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ABSTRACT

AU P {

Spherical, submicron particles of zinc sulfide were homogeneously
precipitated by thermal decomposition of thiocacetamide in acidic
aqueous solutions. Rate of sulfide ion generation, determined by
various combinations of temperature, pH, and initial concentrations
of zinc ions and of thioacetamide, as related tc particle growth
rate had the paramount effect on the particle size distribution.

Monosized, bimodal or narrow size distribution powders were

obtained under certain combinations of experimental variables.

R
Particles were found to be porous agglomerates of ~10 nm sphalerite

crystallites. Particle growth was determined to proceed through

diffusion-controlled aggregation of crystallites.?<lsﬁu)0r QEA"IZW@\u\.&
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INTRODUCTION
< N .
- . o r“
—%inc sulfide is an attractive infrared wfndow material as it
]
‘5 possesses good IR transmittance in the 8-12 Eﬁjrange as well as
high melting temperature. When a polycrystalline material is used

for applications such as this, a uniform final microstructure is

g _ N ineq%ﬁk, Although starting powders consisting of spherical,

% S submicron particles are normally considered desirable, there is no

. general agreement as to whether particle assemblies with a narrow

'g or a wide size distribution are more preferable for achieving a

o theoretically dense uniform microstructure. It is well known that

:_ random packing of particles with a size distribution yields denser

% green compacts than do monosize particles. On the other hand,

ﬁn monosize powder assemblies are believed to sinter more uniformly

t; and so result in a more uniform sintered microstructure. Ability

W

§~ to control precipitation variables in order to yield reproducible

?‘ ceramic powders with spherical, submicron particles having a

) specific type of particle size distribution in sufficient

o)

?S guantities is . a prerequisite to the understanding of variables that

'f influence packing efficiency and uniformity of initial and final

microstructure.

Sﬁ Zinc sulfide has long been prepared by a variety of methods,

Q: including gas phase, solid/vapor and aqueous solution reactions

': (1-5). Chiu (3) was the first to prepare monosized, spherical

;‘ particles of sulfides of several metals including zinc. His

ﬁ: procedure involved complexing zinc ions with EDTA followed by

,; precipitation by bubbling H.S gas through the solution. A mean

]

§$ particle diameter of 0.2 um was obtained employing very low zinc |
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ion concentrations (<10-3M). Later, Wilhelmy and Matijevic (4)
employed thermal decomposition of thiocacetamide (TAA) to prepare
micron-sized spherical particles by aging the reaction mixture

5 several hours using a two step procedure. Williams et al. (5)
E employed the same technique to prepare monosized, spherical

particles of ZnS about 3 um in diameter. In this case, however,
X the critical nuclei appeared as faceted single crystals rather than
\ the spherical, submicron "seeds" observed by Wilhelmy and
Matijevic, and the resulting powder was a mixture of sphalerite
(cubic) and wurtzite (hexagonal) phases.

The main objective of this work was to investigate the

influence of experimental variables on the morphology of the ZnSs
? particles produced by thioacetamide decomposition and to understand

K the mechanism of particle formation.

D - - -~ - ~ - - -~ - - - - .
&z rr o A A A A A A T T T A T R _‘-r.&-f'._-r."- AL LY AN SRR CLAAC CE TN S PR
[ada »'¥ g A A% a Dol ol Eha gty ol alL aPl Ll o B Ly offl . aliy st ald ! - aa Bl B L ag ) Lol aChs afSL B L atl

x b v e e
.

SN SRR

R S rL LD
ool

A8 el

OO

A XA

PP A AN
Xt O ”

Sy N

5 2y W



I T T S VAT A A S MNP

o pe agYata® Ha® P 5t 8T 0 ath ot a1 2 2 a0 et QYT B ol £ 0of Tal al tal pt.Bat Sal a8 R0 Bad i) Sat b cayicq® tat gl nl tal a¥ tet  avocal.’ acata’ .'J.. “pg 4

EXPERIMENTAL

A. Materials: Reagent grade TAA (99% pure) was supplied by
Aldrich Chemical Co. All other chemicals, used in this study were

Fisher Reagent grade and were used without further purification.

B. Precipitation: A stock solution of zinc ions was prepared by
dissolving Zn(NO;)-*6H.0 in deionized water and then filtering
through 0.1 um cellulose nitrate membrane filters to give a final
zinc ion concentration of 1.56 M. An 8.3 mL aliquot of this stock
was transferred into a beaker and nitric acid solution (0.1 N or
0.01 N) was added to bring the total volume slightly less than 250
mL. The solution was heated to reaction temperature, the desired
amount of thioacetamide was added and final volume was brought to
250 mL. The beaker was then immersed in a water bath at the set
reaction temperature. After a certain period of aging, a bluish

