METHOD FOR PACKI NG CATALYST BACKGROUND CF THE | NVENTI ON Fi el d of the

| nvention 5[ 0001] The present invention relates to a nethod for
packing a catalyst into a reaction tube of a reactor, particularly each
reaction tube of a fixed-bed nmulti-tubular reactor used in an industrial

scal e.

mul ti -

10 Description of the Related Art [0002] It is comoDn to use,
nmet hod for

packed by falling of theMpaHPPcaPEt 8ACKEIBM GATHPPEF opening of each
reaction tube. The fixed-bed nulti-tubular reactor used in an industri al
scal e i ncludes several hundreds to several tens of thousands of reaction
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[0001]

The present invention relates to a method for packing
a catalyst into a reaction tube of a reactor, particularly
each reaction tube of a fixed-bed multi-tubular reactor

used in an industrial scale.

Descripticn of the Related Art
[0002]

It is common to use, as the method for packing solid
particuiates such as catalysts into a fixed-bed multi-
tubular reactor, a method in which the solid particulates
are packed by falling of the particulates from an upper
opening of each reaction tube. The fixed-~bed multi-tubular
reactor used in an industrial scale includes several
hundreds to several tens of thousands ¢f reaction tubes.
There is required, as the method for packing a catalyst
into each reaction tube, a method that has less variation
in packing height and pressure loss of catalyst layers
among the reaction tubes, and can facilitate the packing
cperation.

[0003]

as the

packing solid particul ates such as catalysts into a fixed-bed
15t ubul ar reactor, a nmethod in which the solid particul ates are

20There is required, as the nmethod for packing a catalyst into each
a net hod BhakchagNbDess THEI aNvBRTIIfiNpacki ng hei ght and



25[ 0003] J92009- 82865A di scl oses a nethod in which, when a

catal yst for the production of an unsaturated al dehyde or a catal yst for

t he production of an unsaturated carboxylic acid prepared multiple times is
packed into each reaction 5tube of a fixed-bed nulti-tubular reactor, the
variation in pressure loss in each reaction tube after packing the catalyst
is satisfactorily suppressed and the catal yst is packed nore sinply and
easily by weighing individually the catalyst for each reaction tube w thout
dependi ng on bUFRO20d8ABEDH oOf stheseatal pethed iharhidle, welightaof the

catal yst packed into one reaction tube is within a range from99 to 101%
rel ati vechaadrysavérageheapuedofttéachecfierghtineftthetedt al gshypackedai nt o
each reaction tube, and then packing individually the catalyst into each
reacti onctibe ysa that thbt peogackiing pat enofintheueatallystrbokplbne reaction
tube is within a range from80 to 120% relative to an average val ue of each

packing matie prepaeaehmueacpienctinbe. 1Al packdB20Q9-8286hArdhstioses a
cat al yst packing machi ne that can supply a catalyst to each reaction tube

in 20a giveR suppl ¥ikakeohy Autenveyeniapdrshecten the operatien thne .
required to supply a catalyst to the reaction tube, and al so can reduce the

oyers oS Tt R Sl B R et

catalyst is satisfactorily suppressed and the catalyst is
packed more simply and easily by weighing individually the
catalyst for each reaction tube without depending on bulk

10 density of the catalyst sc that the weight of the catalyst
packed into one reaction tube is within a range from 29 to
101% relative to an average value of each weight of the
catalyst packed intc each reaction tube, and then packing
individually the catalyst into each reaction tube so that

15 the packing rate of the catalyst into one reaction tube is
within a range from 80 to 120% relative to an average value
of each packing rate into each reaction tube.

also, JP2009-82865A discloses a catalyst packing

machine that can supply a catalyst to each reaction tube in

20 a given supply rate by a conveyor and shorten the operation
time reguired to supply a catalyst to the reaction tube,
and also can reduce the worker’s labor and suppress the
variation in pressure loss in catalyst layers.
[0004]

25 However, the above conventional methods have a



probl em that the anobunt of a catal yst packed nust be weighed individually
for each reaction tube, and it is difficult to adjust the height of a
catal yst | ayer packed in each reaction tube to a predeterm ned hei ght.
Thus, it 5was difficult to solve the problens such as shortening of the
operation time required to supply a catalyst to reaction tubes and
reduction of the worker's labor, and variation in pressure |oss in catalyst
| ayers. 10SUMVARY OF THE | NVENTI ON [ 0005] An obj ect of the present
i nventi opricbles pheti decaamevhbdofos patcRiKgtareakafysesused mainly in a
fixed-bed nmulti-tubular reactor, that can shorten the |abor tinme 15

requi r edwed gbgpplindavidtalyst fbo eeabt reactubestahd, raddcetthe worker's

| abor, and al so can suppress the variation in pressure |oss in catalyst

| ayers. pHQ@@6Lu2@The présent thaventohs héve catehgsvelyystudaekedo sol ve
t he above problem As a result, they have found that the above object can

be achi eyedeaich casetaceatabystoi 8 paekedeirnt fe@achigeact imud,ube of a
fi xed-bed nulti-tubular reactor, by inserting a diffuse-reflective type

25phot oelyget Hig rsenser thnke1tBetneagtkbpNeihdbeubl 49 shoptedeherHf ned
hei ght, detecting the height of the catal yst by the photoelectric sensor,

and packi-ng b@%r%%&@hy%&mgngggh@yéh!xoiaﬁgpﬁgcﬁ 53@51%9@ tybe so that the
‘packing is stopped at the predeterm ned helght, and thus the present

5inventiangﬁio%e%ﬂbggnghﬁt?gduction of the worker’s labor, and

variaticn in pressure loss in catalyst layers.

10 SUMMARY OF THE INVENTION
[0005]

An object of the present invention is tc provide a
method for packing a catalyst used mainly in a fixed-bed
multi-tubular reactor, that can shorten the labeor time

15 reguired to supply a catalyst to reaction tubes and reduce
the worker’s labor, and also can suppress the variation in

pressure loss in catalyst layers.

[00Ce]

20 The present inventors have intensively studied to
solve the above problem. Aé a result, they have found that
the above obiject can be achieved, in case a catalyst is
packed into each reaction tube of a fixed-bed multi-tubular
reactor, by inserting a diffuse-reflective type

25 photoelectric senscr into the reaction tube up to a



[ 0007] That is, the nethod for packing a catalyst of the present

i nvention includes the follow ng constitutions. (1) A nethod for packing a
solid catalyst into a reaction 10tube fromthe upper side of the reaction
tube, which conpri ses: di sposing, in the reaction tube, a

di ffuse-reflective type photoelectric sensor in which a white draw ng paper
is used as a standard detection object, and a detection 15di stance as a
maxi mum di st ance that enabl es detection of the standard detection object is
Wi t hi n apradgs eirdme90 hed ght000ehArtand deeebeifihtacpatkengzheight of the
catal yst by the photoel ectric sensor, and stopping the packing of the
20cat al y$ty when chive opdekicmg chekeghtrof anHepegkahystheeaghasvat predet er mi ned
value. (2) The method for packing a catalyst according to (1), wherein the
packi ng ahdike duatldly dtntics eatbppedctisbngtcoert sol theansheéhpéckiopsisonveyi ng
means of the catal yst by 25a detection signal output fromthe photoel ectric
sensor. stoppethetmenkog rboetpapkineg actahal yshdacnasding poegdptor

5 invention has been completed.
(0007}
That is, the method for packing a catalyst of the

. present invention includes the following constitutions.

