rays and a detection tube capable
of detecting the gamma rays).
In each Examples 1-15, as a result of conducting the
drying of polymers using the apparatuses as shown in Figs.
1 and 2, there was observed no contamination of an inert
15 gas derived from the second drying gas (the inert gas-
containing drying gas) into the recovery gas discharged
through line 4.
Moreover, in the production of polymers in Examples 1-
15 with using the drying apparatuses of Figs. 1 and 2, loss
20 of monomers (including comonomers) could be reduced to
| approximately 40 by weight based on 100 of that in a

production of polymers without using the drying

apparatuses.
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“Type of pol
feed mat' 1

Ex. 1

ymer LLDPE (

Ex. 2

i near

Ex. 3

Ex. 4

Ex.5

Et hyl ene/ 1- hexnene Pol ymrm. et hod

Solid polyner
| ow density pol yet hyl ene) Pol vim.

Vapor phase polynerization State of catal yst Solid at
feed M (g/10m n) 4.0 4.0 4.0 Density
(g/cnferr]) 0.920 0.905 27 0.920 Powder bul k sp.gr
0. 420 0. 380 0.420 (g/10m n) Powder particle 1050
1150 1050 size ([err]m y4bg nethod Drying vesse
non- non- non- non- separate separate
separate separate separate Agitation in vessel no no no
no Nng Pressure i n vessel U. I O .5 O U1
(Kg/cnB G |do. Tenperature ExS® Ex(9 Ex.8% | Ex.3° | Ex.s8°
([err]C) 14T ar meRe yrene (100% EThyl ene Ernyl eng
[ Herr] (109()%}5@1% (98% P%
do. Flow rqt§pe of polymer 20 LLDPE (linear lowQensity pdfidehpi&ieh]/ i)
do. Upper paglirm-. Eeegmmat'l 150 Ethy;_g_n%m-hexhg@l%l %\llgi rree?rr) o.
Lover part [E@ilymn. method 30 Vapor phse polymérikzBRibA) 2nd
dryi ng gas {igtte of catalyst N err] (100% dosoHoOw rate
5 at (feggerr]/hr) Tregatnent results H gh b.p. conponent
1- hexene + {iMmpemi/ammih in driled £0 yner 4 @nch. at vessek.o 3000
8500 320®ensi¥PQg/cmdP00 i|nleI9ZpYm0.9WEHch. at vessel920 15
130 174 powder/®Alk sp.g®. outd et2Qq pprg.380 0.420
28 (g/10min)
Powder particle 1050 1150 1050
size {(um)
Drying method
Drying wvessel non- non- non- non- separate
) separate | separate | separate | separate
Agitation in vessel no no no no no
Pressure in vessel 0.1 0.1 1.5 0.1 0.1
(Kg/cm3-G)
do. Temperature 85 70 85 85 85
(°C)
1st drying gas type Ethylene (100%) Ethylene | Ethylene
/ Ha {100%)
{98%/2%)
do. Flow rate 20 20 20
{Nm3/hr) :
do.Upper part res. 150 30 150*1
time (m)
do. Lower part res. 30 8 30
time (m)
2nd drying gas type No (100%)
do. Flow rate 5
(Nm3/hr)
Treatment results
High b.p. component | l1-hexene + i-pentene *2
in dried polymer .
Concn. at vessel 3000 8500 3200 3000 3500
 inlet (ppm)
Concn. at vessel 15 130 170 700 10
outlet (ppm)




