METHOD FOR PACKI NG CATALYST BACKGROUND COF 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.
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10 Description of the Related Art. [0002] It is comoDn to use,
packi ng solid particul ates such as catalysts into a fixed-bed
15t ubul ar reactor, a method in which the solid particulates are

packed by falling of theMBaRPPcHPBt BACKEBM 8RTHpPEF 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

t ubes.

reacti on tube,

pressure | oss of catalyst |ayers anong the reaction tubes, and can
facilitareelbleopackengnopatabhon. 25[ 0003]
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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 1in an industrial scale.

Description 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 methoed 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 of 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
operation.

[0003]

as the

20There is required, as the nmethod for packing a catalyst into each
a met hod BhGKGRasNDeo8& VHEiI aWVBRTIL@Npacki ng hei ght and



JP2009- 82865A di scl oses a nethod in which, when a catalyst for the
production of an unsaturated al dehyde or a catalyst for the production of
an unsaturated carboxylic acid prepared multiple tinmes is packed into each
reaction tube of a fixed-bed nulti-tubular reactor, the variation in
pressure | oss in each reaction tube after packing the catalyst is

sati sfactorily suppressed and the catal yst is packed nore sinply and easily
by wei ghing individually the catalyst for each reaction tube w thout

dependi ng on byFR096d8RSPEH Eischeseat al psthed thavhifk, wehghtaof the

catal yst packed into one reaction tube is within a range from99 to 101%
rel ati ve dagadrysdvdoagéheabuedaft-teachoferghtingbttinetedt allyshypackedai nt o
each reaction tube, and then packing individually the catalyst into each
reacti on dauld ysar tflvat thst beopackiing pdt enofinsheéucatallystrbnkglone reaction
tube is within a range from80 to 120% relative to an average val ue of each
packi ng ratiel igi=paeadhmueacbilenttinbe. 1Al packdB200908286hArdhaeloaes a

catal yst packi ng machi ne that can supply a catalyst to each reaction tube

in 20a gicver w4ppl ¥ikakepby autenveyenlaprdrsherben the operatien thme
reqU|red to supply a catalyst to the reaction tube, and al so can reduce the

wor ker' r%%%hr%nqo%%p@he§§c5h%eﬁé%h%h'Qﬁbbna@E%§SHé€kEH§Sth@ cat al yst
| ayers. [0004] 25However, the above conventional nethods have a problem

that thec%%%‘i%to s%%%&%éf)é?}o% gfegugggteslged hghede! thghg%' ky for each

reaction tube, icu ust the height o catal yst | ayer

peced | BB, LR LaB e B B SLTLIEE LB din

catalyst for each reaction tube without depending on bulk

10 density of the catalyst so that the weight of the catalyst
packed into one reaction tube is within a range from 99 to
iOl% relative to an average value of each weight of the
catalyst packed into 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 required 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



the operation tinme 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
invention is to provide a nmethod for packing a catalyst used mainly in a
fixed-bed multi-tubular reactor, that can shorten the |labor tine 15
required to supply a catalyst to reaction tubes and reduce the worker's

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

| ayers. pooDEem0Tiaé phesenpunfivefit or Sahav#sinpeakedenyssthdi ed to sol ve
t he above problem As a result, they have found that the above object can
be achi ewedghien! dasie vadeaflalyy$bri saphckedciato eubh, readtibnisube of a

fi xed-bed nulti-tubular reactor, by inserting a diffuse-reflective type
25phot oelkdedtfriicmlsensorndrinsa the heaghtonft eabeatuplystalapeedetekadned

hei ght, detecting the height of the catal yst by the photoelectric sensor,
and packiing ekt Gakakysh kndevidual byebatersaabdr racthon tohes sat hat the
packing is stopped at the predeterm ned height, and thus the present

5i ngenti grshas dreenieonpl ebede EARO0FLoBhaksI SuchhesmehbetehOhgpaeki ng a
catal yst of the present invention includes the follow ng constitutions.
the operation time required to supply a catalyst to

reaction tubes and reduction of the worker’s labor, and

variation in pressure loss in catalyst layers.

10 SUMMARY OF THE INVENTION
[0005]

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

15 required 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.

[0006]

20 The present inventors have intensively studied to
solve the above problem. As a result, they have found that
the above object 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 sensor into the reaction tube up to a



