WO 2004/ 044266 PCT/ 3P2003/ 014392 DESCRI PTI ON METAL
CORRCSI ON | NHI BI TOR AND HYDROGEN CHLORI DE FORVATI ON
INHI BITOR IN A CRUDE O L ATMOSPHERI C DI STI LLATION UNI'T
WA ARQMBID OF THE | NVENTION 1. Field of thepdmirestioons:z
The present invention relates to a nmetal corrosion

i nhibitor for preventing corrosion of netal in a steam
generating unit such aBESCBIPTEIN steam generator or
the like, or in a petroleumrefining or petrochem ca
process unit, and to a nethod for preventin
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and nmethod for preventing corrosion of netal which

can prevent corrosion even wien snmall quantities of
the netal corrosion inhibitor are added. Moreover,

the present | BREFFRCEND OF AT TNYENTLONr ogen chl ori de
formation inhibitor and nmethod for inhibiting
formati on of hydrogen chloride which can prevent
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corr05|on of nmetal in equipnment such as various types
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generating unit such as a boiler, 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 guantities 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 caused 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
reactors, it 1is necessary to control the pH
vppwoaEHicat el y at various points (the feed REHER003/014392
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
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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 & 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.

guch corrosion can be prevented by netutralizing 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
#mines include alkanolamines, cyclohexylamine, morpholine

and the like.




Corrosion prevention in the boiler is normally
achieved by controlling the pH using boiler conpounds
cont ai ni ng sodi um hydroxi de, sodi um phosphate or the
WO foe4/040266 When volatile treatnents are al sech@i2mg/e14392
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,
gyclohexylﬁnine nmor phol i ne and the |ike (see Japanese
atent Application Laid-open No.. 561-34095,.pa 2
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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.

Fof 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 columm (main distillation column),
where it is separated into naphtha fraction, kerosene, gas
oil component, residue and the like. 1In this atmospheric

distillation process, the_magnesium chloride and calcium




WD 2004/ 044266 PCT/ JP2003/ 014392 chloride in the
crude oil produce hydrogen chloride gas by
hydrol ysis, as shown by the follow ng reaction
wmzmandazes- - > ( CaC z + 2H20 (heating) Ca (BE#/I2008/014392
2HC1 MgCl2 + 2H20 (heating) --> My(OH)2 + 2HC1 The
hydr ogen chl ori de 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
the like of the atmospheric distillatigon calum tq
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acid corrosion of the metal of the unit.

It is also necessary in the fields of petrecleum
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).

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

(1)‘ A method of preventing formation of hydrogen

chloride by adding sodium hydroxide to the crude oil at the




chl ori de by addi ng sodi um hydroxi de to the crude oil

at the 4 WD 20041044266 PCT/JP2003/014392 desaltor
outlet in order to convert the nmagnesium chloride and
vwoatoodeazeehl oride in the crude oil to stabl erCvar2003/014392
hydrol yzi ng even.when heated) sodiumchloride. (2) A
met hod of neutralize the generated hydrogen chloride
in the formof am ne salts by addi ng al kanol amnes to
the crude oil at the desaltor outlet (Japanese Patent
Application Laid-open No. H3-101801, C ains ,
aetl tarBHT L arich RBUEF aF9 ﬁ%ﬁeﬁh *“ﬁ%ﬁs“a%’a pﬁl}lc’rlge

controllers as described abqgve ogé%ge?noty
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and had to be added in large quantities. Such problems were

particularly obvious when trying to prevent corrosion inside
a boller 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




technol ogy for inhibiting formati on of hydrogen
chloride, if too nuch sodi um hydroxi de was added, the
sodium deteriorated 5 WD 2004/ 044266 PCT/ JP2003/ 014392
wandoad/a8166 i N the heavy oil direct desul f uri petviramsonizs
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 o
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was bei ng operated continuously for two years -
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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




SUVMARY OF THE I NVENTION 6 WD 2004/ 044266
WORN08202031014392 Discl osed herein is a netEltT/IPz003/014392
corrosion inhibitor and method for preventing
corrosion of netal capable of adequately preventing
corrosion even when small quantities of the netal
corrosi oni nhi bitor are added, and capable of reducing
the risk of secondary corrosion caused by generated
neutralized salts. Al so disclosed herein is a hydrogen
chl oride _ formation inhibitor and neﬁp%gtggrand
iRsierEr e o hati 8nT ot hy dréG&ACRN B & cBpabl e of
preventing formati on of the hydrogen chl orjde

nethept fFPRIMRGVePNARD neRRTRIOR R FyidioGERRHT d15 de
produced in a crude oil atnospheri.c dist'ilati n
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first aspect provides a netal corro n inhibitor f
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unit or petraoleum ( refjining or petrochemcal pro
TERPELRG e GG ST TREATSERAT SORRAGHT FRECRD AU LR e ra ted
descri bed by.general fornmula [1] below Rl .
nOut rd CHXd 5@&&5}+Aysg3diaglqsed hérein is a hydrogen chloride

formation inhibitor

" and method for inhibiting formation of hydrogen chloride
| capable of preventing formation of the hydrogen chloride
itself-fﬁther than neutralizing hydrogen chloride produced
in a crude oil atmospheric distillation unit, ﬁithout any
deteribration of the catalyst.

A first aspect provides a metal corrosion inhibitor for
preventing
corrosion of metal in a steam generating unit or petroleum
refining or petrochemical process unit comprising a
quaternary ammonium compound described by general formula

(1] below:
+

1

2

R— N—(CH))»—OH |- OH™ . .. [1j

3

CD—=—2




WD 2004/ 044266 PCT/ MD03/014392 (wherein R1, RZ and R3
veo eopsbeszasane or di fferent hydrocarbon radi qalrzpeeosioidds:
to 4 carbon atons, and n is an integer between 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 underlgo corrosjon. "Petroleum refining or
(peerobhdiny cBi aploBbsgeuihe" sapeymy désferen hvgrocgshep
in petroleumrefining process or petrochem cal
rpipeeks Withnd thed mEtRONCBRPBSI fRdstch® il EaFgFer
undergo corrosion, wth no limts on the type of
bptvedsst imdpdPt of HetdPPnthg or petrocheni cal
process. In the nmetal corrosjon inhibitor, as de%gri bed
(1 nvVBhtihen Prpsenihdpeentiops piedad gePerathay BE**R2 and
R3 in the general fqrmula [1] be the sane or g ff-eren:E1
shypt okt BoHnt hdiRabd eyt hIqeeraargont emdnda et gk
be an integer between 1 and 4 (lnyenti qrn&Z:?ﬁ, and it
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formul a k%% above .be contained in th amount of r:ll%by
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or petrochemical process.

In the metal corrosion inhibitor as described (Invention 1)

above, it is preferable that R', R?

and R’ in the general formula [1] be the same or different
hjdrocarbon radicals with 1-3 earbon atoms, and that n be an
integer between 1 énd 4 (Invention 2}, and it is
particularly preferable that the gquaternary ammonium
coméound described by general formula [1] ébove be (B-
-hydroxyethyl) trimethylammonium hydroxide (Inventiomn 3). It
is also preferéble that the dquaternary ammonium compound
described by general formula [1} above be contained in the
amount of 1% by mass or more (In%entiqn 4) .

A second aspect provides a method for preventing corrosion of

metal in a steam generating unit,




8 WD 2004/ 044266 PCT/JP2003/014392 wherein the

wwelesaky ammoni um conpound descri bed by geﬂéﬁﬁhwmmmmwz
formula [1) below R R? N(CH )n-oH O+ (1)

(wherein Rl, R2 and R3 are the sane or dlfferent
hydrocarbon .:" radicals with 1 to 4 carbon atons,
and nis an integer between 1 and 10) is contained in
wat er which may contact the inside of the steam
Weredat thy aritterphnyeatuarivd) cokpodrdie dakorBhehtioned
nmet hod-for preventing corrosion of netal (lnvention
Bperipl Fermrlef diddbbelewat the quaternary anmoni um
compound descri bed by general formula [1] above be
added in the range of 0, 1-50 ng/L to feed water which
may cgntacg' the inside of the steam generating unit
(Inventlon |6). Athirg aspect provides a nmethod for
preven Hﬁg‘%oﬂﬁﬁsho@Fb fetal -inga) petrol eumrefining
or petirochim cal procgss unit, wherein the quaternary
amoni conmpound destri bed by general formula [1]
below R R? N(CH )n-OH OH -. (1 9 WO 2004/044266

PCT/ 3P20Q3/ 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 gay contact
the inside of the steam generating unit (Invention 5).

In- éhe aforementloned method -for preventlng corrosion
of metal (Inventlon 5}, it is preferable that the quaternary
ammonium compound described by general formmla [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).

