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Abstract This review paper deals with graphical represen-
tation of entrainment experienced by fine particles during
passing, either barren or mineralized, bubbles through flota-
tion cells. Entrainment, also called mechanical carryover or
mechanical flotation, is harmful because it reduces the qual-
ity of flotation concentrates. It was presented in the paper
that it is convenient to show the results of entrainment as
upgrading separation plots relating recovery of fines vs. wa-
ter recovery. The shape of the entrainment separation curves
significantly depends on the way flotation test is performed,
type of flotation machine, kinetics of process, froth collect-
ing time, concentration of frothers, collectors and modifiers,
amount of air in flotation, density of pulp, amount of sup-
plied water etc. Five types of entrainment separation plots
were distinguished and presented in the paper. They were
categorized as linear (type 1), linear shifted down (type 2),
reaching plateau (type 3), increasing (type 4) and linear
shifted up (type 5). The plots are useful for determination
of appropriate entrainment coefficients characterizing the
process.
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1 Introduction

Bubbling gases through solutions and flotation of hydropho-
bic particles are accompanied by entrainment of particles.
The entrainment is experienced by hydrophobic and hy-
drophilic particles. The entrainment is also called mechan-
ical carryover and mechanical flotation and occurs without
a direct attachment of particle to the bubble. Entrainment
results from different phenomena which are schematically
shown in Fig. 1.

One of the pioneers investigating entrainment of hy-
drophilic fines during flotation of hydrophobic particles
was professor A. Waksmundzki. In the paper with Neczaj-
Hruzewicz and Ptanik published in 1972 in the Institution
of Mining and Metallurgy journal they investigated entrain-
ment of marble particles during flotation of elemental sulfur
with «-terpineol as the frother and dodecane as collector.
They established a linear correlation between recovery of
marble fines and the thickness of water on bubbles. The wa-
ter thickness was regulated with «-terpineol concentration.
Since the surface area of bubbles in a given flotation can be
assumed to be constant, the thickness of water layer around
bubbles is also a measure of the volume of entrained water.
Their results are shown in Fig. 2.

Figure 2 indicates that, to a great extent, the recovery
of hydrophilic fine marble particles is proportional to the
amount of water collected with the floating bubbles. A small
shift to the right of the approximation line in relation to the
origin of the plot is also visible.

Since publication of papers on entrainment by profes-
sor Waksmundzki and his co-workers (Waksmundzki et al.
1972; Wojcik et al. 1973) other works dealing with fine
particles entrainment have been published, for instance
by Lynch et al. (1974, 1981), Engelbrecht and Woodburn
(1975), Bisshop and White (1976), Trahar (1981), Warren
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Fig. 1 Mechanical flotation is caused by (a) carrying upwards in Plateau regions, (b) entrapment, (¢) supporting, (d) slime coating, (e) waking,
(f) contactless flotation (due to dispersive (i) and dispersive + polar (ii) forces). After Konopacka (2005)

(1985), Ross and Van Deventer (1988), Subrahmanyam and
Forssberg (1988a, 1988b), Kirjavainen (1989, 1992a, 1992b,
1996), Kirjavainen et al. (1991), Ross (1991a, 1991b),
Maachar and Dobby (1992), Drzymala and Hrycyna (2004),
Konopacka (2005), and other authors. Earlier this subject
was investigated by Jowett (1966) and Livshits and Bezrod-
naya (1961).

A careful analysis of data on mechanical flotation by
Konopacka (2004, 2005) indicated that this phenomenon is
influenced by such parameters as density, size and shape of
particles, geometry of flotation machine, properties of froth
and method of flotation. She also showed that entrainment
can be treated as any other separation process and presented
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it in a form of upgrading curves relating quality and quan-
tity of flotation products taking into account entrainment of
particles and water. The Fuerstenau upgrading plot seems
to be the most useful (Drzymala and Ahmed 2005). It re-
lates recovery of entrained particles &5 and recovery of water
&y in the floating product. Her detailed analysis of entrain-
ment showed that there are 5 types of the particles recovery
vs. water recovery entrainment curves which are shown in
Fig. 3.