tint in the solution was judged to indicate the onset of

precipitation. The time interval necessary to induce the change in

the solution color was recorded. Thirty milliliter aliquots were

collected and quenched to 15°C periodically after precipitation had

started. A number of combinations of experimental variables were
investigated: Aging temperature of 60, 70, and 80°C were employed.
Initial thiocacetamide concentrations were varied to give
[TAA]o/[Zn], ratios of 4, 8 and 16 for pH = 1 and pH = 2. Initial
zinc ion concentration [Zn]., was held constant at 0.05 M in all

experiments.
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C. Characterization: The change of particle size distribution
over time was determined by a centifugal particle size analyzer
using a portion of 30 mL aliquots collected at various times during
the aging process. The remainder of the aliquot was centrifuged at
5000 rpm for 30 min. and the recovered precipitate was washed once
with deionized water and once with acetone. A drop of suspension
in acetone was placed on an aluminum foil and dried .»r observation
of morphology by SEM. Selected area electron diffraction patterns
were obtained to determine structure of individual particles. X-
ray diffraction spectra of the powders were also obtained to
determine crystallite sizes and phase purity of the powders.

Specific surface areas of the powders were determined by a single

point BET method using a N.-He gas mixture.
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RESULTS AND DISCUSSION

A. Determination of critical supersaturation:
Homogeneous precipitation of zinc sulfide by thermal
decomposition of thioacetamide in acidic (pH < 3) aqueocus solutions

proceeds as follows:

HL,0*
H,S < HS— + H,0* K, = [HS-][Hs0*]/[H.S] (2)
HS- < S= + H40* K> = [S=]{H30*]1/[HS™] (3)

Swift and Butler (6) had studied the kinetics of TAA decomposition,
the rate determining step, and found a rate expression of
d[TaA]

= k[Ha0+][TAA] (4)

dt

For the rate constant, k, an Arriienius ctype expression was found
with a pre-exponential factor of 6.58 x 10** L.mole-*.min~-* and an
activation energy of 79.87 kJ.mole~-*. The total concentration of
sulfide species at time t can then be touiid by reccgnizing that
[TAA]o~-[TAA]:. = [Sleocasr = [H2S] + [HS-] + [S~] and integrating

equation (4) from t = 0 to t = t to give:

[TAA], (1 - exp (-k[H50+]t)) = [H,S] + [HS-] + [S~] (5)

Combining equation (5) with (2) and (3) yields:
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[H30+]2[S=]  [H.0°*][S-] R
[TAA].s (l-exp(-k[H50+]t)) = + + [S=] (6) .
K.K- K.

‘o ol S

or, equivalently stated

- .

[TAA]. (l1-exp(-k[H50+]t))
(571 = (7) :
[H530*]2/K,K> + [H20*]/K. + 1

X p
R Accurate thermodynamic data are available in the literature for the ;
I P
! dissociation reactions of H.S and the formation of aqueous sulfide »
\ species at room temperature (7). Assuming that AH° and AS° are g
) ~
! constant over the temperature range studied, values of K,, K. and >
) ~
. solubility product K., for zinc sulfide at any temperature can .
. easily be calculated. Expressions for these constants were i
L calculated to be: 0
X

. K, r = 8.71X10-% exp (-5404.80/RT) (8) N
d "
. N
v N
; ~
N Ko.,r 5919.46 exp (-24195.56/RT) (9) k.
-

Kep.r = 2.30X10-2° exp (-17575.45/RT) (10) -

>

: . . '

: where R 1s the gas constant in Joules per mole per degree Kelvin. !
g Using this information, the relative supersaturation at any time t, o
! which is defined as S
) )
D kY :

»
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L) K, )
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can be calculated for any combination of T, pH and initial
concentrations of TAA and zinc ions. Figure 1 shows the variation
of S with time for various combinations of experimental parameters,
assuming that no precipitation occurs. Alsc indicated on these
curves are the times at which precipitation started with
corresponding values of critical supersaturation for that
particular combination of experimental variables. The value of
critical supersaturation for nucleation remained more or less
constant around 8.5 in each case. This value of critical
supersaturation found is an order of magnitude less than what
Williams et al. (5) report. The difference arises mainly due to
differences in the K., values used. Williams et al. used a K., of
4.8x10-22 at 75°C whereas we estimated a value of 2.13x10°2' at the
same temperature for cubic ZnS. All other constants used were of
the same magnitude. Another contribution to the observed
difference may arise from a stronger interaction between Zn** and
the S0z ions in the solution which they have employed as a
supporting anion as opposed to the NO3 in our study. Our
experiments using sulfate salts showed a strong effect of S03

ions on the precipitation kinetics (8).

