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1. viscosity - controls depth of penetration; inadequate
penetration - usually considered to be less than 1 em - can
result {f the viscosity of a consolidation system is "too
high." Although what "too high" is will vary depending on the
porosity and pore size distribution of a given stone, 4.0
centistokes at 20°C may be taken as a practical upper limit for
viscosity.

2. vapor pressure - controls the amount of consolidant which
remains in the stone. Higher vapor pressures cause more
consolidant to evaporate before it can react to become a solid
In addition, vapor pressure can control depth of um:annnnuud.
In solute/solvent systems such as B72/MTMCS a high <wnom
pressure solvent can cause the solute to be drawn to the
MMMMmNm uﬂ nﬂm stone. This can lead to surface sheen
ening of the stone, a
it hnm it , and a thin consolidated layer - all of

3, reaction kinetics and mechanisms (mecha

nical properties) -
these chemical features can control depth of vmswnﬂnnnwz
evaporation rate, the mechanical properties of the wowwm
polymers as well as the resulting polymer/stone composite.

The problem of evaporative loss with MTMOS can be severe
Mwuwn”wn _ﬂ_ that the mass of solid material retained in wngnmnrsowM”MWMH
s :o hu % of the original mass of liquid absorbed during application,
as been suggested that by adding B72 to MTMOS evaporative loss may be
reduced through solute/solvent interactions. The effect of the stone
mcumannn on evaporation is also unknown: sandstone (i.e, quartz and
eldspars) may reduce evaporative loss by surface reactions while the lack
of nr%no ﬂmﬂonﬂw in limestone may increase evaporative loss.
e hydrolysis and condensation reactions of alk
MTMOS are sensitive to Lewis and Bronsted acids and EHL”MWMﬁMﬂWNHanMﬂo“”
that wNm or a stone substrate such as limestone or sandstone may function
as such an acid or base, they may alter the kinetics and mechanisms of the
3630mwﬂmbﬂmuo:u and, hence, evaporative loss.
nally, the mechanical properties of MTMOS-derived gels and
”Mwﬂwm“mmmwunmduu gels are not known. The B72/MTMOS gels may :mdownsrwﬂnan
ke al properties as do many composite materials. These composites
often employ MTMOS as a "coupling agent." In addition, the mechanical

roperties m b
w:vwnuwnmm. ay be further enhanced or compromised by different stone

EXPERIMENTAL
Materials

B72 is the acrylic resin employed in all mixtures;

Wﬂw%ﬁuﬂ of methylmethacrylate and ethylacrylate ununcnmr MW w”rﬂ WﬂMquMW
nwwnhwwoﬂ Mco: Chemical Z6070 or Petrarch M9100) is double distilled
i y before use. Wallace (Nova Scotia) sandstone and Salem (Indiana)

mestone are employed in all experiments requiring stone samples The
sandstone contains silica-cemented clasts of quarctz and feldspar wrn the
wwaomnonm contains calcite-cemented calcitic oolites. The mineralogies of
n#MMMthM”wM :Mhm confirmed by x-ray diffractometry and petrographic
n mmnmmnwmm muM WnMMMHJWWM Mn nManaHson by ASTM C97-83 are 9.42% for

I e mestone. For mechan

bisphenol A epoxy resin (Epoxy Technologies EPO-TEK 301 - a WMMHvMMMMW“MoM
employing 2,4,4-trimethylhexamethylenediamine as the hardener) is used to
consolidate limestone and sandstone samples for the purpose of comparison
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Hanometry

Solutions of 0, 5, 10, and 30% B72/MIMOS w/v are freshly prepared for
vapor pressure measurements. The samples are placed in a closed Erlenmeyer
flask which is in turn placed in a thermostatted bath at 25.0°C & 0.1°C,
The temperature is controlled by a Fisher Model 70 circulator/heater and a
vater cooled copper coil. A Nalgene tube connects the Erlenmeyer flask to
the manometer which is connected to a vacuum pump. The pump is turned on
for one minute to remove the air and water vapor from the flask, tubing and
manometer. The stopcock to the vacuum pump is then closed, the pump is
turned off, the system is allowed ten minutes to reach equilibrium, and the
measurement is taken. At least nine measurements are made for each
solution. Measurements are also taken for the MTMOS dimer.

Viscometry

Viscosity measurements are conducted in Cannon-Fenske tube viscometers
vhich are placed in the same thermostatted bath used for manometry. All
measurements are conducted at 25.0°C % 0.1°C. Each viscometer 1is
calibrated with a liquid of known viscosity in the appropriate range of the
viscometer. At least twelve readings are made for each liquid; the highest
and lowest values are discarded and the average is reported. Viscosities
are determined for 0, 5, 10, and 30% B72/MTMOS w/v mixtures and for the
HTMOS dimer.

