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(57) Abrége/Abstract:

Disclosed Is a drying hopper comprising, disposed In its lower position, a cone portion having diameters gradually decreasing
toward a lower end thereof, in which a high temperature gas Is injected toward powder descending in the cone portion to thereby
dry the powder, wherein said drying hopper comprises a cone portion 11 having a slant, circular wall, said cone portion 11
having a plurality of vertically spaced rows of nozzles 20, formed through the circular wall, disposed at predetermlned Intervals In
a circumferential direction of the circular wall; a plurality of vertically spaced ring-like shells 21 fluidtightly attached to an external
surface of the circular wall of the cone portion 11 with interstices therebetween In positions such that said plurality of rows of
nozzles 20 are respectively, at gas inlets thereof, covered by said plurality of ring-like shells 21; and a plurality of gas feed pipes
22 respectively connected to said plurality of ring-like shells 21 in communicating relationship. By virtue of this drying hopper,

powder, e.g., polyethylene powder, can be dried to a solvent content as small as 20 ppm by weight or less by low cost, simple
operations.
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ABSTRACT OF THE DISCLOSURE

Disclosed is a drying hopper comprising, disposed in
its lower position, a cone portion having diameters
gradually decreasing toward a lower end thereof, in which a
high temperature gas.is injected toward powder descending
in the cone portion to thereby dry'the powder, wherein sald

drying hopper comprises a cone portion 1l having a slant,

circular wall, said cone portion 11 having a plurality of
vertically spaced rows of nczzles'gp formed through the
circular wall, disposed at predetermlned intervals in a

circumferential direction of the circular wall; a plurality

of vertically spaced ringflike shells %} fluidtightly

| attached to an external surface of the circular wall of the

cone portlcn 11 with 1nterstlces therebetween 1n posxtlons
such that-said'plurallty_of rows oOf nozzles gg are

espectively, at gas inlets thereof, covered by said

-plurallty of rlng -like shells.21 and a plurality of gas

feed pipes 22 respectlvely connected to sald plurality of
ring-like shells 21 in.communlcatlng relatlcnshlp. By

virtue of this drying hopper, pcwder, e.g., polyethylene

~ powder, ~an be dried to a solvent content as small as 20

ppm by weight or less by low cCoOst, simple operations.



SPECIFICATION

TITLE OF THE INVENTION

DRYING HOPPER AND POWDER DRYING METHOD USING THE SAME

FIELD QF THE INVENTION

This inventibn relatés.to a drying hopper most
.suitable for drying of various'types of powders;lsuch as
those of polyblefins and various'copolYmers prdduced by'a
10 slurry polymerization techhique; food, e.g., f10ur_and

cement, and a method for drying such powders using the

drying hopper.

BACKGROUND OF THE INVENTION
15' ~ Powders of polyethylene; pclypropylene, pOlybutene and
 varibus COﬁélymers-are likely to'contain solvents durihg
”the‘manufacturing prdcess théreof,'so'that drying of such
powdéis is'generally'required,to reduce the solvent content
thereof. o | '
20 FQr examplé, a slurry polymerization process 1is known
'_as a method for manufacturingpolyethylene which finds wide'
applicationsin insulating m&teriéls,'ﬁarious containers,
pipes,'paCkings, 1ining.materials for industrial apparatus,
coating and‘packaging films-ana industrial fibers. In this
25 :slurry pblymerization Process, first,-ethylene 18
polymerized in a reactbr'iﬁ'the'presence of a composite

catalyst cdmprising an allealuminum and titanium
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tetrachloride etc. using a solvent, such as hexane, to
obtain a slurry containing a solid polyethylene.
Subsequently, the slurry is subjected to a solid liquid
separation using a filter to obtain a wet cake of
polyethylene powder. Thereafter, the wet cake is dried to
obtain a dry polyethylene powder.

The thus obtained polyethylene powder generally
contains the solvent, such as hexane, employed in the
slurry polymerization, so that drying of the polyethylene
powder is required to reduce the solvent contenﬁ thereof.

The following two methods are known in the art for
effecting the drying of the polyethylene powder. In one
method, a rotary drying is employed. In particular, the

polyethylene powder is dried while being transferred

through a rotating cylinder of the‘rotary dryer. In the

- other method, use is made of a flash drying apparatus in

combination with a fluidized drying apparatus. In

particular, first, the polyethylene powder is floated into

a high temperature air stream and dried while being

transferred by the high temperature air stream (i.e., flash

drying). Then, the polyethylene powder having been dried

by therflesh-drying is placed on a porous plate 1in a
fluidized drying apparatus, and hot air is fed from under
the porous plate to fluidize and disperse the polyethylene

powder so that the polyethylene powder is dried (i.e.,

fluidized drying).
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In the first method, it has advantages in that.the'
operating cost of the rotary dryer is relatively low and
the operation thereotf is.relatively simple. However, the
drying of the polyethylene powder by the use of the rotary
dryer alone is only effective to reduce the solvent
(hexane) content of the polyethylene powder to about 2000
ppm by weight. Since the solvent, such as hexane,
contained in the polyethylene powder adversely affects the
guality of the’polyethylené, 1t 1s desired that the solvent
content of the polyethylene powder be further reduced} For
example, 1f the solvent content of the polyethylene powder
is large, problems are likely to occur with respect to the
odor and color of the final product obtained from the
polyethylené'powder. Further,.in the use as a container'
for food,'the.eiution 0f the»solveﬁt into the food may
cause hygienic problems.