As it has already been mentioned, the shape of the en-
trainment curves depends on many factors. The most cru-
cial are: way of performing experiments and type of flota-
tion (batch or continuous). Among the continuous flotation
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Fig. 2 Fine marble particles recovery as a function of water thickness
on bubbles, regulated with «-terpineol concentration (frother) during
flotation of artificial sulfur-marble mixture in the presence of 770 g/Mg
dodecane as collector (after Waksmundzki et al. 1972)
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Fig. 3 Shapes of entrainment plots in the Fuerstenau upgrading sepa-
ration plot

processes there is flotation with a constant supply of the feed
and formation of two products (concentrate and tailing). The
batch flotation can be performed without adding anything to
the flotation cell during the process, with recirculation of the
concentrate, with recirculation of aqueous solution, as well
as with water addition to keep the pulp level constant. In the
latter case, water recovery can be greater than 100% of the
initial amount of water. The shape of the entrainment curves
also depends on the velocity and time of froth product col-
lection, froth properties regulated with frother dose, velocity
of air supply, and flotation type.

The five types of entrainment separation curves can be
classified into linear (type 1), linear shifted down (type 2),
increasing with plateau (type 3), increasing (type 4) and lin-

Fig. 4 Entrainment of quartz (<5 pm) observed for 27% solids con-
tent in the feed in the presence of PPG 400 frother. After Trahar (1981)

ear shifted up (type 5). All the types will be characterized in
the following sections.

2 Types of entrainment separation curves
2.1 Type 1

A linear character of the entrainment separation curve plot-
ted in the form of recovery of fine particles &; versus wa-
ter recovery &, in concentrate, which starts from the ori-
gin of the graph, was reported by Livshits and Bezrodnaya
(1961), and later by Trahar (1981) (Fig. 4), Subrahmanyam
and Forssberg (1988b) as well by Engelbrecht and Wood-
burn (1975).

According to Warren (1985), entrainment of fines, when
recovery of particles is linearly proportional to water recov-
ery (type 1 of mechanical flotation) can be characterized
with the formula

gs=e- &y (D

where e denotes dimensionless entrainment coefficient (in-
dependent on & and ¢&,,), & recovery of entrained particles

in froth product (g5 = Eﬁjgi - 100%), €,, recovery of en-

trained water in froth product (g, = Eﬁzgi -100%), mg and
my, mass of particles and water, respectively (in mass units),
C concentrate, and F stands for feed.

Since the recovery of particles is smaller than that of wa-
ter, the values of coefficient e are in the range from O to 1.

Subrahmanyam and Forssberg (1988a, 1988b) investi-
gated the values of e for different sizes of hydrophilic parti-
cles collected in the froth product in different flotation cells.
Their values are given in Table 1.

There are many variations of entrainment coefficients e.

It results from the fact that in (1) the amount of particles
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Table 1 Entrainment

Value of coefficient e

Particie size d [um]  Source of data used by

Subrahmanyam and Forssberg (1988a)

coefficient e determined from Material

the relation e = ¢, /¢, for

different materials (after

Subrahmanyam and Forssberg Quartz 0.72

1988a) Cassiterite ore 0.85
Silica 0.99
Bituminous coal ~ 1.00
Quartz 0.10

“In the original work of Trahar Fine gangue 0.87

(1981) e = 0.72 for quartz was Fine gangue 0.78

3.5" Trahar (1981)

<5.0 Goodman and Trahar (1977)

<12.0 Engelbrecht and Woodburn (1975)

<38.0 Lynch et al. (1981)

<40.0 Engelbrecht and Woodburn (1975)
Warren (1985)

<40.0 Subrahmanyam and Forssberg (1988a)

determined for <5 um particles

30

type 2

25 |-

20 -

Quartz recovery, &g, %

40
Water recovery, c, %

Fig.5 Recovery of different size quartz particles as a function of water
recovery obtained in the presence of Dowfroth 250 frother. Continuous
flotation performed in a flotation machine equipped with flotation cell
of 30 dm? in volume (Engelbrecht and Woodburn 1975)

and water can be expressed in different units, that is in per-
cent, mass units, as streams in mass/time units. Therefore,
this coefficient is called differently by various authors. Most
frequently it is called entrainment factor (Warren 1985;
Smith and Warren 1989).

