WO 2006/032620 PCT/EP2005/054556 -1 A DISPERSANT OF SALINE DEPOSITS IN
HYDROCARBON PROCESS PLANTS DESCRIPTION Technical Field of the Invention 5 The
present invention relates to the use of a dispersing agent or of a composition comprising said
dispersing ag&Rt288¢3ré¢ht the formation of or to remove already formedP§8FFS8GFARmonium salt
in hydrocarbon process plants, such as petrochemical or 10 refinery plants. Background art In
hydrocarbon process plants, the formation of saline déposits in apparatuses cause severe problems
for the safety of the aperatians:of thervaginusprocessods vaitsSait: srmaniBoy satkdepesits are
formed particularly..in,a@tmospheric distillation (topping) plants and in fluid bed catalytic cracking (FCC)
plants, where the head vapours of the process units are often loaded with 20 ammonia and hydrogen
chloride. Other plants that can present problemWﬁ%e formation of ammonium and amine
chlorides are the followifigc8WS{Sokii Watep Stiipger) 2EcBasoline desulphuration (Unifining) HDS -
Hydrogen Desulphuration:systge: g imostheammanly formed salt is ammgriu ghloride. Deposits of
solid ammonium ¢ orq, cqllect on met Il rfaces and hlnder the flow of.gas, liquids
30 and heat. More%%g%;gl? agéposngsﬂgreq#gh ly ha;gard%é?sn%f%% tr%e:L develo mrﬁéﬁt%? gorrosm%h
mechanisms, knoWn 55 gt 38 "(HIRR deposit'. RAfiGRm EP]?OHC?@B%%B%@C&H%C&}? ort distillation
plates, in transport ey con thecsadaces ot heat 3%cwhahgers;on filtersnium  salt  in

hydrocarbon process plants, such as petrochemical or

10 refinery plants.

Background art

in hydrocarbon process plants, the formation of
saline deposits in apparatuses cause severe problems for
the safety of the operaticns of the wvarious process

15 units.

Said ammonium salt deposits are formed particularly
in atmospheric distillation (topping) plants and in fluid
bed catalytic cracking (FCC) plants, where the head
vapours of the process units are often loaded with

20 ammonia and hydrogen chloride.

Other plants that can present problems linked with
the formaticn of ammonium and  amine chlorides are the
following:

SWE (Sour Water Stripper)

25 Gasoline desulphuration (Unifining)

HDS - Hydrogen Desulphuration System

The most commonly formed salt is ammonium chloride.
Deposits of solid ammonium chloride may form and collect
on metallic surfaces and hinder the flow of g¢gas, ligquids

30 and heat. Moreover, sald deposits are highly hazardous
for the development of corrcsion mechanisms, known in
fact as “under deposit”.

Ammonium chloride deposits can occcur on distillation
plates, in transport lines, on the sgurfaces of heat

35 exchangers, on filters,.
The deposit precipitates when the product of the

partial molar pressures of the ammonia and of the



The deposit precipitates when the product of the partial molar pressures of the ammonia and of the
WO 2006/032620 PCT/EP2005/054556 2 hydrogen chloride exceeds the stability constant (Kd) of
the ammonium chloride at system temperature. In theory, changing the operating parameters could
enable to preVéhtid* 3¢ honium chloride from depositing, 5 by moving tH&HHBHERMHY above the
equilibrium curve of the dissociation - Temperature constant to slightly below the curve. This could be
obtained by lowering the aforementioned product of-th& partial pressures by 10 reducing the
ccﬁncentratLon of ong&rd@@wtmu@rr@aao@ﬁ@miaaﬁad %%Q@%IE@*"QBQ%H?Q‘?’WQG)M 5%6lilty
changing the operating itl is.nea ways_ infeasible. For the removal of ammonia salt
deposits, methods%l% ﬁ%%%gtg{eﬂr?p%%gggg%vh% rS#a %eelTsetngr%]fﬁgél that are stronger bases than

ammonia, such as methdXyprditasine” HuTmBRodthan ARFHIE WHichPRFRFMRftRT SalfCtirder normal
operating conditioasalbweter, sailsalts aresusuailyn highlyviscodstiand ithasinptyetiiesn definitively
2?1 demonstfgted gh@tdﬁ@ehﬁ@wi@@&z@a@mrmmgm&q%r%m%%ogtmg @&%@Mﬂb%@f%ﬁ@% f
o can thermsehio b A S5L1e3 o Sh1 o SEuhSol 2oposle: sad hende ey TiCat be
removed just like D5 AHnidifuf*éiBride. US Patent 4,793,865 describes the use of amines
containing oxygen whichTigagt witlsthié Ammérium sat-fdmeidg antronia lamekan agnine sak with a low
melting point andéor arBighraffinity for watesu bhe agine salt 3053@@;&1@50Iy@@sigdgg:goca{pons exits
e oSS Lol s s SRt LR ISP S

ammenla and ” hydrogen chloride. However, in reality

changing the operating conditions 1is nearly always

infeasible.

For the removal of ammcnia sealt deposits, methods

15 have been propcsed which make use of amines that are
stronger bases than ammonia, such as methoxypropylamine
and monoethanolamine which form liguid salts under normal
operating conditions. However, said salts are usually
highly wviscous and it has not vyet been definitively

20 demonstrated that such amines can overcome the problem of
the onset of the corrosion phenomena described above. In
fact, in somé cases the salts of some amines used instead
of ammonia can themselves be a source of solid or semi-
solid deposits, and hence they must be removed just like

25 ammonium chloride.

UsS Patent 4,793,865 describes the use of amines
containing oxygen which react with the ammenium salt
forming ammonia and an amine salt with a low melting
point and/or & high affinity for water. The amine salt

30 that is insoluble in hydrocarbons exits the unit in the

liguid state, together with process liquids. Examples of

these amines are dimethylethanolamine,

moncmethylethanolamine, methoxypropylamine,

monoethanolamine, monoethylethanolamine,
35 diethylethanclamine, propanoclamine, and the like.