A third aspect provides a method for
preventing corrosion of metal in a petrbleum refining or
petrochemical process unit, wherein the.quaternary ammonium

compound described Yy general formula [1] below:
+

—(CHJ)a—OH |- OH™ . .. (1)
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(wherein Rl, R2 and R3 are the sane or different
on radicals wwth 1 to 4 carbon at

“Jias%gﬁﬁ?{ﬁs?eger between 1 and 10) is containe |n”?qa%?13392
whi ch may contact the inside of the petrol eum
refining or petrochemcal process unit (lnvention 7).
"A fourth aspect provides a nethod for preventing
corrosion of metal in an atnospheric distillation
(ebeuain fRY, pétani edmnrefind REnPr &€ BT fevbRt hPdcarbon
.quat ernary anmmoni um conpound descri bed by Gener al
redioul a' filjh Dekowa &rbdiD-aNoh€H it @HioHan . integel)

R3 (in which Rl, R2 and R3 are the sane or different
beydeardl korl 10adisatenbeitldlih Ok icRkROEh ahdffcondadtn
Is an integer between 1 and 10) is contained in fluid
thhi thsindey cdonhacpetitdievmnsedenDig tdie pat roQpherd=Q
distillation colum for petroleumrefining process
psocéss hatita (BHvenatium thereof at the top line of the

at nospheric distillati'pn colum is 5.5- 6.5

(1 Avéntirom SpeRegavdl i tzheeahonerénventi on 1 to. 8,

because the quaternary amoni um conpound descri bed by
PRRSTRtdingt sprpbsiord YE bekaly i Gi\OtAOSKHHIOAA? @5 stillation

PCT/ 3P20031014392 R
column for petroleum refining process, wherein a guaternary

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

R=N—(CH)»~OH |- OH™ ... (1}

3
A= e

(in which R?, R*? and R® are the same-br 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
pet£b1eum refining process such that a pH value thereof at
the top line of the atmospheric distillatiorn column is 5.5-
6.5 (Invention 8). |

Regarding the above invention 1 to 8, because the
quaternary ammoﬁium.compound desc;ibedrby general formula

1] below:

10
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R N(CH)N-OHOH - - - (1) R~ (wherein R, R2 and

WG 244260 sane or different hydrocarbon raBCTa#2803/014392
with 1 to 4 carbon atons, and n is an integer between
1 and 10) (sonetines referred to hereunder as

"quat ernary ammoni um conpound A) has a hi gher degree

of dissociation than the ammoni a and neutrali zi ng:

am nes conventionally used as pH controllers, its
capabi lfty to rai se in water is high (its basic is
strong)l MReéover, bedause quaternary ammoni um

conmpound.A_RQas at ly low volatility, it is
Ilkelyto rema 6'% dt')i( terﬂtd’ﬂhlch qguat er nary

amoni ym corpound A wa added Consequently, wth
guat er rary anmoni um ¢ ound Ait is possible to
effectively prevent corrosion of netal even if only a

Rcbintnl, RUARL B )5 adde gaﬁgpgad@ﬁﬁﬂbec §tSarbon

quat er nary amonl um conpoun

Agdlhali zad, Salhs,foraRd by g%?ta%‘x% 2 ﬁjs B8 L {;quﬁ"an

conpound A with acids can mnal
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neutralized salts. aspec prOV| dr ogen
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 re—latively low
volatility, it is likely to remain in the sysfem to which
quaternary ammonium compound A was added. Consequently,
with quaternary amn}onim-u compo;.md 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, neutralié-ed salts formed by quaternary
ammonium compound A with acids can maintaih a higher pH than
conventional amine salts €ven when dissolved in water.

Consequently, not only does quaternary ammonium compound A

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

11
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chloride formation inhibitor for a crude oi

Voo bRshesd ¢ distillation unit, conprising (sk3rypz003014392
hydr oxyet hyl )t ri nmet hyl amoni um hydr oxi de (I nvention

‘9). In the aforenenti oned hydrogen chloride formation
inhibitor (Invention 9), it is preferable that; ((3-

hydr oxyet hyl ) tri met hyl ammoni um hydr oxi de be cont ai ned
in an amount of 5% by mass or nore (lnvention 10). A
rgfingh Aspadtkpr dbviadesdarpettocfion tahsdd tdyng

formati on of hydrogen chloride in a crude oi

nevgepheed csaditsti | | ati on unit, wherein (J3-
hydr oxyet hyl )t ri net hyl amoni um hydr oxi de i s contai ned

i n & el ftdesabted orowdeesi & hydfeieneen t he crude oil
desaltor and the main distillation colum in the
c@i.ggdde| foraadephioiiidbitodi $bi |4 adrivale Ui tatrd¥eRiRieN
11). In the present invention "crude oil atnospheric

ddstilldtitdronninj tdompirgBihhegp-a unit involved in
atnospheric distillation in crude oil refining

hpdoeessthyandrinedhydasmndni &h YRRk adesRlvNriod 9) .

‘pre-distillation colum if such exists, a furnace, a

mai it bkeddnemte ohedTh (@t BBLOLi de? MPmation
2004/ 044266 PCT/ JP2003/ 01439 distillation colum), a

idreati toxChanesitiod gppdﬁmﬁ{ pﬂ:@fegggfé. \ying fank and any
I Ke S :

associ ated pi ping and the . Because ¢

hytdrppen Xy ehinchl | LERIARFRRL A IYAr 06108 ey in an
amount of 5% by mass or more (Invention 10} .

A sixth aspect 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 o0il atmospheric
distillation unit (Invention 11).

In the present inventiop_“crude 0il atmospheric
distillation unit" signifies a unit involvéd in atmospheric

distillation in crude oil refining piocess, and includes a

‘crude oil desaltor, a pre-distillation column if such exists,

a furnace, a main distillation column (atmospheric

12




(al so known as choline) has a high degree of
WD g@aed4ad6l on and is strongly basic, the nmagE¥irams/014392
chl oride and cal cium chloride which cause hydrogen
chloride formati on can be easily converted to
hydrochl ori des of ((3- hydroxyethyl)trinmethyl anmoni um
hydroxi de (choline chlorides). That is, by using
choline in the crude oil atnospheric distillation
itillatips polswindl eat bedh crsheryee, foceadeonerofat he
hydrogen chloride itself, thus preventing corrosion
¥cqivangetank gmd peyuassogindedophgthbgas theotike.
Because the choline used here does not contain any
met aBecahie hipB-mygtbx gelvier D dinimath gcmroat amysydiroridee
heavy oil direct desulfurization unit or the Iike,
tdisoc kobimeastahoddhe) daab o didbt éegmmeabifodisfodretion
catal yst even if added in excess. The choline

agi dsi desopgigd beedlci nthditmaney inaycHieride camg osectimyn
heat in the furnace, but the main deconposition
glodide swiwenh lreuret Iydrageno chileraied famnabson suoh bas
trimethylam ne and N, N-di met hyl am noet hanol, with
cakibgt comvdntadriogenhpdtaahldeipeoduc g@- Moreover,

because the choline chloride is nore fluid than the
hiygdogpdiiory)desnethyRidt@ne banh fesoxaudi ahbl ndisad S des) .
neutralizers, and its metal 13 WD 2004/ 044266

PCT/ ui}P.ﬁOGaal,owsaﬁng: QHo0S h¥EeNEShd Sredé I&IE| dtnlodphelrt ¢
may not cause corrosion of the nmetal of the unit or
di shEl bdtdicieagait) nit e pbesstbaticopedvert hadk ffrmation

i nhi biting formation

of the hydrogen chloride itself, thus preventlng 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 heaﬁy 0il direct

desulfurization unit or the like, the choline may not lead

to deterioration of the catalyst even if added in excess.

