- 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG ACETI C ACID AND AMVONIA 5
TECHNI CAL FI ELD [0001] The present invention relates to a process for
produci ng a carboxylic acid (such as acetic acid) and anmoni a

i ndependently (or for co-producing a carboxylic acid and ammonia or
for producing a carboxylic acid (such as hcetic 10 acid) and ammoni a
in parallel). BACKGROUND ART [0002] AnnDnla is obtained by a reaction
of hydrogen and nitrogen, and in t ##gh a synthetic gas is
usually 15 enployed as a hydrogen source synt heti c gas

conpri ses carbon nonoxide in addition to hydrogen. The carbon
nmonoxi de in the synthetic gas and water are allowed to react wth
each other (such a reactlon |shg$nerall% called a water as shift
reaction), and the FRYr W N rATH T defere YD 1a
reaction is used for an ammoni a production. The shift reaction

menti oned above produces a | arge anmount of the hydrogen avail abl e
for the amoni a production but alggcant@igerprmynt of carbon di oxi de
as a by-product. [0003] On the other hand, acetic acid is generally

obtai ned 25 by[@o¢eactTim ﬁem@%mﬁ&@r@té@t{@r@l réddkd heor
reaction also usually enploys a synthetic gas as a carbon nonoxi de

source. Al t houghodheihy dregtivdyl 1dh&c sy Nklehias acdti4asili and ammonia
unnecessary in this reaction, the hydrogen in the synthetic gas is
used for the synt&psedentlyetidnmdr d-RidAYlcing a carboxylic acid and

ammonia or for producing a carboxylic acid (such as acetic

10 acid) and ammonia in parallel).

BACKGROUND ART

[0002] Ammonia is obtained by a reaction of hydrogen and
nitrogen, and in the reaction, a synthetic gas is usually

15 employed as a hydrogen source. The synthetic gas comprises
carbon monoxide in addition to hydrogen. The carbon
monoxide in the synthetic gas and water are allowed to react
with each other (such a reaction is generally called a water
gas shift reaction), and the hydrogen generated (or

20 produced) by the reaction is used for an ammonia production.
The shift reaction mentioned above produces a large amount
of the hydrogen available for the ammonia production but
also a large amount of carbon dioxide as a by-product.
[0003] Ontheotherhand, acetic acidis generally obtained

25 by a reaction of carbon monoxide and methanol, and the
reaction also usually employs a synthetic gas as a carbon

monoxide source. Although the hydrogen in the synthetic



ether, or the |ike. These syntheses al so need carbon nonoxide.
Therefore, a process using the synthetic gas nore 5 efficiently is
required. [0004] An attenpt to inprove use efficiency of synthetic
gas has been suggested. WO 01/32594 (Patent Docunent 1) discloses a
process for producing a reaction product {such as acetic acid) from
car bon nonoxi de and nmethanol. The 10 process conprises the steps of
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recycled for a production of the synthetic
hydr ogen- %IChéE%ﬁéﬁéﬁ%ﬁ?lf%lfgﬁhffgdﬁ.SyntheSIS 20 of ammoni a. That
is, although this docunent suggests that the process for
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process produces methanol a raw material of acetic acid

acetic acid frqs thes s s%@b@%bkic ors @f1essed | (patdsse r}ﬁﬂﬂﬁnéﬂau)
t he process does 25 not pay attention to the carbon dioxide as a

by- product praidierskdy adpshidés RACHFEALERhgA) radtRAba PrOGUSE | (@hcks
nmenti oned above but uses the carbon dioxide contained in - 3 a snuall
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anount of the carbon dioxide recycled

10 process comprises the steps of (1) producing a synthetic

gas containinghydrogen, carbonmonoxide, and carbondioxide

from a hydrocarbon such as a natural gas; and (2) converting

the hydrogen and carbon monoxide in the synthetic gas into

methanol. This document further discloses the £ollowing:

15 part or all of the synthetic gas is separated into a carbon

dioxide-rich gas stream, a carbon monoxide-rich gas stream,

and a hydrogen-rich gas stream; the carbon dioxide-rich

gas stream is recycled for a production of the synthetic

gas; and the hydrogen-rich gas stream is used for a synthesis

20 of ammonia. That is, although this document suggests that

the process for co-producing (producing) acetic acid and

ammonia (in parallel), the process produces methanol as

a raw material of acetic acid and acetic acid from the same

synthetic gas after all. This means that the process does

25 not pay attention to the carbon dioxide as a by-product

produced by a shift reaction for an ammonia production as

mentioned above but uses the carbon dioxide contained in



to the synthetic gas is limted. Mreover, for the synthesis of

met hanol , the process uses the natural gas as arawraterial 5 of the
synthetic gas having a | arge hydrogen content. Thus, a |arge-scale
or additional separation apparatus or device for separating a |arge
anount of hydrogen is necessary in the stibsequent step(s). Further,
this process does not efficiently use oxygen separated fromair as a
nitrogen 10 source for the s%%thesis of  anmoni a. RELATED ART
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i ndependent|y wh requires a

car bonaceous ngLErddlad &1 r&@a%&oﬁﬂt Jef 18 ﬁé&‘égééf%iﬁl
of a synthetic gas. [0009] "Anot hef object of the present Inventioh iIs
to the subsequent step(s). Further, this process does not

efficiently use oxygen separated from air as a nitrogen

10 source for the synthesis of ammonia.

RELATED ART DOCUMENTS
PATENT DOCUMENTS
[0005] [Patent Document 1] WO 01/32594 {Claims and

15 Drawings)

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] Therefore, it is an object of the present invention
20 to provide an efficient process for producing a carboxylic

acid (such as acetic acid) and ammonia independently.

[0007] Another object of the present invention is to

provide aprocess for producing a carboxylicacid and ammonia

independently while having a less amount of the generated
25 carbon dioxide.

[0008] It is a further object of the present invention

to provide a process for producing a carboxylic acid and



5 provide a process for producing a carboxylic acid and amoni a

i ndependently while efficiently using oxygen separated from air as a
nitrogen source for an anmoni a production. [0010] An even further

obj ect of the present invention is to provide a process for
produci ng a carboxylic acid 10 and amohi4 t ndependently while
controlling the amounts of the produced carboxylic acid and the
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(e.g., acetic aghed prﬂ%{élonobf% s e§&§1?0{hw&ageis to

t
separated froma synthetic gas (a synthetic gas derived froman

oil, a cod, aprHMHL §lp s LEot EﬁoEEEgng%%éf&ﬁ%f%%é’gg:%%%ﬁ@f%@ﬁd}ﬁia

gas derived froma coal) ; and anh ammonia pro

the hydrogen sepgiadeged+ h@ge%ﬁgﬂgﬁéﬁ$ﬁ¥ﬁ%£fgoﬁ?g?h&ﬁ%fﬁ%i%% m

obtained froma shift reaction of a synthetic gas I's the

sanme as or difierend 4rems eﬁyé‘é@ﬁééCfGrSang%néﬂadﬁgf&@ﬁfiéﬁyl ar,
the synthetic gases (A) and (B) are the sane.) Secondly, the process

(2) conprises pooL@] bawy!dfemCr{ifed ob @t | & A0Ad)pIU QUUCt i 0R1SE £5h
using the carbon nonoxide separated froma synthetic gas (A) having
5 a mol ar ratiDs ofo CRFHEIASVANOt6lCe 2| Bd i ViBrd Rudely 098 ®oxylic acid
10 and ammonia independently while controlling the amounts

of the produced carboxylic acid and the produced ammonia

(ox the proportion of the produced carboxylic acid relative

to the produced ammonia).

15 MEANS TCO SOLVE THE PROBLEMS
[0011] Theinventorof thepresent inventionmade extensive
studies and finally found that each of the following
processes (1) and (2) produces a carboxylic acid and ammonia
independently and efficiently. Firstly, the process (1)

20 comprises a carboxylic acid (e.g., acetic acid) production
step using the carbon monoxide separated from a synthetic
gas (A) (a synthetic gas derived from an oil, a coal, a
natural gas, or the like, particularly, a synthetic gas
derived from a coal): and an ammonia production step using

25 the hydrogen separated from the synthetic gas (A) and the
hydrogen obtained from a shift reaction of a synthetic gas

(B} which is the same as or different from the synthetic



approximately 1; and an anmoni a production step using the hydrogen
separated fromthe synthetic gas (A). In particular, the process (1)
allows the efficient production of the carboxylic acid and amoni a

i ndependently with 10 controlling the ratio thereof. Moreover, the
inventor of the present invention found ®hat, in terns of the
anounts of the produced carboxylic acid and the produced ammoni a,

t he anounts of gge&ggrs(fled]%grbggugl%ﬁﬁg%y%%% %acarbggggfgyhand (B)

material (e.g.; o e uge Fraw
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(process (1)) of the present 1nvention Is pro u0|ng

carboxylicsacig ﬁ@ﬂaﬁﬂﬁ?@i@«i@QﬁﬁﬁﬁﬁﬁHkhbxﬁﬁeﬁ?@@ﬂ%&%@tEM hydP8gen of
process (1) conprises the steps of : (a) separating carbon ~nonoxi de

and hydrogen i aggpeRdRatbyyf1 omm sunhhRbhfa PRSHAR{n s 959145%1{@
hydr ogen by subjecting a synthetlc gas (B) to a shift reaction; "(c)

produci ng a canbaxybes separate@nrasmatsehginandtibeqggar pay. nonpxi de
separated fromthe - 6 synthetic gas (A) (or supplying the carbon

nonoxi de  sepapatedchlanm, the syotdes i(Q)gasLdwd thele QA thErdduction
carboxylic acid, i.e., in the carboxylic acid production step (c)

t he carbon nonogi deesepsbekellitr aoitihenayaihehie bngapehddntIyuseth;
and (d) producing ammnia from nitrogen,
i0 controlling the ratio thereof. Moreover, the inventor of
the present invention found that, in terms of the amounts
of the produced carboxylic acid and the produced ammonia,
the amounts of the generated carbon dioxide and a
carbonaceous material (e.g., a coal) to be used as a raw
15 material of the synthetic gas in each of the processes (1)
and (2} are less than those obtained by conducting separately
a process for producing a carboxylic acid with a use of
asyntheticgasderived fromacoal andaprocess forproducing
ammonia with a use of a synthetic gas derived therefrom.
20 [0012] That is, a first production process (process (1))
of the present invention is a process for producing a
carboxylic acid and ammonia independently or concurrently.
The process (1) comprises the stepsof: (a) separatingcarbon
monoxide and hydrogen independently from a synthetic gas
25 (A): (b) producing hydrogen by subjecting a synthetic gas
(B) to a shift reaction; {(c) producing a carboxylic acid

