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BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a nmetal corrosion
i nhibitor for preventi MESORIBFION of metal in a steam
generating unit such as a boiler, steam generator or
the like, or in a petroleumrefining or petrochem ca
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corrosion of netal in a steamgenerating unit or
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relates 1n particular to a netal corrosion inhibitor
and nmethod for preventing corrosion of netal which
Cﬁn prevePt corrosi on even when snmall quantities of
the netal cor [ .ok kit . Mor eover
the present i KER bﬁB e gen chl oride
formation inhibitor and nmethod for inhibiting
formati on of hydrogen chloride which can prevent

1 .metrak1 g0k EOSHONT BRdISEIh: DY hydrogen chloride gas in a
crude oi I atnospheric distillation unit. 2.
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corrosion of netal in equipnment such as various types
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generating unit such as a boller, steam generator or the

like, or in a petroleum refining or petrochemical process
unit, and to a method for preventing corrosion of metal in a
steam generating unit or petroleum refining or petrochemical
process unit, and relates in particular to a metal corrosion
inhibitor and method for preventing corrosion of metal which
can prevent corrosion even when small quantities of the
metal corrosion inhibitor are added. Moreover, the present
invention relates to a hydrogen chloride formation inhibitor
and method for inhibiting formation of hydrogen chloride
which can prevent metal corrosion cauged by hydrogen

chloride gas in a crude oil atmospheric distillation unit.

2. Description of the Related Art

In order to prevent corrosion of metal in equipment

such as various types of boilers, the waste heat boilers of



petrochem cal plants, gas turbine facilities and the
like, and the steam generators of pressurized water

woemahoreq it is necessary to control the pH PCT/JP2003/014392
appropriately at various points (the feed water
system the boiler, the vapor/condensed water
system) For exanple, in a boiler wherein softened
water or raw water is feeded, carbonic acid is
produced when carbonates and hydrogen carbonates

peEOBERimashl blhe sf, egd swatebidecbapolsiciar e Bidiel dd ke,
water. The resulting carbonic acid | owers the pH
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this causes corrosion. Mreover, the steam generation
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po?%kg g?ﬁ% pH at varlogg p0|ntseand cause corrosion.
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nponents wth controller to obtain an
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used as contro ers in feed water

systens a or/co de I
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anol am nes,
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The resulting carbonic acid lowers the pH primarily in the
vapor/condensed water system, and this causes corrosion.

Moreover, the steam generation unit of a process system
may become contaminated with acid components including
inorganic acid and organic acid derived from the process.

"Such acid components lower the pH at various points and
cause corrosion.

Ssuch corrosion can be prevented by neutralizing the
acid components with a pH controller to obtain an
appropriate pH.

Thus, ammonia and neutralizing amines are ordinarily
used as pH controllers in feed water systems and
vapor/condensed water systems. Examples of neutralizing
amines include alkanolamines, cyclohexylamine, morpholine

and the like.



Corrosion prevention in the boiler is normally
achieved Dby controlling the pH using boiler conpounds
weonwtaisang sodi um hydroxi de, sodi um phosphat eP@T/JR20€3/014392
i ke, but when volatile treatnments are al so being
processed in the boiler, ammonia and neutralizing
am nes are used as pH controllers. As above, possible
neutralizing am nes include al kanol am nes,
cycl ohexyl am ne, norpholine and the |i ke (see Japanese
Pat @t rAppid gatdventhahdiopehe Nooilssl -i34 @95 magdgyeaghieved
upper left colum, lines 1-3). In the fields of
by PesHOF UM efi pY psangssoabdr getrohbnicaltagrésdss,
hydrogen chl oride, hydrogen sulfide, carbon dioxide
so@Dgn Ot PeFosacid GoRrReRephssgpatai aedtid L, duodehenl
can dissolve in water (condensed water, free water,
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colum or fractionating colum or the |i ke, and cause
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€ atnospheric distirllation process of petroleum
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In the fields of petroleum refining process and
petrochemical process, hydrogen chloride, hydrogen sulfide,
carbon dioxide and other acid components contained in the
crude oil can dissolve in water (condensed water, free water,
etc.) generated within or at the top of a distillation
column or fractionating column or the like, and cause
corrosion of the metal of the unit.

For example, in the atmospheric distillation process of
petroleum refining, the crude oil is ordinarily first
desalted in the desaltor, then heated to a prescribed
temperature in the heating furnace and féeded to the
atmospheric distillation column (main distillation column),
where it is separated into naphtha fraction, kerosene, das
0il component, residue and the like. In this atmospheric

distillation process, the magnesium chloride and calcium



WO 2004/ 044266 PCT/JP2003/014392 chloride in the
crude oil produce hydrogen chloride gas by
whyanokaeé s, as shown by the follow ng reacti oPCT/JP2003/014392
formula. CaCl2 + 2H20 (heating) --> Ca (OH) 2 + 2HC1
Mgl 2 + 2H20 (heating) --> Mg (OH) 2 + 2HCL The
hydrogen chl oride gas produced in this way dissolves
i n condensed water produced in the | ow tenperature
area of the top of the colum, the overhead system or
chide gd iske tof thedat spsppesdecdistdddemn ohloolidengee by
form hydrochloric acid, |eading to unpreferable
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unit. It is also necessary in the fields of petrol eum

r efdam gng ael patacham cals peoeess, tozgontrol the pH

er 1o prevent corrosion of netal of the unit by
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acid corrosion of the metal of the unit.

It is also necessary in the fields of petroleum
refining and petrochemical process to control the pH in
order to prevent corrosion of metal of the unit by acid
components, and in general ammonia and neutralizing amines
are used as pH controllers. Examples of neutralizing amines
include alkanolamines, methoxypropylamine and the like (seé
Japanese Patent Application Laid-open No. H10-251639, page 2,
left column, lines 12-24 and right column, lines 29-37).

In the atmospheric distillation process of petroleum
refining, efforts are also made to prevent formation of the
hydrogen chloride gas itself which is the cause of metal
corrosion, with the following technologies being employed.

(1). A method of preventing formation of hydrogen

chloride by adding sodium hydroxide to the crude oll at the



4 WO 2004/ 044266 PCT/JP2003/014392 desaltor outlet in
order to convert the magnesium chloride and cal cium
w@hdoani4tes i n the crude oil to stable (not hydrOl/yR20081014392
even when heated) sodiumchloride. (2) A nethod of
neutralize the generated hydrogen <chloride in the
formof am ne salts by addi ng al kanol anmines to the
crude oil at the desaltor outlet (Japanese Patent
Application Laid-open No. H3-101801, C ains). However,
detHBtaMRt IR tant rReldetraltoz cngvant nese usethessi yHchloride
controllers as described above were only weakly
andesiT @l iZidigoriand ihadnkochedaddel tm dtige (not
quantities. Such problens were particularly obvious
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volatil e treatnment was bei ng processed. When used as
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am nes produce acid conmponents and salts during the
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utral1zing amnes are only weakly neutralizing, the
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as a__technology for inhibiting forpation ff hydr ogen
copfirorilges #$ described above were only weakly neéutralizing,
and had to.be added in large quantities. Such problems were
particularly obvious when trying to prevent corrosion inside
a boiler if volatile treatment was being progessed.

When used as pH controllers, moreover, ammonia and
neutralizing amines produce acid components and salts during
the neutralization process, and since ammonia and
neutralizing amines are only weakly neutralizing, the
resulting neutralized salts (amine hydrochlorides, amine
carbonates and the like) and neutralized salts of strong
acids in particular (such as amine hydrochlorides) can
dramatically lower the pH when they dissolve in water, thus
causing secondary corrosion.

On the other hand, in the above method (1) as a

technology for inhibiting formation of hydrogen chloride, if

too much sodium hydroxide was added, the sodium deteriorated



too nuch sodi um hydr oxi de was added, the sodi um
deteriorated 5 WO 2004/ 044266 PCT/JP2003/ 014392
W@ ai0alyes6 i n the heavy oil direct desul furi zapCDaP2008/114392
at the subsequent stage. So it was necessary to limt
the anount of sodi um hydroxi de added even if the
crude oil at the desaltor outlet had a high salt
concentration. As the result, the inhibitory effect
on formation of hydrogen chloride was not
ca%alliystacinr yhe | Refagtol WikEnreatcdedel fiiki zaef omi wgl i it
was bei ng operated continuously for two years or
thE0LEbseahahyStthfe t heo heawyOinecdiseaey desuihiti et i on
unit which had deteriorated due mainly to sodi umfrom
ardch@t 8edkygy Gh! Ruh e had dpude shangedrpaceraqyesdl 49
the above nethod (2), if the operating tenperature of
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sodium chloride had to be changed once a year.

In the above method (2), if the operating temperature
of the top of the atmospheric distillation column was lower
than the melting point of the amine hydrochlorides produced
by neutralization, the amine hydrochlorides accumulated
within the atmospheric distillation column, causing problems
such as corrosion, line blockage or the like within the unit.
Moreover, when the amine hydrochlorides produced by
neutralization were heated by the furnace of the atmospheric
distillation column, they became partially hydrolyzed, again

producing hydrogen chloride. So neutralization by adding

amines again to the top of the column was needed.

SUMMARY OF THE INVENTiON




6 WO 2004/044266 PCT/JP2003/014392 Wth the foregoing

inview, it is an object of the present invention to
w@eaniogeeé@ netal corrosion inhibitor and net hBdr/irm03/014392

preventing corrosion of netal capable of adequately

preventing corrosion even when small quantities of

the nmetal corrosion inhibitor are added, and capabl e

of reducing the risk of secondary corrosi on caused by

generated neutralized salts. Mreover, it is an

obj gethotnéheopsg@send id nventi dn te pnosbileca dfdriogen

chloride formation inhibitor and nethod for

prieRBhbi thignt ocRBtd O &Fidy & @genlchberbdeon capalibetaf and
preventing formati on of the hydrogen chloride itself
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ina crude oil atnmbspheric distillation unit, wthout
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I'eve t ect e present invention first
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corrosion o eam generating unit

R
néﬁg;%gggéalﬁggrnyl £1£v£¥¥(m¥ is an objec% 1gﬁe present
invention to provide a hydrogen chloride formation inhibitor
and method for inhibiting formation of hydrogen chloride
capable of preventing formation of the hydrogen chloride
itself rather than neutralizing hydrogen chloride produced
in a crude oil atmospheric distillation unit, without any
deterioration of the catalyst.

In order to achieve the objects, the present invention
first provides a metal corrosion inhibitor for preventing
corrosion of metal in a steam generating unit or petroleum
refining or petrochemical process unit comprising a
gquaternary ammonium compound described by general formula

[1] below:

-+

2 N—(CH)n—OH |- OH™ .. (1)

Aa— 2—73



WO 2004/ 044266 PCT/JP2003/014392 (wherein Rl, R2 and
R3 are the sane or different hydrocarbon radicals
waweaoho4426@© 4 carbon atons, and n i s an i ntegerPChE20634014392
1 and 10) (Invention 1). In the present invention,
"steam generating unit" signifies a unit capable of
generating steam and the netal conposing such unit
may undergo corrosion. "Petroleum refining or
~ petrochemi cal process unit" signifies a unit used in
(wReteoherm ref zAidng® s ess ermeebrodhént caht pii pdwsssrbon
and the netal conposing such unit nmay undergo

raBQFREDSI ANth W D NOocd it S t@hst hentlypeiof apr ogesged n
petroleun1ref|n|ng or petrochen1ca| process. In the

be ggg §05588; i P bi Q5 ageording to the invention

I nvention 1) ab ove It is preferable that Rl, R2 and

R3 " h
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hydrocar 17-3 carbon atons, and that n
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era uat érnary
amoni um ¢ d descri bed eneral fQ
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| nvention 3 | s al so preferabl.e that
re&&&ﬂ@ﬂnQprﬁ%ﬁBﬁF9ﬂ+E%%ﬂﬁﬁﬁé}sEU&?&& b5698§f58ﬁe?aTnlt
formul a kﬁ above be contained in the ampunt of 1% by
uspgs § Do P e P PN T BRERBRY Lo, PEhECHrERRARL Process,

i nvention provides a nethod for preventing corrosion
angf timet metied gospeaimgesieritiHg @it undergo  corrosion,

with no limits on the type of process in petroleum refining
or petrochemical process.