(1) A method for packing a solid catalyst into a reaction
10 tube from the upper side of the reaction tube, which
comprises:

disposing, in the reaction tube, a diffuse-reflective
type photoelectric sensor in which a white drawing paper is
used as a standard detection object, and a detection
15  distance as a maximum distance that enables detection of
the standard detection object is within a range from 390 to
1,000 mm; and
detecting a packing height of the catalyst by the
photoelectric sensor, and stopping the packing of the
20 catalyst when the packing height cof the catalyst reaches a
predetermined value.
(23 The method for packing a catalyst according to (1),
wherein the packing of the catalyst is stopped using
control means that stops conveying means of the catalyst by

25 a detection signal output from the photoelectric sensor.



(2), wherein control neans is used that stops the packing of the catal yst
into the reaction tube when detection light irradi ated dowmmwardly fromthe
phot oel ectric sensor 5reflects on a surface of the packed catal yst and the
quantity of light received returning to a light receiving section of the
phot oel ectric sensor exceeds a predeterm ned threshold val ue. (4)The nethod
for packing a catal yst according to any 10one of (1) to (3), wherein the
phot oel ectric sensor in the reaction tube is covered with a protective
tube, and3air, Tap inaghtdgésy percaintxedcgbslyhereofcfdions £ ot her upper
side toward the lower side in the protective tube. [0008] 15According to

t he presdit ,i mremtiionconhrodsmeancatial ystdi shpackedpintbeepehkimacti on tube
of a fixed-bed multi-tubular reactor used in an industrial scale, the

hei ght okfattat akyal visayerntbnteachereacbhonububehaht aetpackomglidiet cat al yst
can be set to a predeterm ned hei ght 20w t hout previously neasuring the

wei ght ofi rrheieatal wstinwarditherabovaecphatysticeanibespagked nmore sinply
and easily. As a result, the variation in pressure loss in each reaction

tube is satrhstact ehi by spvppressed.whepathesr eackoystsatgedneand _
distribution of the catalyst in each reaction 25tube tends to be identical.

Accor di nglynsthe preseqt. sELhodohasethenshtect capabhe obcpreyenting the

di fference of reaction state between reaction tubes, "facilitating the

tenperatyre Gont el  for g{q%%%?%ﬂtw@e%e?x@grr educlng Lhe E9st-Ahif b8
catal yst using up the catalyst 1'n each reaction
threshold value.
(4) The method for packing a catalyst according tc any
10 one of {1) to (3}, wherein the photoelectric sensor in the
reaction tube is covered with a protective tube, and air,
an inert gas, or a mixed gas thereof flows from the upper
side toward the lower side in the protective tube.
[0008]
15 Accerding to the present invention, in case a
catalyst is packed into each reaction tube of a fixed-bed
multi-tubular reactor used in an industrial scale, the
height of a catalyst layer in each reaction tube after
packing fhe catalyst can be set to a predetermined height
20 without previously measuring the weight of the catalyst,
and the above catalyst can be packed more simply and easily.
As a result, the variation in pressure loss in each
reaction tube is satisfactorily suppressed when the reactor
is used, and distribution of the catalyst in each reaction

25 tube tends to be identical. Accordingly, the present



S5tube until its life. Al so, when the photoelectric sensor in the
reaction tube is covered with a protective tube, and air, an inert gas or a
m xed gas thereof is supplied into the protective tube fromthe upper side,
as described in (4), it is 10possible to prevent the reduction of
sensitivity of a light receiving section and detection |light of the
phot oel ectric sensor by dust raising in the reaction tube when packing the
catal yst. Thus, the present nethod has the effect capable of carrying out
stabl e paekind opeér abfoafbdectheapsbacabysproventany obge pékirikeBR EF
DESCRI PTI ON OF THE DRAW NGS [ 0009] Fig. 1 is an explanatory
vi ew showifngeanténbhodipbat b20vterheepresent tilngentfonilitating Rl 2 is a
cross-sectional view showi ng an exanple of a protective tube in the present
i nventi onemPETAELED DPESCROPTEON OFaTHEch NVENTE Chh@5F00d0i ng Thes pr esent
invention will be described in nore detail below with reference to the
draw ngscoEtgoflths @aBtalyst using up the catalyst in each reaction
5 tube until its life.
Also, when the photoelectric sensor in the reaction
tube is covered with a protective tube, and air, an inert
.gas or a mixed gas thereof is supplied into the protective
tube from the upper side, as described in (4), it is
10 possible to prevent the reducticn of sensitivity of a light
receiving section and detection light of the photoelectric
sensor by dust raising in the reaction tube when packing
The catalyst. Thus, the present method has the effect

capable of carrying out stable packing operation of the

15 catalyst over a long period.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]
Fig. 1 is an explanatcry view showing an embodiment
20 of the present inventicn.
Fig. 2 is a cross-sectional view showing an example

of a protective tube in the present invention.

DETAILED DESCRIPTION OF THE INVENTION

25 [0010]



expl anatory vi ew showi ng an enbodi nent of the present invention. 5[0011]
As shown in the drawi ng, in the nethod for packing a catalyst according to

t he present

invention, a diffuse-reflective type photoelectric sensor 1 is

di sposed in a cylindrical reaction tube 10 of a fixed-bed nulti-tubular
10reactor, or inserted fromthe upper side into the fixed-bed multi-tubular

reactor.

Then,

a solid catalyst 3 is conveyed fromthe upper side by a belt

conveyor 4, and falls to the | ower side of the reaction tube 10 thereby
bei ng packed i Aheheregbat iB8Vhatphot sélécbei degensbedlidenetes a packi ng
hei ght of the catal yst 3. Wen the photoel ectric sensor 1 detects a sign

t hat t he dgaekilndpciewghti tbf relie reatal yst theadhesiagpr eVviiouslly setathei ght,

t he packing of the catalyst is stopped. 20[0012] The phot oel ectric
sensor 1 eixplnetpresentwi srentingn anekebsdtioeatsofcahkedrdstfiise-refl ecti ve
type photoelectric sensor in which light such as visible light and infrared
light isiuwseatdasna |ight source, and light froma detection 25section
(irradiation section) is emtted as signal light, and the light reflected
from a degtpectiijon object is detected at a Iight receiving section. [0013] By
usi ng such a photoelectric sensor 1, detection can
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[0012]

section

As shown in the drawing, in the method for packing a
catalyst acﬁording to the present inventicn, a diffuse-
reflective type photoelectric senscr 1 is disposed in a
cylindrical reaction tube 10 of a fixed-bed multi-tubular
reactor, cr inserted from the upper side intec the fixed-bed
multi-tubular reactor. Then, a solid catalyst 3 1is
ceonveyved from the upper side by a belt conveyor 4, and
falls to the lower sicde of the reaction tube 10 thereby
being packed in the tube.

