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ABSTRACT. In the paper the rheological properties of crude oil of White Tiger oil-field
(Vietnam) and its emulsion with sea-water, including measurement results and analytical
approximation formulae for wide range of pressure, temperature and water concentration,
are presented. As it is known, the crude oil of White Tiger oil-field is a high-paraffin and
high-viscous oil. At the low temperature (T" < 40°C) it behaves as non-Newtonian fluid
of Bingham-Shvedov group. Therefore, beside the effective viscosity, the effective dynamic
shear stress is also measured and approximated. The rheological properties of crude oil
and emulsion of crude oil and water are also measured and approximated for the case when
the mixture contains 0.1% chemical reagent ES-3363.

1. Introduction

The mixture of crude oil and water used to be met in oil exploitation practice.
Using the water for displacing the oil from pores, this kind of mixture can be met
in production wells, in transportation pipelines, in different equipment, processing
plants and etc. [1, 2]. In order to analyse, prognose and simulate the flow behavior
it-is very important to have knowledge on the rheological properties of crude oil
and its emulsion with water in wide range of pressure and temperature.

2. Measurement of rheological properties of crude oil and emulsion
of crude oil and water

2.1. Measurement procedure

To investigate the rheological properties of oil and emulsion of oil and water
the following main equipment is used: Rotor Visco RV-20, acquisition RC-20, soft-
ware ROT. 3.0. This equipment allows to investigate the rheological properties
of medium in wide range of pressure and temperature: pressure between ~ 0 and
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10 MPa and temperature between 20 and 300°C. In order to investigate the rheo-
logical characteristics of saturated oil and its emulsion with water a special pump
is necessary for keeping the invariant pressure in measurement chamber during
measuring. The sensor of cylinder-in-cylinder type is used. The investigation is
carried out by method of flow curves based on continuous deformation of samples.
The oil used in measurement is the crude oil from White Tiger oil-field (Vietnam).
The water is the sea-water. The rheological parameters are determined using the
same emulsion sample with constant shear speed and temperature change in the
range from 22 to 65°C. The low limit of temperature is determined by the low limit
of water temperature at the sea bottom, where the pipeline lies. The maximum of
temperature equals to the preparation temperature of emulsion in the laboratory.
In the experiment the maximum of shear speed is 20 s~!. This value is defined
by maximum fluid velocity in the pipe. Investigating the rheological properties of
crude oil and crude oil-water mixture in the area of high temperature (T' > 40°C),
in which the crude oil behaves as Newtonian fluid, the temperature reduction
speed is 0.35°C/min and in the area of low temperature (40 > T > 22°C), in
which the crude oil behaves as non-Newtonian fluid, the temperature reduction
speed is 0.15°C/min. In order to obtain the flow curve for defined shear veloci-
ty and to measure the effective dynamic shear stress at defined temperature, the
shear speed is reduced gradually from maximum value to zero during 5 minutes.
The emulsion of crude oil and sea-water is prepared by the way, according to
which the crude oil and water is stirred in the mixer and heated until 65°C. The
speed of the mixer is regulated in the range between 50 and 5000 circles per minute.
In order to obtain the emulsion with defined drop sizes, the water is poured into
oil gradually and stirred for long enough time period. In Fig.1 the structure of
emulsion of oil and water is presented for the case of 55% water concentration.

2.2. Rheological properties of crude 0il, emulsion of crude oil and water
(without chemical treatment)

In Tab. 1 measurement results of effective (viscoplastic) viscosity and dynamic
shear stress are presented for oil-water mixture with water concentration from 0
to 82%. Note that, the rheological properties of mixture with defined water con-
centration for different temperature are measured using the same sample. Beside
it, in general, the measurement precision is +5.

The results (see Tab. 1) show that increasing water concentration in the mix-
ture leads to increasing the effective viscosity and dynamic shear stress and the
mixture rheological properties become worse. The effective viscosity of mix-
ture strongly increases in the region of water concentration @, > 20%. The
effective viscosity and dynamic shear stress have maximum at water concentra-
tion p, ~ 68 + 70%. With the temperature decreasing, the effective viscosi-
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ty of mixture significantly increases, especially in the region of low temperature
(40 > T > 22°C). In this region the crude oil behaves as non-Newtonian fluid.
For the pure crude cil from White Tiger oil-field the non-Newtonian behavior is
clearly exhibited for temperature lower than 35°C. For the emulsion this behavior
is exhibited for the some grads higher temperature.