from an alcohol and the carbon monoxide separated from the



t he hydrogen separated fromthe synthetic gas (A) , and the hydrogen
obtai ned by the shift reaction step (b) (or supplying the hydrogen
separated fromthe synthetic gas (A) and the hydrogen obtained by
the shift reaction step 10 (b) for producing ammonia, i. e. , in the
anmoni a production step (d) the hydrogenf separated fromthe
synthetic gas (A) and the hydrogen obtained by the shift reacti on
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carboxylic 25 agé hydrge sabaehekaarsoh e LavhencrRRaxiglq As)epaﬁat@fﬂe
from the synthetic gas (A)(or supplying the carbon nonhoxid

separ at ed fronmjraﬁow@ta@tafng@%{r%héOéhpf@df@wglén stle 0@15 poxytic
acid, i.e., in the carboxylic acid production step (f) the carbon

monoxi de separeapflFi0 the Bydtbeéh Cseg@batdd FlomSEH  spithd®lc gas
produci ng ammoni a fromnitrogen and the hydrogen separat ed from t%

synthetic gas (&) (aid Scisippidtionerd e thydeaoer sppaspietd f6Mide step
synt heti c gas
10 (b) for producing ammonia, i.e., in the ammonia production
step (d) the hydrogen separated from the synthetic gas (A)
and the hydrogen obtained by the shift reaction step (b)
are used). In this process, the synthetic gas (A) is not
particularly limited to a specific one and may be, e.g.,
15 a synthetic gas derived from such as an oil, a coal, or
a natural gas.
[0013] Moreover, asecondproductionprocess (process (2))
of the present invention is a process for producing a
carboxylicacidand ammonia independentlyor simultaneously.
20 The process (2) comprises the stepsof: (e) separatingcarbon
monoxide and hydrogen independently separated form a
synthetic gas (A) having a ratio {(molar ratio) of carbon
monoxide relative to hydrogen (the former relative to the
latter) of 1/0.4 to 1/1.5; (f) producing the carboxylic
25 acid from an alcohol and the carbon monoxide separated from
the synthetic gas (A)(or supplying the carbon monoxide

separated from the synthetic gas (A) for producing a



(A) for producing amonia, i.e., in the amonia production step (Q)
t he hydrogen separated fromthe synthetic gas (A) is used). [ 0014 ]
Such a process (the process (1) or (2)) may further 10 conprise a
step of (i) producing a synthetic gas by a gasification of a
carbonaceous material (or a hydrocarbon 3ource, e.g., a coal). The
synthetic gas produced in the synthetic gas production step nay be
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source for the annonia pro ste ore,
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process (2), simlarly the process anmoni a production step

(9) may use therdydPICRSOPRFSGEH sefhrdtedieLBR SYOIRAIHHG 19235 g64) ((A)

and the hydrogen obtained by a shift reaction of a synthetic gas
synthetic gas {B)usahich is different fromthe synthetic gas (A)).
That is, the process (2) may further conprise a shift reaction step

5 of (j) produpooyshydsegen Pyoseds gatdgrbbBessyYNhheti @ gafay Further

10 comprise a step of (i) producing a synthetic gas by a
gasification of a carbonaceous material (or a hydrocarbon
source, e.g., a coal}. The synthetic gas produced in the
synthetic gas production step may be used as a synthetic
gas (A). Moreover, this process may further comprise a step

15 of (h) separating nitrogen and oxygen independently from
air. The oxygen separated from the oxygen/nitrogen
separation step (h) may be used for the gasification of
a carbonaceous material (e.g., a ccal), and the nitrogen
separated £from the oxygen/nitrogen separation step (h) may

20 be used in the ammonia production step (d) or (g). An
incorporation of such an oxygen/nitrogen separation step
(h) into a series of the steps can efficiently use the oxygen
separated from air as a nitrogen source for the ammonia
production step (d) or (g). Therefore, the process

25 advantageously achieves energy-efficiency.
[0015] 1In the process (2), similarly the process (1), the

ammonia production step (g) may use the hydrogen separated



(B) to a shift reaction, and the amoni a production step (g) nay use
t he hydrogen separated fromthe synthetic gas (A) and the hydrogen
obtai ned by the shift reaction step (j). Incidentally, in the
processes (1) and (2), "the 10 hydrogen obtai ned by the shift
reaction (step)" means a nixed gas of t®e -hydrogen originally
contained in the syntheti c gas (B) and the hydrogen produced by the
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I'n particular, in the processes (1) and

(2), the syntcﬁet(lﬁ g%a(léhnanﬂyafggéﬂ%h%hrb%e@%an(ﬂhg%mwmw

in the sane syntheti¢ gas production step. That is, the synthetic

gas produced '(BL% Yy Rhheld ¢ega% iPhodHAkI R SkififoRba g die: 1SR raiegd
(divided) into the synthetic gas (A) and the synthetic gas (B), and

the synthetic Q%)S n(a%y) uakdthBeny SYHGHEtd H Oas B 1Ry thesppethael y duss
supplied into t car bon nonoxi de/ hydrogen separati on step and

the shift reacij CHh@'[LQih nbiie-dies obthhacsany sMatfieift Pesction step
production step can sinplify the process and control the amounts of
the produced cegfpoxyindicaithiEngd tire geoduerda@ONild. ad (2), "the
10 hydrogen obtained by the shift reaction (step)” means a
mixed gas of the hydrogen originally contained in the
synthetic gas (B) and the hydrogen produced by the shift
reaction. The use of such a shift reaction allows the
parallel production of the carboxylic acid and ammonia {or
15 the co-production of the carboxylic acid and ammonia) while
controlling the amount of the produced ammonia. Therefore,
the process of the present invention produces the carboxylic
acid and ammonia independently at desirable rates while
having a less amount (emission) of the produced carbon
20 dioxide (and a less amount of the coal to be used).
[0016] In particular, in the processes (1) and (2), the
synthetic gas (A) and the synthetic gas (B) may be produced
in the same synthetic gas production step. That is, the
synthetic gas produced in the synthetic gas production step
25 may be separated (divided) into the synthetic gas (A) and
the synthetic gas (B)., and the synthetic gas {(A) and the

synthetic gas (B) may respectively be supplied into the



EFFECTS OF THE | NVENTI ON [0017] Since the process (including the
processes (1) and (2)) of the present invention uses a shift
reaction of a synthetic gas or a specific synthetic gas having a
small 10 ratio of hydrogen (particularly a synthetic gas derived
froma coal), a carboxylic acid (e.g., acktic acid) and ammonia are
i ndependently and efficiently produced. In terns of t he amounts of
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present inventron uces oxy Ic acird and
i ndependerg |y while eff|C|entIy using the oxygen separated fromair
as a nitrogen source for the ammonia production. Therefore, the

process of the present 25 |nv% %@@%Slth | ¥ nRety@toggeous from an
environnmental , industrial, econom cal view point. Further, in

the process ([@Qi*ﬂﬂ' n&@lﬂé@ t@x’é PSSESs ((%)ncﬁ%l(r@ ):h@fpfd}?eé%r@ss?@t) and
10 invention, the use of the shift reaction all'ows the production

of a CabeXY"Fz?@'&kfﬁbeﬂﬁaﬁaﬁt\MﬂﬁkﬂQQQk{Qb%bnﬁ shhetapBsBt Son of a
t hereof the produced carboxylic acid and the produced ammoni a (the

proportion of éfﬁtﬂé@ﬂ@cﬁﬂbQﬂfQpéﬂddifica%yﬂthékiblgastﬁaﬁﬂﬁgpéQﬂMQEﬂ
anmonia) . Such a use of th
10 ratio of hydrogen (particularly a synthetic gas derived
from a coal), a carboxylic acid (e.g., acetic acid) and
ammonia are independently and efficiently produced. In
terms of the amounts of the produced carboxylic acid and
the produced ammonia, the process (including the processes
15 {1) and (2)) of the present invention has less amounts of
the generated carbon dicoxide and a carbonaceous material
(e.g., acoal) to be used as a raw material of the synthetic
gas than those obtained by conducting separately a process
forproducing the carboxylicacid and aprocess for producing
20 ammonia from each synthetic gas. Moreover, the process of
the present inventiocn produces the carboxylic acid and
ammonia independently while efficiently using the oxygen
separated from air as a nitrogen source for the ammonia
production. Therefore, the process of the present
25 invention is highly advantageous f£rom an environmental,

industrial, and economical view point. Further, in the

process (including the processes (1) and (2)) of the present



shift reaction controls the amobunts thereof regardless of a change
in aratio of carbon nonoxide relative to hydrogen in the
carbonaceous material. 10 BRI EF DESCRI PTI ON OF DRAWNGS [0018] [Fig.
1] Fig. 1 is a flow diagram expl ai ni ng an exanple of the production
process (or production apparatus) of tkelOpresent invention. 15 [Fig.
2] Fig. 2 is a flow diagram expl ai ni ng anot her exanple of the
producti on progess

pr_production apparatus), of the. present
Phvent i on 50 BETRILEDR DEGER AT CRF RO L TR RO GBaG[ve the
hg\r/g?ﬁl;??er?ow]ghdrg{er nee Lo he i\ttach d L{ir aw n sIFagE%o?ditn 19
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process (or production apparatu resen invention.”
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a carboxylic acid by allow ng the ™ carbon nonoxi de separate roma

synthetic gas ge{i¥edddiOBn 20628b1L0thEaGo ML AR lo@?@%a?ﬁléss of
derivative thereof; 5 and a process (or apparatus) for producing

ammoni a by usi AGhddiR iH 0aeR oSEP VARG hbRHkiHE RIMUEId €o9Rfarogen
[ 0020] The production process (or apparatus) conprises

in the carbonaceous material.

