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(see patent appLiGALLON an ol 97434369 o JfudBi€Na1894)sed phase in
hydrocarbons and the possible additives thereof con-

20 stituting the continuous phase, or alternatively an
emulsion of hydrocarbons dispersed in an agueous phase.

It is well known that the presence of a small

fraction of water dispersed in a hydrocarbon improves

the quality of combustion of this hydrocarbon and sub-

25 stantially reduces the amount of harmful, unburnt and
nitrogen oxides emissions, the wvaporization of the
water resulting in a lowering of the temperature in the
combustion chamber. Unfortunately, the immiscibility of

the two fluids substantially limits the use of this
30 property to its implementation in burners preparing the
emulsion in situ. Attempts to produce fuels and combus-
tion spirits consisting of an emulsion by addition of
surfactants to the mixture failed, since they were not
sufficiently stable for industrial application. Recent

35 investigations have allowed the formulation of novel
fuels whose stability is such that their industrial
exploitation appears possible (see patent application

WO 97/34969 of 17 March 1997).



-2~ This industrial application requires the

devel opnent of a reliable process for controlling the stability of the
enul si ons thus manufactured, this proéess being reliable both over time
and under the 5 influe ce of The rablemis
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20 crystallization of the free water accelerates the
separation process.

Thus, the possibility of providing conditions
under which a liquid emulsion, which is initially
stable at ambient temperature, can separate into at

25 least two phases under the influence of time and/or
temperature is a considerable asset for the optimum use
of this emulsion. _

The emulsion can be prepared with any hydro-
carbon, such as spirits, gas oils, domestic fuel oils

30 or heavy fuel oils, these fuels possibly containing
various additives or components known to those skilled
in the art, such as oxygenated compounds (alcohols,
ethers or methyl esters of plant o0il). The same types
of problem arise for all the products, particularly

35 products containing paraffins, for which filtration,
pumping and blockage problems are observed, in par-
ticular in motors and in industrial and domestic
heating systems. By analogy, reference will be made to
summer or winter emulsion formulations, as common



- 3- term nol ogy, for donestic fuel oils, sumrer fuel oil and

w nter fuel oil according to the specifications in force.

Surfactant additives which facilitate the Bor- 5 mation of the emul sion and
ensure its stability are added to the water-hydrocarbon m xture to

avoi d the appeatantegyt tfiur ddpmgbnhgcpHarednenshs, Tovawsiad fhel oil
crystallization d. .t j {i r af - f:iens, ring use
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the crystals, pEe¥efits t heir devel opnent, keeps themin suspension or
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gravity seditrenterlpnsdsders hasppeaancs ofhese awsttalfakereyents
possible only theidelereilbenchite keeplsOtcdlemdMRUMusHerRAlR fd s M &ix Have
crystallized and_ . WhIth can sedi nent o(gé. They give a nmeasure of the
excess sedi nent aP'Fof. Sedimentationy arg FiA¢q HECof e SMUiShos &L 15RAY
real -tinme 30 sedhReAhahgorhiedrsmwainl adaiikd vest.amdaris Nhud GRdifi)ant to
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the two 35 phases. These; L@ShetnBluke ex@Bt W%éﬁ‘?ﬁgg@é tatd Ve -

nmeasure of the sedi nmentation. Opt i cal s _ for
measuri ng t heristighardcE@PesrpdscofngpferReaddd ot afwe solid phase
i mm sci bl e-1iquid 1iqu@g.solid-1iquid phases also exist. Mention may be
made A first method is based on measuring the weight
20 of the solids, such as the paraffins in the gas oils
which have crystallized at a given temperature. These
paraffins are extracted from the Thydrocarbon by
centrifugation (patent EP-0,355,053 A2) or by aggrega-
tidn in a gravity sedimenter (US patent 4,357,244).
25 These tests make it possible only to determine the
total amount of paraffins which have crystallized and
which can sediment out. They give a measure of the
excess sedimentation.
A second type of test simulates the real-time
30 sedimentation in small tanks (standard NF M 07-085) in
which are stored hydrocarbons at low temperature for 24
or 48 hours. The appearance and volume of each phase
are then assessed visually by the experimenter, in par-
ticular the position o©f the interface between the two
35 phases. These tests give an approximate qualitative
measure of the sedimentation.
Optical methods for measuring the
characteristics of appearance of two immiscible-liquid
or solid-liquid phases also exist. Mention may be made



-4- of patent FR 2,577,319 which is directed towards determ ni ng

the cloud point of gas oils, and patent FR 2,681,428 which is directed
towards t he dem xi ng of two |iquids-(#easurenent of the aniline point
of 5 hydrocarbons). These nmethods ., all ., have dr awbacks
and i nadeffaciedtent FR 2,574y 3L9Th&R1she 136hg, AEFRekeR hefOYBREFal | y
| ast 24 h@dtemiitihdoehs dfbud point [SfrlgaEheyidse npid r phtahke,

since they de 0 on, subj ect,vi t f .the ser.ver -
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The process for deterfhesry t hwethads! it pldf ahave wat@rawpagloear band

emul si on by tl‘!ﬁ{é‘g&ﬁ?&/'f@é{ic analy- 20 sis, which is the subject of the
I nvention, solves the probl em of the quantitative neasurenent _of the

separ a- tion of tHeThYi ®%& JOBA | FHSE bltBe¥hageBeydilhy alast
i qui d whi ch has haers eees hamegeneous. A subject of the

present ipyention is a process 25 for_determning the_stability_of
wat er - hydrdcar bon ?Jﬁh%ﬁ(ﬁf?i%&ﬁer? I%Qﬁ%bi? C$h5§8Y5868Fé9i8HiY
char ac- t eon zatbjectitatty of [Ehe |obsemrvérrst step, by subjecting the

said emul sion to . n@os%“é{;?é@i . EAIEOL, chdy | §o PRGUIRLKLO 33 Pre-
30 determ ned test tenperature and the varration Yn'the appar ent
wei ght P of tiRosgiRderetEec Heaserer, the amounpggrtpén shewhiselparatiegner sed