B. Effect of sulfide ion generation rate on particle size
distribution:
Although the absolute value of relative supersaturation at the

time of nucleation remained constant for various combinations of
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experimental parameters, the time needed to reach the critical
relative supersaturation varied over two orders of magnitude. The
reciprocal time to reach critical supersaturation is related to
sulfide ion generation rate in the solution, and we have defined it
as the 'rate-to-nucleation’ for the context of this study. Table 1
gives the rate-to-nucleation for several combinations of
experimental variables at [Zn], = 0.05 M. Rate-to-nucleation had
the paramount influence on the particle size distribution of the
powders. Rates higher than 0.250 min—!' was the range where most
variability in particle size distribution was observed

Figure 2 shows an electron micrograph taken 180 min. after
precipitation had started for run #2 (pH = 1, T = 60°C, [Zn]o =
0.05 M and [TAA]l./!Zn]., = 8) corresponding to a rate of 1.41x10"=
min-*. Formation of the particles was first observed after 70 min.
Growth of these particles with time is given in curve 'a' of Figure
3. The drop in the mean particle size for this run at 180 minutes
is a result of formation of a second generation of particles, as
may be observed in the electron micrograph of Figure 2. Similar
bimodal size distributions were observed for rate-to-nucleation
values of up to 0.250 min—*, with higher growth rates, as indicated
by higher slopes of curves b and ¢ in Fiqure 3, and shorter times
for formation of second generation of particles, as demonstrated by
the shift of maxima toward shorter times.

At least two plausible explanations can be offered for
observing two generations of particles. First, as the initially
formed particles reach a critical size (typically zlum) where

they can settle out of the solution, a new generation of particles
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Table I - Variation of rate of sulfide ion generation with various combinations
of experimental parameters.

Run # Temperature (°C) pH TAA Zn Rate to Nucieation (min-*)
1 60 1 4 6.6x10°3
2 60 1 8 1.41x10-2
3 70 1 4 2.70x10-2
4 70 1 8 5.88X10-=
5 70 1 16 1.11x10-2
6 70 2 4 0.250
7 70 2 8 0.500
8 70 2 16 1.00
9 80 2 4 1.50

10 80 2 8 2.00
11 80 2 16 4.00
9
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may form from the solution. Secondly, if the rate of sulfide ion

formation is slightly larger than the rate of its consumption in
the growth process, a build up of excess sulfide ions may result in
formation of a second generation of particles. The first mechanism
does not appear to be likely as calculations based on the limiting
size of first generation particles show that settling times are
approximately the same as the total aging time.

At intermediate rates, such as 0.250 to 1.00 min—*, the
population density of first generation particles is high enough
that growth of these particles can maintain [S-] low enough to
prevent formation of second generation particles and hence monosize
particles are obtained. Figure 4 shows micrographs of precipitates
for run #7 at various precipitation times. The precipitation was
completed (~100% recovery), in approximately one hour with a final
mean particle size of about 0.5 um.

At still higher rates-to-nucleation (specifically at aroun”
1.00 to 1.50 min—*), a bimodal particle size distribution was ac in

obtained, with larger particles (first generation) having a mean

>4
size of about 0.6 um at the end of precipitation. A scanning "
A

electron micrograph of such a sample is given in Figure 5. .
A

Observation of bimodal size distribution at high rates supports the "

earlier paradigm that second generation of particles is a direct

.o

consequence of growth rate not keeping up with the sulfide ion
generation rate, resulting in a net sulfide ion build-up in the
solution.

Beyond a rate of 1.50 min-*, a continuous distribution of

particle sizes was obtained as shown by the electron micrograph of }

10
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particles obtained for run #10 in Figure 6. As indicated
figure, particle size ranges between 0.2 and 0.5 um and

distribution is continuous.

C. Mechanism of Particle Formation and Growth:

Specific surface area values for a larger number of samples
were found to be around 50 m2/g. This value of surface area is
much higher than the value of 4.87 m2/g expected for a monosize
powder having a mean particle diameter of 0.3 pum, and corresponds
to an equivalent spherical diameter of about 29 nm. The apparent
discrepancy between the observed mean particle diameter and the
equivalent spherical diameter, calculated from specific surface
area value, can be resolved if one assumes that the large particles
(~0.3 um) are extremely porous oOr are collections of much smaller
(~29 nm) crystallites.

A transmission electron micrograph and selected area
diffraction pattern of a monosize powder are shown in Figure 7. As
the figure clearly indicates, the spherical particles are actually
agglomerates of about 14 nm crystallites which the diffraction
pattern shows to be sphalerite. An independent determination of
the crystallite size was made with the x-ray diffraction line

broadening technique. The crystallite size was found to be 13 nm,

in reasonably good agreement with the values obtained by surface

area and TEM observations.
Alternatively, one can estimate the size of the nuclei that
form during the precipitation using a modified form of the Kelvin

equation (9):
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RT ayg 2
M a pr™

where af is the activity of the ions in equilibrium with a
nucleus having a critical radius r*, a is the activity of ions in
equilibrium with a macroscopic crystal phase, Y is the interfacial
tension between solid and liquid phase, # is the density of the
solid, M is the molecular weight, R is the gas constant and T is
the absolute temperature. Comparison of this equation with
equation (11), and assuming that the activity coefficient is unity
and that the ionic strengths of the solution in equilibrium and in
supersaturated condition are roughly the same (10), gives