10 BRIEF DESCRIPTION OF DRAWINGS
[ool8] [Fig. 11}

Fig. 1 is a flow diagram explaining an example of
the production process (or production apparatus) of the
present invention.

15 [Fig. 2]

Fig. 2 is a flow diagram explaining another example

of the production process (or production apparatus) of the

present invention.

20 DETAILED DESCRIPTION OF THE INVENTION
[0019] Hereinafter, with reference to the attached
drawings according to need, the present invention will be
illustrated in more detail. Fig. 1 is a flow diagram for
explaining an example of the production process (or

25 production apparatus) of the present invention. Fig. 2 is
a flow diagram for explaining another example of the

production process (or production apparatus) of the present



an oxygen/nitrogen separation unit 1 for separating oxygen and

ni trogen i ndependently fromair; a synthetic gas 10 production unit 2
for producing a synthetic gas (A) by a gasification of a coal with a
use of the oxygen separated in the unit 1; a carbon nonoxide

/ hydrogen separation unit 3 for separatildg-carbon nonoxi de and

hydr ogen i ndependently fromthe synthetic gas (A) produced in the

it 2; boxylic. 15 agjd producti it 4 f duci
car boxyl | ¢ aci HTPOROhn_ AEoRBATHRG Thé ear borP OO o Sdbhar ated T
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apparatus) further conprises rious I'rnes” f-or 'suppl?¥ying eac
component to t *l?oﬁ;rtroe%%%dd %&t&&“'ﬁh- ?Ipfs‘hoisortQedeofﬂﬂé‘t%}eo%rpe&%coeés
(or apparatus) further conprises the followng |ines:” an  oxygen

supply line 1A{9n SHPPLYLNQL Qﬁ%&f%@? )%%‘{)ﬂ%??g%lﬁai%ﬁu%ﬁ%@ug%uosning

oxygen/ ni trogen separation unit t e

unit 2; a nitrggen, On | $86a B d@" e SUPPLYE NGyn e 1Y Ly 098N
separated in the oxygen &?t#%%%n separation _n%%n %ﬁﬁt léto t he
ammoni a produc{ @ PNidhe: pRo QYK I b G8Ss s SUPP! dppd A ) [ Xmprises
supplying the synthetic gas produced  in the synthetic gas production
unit 2 as the gy 7nid3odet) séPatfei SANBAR ng?ém@ﬁ_ﬁ@%};ygen
separation unit 5 3; a carbon nonoxide supply |ine 3A for supplying
the carbon noaexisle: Sepa ai edepdn ddier BLPEFGh | 1 UNd tsBntReth® gas
carboxylic acid production unit 4; and a hydrogen supply line 3B for
10 production unit 2 for producing a synthetic gas (A) by a

gasification of a coal with a use of the oxygen separated
in the unit 1; a carbon monoxide/hydrogen separation unit
3 for separating carbon monoxide and hydrogen independently
fromthe syntheticgas (A) producedintheunit 2; acarboxylic

15 acid production unit 4 for producing a carboxylic acid from
an alcohol and the carbon monoxide separated in the unit
3; and an ammonia production unit 5 for producing ammonia
from the hydrogen separated in the unit 3 and the nitrogen
separated in the unit 1.

20 [0021] Moreover, the production process (or apparatus)
further comprisesvariouslines forsupplyingeachcomponent
to the corresponding unit. That is, the production process
(or apparatus) further comprises the following lines: an
oxygen supply line 1A for supplying the oxygen separated

25 in the oxygen/nitrogen separation unit 1 to the synthetic
gas productionunit 2; anitrogensupply line 1B for supplying

the nitrogen separated in the oxygen/nitrogen separation



suppl ying the hydrogen separated in the separation unit 3 to the
ammoni a production unit 5. 10 [0022] First, in the synthetic gas
production unit 2, a coal is subjected to a gasification to produce
the synthetic gas (A). In this exanple, using the oxygen separated
in the oxygen/nitrogen separation unit 12 the coal is subjected to
a partial oxidation for the gasification. The 15 gasification of the
coal is usually conducted at a high tenperature and under a high
SEPSPIE B

pressure. Inci tat 1P a® : ﬁoﬂEFﬁéﬂnoPnﬁFoEés§ ?¥P§9ﬁ$lc gas
exyoen] o0l SeP AL o, WL YL i o SerNent ngl Tonne
i nd dently f i d d .
i trogen.  Spectt B 1 57 EEHEEER TAS TROPISIATT S L b E 9 Bimeostis
f , f i t t he |ike. .
corpressor ot XBED. .8 FATBLERSST n Py MdIIERIGd B LLAE e
t i diti .
(3 512 41 S G000 G RO Y RACTPEr o SLUELY (6L Lo
This partial gy i@@sb?agﬁ%kﬁﬁﬂpﬂméséﬁarékﬂSﬁt%ﬂﬁ:?%89ﬁ§§béfﬁ%%§fﬁh
oxygen separated fromair as a nifrogéh source for the amonia

product i on. | ngé e :aldyees ol 382 43YBRACL ey A% QUG08 RE 0S8 S8

or step using a natural gas or the |1 ke can not” usua oy the

oxygen 5 separaigch {19/ 8hE Beafodbh QSN SOUE CEn {8 SEPH A L unit
oxygen remains useless. [ 00241 Tt is ‘enough for the synthetic gas
production uni3 to the ammonia production unit 5.

10 [0022] First, in the synthetic gas production unit 2, a
coal is subjected to a gasification to produce the synthetic
gas (A). In this example, using the oxygen separated in
the oxygen/nitrogen separationunit 1, the coal is subjected
to a partial oxidation for the gasification. The

15 gasification of the coal is usually conducted at a high
temperature and under a high pressure. Incidentally, a
separation method or process in the oxygen/nitrogen
separation unit 1 may include a conventional manner, for
example, a method for separating oxygen and nitrogen

20 independently from air as a compressed oxygen and a
compressednitrogen. Specifically, theunit lmaycomprise
an air compressor, a compressor for oxygen, a compressor
for nitrogen, or the like.

[0023] The gasification of the coal may be conducted using

25 water (a steam)} in addition to the oxygen. For example,
a slurry of the coal and water may be subjected to a partial

oxidationwithoxygen. Thispartial oxidation ispreferred



2 to conprise a reactor for the gasification of the coal. The
synthetic gas production unit 2 may further conprise 10 a heat
recover (or recollecting) apparatus (a cooling apparatus) for
recovering heat from (cooling) the generated synthetic gas.

Mor eover, according to need, the heat -ré&govered fromthe synthetic
gas may be supplied to (the) other steps or units to use t he heat

for (the) other st ep, 15 or reactio [ 0025] The s t
oroduced in t 5 %@%tﬁb%i%rog%%ss &S%Eﬁ?oow PR P R o

froma coal and h%%o ensou tﬁm%ﬂmr ;ﬁfﬁéugyloﬁgeqx&b%gntally.
on

relative to caf noxi conpare a“ synt heti'c gas

derived from 20, @, Syn%gﬁtr%%colg)a)%t B?ﬁdg§§§§>n Rb-E58 J:estéar? &{h%ogr a

synt hetic gas roportion

gggg?nlygnlegﬁi q%%? pre%%ra E %J%kgfﬁhgﬁggﬁéﬁg'§$5igﬁrghe'6kygen
preferabl y5 aboyd, AL 0r &3 EPod/, :I_'LI(£S aglltu:oﬁlé?l'"go%& 6{’11g§ebgr§/tgd%)xyde’h

t he present |nvent|on t he use of such synt het'i ¢ gas reduces an
amount of the hygtogen,do bgs separated in the carbon nonoxide
/'hydrogen separation unit - 14 (or carbon nonoxi de/ hydrogen

separation stepjg2dneref QsCenot§e ﬂ%ze%ﬁetsyrﬂ&&?élﬁi@@a%%rgéhbftf]@ﬁ whit
| ess anmobunt of the generated carbon dioxide but al'so allows a

scal e-down of 2 & eRMAlIsNaaPRaEBbHSEod HHDEEE1FheatBhheti thdafal.
usual |y conprises other conponents in addition to carbon nonoxide

andbhydmgen TH& &0t 16 t O RN @Hetudtalondanitop RxaMplethd@t@Imprise
wareen 10 a heat recover (or recollecting) apparatus {(a cooling
apparatus) for recoveringheat from {cooling) the generated
synthetic gas. Moreover, according to need, the heat
recovered from the synthetic gas may be supplied to (the)
other steps or units to use the heat for (the) other steps
15 or reactions.
[0025] The synthetic gas produced in the synthetic gas
production unit 1 is a gas derived from a coal and has a
relatively small ratio of hydrogen (Hp) relative to carbon
monoxide (CO) compared with a synthetic gas derived from
20 a natural gas or other gases. For example, in the synthetic
gas {(synthetic gas (4)), the proportion (molar ratio) of
carbonmonoxiderelative tohydrogen (the former/the latter)
is about 1/0.4 to 1/1.5, preferably about 1/0.5 to 1/1.2,
and more preferably about 1/0.6 to 1/1 (e.g., about 1/0.65
25 to 1/0.9). In the present invention, the use of such a
synthetic gas reduces an amount of the hydrogen to be

separated in the carbon monoxide/hydrogen separation unit



di oxi de, a hydrocarbon(e.g., nmethane) ,and hydrogensul fide. Although
t he amounts of such other conponents are snmaller 10 than those of
carbon nonoxi de and hydrogen, the other conponents sonetines have
adverse affects on the subsequent steps (e.g.,serving as catalytic
poi sons). For that reason, it is basieallBy-preferred that the
synthetic gas be free fromthe other conponents. However, it is

f difficulf 15 d t h t het | W t hout ti
Such ot her  coNPoRBAPRRIC TS I HICES SR T e 1t RESBI hor ey of oFe.
Ctep or the TR A RRERba o e Rt S AT BBl e Lo

step or the |i neede P

bon di oxi d j i.n.the .synt [ is, f I
about 0 to 0. SR tdrber IS BoCah aba f 9efle UG
0.1to 0.5 I Q%% 0.25 to 0.45 nol), and nore
prefe?ably ngﬁ%ut ?%?f%ﬁﬁf%¥¢§ﬁ Ee.'g. : agout 0. 33 %o 0. 38 HDL)

| ati 1 f Han ' ‘ﬁggg iggﬁ#'- etic
r2§ Salsv((aA)Er.r O[ Obg%sghelfﬂs%nﬁ{etl C %Ee)lgt%pr g%uce ?n t efl;gyénétqﬁoeﬁé(}; gas

production unidomsdgestPdPid ehd O ide SERMA LML aha rhrarddia.
synthetic gas (A) via the synthetic gas supply line 2A In the

separation unithe,o o UbrPIIRHtde 1ad wakdr egeNexahs1L NAdepesdentd don
separated fromthe synthetic gas. The separation nethod in the unit

