DESCRI PTI ON TI TLE OF | NVENTI ON: METHOD FOR PRODUCI NG AROVATI C HYDROCARBON
TECHNI CAL FI ELD 5[ 0001] This invention relates to a nethod of effectively
produci ng aromati c conpound such as benzene or the |ike and hydrogen from
| ower hydrocarbon such as net hane, ethane, propane and/or the |ike, and
particularly to the nmethod of effectively producing aromatic conmpound such
as benzene or the like fromlower hydrocarbon by using 10a catal yst.
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BACKGROUND ART
[0002] Hitherto aromatic compound such as benzene, toluene, xylene or
the like 1s produced mainly from naphtha. As production methods for
naphthalenes, a non-catalyst method such as a solvent extraction
15  process for coal or the like and a gas thermal cracking process for
natural gas, acetylene or the like are employed.
[0003] However, according to these conventional methods, only several
percents of benzene or naphthalenes can be obtained relative to a raw
material such as coal, acetylene or the like. Additionally, much
20 by-product aromatic compounds and hydrocarbons, tar and insoluble
carbon residues are produced, which offers problems. Additionally, there
is such a drawback that the solvent extraction process for coal or the
like requires much organic solvent.
[0004] As a production process for hydrogen gas, a steam reforming
26  process for natural gas or naphtha is the mainstream; however, this
requires a high temperature such as around 900 °C, requires burning
much raw material in order to maintain a reforming temperature, and
uses steam in the amount of 3 to 4 times the theoretical required
amount in order to prevent the activity lowering of a catalyst thus

30 consuming much energies. Further, there is, for example, such a

problem that much carbon dioxide as a grovel warming substance is



-2- generated as reform ng and burning products. [0005] As a nmethod for
produci ng aromati ¢ hydrocarbon such as benzene, naphthal ene or the |ike
from | ower hydrocarbon such as particularly nmethane, it is known that
met hane is directly deconposed 5 on a catalyst in a systemin which no
oxygen exists, which is a direct convent¥on process for nethane (see, for
exanpl e, Patent Citations 1 to 4). As the catalyst in this case,

5 zeolite is assuned to be

mol ybdenum, 1 ' or, the like garried on HZSI
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a catalytic activity is remarkably | owered ow ng to carbon deposition, and
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conpound aRdrigdeddedne thma s tisiarowydhadarsshasadh diseody evemmtsedne or
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aromat i ¢ hydrocarbo hydr ogen. PRI OR ART_CI TATI ON PATENT Cl TATI ON
[0007] Pat @HEIRY 08¢ -5 78phRede apanamd ke bearigdase dsmatlentexamald,on 2:

J g . 38 Ratent Citation 3. Japanese. Patent
P?gs?gfgngﬁ%g%ﬁl&%gté%%%i%@ St %Bﬁ?ﬁﬁnm case Hﬁ%?éﬁ?hﬁ F%ﬂﬁé’ﬁt ¥ UsSBanese
Pat ent) oPr ojHesle0n@dl siellpir6B1d @8 tHdhe 20RBuBHLZA04 3Q0a NI BATENT, &L TATI ON
[ 0008] Non-patent G tation 1. JOURNAL OF CATALYSIS,” 1999, Vo¥urre

remarkably lowered owing to carbon deposition, and a methane
conversion rate is low.
[0006] As a measure for solving the above problems, Patent Citation 1
discloses a method for producing aromatic compound and hydrogen from
15 lower hydrocarbon such as methane, ethane or the like, in which COs or
CO is added to a gas to be reacted thereby suppressing carbon
deposition as a side reaction thus reducing a catalytic activity lowering
due to a reaction. Additionally, Patent Citations 2 to 4 disclose that a
contact reaction for lower hydrocarbon and a catalyst regeneration
20  reaction are alternately repeated thereby stably producing aromatic
hydrocarbon and hydrogen.
PRIOR ART CITATION
PATENT CITATION
[0007] Patent Citation 1: Japanese Patent No. 3745885
25 Patent Citation 2: Japanese Patent No. 3985038
Patent Citation 3: Japanese Patent Provisional Publication No.
2008-266244
Patent Citation 4° Japanese Patent Provisional Publication No.
2008-302291
30  NON-PATENT CITATION
[0008] Non-patent Citation 1: JOURNAL OF CATALYSIS, 1999, Volume