The photoelectric sensor 1 detects a packing height
cof the catalyst 3. When the photoelactric sensor 1 detects
a sign that the packing height of the catalyst reaches a
previously set height, the packing of the catalyst 1is

stopped.

The photoelectric sensor 1 in the present invention
refers to a so-called diffuse-reflective type photoelectric
sensor in which light such as visible light and infrared

light is used as a light source, and light from a detection

(irradiation section) is emitted as signal light,



5be carried out without contacting wth a catalyst, and thus neither the
catal yst nor the sensor per se is not danaged. Al so, since detection is
carried out by surface reflection on the catalyst, there is an advantage
that the packing height of the catal yst can be precisely detected. There is
10al so an advantage that the sensor 1 has a long life and hardly needs

mai nt enance. [0014] The nmethod for packing a catalyst is a nethod
that includes the steps of inserting the photoelectric sensor 1 15into
react i on angb&hr0 Lightto rg fpeedeteficned Reltght-1@hi PeJactet8cEpbfAcsedti on and
a light receiving section face the | ower side of the reaction tube 10,
initiati B¢ whe igadkinegeofvitige seatabpst 3, detecting the height of the
packed catal yst 3 using the photoelectric sensor 1, and stopping . 20the
packi ng dfcdilsg catal yst when the height of the catalyst 3 reaches a

pr edet er mi ned packi ng hei ght. [0015] In the photoel ectric sensor
1, detection |ipghtasemigt tedhf cophthessensetclseatbects asttbeisurtase of a
25det ection object (catalyst) and returns to a light receiving section of

the ssensgf Laraneéd bedl kghtcagarbintkcrehyr pedn( kheaguaptit yaah khgbt
received) is converted into a nunerical value. The nunerical val ue
I nCreases, Qi HA6CHeRS .S te8ReRdRG @Rt Rerisher gasesar idegreagemnabekie
Also, since detection is carried out by surface reflection
on the catalyst, there is an advantage that the packing
height of the catalyst can be precisely detected. There is
10 also an advantage that the sensor 1 has a long life and
hardly needs maintenance.
[0014]
The method for packing a catalyst is a method that
includes the steps of inserting the photoelectric sensor 1
15 into reaction tube 10 up to a predetermined height while a
detection section and a light receiving section face the
lower side of the reaction tube 10, initiating the packing
of the catalyst 3, detecting the height of the packed
cataliyst 3 using the photoelectric sensor 1, and stopping
20 the packing cof the catalyst when the height of the catalyst
3 reaches & predetermined packing height.
[0015]
In the photcelectric sensor 1, detection light
emitted from the sensor 1 reflects on the surface cof a

25 detection cobject (catalyst) and returns to a light



5quantity of light received, and it is possible to detect the distance

bet ween the sensor 1 and the detection object. Thus, when the distance

bet ween the sensor 1 and the detection object is |large, since the quantity
of light received is small, a small nunerical value is presented. 10To the
contrary, as the distance between the sensor 1 and the detection object is
closer, the light quantity returned to the Iight receiving section

i ncreases, and therefore, the nunerical value becones |arger. By neasuring
prevuousmyCﬁh@lnélé@pémoafoantb@taamsgrsiané@db@?@ebﬁg@%eqq%%%hgbr 1 and
the detection object to the nunerical value representing the quantity of

| i ght receitvededi tithe gossibbg ©6 déterniaecihieddi £t apeevdeisemihe sensor
1 and the detection object on the basis of the nunerical value representing
t he quanti hymeft-ikeghtraleeei VEte rAlrseidal isa2(k poswiddseed @wradj ust the
packi ng height of a catalyst in the packing of the catalyst by setting a

t hr eshol devakdecendtbenaumgr beathyalinereepeesenttogesibe gfiantety of |ight
received by the sensor 1. Thus, the packing height of the catal yst can be

adJ@stedqun@@tgrafn&mghanreageﬁéangaﬁQSLtl@a fbd}iRbef & heesemsor 1,
setting a threshold value on the numerical value representing the quantity

of Iight receivednby LBe,seRsehelsOnsbhe1basiistpt &be:6i sbancebet ween the
catal yst and the sensor 1 in a target packing height of the catal yst, then

comenci B9 he,RBAkLAE gt sthRccabatysty drbesthogy! heappacking height of

the catalyst "by the numerical value representing the quantity of ‘|ight

recel ved gy LG oneRRqL L. §”§F§§8pp BYcLnenpacking; o Lhe eatal yst when the

packi ng Helg cata eéc es a pred ermn The threshold
val ue Can be ogtlonallgliet Beﬂglngmerléh? value 1is presented.

10 To the contrary, as the distance between the sensor 1 and
the detection object is closer, the light guantity returned
to the light receiving section increases, and therefore,
the numerical value becomes larger. By measuring
previously the relation of an actual distance between the

15 sensof 1 and the detection object tc the numerical value
representing the quantity of light received, it is possible
te determine the distance between the sensor 1 and the
detection object on the basis cof the numerical value
representing the quantity of light received. Also, it is

20 possible to adjust the packing height of a catalyst in the
packing cof the catalyst by setting a threshold value on the
numerical value representing the quantity of light received
by the sensor 1. Thus, the packing height of the catalyst
can be adjusted by determining an inserting position {L1)

25 of the sensor 1, setting a threshold wvalue on the numerical



10packi ng height of the catalyst. [0016] It is possible to output a
signal fromthe photoelectric sensor 1 when exceeding a predeterm ned

t hreshol d val ue dependi ng on the above-nenti oned packi ng 15hei ght of the
catalyst 3 in the photoelectric sensor 1. The workers may be informed of
the conpletion of the packing of the catalyst by the signal, for exanple,
by a blinking light or a warning tone, and they can stop the packing of the
catal yst manually. Alternatively, the 20packing nay be stopped by sending a
stop si gnaluéropapraecphotoectleetqianisiehso?t 11 iHrouEtTomd 61y dens to belt
conveyor 4 conveying the catalyst 3. [0017] The detection

di st ancesbetweeh photlvelleesis coSensordilst2barel e tdetssctilon wbjadtsty epresent s
a distance (maxi mum distance that enabl es detection of the detection

obj ect) ahdwhhehseetectioinstarésget . packime lpiagtt tof ofhd iqghtalecei ved
starts to increase, when noving the detection section of the photoelectric

sensor 1ltgkRsesmhént ey Seiet esitoMm@bp£Cthe catalysihe ditsd@nioey detect abl e by
t he photoel ectric sensor 1 may usually be 90 to 1,000 mm preferably 100 to