On the other hand, in the above-mentioned second

drving method, it has disadvantages in that the operating

cost of the flash drying apparatu§ and the fluidized drying'
apparatus is high and the operation‘thereof 18 considerably
domplicated,_although the hexane content of the
polyethylehe'powder can be réduced to about several tens of
ppm by weight.

Therefore, any of the conventional drying.methods 1S

not satisfactory.

SUMMARY QF THE INVENTION
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With a view toward developing a desirable powder
drying apparatns and method, the present inventors have
conducted extensive and intensive studies. As a result,
they have unexpectedly found that thlS goal can be attained

5 by a drylng hopper having a cone portlon wzth a specmflc
structure. Based on th;s'novel flnding, the present
invention'hasbeen:completed;e '

':It_is, therefore, an object of the’presentinpention‘
to provide a drying hopper by Which poWder, such as.

.1()'1polyethylene powder,.can be drled to a solvent content of

- .‘20 ppm by weight or less.wlth low:operatlng costs and Wlth

31mple operatlons.
It is another object of the present invention to
'prOV1de a method for eff1C1ently drylng powder, such as

?'-lfS__polyethylene powder, u31ng the above drylng hopper

o The foregolng and other objects; features and
.j padvantages of the present 1nventlon w1il become apperent'
pfrom the follow1ng detailed descriptlon and eppended ClalmS 
' 'taken,ln connectlon W1th the_acCOmPaDYlng draw1ngS.

"2()3

BRIE] DEt ;IPTION OF THE DRAWIN
"In'the‘drawings: . |
FJg 1 1s'a schematlc‘31de.v1ew of a dtylng hopper
'_accordlng to one embodlmentof,the.present inventlon,'
25 ..‘,ZEig;Z is a perspective*view ofa'COne'portion of the

1.dry1ng thper Shown'in.Fig;'lﬁ
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Fig. 3 1s a vertical section view of the cone portion
of the drying hopper shown in Fig. 2;

Fig. 4 is a bottom view of the cone portion of the
drying hopper shown in Fig. 2;

Fig. 5 is an enlarged section view showing the

arrangement around a nozzle disposed in a cone portion

according to the present invention;

Fig. 6 is an explanatory view for a covering member,

which is an enlarged section view showing the arrangement

‘around a nozzle disposed in a cone portion;

" Fig. 7 is a view of a covering member observed in the
direction indicated by arrow VII of Fig. 6;
Fig. 8 is a view of a.covéring member obsérved in the
direction'indicated by arrow VIII of Fig. ©;

Fig. 9 is an enlarged section view showing the

arrangement around a nozzle disposed in a cone portion of a

‘COmparative example deSciibed later; and

Fig. 10 is an explanétory view for a drying method of

polyclefins.

DETAILED DESCRIPTION OF THE INVENTION
In one and primary aspect of present invention, there
is provided a drying hoper comprising, disposed in its

lower position, a'cOne portion having diameters gradually

 _decreasing toward a lowér.end thereof, in which a high

temperature-gas is injected toward powder descending in the

cone portion to thereby dry the powder,
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wherein the drying hopper comprises:

a cone portion having a slant, circular wall, the cone
portion having a plurality of vertically spaced rows of
nozzles, formed through the circular wall, disposed at
predetermined intervals in acircumferential direction of
the circular wall,

~a plurality of vertically spaCed ringélike shells

'fluidtightly'attaChed to an external surface of the

circular wall of the ccne portion with interstices

therebetween in positions such that'the plurality of rows
of nozzles are respectively, at gas inlets thereof, covered
by the plurality of ring—like shells,'and
a plurallty of gas feed plpes respectlvely connected
tc the plurallty of rlng -like shelle ln communlcatlng.
elatlcnshlp SO that a hlgh.temperature gas.le fed £rom the

gas feed plpes to the resPectlve rlng-llke shells and then

' _thrcugh the respectlve rcws of nozzles 1nto the inside of

20

25

 the cone portion.

In the present invention, it is preferred that.the

drylng hopper comprlses a plurallty of covering members,

'~attached to an 1nternal surface of the C1rcular wall of the

cone portlon,-respectlvely coverlng the nozzles.at gas

,cucletsﬁthereof with an interstice‘between'the comering

member and the 1nternal surface of the circular wall, the

1nterst1ce belng opeh at a lower end thereof .
In the drylng hopper accordlng_to the present

invention, it is preferred that the above-mentioned
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interstice present between the covering member and the
internal surface of the circular wall of the cone portion
have a corss section gradually expanding toward the lower
end thereof.

5 Further, in the drying hopper according to the present
invention, it 1is Qreferred that the gas inlets of the
nozzles be open at reSpective lower zones of the
interstices present between the ring-like shells and the
external surface of the circular wall of the cone portion,

10 and the gas outlets of the nozzles be positioned above
respective lower ends of the covering members.

In anéther aspect of the present invention, there 1is
provided a méthod for drying'powder, comprising feeding
powdexr to be dried (such as polyOlefin-powder obtained by a