RT 2Y

2 — 1n S = (13)
M pr™

Using this equation and substituting 1.672 J/m2 for (for the
{100} face of sphalerite) and a density of 4.10 Mg/m23, the critical
nucleus size at a relative supersaturation of 8.5 is found to be 13
nm, which is in excellent agreement with the crystallite sizes
determined experimentally. This implies that the nuclei, once
formed, do not grow significantly and growth of spherical particles
occurs through agglomeration of 13 nm size sphalerite crystallites.
The agglomeration time necessary to reduce the population of these
crystallites by half is estimated to be less than one second
assuming no barrier for agglomeration. Since the precipitation was
carried at low pH near its isoelectric point (4), agglomeration is

likely to proceed quite rapidly preventing growth of individual

nuclei.
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A straight line was obtained when the diffusion chronomal,
I,. was plotted against time for particle growth of monosized
powders for run #7 (Figure 7) indicating that the growth was a
diffusion controlled process (11). Diffusion coefficient, D, is
proportional to the slope of I, versus t plot and estimated to be
about 10-% cm2/sec, which is about an order of magnitude less than
that of ionic species in aqueous solutions. Such a low diffusion
coefficient confirms that the growth of the spherical particles
proceeds by diffusion of crystallites througﬁ the depleted aqueous
layer. Similar observations were reported by Bleier and Cannon
(12) for formation of uniform m-Zr0, particles and by Edelson and
Gleaser (13) for spherical TiO, particles.

Formation of monosize particles at moderate rates may be
explained in light of the above agglomeration mechanism. If the
rate of crystallite generation is comparable to that of diffusion
of these crystallites to deposit on the growing agglomerate, then
the agglomerates will grow uniformly to produce monosized
particles. If on the other hand, the crystallite generation rate
is higher than the diffusion rate, then the population of these
crystallites may reach a critical value at which second generation
of particles forms, resulting in a bimodal size distribution.
Figure 8 shows schematically the formation mechanism for bimodal
size distribution. Figucre 8a represents the formation of
crystallites in the solution. High concentration of crystallites
result in agglomeration of nearly uniform size spherical particles
as predicted by estimated agglomeration rate (Figure 8b). Broken

circles around each agglomerate represents the aqueous layer with
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depleted crystallite concentration. Since the sulfide ion
generation rate is considerably high, a large number of new
crystallites form throughout the solution. Crystallite population
outside the layer builds up while those crystallites that form
within the layer contribute to the growth of agglomerates (Figure
8c). As soon as the crystallite concentration outside the layer
reaches to a critical value, a second agglomeration event takes
place, resulting in a second generation of agglomerates which are
smaller than the first genération as shown in Figure 8d. A very

high percentage of crystallites forming afterwards is consumed in

the growth process due to the large number of growing agglomerates.

Depending on the sulfide ion generation rate, it is possible that
multiple agglomeration events may occur resulting in a wide

particle size distribution as is shown in Figure 6.
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CONCLUSION

Formation of uniform spherical particles of ZnS was
investigated, with primary consideration being given to the
influence of experimental variables on the morphology. It was
determined that nucleation starts at a constant supersaturation
level of 8.5 for a number of combinations of experimental
variables. Type of particle size distribution was found to be
controlléd by the rate at which this critical nucleation event is
reached (i.e. the rate-to-nucleation), irrespective of the value of
the individual wvariables. Furthermore, rate-to-nucleation was
determined to be significant that the nucleation is primarily
controlled by the rate of sulfide ion generation at constant zinc
concentration.

The mechanism of particle formation is believed to follow a
two-step process with the formation of nuclei of about 10 nm size
then aggregation of these crystallites to form spherical particles
consisting of clusters of about 0.3 to 1.0 um size. The type of
the particle size distribution was controlled by two competing
processes, rate of sulfide ion generation and rate of growth of
agglomerates. Spherical submicron ZnS powders with desired size
distribution were produced reproducibly by controlling the rate of

sulfide ion generation.
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FIGURE CAPTIONS

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1.

Variation of relative supersaturation S with time for
various combinations of experimental parameters with

(Zn], = 0.05 M and

a) pH = l, T = GOOC, [TAA]O]/[Zn]o = 4
b) pH = 1, T = 60°C, [TAAl.]1/[Zn]l. = 8
Cc) pH =1, T = 7O°C, [TAA]O]/[Zn]O = 4
d) pH = 2, T = 60°C, [TAA]l.]1/[Zn], = 4

Values of critical supersaturation are also indicated
for each case.

Scanning Electron micrograph of particles obtained (with
experimental parameters pH = 1, T = 60°C, (Zn]. = 0.05 M
and [TAA]./[(Zn]o = 8) 180 min. after precipitation
started.

Variation of mean particle size with time for pH = 1,
[Zn]o = 0.05 M and a) [TAA]./[Zn] = 8, T = 60°C.

b) [TAA]./[2n] = 4, T = 70°C c¢) [TAA]./[Zn]ls = 8,

T = 70°C.