5005mm  BRER: REehel bt Yo £00ht 0- 308 p3r Mhemha siandac4l deiredion object is
used as a detecCtion object. For exanple, a white
representing the gquantity of light received by the sensocr 1,
and stopping the packing of the catalyst when the packing
height of the catalyst reaches a predetermined value. The
threshold value can be éptionally set depending on the
16 packing height of the catalyst.
[001¢6]

It is possible to ocutput a signal from the
photoelectric sensor 1 when exceeding a predetermined
threshold value depending on the above-mentioned packing

15 height of the catalyst 3 in the photoelectric senscr 1.
The workers may be informed of the completion of the
packing of the catalyst by the signal, for example, by a
blinking light or a warning tone, and they can stop the
packing of the catalyst manually. Alternatively, the

20 packing may be stopped by sending a stop signal from the
photoelectric sensor 1 through contiol means to belt
conveyor 4 conveying the catalyst 3.
[0017}

The detection distance between photoelectric sensor 1

25 and a detection object represents a distance (maximum

- 10 -



10drawi ng paper (i.e., a white material: a material show ng a refl ectance
of 90% or nore in a visible Iight region) can be used as the standard
detection object. When the detection di stance obtai ned using a
standard detection object is shorter than 90 nm a case in which a
15cat al yst can not be detected until it reaches the proximty of the sensor
(i.e., until the sensor is buried in the catalyst) may occur. Also, if the
detection distance is longer than 1,000 nm a case in which interference
wi t h t he digldanske éhﬁéa@piagﬁeﬁuﬁét@@éapg afdtbet detpehpien abpeeki set
20position is inpossible may occur. [0018] As the above-nentioned
di f f use- méfilcéctderecttype phietodel edt ri-c Sbasgrantifgroéxamphe, an optica

fi ber type of photoelectric sensor manufactured by Onron Corp. (E32

25seri esyecaiphkot sthettr ico sensersemnuhact meednbytKeyéatectConp. (PS/ PZ
series) and the |ike can be used with appropriate selection. In this case,
t he phot gelcion efsehsophdtraycberect bensot a senser wothha built-in
anplifier or a sensor wiwth a separate anplifier. 5[0019] (Reaction Tube)
The g eactdegr &tube 1@ jused in the present invention is one used in a comon
fixed-bed nmulti-tubular reactor that is industrially used and includes

usual |y severahhthousande-10tp-86¥BNal pi,enge0pnbhousandsi of s£gagti on tubes.
The outside dianeter of such a reaction tube Is usually from
' may usually be 90 to 1,000 mm, preferably 100 to 500 mm,
more preferably 3100 te 300 mm, when a standard detection
object is used as a detection object. For example, a white
10 drawing paper (i.e., a white material: a material showing a
reflectance of 90% or more in a visible light region) can
be used as the standard detection object.
When the detection distance obtained using a standard
detection cbject is shorter than 90 mm, a case in which a
15 catalyst can not be detected until it reaches the proximity
~ 0of the sensor (i.e., until the senscr i1s buried in the
catalyst) may occur. Also, if the detection distance is
longer than 1,000 mm, a case in which interference with the
wall of a reaction tube occurs and detection c¢f a precise
20 position is impossible may occur.
[0018]
As the above-mentioned diffuse-reflective type
photoelectric sensor 1, for example, an optical fiber type
of photoelectric sensor manufactured by Cmron Corp. (E32

25 series), a photoelectric sensor manufactured by Keyence

- 13 -



about 10 to 60 mm the wall thickness of the reaction tube is usually
fromabout 1 to 5 mm and the length of the reaction tube is usually from
about 0.3 to 10 m 15[ 0020] (Catalyst) The catal yst packed into the
above reaction tube 10 in the present invention is not limted to a
particular one as long as it is a catalyst for a reaction carried out 20
using a fixed-bed multi-tubular reactor. The catalyst is preferably a
solid. This is because a |arge surface area can be ensured easily in the
reacti onCbuipe. (PS/PZ seExampl esdofhehéikat appsbei nekddeldhcat al yst for the
production of unsaturated al dehydes and unsaturated 25carboxylic acids, a
cat al yst abprodhe aarodedeiconoof.  Umselt s at@ske cartboxyidracids;i@a cat al yst
for the production of unsaturated nitriles, a catalyst for hydrogenation
t r eat mentsena ctatlamgst bkoeitherppaducteancof wehhori heiadndithe |i ke. Anong
these catalysts, a catalyst for the 5production of unsaturated al dehydes

and unsabwgqti@&ab@%ylslegs@@i dstand aceatakystmpohfibe. production of
unsat urated carboxylic acids are preferable. Exanples of the catal yst for

t he produgly;en of unsaturated al dehydes and unsaturated carboxylic acids
i nclude a catal yst for the 10production of acrolein and acrylic acid by
vapor-phq%%a ntactn, hdation of propylene with nol ecul ar oxygen, and a
catal yst for the production of methacrolein and nethacrylic acid by

vapor - phase coniacl 9xL48hi a8 1hsABULYLENEARr pLEELARULYLeALEGROL W LR
nol ecul ar oxygen. anples of the
one used in a common fixed-bed multi-tubular reactor that
is industriélly used and.includes usually several thousands
i0 to several tens of thousands of reacticn tubes. The
outside diameter of such a reaction tube is usually from
. about 10 to 60 mm, the wall thickness of the reaction tube
is usually from about 1 to 5 mm, and the length of the
reaction tube is usually from about 0.3 to 10 m.
15 [0020]
(Catalyst)

The catalyst packed into the above reaction tube 10
in the present invention is not limited to a particular one
as long as it i1s a catalyst for a reaction carried out

20 using a fixed-bed multi-tubular reactor. The catalyst is
preferably a solid. This is because a large surface area
can be ensured esasily in the reaction tube.