.3- 182, p. 92-103 Non-patent Citation 2: JOURNAL OF CATALYSI S,
2000, Vol ume 190, p. 276-283 DI SCLOSURE OF THE | NVENTI ON 5 PROBLEMS TO BE
SOLVED BY THE | NVENTI ON [ 0009] According to Patent Citation 1, addition of
hi gh concentration of CO2 or COis required in order to carry out a
reaction for obtaining aromatic hydrocar®on upon bringi ng net hane into
contact with a catalyst, stably for a long tine. 10[0010] However, if
excessive (f)gg or gquﬂ% added, an aromatization reaction is obstructed _
t her eby pr V|dPh8 S a problemthat the yield of aromatic hydrocarbon is

| owered. [0011] Nenclénmrftf@ha% or .J%E{NﬂﬂtO@dégﬁb(%%%ﬁ%ﬁbghvﬂ?ﬂﬁl%”e

yield is obtained at" an initial period; however, eposition
reacti on 1bh@api By6ae®&rs so that the activity of a catalyst is lost for a

short period of tine. [0012] Coke dgposited on a catalyst in a reaction
step can bBIPEHNEYRE QFy ENMENTIENp; however, rempval -difficult coke
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aromatic hydrocarbon upon bringing methane into contact with a
catalyst, stably for a long time.
10  [0010] However, if excessive COz or CO is added, an aromatization
reaction is obstructed thereby providing such a problem that the yield
of aromatic hydrocarbon is lowered.
[0011] In case that COz or CO is not added, a very high benzene yield is
obtained at an initial period; however, a carbon deposition reaction
15  heavily occurs so that the activity of a catalyst is lost for a short period
of time.
[0012] Coke deposited on a catalyst in a reaction step can be removed in
a regeneration step; however, removal-difficult coke which is difficult to
be removed in the relatively short time regeneration step is produced
20  according to a reaction time. In case that this removal-difficult coke is
accumulated, the benzene yield cannot be restored to its initial level so
as to be gradually reduced even if the reaction step and the
regeneration step are repeated. In order to remove such a
removal-difficult coke, the regeneration step for a ling time is required
25 as disclosed, for example, in Patent Citation 4.
[0013] Accordingly, an object of the present invention is to provide a
method for producing aromatic hydrocarbon upon making a contact
reaction between lower hydrocarbon and a catalyst, in which the yield
of aromatic hydrocarbon is maintained high and is not lowered even

30 upon repetition of a reaction step and a regeneration step.

MEANS FOR SOLVING THE PROBLEMS



25as di sclosed, for exanple, in Patent G tation 4. [0013] Accordingly, an
obj ect of the present invention is to provide a nethod for producing
aromati ¢ hydrocarbon upon maki ng a contact reaction between | ower

hydr ocarbon and a catalyst, in which the yield of aromati c hydrocarbon is
mai nt ai ned high and is not | owered even -80upon repetition of a reaction
step and a regeneration step. MEANS FOR SOLVI NG THE PRCBLENB -4- [00141 A
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| oner hydrocarbon and a catalyst and a regeneration 5 ste or generatl ng
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carbon dioxide in an anmouynt of 0.33 to 1.6 % by volune relative to an
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Accordi ng to t bove i nvention, when aromatic hydrocarbon is produced by
reacting I8%%¥ (6@$P66n1%ﬁé0ﬂﬁéﬂéévh59%ﬁ aromati ¢ hydrocarbon can be
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a reaction time in the reaction step may be within 5 hours.

[0016] The regeneration step may be carried out by bringing the

catalyst into contact with hydrogen.

EFFECTS OF THE INVENTION

15 [0017] According to the above invention, when aromatic hydrocarbon is
produced by reacting lower hydrocarbon and the catalyst, aromatic
hydrocarbon can be produced stably for a long time while maintaining a
high aromatic hydrocarbon yield.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [0018] [Fig. 1] is a graph showing a time-based change of a benzene
yield in case that a catalytic reaction is continuously made;

[Fig. 2] is a graph showing a time-based change of a benzene
yield in case that a catalytic reaction step and a regeneration step are
repeated under a condition in connection with Example 5;

25 [Fig. 3] is a graph showing a time-based change of a benzene
yield in case that a catalytic reaction step and a regeneration step are
repeated under a condition in connection with Example 6; and

[Fig. 4] is a graph showing a time-based change of a benzene
vield in case that a catalytic reaction step and a regeneration step are

30  repeated under a condition in connection with Example 7.