Scanning electron micrographs of particles obtained with
experimental parameters being pH = 2, T = 70°C, [Znl,
0.05 M and [TAA]lo/[Zn}, = 8. a) 5, b) 10, c) 15, 4) 40
mins. after precipitation started.

Scanning electron micrograph of ZnS particles obtained
under the conditions pH = 2, T = 80°C, [Zn]o, = 0.05 M
and [TAA]l./[(Zn]ls = 4.

Scanning electron micrographs of ZnS particles obtained
when pH = 2, T = 80°C, [Zn]s = 0.05 and
a) [TAA]lo/{Zn]l, = 8, b) [TAA]l./[Zn]l. = 16.

Transmission electron micrograph of sample given in
Figure 4b and selected area diffraction pattern of the
particles.

Schematic diagram of mechanism of particle formation and
growth for a case yielding a bimodal size distribution.

13

e R e A A A T A e e e T e e A A T e N S e

Tl Ay i



li

-

- -

-

s e N
PN N )l. [

7
5%

a =
o
— -{O
[q¥]
- 12,
=
wl
o=
- -t O
— -
- -
(V]
| | ] | o
w o Vo] o O o o o
— — (Vo) <t N
NOI1VYNLYS FAILVIIY NOILvdNLlyS 3JAILVIIY
= S
(e
— e =]
o~
— -8
g
"
o=
— o
—
- 3
i | | o
NOILWYNLYS 3JAILYT3Y NOTLIVINLYS JAILY 3N
AR LRGN e e O e D e St

Celikkaya/Akinc

Figure 1

ﬂAU-.'Dl' PROLD Eia iy 40 Dy M taR Rl Py
J
.

-

S 5 Sr Sy i !

i

W NCW W E_»

v .



K

- oo AW -

08 Sa8, %0500 *al. Sal"

L

Figure
Y o
s % 8 Vo ¥

2

[ ¢

G

At B 4% A% ¢ 8 p 4%

Celikkaya/Akinc

NSNS

- -

'Y,

G N AN N

ho

At

To 059 070 070,006 A BU R0 § V0 0,0 0t ot gl 0yt I a7 fnh Bt Bt ot byt

ot
(

R T T )

A e Y}

LA

[~ {ff’ff "~

X
XY _®_3 ll‘

x

3%

L e
A



A A A0 A" Ata At pie I

.
¢

1
’

.“/)_

2.0

MEAN PARTICLE SIZE, um
o n
1 I

i
(]
o

|

o 0.0 | L |
) 0 50 100 150 200
TIME, min

) .

[ SN -,

-1

yrLd

J .

2 Figure 3 Celikkaya/Akinc
v

o

[ ]

S dd)

- - L L TG A A D T T T e Y A PR e s gl T
AN AT SR ACN ..‘v."...l‘\ A e WA e TN B 1Y e v \" “ o "_.“l"



ry
i at

g vy

"5.4°8,8' Saf 0o

4,

oM et

PR
4

oUTHY/eARYHTT3D

oL e AP r
s P

p 2anbtg

wie e &

A

A
"~ 4
-
4
X,
o~
>
L4
»
s
2
s
S
»r
o
”




P S Y Ty T T S T U o Ty S T S M TS s W R N SO O SO s R T

- e NN

i & LJ.".& Lo

Figure 5 Celikkaya/Akinc

b "
\

)

]

V.

» & L-J.')}J

x

_‘f‘(v-

A 0 AY

""' L R LR w4 L2 3 L W A Wy W o T A PE S P A U A A R T ) . . )
0 : T A L A T rh VLR TR e T ST QT R AL W LU W VLA R AL LI KR VAT RN A



"?f‘f 090,00, cW 4t dad" AT A Al Y 1 g a1 Gl B 0k 0 8 48" 0t 06000 4,0 696,008 i R g bt WY ...
[y - '
: It
b} i
" .
- %
N e
f
¥ -
()
"
+
L]
) -
A.
1
X .
* .
. .
el
¥
P
3
; ~
f
}
p -
K -
y A
-3
j .
K -
v K
X N
Y ~
L
%]
{
»
» q
) 4
\J
' 2
)
’ L]
w
; ~
J ~y
. . . ~
\ Figure 6 Celikkaya/Akinc 5
J\
1 N
b \
N ~
} -/
'.
¥ Ny
" t
N
i &
U

1

B e ot e A S s



. l;‘:i" \‘..1 » ] . ¥ '\I'. v fat .0 l‘ ".‘ 4 5 ." A " "U‘i ¢ ‘. >, o e - - i \ 9, " " ‘ _ . v 1 ‘N“ N M o ‘ ! 2 . ™R '
[
5 . t
! A
'
.
lﬂ
! LS
¢ .
t
A "
: L}
A: '
o
N )
! 3
b
1 hy
)
= ,-.
= -
- v
d ‘
» '-
1)
N
4 .
s ':‘
8] ;
$ b
" g
v -
S A
- -
& -
L]
b
-
o
-
(3!
e
W1
(0 vy
Id
o
s A
.. ’
{ ]
Y -
n =
N
y d
1 Y.
)
L r
]
Figure 7 Celikkaya/Akinc ‘
A ol
:
' K
K'
[ »
d 3
Ry
Al \
K y
¥ h \
[ Y,
D -‘
3 "
D
|}