Examples of the catalyst include a catalyst for the
productiocn of unsaturated aldehydes and unsaturated

25 carboxylic acids, a catalyst for the production of

- 12 -



15cat al yst for the production of unsaturated carboxylic acids include a
catal yst for the production of acrylic acid by vapor-phase contact

oxi dation of propane with nol ecul ar oxygen, a catalyst for the production
of acrylic acid by vapor-phase contact oxidation of acrolein wth nol ecul ar
20oxygen, and a catalyst for the production of nethacrylic acid by
vapor - phase contact oxidation of nethacrolein wth nol ecular oxygen.
Exanpl-es of the catalyst for the production of unsaturated nitriles include
a cat al ysnsporrehedprodockivdhcohcadeyl anfFeErlEsbyf9apbhe phageueohtact
25ammoxi dati on of propyl ene or propane wth nol ecul ar oxygen and amoni a,
and a cavdl yesaftorathkd prLodddteronaofapetihatr gbonhyeirdbgehyt vapor - phase

catal yti c ammoxi dati on of isobutylene or tert-butyl al cohol with nol ecul ar
oxygen andeammenita. aExanplestofotheheapabygsttion bydrbgenate omndt r eat nent
include a catal yst for reacting sul fur conpounds and/or nitrogen conpounds

cont ai nednien 1a ket r ehewdn fHiact | ecal e dyds ogete Tws1 efmvectay reduce the
sul fur compounds and/or nitrogen conpounds in the products and/or

hydrogengkysietéahabystisshetrht ght enbagyheavynai insd0Examphes of the
catal ysts for the production of chlorine include a catalysts for the

producti en . 0fchlier bag4Er gauhydroggnyghl epi-denandroxygenon of The shape
of catalyst 3 i's not particularly limted and, for exanple, nmay be in a

Chonct L Ebp SHaEethesiy 15 8000, e ofbparythe. Diegony o the
to 1.3 géﬁ%'c%%%%%%t for the productionrof unsaturated aldehydes
and unsaturated carboxylic acids include a catalyst for the
10 production of acrolein and acrylic acid by vapor-phase
contact oxidation of propylene with molecular oxygen, and a
catalyst for the production of methacrolein and methacrylic
acid by vapor-phase contact oxidation of isobutylene or
tert-butyl alcohol with molecular oxygen. Examples of the
15 | catalyst for the production of unsaturated carboxylic acids
include a catalyst for the production of acrylic acid by
vapor-phase contact oxidation of propane with mclecular
oxygen, a catalyst for the production of acrylic acid by
vapor-phase contact oxidation of acrolein with molecular
20 oxygen, and a catalyst for the production of methacrylic
acid by vapor-phase contact coxidation of methacrolein with
molecular oxygen. Examples of the catalyst for the
production of unsaturated nitriles include a catalyst for
the production of acrylonitrile by vapor-phase contact

25 ammoxidation of propylene or propane with molecular oxygen
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(Conveyi ng Means of Catalyst) 20Iln Fig. 1, in the present invention, there
is used a nethod in which a catalyst 3 is conveyed by belt conveyor 4 and
packed into a reaction tube 10 by falling fromthe upper side. However, the
conveying nmeans is not particularly limted. It is possible to replace the
means, 25for exanple, with an apparatus conveying a catalyst by giving
vibration to a conveying | ane, or an apparatus such as a |lift or a crane,
and it is also possible to carry out the conveyance by hand. Anong these, a
met hod usimg samcapgpar atgs aeqaitpped twittlr &hbebtrodonvéeyorod or an appar at us
5conveying a catalyst by giving vibration to a conveying lane is preferable
from t he météwmpaiviitortihati liet biys veasy -phacenteoklatpackimngxzidteion the packi ng
of a catalyst into each reaction tube 10. A catalyst is packed into each
reacti on itshe: t6fl e of ioredebedomuhlli atlububar wieacholesalkhabxfeheapacki ng
rate in the packing of the catalyst into each reaction tube is constant,

and the paglirig hekghkp0bsthe ot abysil s eseh Keaeddomedihe is uniforny
set by photoelectric sensor 1. By packing a catal yst so that the packing

rate in %%%Qt&%%%ﬁh%%lh%@eai%a%ﬁ@%%%”%ora@€ﬁ§%ﬁhhngui?h?ecﬁﬁﬁghﬂasheight_Of
the catalyst uniformly as describéd above, it is possible to satisfactorily

cont rol "Lhe Yariati o Bressine Lass ineash Leactignctibe att ernthe

packi ng the catalyst. case of packing a catalyst using an appar at us

zoeqUippggiﬁé%gd%o%%%tt%o%%%%%% érOEe%ﬂc%pQ%EagﬂifLQrcompounds
and/or nitrogen compounds in the products and/orxr
hydrogenolysis catalysts for lightening heavy oil.

10 Examples of the catalysts for the production of chlorine
inciude a catalysts for the production of chlorine from
hydrogen chlcoride and oxygen. |

The shape of catalyst 3 is not particulariy limited
and, for example, may be in a cylindrical, spherical, or

15 ring form. Also, the bulk density of the above catalyét
may be usually from 0.8 to 1.5 g/ml, and preferably from
0.8 to 1.3 g/ml.

[0021]
{Conveying Means of Catalyst)

20 In Fig. 1, in the present inventioh, there is used a
method in which a catalyst 3 1s conveyed by belt conveyor 4
and packed into a reaction tube 10 by falling from the
upper side. However, the conveying means is not
particularly limited. It is possible to replace the means,

25 for example, with an apparatus conveying a catalyst by
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conveying a catalyst by giving vibration to a conveying | ane, the packing
rate is usually from5 to 60 g/sec, and preferably from5 to 40 g/sec.

[ 0022] 25(Protective Tube for Photoel ectric Sensor) As shown in
Fig. 2, a photoelectric sensor 1 nay be used, if necessary, by inserting
into a protective tube 5. In such a case, dry air, an inert gas or a m xed
gas thereof may be fed froma tube 6 branching fromthe side of 5the
protective tube 5, through a gap between the internal side of the

prot ect i geviinhe vibandivthetextecnalegide o&nphotvebeceppersensorudy to the
| ower side of the protective tube 5, i.e., toward the photoel ectric sensor
1. Exanplzes zofl ittheoknar trgas,i aaHude nst edbgenpoheliblea tar gonrancut he
10l i ke. The photoel ectric sensor 1 nay be inserted into a m ddle position
of the reaet iconvkyback By Aapasi tamendesfeddhe aatdtiofd theimeaat i on tube 5.
The shape of the protective tube 5is not limted to a particular one. The

mat er.i al ?ﬁakeeuereheebpee tibe B bs1ROLcADRabEI eubarhy hbphteeguand
exanpl es reof include a stainless steel tube, a plastic tube, an

al ung nU”bb%Q%yl%ngbggEaﬁ§§% andgthenki keprAk$n theastagvefihde protective
tube 5 is not "particularly limtéd, but it is preferable that 1ts inside

di ame! er 1aLavL W?ﬁe'%%gﬁ%ﬁ\éefggﬁ 2! BabudbYn0ght, 2 Lbeehsgasoor a m xed

gas t her &6f 10 its outsi lameter 1s small as” conpared with

the inside diageter of;the,LeactoRntuBg 39n5haE LheaPagklpo;of a catalyst

IS not prevented

each reaction tube 10. A catalyst is packed into each
reaction tube of a fixed-bed multi-tubular reactor so that
10 the packing rate in the packing of the catalyst into each
reaction tube is constant, and the packing height of the
catalyst in each reaction tube is uniformly set by
photoelectric sensor 1. By packing a catalyst so that the
packing rate in each reaction tube is constant, and setting
15 ﬁhe packing height of the catalyst uniformly as described
above, 1t 1s possible to satisfactorily control the
variation in pressure loss in each reaction tube after the
packing the catalyst.
In the case of packing a catalyst using an apparatus
20 equipped with a belt conveyor 4 or an apparatus for
conveying a catalyst by giving vibration to a conveying
lane, the packing rate is usually from 5 to 60 g/sec, and
preferably from 5 to 40 g/sec.
[0022]