MODE FOR CARRYING OUT THE INVENTION



yield in case that a catalytic reaction is continuously nade; [Fig.
21 is a graph showing a tinme-based change of a benzene yield in case that a
catal ytic reaction step and a regeneration step are repeated under a
condition in connection with Exanple 5; 25[Fig. 31 is a graph showing a

ti me- based change of a benzene yield in ®ase that a catalytic reaction step
and a regeneration step are repeated under a condition in connection with

Exanpl e 6; < inod il j i ng ,a time-based ch f
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FOR CARRYI NG OQUT THE I NVENTION -5- [0019] This invention relates to a
met hod of pf adudilxptaronehiis dhedretarizod hypaddimgicagbanrdagid®in efn | ower
hydrocarbon in presence of a catalyst, which is characterized by adding
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t han t he excessive anount, ile the reaction can be made for a long tine

mai nt ai ni ngepoditign ghelbe s iostseddew mdidat g e rbb nrdiosvdd 1dithfel emlotirgoke by

making a catalytic reaction upon substituting fhe reaction gas with the
regenerat i %*H%% té\f’é]rgh% CEERTHVA APRBOL Wé’z‘g‘} tﬁ?éﬁﬁF@@%‘fa% eeBedsr forn be

used int . oY i Ak oAk i car.bon cordi-ng to the
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700 Cto 850 C and nore preferably 750 C to 830 C [00221IA pressure of the
reaction iheoraaqyien e sov hvee rpgeherabby MisleWhy taedtdioMPane] 0023] A
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aromatic hydrocarbon according to the present invention are a fixed bed
reactor, a fluidized bed reactor and the like.

15 [0021] A temperature of the reaction is 600 °C to 900 °C, preferably 700
°C to 850 °C and more preferably 750 °C to 830 °C
[0022] A pressure of the reaction is 0.1 MPa to 0.9 MPa, preferably 0.1
MPa to 0.5 MPa.
[0023] A charging amount of a raw material is represented as a weight

20 hourly space velocity (WHSV) relative to an amount of a catalyst, and is
150 to 70000 [ml/g-MFT/h], preferably 500 to 30000 [ml/g-MFI/h] and
more preferably 1400 to 14000 [ml/g-MFI/h].
[0024] A zeolite-based catalyst is not particularly limited if it is a
zeolite catalyst having a catalytic activity. As the zeolite-based catalyst,

25 for example, zeolite-based catalysts such as mordenite; erionite;
ferrierite; “ZSM-57, “ZSM-4”, “ZSM-8”, “4SM-117, “ZSM-12”, “ZSM-20”,
“ZSM-407, “Z5M-35” and/or “ZSM-48” commercially available from Mobil
O1l Corporation; and/or the like can be used. Additionally, as the
zeolite-based catalyst, known zeolite-based catalysts, for example,

30 crystalline aluminosilicate including so-called meso-porous zeolite

and/or the like such as “MCM-41", “MCM-48”, “MCM-50", “FSM-41",



20 hourly space velocity (WHSV) relative to an amount of a catalyst, and is
150 to 70000 [m /g-MFI/h], preferably 500 to 30000 [m /g-M.11/h] and nore
preferably 1400 to 14000 [m /g-M-I/h]. [0024] A zeolite-based catalyst is
not particularly limted if it is a zeolite catalyst having a catalytic
activity. As the zeolite-based catal yst,625for exanple, zeolite-based

catal ysts such as nordenite; erionite; ferrierite;, "ZSM5", "ZSM 4",

"ZSM 8", "okl TZSNh 120, U ZSM 20", ©ZSM 40", . "ZSM 35" cand/ or " ZSM 48"
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catal ysts, for exanple, 30crystalline alumnosilicate including so-ca fed
meso- por oukkzeahid/er tinelldre tdue Hel Wee UK thssé MEbi4d haseMGM 48y sts' VEMEE0",
"FSM 41", -6-_ "M1S" and/or the |ike; different el enment-containing

zeol i te suthitablepddbaihyduteon ganrgen foralefinf eve owyaimihisgi | i cat e,
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structure. [0025] As the zeolite-baséed catalyst, Phat of the proton

exchange tiibaype iy meually usedl Addisedalldddigaenal byotoaspar thof protons in
ased catal yst nmay be substituted with at | east one kind

the zeol i teq-ﬂtif \ _
sel ect ed fH@kased patalyssmeay fe nabstiktutad wnsh prdeppkenediigl selected t h