In the metal corrosion inhibitor according to the
invention (Invention 1) above, it is preferable that R!, R?
and R® in the general formula [1] be the same or different
hydrocarbon radicals with 1-3 carbon atoms, and that n be an
integer between 1 and 4 (Invention 2), and it is
particularly preferable that the quaternary ammonium
compound described by general formula [1] ébove be (B-
hydroxyethyl)trimethylammonium hydroxide (Invention 3). It
is also preferable that the quaternary ammonium compound
described by general formula [1] above be contained in the
amount of 1% by mass or more (Invention 4).

Second, the present invention provides a method for

preventing corrosion of metal in a steam generating unit,



8 WO 2004/ 044266 PCT/JP2003/ 014392 wherein the
guat ernary ammoni um conpound descri bed by genera
wo oroakeed 1] below. RL R2 N-(CH2)n-CH OH (~ DCT/BR003/014392
(wherein Rl, R2 and R3 are the sanme or different
hydrocarbon radicals wth 1 to 4 carbon atons, and n
is an integer between 1 and 10) is contained in water
whi ch nmay contact the inside of the steam generating
unit (lInvention 5). In the aforenentioned nethod' for
whBEEYENt hA0GEHF £ 084 0N an@loniRinakofp By eAt dosch)hed thy s
preferabl e that the quaternary ammoni um conpound
geflesgli bednbyas 9enen@ddidwer mul a [1] above be added in
the range of 0.1-50 ng/L to feed water which may
contact the inside of the steam generating unit
(I'nvertion 16). Thi rd;7t he present invention provides
a netlod f&r preventipg corrosion of nmetal in a
pet rolleym gef } nj.ng Qr t -ochem cal process unit,
mhereinﬁth qtaban§F§ 28 ni"um dd ognd descri bed by

generdl fogmula [1] below RL Ra NN(CHZ)n-OH OH (7 )
R3 9

(wherein R}, R? and R® are the same or different hydrocarbon
radicals with 1 to 4 carbon atoms, and n is an integer‘
between 1 and 10) is contained in water which may contact
the inside of the steam generating unit (Invention 5).

In the afoiementioned method for preventing corrosion
of metal (Invention 5), it is preferable that the gquaternary
ammonium compound described by general formula [1] above be
added in the range of 0.1-50 mg/L to feed water which may
contact the inside of the steam generating unit (Invention
6) .

Third, the present invention provides a method for
preventing corrosion of metal in a petroleum refining or
petrochemical process unit, wherein the quaternary ammonium

compound described by general formula [1] below:

+
1

REX=N—(CH)n—OH |- OH™ . - . (1)

A— Z—A

3



WO 2004/ 044266 PCT/JP2003/014392 (wherein Rl, R2 and

R3 are the sane or different hydrocarbon radicals
Wowah/04426© 4 carbon atons, and n i s an i ntegerPOEIROE014392

1 and 10) is contained in fluid which may contact the

i nside of the petroleumrefining or petrochem ca

process unit (lnvention 7). Fourth, the present

i nvention provides a nmethod for preventing corrosion

of nmetal in an atnDspherlc distillation colum for

(pe¢rolelh, r &f i md@proeesse whes edn @ ffsaternakdrocarbon

anmoni um conpound descri bed by General Formula [1]

rdd@l @il s RitRA No GH2habeh Otbmé,l shd B8 il mnviinel R,
R2 and R3 are the same or different hydrocarbon

péadgal s aMd hod tig f‘:oﬁ@ébﬁ@daiﬁnﬁlul@%ﬂldhsm%@ 'CBB%Q@E
between 1 and 10) is contained in id
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colum for petroleumrefining proces such t

pf@%ég%t¢@m§o&n@%ntggﬁ ggp line of the atnospheric

distil Iatlon colum I's 5.5- 6.5 (lnvention 8).

Regar i ng t Qve ipventio 1 to 8 ecause . th
quatég%ary gﬁﬁb%rﬁﬁFggnﬁ%ﬁﬁ%g cﬁﬁ%ﬂ%'ﬁ@'ggﬁgﬁgg for

f Qr “'%il Jaﬂﬁ f&?ééﬂv o%omgpafogr?/ gr?4a2t6m605pher1c distillation

column for petroleum refining process, wherein a quaternary

ammonium compound described by General Formula [1] below:
3

R:- —(CHn=OH |- OH™ . .. (1)

A— Z—3

(in which R}, R? and R® are the same or different hydrocarbon
radicals With 1 to 4 carbon atoms, and n is an integer
between 1 and 10) is contained in fluid which may contact
the inside of the atmospheric distillation column for
petroleum refining process such that a pH value thereof at
the top line of the atmospheric distillation column is 5.5-
6.5 (Invention 8).

Regarding the above invention 1 to 8, because the

quaternary ammonium compound described by general formula

[1] below:

10



R 0-1a-(C2)n-0HO+ (7 ) R3 (wherein R, R2 and
R3 are the sane or different hydrocarbon radicals
Wowah/04426© 4 carbon atons, and n i s an integerPChE20634014392
1 and 10) (sonetimes referred to hereunder as
"quat ernary amoni um conpound A) has a higher degree
of dissociation than the anmonia and neutralizing
am nes conventionally used as pH controllers, its
capability to raise pHin water is high (its basic is
strong). Moreover, because quaternary amoni um
compoupd A gras relativegly low volatility, it is
likely{to remain in thg systemto which quaternary
anmoni uR*edwpdend)Aons .agded. . Qopgequently, with
quat er pary bnnnnlun1co ound Ait 1s possible to
ef f ect vely?prevent corfrosion of netal even if only a
small quantity is added. In addition, because
quat er nary ammoni um conpound A is strongly basi c,
Rgsal ireodnodl® <PORTEI DY QAL SN SUIRNL UL oo
conmpound A W th acids can nal V\ﬁln a |gI & e
[ | -amin even en dissolved,in wa :
PR R ol el e R
need, to be a de n small quantities,
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"quaternary ammonium compound A) has a higher degree of

dissociation than the ammonia and neutralizing amines
conventionally used as pH controllers, its capability to
raise pH in water is high (its basic is strong). Moreover,
because quaternary ammonium compound A has relatively low
volatility, it is likely to remain in the system to which
quaternary ammonium compound A was added. Consequently,
with quaternary ammoniuﬁ compound A it is possible to
effectively prevent corrosion of metal even if only a small
quantity is added.

In addition, because quaternary ammonium compound A is
strongly basic, neutralized salts formed by quaternary
ammonium compound A with acids can maintain a higher pH than
conventional amine salts even when dissolved in water.
Consequently, not only does quaternary ammonium compound A

only need to be added in small quantities, but it greatly

11



reduces the risk of secondary corrosi on caused by

neutralized salts. Fifth, the present invention
w@eaniogess a hydrogen chloride formation i nhi bPCDIP20@ 014392

a crude oil atnospheric distillation unit, conprising

((3- hydroxyethyl)trinmethyl anmoni um hydr oxi de

(I'nvention 9). In the aforenenti oned hydrogen chl oride

formation inhibitor (Invention 9), it is preferable

that ((3- hydroxyethyl)trinmethyl anmoni um hydr oxi de be
ra&fdaal Rew i &N o ragBuBhdff v 598 bYo JTRSS QhisRBr §

(I'nvention 10). Sixth, the present invention grovides
net®IINGA 4 @1 £iknhi biting formation of hydrogen

chloride in a crude oil atnospheric distillation
uni tp; pper ei < d hyl ).t.rimet hyl apmoni um
hydréﬁ*%g ?ggcgﬁggﬁﬁ%d{?ﬁ¥?%g%l&gggﬂ?g& Er ude BFF i n

t n .ude.oil, desaltor and the , omi ,
R R S U R R AP o e i phappeheric
distillation unit (lnvention 11). In the present
dj it 8pide BPTPEIFRPhEH ¢ distillation unit”
signifies a unit involved in atnospheric distillation
hyidy cervgdayei [Lrieé thy haprooes §ydanctiidec|(Ndesnaionr age
oil desaltor, a pre-distillation colum if such
exi dins theaaffuraaeetienemihydicidd lcatibendeokuation
(at nospheric 12 WD 2004/ 044266 PCT/ JP2003/ 014392

indiishiitbl-aliraeaol 4AMY) , & thedl HeGRARYEE. LR £oPglenser, a
hydroxyethyl) trimethylammonium hydroxide be contained in an
amount of 5% by mass or more (Invention 10).

Sixth, the present invention provides a method for
inhibiting formation of hydrogen chloride in a crude oil
atmospheric distillation unit, wherein (B-
hydroxyethyl) trimethylammonium hydroxide is contained in the
desalted crude oil in between the crude oil desaltor and the
main distillation column in the crude oil atmospheric
distillation unit (Invention 11).

In the present inventiop "crude oil atmospheric
distillation unit" signifies a unit involved in atmospheric
distillation in crude oil refining process, and includes a
crude oil desaltor, a pre-distillation column if such exists,

a furnace, a main distillation column (atmospheric

12



recei ving tank and any associ ated piping and the |ike.
Because (0-hydroxyethyl)tri nmethyl amoni um hydr oxi de

w@ 2008044200Wn as chol i ne) has a high degree of PCT/JP2003/014392
di ssociation and is strongly basic, the magnesi um
chl oride and cal cium chloride which cause hydrogen
chloride formati on can be easily converted to
hydrochl ori des of ((3- hydroxyethyl)trimethyl anmoni um
hydr oxi de (choline chlorides). That is, by using

a£hel in8idh 1ha GrYde :0bkaat BRephesds, Micthidehation,

unit, it is p035|ble to prevent the formation of f
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of the Tet al the“unit due en ¢
Bec se th e chol.ine used here does not contain any
S H P GRO Ay Y S oL a8 1B TS Py PR oRbde
heavy oi | dlrect desul furization unit or the like,
(3+ RS @ swichic1ase) | bad 2t detdadrscanifodiskorhetion
catal yst even if added in excess. The choline
anrdhligt isdewnslodbesd ci nthhi Bagweys Wit |cHieridec endosed chym
heat in the furnace, but the main deconposition
clpkodids svhiidhl cheseebhyikogh orh deriakd fammaes onsueh Bs
trimethyl am ne and N, N-di nmet hyl am noet hanol, with

e 1OS e A BdK0gBNHGhL ok h ter R aduged s -Mor eover
because the <choline chloride is nor e fluid than t he

h§&%€é§é¥ﬂ§ﬂ @%&mgghyﬂgﬁﬂgﬂi f%ﬁ%ﬁﬁé. %6%2§é§%e orldes).

neutrali Zers ts neta
PCTH&E&PQ%’0£43%§1n§05£8fiﬁgﬂﬁf 1k§c%%%%eg§hyatmoépherlc

wi |17 1ot "C4use corr
distillation unit, it is possible to prevent the formation
of the hydrogen chloride itself, thus preventing corrosion
of the metal of the unit due to hydrogen chloride. Because
the choline used here does not contain any metals which
might adversely affect catalyst in the heavy oil direct
desulfurization unit or the like, the choline will not lead
to deterioration of the catalyst even if added in excess.
The choline chlorides produced in this way will be
decomposed by heat in the furnace, but the main
decomposition products will be methyl chloride and amines
such as trimethylamine and N,N-dimethylaminoethanol, with
almost no hydrogen chloride produced. Moreover, because the

choline chloride is more fluid than the hydrochlorides of

alkanolamines ordinarily used as neutralizers, and its metal
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of the metal of the unit or line blockage. In the

af orenenti oned nethod for inhibiting formation of
whyanogess chl oride (lnvention 11), it is pref ePEbiE003/014392
~that the (P-hydroxyethyl)trinmethyl anmoni um hydr oxi de

content be controlled to 0.1-5 tines by nolar

equi valent the salts content in the desalted crude

oil (Invention 12). Wth the choline content

controlled in this way, sources of hydrogen chloride

cd AR OR 3UGH astpBERES Lo chioRide and %@hgteugbrrosmn
chloride can be easily converted efficiently and

O@C&f@%ect%lﬂ %t enehghi peseh prd q&oa}agfever even if

choline 1s contained in excess ens hardly

ari sg L Lhe, ggggmﬁga ned, et % 181 l; 901, B %ar%gmn

for i on rogen ch ori nven ions

f h h hl
B Tl SR 95 0 S 0

recejver water) in the main distillation unit be
theadinhedirogng thle) tF 3ne Hydrawastiiy hvorest iyl aanbantinpe
hydr oxi de content be controlled based on the
cargasulenernb Pedubt sifeavientnaoimd Iquivietlens easyshdts
measure the chloride ion concentration or pH of
cadretensed that desehttlechade «fiist {Invanitdenunbt, awdthythe
usi ng such neasurenent results it is possible to

clofnidelcoatentti tabteothedi e €Oy enty, evenrwlenoEhBy8rogen
are fluctuations in the salt content of the desalted

cHr3ERIOiflormbd i MO 2004/ 944256, NGTI R2003/4014392 calcium

chloride can be easily converted efficiently and
economlcally to choline chloride. However, even if choline
is contained in excess, problems hardly arise.