3 may include @&enyenhnglizlocarhnh@d, d £ flethandPMRhaNS dTRRRMAII D de .
met hod, a cryogenic separation or |owtenperature separation

anleSA( pr essurgltissdly Bs empiin®e) ofet e lotHdtr @ofpbakhel ¥ré afmiel ler
e e 10 than those of carbon moncxide and hydrogen, the other
components sometimes have adverse affects on the subsequent
steps (e.g., servingascatalyticpoiscons). Forthatreason,
it is basically preferred that the synthetic gas be free
from the other components. However, it is often difficult
15 1o produce the synthetic gas without generating such other
components as by-products. Therefore, the other
components may be separated from the synthetic gas in a
separation step or the 1ike as needed. In particular, the
proportion of the carbon dioxide contained in the synthetic
20 gas (A) is, for example, about 0 to 0.6 mol, for example,
about 0.01 to 0.5 mol (e.g., about 0.1 to 0.5 mol and
preferably about 0.25 to 0.45 mol), and more preferably
about 0.3 to 0.4 mol (e.g., about 0.33 £o 0.38 mol) relative
to 1 mol of the carbon monoxide contained in the synthetic
25 gas {A).
[0027] The synthetic gas produced in the synthetic gas

production unit 2 is supplied to the separation unit 3 as



separation, a cryogenic separation may preferably be used. The
separation of these conponents fromthe synthetic gas 10 (A) is
conducted in any order. That is, after separating hydrogen fromthe
synthetic gas (A), carbon nonoxide may be separated fromthe gas
after separating hydrogen from the synthétirc gas (A) or the other
way around. [0028] Moreover, as nentioned above, the synthetic gas

conpri ses 1 he BEher HaReeL of et oot 1 ore i (R, e

conprises the ot gases (o ous conpon

carbon nonoxi dg, | &np@ﬁgis%lﬂ%faﬁi?é &ﬁ%@ 3(,°Ear§8}1‘iirio‘})o:&‘i‘l}vé§§g@£§>eg§n

carbon di oxi de or hydrogen's as sonetines an a

on the subsequerd ﬁ{ﬁﬂé&deé@lff%ﬁgﬂﬂ Frldgy %K@?%@FHEQQHC&&QP The

step. For that reason,” 1t Is™ rred that the o conmponent s

mor e conpl et el Yepd LAPNEH rfteBd I8 SeP/nALe fRF RAR 17RR0X | Al iYnal
hydrogen. Therefore, the separation and renoval of these conponents

may be corgluctskiddt (€. $epad ahdiralt tsehd £ AN Wethod, a cryogenic
nonoxi de/ hydrogen separation step) or in a renoval unit connected to

(or disposed osgpaiatiPebr I aBrped 1ofrd pasePasal hRA PYAl (prddbure
general , before separating carbon - 16 nonoxi de and hydrogen

i ndependent | y $wixmg t ddes Syt 16 ) cmgaisod ) | hamd G-egas iMe1iyha drigee dcile
often renoved fromthe synthetic gas. In the illustrated exanples,

t he separati onsepatalion | RectibgesDopdpEta: iidiemagiptgRe dovalused.
unit) separates 5 and renoves a representative gas (i.e., carbon
di oxi de) fr orThdesepanaictdc ofashéoét@mpients tiraepasasynheai dams
nonoxi de and hydrogen i ndependently from each other or from
10 (A) is conducted in any order. That is, after separating
hydrogen from the synthetic gas (A), carbon monoxide may
be separated from the gas after separating hydrogen from
the synthetic gas (A) or the other way around.
[0028] Moreover, as mentioned above, the synthetic gas
15 (or the gas after separating hydrogen from the synthetic
gas) comprises the other gases (or gaseous component} in
addition to carbon monoxide. In particular, an acid (or
acidic) gas (such as carbon dioxide or hydrogen sulfide)
has sometimes an adverse affect on the subsequent step(s),
20 especially, the ammonia preduction step. For that reason,
it is preferred that the other components be more completely
removed from the separated carbon monoxide and/or hydrogen.
Therefore, the separation and removal of these components
may be conducted in the separation unit 3 (carbon
25 monoxide/hydrogen separation step) or in a removal unit

connected to (or disposed on) an upper stream side of the

separation unit. 1In general, before separating carbon



the synthetic gas). Incidentally, in the illustrated exanples, a gas
such as hydrogen sulfide is not shown. 10 [0029] The carbon nonoxi de
and hydrogen independently separated in the separation unit 3 are
respectively supplied to the carboxylic acid production unit 4 via
the line 3A and the ammni a production wAit 5 via the |ine 3B.

Since, in the ammonia production, carbon nonoxi de and/ or carbon 15

di d | hi bi t th t

car bonmonox! GRS Hi° BRAGBALTAGR HBe R Raest Ly Fon ﬁh%égﬁiﬁ'sgga it
th t het e dRerEfore, if necess t

hydr ogen (egég)@%%ﬁ?ﬁ’lrgf St g%ﬁehé%pam et ohnpved (o Ehhratd et ic

f h 2 b hod h
et hanetor {1941 morts (oAb RURE PR 28%8@%?”“”@@%%%5%%%3?#% R o

net hane) to sepﬁ%%ﬁﬁhgﬁﬁg%grq%ggébgﬁ :QLQr Car?ﬁovgiOXIdgéparafg%%es

above hydrogen rome 2

hyd b, 5 oducti o

shown i n éur%%f?@%%ﬁ%ﬁ?f%ﬁﬁ%%é %c o U TR o e G el
the —car boxy"&&ﬁ'ﬁé §¥B§%@§ﬁ%dga§nfjof@eﬁh ﬁrmzo%asggggg{f&hg%are&n
unit 5 ammonia 1I's produce uch™a producti on "apparatu

producti on prqg@§§x£@ee&%ﬁ%@@ﬁo@&ﬁ&hﬁg@%h@eﬂ%ﬁﬁ%ﬁﬂ%ﬁb%ch%@%ﬁggEg dn

(or produces acetic acid and ammonia Il para th ea
whil e having arhessyRfRePicOfas) t hersnRIAlAd £ arkpn %ﬂfstfa%a

illustrating the reduction Tn the anmount of the generated car bon
dioxi de and tégamppedt fghdescORl as nPeréses siLENge PLOMNGE | Sown .
10 f0029] The carbon monoxide and hydrogen independently
separatedin the separationunit 3 are respectively supplied
to the carboxylic acid production unit 4 via the line 3A
and the ammonia production unit 5 via the line 3B. Since,
in the ammonia production, carbon monoxide and/or carbon
15 dioxide serves as a compconent severely inhibiting the
reaction, carbonmonoxide and/or carbondioxide isnecessary
to be removed from the synthetic gas more completely.
Therefore, if necessary, the hydrogen (gas) separated in
the separation unit 3 (or separation step) may further be
20 subjected to a conventional method such as a methanetor
treatment (treatment for converting carbon monoxide into
methane) to separate carbon monoxide and/or carbon dioxide
and the above hydrogen thoroughly from each other, and then
the separated hydrogen may be supplied to the ammonia
25 production unit 5 (not shown in Figures).

[0030] In the carboxylic acid production unit 4 the

carboxylic acid is produced, and in the ammonia production



apparatus or production process of the present invention, a nodel
case in which the ambunts of the produced acetic 10 acid and the
produced anmoni a are respectively 500,000 ton/year is assuned.

[ 0031] For producing acetic acid at a rate of 500,000 ton/year, the
present invention requires a coal as a-raw -material, for exanple, at
a rate 35 ton/h. The synthetic 15 gas (A) obtained by a gasification
of the coal contalns CO produced at a rate of 28,000 Nn8/h,

produced at a itk ° JGbGSNﬁéPﬂucgﬂd C%EcBr?mRﬁﬂQPQﬁlQPr%ﬁﬁ??ﬁtus
12,000 N8B/ h é nolar ratio 2/ CO2) i.s 1/0. %5/0 g%ﬁﬂ

| nci dental |y, %é’ﬁ%‘ﬁc 16‘F‘ Pﬁ8°88ﬁp%‘?1e?ﬁ% veeR Aoahis afidornd SmMHang-2
that the gaS|f t|on of

d | .
method, Then,  HEGHRTRISH Y &%%%?39%%93 St LD A naer%ﬁ#% e
synthetic gas ras.ff)@i %l fra(?crﬂ nﬁo‘}hﬁe ujt:rfépg la eSs amount of

separ at ed hydr gen 1S use nia pro anmoni a

Car bon di ki det " & %2%12%%%9%99%@ i e 127580 Hﬁ’%%%%& the
other hand, assuming; 4 a}_natrPé ﬂgg;kfﬁf ]%/%e%od anJ?or?tdlth&de

same rate as above wt use o

production of amop

i ndependent |y conduct eﬂﬁc’ﬁlﬂg %'anonﬁ}l% 35&%1 '?ﬁ%qgééﬁgﬁ%@gf&%$aﬁﬁ%cuon
amount of 't he &g@éréﬂlgo%wge«@dﬁc%&%ng@t Sub &t efk as el Qb QNS Jﬁxﬁe@@féd c

acid production at a rate of 500,0 on/ year generates C02 at a
rate of 12,0005 MNEYh asdmant Wened 2BavVemolRE8ONEr the NpAS&®Eed icetic

produce

10 acid and the produced ammonia are respectively 500,000
ton/year is assumed.
[0031] For producing acetic acid at a rate of 500,000
ton/year, the present invention requires a coal as a raw
material, for example, at a rate 35 ton/h. The synthetic