‘lfi solid liquid separationof a, pOIyolefin slurry produced by
'a slurry polymerization)'into a dryinghOPPer‘having,
disposed in its lower pcsition;7a cone portion having a
Slant, circular wall'having diameters gradually decreasing

toWard a lower end theréof, said cone portion having a

20 plurality of nozzles formed through the circular wall, said

'feeding being cdnducted from an upper end of the drying
"'hoppér, whilé'injecting'a high temperature-gas (such.as
.”nitrogen gaé heated at 90 - 110 °C) through said'nozzles
into the drying-hOpper so as to bring the.high temperature
R 25 gas into counterflow contact with said powder descending in

the cone pbrtion,'thereby drving the powder.
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The above-mentioned polyolefin is not particularly

limited, and any polyolefin selected from an ethylene
homopolymer, a linear low density polyethylene and
polypropylene may be employed. Preferably, the polyolefin
powder is dried to for example, a solvent'content of 20 ppm

by weight or less by the drying hopper in which the

polyolefin powder is retained for a period of from 30 to 60

' minutes, and in which a heated'nitrogen gas is injected at

‘a rate of from 20 to 60 Nm3/ton~polyolef1n

In the structure of the drylng hopper accordlng to the

,present invention, the high temperature gas from the gas

feed pipe is fed into the interstice through the ring~like

shells (rings of crossseCtionally halved pipe), and then

injected through the nozzles into'the'inside of the cone

portion. Further, S1nce the nozzles are unlformly arranged

substantially throughout the cone portlon, the hlgh

temperature gas 1is unlformly_brought 1nto contact with the

7"fpoWder'fedffr0m an upper portion of the drying hopper and

20

25

descending therein to thereby_markedly improve fluidization.
eff1C1ency Moreover, by Virtue of-the'covering-member-
provrded on the internal surface of the crrcular wall of

the cone portlon, the entry of_the powder descending in the

 cone portion into the nozzles can be prevented with

 certainty.

According to the present'invention, the powder, such

"as the polyolefin'powder obtained'by a solid liguid

separation of a.polyolefin slurry produced by a slurry
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polymerization, is effectively dried to an extremely
reduced solvent content by simple operations such that the
high temperature gas 1is ianjected through the nozzles

provided over the cone portion into the inside of the

dryving hopper while the powder to be dried is fed from an

upper portion of the drying hopper into the inside thereof.

-

PREFERRED EMBODIMENT OF THE INVENTION

AP——.

Preferred embodiment of the preseht invention will now
be described ih greater detail with reference to the
accompanying drawings.

Fig. 1 schematically shows a drying hopper 1. The
drying hopper 1 comprises a cylindrical portion 10'having a
cylinder form, and a cone portion 11, arranged beneath the

cylindrical portion 10, having a cone form having diameters

'gradually decreaSing toward a lower end thereof.

In'upper portions of the cylindrical portion 10, two

powder inlets 13, 14 are provided for introducing powder to

be dried. eFurther} at a lower end of the cone portion 11,

‘powder outlet 15 is provided for discharging dried powder.

The slant, circular wall of the cone portion 1l is provided

with a high temperature gas feed system as'described below.

Due to this structure, powder to be dried which has

‘been introduced through the powder inlets 13, 14 gradually

descends in the cylindrical portion 10 and the cone portion

11. While descending, the powder is brought into

counterflow'contact'with the high temperature gas fed by



10

15

20

25

10 2096301

the high temperature gas feed system into the inside of the
drying hopper 1. Thus, the powder is dried, and the dried
powder is discharged outside through the powder outlet 15.
It is preferred that the slant, circular wall of the
cone portion 11 slant at an angle of about 20 ° against the
vertical, from the viewpoint.of the descending speed of the

powder and the prevention of powder crosslinking etc. This

.is, however, not critical and does not limit the‘scope of

the present invention.

The above-mentioned high temperatﬁre gas feed system
feeds a high temperature gas, such as heated nitrogen gas,
into the drying hopper 1, and has a structure as shown in
Figs. 1 thrdugh 8.

In theﬁhigh témperature gas feed system, a plurality
of nozzles 20 are formed through the slant, circuiar wall

of the cone portion 11. Those nozzles 20 are not only

disposed preferably at_predetermined pitches, i.e.,

substantially equal intervals in a circumferential
direction of the circular wall of the cone portion 11, but

also disposed vertically in a plurality of rows (five rows

~in the Figs.). Thus, the nOzzles 20 are uniformly arranged

‘substantially throughout‘the circular wall of the cone

portion 11.
In a drying hopper having a volume of, for example, 07

m3, it is generally preferred that at least 100 nozzles 20

be provided over the circular‘wall of the cone portion 1ll.
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For obtaining desirable fluid conditions with respect
to the powder to be dried the drying hopper has at least
one nozzle 20, preferably at least 1.5 nozzles, per m>.

However, too many nozzles are not preferred for economic

10

15

20

e

reasons. It is preferred that the nozzles 20 be_dispOSed
at equal intervals in a circumferential direction of the
circular wall in each‘row.

Attached'fluidtightly to the external-surface of the
clrcular wall‘of the cone'portion'll are a plurality of
vertically spaced ring~like shells (rings of
crosssectionally'halve pipes) 21 with interstices
therebetween in positions such that a plurality of rows of
nozzles 20 are respectively, at gas iniets thereof, covered
by the.plurality_of_ring~like shells 21. ‘The tingmlike
shell 21 is for example, one obtained.by splitting a
cylindrical'pipe into twc pipes having a semicircular Cross
section and forming the resultant pipe into a ring; The
function of the ringﬂlike'shell 21 1s tc temporarily stock
the high temperature gas (heated nitrogen gas) fed from the
belon described gas feed pipe.22 and to inject the high
temperature‘gas'at a uniform pressure through the
individual nozzles 20 of each'row into the inside cf the
drying hopper.

In this embodiment, as most clearly shown in Fig. 5,
the gas inlet of each nozzle 20 is positioned at the

lowermost end of the ring-like shell 21, and an arrangement

is made such that the nozzles 20 are disposed, in
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communicating relationship, at respective lower zones of

the interstices present between the ring-like shell 21 and

the external surface of the circular wall of the cone

portion. This is because when the nozzles 20 are disposed

in positions corresponding to nearly the middle of the
ring-like shell 21 as shown in Fig. 9, there is the danger

that powder enters through the nozzles 20 into the ring-

"like shell 21 so that it cannot be removed. That is, by

the above-mentioned arrangement, even if'powder temporarily

enters from the interstices into the ringélike-shell 21,

~the powder can easily be removed from the interstices under

the ringmlike shell 21 by means of heated nitrogen gas
(high temperature gas).