In the aforementioned method for inhibiting formation
of hydrogen chloride (Inventions 11 & 12), it is preferable
that the chloride ion concentration or pH of condensed water
(for example overhead receiver water) in the main
distillation unit be measured, and the (-
hydroxyethyl)trimethylammonium hydroxide content be
controlled based on the measurement results (Invention 13).
It is easy to measure the chloride ion concentration or pH
of condensed water in the main distillation unit, and by
using such measurement results it 1s possible to control a
suitable choline content even when there are fluctuations in

the salt content of the desalted crude oil.

14



In the aforenentioned nmethod for inhibiting formation

of hydrogen chloride (Inventions 11-13), it is
wee@iesahd e that the PCT/JP2003/014392

((3-hydroxyet hyl ) tri net hyl ammoni um hydr oxi de cont ent

be controlled such that the chloride ion concentration

(sodi um chl ori de conversion) of the overhead receiver

water is 0-30 ng/L or the pH of the overhead receiver

water is 5.5-7.0 (Invention 14). BRI EF DESCRI PTI ON OF

THE PRAWNGS JFlcghe 1 dnkd AeSEAS MBS qrml@arta@goffo%auon
exanple of a boiler; Figure 2 is a process aMAng of

r ri t
oS ¢ unns%&%%veﬂg%%ﬁ Fraore s hass PA eRErE S
NB measur results for .ther ,

SR S Tl AR Rert o s

PREFERRED EMBODI MENTS Enbodi ments of the present
b¢ rRRAEHL I o suskpitipielihe behbor 1{vEtdl cdeadirgfhion
i nhi bitor] 15 WO 2004/ 044266 PCT/ JP2003/014392 The
(smdidin cdvlagdiden confiebpior) off t Hee pressdtad meest.ively water
cont ai ns the quaternary anmoni um conmpound (quaternary
iantroill wra/Gormpotthe A désthe beve by ayk nercaliviear mattar| 1k
below R Ra N(CH2)"-OH O4 (1)
5.5-7.0 (Invention 14). .

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of one example of a
boiler;

Figure 2 is a process drawing of one example of a crude
0il atmospheric distillation method (2-columns type); and

Figure 3 shows a chart of the GC/MS measurement results

for thermal decomposition of choline chloride.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention are explained
below.

[Metal corrosion inhibitor]
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R3 (wherein Rl, R2 and R3 are the sane or different
hydrocarbon radicals with 1 to 4 carbon atons, and n
WO g00an44206 eger between 1 and 10.) Exanpl es of P€T@2003/014392
hydrocarbon radicals with 1 to 4 carbon atons in
general fornula [1] include nmethyl, ethyl, n-propyl,
i sopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and
ot her straight-chain or branched-chain al kyl
radi cal s. Exanples of quaternary anmoni um conpound A

i nclugde nduadr Qopishyht ﬁh%bﬂ&ﬁ%@%ﬂ@ﬂb& 2t d8vention
hydroxynethyltrlethylannnnlun1hydrOX|de -

ccﬁ%@é%e&ﬂylcﬁ i8Rk AREh tam hygk LA (gi;u%t(e%nar

hydroxypropy ) trinmethyl anmoni um hy I'n geXera

e sane O]I%Pdaﬂjfdf %l)gﬁt%f E%?%%aé%g%e radi % & laR?q?ebelOW

carbon atons, and that n be an integer bet ween 1 and
4. W such a | ow ecul ar wei ght, quaternary
amoni im ddnpound A ig highly soluble in water,
enhanc{ng the effect 16 WD 2004/ 044266

PCT/ JP /%31§§2 HHthP Present (i hvention in

al

'_'r:

preventing rrosi on eyen when snall quantities are
added. L( (3 hydroxyet hyll) trinmethyl ammoni um hydr oxi de
(choline), which has nethyl radicals for R, R2 and

R3 and an n of 2, |s particularly preferable as
Wﬁgﬁmeé}y anﬁﬁnidh1ggﬁpb@ﬁdsdme or different hydrocarbon

radicals with 1 to 4 carbon atoms, and n is an integer
between 1 and 10.)

Examples of the hydrocarbon radicals with 1 to 4 carbon
atoms in general formula [1] include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and other
straight-chain or branched-chain alkyl radicals. Examples
of quaternary ammonium compound A include
hydroxymethyltrimethylammonium hydroxide,
hydroxymethyltriethylammonium hydroxide, (2-
hydroxyethyl) triethylammonium hydroxide and (3-
hydroxypropyl) trimethylammonium hydroxide.

In general formula [1l] it is preferable that R?, R? and
R’ be the same or different hydrocarbon radicals with 1-3
carbon atoms, and that n be an integer between 1 and 4.

With such a low molecular weight, quaternary ammonium

compound A is highly soluble in water, enhancing the effect
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The metal corrosion inhibitor of the present invention
can be conposed entirely of quaternary anmoni um

weempounés A, but nay al so contain amoni a, PCT/JP2003/014392
neutralizing am nes and other corrosion inhibitors,
hydrazi ne, sodiumsulfite, sugars and other oxygen
scavengers and the like in addition of quaternary
ammoni um conpound A. There are no particular limts on
the content of quaternary anmoni um conpound A in the

ofretisd RAITR Ahventhbhi Lrpoévéhe ff eseMtoditweRtanywien
long as the effect of the present I1nvention is

siRehi eyed diq srey ggggaoskgn even when snal

quantltles are a e ent of 1-100% by nmass is
509 mass feraple. Exanples of
hﬁo‘&?xyé%ha}"l? B bef T TR e cHoldPEnr ePBFR
the cof.rosi on inhibitor of th resent .
has 311 CGdE £6F Bxarfpl 82 Bn, ar}c{) R & Pdyg, is
co per copper_all oys, alum nized steel and the I|ke
TqH@r Ly SLeferrhventf ofiie SeFRATY jawmaad uBy comesend A
The metal corrosion inhibitor of the present
i nvems ¢ tedn corapshon coribsion of the treskals ihmention
steam generating units and 17 WD 2004/ 044266
ceRCH <) RROPRS@EA392 1 rpéyr of eym refnarngramtium compound A,
petrochem cal process by nethods such as those
bugeseni Béa b eloawa ipMetrhodli of .t ko 1t 2igh oC @i @8O BN NoBher
steam generating unit] In the present invention,
cdﬁﬂdﬁiﬁnoﬂnbﬂbatskeanhydrazine, sodium sulfite, sugars and
other oxygen scavengers and the like in addition of
quaternary ammonium compound A.

There are no particular limits on the content of
quaternary ammonium compound A in the metal corrosion
inhibitor of the present invention so long as the effect of
the present invention is achieved to prevent corresion even
when small quantities are added. A content of 1-100% by
mass is normal, and 5-50% by mass is preferable.

Examples of unit metals of which corrosion is to be
prevented by, the metal corrosion inhibitor of the present
invention include for example iron, iron alloys, copper,
copper alloys, aluminized steel and the like, but the
present invention is not limited by these. The metal

corrosion inhibitor of the present invention can prevent

corrosion of unit metals in steam generating units and
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generating unit is inhibited through the use of

guat ernary anmoni um conpound A or the netal corrosion
w0 pivithoi2e6 of the present invention descri bedP@DdR2603/014392

The steam generating unit which is to be protected

fromcorrosion is a unit which is capable of

generating steam such as a general boiler, the waste

heat boiler of a petrochem cal plant, gas turbine

facility or the like, or the steam generator of a

pBEe8Stih Z8r Wal.&f &ﬁ?%k&&ogﬁeﬁmgﬁio$§?%e unl'ﬂ%%%é%s such

liable to corrosion of the neta

aBOLh 8k NBY: bE; ‘dqy ipdrical boiler, water tube
boi Ter, once-through boiler, cast-iron boiler or

| _bo nd heating boi| er wast e heat
HEEERLE o2 ey lne‘i B8 b PR o LA A A 0 i €]
t he K@Q corrosion inhibitor or quaternary

annnﬁlunweé%ﬂ%%ﬂh Jﬂﬁgptﬁﬂﬁ’pF%§Eﬁ§l?%v%an 538 added

ma5 ' %ntact the inside of the steam
g%%?ﬁé Iﬁ%dﬂtﬂnﬁ tis &ﬁ@ ah§er Gbesuah e ri e Afhguaternary
reaction with acids in the water. For exanple as
SRR FHIRAITE & G thRelMstehnreeresiaui rigihiditori sfathe
boiler there are three water systens (the feed water
PEgeeRim InRN G desstibhe Bbpver dfitk tdiealB dMBerating
2004/ 044266 PCT/ JP2003/014392 vapor/condensed wat er
usistvEmch drd tchéemptratecbedofion comhisiidrorisom unit which
~quaternary ammoni um conpound A of the present
1§ nvagehlon cawdreradded tbeany oneh ofs renidian soe et
t hese
the waste heat boiler of a petrochemical plant, gas turbine
facility or the like, or the steam generator of a
pressurized water reactor or the like, and which is liable
to corrosion of the metal of the unit. The boiler may be a
cylindrical boiler, water tube boiler, once-through boiler,
cast-iron boiler or special boiler (indirect heating boiler,
waste heat boiler, special fuel boiler, special fluid boiler
or the like).