(1) A nethod for packing a solid catalyst into a reaction 10tube fromthe
upper side of the reaction tube, which conprises: di sposing, in the
reaction tube, a diffuse-reflective type photoelectric sensor in which a
white drawi ng paper is used as a standard detection object, and a detection
15di stance as a maxi num di stance that enabl es detection of the standard
detection object is within a range from90 to 1,000 mm and detecting a
packi ng height of the catalyst by the photoel ectric sensor, and stopping

t he packprgdefternén2gcatabnst dAreacthadpabRi hgiaktghf bhet petehyaryst
reaches a predeterm ned value. (2) The nethod for packing a catal yst

accor di ngpyt 6hel photbereict rtihe spaskirngaofl phekeagatst cesasyspped using
control neans that stops conveying neans of the catal yst by 25a detection
si gnal ounhputyiduahltyhénpbotaeheckectisensobe so( BhaThehaephoklifigripacki ng a
catal yst according to (1) or (2), wherein control neans is used that stops
t he packistgppkd he eakabysteitbiraihbe heaghtonahdbehubeohdepesténn | i ght
irradi ated downwardly fromthe photoel ectric sensor 5reflects on a surface

of tshe pagkedteahahyst hared tbepguarhity of |ight received returning to a
| i ght receiving section of the photoel ectric sensor exceeds a predeterm ned

t hreshol d ppalye.
 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 thé 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 90 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 of the catalyst reaches a
predetermined value.
(2) 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.



(4) The nethod for packing a catalyst according to any 10one of (1) to (3),
wherein the photoel ectric sensor in the reaction tube is covered with a
protective tube, and air, an inert gas, or a m xed gas thereof flows from

t he upper side toward the |lower side in the protective tube. [0008]
15According to the present invention, in case a catalyst is packed into
each reaction tube of a fixed-bed nulti-tubular reactor used in an

i ndustrial scale, the height of a catalyst layer in each reaction tube
after padRing The wathbystforapabkiggtat ocahapyeteterdidizny hed ght) 20mi t hout
previ ously measuring the weight of the catal yst, and the above catal yst can
be packedzmmpr ghsiraphy candreasimkynsAssauseduthatt heoparilt i packingressure

| oss in each reaction tube is satisfactorily suppressed when the reactor is
used, andfdisbrchutigatofintbetnat akystibn eavh weant debte2bichel 1gmds to be
identical. Accordingly, the present nethod has the effect capable of

preventi ngrbheadilf gbeAGEaral yr eashi eReSpabEobREVEENCT €@CEbON t Ubes,
facilitating the tenperature control for reaction tubes and reducing the

costs of theieatal yat ausiRgaHR E?etﬁét?h¥§édiBaﬁéﬁﬁsfeéﬁéiéﬁbtybe until its
life. _ Al so, when the photoelectric sensor in the reaction tube is
cover ed ﬁhgﬁtétp{g e?%?g%t%Qggivéadrétﬁrnﬁﬁg'?Sré YEGn O r &M £y 9as

t hereof i's supp e profective tu romt upper side; as

descri be%teic@i%.) o' tthiez %8983%%%%16{:25?558?”&% 8%&%%%@%%%%@& gitivity

of alig receiving's ron-an ctionlig ctric
sensor b%h?%%koi%'%%ﬁge[n the reaction tube when packing
(4) The method for packing a catalyst according to 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 According 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 the 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



the catal yst. Thus, the present nmethod has the effect capable of carrying
out stabl e packing operation of the 15catal yst over a | ong period. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0009] Fig. 1 is an explanatory
vi ew showi ng an enbodi nent 20of the present invention. Fig. 2is a
cross-sectional view show ng an exanple of a protective tube in the present
i nvention. DETAI LED DESCRI PTION OF THE I NVENTI ON The present invention
will be described in nore detail below with reference to_the drawi ngs. Fig.
1 is an agphadahepytirenisneh AgPaklenpbdPReRENBENE hehpresERRT$v@enti on.
5[ 0011] As shown in the drawing, in the nmethod for packing a
cat al yst ocdccenditagnt stehe beewean ragehipontuled: f fastlieitEreyivieet ype
phot oel ectric sensor 1 is disposed in a cylindrical reaction tube 10 of a
fi xed- bedempktrettububanttOiefiororeactipbnserbed &ndnrefecuppethsi de into the
fixed-bed nmulti-tubular reactor. Then, a solid catalyst 3 is conveyed from
t he upperosicdefbyha bekttlgenveyongdppantdef abtslystt he toverrsacdeiof the
reaction tube 10 thereby being packed in the tube.
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 reduction 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 explanatory view showing an embodiment
20 of the present invention.
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]



15The photoel ectric sensor 1 detects a packing height of the catal yst 3.
When t he photoel ectric sensor 1 detects a sign that the packing hei ght of
the catal yst reaches a previously set height, the packing of the catalyst

i s stopped. 20[0012] The photoel ectric sensor 1 in the present
invention refers to a so-called diffuse-reflective type photoelectric
sensor in which [ight such as visible light and infrared light is used as a
| i ght source, and light froma detection 25section (irradiation section) is
em tted as sighak prghent andenhéoni yhilriee| desediPe®ma ®efecti on obj ect
is detected at a light receiving section. [0013] By using such a

phot oel edettind Isbrdor ¥itHereferonceanosSbeecaravedodut Rid-houtl<cdit acti ng
with a catalyst, and thus neither the catalyst nor the sensor per se is not
damaged. eAbdanasiomgevdeveshbwnnpsavcaembedinahtbyf stuhé apeesefitecti on on the
catalyst, there is an advantage that the packi ng height of the catal yst can
be precisekgndevected. There is 10al so an advantage that the sensor 1 has a
long life and hardly needs mai nt enance. [0014] The net hod for
packi ng aopoatal yst is a nmethod that includes the steps of inserting the
phot oel ectric sensor 1

As shown in the drawing, in the method for packing a
catalyst aécording to the present invention, a diffuse-
reflective type photoelectric sensor 1 is disposed in a
cylindrical reaction tube 10 of a fixed-bed multi-tubular

10 reactor, or inserted from the upper side into the fixed-bed
multi-tubular reactor. Then, a solid catalyst 3 is
conveyed from the upper side by a belt conveyor 4, and
falls to the lower side of the reaction tube 10 thereby
being packed in the tube.