The choline chlorides produced in this way may be

decomposed by heat in the furnace, but the main

decomposition.products may 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

13




P

oy

of hydrogen chloride (Invention 11), it is preferable
wiowba/oakdse ( P- hydroxyet hyl ) tri met hyl anmoni umHBCKdP200B/a1E392
.content be controlled to 0.1-5 times by nol ar
equi valent the salts content in the desalted crude
oil (Invention 12). Wth the C choline content
controlled in this way, sources of hydrogen chloride
formation such as magnesium chl ori de_and calcclor sion
CRRF U R eEEn T BeS B HETY Yo bibert e der £PEI EhtTY
economically to choline chloride. However, even i f
ofhbhé nestals odobhai wed ior ékxpesslogiagel-ens hardly
arise. In the aforenenti oned nethod for inhibitin
for na itdre adbrhyenivgeredc hethedelf (1 AvbAbibhsy Hoxga %zpn
it is preferable that the chloride ion concentration
ofr hydtaferc chdensdel (Watventiohollbxdifple pyeferaRie that
receiver water) in the main distillation unit be
theashHindiroagd think) {x{ithe thy taexyretdry hytrorbdd ydarbemti bm
hydr oxi de content be controlled based on the
cORBSCNIRRERDL Dedtd tiSineknyenho Do kEuivalent stisasalits
neasure the chloride ion concentration or pH of
coppslansged that @esaltddhermde nodl stlintveation 1@+, Wikl bhe
usi ng such neasurenent results it is possible to

_cle@hidedlcoatesti ¢c@ailrlakdl imeticontwayt, evenceherf tiydregen

are fluctuations in the salt content of the desalted
cliEYaxiRle0ifbrma ¥idD 2G4 4 6 4d26te FGTH 3R20084€ 148D Zzalkpurhe
af orenmentioned nethod for inhibiting formation of

clikiirielpe ranhberexel Iyl poeneriond <FFiE3eptly dwyd preferabl e
economically to choline chloride. However, eveﬁ 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
digtillation unit be measured, and the (p-
hyd;oxyethyl)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 thé"main disfillétion unit, and by

using such measurement results it is possible to control a

suitable choline content even when there are fluctuations in

the salt content of the desalted crude oil.

14




that the ((3-hydroxyethyl)trinethyl anmoni um hydr oxi de
content be controlled such that the chloride ion
concentration (sodiumchloride conversion) of the
wayzEnheaeker ecei ver water is 0-30 ng/L or thecpit2063/d14se2
over head receiver water is 5.5-7.0 (Invention 14). U
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
schemati ¢ di agram of one exanple of a boiler; Figure
2 is a process drawi ng of one exanple of a crude oil
at nospheric distillation nethod (2-colums type); and
Fi gufe Bhshofws-cacephbritedinetthed GRVEnhehs Ui mnEtmation
results for thermal deconposition of choline chloride.
af DRSCRY&T| DN c@E dF HE IPREEERREDL ENBOD| MENTS preferablie
Enbodi ments of the present invention are explai ned
tiedtowhe[ MBtmaldreare eisylorrrinb byl omoni bm VO &04/084 4366t
PCT/ JP2003/ 014392 The netal corrosion inhibitor of
Hheoptesendd isivBNthon theorhabhsdd Henquahesdi@iation
amoni um conpound (quat ernary ammoni um conpound A)
gesdnnbelkll dwi dgepenedrfimmruba {He ohaelrhwad RceR¥er water
N-(CHdn-OH OH . . (1)
is 0-30 mg/L or the pH of the overhead receiver water is

5.5-7.0 (Invention 14}.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 2 is a process drawing of one example of a crude
oil 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 corrcosion inhibitor]
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LR3 (wherein R1, 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.) Exanples of the
WO/ 2bBEabon radicals with 1 to 4 carbon atPemEJIH2003/014392
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 ammoni um conpound A
i nclude hydroxynethyl trimethyl anmoni um hydr oxi de,
hydr 8% iee il coksesidrammbab it hydr Skederesedt invention
hydr oxyet hyl ) tri et hyl anmoni um hydr oxi de and ( 3-
FRPFRSRY pERfp HUREEFRREH\AERADWR LRATRPERS X | TheternagEner al
formyla [1] it is preferable that R, R2 and R3 be
FRONS WHeCBP HRAf 8 effts FRr8 cey isreradi tamslai {h] tbglow:
carbon atons, and that n be an integer between 1 and
4. W such a | ow moJ,ecul ar wei ght, quaternary
amoni ym adnpound A il highly soluble in water,
enhanciing the effect 1)6 WO 2004/ 044266
PCT/ JP G%EY TASY2"~8H [t*heHpresenk!di nvention in
preventing gorrosion even when small. quantities are
added. H{ (3- hydroxyethyl)trinmethyl ammoni um hydr oxi de
- (choline), which has nethyl radicals for Rl, R2 and
is_ particularly preferable as

d f 2,
(gig‘ g?ngrh g{iy n%?rﬁ‘ﬁﬁi BmACEnpRtitRTE or different hydrocarbon

radicals with 1 to 4 carbon atoms, and n is an integer
betweén 1l 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
hydroxymethyltrimethylammoniuﬁ hydroxide,
hydroxymethyltriethylammonium hydroxide, (2-
hydroxyethyl)triethylammonium hydroxide and (3-

. hydroxypropyl) trimethylammonium hydroxide.

In general formula [1] it is preferable that Rl, 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 scluble 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
compound A, but may al so contai n amoni a,
wWewt4/@isgi ng ami nes and ot her corrosi on i NECHIR20I389]14392
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
metal corrosion inhibitor of the present invention So
YoheaRr et tefipFeptiin ipherpyeddny coveoricmn even when
achi eved to prevent corrosion even when snall
FFant Teentsitdes addewtidefl.cdpt ent of 1-100% by nass is
normal , and 5-50% by mass is preferable. Exanples of
hygirexpethals tefnahhylemeoniosi ydriogitle beholpmey e nietkioy,
the netal corrosion inhibitor of the present
Hagvapthvh daddkatie for RéxdRfphediR’oandiamom alfl aysis
copper, copper alloys, alumnized steel and the |ike,
BEtieweerly eseRerivhensi anatesrmoy himinieth bypmpbese A.
The netal corrosion inhibitor of the present
i nveRt§ gietedncprinsivn igbibusinonfothemieseptaisvéntion
steam generating units and 17 WO 2004/ 044266
CBETPY PRIFSEEE480% redat P ipharahEN angnamigm compound A,
etrochem cal process by nethods such as those
bgésﬂew k?éxf"bé%gﬁlff MEFRBH2 ofnquimEbl sl acd e st dihex
steam generating unit] In the present invention,
cEBF?%ﬁﬁQ}ﬁnhhbéﬁgﬁﬁﬂaﬁﬁdraZine! sodium sulfite, sugars and

other oxygen scavenders 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 corrosion even
wnen 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 corrosiocn 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

17




generating unit is inhibited through the use of
guat ernary anmoni um conpound A or the netal corrosion
i nhibitor of the present invention described above.
Wih2og04d2ih generating unit which is to be proraebesidi4zez
fromcorrosion is a unit which 1is 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
pressuri zed water reactor or the like, and which is
PR leum sefbrimsisod pétiduhemital wlodeRe byiidethbde such
boiler may be a cylindrical boiler, water tube
Boi thase dreeribrdbibghovoi | er, cast-iron boiler or
speci al boiler (indirect heating boiler, waste heat
P& 1hed ofpihihittingl coritdsdor $pecistieatl yetediingr undE]
t he IikEL. The netal corrosion inhibitor or quaternary
amorfuffe chFpaRtd IAvettione peeseriton nueatstemn s added
to water which may contact the inside of the steam
%ﬁﬁﬁﬁaﬁFFﬁgu%&ﬁt%s aARbLbiirdethoesctn theutiral 0Ziqugternary
reaction with acids in the water. For "exanple, as
THGRA TP NCERAHE £ of fthehaeseb arruyoserat imygibitoirt of stiee
.boiler there are three water systens (the feed water
RPSFBM TP 14eei desetinedeabere er Thrdstéan @nweeting
2Q04/ 4%565 PCT/ JP2003/ 014392 vapor/condensed wat er
St 87 SR it TonBe it fiect sl r §x9m ForraRt i tisy aopnit which

.quat ernary ammoni um conpound A of the present
l%n\(/: %%?1?@ Océr? CHET AT St62%n\SUsHe 261 2 nERne rehahobler of

ese . .
the Wwaste heat boiler of a petrochemical plant, gas turbine

facility or the like, or the steanm generator of a
bressurized 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 quaternary 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 systens. However, because neutralization is nore
W despread if the netal corrosion inhibitor or

quat ernary ammoni um conpound A of the present
worentddess | s added further upstream it ispgeoeoaldiysoz
preferable to add it to .D the feed water system The
nmet hod for adding the netal corrosion inhibitor or

guat er nary anmmoni um conpound A of the present
invention to the water system (injection nethod) may

be coytinuous injection or intermttent injection. In
VRBOLASES s e 0¥ 97U SUS EER) e @idoihe aralivdr cqaapeidn ed

Lﬂgggtion or flow rate proportional injection may be
GERHCT N 198 AR PR aTys BB Ly copReERd At ofnfRe thksEent

githeé.suctio injection or forcing injection may be
us g e Caaaﬂ% i 337661 O NP YA CEGROTR BRI AR R E Ghese
gg@égrgqﬁ%mg iun1coggound A of the present
I Vent o sddetPHY e F neP HeRse Spetemigation; s aore

ing o ressures of hoiler, processing nethods
HEREREAR 28 SRR oo oo Cobtllor art S¥ytcantey