Tab. 1. Rheological properties of crude oil, emulsion of crude oil
and water at p = 1 atm, (without chemical treatment ¢ = 0)

Temperature Viscosity (mPa.s) vs water concentration (%)
°C 0 10 30 40 60 68 73 82
80 4 5 6 6.5 7 12 11 9
60 4.5 6 8 10 15 21 18 17
50 5.0 7 11 22 52 57 55 53
40 5.4 8 18 60 142 253 197 156
35 11 20 54 180 450 671 617 283
30 127 225 323 575 881 1111 1213 491
26 481 725 1120 1482 1635 1782 1563 616

Temperature Dynamic shear stress (Pa) vs water concentration (%)
50 0 0 0 0 0 0 0 0
40 0 0.2 0.4 0.7 1.8 2.6 2.3 1.2
35 0 2.3 34 3.5 4.2 5.7 4.5 1.5
30 4.2 9.8 5.8 6.6 9. 9.2 7.5 6.2
26 16,6 18.1  25. 26.7 33.1 356 14.2 8.4

2.3. Rheological properties of crude oil, emulsion of crude oil and water
with chemical treatment

To reduce the pour-point temperature and improve the dynamical character-
istics of crude oil and emulsion of crude oil and water, in practice the chemical
reagent is used. In this section the measurement results of rheological properties
of crude oil, and emulsion of crude oil and water with chemical treatment using
reagent ES-3363 of concentration ¢ = 0.1% are presented.

Firstly the sample (crude oil or emulsion of crude oil and water) is heated
until 65°C. This temperature is kept for ~ 20 minutes in order to melt all existed
in crude oil paraffin crystall amount. After that the chemical reagent is mixed
into sample with defined concentration of 1000 grams per ton. The rheological
properties (effective viscosity and dynamic shear stress) of obtained mixture are
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measured by viscosimeter according to before deﬁned program using PC and ap-
propriate software (see Tab.2). '

Tab. 2. Rheological properties of crude oil, emulsion of crude oil and water
at p = 1atm, with chemical treatment using reagent ES-3363 of ¢ = 0.1%

Temperature Viscosity (mPa.s) vs water concentration (%)
°C 0 10 30 40 60 68 73 82
80 - 4.5 5 11 13 18 21 19 15
60 5.2 6 12 15 24 25 21 16
50 6.0 8 15 17 28 34 24 21
40 ' 9 19 27 35 38 34 29
35 8 12 35 52 62 71 67 51
30 15 23 63 137 185 327 197 107
28 28 49 152 309 415 466 401 393
26 42 87 365 401 723 892 794 625
24 89 134 491 667 969 981 924 726

Temperature  Dynamic shear stress (Pa) vs water concentration (%)

40 0 0 0 0 0 0 0 0
35 0 0 0 0.3 0 0 0.3 0
30 0 0.5 1.3 7.9 4.9 10.2 7.3 5.2
28 -0 1.3 7.9 8.6 109 151 12.8 8.4
26 0.8 3.5 12.8 139 15.2 20. 15.3 11.7
24 3.5 6.2 19.1 20.1 21.8 236 24.1 18.5

The comparison of Tab.2 with Tab. 1 shows the influence of chemical treat-
ment on the behavior of emulsion and its rheological properties. It is clear that,
the chemical treatment significantly improves dynamical characteristics of oil and
its mixture with water, especially in the region of low temperature. In this region
in comparison with the case without chemical treatment the effective viscosity and
dynamic shear stress are quantitatively much smaller. Generally they are reduced
in -~ 2 times and even more. Beside it, in this case the non-Newtonian behavior

-of emulsion appears only at temperature ~ 35°C and lower.

2.4. Rheological properties of emulsion of crude oil and water saturated
with gas at high pressure conditions

To model the motion of oil along the working production well the dynamic
characteristics of crude oil and emulsion of crude oil and water at high pressure
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and high temperature conditions are necessary. In these conditions it should take
into account also saturation of oil with gas (light fractions of hydrocarbons).

Fig. 1. Structure of elmulsion of crude oil of White Tiger oil-field and
seawater for the case 0, = 0.55%. (Picture is increased in 40 times)

To investigate the rheologiéal properties of emulsion in this case the viscosime-
ter RV-20 with cylinder sensor D-300 is used. The sample is prepared by mixture
of heated oil with sea-water. After that the emulsion is poured into closed PVT
box for saturation with gas at different pressures. The saturation of emulsion with
gas is implemented at temperature 7' < 50°C and pressures 2 and 4 MPa. After
saturating, the sample of emulsion is kept in the high pressure box 500-15P with
volume 500 ml. In this box the sample can be kept until pressure 5000 Psi (~ 34.4
MPa) and temperature 180°C.