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

20 [0012]

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

25 section (irradiation section) is emitted as signal light,



15into reaction tube 10 up to a predeterm ned height while a detection
section and a light receiving section face the | ower side of the reaction
tube 10, initiating the packing of the catalyst 3, detecting the height of
t he packed catal yst 3 using the photoelectric sensor 1, and stopping 20t he
packi ng of the catal yst when the height of the catalyst 3 reaches a
predet er m ned packi ng height. [0015] In the photoelectric sensor 1,
detection |ight emtted fromthe sensor 1 reflects on the surface of
a 25det eeficoithebjlésht( eafakysey Amanr at defsctécq PPYREt fecepvPR§eSection
of the sensor 1, and the light quantity returned (the quantity of |ight
recei vedrti @ doweér tredeiintioga segrerincal val ue. The nunerical val ue

i ncreases or decreases depending on the increase or decrease of the
S5quanti ty08fL3li ght 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 semsolisinandutheadehecbkedBcabieckehsokal gedeseateotheaguantity
of light received is small, a small nunerical value is presented. 10To the

conty ary peasathie «di stiange thetmeesnthetsagsanth andatheydet eghioshabj ect is
closer, the light quantity returned to the |ight receiving section
I nCreases,e iahe ! heelara ykhe nodmhecaknkalugebecenes hatgaamaB¥aeasuring
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
catalyst 3 using the photoelectric sensor 1, and stopping
20 the packing of the catalyst when the height of the catalyst
3 reaches a predetermined packing height.
[0015]
In the photoelectric sensor 1, detection light

emitted from the sensor 1 reflects on the surface of a

25 detection object (catalyst) and returns to a light



previously the relation of an actual distance between the 15sensor 1 and
the detection object to the nunerical value representing the quantity of

| ight received, it is possible to determ ne the di stance between the sensor
1 and the detection object on the basis of the nunerical value representing
the quantity of light received. Also, it is 20 possible to adjust the
packi ng height of a catalyst in the packing of the catalyst by setting a

t hreshol d val ue on the nunerical value representing the quantity of |ight
recei vedrbyetiNéngenseeion Phushet henpatkingahéi Ghe i ghhedeataly¥t can be
adj usted by determ ning an inserting position (L1) 25of the sensor 1,
setting aethreshol(dheabtiuensatvhefnbiehtcapceyupde Feprelenriag thecquantity
of light received by the sensor 1 on the basis of the distance between the
cat al yst aandmtehécsénseiué.i Mz tramyst i ackvagudeirgiteasfes e cat al yst, then
commenci ng the packing of the catal yst, detecting the 5packi ng hei ght of

t he cat algstchgekheepuneingabnvaheeinepeasenvingetheaguantitlyeof |ight

recei ved by the sensor 1, and stopping the packing of the catal yst when the
packi ng heikaht +9f okheigatakystikveachesdaipr edepespiped val getedbe threshol d
val ue can be optionally set depending on the 10packi ng hei ght of the

catal yst +nE0Q18k ance petlikehStReSsERLErt @ QHHtheadétQB@ioﬁr@Bﬁéﬁﬁ
phot oel ectric sensor 1 when exceeding a predeterm ned threshold val ue

dependi ngy,0Q taﬁeabgﬁ% BeatLased packLno.Ahebalb of Lhe eatalyst 3 in the

phot oel ectri ¢ sensor e workers may be infornmed of the conpletion of

the packy @%e%ElgaeogggékV§g RUL0e SLaRal cnlohugHBIDY Cor DY @ubl i nKI ng 1) 9Nt

a warning ton can sfop e pack e cat yst manual | y.

Alternat%g%EXVehhgs small, a small numerical value is presented.