US Patent 5,387,733 describes the use of a non

filming polyamine for the prevention and removal of



monoethanolamine, monoethylethanolamine, 35 diethylethanolamine, propanolamine, and the like.
US Patent 5,387,733 describes the use of a non filming polyamine for the prevention and removal of 3
ammonium chloride deposits, indicating dimethyiaminopropylamine, diethylentriamine, ethylendiamine
and tris-(2-aminoethyl)amine as polyamines. Dispersants can act in various ways, from neutralising
charges on the surface of the solid ammonium chloride, to destroying the crystal matrix, to the
chemical displacement of ammonia from the crystal matrix. Prior art dispersants are efficient to
prevent a saline gdepgsit from forming, Fherefore, they are sfficient preventive agents: However, they
are not equally efficient to remove the saline deposit, if it has formed. Disclosure of the Invention In a
first aspect, tHEE R proTuRORF MRINGTHE SorevENT the fGhatiorrof i to Fdmevé afteady #6rmed
deposits of ammenite-and,oriamne salisinia Bydrocathonpraeess plant, consisting of introducing
as the sole agent Bo. grevent the formation, of or to remove alread% formed de sitiof ammonium
and, or amine salts; an | 3-:asﬂ%)r/ll‘-:l,53-(faﬁlélm|an(f)‘pr(5“;:’*()1an"‘fea(j)“ﬂflf(()f‘rir%uI"éiali H{é?—ﬁ)?— 2 ? )l\%rel?ein R
represents astraight Cgrthrough €52 &dkod chdin,tiha dispersirggquantity soficient de prevent the
formation of , Qr. 1 noye s _i its. T e Q%e onstituting the is.fo i sure herein,
therefore, is%%gp%\%?ége%é dis%grgi%p f)S]rkogciLuct%1 v%i?: ) mtgydcr}ﬁ%n t%ggo%lisﬁiftin%laér% rg%'ﬂfgf:%tlg\%%gjreventive
agent againsttherfopmnation oPsaliie deposits, lisaisoran -effective agent able to remove saline
deposits already fermed in hydrocarhon pracess plants. In.a second.aspegt, thereisprovided use as

the sole dispersing agent in a hydrocarbon p‘rocessTpIant of an N- alkyl-1,3-diaminopropane of formula
RJVH{CHZﬁﬁ&ﬁﬁ?G_epOSEt froem forming. herefore, they are efficient

.preventive agents.
However, they are not equally efficient to remove the
saline deposit, if it has formed.

Disclosure of the Invention

In & filrst aspect, there 1s provided a method to
prevent the formation of or to remove already formed
deposits of ammonium and, or amine salts in a hydrocarbon
precess plant, consisting of introducing as the sole agent
to prevent the formation of or to remove already formed
deposits of ammonium and, or amine salts, an N-alkyi-1,3-
diaminopropane o©of formula R-NH-(CHz)s-NH, (1) wherein R
represents a straight Cg through Cis alkyl chain, in a
dispersing quantity sufficient fo prevent the formation of
or to remove sald deposits.

The problem constituting the basis for the disclosure
herein, therefore, 1s tTo provide a dispersing product
which, 1in addition fo constituting an effective preventive
agent against the formation of saline deposits, is also an
effective agent able to remove saline deposits already
formed in hydrocarbon process plants.

In a second aspect, there 1s provided use as the sole
dispersing agent in a hydrocarbon process plant of an N-

alkyi-1,3-diaminopropane of formula R~NH~ (CH,),-NH, (1}



3a wherein R represents a straight C8 through C18 alkyl chain, to prevent the formation of, or to
remove already formed deposits of ammonium salts or amine salts. Therefore, an aim of the
disclosure herein are N- alkyl-l,3-diaminopropane compounds with the formula (1) R-NH-(CH2)3-NH2
(1) where R represents a straight C8 through C1g alkyl chain, for use as dispersing agents to solve
the problem of preventing the formation of saline deposits of ammonium salts and removing already
formed saline deposits, in hydrocarbon process pkints. Use of the aforementioned compounds as

dispersing agents t preveptthe.formulation of..or fQ.remove alseady fqrmed,deposits of ammonium

salt in a hydrocarbon process plant is an aim of the disclosure herein. A further aim of the disclosure
herein is a méth&d fore prevehtingfthedFmatiorPéf or ¥ removeAlfealy forrfed tepositsof

ammonium galt ins ahydrecarkenW@n2006/032620 RGTAER2005/054556 4 process plant, comprising

the step of introducing in the process of said plant a quantity of N-alkyl-l,3- diaminopropane,

particularly N-cocorP’$-Gfarioprofane 2 dhfficient 16 prevert ortéiiove 84itddpoditsS 5 The

compounds £anhie- used alone: arinra campositiorn: that-comprisesthefn tagether with suitable

coadjuvants or ca ieﬁfﬁ'—s i”]%s_'ép%way of nppglimiting examples, filming or neutralising or dispersing
ride,

corrosion inhibitors for iro(n [ e, and in hydrocarbon process 10 plants such as, by way of non

limiting examples, aheatmosphere hydrooasbon distiliztiontplantsa fluid bedhcatalytie tkacking (FCC)
plant, a sour.yater stripper (SWS) plant, a gasoline desulphuring plant (Unifining), or a hydrogen

desulphuration system (HDS). 15 Particularly preferred is the N-coco-I,3-
for use as dispersing agents tc solve the problem of

preventing the formation of saline deposits of ammonium
salts  and removing already formed saline deposits, in
hyvdroccarbon process plants.

Use of the aforementioned compounds as dispersing
agents.to prevent the formulation of, or to remove already
formed deposits of ammonium salt in a hydrocarbon process
plant is an aim of the disclosuré herein.