in the enul si Phadds, or teONkhOWOUSAY TRRTH eHrbYséberaPosRVidet the then
[err] in a_secaond step, the enmulsion jis maintained at thjs 35
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curve of the variation of this weight is recorded sinmultaneously,
and t hen temperature changes.
The process for determining the stability of a
water-hydrocarbon emulsion by thermogravimetric analy-
20 sis, which is the subject of the invention, solves the
problem of the quantitative measurement of the separa-
tion of the ligquid or solid immiscible phases using a
liquid which has been made homogeneous.
A subject of the present invention is a process
25 for determining the stability of a water-hydrocarbon
emulsion liable to exhibit a phase separation, charac-
terized in that
e in a first step, by subjecting the said emulsion to
a suitable heat treatment, it is brought to a pre-
30 determined test temperature and the variation in the
apparent weight P of the gravimetric detector, a
portion of which is immersed in the emulsion, is
continuously measured by thermogravimetry, then
e in a second step, the emulsion is maintained at this
35 temperature while continuously measuring the varia-
tion in the apparent weight of the said detector by
thermogravimetry, and the curve of the variation of
this weight is recorded simultaneously, and then



5. [err] the mass of the separated phase collected, on the one

hand, and the speed of separation of the phases corresponding to the
sl ope of the said curve, nmainly thes -speed neasured at t he
br eaki ng poi nt 5 corresponding to a substantial and conti nuous

increase in the appae emaswei ght tReatsdprratal tpbdse colledtedsecond tateep,
on the other hand, are er e Q d curye n [err]
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tenperature of at PEakProntadFipfestaPititiients (behavi our under col d

conditions) . The profites ofei@@es51o@urvq&édytémmnattle@fpelrratm%
apparent wei ght of th 30 dﬁector?qﬁa function of tinme

tenperature shdif2™S sUpEEantial Bf enc@P T TS dt?rtatl g’n‘cd’f tffe Vit i ous
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col d condi ti0nSy1 55 gor cnNBAEEIIAN T OLALDES 4518 hatod e stabl i
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t enperat ur e, and he test st eag
in patents FR 77,319 and FR 2,681,428.

20 The process of the invention will be carried
out according to two main variants depending on whether
it is directed towards the stability at a predetermined
temperature above that of the crystallization of water
or, exceptionally, of certain heavy' paraffins

25 (behaviour under hot conditions), or the stability at a
predetermined temperature which is below the crystalli-
zation temperature of at least one of the constituents
(behaviour under cold conditions). The profiles of the
curves for the wvariation in the apparent weight of the

30 detector as a function of time and of temperature show
substantial differences in the duration of the various
steps whether the stability of the emulsion is moni-
tored under hot or cold conditions.

The reason for this is that the stability under

35 hot conditions leads to a first step whose duration 1is
associated with the difference in temperature between
the temperature of the emulsion prepared, i.e. gener-
ally close to ambient temperature, and the test Steady

temperature. If the test is carried out at ambient



'terrpe'rature. If the test is carried out at anbi ent

- 6- tenperature, this duration can be zero. If the test
tenperature is greater than the initial tegperature of t he emul si on,
the latter will have to be heated. On the ot her hand, the second step,

whi ch is conpl déteepgratute 5thasi aduontion weaghtbdecemres zEBf o the etewhen
t he phases ), ecz‘%ﬁﬂl e e a e very. 1,0 iall
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In order to assfAgfer tHihd SPEE 8keESnd beh&Y] Oiich 1 9fcbhs1€AY! SheRsScnhkhe
predeterm ned test tenperature, is between 10 and 70[err]C, the enul sion
bei ng brought t'@Tiatip sipehpéPhtuPEcomes FEXO g -&- BWT ngRpBBaSSHr om
ahrrbi gnt t enper atny e?o@;ﬁn@t@ljéylseﬁabe}:wenc@nlo%eartﬁier%B 164%,e|ré]s§éeiially

The determ nati.on of t Stabiljty n emul - . sion at l.owie rature
consi sts in nori't ofi r?gart%rfecualarlcvr yggﬁ?ﬁezgﬂu&ﬁlgﬁd Jssedltﬁﬁﬁith’i o#{’ g?&két er,
on the ot herasmndthandpefkd hef paepdfanson onilhe bat here handdomandAt an
emul si on. factorh 4 8 fi L8t el g, he first step consists in

gradually lowering the tenperature at a spee general |y of between 0.05
and 10[err}@ nmin to betliteRrdrE to @spsss | Fhat itGPRERie® ubebagiotre

watte[1 and of t[tef zcﬁlehf%gflféﬁ%;,t we%,lee ﬁ%&éi@h&hﬁ{h@[/drez%%g:di RembBea¥arkat i on
in e apparent, i 0 e de or. is weigr decr eases, on
account of the Jis\nmg:l‘ r?niphénﬁle?\iqt ofhe emPlllngPrulbﬁld‘r‘l PEPRHYC t ke

second step, thshichangrRpeRathee at agpaveaidineei ght coblihg dgi«aed or firsm
recorded, while 30 keeping the tenperature .constant Thi s i ght renmains
substantially ¢ohstdn trjtpe'?%e]faﬁteurpedi ntI B 5yt alqafi zRetween ;"@n%gf 8H§Bor
ot her of the tvilc0°|aﬂ1/an;i_ers- dependi ng on whet her the crystallization
tenperature of water 'Sl?r}]e déﬁémﬁs‘@n%géi geeater Jdgn 1that of Lheonyi-

paraffins. 35 a second e ment, the first "step consists
in gradual ly | G n@tt hé oenpeFREGREVAE aC@pRblts irgeAerditioris bébgeen
0.05 and 10[errd/yfdidm oyt i6h @ and sedimentation of water, on the
other hand, and of the paraffins, on the other hand, in
20 an emulsion.