10 To the contrary, as the distance between the sensor 1 and
the detection object is closer, the light quantity 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 sensor 1 and the detection object to the numerical value
representing the quantity of light received, it is possible
to determine the distance between the sensor 1 and the
detection object on the basis of 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 of 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 (Ll)

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



20packi ng may be stopped by sending a stop signal fromthe photoelectric
sensor 1 through control neans to belt conveyor 4 conveying the catal yst 3.
[ 0017] The detection di stance between photoel ectric sensor 1
25and a detection object represents a distance (maxi nrum distance that
enabl es detection of the detection object) at which detection starts, i.e.,
the quantity of light received starts to increase, when noving the
detection section of the photoelectric sensor 1 closer to the 5detection
obj ect. value rgheedestancetdet eeanabley byt hegphoroeteediky set®or 1 may
usually be 90 to 1,000 mm preferably 100 to 500 nm nore preferably 100 to
300 nm wheRoa $t andahd detest pOnthbj ecstagcaseetescna et ecatiahvdbj ect. For
exanple, a white 10drawi ng paper (i.e., a white material: a materi al
showi ng antdethectanserol 26%otangee pachimgshéieghtightthegtarglean, be used
as the standard detection object. When the detection distance

obt ai nedtushngomamshandar dhdepecking obj eaé tstshost erdéhent By nrhea case in
whi ch a 15catal yst can not be detected until it reaches the proximty of

thessensggcking. heﬂ@ht'th€h§98§@él?§tbbyl@ﬂelﬂuﬁéﬂl@@la$y§&é may occur.
Also, if the detection distance is longer than 1,000 nm a case in which

Interferencecuthbihjecpal hugatfﬁpe@@t 1 98nt upsc@s;@@aswn@hgeg&%wnl of a
preci se 20position I's inpossible may occur. 18]
and stopping the packing cf the catalyst when the packing
height of the catalyst reaches a predetermined value. The
threshold value can be dptionally set depending on the
10 packing height of the catalyst.
[0016]

It is possible to output 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 sensor 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 contﬁol 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 -



As the above-nentioned diffuse-reflective type photoelectric sensor 1, for
exanpl e, an. optical fiber type of photoelectric sensor manufactured by
Omwon Corp. (E32 25series), a photoelectric sensor nanufactured by Keyence
Corp. (PS/PZ series) and the |ike can be used with appropriate sel ection.
In this case, the photoelectric sensor 1 nmay be either of a sensor with a
built-in anplifier or .a sensor with a separate anplifier. 5[0019]
(Reaction Tube) The reaction tube 10 used in the present invention
i s one usédtPnacs EBafANRPXed- BeBeRllPT- PhbtRar dpEAEFSPT L HRISFS) at
industrially used and includes usually several thousands 10to several tens
of thous@&hdshofleteatiponstabes, Fhe-eoutbpdeudnhibyepfotigieh a reaction
tube is usually from, about 10 to 60 nm the wall thickness of the
reacti onregbevies sseakbytbr oncabeat, lwhensmamingnthehdetengidnof the
reaction tube is usually fromabout 0.3 to 10 m 15[ 0020] (Catalyst)
The cat alsgstipackédthnt phbhecaboveiceaehson 1ubgoidlri hot hieepresent
invention is not limted to a particular one as long as it is a catalyst
for sa reagetienicar bbgdceut 20 using a fixed-bed nulti-tubular reactor. The
catalyst is preferably a solid. This is because a |arge surface area can be
ensured easilyTthe Hhetkgact H8BetEBBle by the photoelectric sensor 1
may usually be 90 to 1,000 mm, preferably 100 to 500 mm,
more preferably 100 to 300 mm, when a standard detection
object 1s 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 object is shorter than 90 mm, a case in which a
15 catalyst can not be detected until it reaches the proximity
of the senscr (i.e., until the sensor is 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 of 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 Omron Corp. (E32

25 = series), a photoelectric sensor manufactured by Keyence

- 11 -



Exanpl es of the catal yst include a catalyst for the production of ,
unsat ur ated al dehydes and unsat urated 25carboxylic acids, a catal yst for
t he production of wunsaturated carboxylic acids, a catalyst for the
production of unsaturated nitriles, a catalyst for hydrogenation treatnent,
a catalyst for the production of chlorine and the |ike. Anong these

catal ysts, a catalyst for the 5production of unsaturated al dehydes and
unsat urated carboxylic acids and a catal yst for the production of

unsat ur aCedrcar(B6XyELi 6caéeds and phef éikbl eanpranpred ¥ithhe catal yst for
t he production of unsaturated al dehydes and unsaturated carboxylic acids
i ncl ude apgat@rystef seleheiddpr obucthioh ofsacrivieiphaimelattdic acid by
vapor - phase contact oxidation of propylene with nol ecul ar oxygen, and a
cat al yst skorsdrhé prgduet ednhef ¥t haseokeicnwand aebhatcrylinc acid by
vapor - phase contact oxidation of isobutylene or tert-butyl alcohol wth
mol ecul anmPrygerRr brxagpkessoel whehlacatphystef amplbheiproducti on of

unsat urated carboxylic acids include a catalyst for the production of
acry i c gejiod gy vapor-phase contact oxidation of propane with nol ecul ar
oxygen, a catalyst for the production of acrylic acid by vapor-phase
contact oxldati;en ef;pagrolein with nol ecular 20oxygen, and a catalyst for
t he production of methacrylic acid by vapor-phase contact oxidation of

met hacr ol ei n wig qgggggéart%ggﬁﬂ-uEéﬁzghe%Qf?E%eﬁét ahystcfon he

production of unsaturated nitriles 1nc e a catalyst for the production of

avr ! onl Skl e JR0a" cBRARE G9NLAChoASAITTRY €abLeR, OkoREPRY! ERE OF Propane

is industrially used and includes usually several thousands

10 to several tens of thousands of reaction 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 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 large surface area
can be ensured easily in the reaction tube.