Table 1-2 Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10

'Sol i d pol yner LLDPE (linear |ow density LLDPE HDDE
Type of pol yner pol yet hyl ene) (ethy- (ethy- Polym. feed
mat ' | Et hyl ene/ 1- hexnene | ene/ 1- | ene/ 1-
but ene) hexene) Polymm. nethod Vapor phase pol ynerization
hexane State of catal yst 28 Solid slurry at feed
polyrtm. M (g/ 10m n) 4.0 4.0 2.0 8.0 Density
(g/cmerr]) 0. 905 0%,%3_9&01%5930 0. 966 Powder bul k
Sp. gr. 0. 385 0.420 0.4 . 450 (g/ 10m n) Powder particle
1250 1050 900 350 size ([err]m Drying nmethod Drying
vessel SEPAr dt € Sepdr dt € gepar at € jsepar at Ton-
soparate paliation in vossel  dongy.g donee | mite | s09. | méons
) lid er . .
do, Tenper aure PRy OLLDPE ? ld%Sdensity;}l%.I(D@E ISt uBb¥! k¢
gas type Ethw thyl ene recylg é‘:ﬁwleﬂg; {ethy- (ethy-
I Herr] dag bkl 1 Ethylene/l—hexnene lene/1- | lefdda% 5%
ethylene (8§5% : butene) | hexene)]5%
do. Flow ratj®olymn. method 20 Vapoz5Sphase 20lymerizs0idmnB/hhexdoe
Upper part rétate of reaiyst 150 *1  75*1Solid 60 tinme (n) |[dslukowey
part res. at fegal 30 15 15 tine () 2nd dripokympg)
type N2 (j MJD%g/10min) N2 + 4.0\2 4.0 2.0 | 8.0
(96.5% stedmensity (g/cm3) 0.905 0.92050p 0 BWA[09 - IH
Flow rate |Powder bulkssp.gr. 50.385 5 0.422Q Nn{®r449 hyr )0.450
Treat ment r ¢st@/419min) 1 but epe | n-
Hi gh b.p. cqisswes Partielene + i - 1250;. 1050 | he¥lhhe fin 389 ed
pol ynmer sipenijenie *2 hexgne pentene *16
*2 Concn. at] vegSling metHHD 9000 3800 1500 35000 ijnlet (ppm
Concn. at vdssel 80 1200 40 30 10 outl gt (ppm
29 Drying vessel Tabl|sepagate| separate| separate| separate non~
separate
Agitation in vessel | done done no no done
Pressuge in vessel 0.1 0.1 0.1 0.1 0.1
(Kg/cm3+G)
dog.I Temperature 70 50 90 85 115
(°c)
ist drying gas type | Ethylene (100%) | Ethylene| recycle | Ethylene
/ Hp gas*3 + / Hp
(95%/5%) | ethylene (85%/
15%)
do.BFlow rate 20 25 20 150
Nm?/hr
c(io. Upp)er part res. 150 *1 150 *1 75*1 60
time (m)
do. Lower part res. 30 30 15 15
 time (m)
2nd drying gas type N2 (100%) N2+02 N2+ N2
(96.5% | steam
3.5%) (90%10%)
do. Flow rate 5 5 5 5
{Nm3/hr)
Treatment results
l1-butene n-—
High b.p. component | 1-hexene + i- 1- + i- hexane
in dried polymer pentene *2 hexene Pe“fz"'“e *6
Concn. at vessel 9000 2000 3800 1500 35000
inlet (ppm)
Concn. at vessel 80 1200 20 30 10
outlet (ppm)




Ex. 11 Ex. 12 Ex. 13 Ex. 14 Ex. 15 Solid polynmer Type of polyner

‘honmopol y bl ock pol ypropyl ene pr opy-

| ene Polym. feed mat'| | ene propyl ene/ et hyl ene Pol ym.

met hod Vapor phase polynerization State of catal yst

hexane slurry at feed M (g/10m n) 7.5 1.5

24 Density (g/cnferr]) - 29 - -

Et hyl ene cont ent 0 18 17 (mol %
Powder bul k sp. gr. 0. 480 0,475, 0.470 (g/10m n) Powder
particle 630 00 i1z o0 o ze([err]m  Drying
nmet hod Drying vessel non- non- separ at e separ ate

separate Ag(i tatTromtr—vessetr—dpne domre tofre eSSt in

vessel  0.15 21 e (F%fl%zs ek PCIT8L1135 E%'Emlep:]fggg_r?t‘tg”’
| e

Et hyl ene e?%/%?epoﬁé%?/% | ene (100%
gas*4 + gasq £ pol homopoly [ 100% piock yl ene
et hyl ene do, %eom? potymexr D Spropy- ‘ 28 o pOlypmp%éghg
rate(Nn{err]/hr) do. Upper part]reene pO 20 20*1
E:)l me (m Polymn. feed mat'l g"py' e propﬂférf@/eﬂ%neoar\} re:.
Nerr] + H eggigméfmi;h()d \fapor ﬂha;s"e ”polyxiex&l '@.% 37 5 % do.
Flow rate 25822 9 %a](ﬁﬁ erf]/hr) Treat rreH‘F F‘EEUFE‘E x |gh b. p.
conmponent r—hexae ed—potyn et veSSel
3800 330" ( Qf:”/" 2880%1 n| et (ppm) 03n§u at vessél 24 70
25 20 ﬁﬁs at g/c outI bt (Bprr) 7
30 Sk %5 %Ie?fg# irf%e n first purge vessel when use is mad]é