The metal corrosion inhibitor or gquaternary ammonium
compound A of the present invention is added to water which
may contact the inside of the steam generating unit, and
undergoes a neutralizing reaction with acids in the water.
For example, as shown in Figure 1, if the steam generating

unit is a boiler there are three water systems (the feed

water system, the inside of the boiler and the
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wat er systems. However, because neutralization is nore
W despread if the netal corrosion inhibitor or
waeoates2es y  anmoni um conpound A of the preseneCT/JP2003/014392

invention is added further upstream it is generally
preferable to add it to the feed water system The

nmet hod for adding the netal corrosion inhibitor or

quat ernary anmoni um conpound A of the present

invention to the water system (injection nethod) may
vBeordnondenasdi wi et i s tem)i, nednithtenttd D] €stidiod n

the case of continuous injection, either quantified
inhjibttoonoor ghid ostndat erodRQkht coRBbuhd] £CSF OhdTBYr Deen +
used, while in the case of intermttent injection,
1ﬁvbheﬁoﬁuﬁih08elid&%a|ﬂ31dﬂy oh@r 6kNEo+-8i eedd A dTBYr B8 s
used. The quantity of the netal corrosion inhibitor or

w3 eE PAE ¥ AT WY SO MRRUAG A Qf Lhe P f%%?a is more
invention added to the water systeWIw

wilgRepdi 09 0P PLESSUAS of oggehe h €|n|% nﬁﬁ@%%&y

and the |i ke and cannot be

8 e L e
LRGPP UL T SR S SR Do,

r eCIUI r e
xa t he 19 MD 2004/ 044266 PCT/JP2003/014392 pH
g%?ﬁ?e‘f

a maxi mum use pressure of 10.0

th a volatlle treatment shoul d be
Coﬁt?€$ﬂ%m%ngéfQ§ adding the metal corrosion inhibitor or

quaternary ammonium compound A of the present invention to
the water system (injection method) may be continuous
injection or intermittent injection. In the case of
continuous injection, either quantified injection or flow
rate proportional injection may be used, while in the case
of intermittent injection, either suction injection or
forcing injection may be used.

The quantity of the metal corrosion inhibitor or
quaternary ammonium compound A of the present invention
added to the water system will differ depending on pressures
of boiler, processing methods and the like and cannot be
decided definitely, but should be in the range of 0.1-50
mg/L or more preferably 0.2-10 mg/L with respect to the feed
water. Practically, it can be controlled as necessary to

meet required standards of water quality: for example, the
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9.5, in which case the quantity of the nmetal corrosion

i nhi bitor or quaternary ammoni um conpound A of the
w@e@sent266 i nventi on added shoul d be 0. 4-4 ny/ LP@i/d12003/014392

respect to the feed water. Because quaternary

amoni um conpound A has a high degree of dissociation

and is strongly neutralizing in conparison with the

amoni a and neutralizing am nes used as conventi ona

pH controllers, and it is also likely to remain in
pEhef hiod] Ber duet 410 vitth kemaki Mehyus®Ww M Atrd id#y,10.10 MPa

can efficiently prevent corrosion even when added in
asdBkl th Guardlidiias tCerteeuenthyul dybaddingdihednatals  s-

corrosion inhibitor or quaternary anmmoni um conpound A

90f, the W eseMssd Q%%nhﬁﬁﬂtﬁgyaofa{ﬁ%_ﬁ@%ﬁfﬂaorr%ﬁion

especially to a feed water System it 1s possible to

. ecl Ui ; . : h
1§ﬁi$£ﬁ5¥“$ﬂ<$ﬁ%£%%ﬁ#§fa§% ngﬁgvggé%E%%{QQSjPQj%pﬁ%F%ent

feed water, condense er
; I thcul-ar, ol ers.in i.ch
1%%%1{1130 %t%de)qul%ﬁ%ll? bg u@ hgaé I&%\Ejétvflct\li{;oroezf pceé:ﬁcn&o r&e
£U gdwo{ gan only be used in limted quantities for
s%ruc?u?a1 or process reasons (for exanple the waste

heat_boil ers of petrochem cal plants), _am nes have
conv%?ﬁ??ﬁﬁﬂqﬁ?qéggﬁrgs@HmPﬂlP%r@%m i‘t fés$ Pohigh

control pH, but using the metal corrosion inhibitor or
YT D CHOHFPFI66 1PETPIP2003F BUABDY RTEAdiyy in

amonj um compound A of the present invention as a
comparison with the ammonia and neutralizing amines used as

conventional pH controllers, and it is also likely to remain
in the boiler due to its relatively low volatility, it can
efficiently prevent corrosion even when added in small
quantities. Consequently, by adding the metal corrosion
inhibitor or quaternary ammonium compound A of the present
invention to a water system, especially to a feed water
system, it is possible to efficiently neutralize and prevent
corrosion in the feed water, the boiler and the
vapor/condensed water system.

In particular, in boilers in which non-volatile alkalis
such as caustic soda cannot be used or can only be used in
limited quantities for structural or process reasons (for
example the waste heat boilers of petrochemical plants),
amines have conventionally been used in large gquantities to

control pH, but using the metal corrosion inhibitor or
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pH controller in such steam generating units, adequate

corrosion prevention can be achieved with the addition
wo@Roo4om296 smal | quantities. Mreover, because PCT/JP2003/014392

guat er nary anmmoni um conpound A is strongly basic, it

can mai ntain a higher pH than conventional am ne

salts even when am ne carbonates produced by

neutralization becone dissolved in water. That is,

with the present invention it is possible to

qektechavel ympseMentconfRO@RAAAr ¥ £COLE OS5t O CAUSBAENRY on a5 a
neutralized salts. [A nethod for preventing corrosion

pBf cort 8b11ér pet roleumt el ighag, and P@ﬁfﬁgvuﬁgéﬁﬂate
process units] In the present inveniion, corroston of

cBBtaEibA @re@&ﬁﬂi@rﬁ@nr %fe' %icﬂgegégcﬁf egﬂ{% a%dihtj,(%e of

petrochem cal process unit iI's preven roug

ods¢ Shatheyaf orianentioned netal corrosion inhibitor
or~ quat ernary anmoni um conpound A. of the present

i nv j n.petrochem cal process, . corrosion of the
netgﬁ$%égﬁﬁ#%sy% §u§§p§EF§FF§ Y kPG GO YRR Phéd s
fi.ni ng. pr.qcess, ethyl ene mapufacturing process,
S Ch AL TR Tentt FELOFRAD Brovie it e || ke,
cg%gqgles q{ units tg be grotected from corrosion
PRET U TP FHES SRabFe SVER R PR sHB S asdicgs.t esuplroduced
bthe t mospheric distillation colum and fractionating
¥t RS P2EoNe 2582 bUAP66 PET/RIR20035014892with

attached connecting pipes, condensers, heat
tQ&d%gﬁﬁgﬁé}nventlon 1t 1s possible to effectively prevent

secondary corrosion caused by neutralized salts.
[A method for preventing corrosion of metal in petroleum
refining and petrochemical process units]

In the present invention, corrosion of metal in a
petroleum refining process unit or petrochemical process
unit is prevented through the use of the aforementioned
metal corrosion inhibitor or quaternary ammonium compound A.
of the present invention. 1In petrochemical process,
corrosion of the metal of units is especially likely to
occur in the BTX refining process, ethylene manufacturing
process, styrene monomer manufacturing process and the like.
Examples of units to be protected from corrosion including
units liable to corrosion by acids, such as the atmospheric

distillation column and fractionating column and their
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recei ving tanks and other units. The netal corrosion
i nhibitor or quaternary amoni um conpound A of the
w@e@sen26é nvention is contained in fluids (oI PCT/INEN(14392

ot her |iquids or gases) which may contact the inside

of the petroleumrefining or petrochem cal process

unit, and undergoes a neutralizing reaction with acids

in the fluid. For exanple, to protect a fractionating
colum (or atnospheric distillation colum) from

atbachsd Ofonidcialy thgeajdednaibhbers | Mongh the side

reflux line or directly into the colum, or else into

rébeiveesd tdes ofnd henee®! umm«s Wien controlling pH
wi thin the overhead condenser of a colum, it should

! ad condens o penou
e afidedud il N BlRALEOI AL BE B SNC AR Of o Nerion s um

columm. The netho or addi ng corrosi

inhi bi . i d A of, .
cLBBLBLA Of & ALY S ATIROL U OO Pl Wy as
I

present ‘i nve to a

iiventlon T8 "8 FTUTH TP ¥t B et Hod®)
(TR CRTT Sl RaotS PP BePrant | ol toryuitRs toe

.injecti or flow rate proportional injection may be

Lnghde %ﬁ&%mﬁrweafﬂ FRELHERAI Ok YT B eimilbrocess
qﬁaterqgﬁy annoniun1congound A of the present

Uhe G ONRAsFdes st 6 PRECERLE #hRy R tdomt malthedcids in

appropriately such that the pHin the systemis
th thithi b r Jivge ekBEERSr stANPrRE$ YL tao 22 NDRERANY44R66mn

PCT/JPZOOS/Q14392
(or atmospheric distillation column) from corrosion, it can

be added either through the side reflux line or directly
iﬁto the column, or else into the feed line of the column.
When controlling pH within the overhead condenser of a
column, it should be added to the ejection pipe at the top
of the column.

The method for adding the metal corrosion inhiﬁitor or
quaternary ammonium compound A of the present invention to a
fluid (injection methods) may be continuous injection or
intermittent injection. 1In the case of continuous injection,
eithef quantified injection or flow rate proportional
injection may be used.

The quantity of the metal corrosion inhibitor or
quaternary ammonium compound A of the present invention
added to the fluid may be controlled appropriately such that

the pH in the system is within a range which is unlikely to
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cause corrosion of nmetal of the unit. For exanple in

the top line of a crude oil atnospheric distillation
w@odogim266 t  shoul d be controlled to achi eve aP@FIR003/014392

5.5-6.5 within the system Because quaternary

amoni um conpound A is nore strongly basic than

ammoni a and neutralizing amnes as the conventiona

pH controllers, it can effectively prevent corrosion

even when added in small quantities. Cbnsequently, by
caddéngothes 18t &l GRIH0Sio@N thehiRi £ or 8%, quat I the

anmoni um conpound A of the present |nvent|on to ﬁ

t¥hi thne @y £ontasd dihe JciskPge of - ag petiof B e{oﬂn&g it

or petrochem cal process uhit, It IS possSi

ient \Yi Lar, n_o 0
Sﬁéﬁ%ﬁeﬁ@at%%hstp e‘;:‘Llech s% I%I?%ltvlgon Hn@i%\‘j\%l%hg t{f]ﬁ
st mportant unit in petroleumrefining and
petrochenlcal process, especially in petrol eum
refig éé&hQro%%_ onventlonall%$|t has been
necessary T TUFEE HEGHr AMTIMAEE SRR & neutieqs pérongly
dr o en chl ori.de derlvegﬁfronlcrude oil elenents in

bRt R e Oy GEPORe b - et ARLAGE 138 S hani ¢,

but neutrallzatlon produces am ne hydrochl ori des. Such
COMY HE-HRAfro Al GomdESLarESNi §il Sy irstopied,y e venive

di ssol ve as they absorb water within the system Such
CARrOHRTe GReTs oitem 6A9eA Wi ehakhi aeHyidricehl ododesqaretly,

di ssolving nornmally has a | ow pH, and may cause
by erdhidr y-rE3 metal corrosion inhibitor or quaternary

ammonium compound A of the present invention to fluid which
may contact the inside of a petroleum refining or
petrochemical process unit, it is possible to efficiently
brevent corrosion of metals of the unit.

In the atmospheric distillation column which is the
most important unit in petroleum refining and petrochemical
process, especially in petroleum refining process,
conventionally it has been necessary to use neutralizing
amines to neutralize hydrogen chloride derived from crude
oil elements in order to prevent corrosion of metals in this
unit, but neutralization produces amine hydrochlorides.
Such amine hydrochlorides are highly hygroscopic, and some
dissolve as they absorb water within the system. Such an
aqueous solution in which amine hydrochlorides are |

dissolving normally has a low PH, and may cause secondary
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WO 2004/ 044266 PCT/JP2003/014392 corrosion wthin the
system In the case of the present invention,
whoMewenre6 because quaternary amopni um conpoundP@T/JR2903/014392
extremely basic, hydrochlorides of quaternary ammoni um
conmpound A do not |ower pH dramatically even when
dissolved in water. That is, secondary corrosion can
be restrained wth quaternary amoni um conpound A
because it is less corrosive than hydrochl ori des of
coheosimmniidhial karolsgwiteas, Inethoxypromd 2HNrareEnt
the like conventionally used as pH controllers. In
ipeeniicad arhowdvesy stertusyChuase AldMs eldrG um compound A
distillation colums and fractionating colums in

iyheetredidr ahyiQr,i desirBeadysede HYo Neptd @l drzatd Qmonium

accunul at e, greater corrosion prevention ef fects can

c?ﬁﬁ)&ﬁm everh Wdih 144ke Eﬁ?é?@ﬁa’&ﬂé’ﬁ%}} Uer ’E%z%lrngg.?gesolved

oride formation inhibitor] The hydrogen (
i Ofd@d ON Ty Q_!st,orsfeggﬁdgrgr&@fros%én AL JToSRh rels(firrlained

distillation unit of the present invention  conprises
{42 s MLLE B! YL SR HNOLOXe oo
R LN AR TR AR A
A G B 671 APt e AU L Csgas Se5000pby?
con Srsol re sr.e]c eIE'lagla¥t?28llJ;r,20i-n SSO;/gtbe);nsrms%%h Zai atmospheric
distillation columns and fractionating columns in which
hydrochlorides produced by neutralization accumulate,
greater corrosion prevention effects can be achieved with
the present invention.