25 {(Protective Tube for Photoelectric Sensor)
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[ 0023] 25When the falling distance of catalyst 3 in reaction tube 10 is
| ong, the inside of the reaction tube 10 becones a circunstance contai ni ng
a | arge amount of dust. The above-nentioned protective tube 5 is inserted
or disposed in the reaction tube 10 in a state including 5photoelectric
sensor 1, and protects the photoelectric sensor 1 from dust generated upon
t he packing of a catalyst 3. Thus, it becones possible to maintain the
accuracy of the photoelectric sensor 1, and also to use the photoelectric
sensor 1 in a dwi shemance- fl.ge Amnmaephoterlacifiongeperi od.m§dP02A]
In this connection, it is preferable to insert the photoelectric sensor 1
fromthe uspper iSi decefsseeact bgn itvbetiogwithout pontacting wuté f he
reaction tube 10 in order to 15nmaintain the accuracy of detection |ight and
a light rmeceiwdng seetiodryaktihough therpresentri avepkeonghs not limted to
the particular fashion. Exanples 20[0025] The present invention will be
descri bedHdy ¥ @ay be fed from a tube 6 branching from the side of
5 the protective tube 5, throughra gap between the internal
side of the protective tube 5 and the external side of
photoelectric sensor 1, to the lower side of the protective
tube 5, i.e., toward the photoelectric sensor 1. Examples
of the inert gas include nitrogen, helium, argon and the
10 like. The photecelectric sensor 1 may be inserted into a
middle position of the reaction tube 5 or a position near
the wall of the reaction tube 5. The shape of the
protective tube 5 is not limited to a particular cne.
The material of the protective tube 5 is not
15 particularly limited and examples therecof include a
stainless steel tube, a plastic tube, an aluminum tube, a
rubber tube and the like. 'Also, the size of the protective
tube 5 is not particularly limited, but it is preferable
that its inside diameter provides the above gap so that dry
20 air, an inert gas or a mixed gas thereof flows, and that
- its outside diameter is small as compared with the inside
diameter of the reaction tube so that the packing of a
catalyst 1s not prevented.

[0023]

25 When the falling distance of catalyst 3 in reaction
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detail by way of Exanples, but the present invention is not [imted
thereto. [0026] 25(Reference Exanple) <Preparation of Catalyst> As a
catalyst, an acidic salt of a Keggin type of heteropolyacid containing
phosphorus, nol ybdenum and vanadi um (a cylindrical extrusion product having
a dianeter 50f 5 mmand a height of 5 nm was prepared 20 tines in total,
on the basis of the nethod described in a Japanese Patent Application
JP2004- 188231A. The bul k density of the catal yst was neasured for each
product i 6meoflC dmd lichohashbeénsfidgnd it hae trRechlenafebealtiePoforpe bul k
density is 101.15 g/m, the maxinmumvalue is 1.20 g/m, and the m ni num

val ue i salA%cgnsitance contfFheibgl k demgket pmpastmedsdred- according to the
foll owi ng net hod. Thus, about 190 ml of the catalyst was taken and the

wei ght [ W (g)] Thas abbeasumed: idhedwerghtedi$bcatiabyst inasnsbenepacked into a
gl ass neasuring cylinder having an inside dianeter of 31 nmmand a vol une of

200 nl, andohedeasuhiengeaykinderuwas 1vapped 40atenescinomma hei ght of 20
nm on a rubber mat having a thickness of 2.5 mm The packing volunme [V

(ml)d of Jhhe eatakyst wassbead,2@he aRodeedkae)e0pnBtEekctand the bul k
density Fb/n1) was
sensor 1 from dust generated upon the packing of a catalyst
3. Thus, it becomes possible tc maintain the accuracy of
the photoelectric sensor 1, and also to use the
-photoelectric sensor 1 in a maintenance-free manner over a
10 long period.
[0024]
In this connection, it is preferable to insert the
photoelectric senscr 1 from the upper side of reaction tube
10 without contacting with the reaction tube 10 in order to
15 maintain the accuracy of detection light and a light

receiving section, although the present invention is not

limited to the particular fashion.

Examples
20 [0025]

The present invention will be described in more
detail by way of Examples, but the present inventicn is not
limited thereto.

[0026]

25 (Reference Example)
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calculated by dividing W(g) by V (m). [0027] (Exanple 1) A
packi ng test of the catalyst was carried out in a 25standard node and at a
t hreshol d val ue of 3000, using E32- D32L (Manufactured by Omon Corp.;
reflection type: special beamtype; detection distance in standard node
when a white drawi ng paper is used as a standard detection object = 150 nm
as a diffuse-reflective type photoelectric sensor 1 in 5which a threshold
val ue was set at 3000, and using E3X-DA- 21S (manufactured by Onron Corp.)
as an anpbPirtperatnpt. o&x Rera¢yndirti ons were as shown bel ow. In this
connection, the neasurenent by the photoelectric sensor 1 used in the
Exanpl es can bascarckedl§Bout annathdee setescf aa WKghgspeerbdode, a standard
node, and a high accuracy node. Then, the lag tinme frominterruption of a

| i ght | npetetepatiuatidoncaratecayepyospbharcsptmol viodéput &sdreferred to as
response tinme. The response tine differs depending on the nodes, and is 250
ps in thezhighukbspeedinnde: cd1mexthukhenspandact nodenand 4iametarthe high

accuracy node. Length of reaction tube - 1 miInside dianmeter of reaction
tube = 23fM py and a height of 5 mm} was prepared 20 times in
total, on the basis of the method described in a Japanese
Patent Application JP2004-188231A. The bulk density of the
catalyst was measured for each production lot, and it has
been fouﬁd that the average value of the_bulk density is
10 1.15 g/ml, the maximum value is 1.20 g/ml, and the minimum
value is 1.09 g/ml.