A further aim of the disclosure herein is a method for
preventing the formation of or to remove already Iormed

deposits ¢f ammonium salt in a hydrocarbon



diaminopropane compound. This compound, also known commercially with the name Duomeen C (by
Akzo Surfactants), is known for having been used as a synthesis intermediate by means of 20
oxyethylation, to obtain emulsifiers, surfactants or polymers and it is also known, as such, as a
corrosion inhHA R ¥bmpound, too, can be used alone or in combindfoHESRIAS@SHPosition with
additional agents 25 active in process operations, as filming corrosion inhibitors, neutralising corrosion
inhibitors, dispersants for iron sulphide and the like.-Bfief Description of the Drawings The invention

shall now be describeddn slefaibwith 3Q#eferencgitacthe apcempanying-dawipgsinswhigh:Figure 1 is
a diagram showing}Q%gggce.rg@tiogéggnd%q%ty ca‘li'lbragl%gt ﬁ%@ tline for,the, determination of the

efficiency of the dispersant; Figure 2 shows curves determined in successive times*35 i a

transmittance testat6fig ARECRBE With ABD G o BmoMitRT ERMotde A ZH ¢ e 8P §aBEMfe without
dispersant; WO 26067032620 P CT/ER2065/054556<BoFgure 3¢ thiettest conducted. with 100
mg of ammenium chloridadn 20gsef-gasoling ans withd0 ppsm of A-dispersantwithsformela (1)(; )
Figure 4 shows th tgggg%g{ [ 0 aonium.chloride in 20 .cc of gasoline and wit
509ppm of a dispegr%g?ﬂ with forr%%l%lv %%%nggl%gér}é%g Zﬁggv% tfglel%gqtff coendij%?g& i\5\}|Itérl11q%0 ?ﬁ:g of
ethylendiamine chféiide 30 cc*6fGasaifire and witfi B0 Ppm it disPetsdmenithfdfalizee). 10
Detailed Descriptién biig Invedition RabbradisTests Laboratoty sestsatee conguctds beder exactly
to measure the effisiensyweftbe dispefsant affheride, and in hydrocarbon process

3] plants such as, by way of non limiting examples, an
atmospheric hydrocarbon distillation plant, a fluid bed
catalytic cracking (FCC) plant, a sour water stripper
(SWS) plant, a gasoline desulphuring plant (Unifining),
or a hydrogen desulphuration system (HDS).

15 Particularly preferred is the N-coco-1, 3-
diaminopropane compound.

This compound, alsc known commercially with the name
Duomeen C (by Akzo Surfactants), is known for having been
used as a synthesis intermediate by means of

20 oexyethylation, to obtain emulsifiers, surfactants or
polymers and it is alsc known, as such, as a corrosion
inhibitor.

This compound, to¢, <can be used alone or in
combination or in compeosition with additicnal agents

25 active in process operations, as filming corrosion
inhibitors, neutralising corrosion inhibitors,
dispersants for iron sulphide and the like.

Brief Description of the Drawings

The invention shall now be described in detail with
30 reference to the accompanying drawings, in which:

Figure 1 1is a diagram showing the concentration-
conductivity calibration strailght line for the
determination of the efficiency of the dispersant;

Figure 2 shows curves determined in successive times

35 in a transmittance test along a test tube with 100 mg of
ammonium chloride in 20 cc of gasoline without
dispersant;



invention, quantifying also the quantity of salt 15 dispersed in the examined fluid. The following fluids
were used in the test: a) a toluene/n-heptane (RPE purity solvents) b) head gasoline-topping c) LCO
(Light Cycle diesel Oil) from FCC (fluid 20 bed catalytic cracking) plant. The tests were conducted
placing 20 mI"OP AT AL examined and 100 mg of finely subdivided am&forkRHERTEFe in a 50 m
flask with ground glass neck. The function of the fluid is to dissolve the ammonium chloride 25 in the
solution or dispersion fluid. Once the ammonium chloritle”is dispersed, the fluid is allowed to rest for a
defined time and subseqeteptlya fixed mpuantityris deawn (bedrgigareful net to: move the;sallrdeposited
on the bottom); the ammonium-chloride dispersed. 30 n tg%gg'giilgee)g%t?g%thl% sgtgxyn qfuantity of
distilled water. On this,aqueous solution is performed the "measurement of conductivity, which is
proportional to the® quéﬁ%ﬁféﬁgﬁwﬁ’oﬁﬁﬁmfgﬁ%ﬁ&a didpérsed in the initial fluid. 35 A calibration
straight line was construtedias showhdr Figire 1¢prdpardng fontaguesiissolufionstgf NEA4CI
having a knewn ceneentitation; respacivelnobWQ 2006/Q32620: RE TIER 200510545566 H:0001M,;
0.0005M; 0.001 and Qi%g/l__S‘Q}&C@,erﬁtiggmgoqq%tegﬂ placing in water (in the fluid) some

known concentrations of NH4C1 and measurlr:t? the conductivity of the solution, The 5 conductivity of

the solutions was measured 1i'S ahd SH8Ein G the"@art SFEIGHRFEhagetonFabid™® b&tbw. Table
1 Concentration - E6AdGERIRAESPElatibd PrrfasinoB 347 26 Japline and with 50
ppm of a dispersant with formula (1).

10 Detailed Description of the Invention

Laboratory Tests

Laboratory tests were conduct in order exactly to
meagure the efficiency of the dispersant of the
invention, quantifying also the guantity of salt

15 dispersed in the examined fluid.

The following fluids were used in the test:

a) a toluene/n-heptane (RPE purity solvents)

b) head gasecline-topping

c) LCC (Light Cycle diesel 0il) from FCC (fiuid

20 bed catalytic cracking) plant.

The tests were conducted placing 20 ml of fluid to
be examined and 100 mg of finely subdivided ammonium
chloride in a 50 ml flask with ground glass neck. The
function of the fluid is to dissolve the ammonium chloride

25 in the solution or dispersion fluid.

Once the ammonium chloride is dispersed, the fluid is
allowed to rest for a defined time and subsequently a fixed
quantity is drawn (being careful not to move the salt
deposited on the bottom); the ammonium chloride dispersed

30 in the fluid is extracted with a known quantity of
distilled water. On this aqueous solution ié perflormed the
measurement of conductivity, which i1s propertional to the
guantity of ammonium chioride dispersed in the initial
Fluid.