4 in the range of 0.1-50, /L or nore
SR Shad BoldlolE o BO0 i nitrsbol suntg ofnas radsied
ical l.y, ..t _can controll ed as necessar

t e, PERERLEE. X1 b ke O Rl b la F2 250 g 2o

meet

E?gﬂﬁgé%,wgggr]%§§@9 2004/ 044266 PCT/JP2003/ 014392 pH
of boiler water wth a maxinum use pressure of 10.0

MPa  qqad, w4 by ol gt r eat t . should be. .. .
cont roll S5t g@%_ 8&iﬂ§5€he meggf corrosion inhibitor or
quaternary ammonium compound A of the present invention to

the water system {injection method) may be continuous
injection or intermittent injection. TIn 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—lQ mg/L with respect to the feed
water. Practically, it can be controlled as necessary to

meet required standards of water gquality: for exampie, the

19




9.5, in which case the quantity of the nmetal corrosion
i nhi bitor or quaternary ammoni um conpound A of the
present invention added should be 0.4-4 ng/L with

wempeot2s60 the feed water. Because quat er nBCTAIP2003/014392

amoni um conpound A has a high U degree of

di ssociation and is strongly neutralizing in

conmpari son with the ammonia and neutralizing am nes

used as conventional pH controllers, and it is also

likely to remain in the boiler due to its relatively

P%v&?%gﬂ%tlﬂf iater wighre WPFmENcRid PIEFEVERtoL di-6sMBa

even when added in snmall quantities. Consequently, by
i"HG Rt ReVrettdt ec E Rt sharlbilteo £oBEr ki hvaBy5-

€g¥nniun1conpound A of the present invention to a
erBs Bt EinCasep bt aftaptidyact e metet cayrrsdep it

IS .passible to efficiently neutralize and prevent

PEHRIEPEN T e TP BEY PoB vy prRsSnref @hd-heh@resent

vapor/condensed water. system In particular, in
POIPEAER, 76 éﬁoﬁéﬁ-%ﬁat’*rﬂem%ﬂkaﬂlité regRartadocEhst i c
(&Qﬁwg nnot be used or can only be used in Ilimted
guantTtFes for structural or process reasons (for
exanple_ the mazte heat boil. ers of Eetrochenica

I

pl antsy; — af RES HAVe THITEHT i SHECFH vt ugedirh
L B 5, IS BBt 1 T

rrosron inn _
LrPelfed0 A 3¢ HHURLS" 020V, ATIRY: YA S R0 o
conventional pH controllers, and it is also likely to remain
in the boiler due to its relatively low volatility, it can
efficiently prevent coxrrosion even when added in small
quantities. Comsequently, by adding the metal corrosion
inhibitor or quaternary ammonium compound A of the piesent
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 beoilers of petrochemical plants),

amines have conventionally been used in large quantities 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
of only small quantities. Moreover, because
WALEEAREY anmoni um conpound A is strongl yrOBRSH20603/014392
can mai ntain a higher pH than conventional am ne
salts even when am ne carbonates produced 3 by
neutralization becone dissolved in water. That is,

with the present invention it is possible to
effectively prevent secondary corrosion caused by
At R Y e gusenitgn cpppeitchdd of othereverht NipCoItiosi 88 a
of metal in petroleum refining and petrochem ca

P L OhMeE sin schhateame generatirenvinohs, codequsicen of
metal in a petroleumrefining process unit or
PEtTGERRnPERTe P oBesa™ hfiachievert enidht e taddidglont be
use of the aforenentioned netal corrosion inhibitor

TH Y FEEEF n@F 3R tEASAF um conpound A. of the present
inveption. In petrochem cal process, corrosion of the

met al" 6P TR 1 $ECEUE] FRATEIPHTY | Ruopive cowmmnd A ihe
BESPaTE Beftrror e e AgE prgbes Bhahe |1 Ko,
é%ﬂ%ggges g{ units to be protected from corrosion

IAcraat it GRS FiH 6VEB e gulen eRrhesiagss Buedncest
AIRaLPESPISILE nOisiTlall en colum and f1act, onating
ﬁ%%gﬁg%%%ygg%@%g£iéﬁlf% ggsboggﬂg%nggrSffJE?T%gly 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. In 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
present invention is contained in fluids (oil, water,
Wil fseq/0d4i6qui ds or gases) which may contact tPerImesiots2
of the petroleumrefining or petrochem cal process
unit, and undergoes a neutralizing reaction with acids
in Uthe fluid. For exanple, to protect a
fractionating colum (or atnospheric distillation
columm) fromcorrosion, it can be added either
THSHGH Eanedtdagr pives ldondenseidt,r bett yexdningethe
colym, or else into the feed line of the colum.
KRt Ve BAt oS mgdpeten Mirdtehe overhead condenser of a
colum, it should be added to the ejection pipe at the
top THE TPl searasiothdnabhber far qudtermpiyh emet ihm
corrosion inhibitor or quaternary amoni um conmpound A
BFPOHBA i Sl dthe Ryettitodnventior |igi dogtaimect itonfluids
Fe&hods may be continuous injection or intermttent
iHiecFrore s [9theRel A EsoPT comtsHubbisch njast thonhact the

either guantified injection or flow rate proportiona
ﬁnﬁﬁEEt?%ﬁ: yPebEOLREY refheing an peyrothenicagebadcess
corrosi on inhibitor or quaternary ammoni um conpound A
U8Rt nEng rESEREORRVRMELSHAL befded TeBCHiRn Milihdanbys e
BRI T 5 KPERFRF Aanth MG § GrATWePtios 2o
(%90§%£%%%§2§igcﬁlé@??f%%igﬁ4§§§%mn) 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 columa.
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 inhihitor or
quaternary ammonium compound A of the present invention to a
fluid {injection methods) may be continuous injection or
intermittent injection. In the case of continuous injection,
either 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
colum, it should be controlled to achieve a pH of
WO Iobodeei thin the system Because quat er NBCHIP2003/014392
amoni um conpound A is nore strongly basic than
anmoni a and neutralizing amnes as the conventional
pH controllers, it can effectively prevent corrosion
even when added in small quantities. Consequently, by
adding the nmetal corrosion inhibitor or quaternary
anHthiGrredhpowfdnatal ethdaher esent Foveatamsld dnf khed
which may contact the inside of a petroleumrefining
BeP geer e)éh@rﬁm@e pitboeg®spheric idisits:passibloelion, it
efficiently prevent corrosion of netals of the unit.
Frulfe bt pospivddied B stdlilexei @rpE oifufmSwhi T wiitiihhihe
nost inmportant unit in petroleumrefining and
PEt%Fcheni cal process, especially in petrol eum
refining process, conventionally it has been
nece?&%g‘}s? AESETRREN rAAMocRing camponad A olewtreabtzengly
1zr;%’/dr ogen chloride derived fromcrude oil elenments in
T LR AEPBAR Rf ATt AlbEinmpaises e ke  unit,
but neutralization produces am ne hydrochl orides. Such
HRREThT o PR 6PPbesl e - higriar kf§eetedivc pramentone
di_ssal ve as theéﬁabsorb water within the system Such

G AR U S BPER | B h IhFrA laiABL Ridkrcoc hCons ety
) 23 D ReMR | do102: 80 S B o216 " e Bnaty

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
procegs, especialily 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
aquecus solution in which amine hydrochlorides are |

dissolving normally has a low PH, and may cause secondary
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WD 2004/ 044266 PCT/ JP2003/ 014392 corrosion within the
system In the case of the present invention,
however, because quaternary anmoni um conpound A is
wo koogombeg basi c, hydrochl orides of quat er napyTarsEsiissn
conmpound A do not |ower pH dramatically even when
dissolved in water. That is, secondary corrosion can
be restrained w th quaternary amoni um conpound A
because it is less corrosive than hydrochl ori des of
the anmmoni a, al kanol am nes, net hoxypropyl zm ne and
EHE SRR FhriehttibenarFiemusednathpdaseonts thé anssehh

articular, in systems such as atnospheric :

?ﬁqqlPEti%ﬁWQﬁﬂrunﬁgc%HﬁP'ﬁﬂé&??@ﬁﬁﬁiamgoebﬁmnnﬁmnonnd A
whi ch hydrochl orides produced by neutralization
Ja%&i‘r‘fﬁraﬁ%@,’ Rirsd gr e PYRER FoSrdAe prafy sivptonnat¥ egmondam
be achieved with_the present invention. [Hydrogen
CHEGPREe™ 15 Rt SR™ERHRidraRR t % Ly §F o arhath|ddsisdEved
formation | nhibitor.for a crude oil atnospheric