A plurality of gas feed pipes 22 (two pipes per-ringn
likeshell;as ehown in'Fig._lj’for'feeding heated nitrogen

gas as a high'temperature gas are respectively:connected-to

'a_plurality;ef‘ring-like,shells_Zl. The gas feed pipes 22

‘are connected to a supply source (not shown) of heated

nitrogen gas (90 °C to 110 °C). Further, each gas feed pipe
22 1s provided with a flow control Valve (not shown). This

flow-control valve is adapted to regulate the flow rate of

'heated nitrogen gas so_as_to render uniferm the pressure of

the'heated'nitrogen°gas,injected through each nozzle 20.
The lower the positien.of the row of nozzles 20, the
smaller the number ef nozzles'ZO. Also, the lower the

position of the ring-like shell 21, the smaller the

'diameter of the ring. Accordingly, to render uniform the
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pressure at each nozzle 20, it is preferable that a greater
amount of heated nitrogen gas be supplied to a gas feed
pipe 22 dispoéed at a position corresponding to an upper
row, while the lower the position of the gas feed pipe 272,
the amount of supplied heated nitrogen gas is rendered the
smaller.

ITn the structure of this embodiment, not only the
nozzles 20 are uniformly arranged substantially throughout
the circular wall of the oone portion 11, but also the
heated nitrogen gas from the gas feed pipe 22 is fed into
the interstice under the ring-like shells 21, and then
injected through the nozzles 20 into the inside of the cone

portion 11. Therefore, the préssure of injected heated

nitrogen,gas can be rendered uniform so that the heated
1 nitrogen gas is uniformly brought into contact with the

'pOWder descending in the drying hopper 1 to thereby

markedly improve_fluidization efficiency.

As most clearly shown in Figs. 5 through 8, a

‘plurality of covering members 30 are attached to an

internal surface of the circular wall of the cone portion

11, which covering members respectively cover the nozzles

20 at gas outlets thereof with an interstice between the

covering member 30 and the internal surface of the circular
wall. This covering membet 30 may be obtained for example,
by'bendmpreSSing a metal olate, which is in the form of a
tetragon consisting of two bisymmetrical triangles, at the

symmetry axis (cornered'at a radius R) as shown in Figs. 7
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and 8. The interstice present between the covering member
30 and the internal surface of the circular wall of the
cone portion 11 has a cross section gradually expanding
toward the lower end thereof. Dimensions of the covering
member 30 appropriate when the diameter of the nozzle 20 1is
10 mm are shown in Fig. 6 (unit: mm). As shown in Fig. 6,
the gas outiets of the.nozzles 20 are positioned in the

respective interstices between the covering members 30 and

| the internal surfaces of the circular wall of the_oone

portion 11, above respective lower ends of the oovering
members 30. The covering menbers 30 are left open at lower
ends thereof.

Since the covering member 30 has a structure as
_deeoribedhabove, the heated.nitrogen‘gas‘to be_injeoted
from the nozzles 20 ihtothe dryiho hopper 1 is gaided.by
the covering member 30 and injected dOwnﬁard. :As'indicated"
above, the volume of the interstice between the covering

member 30'and the internal surfaoe of the circular wall of

the cone portlon 11 is small around the gas outlets of the

nozzles 20 and large around the lower end of the covering
member 30, so that the flow rate of the heated nltrogen gas
is high around the upper end of the coverlng member 30 and
that the lower the posmtlon of the heated nltrogen gas, the
smaller the flow.rate thereof. By V1rtue of this

structure, the entry of powder into the nozzles 20 1s

.,preVented with certainty, and the heated nitrogen gas 1s

injected substantially uniformly over a wide area of the
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cone portion 11. Moreover, the powder descending in the
drving hopper 1 moves along an external slant surface of
the covering member 30, so that there is substantially no
accumulation of the powder on the top of the covering
member 30.

In particular, since the pressure of the heated
nitrogen gas injected through the nozzles 20 into the
interstice between the covering member 30 and the external
surface of the circular wall éf the cone portion 11 is
highef than the pressure butsidethe cbvering nember 30,
there would be substantially no entry of the powder from

the lower end of the covering member 30 into the interstice

under the covering member 30. Therefore, the covering

member is extremely effective for preventing the entry of

the powder into the nozzles-ZO.

Hereinbelow, one mode of the powder drying method for
drying a polyolefin powder obtained by a solid ligquid

separation'of'a polyolefin slurry produced by a slurry

polymerization by the use of the drying hopper 1 having the
above structure will be illustrated with reference to Fig.
10.

The polyolefin powder cbtained in the above-mentioned

' solid liquid separation is generally in the form of a wet

cake, which is not critical in the present invention.
Representative examples of polyolefins include an ethylene
homopolymer, a 1inear low density polyethylene (LLDPE) and

polypropylene.
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In that Fig., numeral 40 indicates a polymerization
reactor for polymerizing an olefin using an olefin
polymerization catalyst comprising an alkylaluminum
compound and titanium tetrachloride and a solvent,'such as
hexane. The polyolefin slurry obtained Dby this
polymerization is passed through a filter 41 to effect a
solid.liquid’separation, thereby obtaining a polyolefln
powder. '

The aboVe-mentioned solvent for use in the slurry
polymerization is not limited to hexane,‘and.includes other
various solvents, such as decane.