[Hydrogen chloride formation inhibitor]

The hydrogen chloride formation inhibitor for a crude
oil atmospheric distillation unit of the present invention
comprises (B-hydroxyethyl)trimethylémmonium hydroxide
(hereunder called "choline"). It is preferable to use this
hydrogen chloride formation inhibitor in the form of an
aqueous solution of choline. In this case, choline should
be contained in the hydrogen chloride formation inhibitor in
the amount of about 5-100% by mass or preferably about 20-

50% by mass.
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WO 2004/ 044266 PCT/ JP2003/014392 |If used according to
t he nmet hods descri bed bel ow, the hydrogen chl oride
wo eoommi42660 | nhi bi tor of the present inventi onPCHIP2003/014392
prevent formation of hydrogen chloride and protect a
crude oil atnospheric distillation unit from
corrosi on. Wen using the hydrogen chloride formation
i nhibitor of the present invention, alkaline chenicals
such as sodi um hydroxi de can al so be used in
conbt hats oh.acddiydmegde ¢heone teodordmt dorbdd idlici, nghe
method] I n the present invention, hydrogen chloride
hf@#@mﬂm(ﬂhldﬁidaﬂﬁdﬁmamioandnhbbitmﬂ(nﬁ(ﬁhaﬂﬁﬁes@&&al is
prevented in a crude oil atnospheric distillation

inventidu oregh grheranse fotrmachohi e wydtdperafonemetd aned
hydr ogen chloride formation inhibitor (both referred

piotdier elndeidas i1t hendygneaes ehtorids: o MRLIO}ron
inhibitor.") The hydrogen chloride formation |nh|b|tor

cosras el abin (AT AR hoatbeedesaldad et oil,

bet ween the crude oi’l desaltor and mai n di

160 8y 0o £ e, cryde o ?lcaP?EHP§@Qeréfk(ﬁfgl|4héhﬁﬁﬁe8 gach

unit, and nore Speci I's pre erab

I f .t.h d I

oS %%%r S22 Ehp60F 1244 ogha?ﬁ S r%ﬁ;ﬁfi Bt or
des ein

e A e R rnOF R PRl et e )

h dr n chlorld formation inhibitor |s 0.1-5 tines
o¥ :%?e er 5157 TOVRBSIBY h%YQHOQQﬁMQH%QQﬁdetﬁ@rgéF%Qn

cont ent
is 1nh1blted and corrosion of unit metal is prevented in a

crude oil atmospheric distillation unit through the use of
choline or the aforementioned hydrogen chloride formation
inhibitor (both referred to hereunder as "the hydrogen
chloride formation inhibitor.")

The hydrogen chloride formation inhibitor is preferably
contained in the desalted crude oil between the crude oil
desaltor and main distillation column of the crude oil
atmospheric distillation unit, and more specifically it is
preferably added to the desaltedAcrude oil at the outlet of
the crude oil desaltor. The hydrogen chloride formation
inhibitor is preferably added to the desalted crude oil
being controlled such that the choline content of the
hydrogen chloride formation inhibitor is 0.1-5 times or

preferably 1-2 times by molar equivalent the salts content
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25 WD 2004/ 044266 PCT/JP2003/014392 of
magnesi um chl ori de, cal cium chloride and other salts
wo poo4bheecesal ted crude oil. Continuous injectPCRIR2903/014392
the preferable nethod for adding the hydrogen
chloride formation inhibitor (injection nethod), and
in particular it is preferable to inject continuously
while controlling the content of the hydrogen
chl oride formation inhibitor according to the salts
otomersiwf dHierdesal tetlictundeh bitidd mddicsheasealkk in
is preferable to neasure the chloride ion
tloornerdirtadd @ruele phliof the top |ine or overhead
systemof the main distillation colum, and to

rreaswnazltrn@tfshIl@tale@@;tb@nlgome%f@éé%w ntétt!h% tEhe
overhead receiver water of the main distillati-on

a&aﬂﬂﬁntHéWhjﬁ¥q§ ceulal or 2ad f&&ﬁﬁﬁ¥6§”'ﬁﬂfﬂi%ogoqgﬁggctlon

the quantity o hydrogen chloride formation i

métchcﬁﬂ add‘i‘ﬁfj ll%a %‘3&9%311 EPelfrEPsS?Pé(;%@aﬁl%s%lt n gg%

salts content esa ted crude uctua e but

co r nt|t
C%#tﬂéﬁﬁbg n gﬁﬁorlgggggg%% $ l¥e| gh% §888§en
neasuring.the ch eion ¢ ce tr
C*tqﬁorﬂtﬂae SHE P Ty ﬁakﬁ%tﬁoai%??% ﬁ 591 dalka thgtent
Bgﬁ% SpeC|f|caII , is preferable that the
% H@;fya&f §6P8§eﬂl¥m ot deh¥% GRS ot ti AR Bredpreble
be added be controlled such that the chloride ion
U%aﬁggﬁpﬁhﬁp@hcpéaapgﬁ11on concentration or pH of the top

line or overhead system of the main distillation column, and
to measure the chloride ion concentration or pH of the
overhead receiver water of the main distillation column in
particular, and to appropriately control the quantity of
hydrogen chloride formatien inhibitor to be added based on
the measurement results. The salts content of desalted
crude oil fluctuates, but it is possible to appropriately
control the quantity of hydrogen chloride formation
inhibitor to be added by measuring the chloride ion
concentration or pH of the top line of the main distillation
column in the above way.

Specifically, it is preferable that the quantity of
hydrogen chloride formation inhibitor to be added be
controlled such that the chloride ion concentration (sodium

chloride conversion) of the overhead receiver water is 0-30
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chloride conversion) of the overhead receiver water is
0-30 26 WD 2004/ 044266 PCT/JP2003/014392 ng/L or nore
wee@hesabd y 0-10 ng/L, or the pH of the over hee@r/JP2003/014392
receiver water is 5.5-7.0 or nore preferably 5.5-6.5.
Because the choline in the hydrogen chloride formation
i nhi bitor has a high degree of dissociation and is
strongly basic, it reacts with salts such as
magnesi um chl ori de, calciumchloride and the like in

md /e ¢he sl tee b reyfedanoll 0t00 pErOucs: ahrl igie cghkaki desrhead
as shown by the followng chemcal fornmula: Cad 2 + 2

réddBfar INRGIHAQHSOY . 0- 3r Gaé£¥) re+fe2ra(bl(3)"%c)5 6.5.
INFCIHAOHCT)  MGCI2 472 ((HRO). FNCotherEat) o3

MY ( G Zaits 2 (B O3 GR HAPHGLY l%e fgﬂﬂyrl@é %@%ﬁgmn

t he hydrogen chloride formation 1nhibitor to desa

11&[%%& aassad%si lgggﬁégoé{f diéseéﬁﬁﬁ%%yatﬁlde F:r gly

prevent ornatlo e hydrogen oride

f I d h
b§%ﬁ%$f39qx%ecau§§tPh E%|$ﬁ%ﬁl uSh%ﬁﬁv%fgbgﬁﬁgﬁﬁgF(de
Ehfrmauggl i_nhj b|t nggef%ggg}§g X y netal |01&hto

ect desulfurlzatlon unit or the I|ke
‘{%Cfef SRR GRleR&deEat aF yEROWR 1Y Adie rfé?ét}lof”l@gen i f

the hydrogen chloride formation inhibitor is added in
formula:

CaCl, + 2((HsC)3N*C,H,0H-OH)

—--> Ca(OH), + 2((HsC)sN"C,H,0HCL)

MgCl, + 2 ((H3C)sN*C,H,OH~OH)

--> Mg (OH), + 2((HsC)3sN'C,H40HCI)

Consequently, by adding the hydrogen chloride formation
inhibitor to desalted crude oil as described above, it is
possible to prevent formation of the hydrogen chloride
itself and corrosion of metal of the unit due to hydrogen
chloride. Because the choline in the hydrogen chloride
formation inhibitor does not contain any metals which might
adversely affect catalyst in the heavy oil direct
desulfurizatiocn unit or the like, deterioration of the
catalyst will not result even if the hydrogen chloride
formation inhibitor is added in excess.

The choline chlorides produced in this way will be

decomposed by heating as shown in the following formula, but
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The choline chlorides produced in this way will be
deconposed by heating as shown in the follow ng

w0 oooakees but 27 WO 2004/ 044266 PCT/ JP2003/ 01BGR2P200316 4392
mai n deconposition products will be nmethyl chloride
and am nes such as trinethylam ne and
N, N- di net hyl am noet hanol, w th al nost no hydrogen
chl ori de produced. ((H3C) 3N+C2HAOH OH) --> R3N-R2NH
+ CH3CLT Moreover, while hydrochlorides of the

tlad keaniol add e osiatioal byodseds asi NeWd aldt2811S chads€de and
secondary corrosion because they are highly

afygE OSOO0N Gs A maRBQLBmMAEeand NS) el i@ el @Fethanol,
di ssol ve and | ower pH, choline chlorides are nore

wit i £h ddan iy dreeblbeni desceliqal kanalam nes, and have

extrenely | ow netal corrosiveness, so they do not

caus %rqu —QﬁP as_cogLr S f $§% nit nmetal or

| Pnet BEORRSGAOTONE bntodi ReREeSH Phdtdthod £ or

i nhibiting for hio of hydrogen chloride of the,

pre Cfﬁequ%\fenw onSi gy@ﬁBngﬂﬁb‘g‘e%é}% Wit R lkerelandaceo

the process drawing of a crude oil atnospheric
DT Y HASS6h aFePRYATEDL 28T BInFRUS S FOCOReWY CRTIPE§ARe

2. Crude oil is suEEIied continuously to crude oil
bereassia dihel, akkebéght Vi Bydesateridt amhdelypdrat dtandinside

solid matter is renoved. Desalted crude oil exiting
the wistein, desalver andi oferddd, tdhqideedichfibkcidesoare

col um 3 t hrough
more fluid than hydrochlorides of alkanolamines, and have
extremely low metal corrosiveness, so they do not cause
problems such as corrosion of the unit metal or line
blockage.

One embodiment of the method for inhibiting formation
of hydrogen chloride of the present invention is explained
here with reference to the process drawing of a crude oil
atmospheric distillation method (2-columns type) shown in
Figure 2.