2.2 Type 2

Sometimes the entrainment presented as & versus &,, forms
a linear relationship but the line is shifted in relation to the
origin of the plot (Waksmundzki et al. 1972; Engelbrecht
and Woodburn 1975; Lynch et al. 1981). This is type 2 of the
entrainment separation curve (Figs. 3 and 5). It usually hap-
pens when the feed contains coarse particles and the height
of froth is low. This leads to separation of particles from the
froth. Smith and Warren (1989) used a linear equation to re-
late ¢; and &, adding a correction factor shifting the line
down in relation to (&,0). The relation is:

&s = f (6w — €w,0) (2)
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Table 2 Values of f and &, ¢ for quartz subjected to mechanical en-
trainment in a flotation machine equipped with flotation cell of 30 dm?
in volume in the presence of Dowfroth 250 (Engelbrecht and Wood-
burn 1975)

f Ew,0, P d, um
0.64 12.8 +41.6
0.93 7.1 23.3-32.3
1.0 ~0 —12

and consists of two adjustable parameters, thatis €,, 0 and f.
Thus, the entrainment f is given by:
Es
fo— 3)
Ew — Ew,0

where &, ¢ is the initial water recovery (in %).

Typical values of &, ¢, along with f values for quartz,
are given in Table 2.

2.3 Type 3

Another type of relation between &5 and ¢, for entrain-
ment of particles during flotation is represented by increas-
ing curves which finally reach plateau. It will be called
type 3 of entrainment separation curve. This type of en-
trainment curve usually occurs when the concentration of
frother is small and the feed contains coarse particles. Also
batch flotation, with either re-circulating or continuously
added water to keep the water level in the flotation cell con-
stant, provides such curves. Type 3 of entrainment separa-
tion curve for batch quartz flotation with water addition is
shown in Fig. 6 and in Fig. 7 for flotation with recirculation
of the froth product.

Type 3 of the entrainment separation curve was observed
by Kirjavainen (1989, 1992a, 1992b) not only for quartz but
also for chromite and phlogopite. He carried out his experi-
ments in a laboratory Denver flotation machine of 3 dm? in
volume. Similar relations were observed by Trahar (1981)
as well as by Drzymala and Hrycyna (2004). Kirjavainen
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Fig. 6 Type 3 of entrainment separation curve. Results of batch flota-
tion with water addition for —40 pm quartz in the presence of PPG
frother in a Denver laboratory machine (3 dm?®) (after Kirjavainen
1989, 1992b, 1996)
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Fig. 7 Type 3 of entrainment separation curve. Flotation with circu-
lation of froth product for (—51.2 pm) quartz in the presence of PPG
frother in a Denver laboratory machine (3 dm?). The plot is based on
numerical values of Kirjavainen (1992b) reported in Appendix D of his
work

(1989, 1992a, 1992b) proposed the following relation be-
tween & and g, for type 3 separation entrainment curves:

gy =100 — 100[exp<—1% : P)] )

Equation (4) allows to define another entrainment sep-
aration coefficient which after Kirjavainen (1989, 1992a,
1992b) can be called P:

— In 10100—OSS )
== ®)
100

where P is a dimensionless entrainment separation coeffi-
cient which is independent of ¢ and ¢y,.

Table 3 Z values for different size fractions of silica during entrain-
ment in continuous pilot scale flotation in an Agitair # 8 flotation ma-
chine (Johnson et al. 1974)

Z Particle size

0.51-0.71 0.0-11.0 pum, pulp density 17%
0.02-0.11 33.0-44.0 um, pulp density 17%
0.51-0.83 0.0-11.0 um, pulp density 17%—42%

In (4) and (5), similarly to other so far used relations, &
denotes recovery of particles in the froth product and ¢, rep-
resents recovery of water in the froth product, both in %. The
values of P for quartz, for which the results of mechanical
flotation were presented in Fig. 7, is equal to 0.52. Theoret-
ically P can assume the values from O to 1.