35 A calibration straight line was constructed, as
shown in Figure 1, preparing four aguecus solutions of

NH.Cl having a known concentration, respectively of



53.4 141 534.5 1353 In the execution of the test, the concentration read 15 on the calibration straight
line is determined from the measurement of conductivity. From the concentration, the quantity of salt
removed is determined, which represents a measurement of the efficiency of the dispersant, i.e. its
ability to free YHR 2s#HBAm chioride in the fluid 20 being examined. Both HeHEBRNBF 4R
concentration therefore represent an objective measurement of the efficiency of the dispersant. The
higher the concentration, the more efficient the dispersant, because a high concentration means a
greater quantity 26 afidispersedoemoyved) salt. Thag efficdaney. of the dispersant of the present
invention was comparedyase.on the aboye descrined fest. wth.other dispersant known for their
effectiveness. In particular, Imidazolin 1 and Imidazolin 2 were se cte% fgangon saidaknown
dispersants, as weli8s & KnowhdiSperSafic by BRlBo SRARY hefdinaher fied™sbmhpétiar.
Therefore, the activesdagiedients bbed inthadastsizxre: Duoméen ENEN-cosollBidiaminopnepane) of
the 35 present inveskion: tmidazelint; londazelin2: WEs2006/9032620: REIIER200pH54556 7
Competitor product; The dé?P%“ﬁ@Q:BQFH%EO pggtg§t§qlis i@)t%%%léceodninﬁ btpg f!lu'i a ét}he prescribed

dosage. The whole is reflux heated with vigorous -5 agitafion for ten minutes. An indicator paper is

plated at the top of the reff to detect any presence of acid or basic vapours. Subsequently,
cooling to ambient tempé&iagenis affactad whitendontinuing Yo egitatd.ation
ppm Bs
10 5.3 17.1
20.7 74.1
53.4 141
534.5 1353

In the execution of the test, the concentration read
15 on the calibration straight line is determined from the
measurement of conductiviiy. From the concentration, the
quantity of salt removed is determined, which represents
a measurement of the efficiency of the dispersant, i.e.
its ability to free the ammonium chloride in the fluid
20 being examined. Both c¢onductivity and concentration
therefore represent an objective measurement of the
efficiency of the dispersant.‘ The higher the
concentration, the more efficient the dispersant,
because a high concentration means a greater quantity

25 of dispersed {(remcved) salt.

The efficiency of the dispersant of the present
invention was compared, based on the above described test,
with other dispersant known for their effectiveness. In
particular, Imidazolin 1 and Imidazolin 2 were selected

30 among said known dispersants, as well as a known dispersant
by Ondeo -~ Nalco, hereinafter called “competitor”.

Therefore, the active ingredients used in the tests
are.

Duomeen Cc {N-coco-1,3~diaminopropane) of the

35 present invention;

Imidazelin 1;

Imidazolin 2;



10 The turbid mixtures are transferred to a test tube with stopper and are allowed to rest for different
times as shown in the tables provided below. After the rest period, 10 ml are drawn from the high part
of the solution taking care not to mix the 15 NH4CI deposit. They are beaten with 12 ml of water in
100 ml separ‘éft‘arz'?ﬂ%ﬁ@ﬁzﬂs illustrated above, the measurement of the coREGERHIPEFAY aqueous
phase allows to determine the concentration of ammonium chloride. 20 As shown in the tables that
follow, it is demonstrated that the dispersant exhibits ifmproving performance as its dosage increases,
but beyond a certain limifcaipinciease in-digpersant causes a decrease in additive concentration,

which siows that t has 49,25 opimalieficiency.arelalivsly oyt coRceqtialions, The fispersan
2% ;

according to the present invention exhibits better efficiency than the aforementioned known
dispersant, as showit by the paraliet feSESRG5IARY P IR8Tables 1-3 that follow, where the
concentration values 30 Tégresent ah®bjeétive migaslivesto corfpare dispersion abilityo and efficiency
is measured by the suimericaatiohetweea the rapn of additivg of the invention (ByemeeniG) and the

ammoniurh chlorid, gncentiatiop gxpresgeddn PR.EXaMA . compatisondest. It =o
toluene/n-heptane 35 mixture, after one hour of rest Table 2 2006/032620 PCT/ P§0(¥5/084556

-8 Additive CondBERA Concehtratidf bpm Sfaddifive (psY RBRRYEL (mg/A VBpREOINI4E L
Duomeen C 128 48°P 1 029(505spm B irhfdazolite 162 2212:225 (50 pprfif kmidadolinet228:28,5 1,75
(50 ppm) continuing to agitate. _

10 The turbid mixtures are transferred to a test
tube with stopper and are allowed to rest for
different times as shown in the tables provided below.

After the rest pericd, 10 ml are drawn from the
high part of the solution taking care not to mix the

135 NH.Cl deposit. They are beaten with 12 ml of water in
160 ml separator funnel. As illustrated above, the
measurement of the conductivity of the agueous phase
allows to determine the concentration of ammonium
chloride.

20 As shown in the tables that follow, it is
demonstrated <that the dispersant exhibits improving
performance as iﬁs dosage increasesg, but beyond a certain
limit an increase in dispersant causes a decrease in
additive concentration, which shows +that it has an

25 optimal efficiency at relatively low concentrations.

The dispersant according to the present invention
exhibits better efficiency than the aforementioned known
dispersant, as shown by the parallel tests illustrated in
the Tables 1-3 that follow, where the concentration values

30 represent an objective measure to compare dispersion ability
and efficiency is measured by the numeric ratio between the
ppm  of additive of the invention (Duomeen C) and the
ammonium chloride concentration expressed in ppm.

Example 1. Comparison test, in toluene/n-heptane
35 mixture, after one hour of rest

Table 2



10 Other concentrations of dispersant according to the invention were evaluated and shown in Table
3. It should be noted that with lower dosage the ratio between product and removed salt is still more
favourable. Instead, between 50 and 100 ppm the quantity of dispersed ammonium 15 chloride does
not increase SHUTIEAY He ratio worsens sharply. This surprisingly demdHeHEFRRE S 3 farge
guantity of additive according to the present invention is not necessary to obtain excellent efficiency
results. 20 Table 3 Additive Conductivity Concentratiorf ppm of additive (PS) NH4C1 (mg/1) ppm of
NH4C1 Duomeen C (5 ppaa) 68 24;6:0:2032: 25 (10 pprm} 89 32,8 0,3048 (25 4pm)102 37,9 0,6596
(50 ppm) 128 48,1 1,0395 (100 ppm) 86,31,6 3,1%&?0@3}%& 4&&'%’% shows the results of the test
on a dispersant product KRowr if the art and called Competitor. ompetitor Conductivity
Concentration ppm of additve®us) NHAC1 (mg/1§Bpm of NHAC1 50 33 11%2%%4,43 WO 2006/032620
PCT/EP2005/054556 9 $00°80/10,10 9,90 250 28 9,33 26,79 2000 43 15,16 131,92 5 The
comparisonsof the parallekiesults: (k0 andz100 ppnz), of Table 3 with those of Table 2 shows that the
coefficient of efficiency ofQugmeen C is better by a factor of about four than that of the Competitor

(Table 3). 10 Example 2 - Series, of tests in LCO Iighﬂt cycle Diesel oil) after one hour of rest
Imidazolina 278 B 1,75

(50 ppm)

10 Other concentrations of dispersant according to the
invention were evaluated and shown in Table 3. It should
be noted that with lower dosage the ratio between product
and removed salt is still more favourable. Instead,
between 50 and 100 ppm the quantity of dispersed ammonium

15 chleride does not increase and clearly the ratic worsens
sharply. This surprisingly demonstrates that a large
quantity of additive accerding to the present invention is

not necessary to obtain excellent efficiency results.