Crude oil is supplied continuously to crude oil
desaltor 1, where it is desalted and dehydrated and solid
matter is removed. Desalted crude oil exiting crude oil
desaltor 1 is feeded to pre-distillation column 3 through
line 2, while the hydrogen chloride formation inhibitor is

added to line 2 at the outlet of crude oil desaltor 1 and

converts magnesium chloride and calcium chloride to choline
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line 2, while the hydrogen chloride formation
inhibitor is added to line 2 at the outlet of crude
worlo4gdeged tor 1 and converts nagnesi um chl or i BET/are03/014392

cal ciumchloride to choline 28 WO 2004/ 044266 ’

PCT/ JP2003/ 014392 chlorides. Desalted crude oil to

whi ch the hydrogen chloride formation inhibitor has

been added is feeded to pre-distillation colum 3
through Iine 2, and evaporated water and |ight oi

chrenidade. priesshisidd lcdbidenog @l UBNB3i & erp S URRIIRR A O
mai n distillation colum 7 through |1 ne 4. "Residue

chIem @& erehigd i 1datin@RLeebym, 3 Eéeﬁeéﬁgéhtf% ﬂgé%%%p%oﬁ

through line 5, heated to a prescrib enperature, '
pided: d eeded {0, miin,di stiblalien col fig Were 'ﬁ% o
fractionated into its varlousbﬁr%% ?gﬂg Iﬁ%pvpﬁ t 3?
wKeLOseNe, 1 hgavy,ker, ng, light .gas. ail,. heavy gas_oi
andp residue). At F%?%‘S%Fn?,et?é% (i%EﬂGW@@%EgPU%Iare
[ and . cal.ci u cgloride remai ning i s hydrol yzed
Rl S SRIdE TRy SEEhSEnT O e | DUCAHE regal i ng
hydgg en. chloride is  captured as choline-chloride by
unr eact et HSIFh&8r eRdp Rt hil ahtok et 0seHe ¥ Aemierdetopo
fof mai n_distillation colum 7 are condensed through .
PR, 0 dhF sy ddiedSi nhepbpht b/ arasserd bedc sewbrgature,
tank 9 (an exanple of an overhead receiver). Gases
then feaffcddcameisepaptit et hon hislummapht haktker osene
receiving tank 9, and the fuel gas or LPG as the gas
Trgeitqret ocds ingpoved varbugh frametikhs whisbethheand
kerosene, heavy kerosene, light gas oil, heavy gas oil and
residue). At this point, the partial magnesium chloride and
calcium chloride remaining is hydrolyzed and may produce
hydrogen chloride, but the resulting hydrogen chloride is
captured as choline chloride by unreacted choline.

Naphtha and kerosene from the top of main distillation
column 7 are condensed through line 8, and collected in
naphtha/kerosene receiving tank 9 (an example of an overhead
receiver). Gases and liquids are separated in this
naphtha/kerosene receiving tank 9, and the fuel gas or LPG
as the gas fraction is removed through line 10, while the
naphtha and kercsene as the liquid fraction are removed

through line 11. The water (overhead receiver water) which

accumulates at the bottom of naphtha/kerosene receiving tank
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napht ha and kerosene as the liquid fraction are

renmoved through line 11. The water (overhead receiver
wowRi0e0)426di ch  accurul ates at the bottom of PCT/JP2003/014392

napht ha/ ker osene receiving tank 29 WO 2004/ 044266

PCT/ JP2003/ 014392 9 is drained through drain 12 of

napht ha/ kerosene receiving tank 9. The chloride ion

concentration or pH of the overhead receiver water

drai ned from napht ha/ kerosene receiving tank 9 is

9 NeaSEF £1h e Basad 1 Qh HQ%J.HE@§UE?HE5%_MI?&S/%§1%S e%lltétea:receiving

guantity of hydrogen chloride fo I on 1 nhi
raddeg to line 2 at the outlet of crude oil desaltor 1
is controlled appropriately. The neasurenent of

chl e, 0 nt.r H and h ntrol of
quagitq}?étjy Hlo]TQﬂﬁh d%r gégngjog%ﬁg %‘E (?%r%t ﬁ’eﬁ 'ebiOPTSFgFBd
aut uential system The
r%’?%%%é’ro% sﬁgﬁ ]glt RRPLEh S ERATRE deseiibag tank
above uses g% a 2-colums type, but the
2 ot 2SS, en |a5ﬁ |§nn ©| PRE T CERRHET elfpuldgd the
formati on of hydrogen_. chloride can al so be prevented
THP et sh s hiHOPAR £BLPRbSR Teoneiidsed PaBbUEON FHOgd to
crude oil atnospheric distillation nethod using a
Ling f?eraé’ntthéxzi’#ﬁllétof?fac?u@@l eihsdaspigororl iwi chngrolled

crude oil atnnsgherlc distillation method using a 1-
ARYOT ARHL abege - EXagphegsurement of chloride ion

concentration or pH and the control of quantity of hydrogen
chloride formation inhibitor to be added can be automated as
a sequential system.

The crude oil atmospheric distillation method described
above uses an example of a 2—columns type, but the present
invention is not limited thereby, and formation of hydrogen
chloride can also be prevented by methods similar to those
described above with a crude oil atmospheric distillation
method using a different example of a 2-columns type, or
with a crude oil atmospheric distillation method using a 1-

column type.

Examples
The present invention is explained in more detail below
with reference to examples, but the scope of the present

invention is not limited by these or any other examples.
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The present invention is explained in nore detail
below with reference to exanples, but the scope of
W0 b@4psesent invention is not |imted by theseCDIP2a08/014392
ot her exanpl es. 30 WO 2004/ 044266 PCT/JP2003/ 014392
[ Exanpl e 1] [Neutralizing capability] The pH val ues of
(j 3-hydroxyet hyl ) trinmet hyl anmoni um hydr oxi de
(choline), nonoethanol am ne, amoni a, cycl ohexyl am ne
and nor pholine were neasured using a pH neter
[Exmpifeactiur ed by Hori ba, product nane pH Meter F-21),
and the respective base dissociation constants (Kb
[Vl iy 11 229G capeeicakeul ated. These base dissociation
constants are an indicator of neutralizing

capapd i | | apg gg;@r ndi.cating _that .t he
subzl?{aéngte}yﬁ’g\s%%gh?gth gg%?e 0 yldir%grslgnce?%l Fon and 1's
,basic. The results, are shown in Table

h L Sk i3 r%@%ﬁ e n no 1

A9 Tabl e KBSV al 18 P25 R1e 3BMPELR/ 10

nqet hanol,.am ne 3.15 X 10- Amonia 1.82 X 10-

CN§A Fien81S. BOTRNHIDR¥ P MeFS UFego uRiag Pt PHs

under stood from Table 1 that since ((3-
meter (manufactured by Horiba, product name PH Meter F-21),
and the respective base dissociation constants (Kb value,
25°C) were calculated. These base dissociation constants
are an indicator of neutralizing capability, with a larger
number indicating that the substance has a higher degree of

dissociation and is more strongly basic. The results are

shown in Table 1.

[Table 1]

Kb value (25°C)
Choline 3.14 X 107°
Monoethanolamine 3.15 X 107°
Ammonia 1.82 X 107°
Cyclohexylamine 3.39 X 107°
Morpholine 2.09 X 10°

It is understood from Table 1 that since (B-

hydroxyethyl) trimethylammonium hydroxide has a larger base
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[ [ [ | ar ger
hydr oxyet hyl ) tri met hyl anmoni um hydr oxi de has a
bgtse %1 WO 2004/ 044266 PCT/ JP2003/ 014392 . .
waelk@goeized i on constant than the ammoni a and anPCEIR2003/014392
is mnore strongly basic. Next, the quantity of added

ammoni a or am nes necessary to achieve a pH of 10.0,
10.5 or 11.0 in the boiler water was neasured. A test

: , . he
boiler with evaporation of 5L/h was used as
boi | er, operating under conditions of tenperature of

dLPGOCiptésBurenstaft BLIMIR, e ethmARL Al ANAS 1Pl g water,
concenfpratl on rate of 100, blowrate of 1% an% st eam

mogeovErynyayebatif% and pH was controlled by volatile
treatnment. The results are shown in Table 2. The

val ussxtn HE@|@ua@t§Eﬁ<§5Qﬁﬁﬁ§ﬁQmﬁgn£§tEgsaﬁfggg necessary
rati os) with the val ue .

t t hydr o a5
Slammasondy im0 wmnng g s,

t ha Iam ne 1.8 6.
wmﬁ??%@% %1291 fgté[%i&% oﬁggyﬁgﬂ?‘ﬁﬁa?bo% B O-/44 Vg s
u@@&DQQ'{Q@1§%jgﬂ%5%§£f%% ing unger conditions of

temperature of 170°C, bressure of 0.8 Mpa, feed water was
bure water, concentration rate of 100, blow rate of 1% and
steam recovery rate of 0%, and pH was controlled by volatile
treatment.

The results are shown in Table 2. The values in Table

2 are expressed as ratios (mass ratios) with the value for

(B—hydroxyethyl)trimethylammonium hydroxide given as 1.

[Table 2]
Boiler water pH (25°C)
10 10.5 11.0
Choline 1. 1.0 1.0
Monoethanolamine | 1. 6.3 11.3
Ammonia 7. 21.1 49.9
Cyclohexylamine |20 28.0 44.8
Morpholine 53 159.1 424 .2
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2004/ 044266 PCT/ JP2003/014392 It is understood

yfgn1Table 2 that ((3 hydroxyethyl)trlnethylannnnluzL 02
whganoxizde can neutralize the boiler water efPCTiRM03/01

with snaller quantities than the ammonia and $H1nes.
[ Exanpl e 2] [Corrosiveness of hydrochlorldes]I ?
followi ng corrosion test was performed to eval uate
the corrosiveness of hydrochlorides of ammonia or
am nes  ((j3-hydroxyethyl) trimethyl anmoni um
hydr é%i de, undepstcod mmﬂ@akﬂﬁ@pbaghg@,égr _ o
3- nmet hoxypr opyl am ne and dlnethylethg ofaghge).

h B§] t ochl.orid _ ,
Hforonent bhod” et i) %mﬁgggoféigwﬁi%rﬁiﬁ%ze the
i e : cations.o o by |
ehyaroahior | dar pr e Per PSR & SR ele T s (o
arfnd®i X LN d with #400 sandpaper, degreased
Wi th toIUeﬁ% of ‘carbon st eel (SPCﬁ) mereoknnersed in
hours at 50C under arg
[&Rembeaker s for 20 S O es  were
noxi ¢ conditions). The test pi
PP e and corrosion speed

[%ﬁrﬁ/e&%%se\%%Sé’tgiirgghé?éﬁdﬁbm the difference in

nd after testing. The results are shown
Fﬁsigﬁ$§; aﬁw%§gmeoﬁéeﬂ}QQ4?%$tP@ﬁiiﬁ%ﬁﬁ&h&ﬁ43@2evaluate

tﬂTabIe %

€ Corrosiveness of hydrochlorides of ammonia or amines

((B-hydroxyethyl)trimethylammonium hydroxide, ammonia,
monoethanolamine, 3-methoxypropylamine and
dimethylethanolamine) .

In the corrosion test, the hydrochlorides of the
aforementioned ammonia and amines were poured into glass
beakers at concentrations of 50% by mass (hydrochloride:pure
water = 1:1), and test pieces (50 X 15 X lmm, sanded with
#400 sandpaper, degreased with toluene) of carbon steel
(SPCC) were immersed in the beakers for 20 hours at 50°C
under argon deaeration (anoxic conditions). The test pieces
were derusted after testing, and corrosion speed
(mg/dn@/day) was calculated from the difference in mass

before and after testing. The results are shown in Table 3.
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Ki nd of ammoni a or am nes CorroEi onI speed ggdd)
line 32 Ammonia 256 Mnoet hanol am ne 12-

W(g;(l%manpr opyl ami ne 480 Di met hyl et hanol am nECR&R003/014392
i s understood from Table 3 that the hydrochloride of ]
(0- hydroxyet hyl) tri met hyl ammoni um hydr oxi de has a muc

| ower corrosion speed than the anmonia and ot her

amnes. [Test Exanple 1] [Distillation test] Aqueous

sol utions containing nagnesi um chloride and basic
[haPefi 3 (choline, sodium hydr oxi de, rnonoet hanol ani ne,

di net hyl| et hanolanine) at a nole ratio of.}:Zlqnd ?gne
K eobisammagt i icon axoneai i we-7e@nes! UPLEHT PLidE 7

J\{/avll'%lt hout any basic material were _preparie(g+ imd‘ u§(,d as
Chebinsol utions 1-5. "The ¢ompositions—of —thet
solutions (TS) are shown iin Table 4. 34 WO

~ f 4/ OO0 I Tabhl o 41 Ca|t Ba_;e
At 44266 PCI7 JPZ0037 0143892 Fable—41—Satt-
Conmpound Cont ent Conpound éonten TS1 Magnesi u;n 952
M dth AL T Chotne 2420 ehl-eride (710 ng/!l as
ng/ L, 0.02
3-methoxypropylamine 480
Dimethylethanolamine 288

It 1s understood from Table 3 that the hydrochloride of
(B—hydroxyethyl)trimethylammonium.hydroxide has a much lower
corrosion speed than the ammonia and other amines.