15 gas (A) obtained by a gasification of the coal contains
CO produced at a rate of 28,000 Nm3/h, H> produced at a rate
of 23,000 Nm3/h, and CO; produced at a rate of 12,000 Nm3/h
(i.e., the molar ratio {CO/H»/CO3z) is 1/0.85/0.49).
Incidentally, the ratio of the components is calculated

20 assuming that the gasification of the coal is conducted
by a coal slurry method. Then, assuming that 100% of the
hydrogen contained in the synthetic gas is separated from
the synthetic gas (A) and the separated hydrogen is used
for the ammonia production, ammonia is produced at a rate

25 of 95,000 ton/year; and as mentioned above, carbon dioxide
is generated at a rate of 12,000 Nm3/h.

f0032] On the other hand, assuming that a production of



anmonia at a rate of 95,000 ton/year, a coal is required at a rate
of 15.0 ton/h if all carbon nonoxide is used to 10 produce hydrogen
by the shift reaction of a synthetic gas (i.e., the coal produces,
as the synthetic gas, COat a rate of 13,000 NnB/h, H2 at a rate of
11,000 NnB/h, and C02 at a rate of 5,6008NnB/h). Accordingly, in the
amoni a production, carbon dioxide is produced at a rate of 18, 600

15 N8/ h (th f th q
5600 N1E) b ?r?t‘%o%%l PAGoEE gn o?n 4 90e a0 2050 Y A & [BECoe o coal

e Syt Agt 7¢° as “and € car

di oxi de_producec ﬁnet%t cas gg(&u%q/% Q% ardi$h Shift tﬁgaﬁm@f})ate

[ 0033] That is e anounts 20 of
produced acetig gglg a@iﬂ%% 1{1{ %Cfﬁ'd éﬁtf{r%onrd%%c&%@'%{ﬁé%mount

500, 000 ton/year an ton year, amounht of the coal to be

used can be redu Q%p ggggraﬁgg éﬁﬁ: gjg?oaﬂg gﬁqﬂ?ﬁggg&oeélﬁ§used

gener at ed car bon € can arate N8/ h. 25

[0034] The; exappl & 50 {dy gbgfofléﬁgr esgiy %C@&l@paa&atyﬁodﬁ@flon at
process) for produ0|ng a carboxylic acid by allowing the carbon

monoxi de separatgq of £ PR W@sﬁ/geges%é&faec@ co, B aWdt 88 12,000

al cohol ; and an apparatus (or process) for producing anmmonia by

using the hydrggbn, separatehddOmrde SYRbBELLE: , 088 @Rdet heo yebagen
obtai ned by a shift reaction of the synthetic gas. 5 [0035] The

producti on progRRsSnifraBRPHAldIDF 9B ,ios tbhgyear,i 8 tbel sheerapuitel
production apparatus (or process) shown in Fig. 1 except that the
producti on progess fdtd BT 15.0 ton/h if all carbon monoxide is used to
10 produce hydrogen by the shift reaction of a synthetic gas
(i.e., the coal produces, as the synthetic gas, CO at a
rate of 13,000 Nm3/h, Ho at a rate of 11,000 Nm3/h, and CO»
at a rate of 5,600 Nm3/h). Accordingly, in the ammonia
production, carbon dioxide is produced at a rate of 18,600
15 Nm3/h (the total of the carbon dioxide produced at a rate
of 5,600 Nm3/h in the production of the synthetic gas and
the carbon dioxide produced at a rate of 13,000 Nm3/h by
the shift reaction).
{0033] That is, in the model case in which the amounts
20 of the produced acetic acid and the produced ammonia are
respectively 500,000 ton/year and 95,000 ton/year, the
amount of the coal to be used can be reduced at a rate of
15 ton/h, and the amount of he generated carbon dioxide
can be reduced at a rate of 6,600 Nm3/h.
25 [0034] The example shown in Fig. 2 represents an apparatus
(or process) for producing a carboxylic acid by allowing

the carbon monoxide separated from a synthetic gas to react



conprises a synthetic gas supply line 2B, a shift reaction wunit 10,
and a hydrogen supply line 10A. The synthetic gas 10 supply line 2B
is used for supplying the synthetic gas produced in the synthetic
gas production unit 2 as a synthetic gas (B), which is or to be
separated fromthe synthetic gas (A),-tb9the shift reaction unit.
The shift reaction wunit 10 is used for producing hydrogen by the

shift reaction 15 of the synthetic gas é;? supplied via the |line 2B.
The hydr ogen “Eiigbf) aliGaolgand agszps %%[SBE)HWGEEH% ﬁ?ﬁlpﬁ’giﬁcmg
obtained in the shift reaction unjt_ 10 to the annoni_a oduction .

Gnit 5. In thdHRIHG BYSROWRS TRy ATo0eR P ahar S RGP g agnthetic

production unit 2, t synthetic gas.is 2 roduced_using the c

ovever s nodasend b Srersasr PRe et BE o TRbE | et i OF the
reaction, it i; r%%?@ecessarily to use a synthetic gas derived from
a coal as well %Snﬁ?ﬁﬂic gas having a relatively small ratio of

hyd H2 [ ' i
it s otampl SOITL e RedROERPRRLER (S Apn et PR S diere
s exanpl & . diced > P ihe’ 3
Cyntheti o gas (39 "SniPTRa Sy EnBr Pace gt SRR ULt b Pabeis) sown
ti f th t het d t
yar ogen (o be SUBHT1 i THThe " Rhron 5 T alhet: i T (o Ton

step). SpecifiCahbdised @ LPRLABTRAI Gadls ggﬁ?i 0ndNE 3 shfr Bl Qgem
separated 5 fromthe synthetic gas (A an he hydrogen separat ed

from the shifyiy{eagt i ghaunhl,at8qahtfipgRe 1Rl 104 eactHL8yRtRetic gas
supplied. The use of such a Shlf? reaction can reduce the

10 supply line 2B is used for supplying the synthetic gas

producedin the syntheticgas productionunit 2 asasynthetic
gas (B), which is or to be separated from the synthetic
gas (A), to the shift reaction unit. The shift reaction
unit 10 is used for producing hydrogen by the shift reaction

15 of the synthetic gas {(B) supplied via the line 2B. The
hydrogen supply line 104 is used for supplying the hydregen
obtained in the shift reaction unit 10 to the ammonia
production unit 5. In the example shown in Fig. 2, in the
synthetic gas production unit 2, the synthetic gas is

20 produced using the coal. However, since the example shown
in Fig. 2 can use the shift reaction, it is not necessarily
to use a synthetic gas derived from a coal as well as a
synthetic gas having a relatively small ratio of hydrogen
(Hz) relative to carbon monoxide (CQ).

25 [0036] Thatis, in thisexample, the synthetic gas produced
in the synthetic gas production unit 2 (or production step)

is separated into the synthetic gas (A) and the synthetic



amount of the generated carbon dioxide while controlling the
proportion of the anmount of the produced carboxylic 10 acid and the
anount of the produced ammonia. Incidentally, the shift reaction is
represented by the following formula. [0037] CO+H20->CO2+H2 It is
enough for the shift reaction unit 10 to20cenprise a synthetic gas
shift reaction apparatus (reactor). 15 The shift reaction unit 10

usual |y conprises an appar at us ste for conducting the sh
oncti o of 1 HSSy A hord ThbestBrE keral 46% T Mydrogen PP R ®)

he hyd || h
Lyﬁroéeﬁ"gSQne?érb%'g @%%%%%H:epfa&@%ﬂ ”%ﬁef {ife SBaguPOaPt: R B
hi f t t.o {
vor os, < nce 1 #Eated Beatd amin h b emEesalt a e re e
conponent s ment) ofied Aok o ﬁa%td G Yol AEE RUBLL efseg[g%xb@seq

di oxi de as a by- produc reactlon par

separ a1 ort | et B R hElTl of 15 HaERL pFoch, E%é%é%%%% o
met hod as ment '!:ﬂﬁegh_.@??vfeaggftgﬁ SQAlPrPgeéftefmgh@ shn?é't r Eﬁ}ﬁteﬂre

met hod. [ 0038] e production apparatus or production process

in Fig. 2 prodyggsiascgti cracideand R Qh%'tlxeea&% Yl egdﬁes the

anounts of the produced acetic acid and 5t produce anmoni a.
amounts of theaﬁé@ﬁﬂc@ﬂ-ﬁﬁéﬂdéﬁefﬁ%éé.%%be%ed@BQQHéeﬂhﬂﬂ@TEBﬁEf6hiiﬁb

exanple in Fig. 1 particularly are limted by the proportion of
car bon the proportion of the amount of the produced carboxylic
10 aclid and the amount of the produced ammonia. Incidentally,
the shift reaction is represented by the following formula.
[0037] CO+Hy0—>COy+Hy
It is enough for the shift reaction unit 10 to
compriseasyntheticgas shift reactionapparatus (reactor).
15 The shift reaction unit 10 usually comprises an apparatus
{step) for conducting the shift reaction of the synthetic
gas (B); separating hydrogen (including the hydrogen
originally contained in the synthetic gas and the hydrogen
generated by the shift reaction) from the gas after the
20 shift reaction; and supplying the hydrogen to the line 10A.
In other words, since the gas obtained the shift reaction
contains the other componentsmentioned above, particularly,
a large amount of carbon dioxide as a by-product of the
shift reaction, an apparatus (step) for separating hydrogen
25 from the gas is additionally required. The separation
method of hydrogen may include, e.g., the same separation

method as mentioned above, Rectisol process, and a



nonoxi de rel ative to oxygen in the synthetic gas derived fromthe
coal . Therefore, it is difficult for the exanple 10 in Fig. 1 to
produce a | arge anmount of ammonia. Contrarily, in the exanple shown
in Fig. 2, in addition to the controlling the amounts of the
produced acetic acid and the produced -aRfronia, it is possible to

i ncrease the anount of the produced ammoni a. Moreover, the anount of
t he produced a nla can be_controlled in view of balanC|ng t he
anount s of thén ’ﬁﬁﬁﬁﬂia and the produced acetic acid with

h oth f bon di d dt t of th
coal to be usﬂ%ﬂié;ﬁ E@e? it S g LR

supply and denqu of , hy rocaibon iﬁgrces fluctuaafgﬂugo contro ﬂr¥g
uce

the proportion o o17ed i 51 ve KO T I FR TR pr oces ST brvdl

e TSI B s,
di oxi de ang s gﬁﬁgg&;’AL th"_?etgg“ %CE Eﬂet O(Bﬁé)\%ﬁl%]detqﬂe

appar at us or prod ction proce

aspocti vel y S5 8 D TorTy e d%“"“‘ﬂé’%%%eb’@éﬁ?%ﬁ%ga@é@ LRt

In this nodelp£astontdier Prosuict iR & OGLSsHOr lpawyﬁ rPrbﬁpcB:-?f@éﬁ‘S

in Fig. 2 requires a coal  as a raw nateria for exanple, at arate

of 100 ton/h. odHOAH rEattie ﬁ350&?%%Q QB 180 §§E%ﬁb€ﬁctégﬁ(ﬁgﬁldéﬁ

used for producing a synthetic gas The obt al ned synt gas
(A) contains Ga-d atéecedadt arnaterdfe 284009 ANBF{bult for the example