20 Table 3
Additive Conductivity Concentration ppm of additive
(s} NH,CI (mg/l) ppm of NH,C1
Duomeen C
{5 ppm} 68 24,86 G,2032
25 (10 ppm) 89 32,8 0,3048
(25 ppm) 102 37,9 G, 6596
{50 ppm) 128 48,1 1,0385
{100 ppm) 86 31,6 3,1645
30 Table 4 below shows the results of the test on a
dispersant product known 1in the art and called
Competitor.
Table 4
35 Competiter Conductivity Concentration ppm of additive

(1ns) NH;C1 (mg/1) ppm of NH,CL
50 33 11,27 4,43




The above tests were repeated using LCO as the dispersion fluid and the comparable results are
shown in the tables that follow. 15 Table 5 Additive Conductivity Concentrationppm of additive (PS)
NH,C1 (mg/1) ppm of NHC1 Duomeen C 20 (50 ppm) 219 83.8 0.5966 (100 ppm) 348 134 0.7462
(200 ppm) 34 q?é‘l"i‘?é%‘é‘% (400 ppm) 410 158 2.53 (800 ppm) 472 183 £SHEB285/434%6 6 Additive
Conductivity Concentrationppm of additive (RS) NH4C1 (mg/1) ppm of NH4C1 Imidazolin 1 30 (50
ppm) 127 47,7 1.048 (100 ppm) 112 41,8 2.388 Imid&zalin 2 (50 ppm) 111 41.4 1.207 (100 ppm)
203 77.5 1.298 35 (200 ppm) 300 11&1.739 (400ppm) 348 134 2.985 (806,ppm) 364 140 5.714 WO
2006/032620 PCT/EP2005{054556 -,10 The resulggihown demonstrate th&:sy erior efficiency of
Duomeen C as a dispersant according to the present_invention with respect to the two comparison
dispersant, 5 particularlyzi?mopelation to'the use of I&\R/elredosages of the dispé@aﬁ@in a fluid that mimes
different process conditions from those of example 1. Example 3 - Series of tests in LCO / one hour of

rest with granular ammonmiwn ehleride: 30T hefexpesment with-800-ppmefDusmeen s was
ppm) of Table 3 with those of Table 2 shows that the
coefficient of efficiency of Duomeen C is better by a
factor of about four than that of the Competitor (Table
3).
10 Example 2 -~ Series of tests in LCO (light cycle
Diesel oil) after one hour of rest
The above tests were repeated using LCO as the
dispersion fluild and the comparable results are shown in
the tables that follow,

15
Table 5
Additive Ceonductivity Concentrationppm of additive

(ns) NH,CL (meg/1) pem_of NH,C1

Duomeen C

20 (50 ppm) 219 83.8 0.5958
(100 ppm} 348 134 0.7462
(200 ppm) 341 131 1.2557
(400 ppm} 410 158 2.53
(800 ppm) 472 183 4.3715

25
Table 6
Additive Conductivity Concentrationppm of additive

(ns} NH,C1 (mg/l) ppm of NH.CL

Imidazolin 1

30 (50 ppm) 127 47,7 1.048
(100 ppm) 112 41,8 2.388
Imidazolin 2
(50 ppm) 111 41.4 1.207
(100 ppm) 203 77.5 1.298

35 (200 ppm) 300 115 1.739

(400 ppm) 348 134 2,985
(800 ppm) 364 146 5,714



duplicated using ammonium chloride in granular form, instead of finely pulverised, as in the previous
experiments, with the results shown in Table 7 below. 15 Table 7 Additive Conductivity Concentration
ppm of additive ‘%)IQ(S(? NH,aCi (mg/1) ppm of NHAC1 Duomeen C (800 ppm) 217 83 9,6385 20 100
mg of granuldF RE¥E'T 28 though conductivity (and hence the quantity of FSPSFRHEYLIFE lower than
that obtained with the fine powder (Table 5 of Example 2) , there is still 25 significant dispersion. This
is very important, because it demonstrates that the thH8sen dispersant is not only able to have
preventive effect with respect to the depositing of small ammonium chloride particles, but it also

attacks granular depositing, 30 Jinging a.pay ofdhe seltig the fydracarbon phase,; eyen if t must be
dosed in greater qéjgntxijtx. Example 4 - Series of tests in LCO / 14 hours of rest 35 Table 8 Additive

|
Conductivity Concéntralioh ppm _oq additive (BRI (mAFERBHMPSE NS4 Ct v OP2666/632620
PCT/EP2005/054558=n 140D ysiieen G EPeG ppht) 2502 7,881 282 H20059pm 4415 20-13,15 (400
ppm) 60.8 21.76 k&:385-(8G0-ppmi)nil22.8:45.91 16.42hdmitdazaline12¢200 @pmh3s 1d:24H.79 (800

ppm) 38 12.81 62 45,10.Comparing the, Takle,8 yith the  Tahle,6.of Example 2.t is apparent that the

rest time is a factor th .
conggtlons from those of example 1.

Example 3 - Series of tests in LCO / one hour of

rest with granular ammonium chloride.
10 The experiment with 800 ppm of Duomeen C was
duplicated using ammonium chloride in granular form,
instead of finely pulverised, as in the previous

experiments, with the results shown in Table 7 below.