The thus obtained polyolefin powder is charged into a

rotary dryer 42, 1in which.the polyolefin poWder 18 dried to

.a solvent content of for example, from 1,000 to lO 000 ppm

by welght, preferably from 2 000 to 3,000 ppm by welght

.As”the rotary dryer 42, the conventlonal rotary dryers

can be'used without any,limitatlon..-ln the rotary dryer

42, a hot air iS'used, whrch 1s for example, nitrogen gas

heated at 90 to llOl°C preferably 100 to 105 °C.

The polyolefln powder dried in the rotary dryer 42 1is

further drled by means of the drylng hopper 1

| Herelnbelow, the drylng by means of the drying hopper 1

' wlll-be illustrated.

A blower 43 1is arranged between the rotary dryer 42

~and the drylng.hopper 1. The blower 43 is connected to a

disoharge‘pipe 44,'which-;s connected to the above-

ment ioned rotary dryer 42 at a midway thereof and Lo a
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cyclone 45 at the end thereof. The cyclone 45 has a
discharge opening connected to a powder inlet 13 of the
drying hopper 1, so that the polyolefin powder dried in the
rotary dryer 42 is introduced into the inside of the drying
hopper 1 from an upper portion thereof.

The above—mentiohed cyclone further has a gas outlet

connected to a filter 46, which is connected to the blower

43 through a suction pipe 47. The discharge pipe 44

connected to the blower 43 is branched before the
connecting point with the rotary dryer 42 so as for the
discharge pipe to be connected not only the rotary dryer 42

but also to a heated nitrogen gas feed pipe connected to

the rotary dryer 42.
Thus, the heated nitrogen gas used in the drying

hopper 1 is introduced through the cyclone 45 and then

through the filter 46 into the blower 43. The heated

nitrogen gas is introduced thtough the discharge pipe 44
into the ?otary dryér 42 for recovery therefrom.

Moreover, the filter 46 is connected to another powder
inlet 14 of the_drying hopper 1, so that the polyolefin
powder collected by the fiiter 46 is introduced into the
drying hopper 1. .

As mentioned.above, the solvent content of the
polyolefin powder can be effectively reduced by feeding the
polyolefin powder into the drying hopper 1 f:om an upper
end thereof,‘while uniformly injecting nitrogen gas heated

at for example, 90~110°C through a plurality of nozzles 20
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into the drying hopper 1 so as to bring the high
temperature gas into counterflow contact with the powder

descending in the drying hopper 1.

" In the drying hopper 1, the polyolefin powder is dried

to a solvent content of SO'ppm by weight or less;

preferably 20 ppm by welght or less, and more preferably 10

ppm by welght Or less

,In the drying'hopper,l,:the polyolefin powder is

 retained for a period of from'about 30 to about'GO-minutes,

10

.preferably from about 30 to about 40 minutes. The~amount

of heated uitrogen gas used {(heated nitrogen gaa/polyolefin
powder) is generally in the.range of from 20 to'100
Nm3/ton~pOIYOlefin, preferably from 40'to'60 Nm3/ton-
polyolefln When the polyolefln powder is retalned in the
drylng hopper 1 for a perlod of from about 30 to about 45
mmuutes,lt.ls preferred-that_the average flow rate.(llnear

velooity of gaS) Of'heateo;nitrogen-gas be'injthe.rahge-of

?' frOm OQS.td 2;5'cm/seo;

The,abovewmentiohed'heated'nitrogen gas generally has

a temperature of from 90 to 1'10°C, -preferably from 100 to

105°C. “The heatlng of the nltrogen gas is preferably

*oar:ied.OUt.bY a LQW pressure steam.f In the heatlng of the

nitrogeu gas by 2 low pressure'ateam,~for example; the

temperature of the nltrogen gas is elevated to 90- 110°C by

a heat_exchanger.
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The heated nitrogen gas, as mentioned above, 1s
introduced through a plurality of nozzles 20 into the
drying hopper 1, and is brought into counterflow contact
with the polyolefin powder descending in the drying hopper
1 from an upper end to a lower end. At that time, the
pressure in the drying hopper 1 is generally in the range
of from 0.02 to 0.5 kg/cm?G, preferably from 0.03 to 0.5
kg/cméG.

The heated nitrogen gas used in the drying of the
polyolefin powder is recycled into the rotary dryer 42 for
use therein} and recovered therefrom.

The heated nitrogen gas used in the drying of the

polyolefin powder in the drying hopper 1 and the rotary

a dryer 42 contains solvents. These solvents may be
‘recovered by cooling the nitrogen gas, Or alternatively may

be incinerated without recovery.

 The dried polyolefin powder obtained by the above

procedure is temporarily stocked in a stock hopper 48.

~ When the poiydlefin is pelletized, the polyolefin powder

stocked in'the stock hopper;48 is subjected to a pelletizer

:to_obtain'pellets.

By virtue ofrthe above:drying method, the solvent
COntent of the polyolefin powder,is drastically reduced
with low operating costs’and simple operations,

The present invention 1s net limited to the above

embodiment, and various modifications can be made.
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In particular, the drying hopper of the present
invention is most suitable for use in the drying of
polyolefins, but is not limited thereto. The drying hopper
can also be advantageously utilized in the drying'of food
powder, such as flour, cement, active sludge and other
various powders. In the above'embodiment, the powder 1s

represented by polyolefin powder, but not limited thereto.

The terminology "powder" used herein includes granules.

-The shape and structure of the drying hopper according to

the present invention is not limited to those shown in the
drawings, and design changes can be effected thereto.

The conditions and results of the drying of the

polyethylene powder by the use of the system shown in Fig.