s For o, PRE Aot i sud) o3y 18R s MR ofiRr e p e et
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the like in a suitable anmount. [0026] The zeolite-based catal yst is not
particul arCy, NesBri, R&dPi.nZv,t'Bl 45dsthat Bkand daayiobellys éteizeodity -Isistde such

as powdery state, granul ar sﬁﬁ% gﬂg (E)’P%Yﬂ ike. Additionally, alum na,
titania, SSAPCESt W9 EdRp - amd/oF Yre Wi ke faiy e or d8e dilempri er
or a bindef sf.lgtrabtll@ea&ﬁgahitt e- based catal yst. [ 0027] The zeolite-based
catal yst nmay be used upon being formed into 20 pellet or extruded product

by addi ng [@0Zicidelie sy6lited askli Gaalpdtiis Aot parad:udRelofedibrcbilke &9 i t.
15 state and may be used in any state such as powdery state, granular
state and the like. Additionally, alumina, titania, silica, clayey
compound and/or the like may be used as a carrier or a binder for the
zeolite-based catalyst.
[0027] The zeolite-based catalyst may be used upon being formed into
20 pellet or extruded product by adding a binder such as silica, alumina,
clay and/or the like to it.
[0028] In the present invention, lower hydrocarbon means a mixture
containing methane in an amount of at least 50 % and preferably not
less than 70 % and additionally containing saturated and unsaturated
25 hydrocarbons having a carbon number of 2 to 6. Examples of these
saturated and unsaturated hydrocarbons having a carbon number of 2
to 6 are ethane, propane, propylene, n-butane, isobutane, n-butene,
isobutene and the like.
[0029] Hereafter, the present invention will be discussed further in

30  detail with reference to Examples.

EXAMPLES



[0028] In the present invention, |ower hydrocarbon neans a m xture

contai ning nethane in an anount of at |east 50 % and preferably not |ess
than 70 % and additionally containing saturated and unsaturated 25

hydr ocar bons having a carbon nunber of 2 to 6. Exanples of these saturated
and unsaturated hydrocarbons hayi ng a caffbon nunber of 2 to 6 are ethane,
pr opane, propyl ene, n-butane, isobutane, n-butene, isobutene and the I|ike.

[ 0029] Her r . the esent invention wl |l be disc ed further in .30

detail wi tﬁ@%@e?&elﬁ(%ﬂ%y %%:bgél. AR ZRElon ?@gﬁlﬁﬁggﬁeﬁ'qu%ﬁefﬁf&ﬁ%ar bon
aromat i zat @R sGatah v ferr S t); epared by
a preparati onsmtt%o%étgswgggggégg%d E)gl %\Er@ggfﬁgoﬂﬁg&%@ éls\z@%?tae (Sio2/
Al 203 = 40pehsv.auneigaH-ogpd ZEM 5 cankite(SiBf 0031D: 4090pasfa HZSM 5 subj ect ed

to a silane treatnent was di ssolved in an aqueous sol ution prepared by
di ssol vi ngMtded wishigaupterief. anmoni um nol ybdate and zinc nitrate into 2000

m of i.on- n wat e 1d sti.rring was .pade at roomte rature for 3
hour s 358 tﬁg(%@i %@8%8% E{%%@ggr‘? A EaP T PO AT SRR B “’Zﬁ{gglﬁﬁ ved in
nmol ybdenu : i+ I I 119 0f ' [ 0032]
At or Ehe B A O B Dy iR ol Ptk o )b (6
w % / HZSWhbhowasmdmicdgbdate wad alkcinedtain 000t o8 ihwwse hahekddy

obt ai ning catal yst powder. Further, an inorganic binder was added to this
catal yst pOWder, aR¢EtiRens AR et 34 REFOPBY hemibenat wieo fas3thwurseso shakt at e

e e R I A S
| over fiydr aeak Ran - was s MEReL efin BvalbuatkQn,ph.4 hg catal yst was
acconplished with the yield of benzene relative to | ower 20 hydrocarbon
whi ch was Q@R Aftreoudte ot ngilel SVbEa hign nenea neesn dlef b Iyed eas th Ndind at &
bel ow. wt%) / Mo (6 wt%) / HZSM-5) was dried, it was calcined at 550 °C for 8
hours thereby obtaining catalyst powder. Further, an inorganic binder
was added to this catalyst powder, and then an extrusion formation into
15 the pellet state was made, followed by calcination, thereby producing a
catalyst,
[0033] Using the obtained catalyst, a test for producing aromatic
hydrocarbon from lower hydrocarbon was conducted. Evaluation of the
catalyst was accomplished with the yield of benzene relative to lower
20 hydrocarbon which was flown through. The yield of benzene was defined
as indicated below.
Benzene yield (%) = {(quantity of benzene produced (mol)) /
(quantity of methane supplied for a methane reforming reaction(mol))} x
100
25 Hereinafter, common reaction conditions in each test are shown
below.
Reaction temperature: 780 °C;
Pressure: 0.15 MPa; and
Weight hourly space velocity (WHSV) : 30000 ml/g-MFI/h