; . - 3 . T - s " ,, " - PO 0L - W A W Y
e A A A R s A AL A O/ AR RS S



> goo

v

B KN RN R ISR

R 5 v o - g f
TEe e - iy R LA LXAS TV AL T oy ooy, . - ||- .t‘.
- ! - i S A N ; ) v = i ,\ ‘
h ST AT S " ?«Jl‘ -N\Q\l “ TN SN A P Als
.Hf-4
. OUTHY/eARYNTTSD g @2anbtd
.“J
"
¥ — .-¢‘
! “ 7 ! nm s ! I N p -~ A3 .-
.meuv\ N J»/UM\%WWM@{ c/m@«%: u@V@ ' od SRV ,4 '
/~\ // “ WG ? N \« \ld :u\ 0 \ W&& \ % ~: i .,.o/or Y n...-
ANG 4 e c @\ N@JL //|\o SRy an NP ”...

X /a/u\_.\l/ // .- \00 ¢ ]
w Jy ' 6~~~ 0/ odia \No @ mwt,_\ )0
" 7 A % 5
SERC LI TN CNEE AN
o I IR Y > 2 \ ! // i _u\ o o A
\ — /r > ﬂv N~ n J»-u g« 0~ 3 1 R
. o = K -— [V T o -
R TN DR EEe R
3 T _— pas e ¢ +0 o) Q“ o“
FE LN SR N
bl T3 N S g 4
N / S-S0 N X // /\A Nv I \mv,m, NP X
s .N : 4 ~. c@c\, PO 14 ouf%ﬁ\.f SN ’
g+ B g SR e
! L//« A \ N 4 w\o// — ,/ o A \V Y N
/ \ ~ I..”\ — J // ~ /T_JC * 0 3 : “.T; \ . \‘--
> Rt %%JO Yo~ Qlﬁ% W?W& v @ g0 © C/. \O ‘/ \.th \ 0o ﬁiﬁw O~ - 4
n - 0 G T o T2 c / ; = 00 3~ %0n\ WP r g° .W .,
N 7/ = 3\. [ @ | o /e@% o 09 :cu IR N a o ‘-
4 af ohﬁﬁ./ ~ 7 0\ /7 s P LI o . C oo o D o ¢ o P 4 .
[ \ ~n o] o e \ w: /O/ ~ 9 o O oy, 053 o 0 oe e CI 336 o o e
n .~ - ~ o n.n% cac @ 70 " o P o0
/ o 0o | n . ° a
o /o, / o nw, ool gl oo g ™ oo Jou aoan a
s o | e / o 2 R e A e L e Yo ©
[ 44 \ &y 0/ At V >~ 5 N_ |90 q20 o 0 I © ¢ @ 4 Qo:l &
A -~ 7 _ O\QY/ a | @ U, o M, g ¢ S o n
\ / . O O/ p o |\ &% o [- I, r o o _.-_ " o ! :no:oa N n 3
*7n 7N 2] -~ Qo o 0o 16V g R o Y% e no
<
a © o .Oww/\/ 14 va 3 \\//D ve Vo Yoo v & oo 60% co . :c
— /3, [ an /af_ o 2! o, H 6 6, 0 D g gv 0 o 0 ¥, 00, o,
a A/ oAy v \ [¥$81e} ' Voo S o no i) % a0
mnr. a ~ o Pe} — A a ./ ,\ < o aoc s I o o . @ 0 o o
LN o N _ N g 3 "Talwe fe, " "o ean0 0 0O
o] - N — \ N o v o R o o 5 0Ot
N /\Q \ / o \%._. \ / o NIPRAFN :: o QO.JQ o o ©°, c: o O
Wy ) oo o_.?ﬁmww o .\ \,ﬁ_ﬁw@_ o Lo CoL e oo f .00
= \ /0 o= "0 o, e e I Q@ g 07
R N - N n , v o 0 o &)
WA NI [omg) & F ND o 02990 %6 B0 0 0 o %00
4 N\ \ ¢ o 0 - > , o O ] a ©
\ (8] a 2] o

]

s e g B W N 2R A S ANy




G
-
s
b
-
A
!

)
-
P
»
-

»
.
-
-
K,
-
-

*
.
-
&
o

1
»
¥
-
K
»
.
2

]
v
K

s
.