Powder bulk sp.gr. 0.480 0.475 0.470

(g/10min)

Powder particle 630 700 650

size (im)

Drying method
Drying vessel non- non-separate separate
separate

Agitation in vessel | done done done

Pressure in vessel 0.15 2.1 2.1

(Kg/cm3-G)

do. Temperature 110 100 100

(°C)

1st drying gas type | Propy- Ethylene Recycle | Recycle

lene (100%) gas*4 + | gas*S +
(100%) ethylene | ethylene

do. Flow 25 28 28

rate (Nm3/hr)

do. Upper part res. 20 20 20%*1

time (m) 10

do. Lower part res. 5 5 5

| time (m)

2nd drying gas type N2 N2 + HpO

(62.5 %, 37.5 %)
do. Flow rate 5 8
(Nm3/hr)
Treatment results

High b.p. component n-hexane

in dried polymer

Concn. at vessel 3800 3300 2700 3500 2800

inlet (ppm}) .

Congn. at vessel 70 25 20 15 10

outlet (ppm)




of an apparatus of the separate purge vessel type. *2: 1-pentene:

‘pol yneri zation nedi um used at the tine of 5 vapor phase
pol ymeri zati on. *3: recycle gas + ethylene: conposition (96.3% of
et hyl ene + 2% of Herr] + 2% of 1-butene). *4: recycle gas

+ et hyl ene: conposition (76.3 nol % of 30 et hyl ene + 0.2 nol % of
Herr] + 23.5 nol % of propylene). 10 5: recycle gas + ethyl ene:

conposition (68.5 nol % of ethylene + 3.1 nol % of Herr] + 28.4
nmol % of propyl ene). *6: prelimnarily dried.
31 What is clained is: 1. A nmethod of drying a solid

pol yner whi ch *1: Resideniceesimentacfilagtapyste dvessgherhembiusads mpde
pol ymeri zation (or a product of nodification of the solid 5 polymer) with
a drying gas so tRf ampPRATAENES fdthe Separghe RR¥ER YISHert¥RRq on feed

materials remai ning in the soli.d pql yner are renpved to thereby, dry
the solid pol yi&t ,i-pentenss polvaerdz P‘}Pﬁgmﬁﬁg‘%oﬁeﬁt?t}]gﬂﬁ&ﬁ% £

conpri ses: i), contagting,said solid polynmer with a gaseous 10
pol yner i zaPi on fee‘EF‘?FH% é:b}aaqe 20 ZR518%s to thereby dry the solid
pol ymer, and . (ir?ié contacti the r t )| 4 I%[ﬁ’ér i.fh an
i nert gas-cont’é:?hi‘?legcwjﬁ Sgé*s.ett ytlf%% cgmpgg&igﬂhgﬁaﬁocg@as Ilae:ﬂr?ed in
claiml, wherein a, 24 of q_@n\@eaug gediugaeastpd pol ynerization feed _
materials remain In the solid polymer to be treated in the step (i)

in an *4: recycle gas + ethylene: composition (76.3 mol% of

ethylene + 0.2 mol% of Hy + 23.5 mol% of propylene).

10 *5: recycle gas + ethylene: composition (68.5 mol% of

ethylene + 3.1 mol% of Ho + 28.4 mol% of propylene}.

*6: preliminarily dried.



'2rgggfl?fwﬁg?ZP% rﬁgght o g?;?hg gagois recovgked :Pgnrfhgo “lﬂ"ﬂ"ﬁ “IW““

part or whol e thereof is recycled to a polynerization step.

4, The nethod as clainmed in claim1, wherein the 25 drying gas is
recovered fromthe step (i) and part éqereof Is recycled to the step
(i). 5. The net hod as
claimed in claim4, wherein the drying gas recycled to the step (i)
contai ns hydmigen.is claimed is: 6. The nethod as claimed inclaiml,

wherei n an 5 inert gas containing drying gas which contains helium
nitrogen, argon, rleon ck metHod wfe drydngor 891if padymepashich and whose
oxygen content is not greater than 5% is supplied in the step (ii).