Examples of the catalyst include a catalyst for the

production of unsaturated aldehydes and unsaturated

25 carboxylic acids, a catalyst for the production of

- 12 -



and anmoni a, and a catal yst for the production of nethacrylonitrile by
vapor - phase catal yti ¢ anmoxi dati on of isobutylene or tert-butyl al cohol

wi th nol ecul ar oxygen and amoni a. Exanpl es of the catal yst for

hydr ogenati on 5treatnent include a catalyst for reacting sulfur conpounds
and/ or nitrogen conpounds contained in a petroleumfraction wth hydrogen
to renove or reduce the sul fur conpounds and/or nitrogen conpounds in the
products and/or hydrogenol ysis catalysts for |ightening heavy oil.

10Exanpl esseturhéedararskslioraches praduetfbrsof fehl B¢ Nl Wt el a

catal ysts for the production of chlorine from hydrogen chl oride and oxygen.
The shapefofinsatalypsed3nisrhbespant ceubdyby Fom hedragenatben exanpl e, may
be in a cylindrical, spherical, or 15 ring form Also, the bulk density of
t he abovereatakyst mayabelustafby thenpOo8utvidnb5of/ahlomhme prederably from
0.8 to 1.3 g/m. [0021] (Conveying Means of Catalyst) 20ln Fig. 1, in the
present ineentiken, Ahere tisesseshitaINpdthod 4 ncadd ohsta fat ahyst 3 is conveyed
by belt conveyor 4 and packed into a reaction tube 10 by falling fromthe

upper si deoddevwever ort heseen¥eybadalBan§dks Anl pasitevhasdy limted. It is
possi bl e to replace the nmeans, 25for exanple, with an apparatus conveying a

catal yst -Byy,oghVi R %k REALHAN,T 8482 EQBVEYHRTthaNSro@hicBloRPPAr at us such as:
alift or acrane, and it 1s also poSsible to carry out the conveyance by

2gggéyé\fﬂgggﬁtﬂgg%gggggg%ggglEéi 09: 80 3PRapALYUs eguL PPad. Mt A el t
the catalyst for the production.of 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 molecular
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 oxidation 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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5conveying a catalyst by giving vibration to a conveying lane is preferable
fromthe viewpoint that it is easy to control a packing rate in the packing
of a catalyst into each reaction tube 10. A catalyst is packed into each
reaction tube of a fixed-bed nmulti-tubular reactor so that 10t he packing
rate in the packing of the catalyst into each reaction tube is constant,
and t he packing height of the catalyst in each reaction tube is uniformy
set by photoelectric sensor 1. By packing a catal yst so that the packing
rate in eachameactieonandbe cstebdmstafbty ahd pevdingidbdthe packi ng hei ght of
the catalyst uniformy as described above, it is possible to satisfactorily
control tkeheariyabnanriinepbgssaperk-pasasenceaehyteéactmmoxidbeiafitef the
packi ng the catalyst. In the case of packing a catal yst using an apparatus

20equi ppedowiutlylankeblr eervepary4d alcanoappatcatmsltonlsonveyyay andatal yst
by giving vibration to a conveying |l ane, the packing rate is usually from5

to 60 o/ semonaRd PERERHBBLYofTome %é@ﬂ%@lﬁ@@ h{@022dn25(d? ot ecti ve Tube
for Photoel ectric Sensor) own in Fig. 2, a photoelectric

sensor tQQﬁtR%ngsQQClhEeHQC%§§§ﬁ¥Stb¥okn§géhtEgg'QE@f@rpééﬁﬁguhH§ tube 5.
In such a case ry air, an inert"gas or a m xed gas thereof may be fed

froma tg%%/%ﬁgﬁﬁfa% ng coa ohng S'ﬁgﬁtgﬂméhhﬁnpéohg‘&by @ugﬁaéuwrough a

gap between't nt ernal e protectlve t e externa

de of ph t 1t h cti t ube 5,
o “odnt THEZS %oeﬁ?i—”t%?wsg%s%ﬁ&cgm% PEEeB PREP PR s el e

ni trogen, % %&ught%% %% %g%poﬁnds in the products and/or

hydrogenolysis catalysts for lightening heavy oil.

10 Examples of the catalysts for the production of chlorine
include a catalysts for the production of chlorine from
hydrogen chloride and oxygen.