In a first embodiment, the first step consists
in gradually lowering the temperature at a speed
generally of between 0.05 and 10°C/min to between the
crystallization temperatures of the water and of the

25 paraffins, while continuously recording the variation
in the apparent weight of the detector. This weight
decreases on account of the increase in the density of
the emulsion. During the second step, the change in the
apparent weight of the detector 1is recorded, while

30 keeping the temperature constant. This weight remains
substantially constant up to the point of crystalliza-
tion of one or other of the two phases depending on
whether the crystallization temperature of water is
less than or greater than that of the paraffins.

35 In a second embodiment, the first step consists
in gradually lowering the temperature at a speed
generally of between 0.05 and 10°C/min down to a
predetermined temperature which is less than the

crystallization temperatures of the paraffins and of



‘predetermined tenperature which is less than the crystallization
tenperatures of the paraffins and of

-7- wat er but greater than the fl ow Yeaperature of the

hydr ocar bon- based mi xture. The advant ages of the process, which
is the subjateer St gheaternvelan orthe afdow theMPFaERSe ot 5the

reliability rod S ORUCA Dbd iddxt@fe. the results obt ai ned, both
for assessing the speed of separatlon of t he phases ahd for. measur | ng

the wei ght variati ons Bfe advigmagesar at‘-eotl'tﬁ‘ua&??cess' h dsukhect of
the present i nmegsHedo | sofl sq;we 10 nﬁﬁgﬂtgie,rf or R|ASUr ithe th@r%eg@rl@tni,on of
an enul siop int ever al qui d and 1.d phases, nprising.a

t her mogr avi net?%cl?ﬁjri e fl"’lrf%d i S8Y cﬂ'n‘é"trl c o g‘[eect ges “ﬁﬁ'é
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t he sai d deV| C el ng ch eril ze ruci

preferably coaiielseparated Elamﬁke%ose cyI i n- drical cross section is
such that the ratio ofatlgbject! %Qeﬁhed'ﬁgﬁt of n{BRt £HHCIRY eaigot he
dianeter of the 20 tank is between 0.1 0.9. The cruci bl e

has a cyl tAdr i RGP aper cBAPFIEIRG the aesagétaﬁa PENER EFXLSdiOghi R whi ch
does not exceeseveralhellguel ofand/¢uwi d ddlidie pRakes ThecbRpghtial the rins

b nd d I I . . .
The char act or | EHTEROGTS VHES B B orRA RS $11750 Wil o WY WRFF St on

exam nati on ofdéieutas, 1Ahel®ortlomnd3ﬂ®vhndht hemeéesed piri om thakedf2)bel ow.

The device rep u A es. ] ra tr beam
bal ance (1) (o‘?%ﬁ#&%typ% E,E d e(hgﬁ% )lgoﬁ%af:%p% ggg YJ_;jTE Eh%
macr oscopié&al Igai@nﬁ@@ﬁeobsmg qqrqlﬁcviaﬂ xtar ea (gpollange cixeibt, &he

tenperature copii@l devic8eMbshg(PRArhERPEESERECYNI BnhRE (Heag B 1Y 600! i ng
or heati ng_the tank and _a Conputer _system (not represent ed 35_in the

di agram) for rEeERRdi ri@feaﬁﬁfaé?%e§§?ﬁéaﬂhewh‘é@athe tank whos®e qyddf(4) of
the bal ance (1J3rC8&li @&osdiSsection is such that the ratio of the

largest diameter of the crucible to the diameter of the
20 tank is between 0.1 and 0.9.

The crucible has a cylindrical shape comprising
a base and rims, the height of which does not exceed
the level of liquid in the tank. The height of the rims
is between 0.5 mm and 30 mm and generally equal to

25 5 mm.

The characteristics of the present device will
become more apparent on examination of Figures 1A, 1B
and 1C and the description thereof below.

The device represented in Figure 1A comprises a

30 thermogravimetric beam balance (1) (of SETARAM type), a
tank (2) containing the macroscopically homogeneous
liquid mixture (3) to be studied, a temperature control
device (not represented in the diagram) for cooling or
heating the tank and a computer system (not represented

35 in the diagram) for recording and processing the data.

The beam (4) of the balance (1) carries, sus-
pended on the left arm in the diagram, a crucible (5)
immersed in the tank (2) containing the mixture. The
tank (2) has a jacket (6) and allows the temperature of



‘pended on the left armin the diagram a crucible (5) i mersed in the

tank (2) containing the mxture. The tank (2) has a jacket (6) and
al lows the tenperature of - 8 - 8- t he
m xture to be npdified, by nmeans of a heating or cooling circuit, not

represent ed i nthfe MHEHem to be mOdlfl'ﬁ‘Fb clPlﬁcF‘BPES( D has heasinen #F cal
shape, like cobhengaBkrcand, CﬁﬁﬁrtégﬁeéeQ€§a aﬂdthénalé&iamS

standard optical and netic wi.th th al ance
allows the variations it f&uc %\S\ﬁe g?t %ﬁ‘gtﬂecé’vlﬂreggll sﬁ?pr?ea?(ﬂ % and

recor ded. the tanEi,gandsefbﬁpaﬂldeéCaSba\BIet haddetinms| $7¢>f t he

cruci bl e. Fi.gu he for

results of tThe measure % n%?éc?né’a’ ﬁa\}ar?la magneexJ‘a é}{S?\ é:par ation
of phases. combinedTha tihdihac baliagidess mwm a@@@-aﬁlqriﬁe in theocess
of the present,Loygnt b@nt%l L:rﬁe%ge 78 Selne %heeal ¥nﬁnré@698@g the

exanpl es for carrying out process are given eI ow, in a
non-1imting nanneFIQW€ﬁ £8f eﬁéﬁcelﬁo Fh@‘dre% ® tdetails of the