[Test Example 1]
[Distillation test]

Adqueous solutions containing magnesium chloride and
basic material (choline, sodium hydroxide, moncethanolamine,
dimethylethanolamine) at a mole ratio of 1:2 and an agueous
solution containing magnesium chloride alone without any
basic material were brepared and used as test solutions 1-5.

The compositions of the test solutions (TS) are shown in

Table 4.

34



chlorine) nmol/L TS2 Magnesium 952 ng/L, 0.01 nol/L

Sodi um 800 ng/L, chloride (710 ng/L as hydroxide 0.02
woredosh4426dh1 ori ne) TS3 Magnesi um 952 ng/ L, 0. 01Pemir203/014392

Monoet ha- 1,222 chloride (710 ng/L as nol am ne ng/L,

0.02 chlorine) nol/L TS4 Magnesi um 952 ng/L, 0.01 nol
/[IL Dimethyl- 1,782 <chloride (710 ng/L as ethanol -
ng/L, 0.02 chlorine) amne nol/L TS5 Magnesi um 952

ng/L, 0.01 nol/L chloride (710 ng/L as - - chlorine)
[fabibe4fest sol uti ons above, guaranteed anhydrous

magnesi um chl ori de was used as the magnesi um chl ori de,

and sdirdustri al 48% sodi um hydroxid ,Bﬁg the sodium
hydroxi de. Using the distillation net 6d of JI'S K2275
( MET JPG EStT water content—ok_—crudesottand
pet rdgjl?%um pr oduct s 35 WO 2004/ 04458](7%]90Hnd Content
= Ah AA rQo nr*lr‘lor‘l
Tgﬁfl Lé\éil 7t 14 l.C oUI o—a O vV e—aCcHE aaea
fo co%%rm /il ?331 }zlamnﬁﬂ?zl%? 50 dy* THass
and (iiqhstl I | ed g_pf 0. 5/ hour s at 100C to maxi mum 200C,
and ¢ HCori HELG S/ Tedfcentration|in the di stfdqlat & - 02
wasg neasured.| The results are shown in Tabl e |5.
chlorine) mol/L
TS2 | Magnesium | 952 mg/L, 0.01 mol/L Sodium 800 mg/L,
chloride (710 mg/L as hydroxide | 0.02 mol/L
chlorine)
TS3 | Magnesium | 952 mg/L, 0.01 mol/L Monoetha- | 1,222
chloride (710 mg/L as nolamine |mg/L, 0.02
chlorine) mol/L
IS4 | Magnesium | 952 mg/L, 0.01 mol/L Dimethyl- | 1,782
chloride (710 mg/L as ethanol~ |mg/L, 0.02
chlorine) amine mol/L
TS5 |Magnesium | 952 mg/L, 0.01 mol/L
chloride (710 mg/L as - -
chlorine)

In the test solutions above, guaranteed anhydrous

magnesium chloride was used as the magnesium chloride, and

industrial 48% sodium hydroxide as the sodium hydroxide.

Using the distillation method of JIS K2275

(Method for

testing water content of crude oil and petroleum products),
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[ Table 5] Base Chloride ion concentration (ng/L) TS1
Choline 2.8 TS2 Sodi um hydroxide 5.4 TS3

womgess2enol ami ne 140 TS4 Di net hyl et hanol am nECT/4I2003/014392
TS5 - 110 It is understood from Table 5 that choline
exhibits a hydrogen chloride formation inhibiting
effect or hydrogen chloride neutralizing effect
equi val ent to or greater than that of sodium
hydroxi de with respect to formati on of hydrogen
tiel dreisde sdéntveds f sloowdaragnesidgncehier yde éﬂlthc&ﬁﬁéIClal
solution 5 which contains no basic material as

folednk)in afbubbe of et hianths N ek sFRNPes hagp! @“% Nours
nor di net hyl et hanol ami ne exhi bi ted any hydrogen

a¢hliooiPdetof @5 Bk QM d ¥ bitingy ffa&#&gﬂﬁr%gﬁogen

chloride neutralizing ef fect . 266

BETLAR2003L01430% [dhesty BAMLE 2L [Base, I ssectall ony

constant] The pH val ues o ol'i'ne, “nonoe

d Y | am ne were neasured using a pH
a%gtg?QW?ﬁ%ﬁu¢§%?€P§d by Hori ba, product nane pH Meter

Fagil. sand

Base Chloride ion

concentration (mg/L)

TS1 Choline 2.8
TS2 Sodium hydroxide 5.4
TS3 Monoethanolamine 140

TS4 | Dimethylethanolamine | 140

TS5 - 110

It is understood from Table 5 that choline exhibits a
hydrogen chloride formation inhibiting effect or hydrogen
chloride neutralizing effect equivalent to or greater than
that of sodium hydroxide with respect to formation of
hydrogen chloride derived from magnesium chloride (with test
solution 5 which contains no basic material as the blank).
On the other hand, neither monoethanolamine nor
dimethylethanolamine exhibited any hydrogen chloride
formation inhibiting effect or hydrogen chloride

neutralizing effect.
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t he respective base dissociation constants (Kb val ue,
25C and 170C) were cal cul ated. These base

waele@snei2ed i on constants are an indicator of PCT/JP2003/014392
neutralizing capability, with a |arger nunber
i ndicating that the substance has a higher degree of
di ssociation and is nore strongly basic. The results
are shown in Table 6. [Table 6] Kb (25C) Kb (1700
Choline 3.14 X 10- 8.40 X 10 Mbonoet hanol am ne 2. 60 X
[1@st8E42mX1d4 027 Di net hyl et hanol ami ne 2.21 X 10- 3.38 X
10 It is understood from Table 6 that choline has a

[8R8at 8f sHaSEa ¥ $Sad iR jconst ant than al kanol am nes
generally used as neutrallzers and is nore strongly

b esd1 X8 7, WO

2882)@044 66 PCT/JIFIELJOE)CC'Eotl df%%or&g 8%212%25%% ﬁ%% o%% of

ﬂ@khgf 0001 A8 JTONOS! hARGLATLNG IV OGy gl g8, and
e s wer e

|wet anol am ne I n an amount = o O@@p
the t est sol uti
ﬁe?égﬁ%ﬂ&%@ﬁ%@uﬁ%a T SR B et e at@v and
|eces 50, X X sanded wi th #400 sandpaper
‘%%ltl‘(/& t]khasteo

89F%§% OCLGT 1P GORE R LR | Frvete®5  C

beakers faor 18 hours_at 90C under nitrogen
aaaai gt?bﬁ”?ﬁﬁuﬁé%?ulated These base dissociation

constants are an indicator of neutralizing capability, with
a larger number indicating that the substance has a higher
degree of dissociation and is more strongly basic. The

results are shown in Table 6.

[Table 6]

Kb (25°C) Ko (170°C)
Choline 3.14 X 1073 8.40 X 1073
Monocethanolamine 2.60 X 10™° 8.42 X 107°
Dimethylethanolamine [2.21 X 10°° 3.38 X 107°

It is understood from Table 6 that choline has a
greater base dissociation constant than alkanolamines
generally used as neutralizers, and is more strongly basic.

[Test Example 3]

[Corrosiveness test]
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conditions). The test pieces were derusted after

testing, and corrosion speed (ng/dn2/day) was
wealgkased fromthe difference in mass bef or BCHIRL003/014392

after testing. The results are shown in Table 7.

[ Tabl e 7] Corrosion speed (nmdd) Choline hydrochloride

(choline 32 chloride) Monoethanol an ne hydrochl oride

132 Di net hyl et hanol am ne hydrochloride 288 It is

understood from Table 7 that choline chloride has a

muchAbowetis CO6 181 Ok peaed fihan Eﬁh8£i§$§ ﬁgnoeth%Polamine
al kanol am nes generally used as neutrallzers, an

5€HU j [ ' xtrenely | ow. 5
et oy S48 et %iiﬁéénféﬁﬁq?o%gﬁrﬁﬁz 50
T 14 oLi.ng, ch] orj de ol i ne
bghfﬂgfigrgte\!j\is sulgj eéc(% gagldt)glst% ﬁeiﬁaiéﬁeﬁ?ﬁg%%?tdﬁn\;? Mge
| YS9+ facture e ackar
tﬁéé‘dyi%@%%@%%%a}n%@rﬁe%P‘égnél@%me%ﬁagw oy
: 2mm menbrane thj ckness o .8 pm
p%%‘é%s éé%??he 53:(3?3 fmﬁ“ fﬁéld{fgnﬁégat%%%of%%n@m| egreased
decomposition of .. choline chlorjde was 760C. A chart
Wo? t he %ennaﬁ)yscifg“l'lééjlst?eli Yegr v ps el gur €18 beakers for
18 hours at 920°C under nitrogen deaeration (anoxic
conditions). The test pieces were derusted after testing,
and corrosion speed (mg/dm’/day) was calculated from the
difference in mass before and after testing. The results

are shown in Table 7.

[Table 7]

Corrosion speed (mdd)
Choline hydrochloride (choline 32
chloride)
Monoethanolamine hydrochloride 132
Dimethylethanolamine hydrochloride 288

It is understood from Table 7 that choline chloride has
a much lower corrosion speed than chlorides of alkanolamines
generally used as neutralizers, and consequently i1ts
corrosiveness is extremely low.

[Test Example 4]
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As shown by the chart in Figure 3, choline chloride

produces nethyl chloride, trinmethylamne and N, N
walkemeoeb@n noet hanol by thermal deconpositi onPCTR2003/014392

does not produce hydrogen chloride. | NDUSTRI AL

APPLI CABI LI TY The metal corrosion inhibitor of the

present invention can adequately prevent corrosion of

netal in a steam generating unit or petrol eum

refining or petrochenical process unit even when

[ Bdeletk I ndearerhdo uanth tdfeshoanfe camloFguice the ri sk of

secondary corrosion because the neutralized salts

pr oduteeit eto diofodraalisCaliby e bouerc HH e 1 HssHwed tion
in water. Moreover, with the nmethod for preventing

¢ ogd ony of ofnahllea Pt t tdQn,
G%f}?ro& onryéglfS new?ﬁl%nhg 39am§]§§%4]7%2¥ étocn Packard was

w2003/ Q34802 s eam dener 3 LA nﬂ;&factdg 2 22U

refining or petroc process u
(GRS Yonky R %eﬁ‘éﬁ?céﬁg Hbriar) ed Poetons the
AL st Ze%%t U381 Fo%) EREHm b vt 6P 881 ved
iR SR o
nmet al of, the resent invention are useful for

1§ R iy BSSEE Corrosion in steam

As shown by the chart in Figure 3, choline chloride

produces methyl chloride, trimethylamine and N, N-
dimethylaminoethanol by thermal decomposition, but does not

pbroduce hydrogen chloride.

INDUSTRIAL APPLICABILITY

The metal corrosion inhibitor of the present invention
can adequately prevent corrosion of metal in a steam
generating unit or petroleum refining or petrochemical
process unit even when added in small quantities, and can
reduce the risk of secondary corrosion because the
neutralized salts produced do not dramatically lower pH when
dissolved in water.