In some studies the plateau is less than 100% and is
called the maximum recovery (&; max). Therefore, type 3 of
the entrainment separation curve can also be approximated
with exponential equations. Basing on the report of Gulsoy
(1999) it is possible to apply an equation similar to the kinet-
ics of flotation in which time is replaced with water recovery
or parameter proportional to water recovery:

ke
&y = & max(l —exp(—l—(;é)) (6)

Such approach has a deficiency because entrainment has
to be characterized with two parameters (&5 max and k). An-
other approach was tested by Drzymala and Hrycyna (2004).
They characterized the entrainment using only &g max While
parameter k was ignored. Their entrainment separation
curves were plotted as particle recovery versus flotation
time as a parameter being proportional to &,, (Fig. 8). The
&5 max values for the investigated hydrophilic materials 40—
50 um in size after a long time of bubbling in a Mechanobr
laboratory flotation machine were: quartz 44.9%, gypsum
52.5%, sapropelic coal 99.9% (Hrycyna 1999). Mechanobr
and Denver flotation machines are similar in design but the
Mechanobr device is smaller in size.

2.4 Type 4

Entrainment expressed as recovery of particles versus re-
covery of water can be parabolic in character. It represents
type 4 of entrainment separation curves (Fig. 3). Such a
shape was observed by Lynch et al. (1974) as well as Bis-
shop and White (1976). Figure 9 presents the results of En-
gelbrecht and Woodburn (1975), who investigated quartz
and pyrite entrainment as a function of amount of recovered
water. Water entrainment was controlled either by aeration
rate or froth height.
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Fig. 8 Kinetics of entrainment for a narrow size fraction of quartz
(0.04-0.05 mm) recorded for flotation in the presence of «-terpineol
as frother in a Mechanobr laboratory flotation machine, 200 cm? cell
(after Drzymala and Hrycyna 2004)
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Fig. 9 Relationship between recovery of quartz particles and water re-
covery. The relation represents type 4 of entrainment separation curve.
Experiments were performed in a flotation machine equipped with
30 dm? flotation cell. Frother: Dowfroth 250 (after Engelbrecht and
‘Woodburn 1975)

According to Laplante et al. (1980, 1989) type 4 curve
can be approximated with formula:

100- Z - gy

T 100+ ey (Z — 1) @)

Es

where Z is called the classification entrainment coefficient
which may assume the values between 0 and 1. Rearrange-
ment of (7) provides a definition of classification entrain-
ment coefficient Z:

& 100
Z=— | ——1). )
100 — &4 Ew
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Fig. 10 Entrainment separation curves depending on the value of en-
trainment separation coefficient Z (after Laplante et al. 1989)

The plot shown in Fig. 10 resembles typical Fuerste-
nau’s separation curves (Drzymala and Ahmed 2005), which
shape is regulated by the value of parameter Z.

The entrainment separation coefficient Z can be ex-
pressed by the formula:

mass of free gangue particles
per unit mass of water concentrate

Z= ©)

mass of free gangue particles
(per unit mass of water )pulp

Frequently not Z but CF; symbol is used (Johnson et al.
1974; Lynch et al. 1974; Savassi et al. 1998; Vera et al. 2002;
Bisshop and White 1976). Table 3 provides Z values for sil-
ica determined by Johnson et al. (1974).

The shape of type 4 curves can be approximated with
many other mathematical formulas (Drzymala and Ahmed
2005).

When the pulp contains not only liberated but also in-
tergrowths of hydrophilic and hydrophobic particles, there
is a need to use modified entrainment separation coeffi-
cients. For instance coefficient X, a modification of coef-
ficient Z, has the form (Ross 1991b; Savassi et al. 1998;
Lynch et al. 1974):

(total mass of gangue particles)
concentrate

per unit mass of water
X = , . (10)
<t0tal mass of gangue partlcles>
pulp

per unit mass of water

2.5 Type 5

According to Warren (1985) as well as Smith and Warren
(1989) type 5 of the entrainment separation curve is ob-
served in flotation systems in which particles float by en-
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Fig. 11 Type 5 of entrainment separation curve for relating recovery
of water and particles. Based on Laplante et al. (1989) and Warren
(1985)

trained and true flotation. The intercept of the particles re-
covery line with the y axis (Fig. 11) indicates the recovery
due to true flotation. Type 5 of the entrainment separation
curve was reported for instance by Livshits and Bezrodnaya
(1961), Engelbrecht and Woodburn (1975), Warren (1985),
Smith and Warren (1989), and Laplante et al. (1989).