EXAMPLE 1 20 crucibléhe present exanple describes the use of the

process of, the inventign for determ_ning the stabil under col d
condi tionst®f a wat er - §aFUGEF gnﬁpsmr?h%&? in t&%\‘ gé:fﬂ?oq‘#nﬁ‘é’f“(% T3
emul sion is breeghfltso af enthe mEr=Atnemeried owobbainedst ainl | zZeaTdous

t enper at ures ofexgﬁ tgrf %@ga?%tﬁg B%r %E%s@% but, needless to say, above

t he fl ow point, e cr |za sedi nen- tation of the
wat er, on the one handTh&nd qhanaceterlsq@ecrsaffm@ gdvensageker dfandthare

moni t or ed. rocess oF€ RPh@Cegsekanfar thedneYbnasyiol! Oe‘é‘ﬁerﬁg more A
B60 or TGA 9 nodel of thernogravinetric bal ance, ,wt

el ect romaghet i Elegwdanset i §f2dd80d tﬂ}ﬁ exampipRAMiqL GREEYIiNHe WtuckBee is

a dish 20 nn\l@rocesglaﬂah%mwmaﬁérlgmvéhrnnélbwmﬂgﬂﬁ 4t hénplaaeding a

cylinder 30 mm rr‘m%'r"’,m%tl% %e]f%%cgntlon Fqglu %O to 5.

EXAMPLE 1

20 The present example describes the use of the
process of the invention for detérmining the stability
under cold conditions of a water-gas oil emulsion, of
winter formulation. The emulsion is brought to a tem-
perature below the crystallization temperatures of

25 water and of the paraffins, but, needless to say, above
the flow point, and the crystallization and sedimen-
tation of the water, on the one hand, and of the
paraffins, on the other hand, are monitored.

The process is carried out as follows:

30 A B60 or TGA 92 model of thermogravimetric
balance, with electromagnetic compensation, sold by
SETARAM is used. The crucible is a dish 20 mm in
diameter with rims 5 mm in height. It is placed in a
cylinder 30 mm in diameter and 100 mm in height con-

35 taining the gas oil to be tested.

The crucible is immersed in the tank to 33 mm
below the surface of the gas o0il. The temperature of
the emulsion is then lowered to -7.5°C, at a speed of
0.7°C per minute, at which temperature the formation of



35 taining the gas oil to be tested. The crucible is imersed

in the tank to 33 mm bel ow the surface of the gas oil. The tenperature
of the emulsion is then lowered to =735Ferr]C, at a speed of

0.7[err] C per mnute, a{ which herrper ture the formatjon gf ,

-9- cryst@r%staly iFpVdsIRAG 1 REG &he itethel® KERER akePhi gt this

t enper at ur e f ofembphd €@be DO Seighteen hourgThe variations in the relative
wei ght of the crucipl e _dur.i | owering.of the tenperatu an ring 5
the steady tenperature 1é?evraé:cx(?‘rr?:gé’ S Anaegrh@as’éef%tjfﬁ% welgﬁ-‘% a?gvg: i ght
of the cruciblerasibbesdubingvédwethiag of sthel yempetheuvar natli dhuriing t he
density of cthe P i ' i t ur

' Necfl) st eaqy, TelRerituan AW VRS, (¥ HEEPEROLUIA. che

decr eases, ( / Increase int [ ative werg 0 10
t he wat er and patativeswehodlt afdi Weat crucihéecdscithes observed, dune

gain Jerr] ingyespht +@f ¢ QEEQEQESnQU%ﬁ Oche deR@iRY &lf | BReARGAI- the

wat er sedi nented i s obhtained y subtracting, at eaCh instant, the

rel ative wei ghti®fer Yhich gmaneases,i 86 nbh8ureRMRATaHI S dacrFassfe
3econd step 15féaép@ﬁé@nbyt QP arRirdat)e PifrIPOtEhé hge%w% Beggh_thﬁdue to

et ect or asured at _tine t: e = P-Plerr] .. The total. weight, gain
e e N0 o FEe, Sheet | B nShahh ad viarG  aintte B Xuevr Mt il foon the
end and the start of tHeesgadmd G, isteeighlt of the chhecihkevednecaraded is
t hat of Figure.: : | p ' tk Ve |

expl ai ned %ye aﬁagggafrlélr?t 7%‘?56% Hr'lg_l gh)talt\%g V\%%ﬁ?&%% ? % %ta%'desd

i ncrease in dep¥i sybbrachéngasasi leagly iimg s r dictilptive greiglet Ps

tenperature (Qf¢.tBe device mdefuded dlEREYsthPR bg thaN RV athed N
whi ch t he relati ve wei ght increases qnly slijghtl gﬁ@ due to the

t I .
sedi ment atifon 6FORREAPEr af FRRETEFBARE! + t nETRAt eFIEXhWEL bift i IR a the

super cool i ng phepesespmeasured at thgert:Thg +hp+w, . patd Q:lbdhaB.C)wdﬁHtBCt s a
to the.

(2P 9,30 0t gt el il BhLvBLRL Lo o0 SOROTLLOGELS: (U oy, 15 O
cruci bl e duri nghéhdestiati bedweephdad®e end iandhtbé shertewmpertdieurssedand
mai nt ai ned at ézeg[err]c

20 The curve recorded is that of Figure 2:

e The first portion of the curve is explained
by an apparent loss of relative weight, due to the
increase in density of the gas oil during the reduction
of the temperature (OA).

25 e A latency time is then observed, in which the
relative weight increases only slightly (AB) due to the
sedimentation of the paraffins alone, the water exhi-
biting a supercooling phenomenon.

e The third portion (BC) reflects a rapid

30 increase in the relative weight, corresponding to the
weight of the paraffins and water being deposited at
the surface of the crucible during the stationary phase
in which the temperature is maintained at -7.5°C
(£ 0.2°C).