30 A pretreatment for the catalyst was conducted as follows: The

temperature of the catalyst was raised to 550 °C in the stream of air



Benzene yield (%9 = {(quantity of benzene produced (nmop) / (quantity of
nmet hane supplied for a nmethane reformng reaction(no0O)} x 100

25Herei nafter, comon reaction conditions in each test are shown bel ow.
Reaction tenperature: 780 C  Pressure: 0.15 MPa; and Wi ght hourly space
velocity (WHSV) : 30000 m/g-MFI/h 30A pBetreatnent for the catal yst was
conducted as follows: The tenperature of the catalyst was raised to 550 C

in the stream,of ajpr .-8- angd,kept . for 2 hours. Thereafter,, air was

subst i t ut eﬁn\a;]fﬁpta'foprr%throégtgng\r]l ergﬁgtegoﬁfra?”rﬁsnﬁlwlt’)&' Watth&ne and 80 % of
hydr ogen, ) : -of: S/ S i nd kept
o 3 hour EP e AMEk SLuR G ik 19 PEb ALY M2 B AEDL BP BT e EREL” <P

reaction Sagdstheatiinpbeatwrmef tieicardlyst WeagahBleyiSto 86 T@keRdképt Certain

tenperature (780 C) thus acconplishing the evaluation of the catalyst.
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ydrocarbons such .as benzene, to ne, ene and na al ene an e like
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Conpar at i vi(BdnHlydsoge andr2on andl mabpheswiré ardlyp8036] TOD - Opanald ve
Exanple 1, a reactjon was carried out for the 15 above-nentioned reaction
gas for medaymaddi hydaeraaionssuitofp denzeneooopmmes ywoharmndyd of met hane

0ur L 10 0 BRI 13 ERO SRR 2ECT vt Lo o Lhe Tesul
ety bl £ € e gionmy mng e gl oD e 40 bpendd .
duri ng t heyieédatpongonhimuwciy aarapsedotit aecdtaseticokserat, iioncofe e resul t
of the aboeilee- g(?rrx](tiiit(i)(r)lg%f@cr}]lael gesgc%iomr?ggagav?gé changed as in Comparative
Examples 1 and 2, and Examples 1 to 4.
[0036] In Comparative Example 1, a reaction was carried out for the
15  above-mentioned reaction gas formed by adding no carbon dioxide to
100 parts (volume %) of methane during the reaction, in which a lapsed
time-based observation of the result of the above-mentioned analysis
was made.
[0037] In Example 1, a reaction was carried out for the
20  above-mentioned reaction gas formed by adding 0.33 part (volume %) of
carbon dioxide to 100 parts (volume %) of methane during the reaction,
in which a lapsed time-based observation of the result of the
above-mentioned analysis was made.
[0038] In Example 2, a reaction was carried out for the
25  above-mentioned reaction gas formed by adding 0.6 part (volume %) of
carbon dioxide to 100 parts (volume %) of methane during the reaction,
in which a lapsed time-based observation of the result of the
above-mentioned analysis was made.
[0039} In Example 3, a reaction was carried out for the

80 above'mentioned reaction gas formed by adding 1.0 part (volume %) of

carbon dioxide to 100 part (volume %) of methane during the reaction,



[0038] In Exanple 2, a reaction was carried out for the 25 above-nenti oned
reaction gas fornmed by adding 0.6 part (volunme % of carbon dioxide to 100
parts (volume % of nethane during the reaction, in which a | apsed

ti me- based observation of the result of the above-nentioned anal ysis was
made. [0039] In Exanple 3, a reaction wa$® carried out for the 30
above-nentioned reaction gas forned by adding 1.0 part (volunme % of carbon

di oxi de to. 100 part | %, of h during,th ion, -9- |

i o a | asath PP bESEH ek b BRGM ekt b2dar %ok T R tBove ment i onec

anal ysi s Wa§ o848 n {04 aﬁ&lgé‘mfegﬁd@ reaction was carried out for the
y

above-nenti oned reaction gas forne adding 1.6 part (volunme % of 5

carbon di okd@e0} bn TG patd €, Gved detin 2w 0f caBtbane tderithg t he reaction, in
which a | apsed tine-based observation of the result of the above-nentioned
anal ysi s waBovedeenjioosd] raastaonpar dorve dEhamildang, 1.8 pasctviocdnmeads)osfi ri ed
out for_the gbove-nentioned reaction gas forned addi ng 2. 84 parts