10 described above, are set out in”the following Examples.

In the following Examples;*the hexane oontent-and the

* volatlle matter content for the polyethylene powder were

'determlned by the followlng methods

(1) hexane content

A.polyethylene powder specimen was lmmersed in xylene

'vkept at 70W3 for 2 hours, and the amount of hexane

dlssolved in the xylene was measured by gas chromatography

The termlnology "hexane content" used hereln‘means that

amount .

- (2) volatile matter content

A polyethylene poWder specimen was heated in an oven

set at 105 +2°C for one hour, and the weight decrease by
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the heating was measured. The terminology "yolatile matter
content” used herein means that weight decrease.

The volatile matter includes, besides hexane,

impurities which are contained in the hexane and compounds

having 7 to 12 carbon atoms, and a COHCatalyst'

(alkylaluminum.compound).

- Example 1

The rotary dryer dried polyethylene powder to a"hexane

content of abOut'Z,OOO ppm by weight; The polyethylene-

powder was further dried while being transferred to the'
drying hopper by the heated nitrogen gas to exhibit a
hexane content of 500 ppm by weight and a volatile matter
content of 2,000 ppm by weight.at a.powder inlet of the
.drylng hopper 10 kg of the resultant polyethyleneipowder

was 1ntroduced 1nto the drylng hopper (206 mm'in‘inside

'_ dlameter and l 000 m in length) from an upper end thereof

o Whlle 1n3ect1ng nltrogen gas heated at 105°C 1nto the

20

fdryrng hopper through the nozzles of the cone portlon

fthereof. The heated‘nltrogen_gas was brought into

'counterflow contaot with the_polyethylene powder‘descending
h.in the'drying.hopper from an upper end to a lower'end

| hereof nnder'conditions-euch that the retention time

(drylng trme) of the polyethylene powder in the drylng

','_ hopper was 30 mlnutes, that the amount ratio of the heated
"2ff .nltrogen gas to the polyethylene powder (heated nltrogen
_gas/polyethylene powder) was 20 Nm3/ton—polyethylene, that

the flow rate of the heated nltrogen gas was 6.7 Nl/mln,
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and that the linear velocity of the nitrogen gas was 0.47
cm/sec.

The resultant polyethylene powder discharged from the
drving hopper exhibited a hexane content of 20 ppm by
weight and a volatile matter content of 600 ppm by weight.
Example 2 ‘

The polyethylene_powder was dried in Substantially the

same manner as in EXample 1, except that the drying time of

'the polyethylene powder in the drying hopper was ohanged”to

40 minutes.
The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane content of 10 ppm by

weight and a volatile matter content of 400 ppm by weight.

- Example 3

The polyethylene powder was dried in substantlally the

same manner as in oxample 1 _except that the drylng tlme of

- the polyethylene powder in the drying hopper was changed to

20 minutes.
The resultant polyethYlene powder'discharged.from the
drylng hopper exhibited a hexane content of 50 ppm by

welght and a volatile matter content of 700 ppm by welght

- Example 4

The polyethylene powder wes dried in substantially the
same manner as in Enample 1, except that the amount ratio
of the heatedpnitrogen gas to the polyethylene powder
(heated nitrogenﬂges/polyethylene powder) was 40 Nm3/ton-

'polyethylene,-that the flow rate of the heated nitrogen gas
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was 13.4 Nl/min, and that the linear velocity of the
nitrogen gas was 0.94 cm/sec.

The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane content of 10 ppm by
weight and a volatile matter content of 300 ppm by weight.
Example S

The polyethYlene powder was dried in substantially the
same manner as in Example 4, except that the drying time of
the polyethylene powder in.the drying hopper was changed to
40 minutes.

The resultant polyethYlene powder discharged from the
drying hopper exhibited a hexane content of 5 ppm by weight
and a volatile matter content of 240 ppm by weight.

Exgmplg 6 .

The polyethylene powder was dried in substantially the

same manner as ih.Example 4, except that the drying time of
'the polyethYlene powder in the drying hopper was changed to

'20vminutes.

The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane content of 30 ppm by

weight and a volatile matter content of 450 ppm by weight.

’Exgmplg 7T

The polyethylene powder was dried 1n substantially the

same manner as in Example 4, except that the drying time of

the polyethylene powder in the drying hopper was changed to

10 minutes.
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The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane content of 100 ppm by
weight and a volatile matter content of 700 ppm by weight.
) |

The polyethylene powder was dried in substantially the
same manner as in Example 1, except that the amount ratio

of the heated nitrogen gas to the polyethylene powder

(heated nitrogen gaS/polyethylene powder) was 60 N3 /ton-

polyethylene, that the flow rate of the heated nitrogen gas
was 20 Nl/mln, and that the llnear velocity of the nltrogen
gas was 1.40 om/seo. .

The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane oontent of 5 ppm by weight

and volatile matter content of 200 ppm by weight.

'Example 9

The polyethylene powder was dried in substantlally the

_same manner as in Example 8, exoept that the drylng time of

the polyethylene powder in the drylng hopper was changed to
40 minutea. -
The resultant polyethylene pOWder"discharged from the

drylng ‘hopper exhlblted a. hexane content of 5 ppm by welght

- y'and a volatlle matter content of 150 ppm.by welght

25

Example lQl
The polyethylene powder was drled in substantlally the
same manner as;ln Example 8, except that the drylng time of

the polyethylene'powder-in'the.drylng hopper was changed to

20 minutes.
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The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane oontent'of 25 ppm by
weight and a volatile matter content of 300 ppm by weight.