S FFat i RSy BFCITRETYr 6QEFR5oRy 6AR| bR regtrained

BT BhR e PEBo~ bl )4 1 Hebaprarh dt dbes use.
A REBTY Ao R EBDE LT e PoRT GHAC ABRPREE . 171 HeRpd i,
POk e Sp " LRES TR Co a0t sst 00 8y
dBARSoPTeY o7 §LABLY: ARAUL 207 SRUBY MBS, 2% mospheric
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 hy?rogen 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 Fform 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,




WO 2004/ 044266 PCT/ JP2003/014392 1f used according to
t he nmet hods descri bed bel ow, the hydrogen chl oride
formation inhibitor of the present invention can

wo zeents2door mat i on of hydrogen chloride and pprogeeto1£92
crude oil atnospheric distillation unit from
corrosi on. Wen using the hydrogen chloride formation

i nhibitor of the present invention, alkaline chemnicals
such as sodi um hydroxi de can al so be used in

TP el IR LR R L A0
BRBTRR oo T Y CrgHeCn P rOsHrors SBESPrHIah on

PSR LAY e GFRAETO PRAPIToGES FOLH 1 8Peq
PRET or o oann dEp ORI ER 51 e et e RERE (R ¢ or
LA A AR O RS R

etween the Crude o
; f C i, spher.i.c.di still ation
SRS of Nhe PHEECL R IR G0 Eh8 i adBe T
I .ude_oj |_-at e l.et of..the crude oil
%&ggﬁﬁ@_ﬂ%&ﬁ%r ngénalc Rl %?i%fsgeu &Pnﬁf){“%lnn%lr%‘gi .torl
nz@dﬁeséﬁr&%s'%@dggrﬁ itoﬁe-Qxl‘%fﬁ'éi% C'é%-fﬁé?d i1~ being
control | ed such that the chol T ne conten t he

hydr eges, & tﬂr%rsieﬁ% iﬁr—gpctiioﬂp wggjeho Ehié :pd%l '1':t%ﬁ}nlagf"

or preferably 1-2 tinmes by equi val'en e salts
EORLBRMb i ted and corrosion of unit metal is prevented in a

S

crude oil atmospheric distillation unit through the use of
choline or the aforementioned hydrogen chloride formaticon
iphibitor (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
preferahly added to the desalted'crude o0il at the outlet of
the crude oil desaltor. The hydrogen chloride Fformation
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

breferably 1-2 times by molar equivalent the salts content
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25 WD 2004/ 044266 PCT/JP2003/014392 of magnesi um

chl oride, calciumchloride and other salts in the
desalted crude oil. Continuous injection is the
wo mbgssabice nmethod for addi ng the hydrogen edw/prodoiase
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
content of the desalted crude oil. In this case, it
9% mprRe el L D lordder fedFéur Heh idridei ded jwer salts in

oncentration or pH of the top |ine or overhead
t&?sfjéﬁ?yfe‘% HEUREI Ak stillation colum, and to
measure t he chloride ion concentration or pH of the

over HBRHTSI F87 seit®r 181 tahdurdprabl s mgthadi 6o
a%%Lunn in iguthular, and to appropriately contro

&Rgubint itYreren ihosden Ermatige Febihittiosn (IR Eiiasy
t 0. be, added based on_. the nepasurement results. The
msEhPY SR BR: HESHPFe® o RISBFRDYE et baTeSt but
S L N R T M ER SR AT
cRigPFaZ 400105 SDLoLde Jon coneentralion or gt ol
o0 dBvSaeiieally, 11 e preferatl ¢ that the,
BB B8 CRILLO! €6 SUGR LA NS SLAT LE%H T op
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 célumn in
particular, and to appropriately-control the quantity of
hydrogen chloride formatipn 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 gquantity 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 guantity 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
preferably 0-10 ng/L, or the pH of the overhead
wEeneimetcewater is 5.5-7.0 or nore preferabl ychnkeddnpiszez
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 oride, calciumchloride and the like in
the desalted crude oil to produce choline chlorides,
e Ishownoby piriedetablowi-A§ melienicrakhé grindfath€ay&rhead
2((HBQ 3N C2H4AOHOH ) - > Ca(OH) 2 +
TECEHIEY SMHBIHAEHE 1Y~ 7 -0y Ofr2mar @ (H(He3E€r SN CHHEORL BH ) - - >
My(OH) 2 + 2((H3C) 3N ' C2H4OHCL) Consequently, by addi ng
t he Rydaetrerthehtbelide flor ae i ydrogrhi dhlagrd deofdusatted
crude oil as described above, it is possible to
iphabeher fismat hogh cledriee Ry dbogorishion iadd 1pt sbrénglid
corrosion of nmetal of the unit due to hydrogen
Rasi6r | He. rBstaustth kalERobRele denmeheesiyr chéaredtori de
formation inhibitor does not contain any nmetals which
SRtGhim ehhreidel yndfthect ikat i yidte dasakecheavgeopil to
direct desulfurization unit or the like, _
PFefBFe ofiliins ehleteeseapal shavonbl| thmtfoldsirdeven i f
he h dro%gp chloride formation inhibitor is added in
C @ég%@ formula:

CaCly + 2((H3C)3N'C,H,0H-CH")

-=> Ca{OH)z + 2{(HsC)sN'C.H,0HC1)

MgCl, + 2((HzC)aN'C,H,OH~OH )

-=> Mg (OH)z + 2 ({HsC)aN*C,H,0HCI)

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
desulfurization 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 foll ow ng
formula, but 27 WO 2004/ 044266 PCT/JP2003/014392 the
wWo4/glemenposi tion products will be nethyl sbl/@b@Riazez
and am nes such as trinethyl am ne and

N, N- di net hyl am noet hanol, w th al nost no hydrogen

chl ori de produced. ((H3C)3N C2H4A0H OH) --> R3N-RZNH +
CH3CA T Moreover, while hydrochlorides of the

al kanolam nes nornally used as neutralizers cause

T Sadar feevoss oo mrmsagse whidy bar sebihyghlohloride and
hygroscopi c, and absorb water inside the system
HHIEs| Fecarrf [taheetipH andiel pnd NA-dihddsylamd nogbhenol ,
fluid_than hydrochl orides of al kanol am nes, and have
Bt afBPSt Inswhiverayen sivlosiidenmssiuced. t hey do not
cause problens such as corrosion of the unit netal or

| i ne { (BICOcR &g CHORE e mrod RteRe N+ tdlieCYet hod f or
inhibiting formati on of hydrogen chloride of the

pr es¥predrarentvhbhe ilyydexphabnistks beér ehav dlkamefl enenee t o
the process drawi ng of a crude oil atnospheric
nirgelly atdesh agebdwtk l2zeok uomssd gpedndhomoirios Fogur e
2. Crude oil is supplied continuously to crude oi
be¢esupe ofhey, anhehighlty hygdesediied and atedvypi atedr abibide
solid matter is renoved. Desalted crude oil exiting
theuassrn, ddesalvorant feweradbd chol e -alilstitibatiaon
col umm 3 through

more fluid than hydrochlorides of alkanclamines, 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

- oil desaltor 1 and converts nagnesium chl ori de and
vwaboiupahl ori de to choline 28 WO 2004/ 0442001/5P2003/014392
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 line 2, and evaporated water and |ight oi
fromthe pre-distillation columm 3 are supplied to
et oridlest.i | Pasaloredc okbude A1t heowghcH ithe AydResddue
frompre-distillation colum 3. is feeded to furnace 6
¢t iigle FemeaBiorhdatill tar aapr Bset i R@dt CAPESadr €o
then feeded to main distillation colum 7, where it is
pradlséhal etiomtcolinns ¥ dimiroughf Aot i2gnand nephidiataad
kerosene, heavy kerosene, light gas oil, heavy gas oi
VRIET PBSi YL@t oAl fhem Pl pre-dhetipastieh CHIGRASEUATe
chloride and calciumchloride remaining is hydrolyzed
s lidagt e eride dinyitlogdonc hbbwindd, thubughe imesulti ng
hydrogen chloride is captured as cholinechl oride by

unr eZEE &M HAom BT e-NHistitiAda bioh kerloseng fs diectbd top
of main _distillation colum 7 are condensed through

furnacs, 8 SHr ekl etred i heahaphthal peesseted ¢empuiagire, |
.éﬁ%nk 9 (an exanple of an overhead receiver). Gases
G FredrdLoamaincfataddation tdvilsmnnaphitivadek étosene
tank 9, and the fuel gas or LPG as the gas