10 in Fig. 1 to produce a large amount of ammonia. Contrarily,
in the example shown inFig. 2, inaddition to the controlling
the amounts of the produced acetic acid and the produced
ammonia, it ispossible toincrease the amount of the produced
ammonia. Moreover, the amount of the produced ammonia can

15 be controlledinviewof balancing the amounts of the produced
ammonia and the produced acetic acid with each other; and
the emission of carbon dioxide and the amount of the coal
to be used can be reduced. Additionally, if the balance
of supply and demand of hydrocarbon sources fluctuates,

20 controlling the proportion of CO relative to Hy allows the
process to produce acetic acid and ammonia independently
stably.

[0039] For illustrating the reduction in the amount of
the generated carbon dioxide and the amount of the coal

25 to be used in the production apparatus or production process
in Fig. 2, a model case in which the amounts of the produced

acetic acid and the produced ammonia are respectively



H2 produced at a rate of 23,000 NnB/h, and CO2 produced at a rate of
12,000 N8/ h (i.e., the nolar ratio (COH2/CQ2) 10 is 1/0.85/0.49) as
menti oned above. Incidentally, the ratio of the conponents is

cal cul ated assuming the gasification of the coal is conducted by a
coal s lurry nethod. [0041] The residuwal2z2ceal, i.e., 65 ton/h of the
coal, is used for producing a synthetic gas (B). The obtained 15
synt hetic gas %Bb contalns CO praoduced at a rate of 54,000 _ NnB/ h, H2
produced at a raPe’8f RN/ IRAF RAE/ P00 4RP é@?/ﬁteé‘&uﬁﬁtfssd{mea@ Tat® gris
24, 000 Nn8/ h. % 042 Then, lﬁﬁﬂ? shift reaction of all in the
synthetic gas™® %‘? ‘1%%*058% %%F%PHP8§F8§%PE° é‘rrl&{le%P%i‘rﬁ‘és
20 rates which, ar; %%sane as that o; . e. a?4 Ooﬁnnﬁﬁ . 1
Further, a uselBff4¥1 1 AEPELAS Fn‘doﬁ d?%d”eﬁaﬁ”oi“ fi&tamonPa SFampLe.
productlon can glve l?h ? ?%e of 500 , 000 ton/year. [0043]
On the ot her hand assunlng at®%/Production of acetic acid at the

sane rate &s a %% a ’g?gFLﬁ‘?f % %oﬁ?ﬁ'oé%gib%h@r@%hﬂ? %%%l is used

producti on of he ‘sare ove’ ther ew t

amount of ¢ he SonPt i 8 APRUELe L0 b PAO PRl 8 t%%ﬁo”gyﬁ?%em
order to produggsagﬁi 8°$Eégnfo PhPEg&SCgé ggo 000 tonéyggrﬂog ﬁo

is required at 529HERY Shed AB6Ve 1 A%t ac St §

acid producti g (AR.dey ganer aked & 8 RexhP A2 890 MBbRogRceq at

Mor eover, In OI’ to pro UCE,‘ anmoni'a at’ a rate’ of tOI’l year,

a coal is requhr.ﬁgt@tofa t(fbcprmgght PR 8. T el Imo1GA! RQR sTPREKES /E8,)
used to produce ydrogen y the s
10 is 1/0.85/0.49) as mentioned above. Incidentally, the
ratio of the components is calculated assuming the
gasificationof thecoal isconductedbyacoal slurrymethod.
[0041] The residual coal, i.e., 65 ton/h of the coal, is
used for producing a syntheitic gas (B). The obtained
15 synthetic gas (B) contains CO produced at a rate of 54,000
Nm3/h, Hs produced at a rate of 46,000 Nm3/h, and CO; produced
at a rate of 24,000 Nm3/h.
[0042] Then, by a shift reaction of all CO in the synthetic
gas (B), hydrogen and carbon dioxide are generated at the
20 rates which are the same as that of CO, i.e., 54,000 Nm3/h.
Further, a use of all the resulting hydrogen for the ammonia
production can give ammonia at a rate of 500,000 ton/year.
[0043] On the other hand, assuming that a production of
acetic acid at the same rate as above with a use of a coal
25 slurry method and a production of ammonia at the same rate

as above therewith are independently conducted, the amount

of the generated C0O; and the amount of the coal to be used



reaction of a synthetic gas (i.e., the coal produces, as the
synthetic gas, CO at a rate of 67,000 NnB/h, H2 at a 10 rate of
57,000 NnB/h, and CO2 at a rate of 30,000 NnB/h). Accordingly, in

t he ammoni a production, carbon dioxide is produced at a rate of 97 ,
000 NnB/h (the total of the carbon dioxpde-produced at a rate of
30,000 NnB/h in the production of the synthetic gas and the carbon
di oxi de produced at 15 a rate of 67,000 N8B/ h by the shift _ i
reaction). [0C4R csdfiilagedrs ERILRESADIER odse T PRRiIcEITS: Aee bhe ivrs
of the produced acetic acid and the produced amonia are

respectivel y 5902008te T pO&r CQRIESDOYOBD- toRPFéalS TaIitgthakta sote
the coal to be used can be reduced at_a rate of 20 15 ton/h, and the
amount of the Yentt AT RADICH HARE 2RAFE be IPedliCedcritis ASEE of
19,000 NmB/h. [00451 In the process or apparatus of the present 3

i nvention, tHFWGHIRETc s iS Qﬁ%qt;ﬁ‘ﬁlﬁfai%éiny MefldrHGy Mp /b
car bonacequs terial. The cgrbonaceo S materi al may be %5 gﬁl%ﬁ}%%o
accordi ng o tHEHTOTes™ FBF (QPTAMIhaPPBERRT F 17TS the U0
carbonaceous namterial_of_ the.synthetic s_.is not  linted to a €0
2nd mmy bo. an BT TS harteArloxs arorhssd ol Hats ofophobel ™ i the
process (1) , th roparti.on aof carbon nongxide relative tao.hydrogen
"s not necessaitigT MATGH O] 0% A5 Abovebr ARgSooT RRBoTRE RN T =it

arative 1o 5 Tyaonmh e BB R, (5] he R0 2P BARERLY ae

relative to 5 ogen may b ut 0 1/4, pr
HETRERE. ST R T L S L A
10 rate of 57,000 Nm3/h, and COz at a rate of 30,000 Nm3/h).
Accordingly, in the ammonia production, carbon dioxide is
produced at a rate of 97,000 Nm3/h (the total of the carbon
dioxide produced at a rate of 30,000 Nms/h in the production
of the synthetic gas and the carbon dioxide produced at
15 a rate of 67,000 Nms/h by the shift reaction).
[0044] Summing up, in the model case in which the amounts
of the produced acetic acid and the produced ammeonia are
respectively 500,000 ton/year and 500,000 ton/year, the
amount of the coal to be used can be reduced at a rate of
20 15 ton/h, and the amount of the generated carbon dioxide
can be reduced at a rate of 19,000 Nm3/h.
[0045] In the process or apparatus of the present invention,
the synthetic gas 1s usually obtained by reforming a
carbonaceous material. The carbonaceous material may be
25 selected according to the process (1) or (2). Intheprocess

(1), the carbonaceous material of the synthetic gas is not

limited to a coal and may be an oil, a natural gas or the



(synthetic gas derived froma coal) containing carbon nonoxide and
hydrogen in the specific range as in the exanple 10 in Fig. 2.
Further, in the process (1) , the proportion of carbon dioxide in
the synthetic gas has the sane range as nentioned above. [0046]
Moreover, in the process (2), as |long asz2tthe synthetic gas having a
smal | proportion of hydrogen can 15 be obtained, the carbonaceous
material is not limted to the coal. That is, although it is not
necessarily tolike Hoxpemeat. i BagPgerreed Hr-othe RECEBET 1B of ifaerbon
synthetic gas, the coal may usually be enployed as the preferred
carbonaceous rmRRe¥Ele Tl gtgorrto HYFHQQSPoéés%%% negeFRF By LifHded
coal may be ang one of an anthracite coal, a bitum nous coal, _a
subbi t um nous tdde aﬁ’oﬂleoﬁﬁngﬁa?m%ﬁdﬂﬁﬂegrﬁ%rePG@&S’P Tﬁeu?c‘e‘?orrﬁhr?g
met hod may suitably be selected according tq the kinds, of th

car bonaceous r‘%’f%ﬁ‘g’éﬁlc’rf:o%o it b, o% I’f‘éa% ROFFIF d?EJtaﬁewc?odﬁo

|h qutykpSfé. f:‘}@acﬁaf%#r'bgﬂaériés %.;9 ﬁ-fm@'df k9 Thts SR terahav ittt /53
Shel I ot hod, gfrﬁeﬁ?%‘s?eﬁ%wiee peili et el LT et
l'ike. Al thoug_k%égi exan%nhg r@cé:é S 1)1 and 2 oxg(gennt gtysed gor
the gasificati ho essary SI i ca

S Ll e I A PR
product intr“%éﬁ&éﬁﬂggﬂhhydrogenlnthesp301flcrangeas1ntheexample
i0 in Fig. 2. Further, in the process (1), the proportion of
carbon dioxide in the synthetic gas has the same range as
mentioned above.
[0046] Moreover, in the process (2), as long as the
synthetic gas having a small proportion of hydrogen can

15 be obtained, the carbonaceous material is not limited to
the coal. That is, although it is not necessarily to use
a synthetic gas derived from the coal as the synthetic gas,
the coal may usually be employed as the preferred
carbonaceous material.