Before measuring the sensor D-300 is heated until 50°C, i.e. equals the sam-
ple temperature. After that the sample is pumped by pump Mercury from high
pressure box 500-15P into sensor D-300. The volume of sensor is 70ml. Dur-
ing the transportation of sample into sensor D-300 the internal pressure of high
pressure box 500-15F is kept above saturation pressure of emulsion. The measure-
ment procedure in this case is similar to the measurement procedure in the above
case of atmospheric condition. In Tab. 3 the results of measurement of rheological
properties of emulsion of crude oil and water with different water concentration,
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for two pressure conditions 2 and 4 MPa, and for wide range of temperature are
presented.

Tab. 3. Rheological properties of emulsion saturated with gas,
(without chemical treatment ¢ = 0)

Viscosity (mPa.s) vs water concentration (%)

Temperature Saturation pressure, 2MPa Saturation pressure, 4MPa

(°C) 1% 21%  28% 21%
50 8 9 12 10
45 10 11 16 15
40 12 14 20 20
35 19 19 33 27
30 64 76 93 48
28 87 86 123 54
26 103 119 192 76
24 123 148 226 106
22 137 189 250 163

Temperature Dynamic shear stress (Pa) vs water concentration (%)
40 0.5 0.8 0.7 0.7
35 1.25 2.0 3.0 2.1
30 4.8 6.0 4.9 4.6
28 5.0 6.3 5.2 5.2
26 5.1 6.8 7.1 5.6
24 5.3 7.5 7.8 6.0
22 6.6 9.0 8.8 7.04

Comparing Tab.3 with Tab.2 we can see that the gas saturation leads to
significant reduction of emulsion effective viscosity and dynamic shear stress. In
this case the non-Newtonian behavior is exhibited at temperature ~ 40°C and a

little bite higher.

3. Approximation of rheological properties of crude oil, emulsion of
crude oil and water

3.1. Approximation for oil viscosity (p,, = 0)
For crude oil there is a number of formulae recomended in published literature.
For example, in (3] the following correlation is proposed:
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For p < ps (ps is a buble-point pressure): .

Ho = Aﬂgl); (3.1)

where 40 is a oil viscosity (cp); uop = 10% — 1.0 is a dead or gas-free oil viscosity;
z = YT Y = 10°t%4PL T is temperature (°F); API = 141.5/4, — 131.5;
Yo = Po/pw is a ratio of oil density and water density at standard conditions:
A = a;(Rs — Rsa)*?; B = by(Rs + Rsa)®; Rs is solution gas; Rg4 = 150
(scf/STB); ay = 10.715; az = —0.515; b; = 5.44; by = —0.338.

In [4] the coefficients are recomended:

a = 3.0324; b= 0.0203; ¢ = —1.163.

For the crude oil of White Tiger oil-field the following values are recomended:

a—b API =0.4108; ¢ = —0.25 (without chemical treatment)
and:

a—b AP] =0.7408; ¢ = —0.39 (with chemical treatment of ¢ = 0.1%).

It should be noted that, the formula (3.1) is proposed for normal (Newtonian)
fluid (crude oil). For non-Newtonian fluid (crude oil) the viscosity is interpolated
using measurement data and splain function method.

For p > py:

o = pob(p/ps)™, (32)

where pop is a viscosity of fluid at py, m is a coefficient depended on p.

3.2. Effective viscosity of emulsion of cil and water

There is a number of formulae for determination of the effective viscosity u.
of oil-in-water (o/w) or water-in-oil (w/0) emulsion [5-17].
1. Polynomial correlations. Linear formula:

He = #c(l + ]Clpd), ' (33)

where subscripts ¢ and d denote the characteristics of continuous and dispersed
phases of emulsion, respectively. Einstein recomends k = 25 and this correlation
is good for g < 5%:

The Taylor correlation using (3.3) with

0.4
bt gpel e (3.4)
He + Ky
is recomended for p; < 16 — 17%.
Hopal correlation using (3.3) with
2
pa + 0dp. + ';;” 5
k=325 =1 (3.5)
Hd + He _
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is recomended for 4 < 5%. In the formula (3.5) K is a constant, r is a mean
diameter of drops. The correlation (3.3) with (3.5) is only correlation taken into
account the influence of drop sizes.