The bulk density was measured according to the
following method. Thus, about 120 ml of the catalyst was
taken and the weight [W (g)] was measured. The weighted

15 catalyst was then packed intc a glass measuring cylinder
having an inside diameter of 31 mm and a volume of 200 ml,
and the measuring cylinder was tapped 40 times from &
height of 20 mm on a rubber mat having a thickness of 2.5
mm. The packing volume [V (ml)] of the catalyst was read

20 to an accuracy of 0.5 ml, and the bulk density (g/ml) was
calculated by dividing W (g) by V (ml).

[0027]
(Example 1)
A packing test of the catalyst was carried out in a

25 standard mode and at a threshold value of 3000, using E3Z-
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Insertion | ength of sensor (L1) (distance fromthe 20upper end of reaction
tube to detection section of photoelectric sensor) - 300 nm The
phot oel ectric sensor was inserted into protective tube 5 (outside dianeter:
8 mMmm inside dianeter: - 6 nm nade of a stainless steel (S0S304), and dry
air was introduced 25into a gap between the photoelectric sensor and the
inside wall of the protective tube in a constant flowrate so that the air
flows fromthe upper side of the protective tube toward the detection
section aB2théMehpfefttthedphyt Ovkent EPersensdflesThen phavke hgspEcihk

catal yst was carried out by the falling of the catalyst fromthe upper side
of react beanmt tbpelOdasiengibel ticsbaneyoindsatndasperddof w2dn gi svhien t he
catal yst supply fromthe belt conveyor 4 is stopped in response to a stop
si gnal odtpuwinfr eerphoteelectir ke sensanddHd bBy-exceedi ngjéde +higshol d

val ue, distance L2 (distance from detection section of photoelectric sensor

to catal ygt) akSanBasuned-and1acdi stangpe bghyesnl tber phoseet€£t 1i tn sensor
and the catalyst (L2 - L1) was calculated. The results are shown in Table

1. 15[ 0028k -(Exampkesh1dheapacki;ag ebtthe gad@l yshavwasicgrriedpout under
the sane conditions as in Exanple 1, except that E32-022L (rmanufactured by

Omon CobRs; (fa\%h%&%ehy%: oRP8RI 8brpeam 208 ypenp det ection; di stance in
standard node when a white
Other conditions were as shown below.
In this connection, the measurement by the
photoelectric sensor 1 used in the Examples can be carried
10_ out in three modes: a high speed mode, a standard mode, and
a high accuracy mode. Then, the lag time from interruptiocn
of a light input to actuation or recovery of a control
output is referred to as response time. The response time
differs depending on the mecdes, and is 250 ps in the high
15 speed mode, 1 ms in the standard mode and 4 ms in the high
accuracy mode.
Length of reaction tube = 1 m
Inside diameter of reaction tube = 25 mm
Insertion length of sensor (L1) (distance from the
20 upper end of reaction tube to detection section of
photoelectric sensor) = 300 mm
The photoelectric sensor was inserted into protective
tube 5 (ocutside diameter: 8 mm, inside diameter: & mm) made
of a stainless steel (SUS304), and dry air was intrcduced

25 into a gap between the photoelectric sensor and the inside
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drawi ng paper is used as a standard detection object = 130 nm) was used as
a photoel ectric sensor. [0029] (Exanple 3) 25The packing of the catal yst
was carried out under the sanme conditions as in Exanple 1, except that
E32- D12R (manufactured by Omwon Corp.; reflection type: standard type;
detection distance in standard node when a white drawi ng paper is used as a
standard detection object = 170 5mm) was used as a photoel ectric sensor.

[ 0030] (Conparative Exanple 1) The packi ng of the catal yst was
carri ed woallunfletht hersane: Condithonst as ¢ondanpl Bldy wxcepto thHett E32- D22
10(manuf actured by Onron Corp.; reflection type: standard type; detection
di stancetha siandasds mbdenwhiesn apmbir t €1 dke ant nghpapertest ksedwds a st andar d
detection object = 80 mMm was used as a photoelectric sensor. [0031]

15( Conpatrgirh¥e Exanpbes2)ion sectThe packiageof shecicatal yst was carri ed

out under the same conditions as in Exanple 1, except that E32-D32
(nanufachgggepgcgylgnngggr; reflection type: special beam
5 The packing of the catalyst was carried out by the
falling of the catalyst from the upper side of reaction
tube 10 using belt conveyor 4 at a speed of 20 g/s. When
the catalyst supply from the belt conveycr 4 is stopped in
response to a stop signal output from photoelectric sensor
10 1 by exceeding the threshold value, distance L2 {distance
from detection section of photoelectric sensor to catalyst)
is measured and a distance between the photcelectric sensor
and the catalyst (L2 - Ll1) was calculated. The results are
shown in Table 1.
15 [0028]
{(Example Z)

The packing of the catalyst was carried out under the
same conditions as in Example 1, except that E3Z2-DZ2ZL
(manufactured by Omron Corp.; reflection type: special beam

20 type; detection distance in standard mode when a white
drawing paper is used as a standard detection object = 130
mm) was used as a photcelectric sensor.
[0029]
(Example 3)

25 The packing of the catalyst was carried out under the
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type; detection distance in standard node when a white 20draw ng paper is
used as a standard detection object - 75 mm) was used as a photoelectric
sensor. [0032] The results of these tests were shown in Table 1.

[ Tabl e 1] DetectionL2 (nmm) D stance between - 21 - di stance (standard
node) photoelectric sensor and catal yst(mm Exanple 1

same conditions as in Examplé 1, except that E32-D1ZR

(manufactured by Omron Corp.; reflection type: standard

type; detection distance in standard mode when a white

drawing paper is used as a standard detection object = 170
5 mm) was used as a photcelectric sensor.

[CO30]

(Comparative Example 1)

The packing of the catalyst was carried out under the

same conditions as in Example 1, except that E32-D22

10 (manufactured by Omron Corp.; reflection type: standard
type; detection distance in standard mede when a white
drawing paper is used as a standard detection object = 80
mm) was used as a photoelectric sensor.
[0031]

15 (Comparative Example 2)

The packing of the catalyst was carried out under the
same conditions as in Example 1, except that E32-D32
{fmanufactured by Omron Corp.; reflection type: special beam
type; detection distance in standard mode when a white

20 drawing paper 1s used as & standard detection object = 75
mm) was used as a photoelectric sensor.
[0032]
The results of these tests were shown in Table 1.

[Table 1]

i Detection L2 (mm) Distance between
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150 317 17 Exanple 2 130 306 6 Exanple 3 170 310 10 Conparative Exanple 1
80 0 - Conparative Exanple 2

distance photoelectric
(standard mode) sensor and

catalyst (mm)
Example 1 150 317 17
Example 2 130 306 &
Example 3 170 310 10
Comparative Example 1 80 0 -
Comparative Example 2 75 0 -

As is apparent from Table 1, in Examples 1 to 3, the
photoelectric sensor was not buried in the catalyst, and
the catalyst could be packed intc the reaction tube

5 precisely up to a predetermined height. "To the contrary,
in Comparative Examples 1 and 2, the sensor could not
detect the thresheld value and was buried in the catalyst.
[0033]

(Example 4)

10 The packing of the catalyst was carried out in the
same manner as in Example 1, except that the following
conditions were used.