15 Takble 7
Additive Conductivity Concentration ppm of additive
{(p3) NH,C1L (mg/l1) ppm of NH,C1
Duomeen C
(80C ppm) 217 83 9, 6385
20
100 m¢ of granular NH.CL
Although conductivity (and hence the quantity of
dispersed salt) i1z lower than that obtained with the
fine powder (Table 5 of Example 2), there is still
25 significant dispersiocn. This is wvery important,

because it demonstrates that the chosen dispersant is

not only able to have preventive effect with respect

to the depositing of small ammonium chloride

particles, but it also attacks granular depositing,

30 bringing a part of the salt to the hydrocarbon phase,
even 1f 1t must be dosed in greater guantity.

Example 4 -~ BSeries of tests in LCO / 14 hours of

regst

35 Table 8

Additive Conductivity Concentration ppm of additive

{1:8) NH,C1 (mg/1) ppi_of NH.C1




lowers the dispersing ability of the dispersants. However, for a rest of 14 hours, while the efficiency
factor of Imidazoline 2 relating to a 200 mg dose goes 15 from 1.739 to 17.79, thereby worsening by a
factor of about 10, Duomeen C goes from 1.53 to 13.15, worsening by a factor of about 8.6 i.e. less
than the compRBH*¥ifdazoline 2. However, at the dose of 800 mg, the FaEtBPASYE4T86f0r
Imidazoline 2 from 5.714 to 62.45, 20 i.e. 10.9 times, whilst for Duomeen C the factors goes from 4.37
to 17.42 i.e. it increases by only 4 times. This demonstrates the high ability of the dispersant
according to the inventionde-k.gmove and maintain in dispersion deposits already formed or being
formed. 25 EXAMPLE 5 {-l%eéi&% of tests in g;p/fixed dasage (50 ppm)/incg—gaﬁng time. This test
tends to determine, also in LCO, what happens at fixed dosage (50 ppm) monitoring effectiveness
over time. From the data 0bt&ified and 30 shibwn in Table®8%5t is readily app4rent that already within
one hour the quantity of &ffhrerium chloridedré dispersién-greatly decreasest Fhis trend is also
readily apparent visually,daecause so long asihe solutiosn remains turbid, cenductivity is very high. 35
When the solution clears up.. i.6..after one hour, conductivity plummets and remains nearly constant
for all the subsequent 14 hours. WO 2006/032620 PCT/EP2005/054556 - 12 This part of salt almost
seems to be chemically Bohd&d o the dispétsant, and in'fatt it remains practicilly dissolved in the
hydrocarbon phase. 5 Takb¥€%998ample Minutes of rest (cndictivity) Duome&n € 15 (1970) 30 (1181)
60 (219) 120 (204) (300) (62) (50 ppm) Imidazoline 2 15 (1186) 30 (560) 60 (111) 120 (101) 300 (28)

10(50ppm% Comparing the Table 8 with the Table 6 of Example
2, it is apparent that the rest time is a factor that
lowers the dispersing ability of the dispersants.
However, for a rest of 14 hours, while the efficiency
factor of Imidazoline 2 relating to a 200 mg dose goes
15 from 1.739%9 to 17.78, thereby worsening by a factor of
about 10, Duomeen C goes from 1.53 to 13.15, worsening
by a factor of about 8.6 i.e. less than the comparison
Imidazoline 2. However, at the dose of 800 mg, the
factor worsens for Imidazoline 2 from 5.714 to 62.45,
20 i.e. 10.9 times, whilst for Duomeen C the factors goes
from 4.37 to 17.42 i.e. it increases by only 4 times.
This demonstrates the high ability of the dispersant
according to the invention to remove and maintain in
dispersion deposits already formed or being formed.
25 EXEMPLE 5 - Series of tests in LCO/fixed dosage (50
ppm) /increasing time.

This test tends to determine, alsc in LCO, what
happens at fixed dosage {50 Ppm) monitoring
effectiveness over time. From the data obtained and

30 shown in Table 8, it 1ls readily apparent that already
within one hcur the quantity of ammonium chloride in
dispersion greatly decreases. This trend 1s also
readily apparent visually, because so long as the
solution remains turbid, conductivity is very high.

is When the sclution clears up, i.e. after one hour,
conductivity plummets and remains nearly constant for

2ll the subseguent 14 hours.



EXAMPLE 6 - Series of tests in top topping gasoline/1 hour of rest The tests conducted on a sample
of top topping 15 gasoline are illustrated as an additional example of fluid within which the dispersing
product is tested. The first results are evaluated after one hour of rest of the gasoline, following the
dispersion of 1He 4K&R?Sbdivided ammonium chloride. 20 The results sh8WHER2HEHIEEE below
reflect fairly faithfully those obtained with the toluene/n- heptane mixture of solvents. Conductivity
values are lower than those obtained with LCO (whicH3s-evidently more polar or contains more
humidity). The white 25 (ammo@ummhdxmdgéﬂispe{ﬁeﬁoigfgag@gkeswﬁfap%edi%nﬁfﬁmgﬂg@uc'@

shows nearly nil cgpdugtiyity(4 szﬁger 85'.% Qulr, Jﬁ?'e 10 30 Ad |t|v§a 2! qyw %/ Concentratlon
ppm of additive (PS) NH,C1 §i§ 1 H4C1 Duomeen C (5 ppm)cﬂi li5 0 ppm)
9

106 39.808 0.25 55 (S5-pph %g %ﬁcb%’f‘%olaprﬁilﬂél%&‘%%‘baﬁ’%.dﬁ%ﬁﬁe 1 WO
2006/032620 PCT/EP2005/054556 13 (10 ppm) 71 25.76 0.38 (50 ppm) 84 30.87 1.62 Imidazoline 2
(10 ppm) 4%(35) 17.13 @5815 (80 ppm) 65 (38) 23.41 2,13 EXAMPLE 7 - Series of tests in top

topping gasoline/with 14, haurs of rest This gxample d emeonsirat LIgtthat the efficiency of 10 Duomeen
C as a dispersant over time is from 3 time s'""g‘lm“d_—ITﬁ’mU‘S‘rlTTTG'S‘grelé‘[l azo er than dispersants
Duomeen C 13 (1970) 30 (1181)y 80 [219y 120 (204 (300) (862

(50 ppm)

Imidazoline 2 15 (1186) 30 (560) 60 (311} 120 (101} 300 {28)
10 (50 ppm)

EXAMPLE 6 - Series of tests in top topping

gasocline/1 hour of rest
The tests conducted on a sample of top topping

15 gascline are illustrated as an additional example of
fluid within which the dispersing product is tested.
The first results are evaluated after one hour of rest
cf the gascline, following the dispersion of the
finely subdivided ammonium chloride.