The shape of catalyst 3 is not particularly 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 invention, there is used a
method in which a catalyst 3 is 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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10l i ke. The photoel ectric sensor 1 nmay be inserted into a mddl e position
of the reaction tube 5 or a position near the wall of the reaction tube 5.
The shape of the protective tube 5is not limted to a particular one. The
material of the protective tube 5 is not 15particularly limted and
exanpl es thereof include a stainless steel tube, a plastic tube, an

al um num tube, a rubber tube and the like. Also, the size of the protective
tube 5 is not particularly limted, but it is preferable that its inside
di anet er gpravigdesbrheiabove gaposveyhay Haye20arranamppaertugasudr a m xed
gas thereof flows, and that its outside dianeter is small as conpared with
the inside di anetebrof theneeaghidontt ibeassot hatstihie packiagrpfowt cat al yst
is not prevented. [0023] 25Wen the falling distance of catalyst 3 in

reactiontphbuben@yhackoBg, nkha.i mehdley ofhdde, reasdiiou tutiegl@rbecones a
ci rcunstance containing a |arge anmount of dust. The above-nentioned

g:g::c}Léﬁgggﬁ%ué Eéu&ﬂ?@ﬁt@Qtﬁradb§@eségn58ybbe4r@ﬁcéﬁoﬁp@é$ﬁtd@ in a
g Sphotoelectric sensor 1, and protects the photoelectric
5 conveying a catalyst by giving vibration to a conveying
lane is preferable from the viewpoint that it is easy to
control a packing rate in the packing of a catalyst into
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, it is 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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sensor 1 fromdust generated upon the packing of a catalyst 3. Thus, it
becones possible to maintain the accuracy of the photoel ectric sensor 1,
and al so to use the photoelectric sensor 1 in a nmaintenance-free manner
over a 10l ong period. [0024] In this connection, it is preferable to
insert the photoelectric sensor 1 fromthe upper side of reaction tube 10
wi thout contacting with the reaction tube 10 in order to 15mai ntain the
accuracy of detection light and a light receiving section, although the
present i nvent Renshewnotin| Fh't ed: t ® PhetpateFell ars¢ashi oh. "Bk Ll es
20[ 0025] ~ The present invention will be described in nore detail by
way of Exaerplesf betesherpr ebgninsavenngonnts aopréiedtede thHepetod. [ 0026]
25(Ref erence Exanple) <Preparation of Catalyst> As a catalyst, an acidic
salt of anKegghnat ypeecof dhet et opokyachdrecoptai arng phesphozrss, nol ybdenum
and vanadi um (a cylindrical extrusion product having a dianeter 5of 5 mm
and a heitght-off hafmbewasdprepar adtdBet bMesahbhing from the side of
5 the protective tube 5, through a 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 photoelectric 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 one.
The material of the protective tube 5 is not
15 particularly limited and examples thereof 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 is not prevented.

[0023]

25 When the falling distance of catalyst 3 in reaction
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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 production lot, and it has been found that the average val ue of
the bulk density is 101.15 g/m, the maxi numvalue is 1.20 g/m, and the

m nimumvalue is 1.09 g/m . The bul k density was neasured according
to the followi ng nethod. Thus, about 190 ml of the catalyst was taken and
the weight [W(g)] was neasured. The wei ghted 15catal yst was then packed
into a gkabs Adaser ilrggeykhadérshaei Ag égeiﬁ@ﬁ@élﬁﬁaﬁ%?%rl%fb%%oﬁﬁ§and a
vol une of 200 m, and the neasuring cylinder was tapped 40 tines froma

hei ght of 20rmmmshaaceubbetadmtnbawi Agraet hincknesefofluts nm The packi ng
volume [V (mL)] of the catalyst was read 20to an accuracy of 0.5 m, and

t he bul k densi tryhe( gboie-mastcahedl aredebyidevidbagd W gindyriedndy. [0027]
(Exampl e 1) A packing test of the catalyst was carried out in
a 25st andasgorede iandnat raathiesheldevabuenot 3080¢ WsthgdE3@- D32L

(Manuf actured by Onron Corp.; reflection type: special beamtype; detection

di stsance g rlardand cmede swhen , aawhi beodeawsnghpaprotbslesedias a standard
detection object = 150 mm as a diffuse-reflective type photoelectric

sensor 1sie%s§ Clr &t hrashgkdovakug Wasnseheabadl9hy 8Adaushngl E3X- DA- 21S
(manuf actured by Onron rp.”) as an anplifier unit. %Iher conditions were
as Shown3peleﬂhs, it becomes possible to 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 sensor 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 1s not

limited to the particular fashion.