Gravimetry

Gravimetric analysis is conducted on five samples each of neat MTMOS ,
0, 5, 10, and 30% B72/MTMOS w/v. In each case the original solution
contains 100 ml of MTMOS. The procedure consists in noting the masses of
the empty containers, weighing the containers with the solutions each day
for one month, and then every few days for a total of four months.

In addition, cylinders of both limestone and sandstone measuring
approximately 5.8 mm in diameter and 60 mm in length are produced with a
diamond core drills. These cylinders are dried in a convection oven at
60°C for 48 hours. For each of the following solutions a minimum of five
limestone and five sandstcne cylinders are immersed for one hour to half
the diameter of the cylinders in petrie dishes containing the consolidants:
0, 1, and 10% B72/MTMOS w/v, 10% B72/toluene w/v, and epoxy resin. The
solutions completed permeated the stome samples. The surfaces of the
sanples are dabbed with KIMWIPES and weighed at approximately thirty minute
{ntervals up to four hours and then intermittently until constant weight is
reached (the epoxy samples were not weighed).

Silicon Nuclear Magnetic Resonance (NMR)

samples of neat MTMOS and 10% B72/MTMOS w/v are allowed to cure at
approximately 40% RH and 20°C for three months in which time they became
polymeric solids. Each was broken into small pieces suitable for silicon
MMR analysis with magic angle spinning. The NMR experiments are performed
with a Bruker CXP300 spectrometer operating at 59.6 MHz. Also, neat MTMOS
and a 10% B72/MTMOS solution are reacted at approximately 50% RH and 20°C
and spectra are collected at 160 and 236 hours. These NMR experiments are
performed with a Bruker AM500 spectrometer operating at 99.328 MHz.
Through these techniques the distribution of silicon linkages and therefore
the reaction kinetics, mechanisms, and nature of the solids which are

formed can be revealed.
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Head Space Analysis - Gas Chromatography (HSA-GC)

The Hewlett-Packard 19395A head space analyzer coupled to a Hewlett-
Packard 5890 gas chromatograph and 3396A integrator are used for all
analyses. Samples of O, 5, 10, and 30% B72/MTMOS w/v are allowed to react
in open HSA vials so that the mixtures could remain undisturbed during the
reaction period., The temperature of the HSA bath is set at 40°C and the
mncﬁwprn-n»nn time - the time the sample is in the bath before injection
into the mm - is 42 minutes. The transfer line from the HSA to the GC is
set at 45°C to avoid cold trapping the sample during transfer. The GC
w:mnnnuo: temperature is 250°C and the temperature program is as follows:
40 m for five minutes, 10°C/minute ramp to 200°C and a 15°C/minute ramp nm
300°C. The oven for the GC is then held at 300°C for five minutes for a
total run time of 32.67 minutes. The column is a 25 m, 0.25 mm inner
diameter and 0.32 um film thickness Hewlett-Packard Ultra 2 which is
Mwwwrnp% polar (5% phenylsilicone/95% dimethylsilicone). The carrier gas
u”nM”MMB-anJWMIFn grade helium and the gas mix for the flame ionization
ot r is 2:1 hydrogen to oxygen. The split ratio is approximately

During the equilibration time volative material collec
space - the space in the closed vial above the solid or HwnLMM WMBMWM rnMM
the end of this time a probe enters the vial and transfers the head wvnnm
vapor to the injection port and onto the GC column where it is separated
into its components and quantified by the integrator.

Scanning Electron Microscopy (SEM)

Samples of neat MTMOS and 10% B72/MTMOS w/v e
two months and then prepared for mmm. ﬂ:o\mh”ﬂw%”pﬂﬂﬂ&ﬂﬂﬂmﬂﬂnﬂ%mﬂ
Mwwmmwuuwwow% 10 nm of spectroscopically pure carbon in an Edwards E306
5680 M.Hbﬂbﬂ-non and are viewed in an AMRAY 1100T SEM with a KEVEX Model
gt y spectrometer, Operating conditions are specified on the
mowwmunnﬂwmnmwﬂn _-onﬂ. Mﬂuo aaaﬂm...w _.n_.«vaﬁn:m x-ray spectroscopy (EDS) used to
kg i oxwwnnnmono”nmwww:m are 20 or 30 kV, 200 s collection time