Photeoelectric sensor: E32-DI12R (above~described)
(detection distance in higﬁ accuracy mode when a white

15 drawing paper is used as a standard detection object = 300
om) ;

Mode: high accuracy mods

Threshold value: 3,000

The packing was carried cut manually grain by grain.

20 Then, the threshold value was exceeded at a 10 mm (L2 - L1}
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75 0 - As is apparent from Table 1, in Exanples 1 to 3, the
phot oel ectric sensor was not buried in the catalyst, and the catal yst could
be packed into the reaction tube 5precisely up to a predetern ned hei ght.
To the contrary, in Conparative Exanples 1 and 2, the sensor could not
detect the threshold value and was buried in the catalyst. [0033] (Exanple
4) 10The packing of the catalyst was carried out in the sanme manner as in
Exanpl e 1, except that the follow ng conditions were used.
Phot oel eplsiit isandarom E32- biPRofabbeesdaseri bed) (detection distance in
hi gh accuracy node when a white 15drawi ng paper is used as a standard
det ecti oriOojddéct = 300 nm; Mdde: high accuracy node Threshol d val ue: 3,000
The packing was carried out manually grain by grain. 20Then, the threshold
val ue wasEeexeecded)at a 10 nm (L2 - L1)
The packing of the catalyst was carried out in the
5 same manner as in Example 1, except that a silica-alumina
catalyvst having the following shape {(manufactured by Iwao
Jiki Kogyo Co., Ltd.; a porous ceramic compact of silica-
alumina) was used and the following conditions were used.
(1} Spherical compact (diameter: 6.35 mm)
10 (2) Ring compact (outside diameter: 6.5 mm, inside
diameter: 3.5 mm, length 6.4 mm)
Photoelectric sensor: E32-D12E (above-described)
Mode: standard mode
Threshold value: 3,000
15 The packing was carried out manually grain by grain.
As a result, catalyst (1) exceeded the threshold
value at a 10 mm (L2 - L1) position from the tip of the
sensor and catalyst (2) exceeded the threshold wvalue at an
8 mm (L2 - L1) position from the tip of the sensor.
20 In the above Examples, a single lane of a belt

conveyor was used as belt conveyecr 4. Also, the flow rate

of dry air in the protective tube was 3 L/min.

- 23 -



position fromthe tip of the sensor. [0034] (Exanple 5) The packing of the
catalyst was carried out in the 5 sane nmanner as in Exanple 1, except that
a silica-alum na catal yst having the foll ow ng shape (manufactured by |Iwao
Ji ki Kogyo Co., Ltd.; a porous ceram c conpact of silica-alumna) was used
and the follow ng conditions were used. (1) Spherical conpact (dianeter:
6.35 mm 10(2) R ng conpact (outside dianeter: 6.5 mm inside dianeter: 3.5
mm length 6.4 nmm Photoelectric sensor: E32-D12R (above-descri bed) Mde:

st andar d reflerdhcesbogdsvalige: 3,000 15The packing was carried out manually
grain by grain. As a result, catalyst (1) exceeded the threshold

val ue at apd®smm (L2 - L1) position fromthe tip of the sensor and catal yst
(2) exceeded the threshold value at an 8 mm (L2 - 1,1) position fromthe
tip of the.senspheotlO B-thec-aboygoExanples, a single | ane of a belt
conveyor was used as belt conveyor 4. Also, the flowrate of dry air in the
protective tubegyas,3 L/mn. Reference Signs List [0036]

5 3: Catalyst
4: Belt conveyor
5: Protective tube
6 Branch tube
10: Reaction tube

- 24 -



1: Photoelectric sensor 2: Signal 53:Catalyst 4: Belt convey

or b5:

Protective tube 6: Branch tube 10: Reaction tube Wat is clainmed is: 1.

A nmet hod for packing a solid catalyst into a reaction tube f
side of the reaction tube, conprising 5the steps of:

di ffuse-reflective type photoelectric sensor in the reaction
a white drawi ng paper is used as a standard detection object
detection di stance as a_naxi num di stance possible to detect

det ect i onlodf ekt ¢s52We¢hihSa range from 90 to 1,000 nm and

packi ng height of the catalyst by the photoel ectric sensor,

t he packing of the catal yst when the packing height of the c
a

romthe upper

di sposing a
tube, wherein
and a

t he 10standard
detecting a

and st oppi ng

at al yst reaches

1. A method for packing a solid catalyst into a reaction

tube from the upper side of the reaction tube, comprising

5 the steps of:

disposing a diffuse-reflective type photoelectric

sensor in the reaction tube, wherein a white drawing paper

is used as a standard detection object and a detection

distance as a maximum distance possible to detect the

10 standard detection object is within a range from 90
1,000 mm; and

detecting a packing height of the catalyst by

to

the

photoelectric sensor, and stopping the packing of the

catalyst when the packing height of the catalyst reaches a

15 predetermined value,

wherein control means is used to stop the packing of

the catalyst into the reaction tube when detection
irradiated downwardly from the photoelectric sensor
reflects on a surface of the packed catalyst and th
20 guantity of light received returning to a light rec
section of the photoelectric sensor exceeds a prede

threshold wvalue.

light

e
eiving

termined

2. The method for packing a catalyst according teo claim

25 1, wherein the packing of the catalyst is stopped using
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15pr edet er m ned val ue, wherein control neans is used to stop the
packi ng of the catalyst into the reaction tube when detection |ight

irradi ated downwardly fromthe photoel ectric sensor reflects on a surface
of the packed catalyst and the 20quantity of |ight received returning to a
| i ght receiving section of the photoel ectric sensor exceeds a predeterm ned
t hreshol d val ue. 2. The nethod for packing a catalyst according to claim
251, wherein the packing of the catalyst is stopped using - 25 - control
means f orc@toppl it EvhVIESH ntf PR oFO TRy kad drsats BL Rt @@id b tsi gnal
output fromthe photoelectric sensor. 3. The nethod for packing a catal yst
accor di ndey & Glefigntior <ignher@itiuthel priotoet a9 e 5xisHrC | FERHRE + eact i on
tube is covered with a protective tube, and air, an inert 5gas or a m xed
gas thereof flows fromthe upper side toward the |ower side in the
protective tube.



3. The method for packing a catalyst according to Claim
1 or 2, wherein the photoelectric sensor in the reaction
tube is covered with a protective tube, and air, an inert
gas or a mixed gas thereof flows from the upper side toward

the lower side in the protective tube.