Moreover, with the method for preventing corrosion of

metal of the present invention, corrosion of metal in a
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generating units and petrol eumrefining and

petrochem cal process units. In addition, wth the
whganogenss chl oride formation inhibitor and ner¢maP2e014392

inhibiting formation of hydrogen chloride of the

present invention it is possible in a crude oi

atmospheric distillation unit to prevent corrosion of

the netal of the unit due to hydrogen chloride by

inhibiting the formation of the hydrogen chloride

sitesel Genbbreduer unit her yeegemrC Rle@f hd8 of 8F MBLL Phchemical
i nhibitor and nethod for inhibiting formation of

phwdeegenn¢h|GﬁtheOidéi&hﬂEﬁ%S%ﬁ%veﬁ@%ﬁggﬁgﬂ gg?nﬁéant%ty

adversely affect the catalyst in the av rec
orron oo e P o a8 pP bTREE By ¥ he
0 30047034268 PCT] SEB00HTOL 0% c1 RRF B EIRG TO et e
ey RoraE, R g BT oPr B For WAEh o s501ved. in

w%gggpitor and net hod for inhibiting formation of o
ydrogen chloride of the present invention are us

0 BESUSRILS, Lhe foumation of I sgen chloride in
mégﬁééQﬁﬁgﬁgrgggléﬁﬁfggﬁgggggg of metal of the present
invention are useful for inhibiting metal corrosion in steam
generating units and petroleum refining and petrochemical
Process units.

In addition, with the hydrogen chloride formation
inhibitor and method for inhibiting formation of hydrogen
chloride of the present invention it is possible in a crude
oil atmospheric distillation unit to brevent corrosion of
the metal of the unit due to hydrogen chloride by inhibiting
the formation of the hydrogen chloride itself. Moreover,
the hydrogen chloride formation inhibitor and method for
inhibiting formation of hydrogen chloride of the present
invention do not adversely affect the catalyst in the heavy
oll direct desulfurization unit, and there is no risk of

metal corrosion or line blockage from salts produced by the

hydrogen chloride formation inhibitor or method for
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CLAIM5 1. A netal corrosion inhibitor for preventing
corrosion of netal in a steamgenerating unit or
wpedonokeeem refining or petrochem cal process BEI/IR2003/014392

conprising a quaternary anmoni um conpound descri bed

by general fornmula [1] below R R? N(C H2)n-O H OH -

(1) R3 (wherein Rl, R2 and R3 are the sane or

di fferent hydrocarbon radicals with 1 to 4 carbon

atons, and n is an integer between 1 and 10.) 2. The
iRt Bl teakKr 8601 sihid t rdi ' Fuls

wher ei n %1 R2 an%kh%ﬁ ilﬁfﬁrﬁg%ge%&elrﬂgrgg%%nﬁl gﬁ‘f HESE
itbensagr. or different hydrocarbon radicals with 1-3

carbon atons, and n is an integer between 1 and 4. 3.

Th t ' L nhi bi .t di to Caiml,

aier Sl EREE QLA Ernary ARABAEG COpOU TR by

: . f 11 is. . . .

PO S xerig Y B iphambiranfomyaion af hydrpes

CIF{’?A gorrosion inhibitor according to any of Cains
o3 con%‘ef 5T e TGUSRER AR §T Anthemt Wi icomieuetting

tdes ri bed by the general fornula [1] in an anount of
496 by " Hekd! HE heideo9g2 Whlonbde 04 2681de 0il atmospheric

of ST PRRO0Y QA2
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5. A nethod for preventing corrosion of netal in a

steam generating unit, wherein a quaternary amoni um
wa@ormpownzee descri bed by general fornula [1] bePOmIP2RI3/014392

R N(CH2)Nn-OH O+ . (1] R3 (wherein R, R2 and R3

are the sane or different hydrocarbon radicals with 1

to 4 carbon atons, and n is an integer between 1 and

10) is contained in water which may contact the

i nside of the steam generating unit. 6. The nethod for

preventing corrosion of thajgin a steam generating

unit faccordi ng to daim rein the quater nary
TR PR e B R o

contact t e |n3|d of thf eamjg?eperatln
r ost

meﬁﬁht ln7a iterf%l? Hod $6t 1r?rge\]llélr17t| ng RortosTon of et
pet r ol eum refinin pet rochem cal Process uni
peRReREFA sl GRAAEHTarr FlricoBot S Bb P

general fornula [1l] below R Ra ](CHZnOH OH
omppumd]defcgpb@g by ‘general formula [1] beldw:

R
l

W—T—%CH}rOH - OH™ . (1)
R

(wherein R}, R? and R? are the same or different hydrocarbon
radicals with 1 to 4 carbon atoms, and n is an integer
between 1 and 10.)

2. The metal corrosion inhibitor according to Claim 1,
wherein PG, R? and R?® in the general formula [1] are the same
or different hydrocarbon radicals with 1-3 carbon atoms, and
n is an integer between 1 and 4.

3. The metal corrosion inhibitor according to Claim 1,
wherein the guaternary ammonium compound described by the
general formula [1] is (P-hydroxyethyl)trimethylammonium
hydroxide.

4. The metal corrosion inhibitor according to any of
Claims 1 to 3, comprising the quaternary ammonium compound
described by the general formula [1] in an amount of 1% by

mass Or more.
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WD 2004/ 044266 PCT/JP2003/ 014392 (wherein R, R2 and
R3 are the sane or different hydrocarbon radicals
Wowah/04426© 4 carbon atons, and n i s an i ntegerPOEIROE014392
1 and 10) is contained in fluid which may contact the
i nside of the petroleumrefining or petrocheni cal
process unit. 8. A nethod for preventing corrosion of
netal in an atnospheric distillation columm for
petrol eum refining process, wherein a quaternary
SarmMmoAi nettodpoci th Blesstt bed Ry-genshal f [ 1
below R R? NOch H2) n?%dH 5 (%1535 B%Qﬂ ﬁ“\[‘)\hﬁl ream
generk2iag dl_J.IR.B’t ﬂrﬁléf@iﬁmu%ﬁ:e‘:iihgf:?r QIF?EOI@.%S!EE ogoanrlpbon
radicals with 1 to 4 carbon atoms, and n 15 an Int r
deetwesad 1y i i i ui d whi ch may
contact t %%adlesfoo?gfp l% gtei:fm&so%%ééﬁ c distillation
colum for petroleumrefining process such that a pH
val ue trhereof at the line of the atnospheric
distilllatiof colum is pb.5- 6.5. 9. A hydrogen
chl ori d0 [ i nhipitor for a crude oil
at nosp g:eri c (rﬁ(ts(‘lt'i?;'l_a?ﬁon' QA t ; -cohpli sing (f 3-
hydr oxyet hygd t ri net hyl anmoni um hydr oxi de. 44 WD
2004/ 044266 PCT/ JP2003.014392

(wherein R', R? and R® are the same or different hydrocarbon
radicals with 1 to 4 carbon atoms, and n is an integer
between 1 and 10) is contained in water which may contact
the inside of the steam generating unit.

6. The method for preventing corrosion of metal in a steam
generating unit according to Claim 5, wherein the quaternary
ammonium compound described by the general formula [1] is
added in the range of 0.1-50 ng/L to feed water which may
contact the inside of the steam generating unit.

7. A method for preventing corrosion of metal in a
petroleum refining or petrochemical process unit, wherein a

quaternary ammonium compound described by general formula

[1] below:

)
RE- l’,\l—(CHz)n—OH - OH™ .« .. (1)
R
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10. The hydrogen chloride formation inhibitor for a
crude oil atnospheric distillation unit according to
W@R@imQ66 conpri si ng PCT/JP2003/014392
((3-hydroxyet hyl ) tri net hyl ammoni um hydroxi de in an
amount of 5% by nmass or nore. 11. A nethod for
inhibiting formati on of hydrogen chloride in a crude
oi | atrnospheric distillation unit, wherein ((3-
hydr oxyet hyl ) tri net hyl anmoni um hydr oxi de i s cont ai ned
(Wherpbn Ries&lt @ddcRUde withei nabet weedi fher @rtideydidcarbon
desaltor and the main distillation colum in the
redidel iwi nospher icarbdinstitbhat | endunits &2.idkheer
met hod for inhibiting formati on of hydrogen chloride
béﬁweemrluhhdﬂ1O)aHﬁD&ﬁﬁQhﬁﬁediShikl@1£CWhi%ﬂtmay contact
according to Caim1ll, wherein the ((3 hydroxyethyl)
thei 1Rs Nyl o AP IOEde 600t 89t oF Sﬁae@f’c%lféﬂilceaq to
0.1-5 tinmes by nolar equivalent the salts content in
ptbecgdesalted crude oil. 13. The nmethod for inhibiting
formati on of hydrogen <chloride in a crude oil
at no ' i St i [ ni di to C.aim1ll
S or 1% l!écgdei%noa{ ﬁJé"J e%ngrqlnge C%gﬁgg%g%c%ﬂg?ea Fon TP oH
onde t.er in.the in distillation. unit
B R L D et
trimet hyl.ammni um hydr oxi de content is controlled,
PHRESH ot e e ds Ao EsafPQni ¥ SPERIeH cesseged by
PCT/ JP2003/ 143923
general formula [1] below:

3
1

RE&=N—(CH)n—OH |- OH™ - .. (1)

A— Z—20

3

(in which R', R? and R® are the same or different hydrocarbon
radicals with 1 to 4 carbon atoms, and n is an integer
between 1 and 10) is contained in fluid which may contact
the inside of the atmospheric distillation column for
petroleum refining process such that a pH value thereof at
the top line of the atmospheric distillation column is 5.5-
6.5.

9. A hydrogen chloride formation inhibitor for a crude oil
atmospheric distillation unit, comprising (B-

hydroxyethyl) trimethylammonium hydroxide.
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14. The method for inhibiting formation of hydrogen
chloride in a crude oil atmospheric distillation unit
waewandizng to any of Cainms 11-13, wherein thePCY/BP2003/014392
hydroxyet hyl ) tri met hyl ammoni um hydroxi de content is
controlled such that the chloride ion concentration
(sodium chloride conversion) of the overhead receiver
water is 0-30 ng/L or the pH of the overhead receiver
water is 5.5-7.0. 46
10. The hydrogen chloride formation inhibitor for a crude

0il atmospheric distillation unit according to Claim 9,
comprising (B-hydroxyethyl) trimethylammonium hydroxide in an
amount of 5% by mass or more.

11. A method for inhibiting formation of hydrogen chloride
in a crude oil atmospheric distillation unit, wherein (B-
hydroxyethyl) trimethylammonium hydroxide is contained in the
desalted crude oil in between the crude oil desaltor and the
main distillation column in the crude oil atmospheric
distillation unit.

12. The method for inhibiting formation of hydrogen
chloride in a crude oil atmospheric distillation unit
according to Claim 11, wherein the (B-

hydroxyethyl) trimethylammonium hydroxide content is
controlled to 0.1-5 times by molar equivalent the salts
content in the desalted crude oil.

13. The method for inhibiting formation of hydrogen
chloride in a crude oil atmospheric distillation unit
according to Claim 11 or 12, wherein the chloride ion
concentration or pH of the condensed water in the main
distillation unit is measured, and the (B-

hydroxyethyl) trimethylammonium hydroxide content is

controlled based on the measurement results.
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14. The method for inhibiting formation of hydrogen
chloride in a crude oil atmospheric distillation unit
according to any of Claims 11-13, wherein the (B-
hydroxyethyl)trimethylammonium‘hydroxide content is
controlled such that the chloride ion concentration (sodium
chloride conversion) of the overhead receiver water is 0-30

mg/L or the pH of the overhead receiver water is 5.5-7.0.
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