(vol ume® % C&l’%md} %&%ﬁl 'ntodfgg%ip(fer £ 4Vq nﬁal/”?g?e(‘%%qq{ﬂﬁe g@”%\‘g ﬁgﬁ H2REV@Eri ng
the reacti gpwHREWMIS ARs [ Qé[ﬁ% f‘p Lyat result of the
above-nent i orﬂredlcanal y@?ésad\ls\gg rer"létadsfae.dng5 0 ?té igt}é%pﬂaegg#?g% Pg?n Fig. 1, in
Conpar at i veb&xempé etibnetinen hgnzeneayieldb.i s hi gh. However, lowering in

benzene yigeld along with |apse of the 15 reaction time is remarkable.
[0043] In | b5 Uprpparativadipenpdn, i sbactien yors daffiedentt forovhd hat in
Conparative, Exanple..1, in which a catal yst, stability.is inproved as the
addi ti on aﬁ%ﬂm r%ﬁanggpggﬁre&c&arhga?ﬁe}@g?e Y a.a%lrlgﬁm}’/ﬁﬁﬂ?%ﬂ f@@g‘t‘m@aﬁs be
exhi bi fed peEdiisdd ardNdetc 266 dhat (HRuAIDS bem @k Ogrf“cﬂ@“ 20
dioxide is 0.6 volunme % (Exanpl'e 2) and in case that the addition anount of
carbon di oxdadgidrs, i & hiohumba féddEkanpites3). olSiareatidieof eRstreenlt bfrend or

naintainingha hi gh benzene yield is about 5 hours, it is confirnmed to be
ef fective ThaYe thendPsaeiarakyyer 8@dr Béer oducti on reaction and the

catal et RPN LERNIHER B LRER S LSRN BELL i
amount of ga18aB HkeXIHEyE 06, 8888%ink I8 1HhdRIHd {k1afalbhg walRl ¥sle é>§1|;he
i nproved; however, the benzene yield lowers. This is asSunmed to result from
the fddt tretctzon armorusizatidmbleacti on is suppressed with
[0043]} In Examples 1 to 4, the benzene yield is not different from that
in Comparative Example 1, in which a catalyst stability is improved as
the addition amount of carbon dioxide increases. A remarkable effect
can be exhibited particularly in case that the addition amount of carbon
20 dioxide 18 0.6 volume % (Example 2) and in case that the addition
amount of carbon dioxide is 1.0 volume % (Example 3). Since the
reaction time for maintaining a high benzene yield is about 5 hours, it
1s confirmed to be effective that the aromatic hydrocarbon production
reaction and the catalyst regeneration reaction are repeated within this
25 reaction time range.
[(0044] As apparent from Comparative Example 2, as the addition
amount of carbon dioxide increases, the stability of the catalyst is
improved; however, the benzene yield lowers. This is assumed to result
from the fact that an aromatization reaction is suppressed with

30 excessive carbon dioxide.

[0045] Figs. 2 to 4 are graphs showing time-based changes of the



30excessi ve carbon dioxide. [0045] Figs. 2 to 4 are graphs show ng

ti me- based changes of the -10- benzene yields in case of repeating the
catal yst reaction step and the regeneration step respectively under
conditions in connection with Exanples 5 to 7. The respective conditions
are shown below. [0046] In Exanple 5, a-teaction for 2 hours was carried
out for the above-nentioned reaction gas forned by adding 0.8 part (vol une