Examples
20 [0025]

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

[0026]

25 (Reference Example)

- 17 -



In this connection, the neasurenent by the photoelectric sensor 1 used in

t he Exanples can be carried 10out in three nodes: a high speed node, a
standard node, and a hi gh accuracy node. Then, the lag tinme from
interruption of a light input to actuation or recovery of a control output
is referred to as response tine. The response tinme differs depending on the
nodes, and is 250 ps in the high 15speed node, 1 ns in the standard node
and 4 nms in the high accuracy node. Length of reaction tube = 1 mlnside

di armet er <8fepeastiion pbeata2gshi I nsertion |length of sensor
(L1) (distance fromthe 20upper end of reaction tube to detection section
of phot oel ectrhe sensbelyst308nmaridic salThecphotBedetr rixrsedSor was
inserted into protective tube 5 (outside dianeter: 8 nm inside dianmeter: 6
m1) nadehekteacpbaiyakbesscsheealin( BYSEB4phands dryoayipdemsni atd oduced 25into a
gap between the photoelectric sensor and the inside wall of the protective
tube in @aegastantaf bowinatecae thatubhenaprofibowshévonythedlppetesi de of

the protective tube toward the detection section at the tip of the

photsoel egter sCcgensar o BZhgnpacki pOmAf Hhe gatphyss wastcmesied out by the
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 190 ml of the catalyst was
taken and the weight [W (g)] was measured. The weighted

15 catalyst was then packed into 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 a
height of 20 mm on a rubber mat having a thickness of 2.5
mm. fhe 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 E32-
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falling of the catalyst fromthe upper side of reaction tube 10 using belt
conveyor 4 at a speed of 20 g/s. Wien the catal yst supply fromthe belt
conveyor 4 is stopped in response to a stop signal output from
phot oel ectric sensor 101 by exceeding the threshold val ue, distance L2

(di stance fromdetection section of photoelectric sensor to catalyst) is
nmeasured and a di stance between the photoel ectric sensor and the catal yst
(L2 - L1) was calculated. The results are shown in Table 1. 15[ 0028]

( Exanpl eD29LTH¥apatathgref PheOwacal GOEP wast ¢ake¢ el Bt YRMIdeTPEHied sane
conditions as in Exanple 1, except that E32-D22L (manufactured by Onron
Corp.; rbkthectipa;tgpeccspeni di sbheane 20t ypeandet@ctédn wiet ancdiite st andar d
node when a white draw ng paper is used as a standard detection object =
130 mm daswiiagdpasea photseliegtriacssaensard 00204 idkxamptet 3) XThe
packi ng of the catalyst was carried out under the sane conditions as in
Exanpl e 4m)exgept dt hatsE32e P12R: { manufast piietodye @ dn Loigor I efd ection
type: standard type; detection distance in standard node when a white

drawi ng papehr hStHsedhdsdavaliandasd detesti dnoopj £6d F=fd HIYpAvas used as
a photoel ectric sensor.
21S (manufactured by Omron Corp.) as an amplifier unit.
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 interruption
of a light input to actuation or recovery of a control
output 1is referred to as response time. The response time
differs depending on the modes, and is 250 pus 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 (L1l) (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 (outside diameter: 8 mm, inside diameter: 6 mm) made
of a stainless steel (SUS304), and dry air was introduced

25 into a gap between the photoelectric sensor and the inside
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[ 0030] (Conparative Exanple 1) The packing of the catal yst was
carried out under the sane conditions as in Exanple 1, except that E32-D22
10( manuf actured by Onron Corp.; reflection type: standard type; detection
di stance in standard node when a white draw ng paper is used as a standard
detection object = 80 nMm) was used as a photoelectric sensor. [0031]

15( Conpar ati ve Exanple 2) The packing of the catal yst was carried
out under the same conditions as in Exanple 1, except that E32-D32

( manuf acvatédobytOar pnoCeepive refibecin on cypetanpeciel P Iy periatdet ecti on
di stance in standard node when a white 20draw ng paper is used as a

st andar dtHet etti 6hoebj Ecom=tHE& uppenasidsedf asha photeet et riwosensor.

[ 0032] The results of these tests were shown in Table 1. [Table 1]
Det ecti onbratanbestiansetbetweeatio?lat the tip of the

photoelectric sensor.

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 conveyor 4 1s 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 photoelectric sensor
and the catalyst (L2 - L1) was calculated. The results are
shown in Table 1.

15 [0028]

(Example 2)
The packing of the catalyst was carried out under the

same conditions as in Example 1, except that E32-D22L

(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 photoelectric sensor.
[0029]
(Example 3)

25 The packing of the catalyst was carried out under the
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di stance (standard node) photoelectric sensor and catal yst(nm Exanple 1
150 317 17 Exanple 2 130 306 6 Exanple 3

same conditions as in Example 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 photoelectric sensor.

[0030]

(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 mode 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
(manufactured by Omron Corp.; reflection type: special beam
type:; detection distance in standard mode when a white

20 drawing 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.

[Table 1]

‘ Detection L2 (mm) Distance between

- 21 -



170 310 10 Conparative Exanple 1 80 0 - Conparative Exanple 2 75 0 -

As is apparent fromTable 1, in Exanples 1 to 3, the photoel ectric sensor
was not buried in the catal yst, and the catal yst could be packed into the
reaction tube Sprecisely up to a predeterm ned height. To the contrary, in
Conparative Exanples 1 and 2, the sensor could not detect the threshold
val ue and was buried in the catal yst. [0033] (Exanple 4)

distance photoelectric
(standard mode) sensor and

catalyst (mm)
Example 1 150 317 17
Example 2 130 306 6
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 into 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 threshold 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.