TFREEL PRR 6 (P fober YeRigughtTaatdons, (wiitithat had
kerosene, heavy kerosene, light gas oll, 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 hvdrogen 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/kercsene receiving tank 9, and the fuel gas or LPG
as the gas fraction is removed through line 10, while the
naphtha and kerosene as the liguid 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
renoved through line 11. The water (overhead receiver
wat er) which accumrul ates at the bottom of
wapihi/asdser osene recei ving tank 29 WO 2004/ 84A3@003/014392
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
nmeasured. Based on the neasurenent results, the
guantdriaynedl tiydregearail ard de fsHma/RBrbad DIt ivin
added to line 2 at the outlet of crude oil desaltor ﬁ
tanlkeontrol led appropriately. The nmeasurenment of
chloride ion concentration or pH and the control of
quantTibey chf otiyier dgencorsdin@rbdeod et 69 tHidYet-06a4 0
be added can be automated as a sequential system The
reqsdoedi Watnuiplived ciutins hiabhelhd e roebhe dr RS GhhBedank
above uses an exanple. of a 2-colums type, but the
brsseaesured.enBroed i ribe hkadiwthehherebyl tsandhe
formation of hydrogen chloride can also be prevented
Bipnretroes hyidreber ahdaridsefoxdtesdbnbinh Bhivee Whlbd ato
crude oil atnospheric distillation nethod using a
ldiner ér ehtthex anplet off ax2deodilmistyper Dris whhbralled
crude oil atnospheric distillation nmethod using a 1-
OB ORFL 2 Y - Eﬁé&qﬂg§§urement 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 gbove 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
the present invention is not limted by these or any
wa fedna@xanpl es. 30 WO 2004/ 044266 PCT/ JP2003¢HiMa3R14392
[ Exanpl e 1] [Neutralizing capability] The pH val ues of
((3-hydroxyet hyl)trimet 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
(manuf actured by Horiba, product nane pH Meter F-21),
Examprhe tlespective base dissociation constants (Kb
val ue, 25C) were calcul ated. These base dissociation
[dsisrant sindacapalpilidilcat or of neutralizing
capability, with a larger nunber indicating that the
substhags! vaduas hhHh@-hgegoestofyl) diisatiyabimaBnang | S
nore strongly basic. The results are shown in Table
hiydrpXade e chplkbe valmwmoe2b&hol iak| N@mdbrlid, X 10-
Monoet hanol am ne 3.15 X 10 Ammonia 1.82 X 10
Opé bbérexdamant nend @ pXol dne Marehakifieredl @3iXqlQ gt i s
understood 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 disgsociation 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 1078
Ammonia 1.82 X 107
Cyclohexylamine 3.39 X 1071
Morpholine 2.09 X 10°°

It is understood from Table 1 that since (P~

hydroxyethyl) trimethylammonium hydroxide has a larger base
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hydr oxyet hyl ) tri met hyl anmmoni um hydr oxi de has a | arger
base 31 WD 2004/ 044266 PCT/ JP2003/ 014392

di ssoci ati on constant than the anmmonia and anmines, it

wo00diRliRe St rongly basic. Next, the quantityp&fim6idsthsez
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
boiler with evaporation of 5L/h was wused as the

boi | er, operating under conditions of tenperature of
170C, pressure of 0.8 Mua, feed water was pure water,
gdheetiEtdrrononstantothaBOthelainor 84 &l 24¥0.80d ;Stigam
recovery rate of 0% and pH was controlled by volatile
PreatsErrelyheasiesul ts are shown in Table 2. The
values in Table 2 are expressed as ratios (nmass
rati§§¥tmﬁF%etQRﬁnpatMeOfcndded ammonia or amines necessary
0- hydr oxyet hyl ) tri nmet hyl anmroni um hydr oxi de gi ven as
© 290T5Be e 2@}/8@‘4 RerOmat®rs pk (25C)kn tRelpdis Lh+lr
Choline 1.0 1.0 1.0 Monoet hanolamne 1.8 6.3 11.3
KHnORRrEU7ed 2R Fes9. Boilegye ohle xatapoiraei 20. & 28./8 ¢4s 8

NbEPhOILne 53.0 159.1 424.2 32
used as

he boiler, operating under conditions of
temperature of 170°C, pressure of 0.8 Mpa, feed water was
pure 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)
10.0 10.5 11.0
Choline 1.0 1.0 1.0
Monoethanolamine | 1.8 6.3 11.3
Ammonia 7.8 21.1 49.9
Cyclohexylamine [20.3 28.0 44.8
Morpholine 53.0 159.1 424 .2
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WO 2004/ 044266 PCT/ JP2003/014392 1t is understood
fromTable 2 that ((3 hydroxyethyl) trinmethyl ammoni um
hydr oxi de can neutralize the boiler water efficiently
wi foby/em! er quantities than the ammoni a apdpyihiiResso

[ Exanpl e 2] [Corrosiveness of hydrochl orides] The
follow ng corrosion test was perforned to eval uate
the corrosiveness of hydrochl ori des of ammoni a or

am nes (((3-hydroxyethyl)trinmethyl anmoni um hydr oxi de,
amoni a, nono et hanol am ne, 3-nethoxypropyl am ne and

di metHyiét kadersimaie ) rom | Tatike 2ch40OSigAN test, the
hydrochl ori des of the aforenenti oned amoni a and

%ﬂ$?ﬂﬁyeWéyéJp:lm&ﬁhyﬂﬁﬁmbﬁﬂU@sﬁydgﬁﬁﬁﬁﬂw%aﬂtneutralize the
concentrations of 50% by mass (hydrochl orideipure

ler waten)eftindehesy witecenalHl: HobaeXed N8 andRd
with #400 sandpaper, degreased with toluene) o
TEBIAR 3pdetmine8RPCC) were inmmersed in the beakers for

%0 hours at 50C under argon deaeration (anoxic
tPohk). The test pieces were derusted after

testing, and corrosion speed (ng/dn2/day) was
AFCOF AT ¥ Ty o hndraiblbeidace in mass before and

&

after testing. The results are shown in Table 3. 33
VO 2002/ TH4zB6npCRIR2008/ 041392s baakhned] to evaluate

the corrosiveness of hydrochlorides of ammonia or amines
{(ﬁ—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 Ilmm, sanded with
#400 sandpaper, degreased with toluene} of carbon steel
(8PCC) were immersed in the beakers for 20 hours at 50°c
under argon deaeration {anoxic conditions). The test pieces

rwere 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 Corrosion speed (ndd)
Choline 32 Ammoni a 256 Mnoet hanol am ne 132
3- met hoxypropyl anmi ne 480 Di et hyl et hanol anmi ne 288 0
W 200804489der st ood from Tabl e 3 that the hydr egehioesdg4392
of (P-hydroxyethyl)trinmethyl anmoni um hydr oxi de has a
much | ower corrosion speed than the amoni a and ot her
am nes. [Test Exanple 1] [Distillation test] Aqueous
solutions cont ai ni ng magnesi um chl ori de and basic
Q{ %] (chol i ne, sodi um hydroxi de, nonoet hanol am ne
dlne'%y et hanolamne) at a nole ratio of "1:2 and an
ﬁﬁﬂ? 150 solution containing nmagnesi um chl ori de al one
CFout aﬁ'ﬂ?“%e@i EMiReRr i [Formoseonr apereduaad (ised as
selutions 1-5 The lconpositions of the test
?lﬁﬁeons (TS) are shown |i 2 Table 4. 34 WD
qnnﬁ/nﬂﬂoan DFT/1D?ﬂﬂ?/O14392 [Table 4] Salt Base

"rl U o0

oﬁnd J Content ConpoyrfdéContent TSI Magnesi um 952

o) oLl _Choline |2 42
MHﬁoethanoI&mlne 132 :
3-methoxypropylamine 480
Dimethylethanolamine 288

It is understood from Table 3 that the hydrochloride of
(B hydroxyethyl)trlmethylammonlum hydroxide has a much lower

‘corrosion speed than the ammonia and other amines

[Test Example 1]

[Distillation test]

Aqueous solutions containing magnesium chloride and
basic material (choline, sodium hydroxide, moncethanolamine,
dimethylethanolamine) at a mole ratio of 1:2 and an agueous
selution 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.
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chloride (710 ng/L as ng/L, 0.02

chlorine) nmol/L TS2

Magnesi um 952 ng/L, 0.01 nol/L Sodium 800 ny/L,

chloride (710 ng/L as hydroxide 0.02 nol/L

chl ori ne)