20 The zresults shown in Table 10 below reflect
fairly faithfully those obtained with the toluene/n-
heptane mixture of solvents. Conductivity wvalues are
lower than those obtained with LCO (which is evidently
more polar or contains more humidity). The white

25 (ammonium chloride dispersed in gascline, without
dispersing products, shows nearly nil conductivity (4

itg) after one hour.

Table 10
30 Additive Conductivity Concentration ppi of additive
(ns) NH,Cl (mg/l) ppm of NH,CL1
Duomeen C
(5 ppm) 46 15.951 9.31
(10 ppm} 106 39.808 0.25
35 (25 ppm) ' 129 48,54 .51
(50 ppm} 142 54.0¢ .92

Imidarzoline 1



known in the prior art. The direct comparison is illustrated in Table 11 below. Table 11 15 Additive
Conductivity Concentration ppm of additive ('S) NH4C1 (mg/1) ppm of NH4C1 Duomeen C (200 ppm)
87 32.05 6.24 Imidazoline 1 20 (200 ppm) 21 6.13 32.62 Imidazoline 2 (200 ppm) 33 10.84 18.45
EXAMPLE 8 W85 % sts in top topping 25 gasoline/l. hour of rest witl etHABHEIAFTAe chloride In
this example, the measurements were taken not dispersing ammonium chloride any more, but rather
ethylendiamine chloride: this amine is amply used as d®meutraliser for topping top, instead of
ammonia. It is 30 a stronges hase and it reacts with two agmiyc groups. Howeyer, it has the drawback
of forming amine chloridqge&%its, solid eygn at very high .temperatures. T1h§zsalt was precipitated
after neutralising the 35 amine with hydrogen chloride, and then re-dissolved and re-precipitated by
acetone, thereby forming™H&&até fiké micro-crystals. WO 2006/032620 PCT/EP2005/054556 - 14 In
water, the ethylendiamine!Eaktrronducts moté Gi5less likeé7amdmonium chlorides¢20 ppm of salt raise S
conductivitysto 49, whereassagamonium chlogidezgeachesihg same value with:18 ppm) . The results
are 5 illustrated in Table 12 below. Table 12 DUOMEEN C CONDUCTIVITY wEEw RATION , ppm of
additive (pS) (mg/1) PP%szEngﬂzz V\7/HI'[E 4g 18,1 élo pgm) 145 65.4 0.15 .

L erie o Tests in top topping

gasoline/with 14 hours of rest

This example demonstrates that the efficiency of

10 Duomeen C as a dispersant over time is from 3 times

{imidazolin 1) to 5 times greater than dispersants

known in the prior art. The direct comparison is
illustrated in Table 11 below.

Table 11
i5 Addicive Conductivity Concentration ppn of additive
(18 NE,C1 {mg/l} ppr- of RH.CL
Duomeen C
(200 ppm) 387 32.05 6.24
Imidazoline 1
20 (200 ppm) 21 6.13 32,62
Imidazoline 2
(200 ppm) 33 10.84 18,45
EXAMPLE 8 - Series of tests in top topping
25 gascline/1 hour of rest with ethylendiamine chloride

In this example, the measurements were taken not
dispersing ammonium chloride any more, but rather
ethylendiamine chloride: this amine is amply used as a

neutraliser for topping top, instead of ammonia. It is

30 & stronger base and 1t reacts with +two aminic
groups. However, it has the drawback of forming amine
chicride deposits, solid even at very high
temperatures.

The salt was precipitated after neutralising the

35 amine with hydrogen chloride, and then re-dissolved
and re-precipitated by acetone, thereby forming

needle~like mic¢ro-crystals.



(50 ppm) 125 56.0 0.89 This example demonstrates that the dispersant of 10 the present invention is
effective not only against deposits of ammonium chloride, but also against other amine chlorides,
notoriously tending to form persistent deposits. Example 9 - Series of transmittance tests versus 15
time test withSit &g treatment: 100 mg of ammonium chloride in XFEESPYALEHTE With an
instrument that measures transmittance, the transmittance was measured of an IR radiation, 20
made to pass through a test tube containing a more or'fess turbid dispersion (solution) of ammonium
chloride or an amine salt.nlheanere, turbicthe lispessian sgektionathe lessesthe tkanssittance
(values around 0 0). 25.The resylls ate.shownn ihe gharts.of Figures 2 through 5. In the charts,

transmittance, expressed in %, is shown along the x-axis, while on the y-axis is shown, In cm, the
length from the mé&Hiscli (021 T Vtothe bottont (7 cmy BEhedEst RBBECBAST cutR ¢t BbYRe chart
expresses the trarishditance (ipidiRgref tHe dispersidny(scldtioppat a citain tesightef thee test tube
and after a gertainitimes(maintdasy hasawi(a 20064832620 PCT/EP2005/054556 15 elapsed from the
agitation of the solution, ag,shown on each curve. With reference to Figure 2 (test without dispersing
treatment on 100 mg of ammonium chloride 5 in 20 cc of gasoline), as soon as ammonium chloride is

agitated in gasolines-the-selution-becomes-turbid—and-the instrument measures.strong-turbidity (line 0
minutes with zero tranBPRiEENCE). As thé BBlutibnvbetomes progressively morepd O limgidl tthe=value of
transmittance increases (on the (us) (mg/1) ppm EDA* (HCT) ,