Monson proposes the polynomial correlation based on data of California oil:

pe = po(Ll + 2.50y + 2.1902, + 27.4503) (3.6)

where subscripts o and w refer to the characteristics of oil and water phases,
respectively. The formula (3.6) is recomended for ¢, < 50%.
Levin and Layton correlation:

pe = po[l + 2.5(pw + 0%/ + p1/*)] (3.7)

is recomended for ., < 0.4.
2. Ezponential correlation:

——"i‘-‘id—). (3.8)

== X

There is a number of authors using the formula (3.8) for analysing measurement
data. Gillies and Shook recomend k; = 175, k; = 1 for heavy o/w emulsion.
Rose and Marsden recomend k; = 4.08, k3 = 0 for crude oil-in-seawater emulsion,
Camy et al. recomend 6 < k; < 7, k3 = 0 for o/w emulsion and —4 < k; < —3,
k, = 0 for w/o emulsion, Mao and Marsden recomend k; = 3.53, ky = 0 for w/o
emulsion. Pal and Rhodes, and Mewes et al. recomend k; = 2.5, ks = 0. In the
last case (k; = 2.5, k2 = 0) for 4 < 1 the expression (3.8) returns to Einstein
formula.
3. Brinkman formula:

pe = pe(l — pa) 2%, (3.9)

Note that, if ¢4 < 1 the formula (3.8) approachs to the Einstein correlation.
4. Vermeulen formula:

1.514 e
iy (1 i ) (3.10)
o Ba+pe/1—p4

5. In [8] the effective viscosity of emulsion is proposed in the following form:

e = peptrp™ f(r), (8.11)

where p, is the relative viscosity; r is the droplet diameter of dispersed phase.
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Pal et al. propose the following expression for the relative viscosity:

kipq 2.5
2 [14 e w2 |
e [ T (3-13)
The influence of temperature is took into account through pu.:
pe = ko exp(ksT). i (3.13)

Generalizing (3.11) and (3.12) in [9] the following formula for p. is proposed:

_ ki1pa & s

- [1+ 1.187,—k1god] |

where k, = 1.4556, k; = 0.4526 (for w/o emulsion) and 0.002 (for o/w emulsion);
ks = —0.0458; n = —0.06.

Note that, for all correlations (3.3)-(3.10) the influence of pressure and tem-
perature change on u. is not analysed in details and proposed it is taken into
account through u.. Beside the influence through u., (3.11) and (3.14) propose
to take into account the influence of pressure separately through the factor p™.
The influence of dispersed drop size is proposed to take into account in (3.5) and
{3.11).

To approach the rheological properties of crude oil of White Tiger oil-field
and its emulsion with sea-water the expanded polynomial formulae are used. For
this purpose the emulsion is divided into two regions. The region of w/o emulsion
and the region of o/w emulsion. The inversion point in this case is the point with
water cut @, ~ 68%.

a. The case without chemical treatment (c = 0):

e Effective viscosity of w/o emulsion:

M= uc{1+2.5<pw+a1(T) exp [—a3(p—1)]p2 +a2(T) exp [as(p— 1)]903,} (3.15)
At p = 1atm, (3.15) has the following form: '
Be = po[l + 2,50, + a1(T)el, +aa(T)p3,] (3.16)
i.e. the form of (3.6)_,' but the coefficients a;, a; are functions of temperature.

For the emulsion of crude oil of White Tiger oil-field with sea-water the coef-
ficients have the following values: '

(3.14)

*

a; =11.28: a;=—13.74 for 25 < T < 27°C

a, = 18.66; a;=—891 for27 < T < 32.5°C

a, =24.82; a, =145.31 for32.5< T <37.5°C

4, = —18.9; ay =160.68 for 37.5 < T < 45°C (3.17)
a; = —1.68; a; =33.1 for 45 < T < 55°C

a; = —3.78; az =11.36 for 55 < T < 70°C

a; = —8.14; a; = 12.12 for T > 70°C
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For all cases ag = 0.1.

o Effective viscosity of o/w emulsion (p,, > 68%):

- For water concentration ¢,: 85 < ¢, < 100% the Taylor correlation (3.4)
is used.

- For water concentration p,: 68 < p,, < 85% the interpolation using 3
points ¢, = 68; 73 and 82% is used.