35 ¢ In the fourth portion (CD), the curve shows a
break D, from which point the gain in relative weight
is due solely to the sedimentation of the paraffins.
Since the water has totally sedimented out, visual



‘( 0.2[err]C. 35 [err] In the fourth portion (CD), the curve shows
a break D, from which point the gain in relative weight I s due
solely to the sedinentation of the paraffilfs- Since the water has
totally sedi nented out, visual - 10 -
observation na@PSSEVAKACDNRAGR BRokbak RgRAN: i TROWS 2 SepRFaddon of
[err] A prol ongatiseg.of the test would show on the curve, beyond the
poi nt D, abreakfromvvh ch int the 5 ininrelativ t is zero.
There is thus no far Fpgg&?ﬁﬁr’rf’&t |"8:'ra1l tg?ietﬁ%s%rﬂﬂlgfie Ih[gW ‘?%Ié??ve
wei ght neasur edurersi nueiyg:rﬁhhﬂiealndzaid )D,ccmsmaemtk firom whinlagpoiet theés is
not useful sin regl pi f fre ter bliigsh he

i nstabili tyéof %%hgl e(rfrhl SE%#Q%Q J&%ht '?‘ e g%]é\f@ma ']El?%ltégn cslsjrgg fsn II]—'ogure
2 makes it fuptdeirb| setomgptandonhrer diwe acredidliegs: the relative/ The

gain in relati 1B%k9hhe$§ﬂ%eaﬂ PFaddining HATncWiGR, reBhesgats thg
total anmount of water and paraffins sedi nented durjng the experinent.

15 2/ PTRE SSSad GH S o Mk MIUHY \FIRFE (RREGHRA LAt 1on spBnthf g

per hour, est alﬁr*e%hﬁfitferro@stt%lsﬂsﬁé% the Heistabiqutye ofn tihies ep@iligion .BC at
Its point gé |nflect|o

% Eedl nent at i on sgeebd t hus %rak i t

possi bl e tv’ com dFPRETERER MR siBHY® igure S atEncy
time in hours, pdsisd.lblleep:roesc‘mﬂ:me thrieee dhalmmmm:pmsdl ng to the steady
stage AB of the cunve mdur i C | Sl e t the
test tenperature. ks Ejfgﬁ?\kll\,ghcra}seeﬂgcf Q)[Erie‘%el(r':%urél g%b?eslt egﬂ\!}mfg‘? t he
25 curve in Fi gweasz, whiclinrgpreeentshathe Heottalk eppgurtmef water 8andurs.

EXAMPLE 2 paraffind siéal%é%ft@a)lﬁrl@@)tt@f’er éﬁﬂétrei'inefn‘%r mul ation 30
enul si on conpri sing paraff| ns which crystal 'z ower terrperature IS

anal ysed, by addition &/ Jd# tSRRRI © ﬁF@HmEBEEFFPE Bé’ﬁa\ﬂfou?h%nﬂgli col d
conditions, thgion in mg per hour, established from the slope of the

curve in its portion BC at its point of inflection.
This sedimentation speed thus makes it possible to com-
pare different emulsions.

20 3/ The latency time in hours, which represents
the time corresponding to the steady stage AB of the
curve, during which the emulsion remains stable at the
test temperature.

In the case of the emulsion tested with the

25 curve in Figure 2, it can be seen that the latency time
is 8 hours.

EXAMPLE 2
In this example, another winter-formulation
30 emulsion comprising paraffins which crystallize at
lower temperature is analysed, by addition of additives
with specific behaviour under cold conditions, the
first step being stopped at -8.5°C before crystalliza-
tion of the paraffins, i.e. above the cloud point. Only
35 the water crystallizes.
Recording of the variation in weight gave the
curve in Figure 3.
After the decrease in the relative weight of
the crucible (OA), a latency period (AB) can be seen,



first step being stopped at -8.5[err]C before crystalliza- tion of the

paraffins, i.e. above the cloud point. Only 35 the water crystallizes.
Recording of the variation in weight gavellhe curve in Figure 3.
After the decrease in the relative weight of the crucible (OA), a

| atency peri odd¥@BECCSHHRRIGR@hiNG of the wateme £&dspdtabbYiAg WHrY he

water, “and finabbydawelighe galdPi@osei gy 98l d/MDaiupdi i Yokaldgat i on
of the wat er. Beyon % he wei ght gai n becones zero, since , all the

wat er has cr ys‘f’%\:??ze@el"ﬂ%} tenpéhg WelFhlof FRANS RACHIRS nE8F Bm iSince
characteristicadl the phesenmasn chtsitalllztaae ek ﬂi!n@dr@tidft@ @miffiarén c

crystallization.o ter.. e de S kes |t ssi bl e
to accuratgﬁy of Eaﬁsﬂe H% ?Ffﬁcq?ﬁ9§$kﬁn%¥ §§8 @'@gﬁ e y 10
t he wat er-gas bhé epedki odlueandotothwar&xdt;hamud e\naiystalbrfzm atoﬁ)n by
nmeasuring the sedipentation speeds and t he apparent wei ght gain.
EXAMPLE 3 15 This_example illustrates the_ determ nation,
according to the proce@@eoﬁthéelﬁh@ﬁtmékesoﬂtt@@551bhﬁeﬂ9IQQQPEQt%%ﬁnent

tenperature (28kgstih&hish téét?:lﬁr@f the t&ié%'ﬁ%lE'\é’@én@éldeﬁwaeﬂbéal
m xi ng 13% by \}é\ﬁl ght as oi

I a ng 20
specific addi t Fi&s “eser ﬁﬁ%ﬂ?ﬁﬁnﬁyﬂ%ﬁhgﬂcea&ﬁjq?\éu h? htpﬁbqﬁﬁ cle
size distributofnsephrbbéonabgr measutdiog ehe isediergas ion syeedergnd

different: 1. Th rrul si on EMJ01 has a nonodi sperse
particle size Ellusat ?Pgﬁ%gé{ﬁ V\nei"ﬁhargp dianeters centred 25 about 1 [err]m