10 7. comppises featasting aegolhdcralyviar qplerihed Iy i nert gas

o ggngndgg@ngeggzﬁmh (32"a"poadeRgSE® °rafm#oeﬁzo£&“%¢ S ¢l aim
51" 8, Rapabiprl i 4 0:52067685 g ML o e B0l o1 o
1 wher ei n eacnhreactedd%1%e%§§a‘t§.oﬁoi‘ggarﬁgﬁéfféié/ Pélﬁﬁﬂ%zf‘gd Y tedyd he

SO|Id
solid polymer are removed to thereby dry the solid polymer,

wherein said drying gas-contacting treatment comprises:
(1) contacting said solid polymer with a gaseous
10 polymerization feed material as a drying gas to thereby dry
the solid polymer, and
{(i1) contacting the resultant solid polymer with an

inert gas—-containing drying gas.

15 2. The method as claimed in claim 1, wherein a
solvent and unreacted polymerization feed materials remain
in the solid polymer to be treated in the step (i) in an

amount of 20% by weight or less.

20 3. The method as claimed in claim 1, wherein the
drying gas is recovered from the step (i) and part or whole

thereof is recycled to a polymerization step.

4, The method as claimed in claim 1, wherein the
25 drying gas is recovered from the step (i) and part thereof

is recycled to the step (i).
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port (b) disposed in the vicinity of a top of the drying vesSel! "

a first drying gas supply port (c) disposed in a position bel owthe
solid polyner supply port (b) for 392 33
supplying a first gas containing a gaseous polynerization feed

mat eri al s, a first drying gas-discharging port (a) disposed at
the top of the dryiShg vdBeeimethoddiascRapgmag ineciaimid, @Qﬂ%ﬂ}mgﬂlﬁas whi ch
has been countercurrently contacted with the solid poly

a second dryi sryd@s gaspirgcysied( by thepsker) (i tgpntains W&rm of a
bottom of the drying vessel for supplying a second dryi ng gas

contai ning an inert gas, a second drying gas collector D
arranged within the ry vesse pesi tion bet n the first

dryi ng gas sufpl y P& "(eg‘?‘ ogh, &5 ﬁ&agg‘f‘gnﬁnd?%'ﬂ& g‘a Wty Fort (a)

cont act ed a recover ne E

ext endi ng fromltﬁq?%gﬁgagﬁe ngagl 89 Qa:ﬁlft%éé‘c&%ré?:f %solé.tns':.(iix‘értth@agrw ng

vessel for . econd drying gas which has been coll ectfed by
the second dr g vﬂ&%ecgﬂy%%hoﬁogteﬁﬁsigenéﬁ‘%ﬁéﬂéﬂ than 5% is supplied

for oot lecging e 38800l rdoylifaoas L Yal An igE Loncat ROMRIALRYTrent 1Y

in the step (ii).

10 7. The method as claimed in claim 1, wherein an
inert gas containing drying gas which contains gaseous or

liquid water is supplied in the step {(ii).

8. The method as claimed in claim 7, wherein the
15 inert gas containing drying gas has a water content of 0.1

to 70% by weight.

9. The method as claimed in claim 1, wherein each
drying gas is countercurrently contacted with the solid

20 polymer.

10. An apparatus for drying a solid polymer which
co:npicises :
a drying vessel,
25 a solid polymer supply port (b) disposed in the
vicinity of a top of the drying vessel,
a first drying gas supply port (c) disposed in a

position below the solid polymer supply port (b) for



vessel, and 20 a solid polymer discharge port (e) m Iﬂﬂﬂmmm‘&m‘
‘bottom of the drying vessel for recovering the solid ,

been dried by the countercurrent contacts with the first drytng"gas
and the second drying gas, wherein the second drying gas
collector D separate 25 inside of t drying vessel so that a zone for
contacting the solid polyner with"Yhe first drying gas is defined
above the second drying gas collector D and that a zone for

34 cont astppdyihe sofidshojysrecontiaininig asgasedudr poaymgaization
defined bel ow the second drying gas collector D. 11. The

dryi ng appar afeedamateaiaderin clai m 10, 5 wherein the recovery pipe |line

E has a second dryin%_gas . recovering end positioned in the vicinity of
a | ower part 8f TiRetsdEFHRT 9P TRE *HHIERAFE fa) disposed at 5

