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Abstract. Were received the relations for express-controlvafer concentration and droplets size
distribution (DSD) in water-oil emulsions by portabproton magnetic resonance (PMR)
relaxometer. Was shown, that method on the bageMiR-relaxometry for DSD determination is

fast, high informative and can be used for watagiiemulsions control at the preparation procdss o
water from oil separation.

OIIPEJEJEHUE PACHPEJIEJEHUSI PASMEPOB KAIIEJIb B
SMYJIbCUSX METOJIOM IPOTOHHOM MATHUTHOM
PE3OHAHCHOM PEJIAKCOMETPUU
Koszenkoea B.O., Koszenkoe O.B., Kauaee P.C.

KiiloueBble c€JI0Ba: DKCIPECC-KOHTPOJIb, KOHLEHTpALMs BOJAbI, pacHpelelieHue Karelb BOJBI,
penaKkcoMeTpusi.

AHHOTaUMsl. BRI TOJMYYEHBI COOTHOIICHHUS U AKCHPECC-KOHTPOJS KOHICHTPALWK BOABI H
pacnpezencaust kaneiab Boabl (PKB) B BOmO-HE(DTAHBIX SMyNIBCHSIX MOPTATHBHBIM TPOTOHHO-
MarduTHeIM pe3onancHbM ([IMP) penakcomerpoM. Beiio mokasano, uto Meronx Ha 0Oasze ITMP-
penakcoMeTpuu OBICTPBI, BBHICOKOMH()OPMATHBHBII W MOXET OBITh NPUMEHEH UII DKCIpecc-
KOHTPOJISI BOJO-HE(PTAHBIX SMYJIBCHI B TPOIEccax MOATOTOBKMA HE(PTH IyTeM OTHACICHHS BOIBI OT
He(TH.

Urgent requirement of oil-industry laboratories arldporeparation technology
processes - is the possibility for express-analggiphysical-chemical parameters
(PCP) of oil disperse systems, which are importantrude oils preparation. This
physical-chemical parameters are: concentrationgatér in crude oils and disperse
distribution of water droplets in emulsions. Methofl pulse nuclear (proton)
magnetic resonance relaxometry (PMRR) has gretaijotedisclosed opportunities
for this express analysis. During fifty years afdlevelopment pulse PMRR-method
proved its uniqueness as a powerful method equaitable for refined scientific
investigations and for routine analysis and conitdias advantages: possibility for
simultaneous measurement of several physical-claénparameters of matter;
independence from the phase inversion in the di#wamulsions; nondestructive
and non contact opportunity of control and autoargtshort time of measurement.

PMR-relaxation method gives information about ratéeon parameters of the
proton’s i=3 phases: spin-latticeT;; and spin-spin T, relaxation times,
characterizing groups of protons with different ewllar mobility; populations (or
concentrations) of proton phaséy; and P, (we distinguish three phases);
correlation timestg; (times of the proton place in the molecular posit pre
exponentialst,; (vibration periods of atoms); correlation timesabbm exchanges
Tcei; activation energieg,; translationDy, and rotationD, diffusion coefficients;
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interproton distanceR;; temperaturegpy; of the phase transitions; degree of the
protons phases ordering, derived from relaxatiores ratioS = T,/T,; and others.
This set of PMRR structure-dynamical parameters RiSDombined with high
resolution PMR-spectra with its lines positions amdplitudes, derived from free
induction decay (FID) after 9gulse, gives almost full picture about molecular
dynamics of the studied oils.

Laboratory NMR-relaxometers can not be used far thanual on-line
control at technology process line, as well as goliution of soils and waters
determination directly in nature. So we have desigmew portable, easily
transported relaxometers NMR NP-1 [2, 3] and NMR-ARith weight less, then
12 kg, power supplied by accumulator, connectetl Wiitebook (fig.1).

e -

Fig. 1. Portablbe relaxometer NMR NP-2

It is used for express-analysis of PCP and hasrototygpes. In Moscow,
Kazan, Perm, Ekaterinburg and other State Univesstiur NMR Relaxometers are
used for scientific researches and educationalgssod?ortable relaxometer can be
power supplied from 12 V accumulator er 220 V, almost need not sample
preparation. Time of measurement is less, then Autes. Sensibility is
K = v*D® [MHZ%m®] = 2700-4150MHZ%M®, which is near to “Minispec pc120”
(Bruker,Germany). Magnetic system is built of reseth elements alloyNdFeB.
Homogeneity of constant field ido is < 10* Ho, Probe coil heterogeneity ¢,
field is less, then 2% in 75% of volume.

Were studied water-in-oil emulsions samples witt82and 50.6 % relative
water content in oils of Romashkinskoye (RepubficTatarstan, Russia) deposit.
Oil Nel has the densitp = 908kg/m®, viscositynzo = 33.8¢P, concentrations of
asphaltenesA) = 8.3 %, resinsR) = 25.8 %, sulfur $ = 3.08 %. OilNe2 has
p = 987kg/m™, n20 = 39,5¢P, Asph = 10.3 %, Res = 26.8 %= 5.5 %. Also oils
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with p = 873-879 kg/mi and concentrations of sals= 0.05M:1M (2.6-53 g/l)
were used. These oils and water concentrations wlewesen because emulsions
from dense oils with higlh andR (which are the native surface active substances),
have the highest aggregative stability and diffuéoil separation. Emulsions were
prepared on a propeller mixer with the rotatiore rat 1500£500 rpm and time of
mixing of 10£5 min. Stratum water used for samgiesl 3 g/l of salts (73 % of
NaCl, 20 % of CaG| 7 % of MgC}).