L]

B

b |

B

P

X

B

b

=

K
TR
P .
4

b
o

21670 1¥ ‘aduapyaoayd
LI7s1aayuf] umoag
Juawisedaq A1isjwayy
PTOM *V *aq

SSSE6 VO ‘e euru
193u3) suodeay TeAg
Y68t apc
S¥31eH ') *Q "2

9€120 VR ‘weyaten 70891 vdaied Liysiaajun
peoy UBATAS O qeT ydIeasdy STetIIITN  Q9C16 VI ‘SH2Q puesnoy
§37103830QE7 319 °AJUN 21BIS BUBA[ASUUD] SOTY SO oujmed g4(
Sopoyy ‘M ‘1@ Jayssay ¥y *2Q G801 xog °Q°
TPUOTIPUIAIUT []AMYD0
Iaaey *y *a

Z0891 vd'3ied L31ys1dajup
*ajuM 23PI5 vTuBATASUUAg
qe] ydieaeay sler1aiey
2ITUN M *aa

€58%1 AN ‘Edeyll 10Z€% HO ‘snquniod
A31813ATUN T13U10) gqe’] snqunio) B[T2IIeg
juamiieda@ Sujadaujduy  KLBoyouyda] sserHysoImEIL) Z0B9T V4 NIed A3y8a3Atu
pue 3dudYd>S STPIIFIER BUTTI9H *d °1d °ATUfl 23B1S EIUBATLSUUD
ﬁmx\.x *aq Juawizedad Ly3symay

Koijjoan *9 *1

CL1T0 YW ‘vorRuixan
120315 futads 1gq

ATAd YoI1E3S3Y° 0] uoayyfey
uosyIsnl *§ °iQ

01890 1D ‘£anqueq

peoy s1yByeH 133sOOM 00[
Auedwo) 1amy3-ujniad %2006 VO ‘s31afuy so
BIJ0IY3N °X *2d V1 ‘BIUIOJTTED jo “aju
juamiiedag Bujassunydul

Pue 2DuU3YOS sTRIIAIM
uung *g 3

01807 W ‘13ineq 0S9%1 AN ‘12383yd0y
peoy suyydoy suyop peoy aa018m13 106
qe so1sAyd patiddy aygsnieieddyiuverdadoymey
3doal *M cay fuedwo) sepoy uewmjisey

991 udwizedag
aaannd *D uyor ¢iq

L1148 WN 94V puey3zyy
AUV /MY
UTIIEW °f *Q *SK

£060Z G ‘Sutads 1aaTyS
Kio3je10qeT YBO SITUM
1139v0dean adejang yeaeN

L0RSE TV ‘a1TTASIUNY
1€8 @pod‘ Lwyel *5 *1 "ag

Teuasly auolgpay
*Pw) BTISSTH AWIy *§°n
L1133 21BQ *2qQ

81%SS NR ‘sTrodeauuyy
2ay2g A3o70Vyoa) Q99!
009z-$9 Nw *3da

€1€07 20 ‘voiBuyysen
qQB7 yd1PISIY TEAEN
0Z£96 VO ‘Kayayiay 09t 9 apod yo1easay
AataRaag *JyTeD 3O °*ATUD 8IM3T *N °Q *aQ pug sw318LS y[r1amAauo
Juamizedaq £13197Way) 20891 vd‘wiwd Li1ysiaajupn XOD *y °f *3(
Ad>e38 *y *1Q *Ayu)) 2183IS eYUBATASuUUd] 9976/, X1 *seyteq

qe U3 IS s[BTIINEK 9%7099 *o§ *0 *d
ouelued *J *iQ 83U3WNIISU] SeX3]

A3307Y *4 *ag

L€909 M1 ‘o8eoty:
ofedy1yd jo Laysiaayul
Fuamaedaq Aiisyusy;
1313pang L *a(

SSSE6 VO ‘aveT euryy
133ud) suodeay TeAEN
768€ 3po)

zjaemyds *M Yy *ag

L08SE TY *ayTiasiuny
Teuasly duol1spay

*Ppm) STTSSTR AWIy *S°q
Aqswi0 °d W

#6880 N ‘Aemeiedsyyd
606 xog *0°d
£31ysaaatun siadany
BuyiaautBul jyo aBayro)
10761 vd ‘eyydTapeTyud Uyd1easay SOJWRA3DI0J*11)
G668 xo08 0 °d uyary *n esyq caq