E | |
5 The polyethylene powder wae dried in substantially the
same manner as in Example 8, except that the drying time of
the polyethylene powder.in the drying hopper was ohanged to'
10 mlnutes '
- The resultant polyethylene powder dlscharged from the
10 drylng hopper exhibited a hexane content of 65 ppm by
weight and a volatrle matter content of 500 ppm by welght
Egample 12
10 kg of a polyethylene.powder dried in the rotary
.dryer to have a hexane content of 2, OOO ppm by welght and a
If; volatlle matter content of l 000 ppm by welght was
'llntroduced into the drylng.hopper as used in Example 1 from
'anupper.end thereof, while injecting nitrogen gas heated
at.ILEWC'into the dryving hopper throughdthe nozZles of the

cone portion thereof. The heated nitrogen gas was brought

20 ,into-oounterflow contact with the polyethylene powder
ldescendlng in the drylng hopper from an upper end to a
.lower end thereof -under condltlons such that the retention

tlme.(drylng tlme) of the polyethylene powder in the drying
'.hopper was 30 mlnutes, that the amount ratio of the heated

25 nltrogen gas to the polyethylene powder (heated nitrogen

as/polyethylene powder) was 40 Nm3/ton -polyethylene, that

the flow rate‘of the heated nltrogen gas was 13.4 Nl/mln,
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and that the linear velocity of the nitrogen gas was 0.94
cm/sec.

The resultant polyethylene powder discharged from the
drying hopper exhibited a hekane content of 18 ppm by

welght and a volatile matter content of 275 ppm by weight.

Example 1

The polyethylene powder was dried in substantially the

same manner as in Example 12, except that the drying time

of the polyethylene powder in the drying hopper was changed

to 40 minutes.

The resultant'polyethylene powder diecharged from the
drylnq hopper exhlblted a hexane content of 10 ppm by

weight and a volatile matter content of 195 ppm by weight.

Exaﬁp;el4
. - The polyethylene powdet was drled in- substantlaliy the
same'manner as in Example 12 except that the drylng tlme
.of-the polyethylene.powde:.ln the drylng hopper-was-changed
tOZO'miﬁutes. - ‘ .

: The'reeultant polyethYlenepowder dischargedfromthe'
drying hopper exhibited a hexane'COntent of 47 ppmby -

welght and a volatile matter content of 400 ppm by weight.

Exam le 15

.The polyethylene powder was dried in subetantially the

_D

anmple 12 except that the'drying time

of the polyethylene powder 11 the drylng hOpper was changed

to 10 minutes.
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The resultant polyethylene powder discharged from the
drying hopper exhibited a hexane content of 130 ppm by
weight and a volatile matter content of 700 ppm by'weight.

Example 16

The polyethylene powder was dried in substantially the
same manner as in Example 12, except that the amount ratio
of the heated nitrogen gas to the polyethylene powder
(heated nitrogen gas/polyethylene poWder).was 60 Nm3/ton—
polyethylene, that the flow rate.of the heated nitrogen'gas
was 20 Nl/min, and that the linear velocity of the nitrogen
gas was 1.40.cm/sec.

The resultant polyethylene powder discharged from the

drylng hopper exhlblted a hexane content of 9 ppm by weight

and a volatlle matter content of 125 ppm by welght

| Exgmple 17

- The polyethylene powder‘was dried in substantlally the
same'manner as in Example 16 except that the drylng time
of the polyethylene powder in the drying hOpper was changed
to 40 minutes.,

The'resultant polyethylene powder discharged from the

drying.hopper.exhibited a hexane content of 5 ppm by weight

-tand'a volatile.matter'content of 90'ppm by weight.

- Example 1

The'polyethylene powder was dried in substantially the
same manner as 1in Example 16; eXcept that the drying time
of the polyethylenePpowder in the drying hopper was changed

to 20 minutes.
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The resultant polyethylene powder discharged from the
drving hopper exhibited a hexane content of 19 ppm by

weight and a volatile matter content of 155 ppm by weight.

Example 1

The polyethylene powder was dried in substantilally the
same manner as in Example 16, except that the drying time
of the polyethylene powder in the drying hopper was changed
to 10 minutes.

The reSultant polyethylene powder discharged from the

-drying hoppex exhibited a hexane content of 58 ppm by

weight and a volatile matter'ccntent of 300 ppm by weight.

As specified above, in the drying hopper according to
the present invention, the high temperature gas from the

gas feed pipe is fed intc_the’interstice under the ring-

like shell, and then injected_through the nozzles 1into the

ihside of the cone portion cf the drying hopper.

'Acccrdingly, the pressure of the injected high temperature

gas is rendered substantially uniform. Further, since the

nozzles are uniformly arranged'substantially'thrcughout the

circular wall of the cone portion, the high temperature gas

~is uniformly brought into contact with the'powder.fed from

'an upper'portion of the drying hopper and descending

therein to thereby markedly improve fluidization
efficiency. Moreover, by virtue of the covering member
provided on the internal surface of the circular wall of

the cone portion to cover the gas outlets of the nozzles,
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the entry of the powder descending in the cone portion into
the nozzles can be effectively prevented.

Still further, by virtue of the covering member
provided on the internal surface of the slant, circular
wall of the cone portion to cover the gas outlets of the
nozzles with an interstice between the covering member and
the internal surface of the circular wall with an
interstice left open at a lower end thereof, the gas
injected through the nozzles is dispersed downward from the
inside of the covering member to contact the powder while
the powder'descending along the slant, circular wail 18
always outside the covering member and does not enter at
all into the covering member. Thus, the counterflow of the
powder into the ﬁozzles is effectively prevented, so that a
decrease in powder drying cepaoity 1s prevented ahd
maintenance is facilitated.