WHITE 45 18.1

(10 ppm} 145 65.4 0.15

{50 ppm)} 125 56.0 0.8¢9

This example demonstrates that the dispersant of
10 the present invention 1is effective not only against
deposits of ammonium chloride, but also against cther
amine chlerides, notoriously tending to form
persistent deposits.
Example 9 - Series of transmittance tests versus
5 time
test without dispersing treatment: 100 mg of ammonium
chleoride in 20 cc of gascline
ith an instrument that measures transmittance,
the transmittance was measured of an IR radiation,
20 made to pass through a test tube containing a more or
less turbid dispersion (soluticn) of ammcnium chloride
or an amine salt. The more turbid the dispersion
(solution), the lesser the transmittance {values
around 0 %) .
25 The results are shown in the charts of Figures 2
through 5. In the charts, transmittance, expressed in
%, 1s shown along the =x-axis, while on the y-axis is
shown, in cm, the length from the meniscus (0-1 cm)
to the bottom (7 cm) of the ftest tube. Each curve of
30 the chart expresses the transmittance (limpidity) of
the dispersicn (solution) at a certain height of the

test tube and after & certain time {(minutes) has



2 minute line, it is already half limpid and half turbid) and on the 4 minute line it is completely limpid
and the salt is all deposited on the bottom. At time zero, the reading was done immediately 15 after 15
minutes of agitation with heat; subsequently, the measurements were obtained at 2, 4, 6 and 10
minutes, Witfgg&%@mgﬁ?@ the test tube from the instrument and hence wRRSIFAPAIANEr agitation.
After merely 10 minutes, without 20 dispersants, ammonium chloride is all on the bottom and there is
no more turbidity (nearly 100 % transmittance). It is ev¥ident with the with the presence of the
dispersants (Figures 3ctoh), the soluting begames i2nlimpid srch narergradyally anghiswfact, with 50
ppm Duomeen C (Figwe 4), eygn.after more than one hour the solution still does not reach 100 %
transmittance. This confirms the ability of the dispersant according to the invention to maintain in 30

dispersion ammonium chidfide (FiftrE< 3Hmd 4) 6P ethyieRliEine’(Fighfes)t Hatihg ¥8%ribed the
invention in its preféreete BPivadiniests Linisuinderstobeithardt cad besubjettnto mbdificatiens and
variants, without theretns 35 ¢lepartiag Fem: ihe)scope ofdhe Nveatiofmmkeir Glaimsyh. A-method to

prevent the formation ofgy {9 {egovsalteady, farmed deposlis ol ATMORUT AL of gmingsalts in a

hydrocarbon process plant, consisting of introducing as the sole agent to prevent the formation of or
to remove already¥8fmed'Gepoits O SHimoMEATATE r Smiid dalts AR NEAkYI-1, 8t didfirbpropane
of formula (1) R-NH2YCH?) BNH2 Whedein R raprésarats asstraight C& through C18 alkyl chain, n a
dispersing quantity sufficent ta:prevenidhe farpratiobecomes progressively more

10 limpid, the value of transmittance increases (on the
2 minute 1line, it is already half Ilimpid and half
turbid) and on the 4 minute line 1t is ccecnpletely
limpid and the salt is all deposited on the bottom.

At time zero, the reading was done immediately

15 after 15 minutes of agitation with heat;
subsequently, the measurements were c¢btained at 2, 4,
¢ and 10 minutes, without removing the test tube from

the instrument and hence without any further

agitation. After merely 10 minutes, without

20 dispersants, ammonium chloride is all on the bottom and
there is no more turbidity (nearly 100 %
transmittance).

It is evident with the with the presence of the

dispersants {(Figures 3 to 5), the solution becomes

25 limpid much more gradually, and in fact, with 50

ppm Ducmeen C (Figure 4), even after more than one

hour the solution still does not reach 100 %

transmittance. This confirms the ability of the

dispersant according to the invention to maintain in

30 dispersion ammonium chloride (Figures 3 and 4) or
ethylendiamine (Figure 5).

Having described the invention in its preferred

embodiments, it is understood that it can be subject

to modifications and variants, without thereby

35 departing from the scope of the invention.



of or to remove said deposits. 2. The method as claimed in claim 1, wherein said N-alkyl-
1,3-diaminopropane is N-coco-l,3-diaminopropane;s3. The method as claimed in claim 1 or 2, wherein
said ammonium salt is an ammonium halogenide and said amine salts are amine halogenides. 4. The
method as claimed in any of the claims 1 through 3, wherein said ammonium salt is ammonium
chloride anflsaid amine salts are amine chlorides. 5. The method as claimed in any of the previous
claims, wherein said plant is an atmospheric hydrocarbon distillation plant, a fluid bed catalytic
cracking (FCC) plant, a sour water stripper (SWS) plant, a gasoline desulphuring plant (Unifining), or
a hydrogen desulphugationcsysteny (HDS).H6. Use dSthessbierdispérsing dagent kra hydretarxody

process plant of apdt-atieyl-l.3-diaminepranane. of formula RrNE-(CH2)3-NHz (1) where,RJepresents
a straight C3 through C16 alkyl chain,.to prevent th%forgatlgn of, or to r%%ove ail]ready formed
Tm or amir ied th cfiim 6/thef8insaid 3¢ alkyl 13-

depo its of ammonium salts or amine safts. 7- Use 'as €
diamikeiropafie EN-cé6 LB -diamindpropane? remove already formed deposits of

ammonium and, or amine salts, an N-alkyl-1,3-diaminopropane of
formuia

R-NH~ (CH;) ;—NH; (1)

wherein R represents a straight Cg through Cyz alkyl chain,

in a dispersing quantity sufficient to prevent the formation

of or to remove said deposits.

2. The method as claimed in claim 1, wherein said N-alkyl-

1, 3~diaminopropane is N-coco-1,3-diaminopropane.

3. The method as claimed in claim 1 or 2, wherein said
ammonium salt is an ammonium halogenide and said amine salts are

amine halogenides.

4. The method as claimed in any of the claims 1 through 3,
wherein said ammonium salt 1s ammonium chloride and said amine

salts are amine chlorides.

5. The method as claimed in any of the previous claims,
wherein said plant 1s an atmospheric hydrocarbon distillation
plant, a £fluid bed catalytic cracking (FCC) plant, a sour water
stripper (SWS) plant, a gasoline desulphuring plant (Unifining},
or a hydrogen desulphuration system (EDS).

6. Use as the sole dispersing agent in a hydrocarbon process
plant of an N-alkyl-l, 3-diaminopropane of formula

R-NH- {CHz) 5-NH2 (1)

where R represents a straight Cy through Cys alkyl chain,

to prevent the formation of, or to remove alrsady formed

deposits of ammonium salts or amine salts.

1. Use as claimed in claim 6, wherein said N-alkyl-i,3-

diaminopropane is N-coco-1, 3-diaminopropane.