The drying apparatus a | ai ned, i laim 1 1 11, wh in t d
vessel y: sga EgbﬁeF‘g’Pyﬁg gﬁ‘%: rrgynllgn ‘(’:‘?/%'Isegel ‘?Fg\rﬂ#‘?(j’%érgépﬁnﬁﬁlgglgarﬁggy Lglr'?g

provi ded itsS to Wi t dqnmed part .and at i bot t i.t.h a. _hopper
Part g8, goe, Wit et Eqh R dn ¥iedody JohRA L B
apparatus as [ 3N cl ai s 10 to 12, wherein the second
dryi ng gas co?#ecgggié)PgﬂymgL' conposed of a protrudent plate di sposed

DL BEENIY O g, gesgPl 0agfisohh Slothf s v empodnaud accen
vicinity of a bottom of the drying vessel for supplying a
second drying gas containing an inert gas,

10 a second drying gas collector D arranged within the
drying vessel in a position between the first drying gas
supply port (c) and the second drying gas supply port (d)
for collecting the second drying gas which has been
countercurrently contacted with the solid polymer,

15 a recovery pipe line E extending from the second
drying gas collector D to outside the drying vessel for
leading the second drying gas which has been collected by
the second drying gas collector D outside the drying
vessel, and

20 a solid polymer discharge port (e) disposed at the
bottom of the drying vessel for recovering the solid
polymer which has been dried by the countercurrent contacts
with the first drying gas and the second drying gas,

wherein the second drying gas collector D separate

25 1inside of the drying vessel so that a zone for contacting
the solid polymer with the first drying gas is defined

above the second drying gas collector D and that a zone for



20 -at its center. 14. The drying apparatus as clmlwmlu)“lllIIII‘"I“'
claim 13, wherein the protrudent plate has an inverted c
i nverted pol ygonal pyramd form each of which has an 25 opening at the®

apex. : 15. The drying apparatus as clainmed in claim13,

wherein the protrudent plate conpriseq?g di sc-f orm body

35 havi ng an opening at its centelf 'and a cylindrical part whi ch
extends below fromthe vicinity of the opening. ,16. The drying
appar at us as cloatasting she splidapedymex wikh ¢hes sefeadedrvingagng 6%
Derr]/Dierr], in which Derr] represents an .inside dianeter of the
cylindrical palefizmed bedpw] the secend B R H1iGAHREPEsPde di aneter of

t he openi ng of the second drying gas collector D, ranges fromO0.3 to
0. 8. 10 17. The drying apparatus as clained in any of clains

10 to 12, wherein the segond, dryin as collector Dis. .CO sed of an
unbrel | a shaped cold%ecti G ngSﬁagHs as c£?+¥%§%ﬁﬂnﬁﬁa%§ e drying

vessel so @s toQ.pravi a i . ' t of
Ve unbreiba dfiledt TRe" SRRGEPY pipe HER EIRSY WhdBEVIRS] gaeftl) 0
essel . 18, e dLyi Clsa ' i
xherein the u efé%§§lé%68§§ 8§%¥%g§%§&Eﬁ%g§H%ﬁ§§?%P%PgF&éhnlehékanZt
of the second drying gas collector D. '

12. The drying apparatus as claimed in claim 10 or
10 11, wherein the drying vessel is a hopper-type drying
vessel having a cylindrical body part provided at its top
with a domed part and_at its bottom with a hopper part

having a reversed conical form.

15 13. The drying apparatus as claimed in any of claims
10 to 12, wherein the second drying gas collector D is
composed of a protrudent plate disposed protrudently from
an inner wall of the drying vessel toward a center axis of
the drying vessel, said protrudent plate having an opening

20 at its center.

14. The drying apparatus as claimed in claim 13,
wherein the protrudent plate has an inverted conical or
inverted polygonal pyramid form, each of which has an

25 opening at the apex.

15. The drying apparatus as claimed in claim 13,

wherein the protrudent plate comprises a disc-form body
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Dierr]/Derr], in which D err] represents an i nsi de di anetér of the
cylindrical part and D2 represents a maxi mum i nsi de di aneter of the
second drying gas collector 25 D,. ranges fromO0.2 to O0.8.