9% of carben dioxide to. 100 part | 9%. of, nethane during th
eacti on. - TRe7eSFodRAL OB RT B e B Lo b P BT Ry 086 gas 1o
carry out @eg@lg@l%ﬁ;&@ﬁISQ@pfr%pgcﬂ%hsunlliﬁﬁ%ng‘?ﬁ%'s% &5&%&&9@@%{]@&' on were

alternately changed thereby contindously producing aromatic rocar bon,

in which aBEsapsgkkst b ne-hdBkd robsectiat icondofiohbe: reesidindielbhe
above-nent%one% anal ysis was nmade.  [0047] In Exanple 6, a reaction for O.
5 hour was Q4% by Foinmpls Ot Berefsdian fentibnew wesctdroredastifor whd by
adding 1.0 _part (volune .99 of.carbon. dioxjde tp .100 parts (vqlunme % of
met hane’ du;rilgﬂ_gje tlxé%ni‘lé’g@tdi/%%mi@ ?ﬁé&@ﬁ?’t@éfr ,gytarﬁi(éjhpga% |B%rb§'§q%§§e %{)Of
SUbST It ut et il diATeIRN 1 98% h@s TR0 TYmBU) B LRGANALANANLL Ohe Gl R -
These reaction and regeneration were alternately changed thereby

cont i nuousThepeafivc) tige acanmdbhozhy dragcariamuted whilc hydrbapsethd igeahased

observation of the result gfgct he above-mentioned anal ysis was nade.

20[ 0048] | AUERAfRe@eratpy Eucdilyrigse ! e sgotraaknn eadr Tegk roun tiaor were
above-nent|qQ ctyion foryed by. addi 1.2 part (volume 9% of carbon
di oxi de tpgﬁggg%g? s'sé ¥ %ﬁéh%e%‘f .CRB%/WélsggrRrﬁéutcﬁ%gra(e@&?tdﬁ. Thereaf ter,
the reacti RHdBAS W%, SO hidbed p¥ctin: e Hegen o%%érwm%ﬁréfytwygm&zt of
regeneration for 1 hour. These reéaction and regeneration were %

al t er nat el thehbhngedneheérelsyl aontysisouss ywpdeduci ng aromati c hydrocarbon, in

which a | a Se"?@fjiéi - based gbservatjon _of the result of the above-nentioned
anal ysi s : TT%["@O’&E ¢ As agieewiath iy §sd oupowas ¢armgd pusdonber st ood

Dt an Al oG (L AGATRAN  RLOONG OB LERT L0 63 02, [LeRERL AL ¥,

cont i nuous acconpl 1 she mes marntarni e’yirel d by
addi ng 0. 8cdibhoh QipadbSo( VoD ik tIAvelusarhrosr oA asrihecheaehbapgngas to

100 15 Thereafter, the reaction gas was substituted with hydrogen gas to carry
out a regeneration for 0.5 hour. These reaction and regeneration were
alternately changed thereby continuously producing aromatic
hydrocarbon, in which a lapsed time-based observation of the result of
the above-mentioned analysis was made.

20 [0048] In Example 7, a reaction for 1 hour was carried out for the
above-mentioned reaction gas formed by adding 1.2 part (volume %) of
carbon dioxide to 100 parts (volume %) of methane during the reaction.
Thereafter, the reaction gas was substituted with hydrogen gas to carry
out a regeneration for 1 hour. These reaction and regeneration were

25  alternately changed thereby continuocusly producing aromatic
hydrocarbon, in which a lapsed time-based observation of the result of
the above-mentioned analysis was made.

[0049) As shown in Figs. 2 to 4, it will be understood that an aromatic
hydrocarbon production reaction can be repeatedly and continuously

30 accomplished many times maintaining a high benzene yield by adding

0.8 to 1.2 parts (volume %) of carbon dioxide as the reaction gas to 100



parts (volume % of nethane. In other words, it will be understood that
aromati ¢ hydrocarbon can be produced w thout being affected by carbon
deposition even upon repeating a cycle of the reaction and the
regeneration. 5[ 005WAdditionally, it is preferable that a changeover tine
of the reaction and the regeneration islwithin a tinme for which the yield
is the nost stable (wthin about 5 hours in Exanples 2 and 3 in Fig. 1). It

wi ||l be understood tha he regeneration of the catalyst is_ possiAil
regardlesspgg%%ﬁ@ﬂgﬁﬁ%%@#OfﬁgﬁgﬁgﬁQEBVHﬁ“¥1W€r ?’%Hﬁﬂiiﬁavyéggﬁpegdﬁwﬁn i's
10 nade i v it hi . . i above,
hocordi g Loo PRIBGHGIRANEE A Ein M PRIEQPWithout A R Bl HSEEA G

contact redepoeitiai civonenp by depeatingna wyths bheheatakyish indtine present
invention, the renoval -difficult coke can be prevented from accunul ati ng,