(see photograph 1). [err] The enul sion EMJ2 has a | ess well

di sper sed aqueous g grekerred to as a pol ydi sperse phase, with

drop dianeters ranging fromO.1 [err]m.to 50 [err]m (see_photo- gr aph

2). 30 15 Recor dTR&S ofXappde apgdistrat@s gtthe | igtapination,
according to the process of the invention, of the
stability at ambient temperature (20°C) of two emul-
sions EMUO1l and EMUO2 obtained by mixing 13% by weight
of water in a gas o0il of type EN590, containing

20 specific additives for emulsion maintenance and in

which the particle size distributions of the water
droplets in the gas o0il are very different:

* The emulsion EMUOl  has a monodisperse
particle size distribution with drop diameters centred

25 about 1 um (see photograph 1).

e The emulsion EMUO2 has a less well dispersed
agqueous phase referred to as a polydisperse phase, with
drop diameters ranging from 0.1 pm to 50 pm (see photo-
graph 2).

30 Recording of the apparent weight increase
allowed the curves given in Figure 4 to be established.
In this case, the steady temperature (20°C) is greater
than the crystallization temperature of water and of
the paraffins. A linear change of the increase in
35 relative weight with time is obtained. The two main
parameters (V and Gp) are markedly higher for the emul-
sion EMUO2, which is thus less stable than the emulsion
EMUOl. Since the sample EMUQOl1l shows a more homogeneous
dispersion of water in the continuous phase, it will



‘al l oned the curves given in Figure 4 to be established. In this case,
the steady tenperature (20[err]C) is greater than the crystallization
tenperature of water and of t he paraffda ns. A |linear change of the
increase in 35 relative weight with tine is obtained. The two main
paraneters (V kane Glpssr eofrarketiendangiiertd oflpheudate- and sieghimEmuo2,
Which is thus 4ess hami d NaA ehBeyeMLSKEN that EWO1is S i samy e
EMJ01 shows a nore honbgeneous di spersion of water in the contindous
phase, it wil|means of "the process according to._the _inventigne |t&ss of

a tendency to diof614 sth cadi@llap@dicBRAVe scalbhict expdPteabiatly ohane t hat
it is possible, b t he prqocess according to the invention, to

, . means of
establ | sh 5 qUEFHITLIRS o TRRPEAGRUESE ot b TTRAIIS Fhe 6 Bhults| GRSte
manuf act ured hyefernegate sandwatth aa giesdredtemperefwrencenaaddatiangi e

tenperature. | nalagggffyg 003 24 NEnays PET B Cksaa%§5§gag¥§h§u§§vggﬁ% 1¥ 4y6i ng

processi ng gi VRS on

analysi's, 1 possi br
statis- titetay analysasl ewhish.orml dmbdonpesibihi beinge st@tis-ocess
according 0 ¢ibg1jnuaili fbp Rl | s 3o8boPBha coRPBST Safd herentire
vol une of the sanple, irrespec- tive of the tenperature, w thout having

to dil utelfhe Proceggplaccording to thepxagpeption allows a Twilphadanpl e
is aimed at showdDgsidabnt RBeDlOrtire wERENACEOr €hag shaplibe iveygn makes
it possible to , glﬂ-!alfié';é/ and o$ti mze an '#_‘ndgs\Lﬁéiral enul si OE manyf ac-
turing processtt&pelif it | EMRErF b enttERGH V2 T? efatBge the

I ndustrially iseméosed-circuit plant com prising an emul sion mll
and a sanple outlet to allow sanples to be taken after a certain nunber
of recycling operations or runs. The stability of these sanples at

anbi ent t &@perature i SEXBYBLUEed by the process accord- 25 ing to the

invention under the copditi gRamfesChishedindy at EXGWPLE ghagnqhie%&gmar ed

with the stability of an EMJ ref erence epul sion containi ng, 13% wat er,
referred to CeHdr &GTERIGRIast® h&NREFERERITEL O { RakeFabit | POSSELHAI P

qualify and optimize an industrial emulsion manufac-
turing process. Specifically, various emulsions were
20 prepared industrially in a closed-circuit plant com-
prising an emulsion mill and a sample outlet to allow
samples to be taken after a certain number of recycling
operations or runs. The stability of these samples at
ambient temperature is measured by the process accord-
25 ing to the invention under the conditions described in
Example 3, and is compared with the stability of an EMU
reference emulsion containing 13% water, referred to
hereinbelow as the REFERENCE, the stability of which
was checked over a long period. This REFERENCE was pre-
30 pared in the laboratory so as to obtain a monodisperse
particle size distribution of the water droplets
centred about 1 pum, this distribution having been
analysed by electron microscopy and image processing.
A certain amount of gas oil EN590 and 13% by
35 weight of water, relative to the amount of gas oil, the
mixture being emulsified (EMUO3), are introduced into
the closed circuit of the industrial plant.
Samples were taken after 4 and 7 recirculation
runs of the mixture. The emulsions were analysed by the



‘was checked over a long period. This REFERENCE was pre- 30 pared in the

| aboratory so as to obtain a nonodi sperse particle size distribution of
the water droplets centred about 1 fery]m this distribution having
been anal ysed by electron m croscopy and i mge processing.