The equation (Warren 1985; Smith and Warren 1989)
which can be used for determination of the entrainment co-
efficient is:

& =&f + geu, (In
where ¢ ¢ stand for recovery of particles due to true flotation
and g is the entrainment slope.

3 Conclusions

On the basis of literature data five types of entrainment up-
grading curves relating recovery of fine particles and water
recovery can be distinguished: linear (type 1), linear shifted
down (type 2), reaching plateau (type 3), increasing (type 4)
and linear shifted up (type 5). Their shape depends on the
methodology of flotation. The plots are useful for determi-
nation of appropriate equations and coefficients characteriz-
ing the entrainment process.

Acknowledgement The paper was partially financed by Polish Gov-
ernment grant # 343 165 and 343 066.

Open Access This article is distributed under the terms of the Cre-
ative Commons Attribution Noncommercial License which permits
any noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.

References

Bisshop, J.P., White, M.E.: Study of particle entrainment in flotation
froths. Trans. Inst. Min. Metall. 85, C191-194 (1976)

Drzymala, J., Ahmed, H.: Mathematical equations for approximation
of separation result using the Fuerstenau upgrading curves. Int. J.
Miner. Process. 76(1/2), 55-65 (2005)

Drzymala, J., Hrycyna, E.: Entrainment of particles in the Mechanobr
laboratory flotation machine. Gornictwo i Geologia VII, Prace
Naukowe Instytutu Gornictwa PWr. 106. Studia i Materialy,
vol. 30, Wroclaw (2004)

Engelbrecht, J.A., Woodburn, E.T.: The effects of froth height aeration
rate and gas precipitation on flotation. J. S. Afr. Inst. Min. Metall.
76(3), 125-132 (1975)

Goodman, R.H., Trahar, W.J.: Flotation of cassiterite at the Renison
Tin Mine. Renison Bell, Tasmania. Int. Tin Symp., La Paz, Bo-
livia, Nov. 1977

Gulsoy, O.Y.: An Evaluation of the entrainment modelling approaches
in flotation. Madencilik 38(1), 13-30 (1999)

Hrycyna, E.: Entrainment in the Mechanobr mechanical laboratory
flotation machine. Master thesis, Mining Department, Wroclaw
University of Technology (1999) (in Polish)

Johnson, N.W., McKee, D.J., Lynch, A.J.: Flotation rates of nonsulfide
minerals in chalcopyrite flotation processes. Trans. AIME 256,
204-209 (1974)

Jowett, A.: Gangue mineral contamination of froth. Brit. Chem. Eng.
11, 330-333 (1966)

Kirjavainen, V.M.: Application of a probability model for the en-
trainment of hydrophilic particles in froth flotation. In. J. Miner.
Process. 27, 63-74 (1989)

Kirjavainen, V.M.: Mathematical model for the entrainment of hy-
drophilic particles in froth flotation. Int. J. Miner. Process. 35,
1-11 (1992a)

Kirjavainen, V.M.: Study on Entrainment Mechanism in Dispersed
Flotation Suspensions. Chemical Technology and Metallurgy Se-
ries, vol. 206, Helsinki (1992b)

Kirjavainen, V.M.: Review and analysis of factors controlling the me-
chanical flotation of gangue minerals. Int. J. Miner. Process. 23,
33-53 (1996)

Kirjavainen, V.M., Laapas, H.R., Heiskanen, K.G.H.: The effect of
some factors on the entrainment mechanism in froth flotation.
Preprints of the X VII International Mineral Processing Congress,
Dresden, FRG, vol. 2, pp. 217-226 (1991)

Konopacka, Z.: Investigation on particles entrainment in flotation.
Ph.D. thesis, Mining Department, Wroclaw University of Tech-
nology (2004) (in Polish)

Konopacka, Z.: Mechanical flotation. Oficyna
Wroctawskiej, Wroclaw (2005) (in Polish)