SO that itrﬁge@®fﬂé@%ible to make a production reaction for a long tine
mai nt ai hi n i benze ield (cat jc activity). [Q052] Accordingly,
it beco‘r’:lres?%@%@g %Itaglﬁfgnﬁﬁ]g’dﬁcé& BF%%&?%L‘X%GF 6‘0%1}?%%&/ EtrLHHie pf &Btient | y
changi ng t L.yid Sala - I e 1N .step.
Cortter R RBLI S ROCL O RRRIIL G SRS AP RACUE UM B

reaction steptatdbldéwddtial ysour 6genersaii Bxashph AP euEpaat Bk, 10053411
Addi tional |y, the ampbunt of carbon dioxide to be added in the reaction gas

i s 0.33 toPEauplgnssoed shafdheyregeneratian ¢f the casalyse iparssitded nor e
preferably 0.8 1. arts (velume,% of carbon dioxide 25 relative to 100
o ts (vor tnetufCa ob SRR PEbRA T phaSs ERGRRe HyEi: (4T 4C RoRehom td to
the Exanpl gtdesapbialeinga@id 0 £a08} 1ii9Asn oCRLALYStS (kinds and ampunts of
netals carried tﬁereon), and the Iike may be suitably selectable. -12-

CLAI M5 [ 11W0G7etlhdd dkcpsaduaboge anamatlicg hydibecardibod «ompidsiing:

repeating a reaction step for obtajning aromatic hydrocarbon upon nmaking a
contact reARYPEHDRY MEAIbORhY myak vt M tast raaekival giskowemd a

regener ati g0q s ERLLY wiAYEREALANA eHEAL AL Y e HSeshiifn! g, eaction step,

removal-difficult coke can be prevented from accumulating, so that it is

15 possible to make a production reaction for a long time maintaining a
high benzene yield (catalytic activity).
[0052] Accordingly, it becomes possible to produce aromatic hydrocarbon
without frequently changing the catalytic reaction step and the catalyst
regeneration step. Further, the benzene yield cannot be lowered though

20 the catalytic reaction step and the catalyst regeneration step are
repeated.
[0053] Additionally, the amount of carbon dioxide to be added in the
reaction gas is 0.33 to 1.6 parts {(volume %), preferably 0.6 to 1.2 parts
and more preferably 0.8 to 1.2 parts (volume %) of carbon dioxide

25  relative to 100 parts (volume %) of methane.
[0054] The present invention is not limited to the Examples, so that
reaction conditions, catalysts (kinds and amounts of metals carried

thereon), and the like may be suitably selectable.



characterized in that carbon dioxide in an anount of 0.33 to 1.6 % by
volunme relative to an anount of the |ower hydrocarbon is added to the | ower
hydrocarbon, in the reaction step. 10 [21The nmethod of producing aronmatic
hydrocarbon as clained in Claim1, characterized in that the reaction step
i s changed over into the regeneration sté&p, based on a yield of benzene
produced in the reaction step. [31The nethod of producing aromatic

hydr ocarbon as clainmed in 15C aim 2, gﬁ? ﬁ@jerized in that a reaction tine
in the reaction step is within 5 hour .'4 he nmet hod of producing aronatic

hydr ocar bonjjas chajuef,i \ -ﬁ% j - - ter] in.that the
regenerati gn}astepalilﬂs@%cg&riﬁfgg%gg{m %@h\%ﬁlhgﬁﬁggggﬁﬁyg&%ﬁ%n&nt act with
hydr ogen. repeating a reaction step for obtaining aromatic hydrocarbon

upon making a contact reaction between lower hydrocarbon and a

catalyst and a regeneration step for regenerating the catalyst used in

ot

the reaction step,

characterized in that carbon dioxide in an amount of 0.33 to
1.6 % by volume relative to an amount of the lower hydrocarbon is
added to the lower hydrocarbon, in the reaction step.

10 [2] The method of producing aromatic hydrocarbon as claimed in
Claim 1, characterized in that the reaction step is changed over into the
regeneration step, based on a yield of benzene produced in the reaction
step.

[3] The method of producing aromatic hydrocarbon as claimed in

15  Claim 2, characterized in that a reaction time in the reaction step is
within 5 hours.

[4] The method of producing aromatic hydrocarbon as claimed in any
of Claims 1 to 3, characterized in that the regeneration step is carried

out by bringing the catalyst into contact with hydrogen.