20. The drying apparatus as clai ned im® aim 11 wherei n the drying
vessel conprises a greater dianeter part

36 hakkiggaBn BpeHengi a0Eies &8ntlSsRAKEh RAIVBRIT A1 part
cylindrical part having an inside dianmeter Derr] and a hopper

part, the abowhkibheekkeh@snBeloRateomt fite +ieimitoy ofDtde Jopenialg .o

of Derr]/Derr] ranges from0.2 to 0.7. 5 21. A nethod of drying a
solid pol yner obtained by polynerization or a product of

nodi fication of the solid polymer to renove any sol vent and/or unreacted
pol ynmeri zati on feedénwat dhealdsyiong dpperhtusussnglaimedpiaranyobickaimone
of the preceding clainms and conprising the steps of:

(o) proRdiA§ & ABparhensincaorarig o6 RuPndfombikh BreEeBFRAEERYRI ns;
10

0 ol Coh 1nSAE SASHEEED b SRR LA\ ST U 1 vesse! (O

pol I t ), W th, . '

oL YIEr SUPP bl isfen trpsge dipn ene fRRBRtos of the

th h id fi dr.yi t i t h
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said first dryrng gas- hargi ng~ por
pol ymer; and (i) countercurrently contacting, in said
drying vessel (C), the resultant solid polyner with a

second drygng gas aagnt aimh@r3Ang"eppatdtusSabdclaimed in any of claims
second dryi ng gas being supplied™through said second drying gas

supply port (dp aedieql kaekesdnbynsakdcsed 0y tiy idis g eidactorig D) 20
and | ead outside the vessel by said recovery pipeline (E). 22. The
met hod as cl aicomgoisedCb&i am2imbybElai shapéd el bk iny esadbedt arranged

pol yneri zation feed materials remain in the solid polynmer to be treated in
the step (i) in a icengeramfubheoflrping bveseeyhso s Ites provizie a zpacing
method as clained in claim?21 or 22,wherein the first drying gas is
recovered froketWees: ep epFeanpepipherrl vt ehdtharunbreldd @haépeac a

pol ynmeri zati on .Step. \ )
1 collecting member and an inner wall of the drying vessel.

18. The drying apparatus as claimed in claim 17,
wherein the umbrella shaped collector D has the form of a
cone, a polygonal éyramid or a disc.

20

19. The drying apparatus as claimed in claim 17 or
18, wherein a ratio of D2/Dj, in which Dj represents an
inside diameter of the cylindrical part and D; represents a
maximum inside diameter of the second drying gas collector

25 D, ranges from 0.2 to 0.8.

20. The drying apparatus as claimed in claim 11

wherein the drying vessel comprises a greater diameter part



24. The nethod as clained in claim?21,22 or 23, wherein theJl!ImuulH[ln"rﬂl IHIII
‘gas is 30 recovered fromthe step (i) and part thereof is r e CRItBR .
step (i). 37

25. The nethod as clainmed in claim?24, wherein the first drying gas

recycled to the step (i) conta?¥§ hydr ogen. 26 The

nmethod as clainmed in any one of claim to 25, wherein said inert gas 5
cont ai ni ng second drying gas which is supplied in the step (ii) contains

hel i um haviagem, ingifgm dismetesr D digposedthbewrsn @an an inert gas

and has an oxygen content not greater than 5% 27. The

nmet hod as cl ai @¥tindrigad @artothavimgran ingddecdigmeter PxARL ihdPRFEs 10
cont ai ni ng second drying gas which s supplied in %&f step (ii) contains
gaseous of  PArt|the (RHENeDs being groBter whan the RPANE QiatrEatin

claim 27, whereLn the inert gas coptgipin econd drying gas has a
wat er cont ent %# Qﬂ%b%(faﬂﬁﬁﬁb%rﬁ@igh?. °1g'§‘ 29.  The nethod as
claimed in any one of clainms 21 to 28, further conprising the step of

recovering the solid polyner, which has been dried by the countercurrent
contacts with the first drying gas and the second drying gas, fromsaid

solid pol ynmer di scharge port (e), and wherein said countercurrent
contacting step (i) occurs in said 20 zone defined above said second
drying gas collector (D) and said countercurrent contacting step

(ii1) occurs in said zone defined bel ow said second drying gas
collector (D). 25 - 30