For T S 40°C : Hr3 = 0.86[168, Hg2 = 0.45#63.

For T > 40°C : uy3 = 0.91ugg, gy = 0.83u¢s.

b. The case with chemical treatment using ES-3363 of concentration 0.1%:

e For w/o emulsion (p,, < 68%):

In this case the coefficients (3.15) have the following values:

a; =72.42; ag=-49.23 for 25 < T <27°C
a; =75.37; ap; = —66.85 for 27 < T <29°C
ay; = 22.53; az =22.21 for 20 < T < 32.5°C
a; = 43.39; a; = —45.21 for 32.5 < T < 37.5°C (3.18)
a; =17.26; a, = —16.81 for 37.5 < T < 45°C
Gy =587 .. a3 =107 for 45 < T < 55°C
a; =8.01; a;=-463 for55<T <70°C
a; =769; az=-529 for T > T70°C
* For o/w emulsion:
The procedure is similar to the case a).
In Figs.2-8 the results of calculation using (3.15) and (3.17) or (3.18) are
presented. In Figs.2-4 the approximation is compared with measurement data
(see 2). In Figs.5-8 the 3-D graphics are presented. From the figures it can

be seen that the average difference between measurement data and analytical
approximation has the order of 4-12%.

3.3. Effective dynamic shear stress of emulsion of oil and water

a. The case without chemical treatment (c = 0):

At p = latm, in order to approximate the effective dynamic shear stress
of emulsion the full quadratic form with respect to temperature T' and water
concentration ,, is used:

1o(p = 1atm, T, puw) = 101 = exp(a1+a2T+a3pw+e4T> +a5Tpw+asps,) (3.19)
where:

a; = 16.9783; ap = —0.7406; = as = 4.4597 x 10~3;
aq4=17.4194 x 1073%; a5 = 2.9624 x 10™%; ag =4.1284 x 107°
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Fig. 2. Comparison of calculation results of (3.15), (3.17) (continuous lines) with

measurement data (dash lines) of different water concentration, temperature,

for p = 1 atm and for the case without chemical treatment (¢ = 0)
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7(°C)

Fig. 8. Comparison of calculation results of (3.15), (3.17) (continuous lines) with
measurement data (dash lines) of different water concentration, temperature,

for p = 20 atm and for the case without chemical treatment (¢ = 0)
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Fig. 4. Comparison of calculation results of (3.15), (3.18) (continuous lines) with

measurement data {dash lines} of different water concentration, temperature,
for p = 20 atm and for the case with chemical treatment
using ES-3363 of concentration ¢ = 0.1%

for p,, < 68%, and:

a; = 22.0150; a; = —8.4087 x 10™%; a3z = —3.6617 x 10~ 1;
as = 1.9422 x 107%; a5 =8.0779x 1074,  as =2.1226 x 1072

for p,, > 68%.
For pure crude oil (¢, = 0) the formula (3.19) is simplified and has the

following form:
Tolp = 1atm,T,p,) = 701 = exp(a; + axT + a4T2). (3.20)

In [18] for the case ¢, = 0 the time dependent behaviour of 7¢ is investigated.
For p > latm, in order to approximate the effective dynamic shear stress of
emulsion the followir.g expression is used:

70 = 701 exp {(p—1)laz+agT+ag(p— 1) +a10T*+a1, T (p—1) +a12(p—1)%]}, (3.21)
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Fig. 5. Effective viscosity of emulsion of oil - Fig. 6. Effective viscosity of oil and water
and water vs pressure and temperature vs pressure and water concentration

(water concentration @, = 40%) at T' = 26°C

Scale for Pressure
Number: 123 4 5 6 7 8 9 10

accords to: 1 5 10 20 30 40 60 80 100 120 (atm)

Scale for Temperature
Number: 1 2 34 5 86 7T 89 101112 13 14

accords to: 26 28 30 35 40 45 50 55 60 65 70 80 100 120 (OC)

Scale for Water concentration
Number: 12 3 4 5 6 7 8 9 101112131415 16

accords to: 0 10 20 30 40 50 55 60 65 68 70 75 80 85 90 100 (%)

where:

a7 = —1.1792 x 107%; @z = 4.4108 x 1072%; ag = —6.2248 x 10~ %;
a0 = —5.4265 x 10~%; a;, = —1.6866 x 10™%; a5 =1.1764 x 1073,

b. The case with chemical treatment using ES-3368 of concentration 0.1%:
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Fig. 7. Effective viscosity of emulsion of oil Fig. 8. Effective viscosity of emulsion of oil
and water vs temperature and water and water vs temperature and water
concentration at p = 1 atm concentration at p = 40atm