According to the powder drying method of the present
invention,.the powder, suchfas the polyolefin powder
obtained by a solid liquid separation of a polyolefin
slurry produced by a slurry polymerization, is effectively
dried to an extremely reduced solvent content with reduced

operating costs and simple operetions.
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What i1is claimed is:

1. A drying hopper comprising, disposed in its lower

position, a cone portion having diameters gradually
decreasing toward a lower end thereof, in which a high
5 temperature gas 1is injected.toward powder descending in the
cone portion to thereby dry the‘powder,
wherein said drying hoppercomprises:
a cone portion having a slant, circular wall, said
.cone portion haVing.a plurality‘ofverticallyspaced YOWS
10 of nozzles, formed'through the circular wall, dispoSed at
predetermined'intervals in a circumferential direction of
the circular wall, '
a plurality of vertically spaoed_ring#like shells
'fluidtightly attached toﬁan external surface'of'the
' 15§ ‘circular wall of the cone portion with interstices
' therebetween in pos1tionssuchthat ‘said plurality of rows
of nozzles are reSpectively, at.gas inlets thereof, covered
by said plurality of ring like shells, and
a plurality of gas feed pipes respeotively connected
‘2()' to said plurality of ring—like shells in communicatlng
H relationship so that a high temperature gas is fed from
said gas feed pipes to said respective ring- like shells and
then'through'said respectlverowsof nozzles 1nto the
inside of said cone-portion.
25
2. The drying hopper aoCording.to claim 1, wherein said

‘drying hopper further comprises a plurality of covering
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nmembers, attached to an internal surface of the circular
wall of the cone portion, respectively covering said
nozzles at gas outlets thereof with an interstice between
the covering member and the internal surface of the

circular wall, said interstice being open at a lower end

thereof.

3. The drying hopper according to claim 2, wherein said

interstice present between the covering member and the

internal surface of the circular wall of the cone portion

has a cross section gradually expanding toward the lower

end thereof.

4. The drying hopper according to claim 2,'wherein said

'gas inlets of the nozzles are open at respective lower

ZONnes of,the'interstices'preSent between the ring-like

shells and the external surface of the circular wall of the

cone portion, and said gas outlets of the nozzles are

positioned above respective lower ends of the covering

menpers.

5. A method for drying powder; comprising feeding powder

to be dried into a drying'hopper having, disposed in its
lower position, a cone portion'having a slant, cilrcular
wall having diameters graduélly‘decreasing toward a lowerx
ehd thereof, said cone portion*having a plurality of

nozzles formed through the circular wall, said feeding
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being conducted from an upper end of the drying hopper,
while injecting a high temperature gas through salid nozzles
into the drying hopper so as to bring the high temperature

gas into counterflow contact with said powder descending in

5§ the cone portion, thereby drying the powder.

6. The method according to claim 5, wherein said powder
is a polyolefin powder'obtained by a solid liqguid

separation of a polyolefin slurry produced by a slurry

10 polymerization.

7. The method according to claim 6, wherein said
polyolefin is selected from an ethylene homopolymer, a

linear low density polyethylene and polypropylene.

15
8. The method according to &, wherein the high
.temperature gas injected into the drying hopper is a
nitrogen gas heatéd at 90 to 110°C.
20 9. The method according to claim 6, wherein said

polyolefin powder is retained in the drying hopper for a

period of from 30 to 60 minutes.

10. The method according to claim 8, wherein the heated
25 nitrogen gas is injected into the dryilng hopper at a rate

of from 20 to 60 Nm3/ton-polyolefin.
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11. The method according to claim 6, wherein said polyolefin
powder is dried in the drying hopper to a solvent content of 20

ppm by weight or less.

12. A method for producing a dry powder of polyolefin, which

method comprises:

feeding a powder of the polyolefin into the drying
hopper as defined in any one of claimg 1 to 4 from an upper inlet
of the hopper, the sald powder containing a substantial amount o=f
a solvent employed in a @roduction of the polyolefin, and

injecting a high temperature gas through the nozzles
into the drying hopper‘as the fed polyolefin powder descends on
the slant circular wall of the cone portion of the drying hopper
so as to bring the high temperature gas into a counterflow contact

with the polyolefin pdwder, thereby dryving the powder,

13. The method according to claim 12, wherein the hicgh
temperature gas injected into the drying hopper is a nitrogen gas

'heated'at 50 to 110003

14, The method according to claim 13, wherein the heated
nitrogen gas 1s injected into the drying hopper at a rate of from

20 to 60 Nm3/ton~polyolefin.

15. The method according to c¢laim 12, wherein the polyvolefin
powder to be dried has a solvent.content of 1,000 to 10,000 ppmnm
and the drving in.the drving hopper is conducted so that the dried

polyolefin powder has a solvent content of 50 ppm or less.
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16. The method according to claim 15, wherein the polyolefin

powder to be dried has been subjected to a preliminary drving by

using a rotary dryver.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS



13

14




W



22 @ 21\ 20

22

i o il Sl .




20

EHETe L
T ¥
&S:’??’R # 'i &T ﬁ.bilz ( J L)



22







Fre 9

‘ ey o
“cleal . S
cseadd 6

§ . '{;3 {:3:,
S ; 3’£ gij ﬂég 'Z....g—’ .w-"? Jf ? £ :‘ ?:3 M



Frg 70

-
q

1

¢
«
0o
N.
=
-
O
©
®
=X

Heated N, gas|

4

N, gas recovery

48

N
~J

0
-y .
l .
-.|
:




13

10 i

14

\\\




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - abstract drawing