0) 23132273 (eI2Ud)
QUeRFsnN *S caq

66807 R ‘Bangsiayiyes
Spiepuels§

jo neaing jeucyiv}
f13sTwayy [eanidniag
18pea] dnoas

Y2o1g *§ *aq

pueTSug

Sdf YTYM “SON0OM

‘uraaTel 18319

PEOY SMIIpUY °*1g
Juawysy1qeIsy

aepey pue syeulyg yekoy

$ESE6 VO ‘aneT euryd
afeaes *r °ag

1231u3) suodeam TeaeN 8%%ZZ VA ‘uaadyyeq
#SRC apo)y 11)suodeam ddeyang TeaepN

STTYH *3 °*W *aqQ €29 apo)
uouderyg *D *ag

09€16 VO ‘syep puesnoyl
S801 xog *0°d

13103) 2JUAYIS T1amydoy
vefion *q 3 *d *ag

20891 vd‘died L17siaatun
*ATUN 331BIS eJueBATASUUIg
qeq aJuajds sTeylaiey

SSGE6 VD ‘e eutud
%OE ¥ *1g

121u33 suodeam jeaen
68¢ apod
uoISMIY Y °L -agQ

SGSE6 YO ‘axeq euyud
123ua) suodroym TeaepN
1018E 3poD

13180uU2g *3 °H *1Q

€0826 V2 ‘urayeuy
INuU3AY PWOT AT O/EC
TeuOYIBUIBIUT TTAMND0Y
vaazoy Liiey *iq

10908 00 ‘uapjop
Auedwon ujeradiod sio00)
Koy *q cay pueyfug

VA [IHD x3853 ‘mojaen
9017 G4 ‘eyquntoy Z0g91 Vd‘nied L11s1aatup peoy uopuoq
I€ 2In0Y 6L *ATuUf 91e38 eTuRAlASuuayg P11 ‘sat1103RI04E]
Auedwoy ade1n *y °M *31d3Q yoIPAEdY STELTIAIEKH UOTILITUNWWODI[ILPIRPURIS
A1 ¥ Al Buyssan *n -ag AYIDUIIY Y ¥ *ag

sJ2jmexa)n Ted253do

1100§ v1 ‘sawy
xauvuy Suyra2auyRul O1F
A1ysaaajuq 21e38 eMO]

3dag” fu3gaduaiog sT,IeN
dUTRY 13N 30

> - < - bl S S ORI [ S ) TR - 901

d Pt ™ N

oy B n o g e g g o 8
y [ S G AL R AEN P P

1 ¢z L0 2pod
1 Z1L0 @2p0) :N1LV
£1227 ¥A ‘uwoiduitay
122135 AduyInd °N 008
£Rojouydal jeseN Jo 231130

1 aie1012a11Q
55uad§ STETIRIEN § SOTUCIIDATI INILY
Z€€0z 00 ‘uciduyysem
asrg @vi0d 17V fuytied
oty Buypring
IN/Y21eaS3Y
U«uduﬂwuum uO 2337330 arxiogd 1V

1 z3eX N ‘¥ 20 NLV
21170 VW ‘umolidiey
BERLTH]

y>1e383Y SOTUBYIBN Pue STBTIIIEY Away

1 XV 3po) N1V
08€07 00 ‘uoiBuyyser

sd1o) Pujiell 8yl JO IUTPURWUOD

uowq>v< U«u«u:ﬂ«um

1 we1f013d K13sTWAY)
1 weafoad soyweldd § AJanyrelan NLLV
60£{Z DN *daed aySueral
11221 xog *0°4d
231330 ydieasay Away

1 xeM °S CNLLV
60727 VA ‘voiBuilav

paeaanog uoSITM 0NY1

ad]JJO AOUADS SIPYIITH

£ouafy si1dafo01d Yd3vasay paduveapy asuajaq

1 GRL 2P0 INLILV
6SSE6 VD ‘e BUIWD
13juan suodeap [vaeN

e

wmamcu uoljieziuesid
(861 Kaenuer s1310dRy Aiewmwng pue
1811 NO11NgTH1SIA

- - - - e o g OC “a " g=

1 10Z€% HO ‘snqunio)

anuoay fugd <0S

3In37asul TejIoway 2711313ed
3310u2) nojlIvwiogul

Jjwe1ay pur STEIAN asuajag

f 123015 *1 °3d ‘N1LV
70727 VA ‘uoiBuirav

KemyBTR syaeq 33ar Tyl

v1e6 2pod

puemwo) swa1sAS 1TV TEABN

1 ueyrel °N 2@ ‘NLLV
CEusy HO ‘uolded

@4V uosaai1red-audyan

£103ea30qQe] S{eyadiey 32104 IV

1 ZIA 2p0D AIISSIH *M “IH INLLV
01607 M ‘Burads I3ATES
K103e310QET] YO RITUM

«aay aijysdwey maN 10601

133ua) suodeap 2deJIn§ TEAEN
1351330 Suipvenmo)

H vy12on1aQ [ “10 :N11V
{681 V4 '131suUTIIEN

909 3p0)

191u3) 1uawdoTan3ad 1TV TEAeN

1 €111 3pod
1 1611 apoD :NLLV
(1222 VA ‘uvoidurrav
123215 Kautnd N 008
yoaeasay YeaeN 3o 331330

4 n1€ZZ VA ‘P1IPUEX3TV
AR 1:2 3 voIAWLY

13quan uoyieIL3WND0Q asuajad

P00 Uo7 IEZTUERI0

Teajuyday

o18ve

- e - - - e -

LA
A

.‘-t"‘:i' ‘\:“‘h‘»

LA

NNy \ﬂjc‘\:

-

POASE ORI GAE

G TR LT O

-
N

&

» \: ﬂf ‘,,\-‘

-

TR AT AT T T A

¥
1
v
L
2z