For Ty; and Py; determination spin-echo recovery pulse sequenee%0-1o-
180" was used with the measurement parameters: detayTti= 9 sec, number of
180 pulsesN = 100, step of sequenee- 3 ms, number of accumulations= 3. To
determin€eT,; and Py;, the pulse sequence of Carr-Purcell-Meiboom-GiJl{P0°-t-
(180-21-)\-T}n was used with parameters: delay time 9 s, number of 18@ulses
N = 900, interval between 18pulsest = 200us, number of accumulations= 10.

Water concentration determination by PMR- relaxatioethod is performed
by measuring of spin-spin relaxation timgs, 7>y u T,* of pure water, pure oll
and their mixture using equation by CPMG sequefte [

Womr = Tas (T2 - T24)100% Mo (Tas - T2y ). (1)
Number of 188-pulsesN in was choosed from equation:
N =k3p, - k4, 2)

wherep, — density of oil in kg/my k3 = 0,34 k4 = 284. At low water concentrations
Wewr is determined using equation:
Wowmr = (Toos 7201 — T2* Too — WX Toou72*)/ T2*(T208 — T201)100%, 3
whereWpyr* — part of water, added to the emulsion sample.
Dependence diVywr from T, (s) for oils of densitiep = 865-908xg/m> and
PDVSA (Venesuela) and Zuzeev (Romashkino depowiit) different number of
CPMG 186 pulses in steady state is presented at fig. 2.
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Fig. 2. Dependence #iywr from T, (s) Curves in oils: 1, 2, 3 — fod = 30, 100

and 1000; 4 — of PDVSA oil emulsions (Venesuela};& Zuzeev oil emulsions

(Romashkino)
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For Zuzeev oil emulsions (Romashkino deposite, Riépuf Tatarstan)
dependence can be described by the equation:

Wemr(%0) = 0.88 + 41.535 (c). 4)

For droplets size distributionDED) determination exist the following
methods: i) microscopic analysis andii) hyper sound spectrometry need
transparency or dilution. But they are not opemtivow precise and need
transparent samples without any impurities andogidbles.

PMRR is an alternative method for tA&D determination, which can be used
in nontransparent oil-water emulsions with inorgampurities and gas bubbles.
NMRR measurements in relatively large samples (@6) enasses ensure good
representation. The limitation of the method is #féect of the self-diffusion
coefficientsD, which is prevented using CPMG sequence [1].

DSD curves as dependences malative numberNi/2N; of droplets with
definite diameteD; from droplets diameteese presented at Fig. 3 (whe\gis the
number of droplets with the diamef@y) using the microscopic data obtained using
microscope MC-300 (Austria) with a MD-300 webcam r@@oftWebCam
software), magnify 640x.

But microscopic method of the DSD determinatiomat operative. That's
why, we used PMR-relaxation method for determimatid correlations between
Dav, Duax, Rs2 = D32/2 and relaxation time$;, of water protons in droplets and
data obtained earlier for oils with intermediatasiey p = 870-910 kg/my which
are presented at Table 1. The relation®gj from T14 (18 experimental points)
with correlation coefficient& = 0.95 forDay (eq.(5) is presented at fig.4.

The integraDSD parameters: average diametBgg = > NiDi/2N; and Slauter
(volume/square) diameteRs, = (XN; Di¥>N; D;?/2 were calculated anBmay and
Dmaxi diameters corresponding to two maximums of 8D curves were
determined from the curves. The data for small (8@ large (LD) diameters are
presented in Table, where they are compared wittiRRMata, obtained from
equation eq.(5).

ANI/EN
0.34 -
0.32 -
0.3 A
0.28 -
0.26
0.24 -
0.22 A
0.2
0.18 A
0.16
0.14 A
0.12 A
0.1 1
0.08 - 1
0.06 -
0.04 A

0.02
Dl

Fig. 3. DSD for 28,3% erhulsibns, prepared at 1@@ (culrve 1) and 1500 rpm
(curve 2)
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Tab. 1. Integral diameters and DSD-parameters detextion errors for
28,3% emulsions, prepared at different mixer prepalates and compared with
PMRR-data

. . .| _Microscopic analysis NMRR
0 AV S aVd
28,3% emU|SI|%rt]’e§CEIVed atmi D av | Dmaxi| Dumaxz|Rarz| Dav | Dumaxt | Dumaxz| Rarz
) Um| gm | gm |[pm|{gmj| gm | gm |[pum
SD-emulsion, 1500 rpm 190,6 1,3|12616| 0,9 23|19
LD-emulsion, 1000 rpm 6,2 3,9 55| 7,06,7| 1,9 35| 7,3
SD- A
Intermethodic error | emulsion| 20| 10 | 1.0 |23 - i i i
IMRE = D2100%Dp LD- 17! 6.7 671 10 - i i i
emulsion| ™’ ! ' '
DAV (“TG) — 2,8493x
. : :(BFI,(;::JO-)HGHLI,VIBJ'II:

T1a(S€EC)
Fig. 4. Relation betweeDca(um) andTa (Sec)

Dca(um) =0.164exp(2.84T14 (s€c)). (5)

It is in good agreement with the results of the kv, authors of which
found, that for water protons in the pores, relaxatrate T:,)™ is function of
diameter

T15'=Tip™ + [Dy/200p: ., + D,74BD] ™. (6)
wherérl,zg'l — relaxativity (relaxation rate) in bulk water,- form factor,p; » — rate
of surface relaxatiorf} - include the shape factor and other parameters.

Other integral parameters of DSDpax andrs, = D3/2 with correlation
coefficientsR? = 0,95 can be determined from equations:

Dmax = 0,32- exp(1,37|'.lA); I3 = 2!4(mTlA)4’27. (7)
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