Mechanical Testing

Samples of 0, 1, 4, 5, and 10% B72/MTMOS w/v are
Ly, 8, 9, allowed t re f
m:m soern. The specimens are prepared for testing by n:anL“uMEbMM
planks" measuring approximately 53 mm x 3.0 mm x 2.0 mm from the larger
Mwnwwﬂnom M1ﬁmw mJWW. Cutting is carried out on a Buehler ISOMET saw with
wafer
o mﬂcﬂhw. ng ades and a petroleum based lubricating fluid (Buehler
The apparatus for determining mechanical i
properties (in this th
ﬂonwpcu of rupture - MOR) consists of a balance for nnnoﬂauzuumnM“mH»-M
MM u.nc 0.01 g, a stepper motor for controlled application of the load at
M ain rates from 0.0004 to 0.4 mm/sec and a laser interferometer with 100
unnmwcnwon for measurement of displacement or strain
ading is accomplished by the stepper motor attached t
o a sil
“”M”MWHMW Mowrﬁ Mr»u noﬂ is vou»wwonmn so that as it moves down it vmwn WM”
ple resting on a holder in a three-
The BWnon is interfaced to a computer. s e b o
n addition, mechanical testing is conducted on th
e stone cylind
used Mon the gravimetry experiments. These samples are also mwwacunomu
cure for two months. Both treated and untreated stone samples are tested.

- 3
i
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RESULTS AND DISCUSSION

Yanometry

The results of the vapor pressure measurements are found in Table 1.

Table 1. Vapor Pressures in mm Mercury

Methyltrimethoxysilane 31
1,2 Dimethyltetramethoxydisiloxane 7
5% B72/Methyltrimethoxysilane 31
108 B72/Methyltrimethoxysilane 31

29

30% B72/Methyltrimethoxysilane

As can be seen from the data only a 2 mm lowering is found for a 30%
solution whereas the 5 and 10% solutions show no measureable reduction in
vapor pressure of MTMOS. Therefore, from the point of view of controlling
evaporative loss, no advantage is gained by adding B72 to MTMOS. The data
indicate, however, that the MTMOS dimer - 1,2 nwaan:wwnmnnmaonrcxwmwﬁn:m -
has less than one-fourth the vapor pressure of the monomer. Therefore,
evaporative loss is reduced at the dimer stage of the reaction.

Viscometry

The results of the viscosity measurements are found in Table II.

Table II. Viscosity in Centistokes at 25.0°C

Methyltrimethoxysilane 0.3750
1,2 Dimethyltetramethoxydisiloxane 0.9554
5% B72/Methyltrimethoxysilane 1.851
10% B72/Methyltrimethoxysilane 4.625

30% B72/Methyltrimethoxysilane 74 .82

One of the reasons for the interest in alkoxysilanes for stone
consolidants can easily been seen by examining Table II: cthe viscosity of
MTMOS is 0,3750 cSt and the viscosity of the dimer is only slightly greater
than water at 25°C. These low values mean that flow through small
capillaries is not restricted by the viscosity of the liquid. Even the 5%
solution is still low in viscosity while the 10% B72/MTMOS solution is
noticeably viscous; the 30% solution would be impractical as a stone

consolidant.

Cravimetry

The results of the gravimetry experiments employing neat MTMOS and
B72/MTMOS without stone samples are shown graphically in Figure 1. The
graph plots the mass of retained material minus the mass of acrylic resin
present in the original solutlon versus time. It is assumed that no
acrylic resin evaporates. Through this graph one can readily see the
effact of the acrylic resin on the mass of the reacting MTMOS system.

As might have been guessed from the vapor pressure data for the
B72/MTMOS solutions, the presence of B72 makes litcle difference in the
veight loss profile in the early stages of reactiom!: the graphs for neat
MTMOS and the 5 and 10% solutions are virtually identical for the first ten
days. At longer times the B72 appears to have a greater attraction for the
MTMOS-derived oligomers that are formed. Ultimately, a 2% difference in
sass retention is noted for the 5% solution and a 4% difference for the 10%
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solution. The 30% solution exhibits a 12% increase in mass retention. The
effect is approximately linear - for every 5% of B72 a 2% increase in mass
retention is achieved.

+—4 30% B72
a—a 10% B72
«—s5% B72
o—ao NEAT MTMOS

WEIGHT/WEIGHT %

0 t t t + + + t t +
0 10 20 30 40 50 60 70 80 90 100
TIME IN DAYS
Figure 1

Gravimetry for B72/MTMOS Mixtures

The results of the gravimetry experiments employing consolidants with
stone samples are presented in Figures 2-6 and Table III. Figure 2 for
neat MTMOS demonstrates that the rate of loss of MTMOS in limestone far
exceeds that in sandstone. Also, Table III demonstrates that the residue
both in actual mass and percent is greater in sandstone (0.02 g/25% of the
original mass of liquid imbibed by the stone) than in limestone (0.005
g/3.3%).