20 [0047] In the processes (1) and (2), the coal may be any
one of an anthracite coal, abituminous ceal, a subbituminous
coal, a brown coal, and the like.

[0048] The reforming method may suitably be selected
according to the kinds of the carbonaceous material. For

25 example, the gasification of the coal is not particularly
limited to a specific cne. Specifically, the coal slurry

gasification process or method may include GE method or



step(s), oxygen is usually enployed as an oxidi zi ng agent. [0049]
The tenperature of the gasification of the coal 10 may be, for
exanpl e, about 1,300 to 1,500C and preferably about 1,350 to 1, 450C.
Mor eover, the pressure of the gasification of the coal may usually
be selected fromthe range of not nore 2han 10 MPa according to the
pur pose of use of the generated gas (synthetic gas). For exanple,
the 15 pressure of theﬁgasification of thgg be about

MPa. The coal stiFRaflef R BEY L6RG R #g%ﬁ#g?%Eﬁg%$%Qagﬁﬂg hae)
gasi 1 cat i on HETEHReFiGdga T CHEPBRAS steGas Lot ARt Sat ar AR odgan
Tont i oned abovl tBRCee | bl LaRRRR oS RaaPaER i FEP R pgyaen
Ther carbon Mook A8 YR SIoAESsEb AR PBA Thie TS PRehaPatr Rt Sulby

or the Shidt reaeldqn 25 Wi brbaLs3Ling CAEIIAN SHERLyeINCSE view of

conponent s nay separ a r €énove synt heti'c” gas

i | f h i=d fg
sel f 0F the cgrhan npxdenandl ofc ludk poen aenanaledl 1AM ider -o

synt hetic - a rnative e conponénts nmay be separated

and renoved féf’i&&@@ éggg&@txﬁ&l%??@ngst efrd 40 the 68 bohsequent

nonoxi de and/ o ydrogen separ at romthe synthetic gas. The

separation ands{ S0Pyl JARIHaRd; Qru I LCEF SmPAYyERCASIES 5x2aEMMEMdaNa
met hod. For exaﬁ%?g,ﬁa rennvaf &%thodgﬁsggg ?or an aciﬁ gas ngy I

include a Convﬁ@é&@Pahﬁﬂ?tgéﬁkéﬁﬁﬁhﬁ§ ofReftd Ss IF ELSSon of the coal
I nci dental 'y, hydrogen sul fide may

10 may be, for example, about 1,300 to 1,500°C and preferably
about 1,350 to 1,450°C. Moreover, the pressure of the
gasification of the coal may usually be selected from the
range of not more than 10 MPa according to the purpose of
use of the generated gas (synthetic gas). For example, the

15 pressure of the gasification of the coal may be about 4
to 10 MPa. The coal gasification may be conducted in the
absenceof acatalystorinthepresenceofasuitablecatalyst
according to the gasification method. The gasification
processusingwater and oxygenmay be conductedin the absence

20 of a catalyst.

[0050] As mentioned above, often, the separation and

removal of the other components, particularly the acid gas,
are preferably conducted in the carbon monoxide/hydrogen
separation unit (or separation step) or the shift reaction

25 unit {or shift reaction step). These components may be
separated and removed from the synthetic gas itself or the

carbonmonoxide and/orhydrogen separatedfromthe synthetic



further be separated as a sulfur source fromthe separated acid gas.
10 [0051] In the exanple in Fig. 2, the synthetic gas (B) wused in
the shift reaction unit (or shift reaction step) 1is a synthetic gas
obt ai ned through the synthetic gas production step through which the
synthetic gas (A) is also produced. Heweder, as |long as the
synthetic gas (B) is 15 different fromthe synthetic gas (A), the

t heti as be obtai.ned through a step different fromt
one ot odue Pt SRR« & e(sogponanﬁagma%r?%e%exrmﬁnaaand

coal and 2 gazaf%&é'f&gdz%ﬁ Wl BP0 S T

an oi or an a | C (0]
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in the exanple In e conpositio t'he "synt het 1 ¢ gases

(A) and (B) argeihe S8 gasifay 100R%d d tn%n%@.'ok%lr §8¢hbANS Y tas

(or shift reactlon step e’condition of the shi reactron is
not particul argyetd i toH-EL0s4. Sﬁ%ﬂfde%t%lﬁyanq{%&o%rﬁ LA iRRAl

condition. The shift reaction tenperature nay for exanple, about

5 200 to 600C rpreher MY ¥ephOHEed50s 058206 @&Ejré@rf%onpfﬁéeéé’kﬂﬁ’ated
about 300 to 500C. Additionally, the shift reaction may be conducted

in the presencgcpd gashift reaction

10 {0051] In the example in Fig. 2, the synthetic gas (B)
used in the shift reaction unit {(or shift reaction step)
is a synthetic gas obtained through the synthetic gas
production step through which the synthetic gas (A} i1s also
produced. However, as long as the synthetic gas (B} is

15 different from the synthetic gas (A), the synthetic gas
(B) may be cobtained through a step different from the one
producing the synthetic gas (&) (e.g., a gas derived from
a coal and a gas derived from a component other than a coal
(such as an o0il or a natural gas)). Moreover, the ratio

20 of each component (e.g., carbon monoxide, hydrogen, and
carbon dioxide) in the synthetic gases (A) and (B) may be
the same or different. In particular, when the synthetic
gas (B) is obtained through the step producing the synthetic
gas (A) as in the example in Fig.2, the process and apparatus

25 are advantageously simplified. Incidentally, in the
example in Fig. 2, the compositions of the synthetic gases

(A) and (B) are the same.



catalyst (e.g., an iron/chrom um based catal yst). [0053] The heat of
the m xed gas obtained by the shift 10 reaction may be recovered (or
the m xed gas nay be cooled) according to need. The recovered heat
may be supplied to the other steps or units according to need to use
the supplied heat for a heating reactiop7in the other steps. [ 0054
] Each of the lines may conprise a control neans (such 15 as a flow
control neans) for controlling the anount of each of the conponents

to be supplied Q@Y , Ihehephikdtreagipkon upiEHeF svhbk reacthpadgan, -
oxygen, and nitrogen). [0055] In the carboxylic acid production step
(or  producti direrfenditien 2 dhe shifotrepgtiulis 9Pl iBattdeularivn
a specific one and nay include, for exanple, an aliphatic _al cohol.
[e.g., an al kakbnifed P?%QQﬂ¥ﬁ%%?%%ﬁ8ﬂmﬁﬁ9ﬁé§°nﬁﬁpﬁéﬁ§ﬁ}ngﬂ%ﬁﬂqn-
propanol , isopropanal, butanol, or pentanol) and a
cycl oal kanol (er*’.’}g‘g,sé’ﬂcf}- T685ELoR kEMBPEAENTS 3% P -op Rt SRIPLe, about
cycl ohexanol , cycl oheptanol, or_ 25 cyclooctanol)], a phenol conpound
(e.g., a Thydrd%§ R 1920 éne PFSFF2 e B £ éﬁ%hﬁtiénglmﬁﬁétic
(or araliphatig% al cohol (ewg., a - 28 - %%drOXégl+4alkﬁlCﬁ-loarene
such as benzylPEELOFPLHrabohe 2 fiyto a7 Rtol ) AdRépraRaAL Yy | FBS Shift
exanples of the _alcohol i.nclude a l.i phatic nonool (e.d...a .
G ah kanol  SreatsEon Ben oy "paPe R sl Uit bEsdRRaR ST Safitssargagtion
t he carboxylic_aci ogducti on_ste ondition.of fhe reaction
of carbon mno??gdgég%%% {j‘%é al c%%ojr&?}s&g%?rﬁ]p%r?t]il’%%?%r??}?fﬁ?Zd to a
specific one, F@§5§pe'rhe heat of the mixed gas obtained by the shift
10 reaction may be recovered (or the mixed gas may be cooled)
according to need. The recovered heat may be supplied to
the other steps orunits according toneed to use the supplied
heat for a heating reaction in the other steps.
[C054] Each of the lines may comprise a control means (such
15 as a flow control means) for controlling the amount of each
of the components to be supplied {(e.g., the synthetic gas,
carbon monoxide, hydrogen, oxygen, and nitrogen).
[0055] 1In the carboxylic acid production step (or
production unit), the alcohel is not particularly limited

20 to a specific one and may include, for example, an aliphatic

alcohol [e.g., an alkanol (e.g., a Ci.jpalkanol such as
methanol, ethanol, propanol, isopropanol, butanol, or
pentanol) andacycloalkanol (e.g., aC4-19cycloalkanol such
as cyclopentanocl, cyclohexanol, cycloheptanol, or

25 cyclooctanol)], a phenol compound (e.g., a

hydroxyCg-iparene such as phencl), andanaromaticaliphatic

(or araliphatic) alcohol (e.g., a



conventional condition and apparatus nmay be used. The carboxylic
acid may usually be produced in a |liquid phase 10 reaction system
For exanple, in the reaction systemof the carboxylic acid
production step, the pressure (or partial pressure) of carbon
nonoxi de may be, for exanple, about 20028 o- 3,000 kPa (e.g., about
400 to 1,500 kPa), and preferably about 500 to 1,000 kPa. Mbreover,

the reaction 15 tenperature nmay be, for exanple, about 100.ta 3Q0C
and pref er abYSASGNC1138 1 L5003 E T ,s”é%blﬂs PAIEY Zi]Z.'tfe)h.ool The

reaction pressyre bout , P b

1,500 g 0 4, goé’ 5 hﬁ%’?ﬁﬁgﬁ%ﬂf&é’i 't gggngg?gFgggF’éagf‘%@ﬁggF ok gg&,
nonoxi de an C d d