A certai n anouptooésgaacookdihg9Boantel 3WentibnueThlet appawsndr weiggtet i ve
to the anopunt . gas Qid , e « 11 e _bei | s¢.fl.edq( 3) re

i nt roduced i nt%glgg t‘iﬁled cF%EecF%‘?lrréz%l :H;{) ° -hgglgﬁg%tar%t%xep ar@tg& {v.ﬁ

Sanpl es were tak@n Gaftaarrsd g 7wesei madsdeshs theyudgeof cohdapesdt ume. The

enul si ons werepgnalysed by the - 13 -
process according to the invention. The apparent wei ght gains and the
sedi nent at i%n speeds after 1 hour (V[er]) and 6 hours (V2) were
nmeasured: they are collated in Tablmapte 9
TABLE 1 T = 20[err]C
Verr] MVerr] ) (g
hferr]) (mg . h[err]) REFERENCE T = 200C1 0.11
EMJUO3 13.19 G 0.2 v 2. v 4
runs EMJ03 3.8 P o "t 0.4 2 7
runs |t _can clearlly be(sgén thpat (g i shposqi Himg t-0 HH)
contr ol th_e st abi | 'ﬁé@‘éﬂm@éﬁ emul ELOE i:ﬂ.nlor(rj\;er to ,rH)-dlilfylﬂ nlthe /
manuf act uri NgpPreeess—So6—as +Ho—+gacr—tre—refefFenrece Tever—
EXAMPLE 5 15 EMUGB t hi s eXanpl @3-8he sfabi Q432 of tjwo erdd&i ons
EMJ04 (summer| formul gt i.gal and ENUO5 (w nter formul a-
EMUQ3 3.8 0 0.4
7 runs '

It can clearly be seen that it is possible to
10 control the stability of an emulsion in order to modify
the manufacturing process so as to reach the reference

level.

EXAMPLE 5
15 In this example, the stability of two emulsions
EMUO4 (summer formulation) and EMUOS (winter formula-
tion) was studied as a function of the predetermined
temperatures (between 40°C and -8°C), working as des-
cribed in Examples 1 and 3 for the temperature increase
20 or decrease during the first step of the process of the
invention. The results obtained are collated in Table 2
below:
TABLE 2

Temperature| 40°C | 30°C | 20°C | 10°C | 0°C | -4°C | -7°C | -8°C | -9°C

V (mg-h?!)
EMUQL 0.2410.1210,.1110.08/0.06 - - - -
4.5 3.6 3.1 2.2 1.3 - - - -
EMUO2 0.47]10.2810.1710.1570.14)0.12j0.007] 0.05 -

8.7 { 5.5 1 3.5} 3.413.3}12.712.0 1.6 -




tion) was studied as a function of the predetermn ned t enper at ures

(between 40[err]C and -8[err]C), working as des- cribed in Exanples 1
and 3 for the tenperature increase 20 of Iiecfease during the first step of
t he process of the invention. The results obtained are collated in
Table 2 bel ow TABLE 2 Tenperat ure
40[err]C 30[err] C 20[er Ol.er ] err]C -8[err]C
e & drhfsel9h 824d GOl EL& cﬁ{?%celrgr add SBlerrlc
0. 12 0. 11 0. 08 0. 06 - - 4.5 3.6 3.1
2.2 1.3 - - -It can be seéﬂwiﬁht tﬁb4§t9b231@y13f0th§ Qmiﬂ:ﬂ 12
0. 007 0.05 -, g h -
- 14 . 5 sion l_mcrr%&ft%frnafat%ﬁ o?e‘%ﬂ?éf%uéeﬁﬁﬁéées' o ens® |y

can be seen thaptvihheast atilaht Vi tofbrtdekendle bosicagsindtleaaesoas dfheche
tenperature de‘%ggzt.e%ndt ghg\t\\g raff?. int at which it breaks due to
t he fefta

crystallization o ®the paraffins. EXAMPLE 6
10 In this exanple, the stablllty of the emul sion at a
tenperature of 70[err] Exhmppiugi ed. During the fi rst step of the
process, the tenperature of .the emulsion is adual Iy increased, at a

rate of 1P r]C/ nin, ufBi Fhife eXampig.c e §F%}aﬁ§1§¥a8§ ithe B omrhe
measur enent s catraectel@énatumtaﬁuowby ia dhedbgpar paringi ghe ofitde

bl b b
BITSITYS quri opt el o8 B EEogtss. JUbE Febatbct¥' Be T ennigi o itue

essentially togaadealéysancrr&ahfed atersi tgtef ofhel Nyfniwar batiflr actie on of

the emulsion is 3ﬁe e d‘l{,e 1s “r8atn Ljnes Hr?e%%%r(é%%n% oL Yea

accel er at eds) int ser ve
out contlnuously on the apparent welght of the crucible

allow the curve in Figure 5 to be established.

Firstly, during the first step, a substantial
increase in weight due essentially to a decrease in the
density of the hydrocarbon fraction of the emulsion is

20 observed. Next, a non-linear change (AB uniformly
accelerated) in the relative weight is observed, due to
demixing of the water present in the composition of the

emulsion, up to the point of total phase separation.



‘deni xi ng of the water present in the conposition of the enul sion, up to

the point of total phase separation. WO 98/ 38489 -
15 - WOCTB FE88880374 1- 15 -Process f@CT/RRIBMIBTY the
stability —of~a—— water-hydrocarbon ermulsion |iable to exhibit a phase 5

erized in that [€rximgn a first step, by subjecting
tﬁﬁmmmgmg ﬂ(‘ﬁ[ﬁ a suitable heat treatnment, it is brought to a
prex ¢ i eserm ned test tenperature and the variation in the

apparent wei ght.P of thecgeasi NEbti cadeéesiRinga dhle stdl®ilion drwhich is
I mrersed in the

conti | y nmeasured .
t her mogr avi met ¥§; efﬁgxgrocafépp] ‘?’ﬂ“]:f’s%ogr g’i&p te h@’%’r}g’llg:lyoﬁ jRhase
mai nt ai ned Sat tbparation, thapaca&nmeedhnhethantlnuously measuring the
vari a- {1 oK P e y 1
t her nogr avi met ry, Qn fﬂe S?ﬁrs\a}{eee% Péfeg‘\llh% &f: ﬁ §$ sg%l %t&(ﬁlrlﬁv\%} g‘h?
recorded simul taneo@slllyia}#md herth trea[:mem]: th§ s soxppughie Separ aeret phase

col l ected, on thedetermln@aetQ@@dteﬁ\P@rralﬁﬁrép%%ﬁ Q:Eesex‘ﬁ%rﬂﬂl% Oif tt'&?e
phases correspondi ng ope of the said cuyrve, mainl

the speed neasuPBAArERt t“l’\%lglbﬁ" edki ﬁS e ngraygmetric deF@EBBﬁdl rﬂ;; to a

substanti alo and cpetthdausof NGheake is immerdedheiAppieentmu@kgbh,P 8¢ the
start of the second and, are, det eég ned fromthe
hW¥s 48§