\mGMﬂf@Si um 952 ng/ L, 0.01 nol/L Monoet hapc'i{,]ﬂz_a&ml‘;ggz

chloride (710 ng/L as nolamne ng/L, 0.02

chl ori ne)

mol /L TS4 Magnesium 952 ng/L, 0.01 nol/L D nethyl -

1,782 chloride (710 ng/L as ethanol- ng/L, 0.02
chlorine) amne nol/L TS5 Magnesi um 952 ny/L, 0.01
mol /L chloride (710 ng/L as - - chlorine) In the test
$5pt¢ dds above, guarant eed anhydrous magnesi um
chlorjide was used as the magnesi um chl ori de, and
i ndy§ettal 48% sodi um hydr oxi de as|®dee sodi um
hydfoxide. Using the distillation pethod of JI'S K2275
( Met Roupdword | @sthemg wat er cont ent| ofmpeiunde 0Cdn @Rt
petfol eum products), 35 ----- il A - WD
9D AMeduEEmMACIY2) RR0D3/ 010B%21Vhe asdlisel uti e Above
wer e added tqg gas oil (commercial | fuel) in jamounts of
5% pyhhewsisgieand(didstmgllems for 0.5 hours at 10861,00.02
max| mum 200C,{ and the chl oride ion
chloxrine) 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)
T83 | Magnesium | 952 mg/T, 0.01 mol/I | Monoetha— 1,222
chloride | {710 mg/L as nolamine |mg/L, 0.02
chlorine) wol /L
TS4 | 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, 0.0l mol/L
chloride {710 mg/L as - -
chlorine)

In the test sclutioms 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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concentration in the distillate was neasured. The
results are shown in Table 5. [Table 51 Base Chl oride
ion concentration (ng/L) TS1 Choline 2.8 TS2 Sodi um
w/sipaasste 5.4 TS3 Monoet hanol ami ne 140  TSfet/ap2003/014392
Di net hyl et hanol am ne 140 TS5 - 110 It is understood
fromTable 5 that choline exhibits a hydrogen
chloride formation inhibiting effect or hydrogen 3

chl oride neutralizing effect equivalent to' or greater
than that of sodium hydroxide with respect to

e nttstosodititnairabger vhtordadeddes igad of 1O M SBEILS LM
chloride (with test solution 5 which contains no
Bastk imesEpiats axf thebpl mrde) andQi dtha 1ebhesr e hours
neit her nonoet hanol am ne nor di net hyl et hanol am ne
ek Y Cedoans=impar 8§8AC cherar itde cHXyntaiei @eni nhi bi ti ng
effect or hydrogen chloride neutralizing effect. 36
Y3 RGERGA8D 61 bR JPeoDR/084882 nddbestdEXarm eelilts
%gase di ssoci ati on constant] The pH val ues of choli ne,

BN SR FAHE &nd

[Table 5]
Base Chloride ion
concentration (mg/L)

TS1 |[Choline 2.8

T32 |} 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 formafion of

'hydrogen chloride derived from magnesium chloride (with test
solution 5 which contains no basic material as the blank).
On the other hand, neither moncethanolamine nor
dimethylethanolamine exhibited any hydrogen chloride
formation inhibiting effect or hydrogen chloride

neutralizing effect.
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di met hyl et hanol am ne were neasured using a pH neter
(manuf actured by Horiba, product nanme pH Meter F-21),
and the respective base dissociation constants (Kb
wiModfesa%3C and 170C) were cal cul ated. ThesgchfsR3/014302
di ssoci ation U constants are an indicator of
neutralizing capability, with a |arger nunber

i ndicating that the substance has a hi gher degree of
di ssociation and is nore strongly basic. The results
are shown in Table 6. [Table 6] Kb (25C) Kb (1700
Chedt mxadpld X 10 8.40 X 10 Mbonoet hanol am ne 2. 60 X
10 8.42 X 10 Dinethyl ethanolamne 2.21 X 10 3.38 X 10
IBass dimderstsonsh fovastdwtyl e 6 t hat choline has a
greater base dissociation constant than al kanol am nes
generkid yHuselies offe th¢kilrez emsnoditthniod afi€ &id ongl y
basic. [Test Exanple 3] [Corrosiveness test] 37 WO
20142860 PEH1ME2 0684 Qdd392ed Apienus BBl métans of
chol i ne chl ori de,” nonoet hanol am ne hydrochl ori de and
(ihamatfiagiter bdnnt diornbai nemmivatouate gl B8%er DE-21ASSangr e
prepared and used as the test solutions. The test

ot teisprstine daseudessdgitadighasendiwaiter $Kb ared uegse5°C
pi eces (50 X 15 X 1nm sanded wi th #400 sandpaper,
@g§ﬂ§@§§ﬂ were calculated. These base dissociation

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

results are shown in Table 6.

[Table 6]

Kb (25°C) Kb (170°C)
Choline 3.14 ¥ 10°° 8.40 X 10~
Monoethanolamine 2.60 X 107° 8.42 X 10™°
Dimethylethanolamine [2.21 X 107 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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with toluene) of mld steel were imersed in the
beakers for 18 hours at 90C under nitrogen deaeration
(anoxic conditions). The test pieces were derusted
wd $084ndiRst i ng, and corrosion speed (ny/ dnﬂﬁgﬁﬁomﬁwz
calculated fromthe difference in mass before and
after testing. The results are shown in Table 7.
[ Tabl e 7] Corrosion speed (ndd) choline hydrochloride
(choline 32 chloride) 3 Mnoethanol am ne
hydrochl oride 132 D net hyl et hanol am ne hydrochl ori de
288 |Aquesudnsienaliond &f Ahckabkec1d N, Cﬂgﬂéégianolamine
chloride has a nuch | ower corrosion spee
kydordhdesiod @lkanakenynasanoelehd 1% Ysed @St of 508
neutralizers, and consequently its corrosiveness Is
ek trceime g r é qwep[ali%at afX argelaead] +138 2 66
PCT/ JP2003/ 014392 [ Ther nal deconpggﬁ?lgﬁfﬁgﬁé%o |%%e
et osodeti@nolviere pbhasd datvag: Sibipeakeds ! %M%Bg@
deconposition GO M5 anal ysis. 5989A nmanuf act ure by
Hedlest (5P K & Wms, siseddand therG0 Vo apaliZehe Ak eg
DB624 nmanufactured by J&W (0.32mm X 30m nenbr ane
wWitihc kadsenaf of. Bipd)stead wsed @seibed ﬁ@lwgﬂbeﬂa@m for
tenperature for thermal deconposition of
18 hours at 90°C under nitrogen deaeration (anoxic

conditions). The test pPleces 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 corrosicn speed than chlorides of alkanolamines
generally used as neutralizers, and consequently its
Ccorrosiveness is extremely low.

[Test Example 4]
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choline chloride was 760C. A chart of the analysis
results is given in Figure 3. As shown by the chart
in Figure 3, choline chloride produces nethyl
wWorhdihdse trinethyl amne and N, N- di net hyl aginashiaiah:
by thermal deconposition, but does not produce
hydr ogen chl ori de. | NDUSTRI AL APPLI CABI LI TY The netal
corrosion inhibitor of the present invention can
adequately prevent corrosion of netal in a steam
generating unit or petroleumrefining or petrochem cal
frooesd dacommwdninhent addadnkncistadildequant i ties, and
can reduce the risk of secondary corrosion because
the Chelinralildedisal vss prubdecedd da Rbkrds BridoapbkYtion
| ower pH when dissolved in water. Mreover, with the
GiMFodnibys s evEsBBAaDIiacsiioad ofy Hewlatt fadkhaed was
present invention, corrosion of nmetal in a 39 WD
PO0U 24126 6:EE 3RRDPSY 0 1486 2DB 614 amg EactBiddn ByUlel
or petroleumrefining or petrochem cal process unit
thrizpe ddeuatrenprpreVvidvicgdeshert t1hé gqupantds ysedf as the
chem cal added is small, and the risk of secondary
EOEBsi ofhe dirmiperabeie fprbebeusd tdeeompsui tiiongof
neutralized salts do not dramatically [ower pH even
Rpdangi snicle Was Telt'ér.. Rnclmtieofwbhesgnallyeimetatults
corrosion inhibitor and

1s given in Figure 3.
As shown by the chart in Figure 3, choline chloride
produces methyl chloride, trimethylamine and N,N-

dimethylamincethanol by thermal decomposition, but does not

produce hydrogen chloride.