Scale for Temperature
Number: 1 2 3 45 6 7 8 9101112 13 14

accords to: 26 28 30 35 40 45 50 55 60 65 70 80 100 120 (°C)

Scale for Water concentration
Number: 12 3 4 5 6 7 8 9 1011 1213.1415 16

accords to: 0 10 20 30 40 50 55 60 65 68 70 75 80 85 90 100 (%)

In this case, at p = latm, the formula (3.19) is used with the following
coefficient values:
a; = —14.4612; a; = 1.4237; as = 7.7352 x 107 2;
ag = —3.3157x 107%; a5 =9.3831 x 10~%; as = —8.7688 x 10~
for p,, < 68%, and: 7
a; = —29.647; as = 2.7941; as = —3.4430 x 10~%;
—5.4198 x 10™2; a5 = —8.8987 x 10™4; ag = 1.5931 x 1074

I

a4
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for o, > 68%.
For p > 1atm, the formula (3.21) is used with the following coefficient values:

a7 = —1.1792 x 10~%;  ag = 4.4108 x 107%; ag = —6.2248 x 10™?;
a0 = —5.4265 x 107%; ay; = —1.6866 x 10°*; a;, = 1.1764 x 1073,

In Fig.9-11 the comparison of calculation results with measurement data is
presented for different temperature, water concentration (Fig.9, 10) and for the
case with chemical treatment (Fig.11). From the figures it can be seen that
the analytical approximation fits good mearusement data and difference between
them mainly has the order smaller than 5, i.e. smaller the order of measurement
precision. ‘

%0

35

30

25

20

II'ITIIIIIII'IIIIIIIIIIYV

Eflective dynamic shear stress, Pz

o

& L —F3—— Experimental data
B —)— Approximation

1 o
.

0“||11|:||1|1:|.I11
g 20 40 60

Witer concentration

Fig. 9. Comparison of calculation results of (3.19), (3.20) with
measurement data for p = latm, T' = 26°C, (¢ = 0)
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Fig. 10. Comparison of calculation results of (3.19), (3.20) with
measurement data for p = latm, T = 30°C, (¢ = 0)
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Fig. 11. Comparison of calculation results of (3.19), (3.20) with measurement data for
p = latm, T = 26°C, and for the case with chemical treatment using reagent
ES-3363 of concentration ¢ = 0.1%
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4. Conclusion

In the paper the rheological properties of crude oil of White Tiger oil-field
(Vietnam) and its emulsion with sea-water, including measurement and analyt-
ical approximation formulae for wide range of pressure, temperature and water
concentration, are presented. Beside the effective viscosity of emulsion, the ef-
fective dynamic shear stress of emulsion for crude oil - non-Newtonian fluid of
Shvedov-Bingham group - with water is measured and approximated. The similar
rheological properties of emulsion are also measured and approximated for the
case with chemical treatment using reagent ES-3363. The obtained measurement
results and the analytical approximation can be used for analysing different sit-
uations occured in the practice and also in different numerical code for oil-water
mixture flow modelling.

The research is partly supported by National Basic Research Program in
Natural Sciences.
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TINH CHAT LUU BIEN NHU DAU THO VA NUOC

Bai bdo trinh biy két qua do dac cling nhw cdc cong thirc xap xi gidi tich tinh

chit lru bién cda dau va nhil bao gdbm dau thé mé Bach H6 (Viét Nam) va nwéc
bién trong dai thay 46i rong cla 4p suit, nhiét d6 va d6 ngdm nwéc. Diu thé méd
Bach H6 la dau tho nhigu paraffin ¢c6 d6 nhét cao. Khi ha nhiét d6 xudng thip
hon ~ 40°C dau cé tinh chit cia chdt 1dng phi Niuton dang Shvedov-Bingham.
Bé&i vdy ngoai dé nhét hiéu dung, &ng sudt trwot dong hiéu dung cda nhi ciing
dwoc do va xdp xi bang cac cdng thirc gidi tich. Tinh chit lwu bién cda nhi con
dwoc do dac va xap xi bang cac cong thire gidi tich khi dau dwoc xi Iy bing héa
pham ES-3363 ndng dé 0.1%.
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