Said curve, and 289FEPHPUsINGRERFET: Yot RERBORAY NS

Hced b
corrpari - e sOn @i Skeclomdws tregf, e ridrec emyhdisinons mmmgdolaltttyhig
t h b { t it
Do e acteleE e Shale S Ao LNy penguryabiit st el ! 11

pr edetermined t estlpgrrp@r dthe eamamw\e‘eﬁlqlmt of 5he FEfc rdategtPy nbY hat

the emul siogn is begudghbgtavikiesry, atrﬁmﬂ{é‘téﬁﬁvé‘toﬁ Reat ag-iQft e3Pl A9
speed, from anbi ent t enper at ur e, %ener itof bet ween 0..05, and

10[ err] C/ min. this Welngoéésé'eSE’E edi fgmy @P&F’Hﬁiy'cﬁﬁfiaépéﬁ zed in 35
that the predeber gheednd £t oferins akdparatebeiphRese tB6llected, on the

one hand, and the speed of separation of the phases
corresponding to the slope of the said curve, mainly

20 the speed measured at the breaking point cor-
responding to a substantial and continuous increase
in the apparent weight P at the start of the second
step, on the other hand, are determined from the
said curve, and '

25 o the stability of the emulsion is deduced by compari-
son with known reference emulsions, whose stability
over time has been corroborated by tests of long-
lasting stability.

2. Process according to Claim 1, characterized in

30 that the predetermined test temperature is between 10

and 70°C and in that the emulsion is brought to this
temperature at a heating or cooling speed, from ambient
temperature, generally of between 0.05 and 10°C/min.

3. Process according to Claim 1, characterized in

35 that the predetermined test temperature is between the

crystallization temperature of the water and that of
the paraffins, the first being higher than the second,
or vice versa, and in that the emulsion is brought to



crystal!}(!lmamlulu mmﬂhture of the water and that of the paraffins, the

rst t he second, or vice versa, and in that the
enul sion is brought to - 16 - - 16 - this
tenperature by accelerated cooli at arate generally of between 0.05
and 10[err]C/ nFals temperatufeJi¥s arcleraeed o AL, harctdb%ed in
that the predegenéwemyteﬂbéewaenawos aﬁd|£68CI’ﬂﬂﬂﬂ 5 the crystallization
tenperatures of the papaffins and of the queo ase,  bhut reater
than the flow %m nt {Dr8?e?ﬁeaﬁ§8|;61&5ﬁgboth° b% Kt EF‘grakéqﬁSrfLﬁ Ehat™ t he
emul sion is brobhght the t hredecappinedr eaxt atempéerUre irsat desé bEtameen
0.05 and 1G] ergl & @x& tjﬁ(illSZaé:th %ﬁ(ﬁ&fat&?és Lge tﬁé‘eggggkéihgma[d&
separ at i on Into two ases, quéeous
hydr ocar bon- bag&d tbﬁasaéluetﬁusanPWSl b‘nt (gtnﬁ@rttegl nfgh%n thet Fdpwogriitiret ri ¢
bal ance (1) fl&tedtmthhgd%@aw@ﬁrb&sea HEEOEEOr 48 POf tiHhoOf oMi ch

I mrersed in a tank (2) containing the said enul sion is acrUC|bIe(5)
t he sai d t&ARL1BEPRg J(ﬁ)hh%%‘t‘%}att O BRbFI RETORFEGHEE Har &c-CO0LinG%ri zed
in that the crﬁgtéleflseﬁwegn prebesandl yooc/mgpaxi al with the tank whose

cylindricca)lfo ss sect %s sug% thq%}the rati.o of the | ar

di anet er 20 cru eKtSeto Phe et eI EFHe T 1% Bet ?1%Pq.and
0.9. : 1nCBV|cancda@mu@;tnhaSQﬂtnEhnchaqaneslzehasn and hat the
cruci bl e has ' I e I SLRAg an , 1he
hei ght of mhlg%§a£bﬁg%aggnbégaa and 3 gnﬁ?%ne %Fnégét gog ggfgﬁg gi

7. Appl i catﬂil%ﬁ“06¥avt-ﬁ8tr$f3obééé-nceadéércfllﬁ@ fwg-th aca%ﬁ\fﬁgnqtzt3<5=5 to
the {reasurene][taztaﬁéctbg eftfl'ﬂec%‘d&'ﬁq[n o?a@ﬁlht:hv@.gnrdﬁi‘sfém pmrrat Qame (2)

mai nt enance o e ho enei y of _a liquid emulsian.

Aol cat 10 © GPRCRRBLAS, GhR o Saihc R Pt hE | & COSIRLS: (505, 4R the

nmeasur enent of sabé ekhkcdeyinofl ceannecterocessa fowolnanufaatariing ciarac-

emul sified fuel:'erized in that the «c¢rucible 1is free, preferably
coaxial with the tank whose cylindrical cross section
is such that the ratio of the largest diameter of the

20 crucible to the diameter of the tank is between 0.1 and
0.9.
6. Device according to Claim 6, characterized in
that the crucible has a cylindrical shape comprising a
base and rims (7), the height of which is between 5 mm

25 and 30 mm and generally equal to 5 mm.
7. Application of the ©process according to
Claims 1 to 5, to the measurement of the efficacy of
additives which promote the maintenance of the homo-
geneity of a liquid emulsion.

30 8. Application of the process according to
Claims 1 to 5, to the measurement of the efficacy of a

process for manufacturing an emulsified fuel.