Photoelectric sensor: E32-D12R (above-described)
(detection distance in high accuracy mode when a white

15 drawing paper 1is used as a standard detection object = 300
mm) ;

Mode: high accuracy mode

Threshold value: 3,000

The packing was carried out manually grain by grain.

20 Then, the threshold value was exceeded at a 10 mm (L2 - L1)
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10The packing of the catalyst was carried out in the sane manner as in
Exanpl e 1, except that the follow ng conditions were used. Photoelectric
sensor: E32-D12R (above-described) (detection distance in high accuracy
node when a white 15drawi ng paper is used as a standard detection object =
300 mm ; Mode: high accuracy node Threshol d val ue: 3,000 The
packi ng was carried out manually grain by grain. 20Then, the threshold
val ue was exceeded at a 10 mm (L2 - L1) position fromthe tip of the
sensor. [POG34JoREXARP EhS) tTReCHaERPN§SBFOFhe catal yst was carried out in
the 5 sane manner as in Exanple 1, except that a silica-alum na catal yst
havi ng t H&0BdIll owi ng shape (manufactured by Iwao Jiki Kogyo Co., Ltd.; a
porous ceram c conpact of silica-alum na) was used and the foll ow ng
condi ti ongxmmpdeused. (1) Spherical conpact (dianeter: 6.35 nm 10(2) R ng
conpact (outside diameter: 6.5 mm inside '
The packing of the catalyst was carried out in the
5 same manner as in Example 1, except that a silica-alumina
catalyst 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-D12R (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 value 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 conveyor 4. Also, the flow rate

of dry air in the protective tube was 3 L/min.
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dianeter: 3.5 nm length 6.4 mm Photoel ectric sensor: E32-DI12R
(above-descri bed) Mode: standard node Threshol d val ue: 3,000 15The packing
was carried out manually grain by grain. As a result, catalyst (1)
exceeded the threshold value at a 10 mm (L2 - L1) position fromthe tip of
the sensor and catal yst (2) exceeded the threshold value at an 8 nm (L2 -
L1) position fromthe tip of the sensor. 20In the above Exanples, a single
| ane of a belt conveyor was used as belt conveyor 4. Also, the flow rate of
dry air irRefdrepeotecgnyelisbe was 3 L/mn. Reference Signs List [0036] 1:
Phot oel ectric sensor 2: Signal 53:Catalyst 4: Belt conveyor 5: Protective
tube 6: Bremsé] tube 10: Reacti on tube

1: Photoelectric sensor
2: Signal
5 3: Catalyst
4: Belt conveyor
5: Protective tube
6: Branch tube
10: Reaction tube
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What is clainmed is: 1. A nethod for packing a solid catalyst into a
reaction tube fromthe upper side of the reaction tube, conprising 5the
steps of: di sposing a diffuse-reflective type photoel ectric sensor
in the reaction tube, wherein a white drawi ng paper is used as a standard
detection object and a detection distance as a maxi num di stance possible to
detect the 10standard detection object is within a range from90 to 1, 000
nm and detecting a packing height of the catalyst by the photoelectric
sensor, afithistoppehgitde packi ng of the catal yst when the packing hei ght of
t he catal yst reaches a 15predeterm ned value. 2. The nethod for packing a
catal yst according to claim1l, wherein the packing of the catalyst is

st opped using control means for stopping conveyi ng neans of the catalyst

20by a defecti o Héemed £oH Pk 4 heo Pt OLELTY§t CiSEHSA readtidhe
met hod for packing a catal yst according to claim1 or 2, wherein control

Toan® s SEFE AP PRy Raciag of Lhe spichich uabe benppasiign (L0t
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 to
1,000 mm; and
detecting a packing height of the catalyst by the
photoelectric sensor, and stopping the packing of the

catalyst when the packing height of the catalyst reaches a

15 predetermined value.

2. The method for packing a catalyst according to claim
1, wherein the packing of the catalyst is stopped using
control means for stopping conveying means of the catalyst

20 by a detection signal output from the photoelectric sensor.

3. The method for packing a catalyst according to claim
1 or 2, wherein control means is used to stop the packing
of the catalyst into the reaction tube when detection light

25 irradiated downwardly from the photoelectric sensor



reflects on a surface of the packed catal yst and the quantity of [|ight
received returning to a |ight receiving section of the photoelectric sensor
exceeds a predeterm ned threshold value. 5 4. The nmethod for packing a
catal yst according to any one of clains 1 to 3, wherein the photoelectric
sensor in the reaction tube is covered with a protective tube, and air, an
inert gas or a mxed gas thereof flows fromthe 1Oupper side toward the
| ower side in the protective tube.

reflects on a surface of the packed catalyst and the

quantity of light received returning to a light receiving
section of the photoelectric sensor exceeds a predetermined

threshold value.

5
4. The method for packing a catalyst according to any
one of claims 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
10 upper side toward the lower side in the protective tube.
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