Catalyst. e reilie B algohaRgHehRloRh f Soarcn ik atol
catalyst, & Oqudh UL AP! HoucalAluslyf spahapl 1 nodi um

catalyst, an iridium ca a platinumc a pal | adi um

catal yst, @ oURRle £all Kol SliRkelall GG Biep, the

concentratl on In the liquid “phase reaction system

may be, for e)@éﬁﬁﬁicﬁfpg?tﬂé f@aé@ioggﬁf cPPHdn ABH oRA Bb&IADE Me QG LO0

to 5, 000 ppmin ternms of weight. - 2 Mor eover, the catal yst may be

used in conbi natinn Vﬁ}éﬂfcuf&rfﬁtﬁﬂﬁe@rt@ 4 effd ¢ O ARl eraidrthe
The co-catalyst or the reaction accelerator may include a netal

halide (e.g., cMyalkadlaidhaied ddleasdicdppsrdtddingy ivdiwesd. The
potassium 5 iodide, sodiumiodide, or lithiumbromde), a hydrogen

halide (e.g., hysQeen ¢ e maRdubydl ogare arduia)d ia ahyigorardiose
halide (e.g., a hal oCl-4al kane such as net hyl
10 reaction system. For example, in the reaction system of
the carboxylic acid production step, the pressure (or
partial pressure) of carbon monoxide may be, for example,
about 200 to 3,000 kPa (e.g., about 400 to 1,500 kPa), and
preferably about 500 to 1,000 kPa. Moreover, the reaction
15 temperature may be, for example, about 100 to 300°C and
preferably about 150 to 250°C (e.g., about 170 to 220°C).
The reaction pressure may be about 1,000 to 5,000 kPa (e.g..,
about 1,500 to 4,000 kPa).
[0057] Additionally, the reaction of carbon monoxide and
20 the alcohol may be conducted in the presence of a catalyst.
The catalyst may include a conventional carbonylation
catalyst, e.g.., a transition metal catalyst (such as a
rhodiumcatalyst, an iridiumcatalyst, aplatinumcatalyst,
a palladium catalyst, a cupper catalyst, or a nickel
25 catalyst). The concentration of the catalyst in the liquid
phase reaction systemmay be, for example, about 5 to 10,000

ppm, and preferably about 10 to 5,000 ppm in terms of weight.



i odi de or methyl bromi de), and others. The carboxylic acid (e.g.,
acetic acid) produced in the carboxylic acid 10 production step may
be purified and collected by a conventional manner. [0058] For the
carboxylic acid production step (or production unit), the
conventional manner (e.g., Japanese Pateggt _No.3244385andJapanese

Pat ent Application Laid-Open 15 No. 2002-255890) may be referred.
[0059] In the anmmoni a production step (or production unit) , the
condition of tMwreeeet) drhofcahadrogemagntenibedgen ¢embimgtion with a
particularly limted to a specific one. The conventional condition
and appar at us e@ycilealped orfore2@tdvanpteslehatoractibencoenptadysteor
may be, e.g., about 300 to 700C and preferably about 350 to 650C (e.
g. , about 400the ge@@CionThAecebaraton iEwedsgludamy nepeilopaligede.g. .,
selected according to a manner (such as a | ow pressure nethod, a

m ddl e- pr essur@n rﬁa]g?ftﬂdL msytad hiaghider eyt asnbi Hoblym aielids. 28 U5 s ity
exanpl e, about 5 to 50 MPa (e,g., about 10 to 30 I\/Ra%. [ 0060] The
reaction of hyHR&HER: afREHME r iR erayehel 1 tigpm &b % h¥drogen
presence of a catalyst. The catal yst may _include a conventi onal
catal yst, for &bt eleadt r dMETEPIRR h‘%‘{h‘Fec‘%ﬁ%If%‘Fo%‘?‘gﬁ?mﬁﬁlde)- a
i ron-based catal yst (such as triiron tetraoxide) and a

rut heni um bas R &R TRN (tldiles (§s 9a -Ri/ 1 bofrn aticdicdgec shghyas yme thyl
Mor eover, the aboy catal yst _may he used in conbingtion with_a )
Cor cat al yst - Hoitt e oEHETYEL o ARl it OFBESEn ante CoxHoRAFiRc1a

et al (e.g., acetic acid) produced in the carboxylic acid

10 production step may be purified and collected by a
conventional manner.
[0058] For the carboxylic acid production step (or
production unit), the conventional manner (e.g., Japanese
Patent No. 3244385 and Japanese Patent ApplicationLaid-Open

15 No. 2002-255890) may be referred.
[0059] Intheammoniaproductionsitep (orproductionunit)},
the condition of the reaction of hydrogen and nitrogen is
not particularly limited to a specific one. The
conventional condition and apparatus may be used. For

20 example, the reaction temperature may be, e.g., about 300
to 700°C and preferably about 350 to 650°C (e.g., about 400
to 600°C). Thereactionpressuremayoptionallybe selected
according to a manner {(such as a low-pressure method, a
middle-pressure method, or a high-pressure method) and may

25 be, for example, about 5 to 50 MPa (e.g., about 10 to 30
MPa) .

[0060] The reaction of hydrogen and nitrogen may be



or alkaline earth nmetal oxide (such as potassi um oxi de, nmagnesium
oxi de, or cal ucium oxide), an al um nium conpound 10 (such as an

alum na), and a silicon conpound (such as silicon dioxide). The
anmoni a produced in the anmonia production step nmay be purified and
col l ected by a conventional nethod. |NDRGTRI AL APPLI CABI LI TY 15

[ 0061] The production process or production apparatus of the present
i nvention produces a carboxylic acid (such as acetic acid) and
anmoni a i ndepetREFFieRin Ehemyspenamotad SaftHetdte- gdfe catalyst may
(particularly, a synthetic gas derived from an |nexpen3|ve coal as a
raw nartial ). NFEHRR cervRRtiPRADFadRITT -of OF REFEHE af dF gl ifcvn
di oxi de and the anpunt of the carbonaceous material (parti cuI arI y a
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Oxygen supply éfrgiﬁgilﬁgtéé§%ﬁlﬁg%gibelége(Such as potassium oxide,

magnesium oxide, or calucium oxide), an aluminium compound

10 {such as an alumina), anda silicon compound (such as silicon

dioxide). The ammonia produced in the ammonia production

step may be purified and collected by a conventional method.

INDUSTRIAL APPLICABILITY

15 [0061] The production process or production apparatus of
the present invention produces a carboxylic acid (such as
acetic acid) and ammonia independently efficiently from
a synthetic gas (particularly, a synthetic gas derived from
an inexpensive coal as a rawmartial). Moreover, since the

20 amount of the generated carbon dioxide and the amount of
the carbonaceous material (particularly a coal) to be used
are reduced, the production process or production apparatus
of the present invention areenvironmentally, industrially,
economically advantageous. Additiconally, since the

25 amounts of the generated carbon monoxide and the generated
hydrogen are controlled, the carboxylic acid and ammonia

are produced at desired production rates.
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supply line - 32 - CLAIMS [Caiml1] A process for producing a
carboxylic acid and anmoni a i ndependently, conprising the steps of 5
(a) separating carbon nonoxi de and hydrogen- independently froma
synthetic gas (A); (b) produci ng hydrogen by subjecting a synthetic
gas (B) to a shift reaction; (c) producing the carboxylic acid from
an al cohol 10 and the carbon nonoxi de separated fromthe synthetic
gas (A); and (d) producing ammonia from nitrogen, the hydrogen
separated fromthe synt héd}ICRRT Y O RERHFRE ﬂﬁﬁﬁﬁuﬂﬁﬁtained by
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separated fromthe synthetic gas (A). 25 [Caim 3] A process
according to claim1 or 2, further conprising the steps of (h)
separating nitrogen and oxygen independently - 33 - fromair; and (i)
produci ng a synthetic gas by a gasification of a coal; wherein the
oxygen separated in the oxygen/nitrogen 3% separation step (h) is
used for the gasification of the <coal, the nitorogen separated in

t he oxygen/nitrogen separation step (h) is used in the ammonia
production step, and the synthetic gaSlkpi¥duced in the synthetic gas
production step (i) is used as the synthetic gas (A). 10 [Caimi] A
process according to claim2, further conprising the step of (j)
produci ng hydrogen by subjecting a synthetic gas (B) to a shift
reaction, wher 3™ lilheAaRABARES pFOHRTPORCERE PP (PP PRI eid and
hydr ogen separated fromthe synthetic gas (A) and the hydrogen

obt ai ned by t FE™H}-& %fléiaecﬁ‘?ftfi‘/ﬁnsftléb GRS ik dhe [ A
process according to claiml1l or 4, wherein the synthetic gas (A) and
the synthetic gas (B) ‘@le FRGGAERY NS IoRO¥AAR KR Pyéié’gen

production St6¥ﬁdependently from a synthetic gas (A);
() producing hydrogen by subjecting a synthetic
gas (B) to a shift reaction;
{c) producing the carboxylic acid from an alcohol
10 and the carbon monoxide separated from the synthetic gas
(A); and
(d) producing ammonia from nitrogen, the hydrogen
separated from the synthetic gas (A), and the hydrogen
obtained by the shift reaction step (b).
15 [Claim 2] A process for producing a carboxylic acid and
ammonia independently, comprising the steps of
(e} separating carbon monoxide and hydrogen
independently from a synthetic gas (A) having a molar ratio
of carbon monoxide relative to hydrogen of 1/0.4 to 1/1.5;
20 (£) producing the carboxylic acid from an alcohol
and the carbon monoxide separated from the synthetic gas
(A}; and
(g) producing ammonia fromnitrogen and the hydrogen
separated from the synthetic gas (&).
25 [Claim 3] A process according to claim 1 or 2, further
comprising the steps of

(h) separating nitrogen and oxygen independently



10

15

from air; and

(i) producing a synthetic gas by a gasification
of a coal;

wherein the oxygen separated in the oxygen/nitrogen
separation step (h) is used for the gasification of the
coal, the nitorogen separated in the oxygen/nitrogen
separation step (h) is used in the ammonia production step,
and the synthetic gas produced in the synthetic gas
production step (i) is used as the synthetic gas (A).
[Claim4] Aprocessaccordingtoclaim2, further comprising
the step of

{(j) producing hydrogen by subjecting a synthetic
gas (B) to a shift reaction,

wherein in the ammonia production step (g), the
hydrogen separated from the synthetic gas (A) and the
hydrogen obtained by the shift reaction step (j) are used.
[Claim 5] A process according to claim 1 or 4, wherein the
synthetic gas (A} and the synthetic gas (B) are produced

in the same synthetic gas production step.