INDUSTRTIAYL, 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
brocess 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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3 method for preventing corrosion of netal of the
present invention are useful for inhibiting netal
corrosion in steamgenerating units and petrol eum
wetdohhAgksand petrochem cal  process units. parp2003/014392
addition, wth the hydrogen chloride formation :
i nhibitor and nethod for inhibiting formation of
hydrogen chloride of the present invention it is
possible in a crude oil atnospheric distillation unit
to prevent corrosion of the netal of the unit due to
yerBgEtnhitény dendly dmbebisidig rbhenfQf Bt bebrQinddie a1
hydrogen chloride itself. Moreover, the hydrogen
ERPEPSYaifir pabilon ddekubtéDy rardenBidogthdnOkhe quantity
inhibiting formation of hydrogen chloride of the
pEeglamticalnndded ois doahdl ayensetysiaffegbcbh@ary
catalyst in the heavy oil direct desul furization
GAT¥oSiand cehebe iesiugedr bekawfe thetadsii®hhgShomt @1 ilH-ae
bl ockage from salts produced by the hydrogen chloride
#ot Hatdorot ndraatdradl y nstwrod pHosvetD wWABN 20044 Ovk266 1
PCT/ JP2003/ 014392 inhibiting formati on of hydrogen
¥#F5i de of the present invention. In other words,
t he q%ﬁrogen chloride formation inhibitor and nethod
for iMhPbReF mpHdsr nbke oretefl hydrogem ishiptige =i t he
£r'sent i nvention are useful in preventing the
R¢ C8R BfCYdLBgercrtfsdondes imetarludé thé present

atmospheric distillation units.
invention are usefql for inhibiting metal corrosion in steam

ggnerating 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 Prevent 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
oil direct desulfurization unit, and there is no risk of
metal corrosion or line blockage from salts produced by the

hydrogen chloride Fformation inhibitor or method for
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U U 41 WD 2004/ 044266 PCT/JP2003/014392 CLAIMS 1. A
nmetal corrosion inhibitor for preventing corrosion of
nmetal in a steamgenerating unit or petroleumrefining
Wi 200flde@Chem cal process unit, CONPrising pyypagsor4302
quat ernary ammoni um conpound descri bed by genera
formula [1] below RI 0- N(CH)n-0O H+ 0O H R3
(wherein R, R2 and R3 are the sane or different
hydrocarbon radicals wwth 1 to 4 carbon atons, and n
Is an integer between 1 and 10.) 2. The netal
CEHASIa8 FoHL.9r ,AC ' .aamil,.. wherein Rl,
R2 and Rg in t%é%geﬁgrgﬂéyg%%u%glﬁgﬁ%eﬁé Hie RESHE Eor
th#drarient hydrocarbon radicals with 1-3 carbon atons,
and n is an integer between 1 and 4. 3. The netal
cor 1 asi 0and:N RO 86 WdloRdn | GubhAl o maificrel n the
guat er nary anmoni um conpoun described yr%ane gener al
frovimikar [ ddd ineth68- Foyydri 3 te i ~ ni.um
hydr oxi de. 4. The netal qu;grsggﬁ%rgo%%%m gg?%flﬁg

dd.catyic 06 HHeAbREsdnt Andent PR d S QR GURLELDRL Yng
anmoni um COITpOUﬂd

the formation of hydrogen chloride in crude oil atmospheric

distillation units.
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descri bed by the general formula [1] in an anount of
1% by mass or nore. 42 WO 2004/ 044266
PCT/ JP2003/ 014392 5. A nethod for preventing

“&ﬁfoﬁﬂtﬁﬁﬁe of nmetal in a steam generating UPH%"&%‘BQ}“”Z
y

ereln a quaternary ammoni um conpound descri
general formula [1] below R R? NN(CH2)n-OH OH -
(7) R (wherein R1, 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) is
contained in water whic contact the inside of
the steam generating unit=—6- The nethod for

. : of. | i .
1 Pr €€ QJe'tQQ &%ﬂot%gb%négrﬁ.ﬂgﬁtoé o0, pa.ce%reﬁemlg 9GNS R4 A% £

uni t” accordin , Wherei'n the quaternary

mgﬂﬁpq.ug]gggﬂgﬁggﬁggéfﬁ&qg%#?¥géﬂﬁnﬂﬁgﬁﬁ %%%ﬁ%ﬁjgr[l]

iS added In't ange of ng/L to wat er

pmotcc@leg@gal Ack Lher i nshdes ofnd he caheam a8netabhien

uni met hod tor preventing corrosion of netal
chiflpFmaPAEESH AR 1Y bBLNG 10k PEETLORG M ek PT OCess

unit, wherein a Quaternary ammoni um conpound
descri bed by general forrmula [1] below. R [RL
N- ( CHz n-CELC}+ (~) 71

l
RE&=N—(CH)s~0OH {- OH" - .. [1]

R3

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

2. The metal corrosion inhibitor accoxding to Claim 1,
wherein R', 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 te Claim 1,
wherein the guaternary ammonium compound described by the
general formula [1] is (B-hydroxyethyl)trimethylammonium
hydroxide.

4. The metal corrosion inhibitor according to any of
Claimg 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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R3 43 WD 2004/ 044266 PCT/JP2003/014392 (wherein R,
R2 and R3 are the sane or different hydrocarbon
radicals with 1 to 4 carbon atons, and n is an integer

wisloEeek @nd 10) is contained in fluid whi 9817?@503/014392
contact the inside of the.petroleumrefining or

petrochem cal process unit. 8. A nethod for
preventing corrosion of netal in an atnospheric
distillation colum for petroleumrefining process,
wherei n a quaternary amoni um conpound descri bed by

generalndioaukar (vhevle -OH o+
SR ety S e M L S L G L RS VR

dehéerteinty hydt poaidi@in & aglial$aW t Hurbnti O d ngrobuon
atons, and n is an integer between 1 an 10 S

destuiieed biyngédatad Whi-em epiceBiGet the inside of
the atnospheric distillation colum for petroleum
refining process such that a pH value thereof at the
top |line of ;ihe atnosp Bric distillation colum is
5.5- 6.15._ 9] A hydrogen chloride formation inhibitor

for a greteNeilCH Atwns heic. disflation unit,

conpri gi ng ggs- hydr oxyet hyl ) t ri net hyl ammoni um

hydr oxi|de.

(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 breventing 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 Fhe range of 0.1-50 mg/L to feed water which may
contact the inside of the steam generating unit.

7. A method for preventing corrosion of metal in a
betroleum refining oxr petrochemical process unit, wherein a
quaternary ammonium compound described by general formula

[1] below:

R~ N—(CH)w-0H |. OR™ ... 13

N
A—z—=
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44 WO 2004/ 044266 PCT/ JP2003/014392 10. The hydrogen
chloride formation inhibitor for a crude oi
at mospheric distillation unit according to Caim9,
FShng ((3-hydroxyethyl)trimet hyl anmon
vﬁ%ﬂra%%%%% in an anmount of 5% by mass or m?g}/‘rﬁzfgsmkmz
nmet hod for inhibiting formati on of hydrogen chloride
in a crude oil atnospheric distillation unit, wherein
((3- hydroxyethyl)trimethyl ammoni um hydroxi de is
contained in the desalted crude oil in between the
¢vieieeioi R defabtorr’andet tiee samienosli Gt dddrahit OBy &Rl Bon
in the crude oil atnospheric distillation unit. 12.
Tedigrdshwdthol ki bhrboy fwomsnt bl 0fi shydr ogesyer
chloride in a crude oil atnospheric distillation unit
aefooredi Agand Maiim tdptaherein £heid (hich may contact
hydr oxyet hyl )t ri net hyl amoni um hydr oxi de content is
ontinsiidedot ot bebrbieows deyfindharce guitvabeahi dahe
salts content in the desalted crude oil. 13. The
PEAdFSE BBEtinhibiting formati on of hydrogen chloride
in a crude oil atnospheric distillation unit
&ccoPdimaghed TWrapretdnbimgl 2orwhetei it hetahlor issie i on
concentration or pH of the condensed water in the main
HsPhPaL ¢ oh Sfdild 2k Someasumedfoant triod (g Irefining
hydr oxyet hyl ) tri met hyl anmoni um hydr oxi de content is
RIQFEESE | Yebtrided oncidinarwasuremam coepohtd.described by

general formula [1] below:
+

2

RE=N—(CH)u—OH |- OH™ . .. 1)

A= Z—22

(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 countact
the inside of the atmospheric distillation column Ffor
petroleum refining process such that a PHE value thereof at
the top line of the atmospheric distillation column is 5.5-
6.5.

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

hydroxyethyl) trimethylammonium hydroxide.




45 WD 2004/ 044266 PCT/JP2003/014392 14. The nethod
for inhibiting formation of hydrogen chloride in a
crude oil atnospheric distillation unit according to

aims 11-13, wherein the (I3- IP2003/014392
vﬁg%?%&?g%hyl)trinethylannnniun1hydrOX|de coRELAP2P

' ' tion
controll ed such that the chloride ion concentra .
(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. U U 46 ‘
10. The hydrogen chloride formation inhibitor for a crude

oil 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 0il 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 o0il atmospheric distillation unit
according to Claim 11, wherein the (B-
hydxoxyethyl)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 pE 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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