Laplante, A.R.: The effect of air flow rate on the kinetics of flotation.
Ph.D. thesis, University of Toronto (1980)

Laplante, A.R., Kaya, M., Smith, H-W.: The effect of froth on flota-
tion kinetics—a mass transfer approach. In: Laskowski, J.S. (ed.)
Frothing in Flotation, vol. 5, pp. 147-168. Gordon and Breach,
New York (1989)

Livshits, A.K., Bezrodnaya, R.M.: Velocity of entrainment of wa-
ter and solids to froth product. Cvet. Met. 11, 14-16 (1961)
(in Russian)

Lynch, A.J., Johnson, N.W., Manlapig, E.W., Thorne, G.C.: Mineral
and Coal Flotation Circuits—Their Simulation and Control. Else-
vier, Amsterdam (1981)

Lynch, A.J., Johnson, N.W., McKee, D.J., Thorne, G.C.: The behaviour
of minerals in sulphide flotation process with reference to simu-
lation and control. J. S. Afr. Inst. Min. Metall. 74(9), 349-360
(1974)

Maachar, A., Dobby, G.S.: Measurement of feed water recovery and
entrainment solids recovery in flotation columns. Can. Metall. Q.
31(3), 167-172 (1992)

Politechniki

@ Springer



320

Adsorption (2010) 16: 313-320

Ross, V.E.: An investigation of sub-processes in equilibrium froths. II.
The effect of operating conditions. Int. J. Miner. Process. 31, 51—
71 (1991a)

Ross, V.E.: Comparison of methods for evaluation of true flotation and
entrainment. Trans. Inst. Min. Metall., Sec. C 100, C121-C126
(1991b)

Ross, V.E., Van Deventer, J.S.J.: Mass transport in flotation column
froths. In: Sastry, K.V.S. (ed.) Column Flotation. Proceedings
of an International Symposium SME-AIME Annual Meeting,
Phoenix, Arizona, pp. 129-39 (1988)

Savassi, O.N., Alexander, D.J., Franzidis, J.P., Manlapig, E.V.: An em-
pirical model for entrainment in industrial flotation plants. Min.
Eng. 11(3), 243-256 (1998)

Smith, P.G., Warren, L.J.: Entrainment of particles into flotation froths.
In: Laskowski, J.S. (ed.) Frothing in Flotation, pp. 123-145. Gor-
don and Breach, New York (1989)

Subrahmanyam, T.V., Forssberg, E.: Froth stability, particle entrain-
ment and drainage in flotation—a review. Int. J. Miner. Process.
23, 33-53 (1988a)

@ Springer

Subrahmanyam, T.V., Forssberg, E.: Study of particle entrainment in
flotation with different frothers—the case of copper ore. In: XVI
International Mineral Processing Congress, pp. 785-795. Else-
vier, Amsterdam (1988b)

Trahar, W.J.: A rational interpretation of the role of particle size in
flotation. Int. J. Miner. Process. 8, 289-327 (1981)

Vera, M.A., Mathe, Z.T., Franzidis, J.P., Harris, M.C., Manlapig, E.V.,
O’Connor, C.T.: The modelling of froth zone recovery in bath
and continuously operated laboratory flotation cells. Int. Miner.
Process. 64, 135-151 (2002)

Waksmundzki, A., Neczaj-Hruzewicz, J., Ptanik, M.: Mechanism of
carryover of gangue slimes during flotation of sulphur. Trans. Inst.
Min. Metall., Sec. C 81, C249-251 (1972)

Warren, L.J.: Determination of the contributions of true flotation and
entrainment in batch flotation tests. Int. J. Miner. Process. 14, 33—
44 (1985)

Wojcik, W., Waksmundzki, A., Chibowski, E., Czarkowski, H.: En-
trainment of slimes in coal flotation. Przem. Chem. 52, 826-828
(1973) (in Polish)



	Types of particles recovery-water recovery entrainment plots useful in flotation research
	Abstract
	Introduction
	Types of entrainment separation curves
	Type 1
	Type 2
	Type 3
	Type 4
	Type 5

	Conclusions
	Acknowledgement
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