The rates of loss for the 1% B72/MTMOS solution Figure 3 are similar
to the neat MTMOS samples although the mass return was 0.04 g/36.6% for
sandstone while for limestone the mass return is 0.002 g/2.0%. This
indicates that the B72 discourages the loss of MTMOS in sandstone while in
limestone little difference is noted. For the 10% B72/MTMOS solution in
Figure 4 the mass return is 0.123 g/60% - again the B72 causes entrapment
of MTMOS and then apparently allows for in situ reaction in sandstone; the
limestone retains 0.026 g/l4.5%. For the 10% B72/toluene solution in
Figure 5 and Table III the mass return drops to its lowest values for
sandstone - 0,0178 g/17.7% - while the values are similar to the 10%
B72/MTMOS case - 0.021 g/13.7% - for limestone. Table III also
demonstrates that in all but the 10% B72/MTMOS example the limestone
imbibes more liquid than the sandstone and ultimately gives up more of that
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Finally, it has been postulated that ﬂwmmﬁmw““MM

initial treatment with MTMOS may have a priming effect M By
- rage added deposition of MTMOS-derived solids in 2 secon: M g
M”n”wo M indicates that no such priming occurs for Hwammnouﬂowﬂ:o mﬂnmn
-mosn treatment on sandstone produces a similar mass return

treatment (22.4% vs, 25%).

liquid ro evaporation,

Table II1. Mass Return for Consolidated Stone Samples

Retained Grams/Percent After 4 Days

Conselidant
MTMOS Sandstone 0.02/25
Limestone 0.005/3.3
18y B72/MTMOS Sandstone 0.04/36
Limestone 0.0028/2.0
108 B72/MTMOS Sandstone 0.123/60
Limestone M.wmwmwwwwm
0y B72/Toluene Sandstone 5
: ey Limestone 0.021/13.7
100
90
o—0SANDSTONE
pa «— = LIMESTONE

m 70+
o 60t
M 50+
5 )
y i o
20+
10+
L
0 ——— —t—t ¢
0 20 40 60 80 100 120 140 160 180 200 220 240
TIME IN min
Figure 2

Gravimetry for Neat MTMOS-Treated Limestone and Sandstome
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100 100
80 90 4
804 & B0+
i 70- o—o SANDSTONE
70+ o—0 SANDSTONE
i — NE
5 ol »— s LIMESTONE ¥ wl »— s LIMESTO
M S0+ M 504
e 0 ; | £ o
g ¢ g 3ot !
20+ 20+
10+ 104
0 u + + + + + + + t T F 0 y t + + t t { $ + t 1
D 20 40 60 80 100 120 140 160 180 200 220 240 0 20 40 60 BO 100 120 140 160 180 200 220 240
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Figure 3 Figure 5

Gravimetry f 10% B72/Toluene-Treated Limestone and Sandstone
Gravimetry for 1% B72/MTMOS-Treated Limestone and Sandstone MpLEY £ok /

100
80 - o—oSANDSTONE
s—u L IMESTONE
w® 8071
®» o—o SANDSTONE
_m 70+ o s —u [IMESTONE
ri} 60+ Q
2 M
B 1
[T} 40+ m
W ]
30+ m
20+
10
o +—t—ttrr—— L e e S S S S
O 20 40 80 B0 100 120 140 160 180 200 220 240 0 20 40 60 80 100 120 140 160 180 200 220 240
TIME IN min TIME IN min
Figure 4 Figure 6

Gravimetry for 10% B72/MTMOS-Treated Limestone and Sandstone Gravimetry for Second Application of Neat MTMOS to Limestone and Sandstone
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Silicon NMR Spectroscopy

Silicon NMR employs a "Q" identification terminology: Qg represents
silicon atoms attached to no other silicon atoms through oxygen; Q1
represents silicon atoms attached to gne silicon atom through oxygen - i.e.
an end group S$i-0-Si; Qo are two silicon linkages - i.e. linear or
monocyclic polymer groups; Q3 are three linkages; and Q4 are four linkages.
For MTMOS the possibilities range from Qg to Q3; no Q4 can be present
because the methyl group directly attached to silicon does not react.

The silicon NMR spectra for the liquid state experiments employing
neat MTMOS and 10% B72/MTMOS solutions are shown in Figures 7 and 8.
Figure 7 shows the solutions after 160 hours reaction time: the top
spectrum is the B72/MTMOS mixture and the bottom spectrum is neat MTMOS .
In the B72/MTMOS system only monomer (Qp) is present which is represented
by the large peak at -39.8 ppm. For neat MTMOS only 2% of the spectrum is
represented by monomer while 56% is in the form of end groups (i.e. Q) from
-46 to -49 ppm), 34% in linear groups (i.e. Qp from -56 to -59 ppm), and B%
in crosslinking groups (i.e. Q3 at -67 ppm).

10% B72/MTMOS
160 hours

neat MTMOS
Q, Q 160 hours

%

Figure 7
Silicon NMR Spectra for 10% B72/MTMOS (top) and Neat MTMOS (bottom):
160 hours
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after 236 hours (Figure 8) 76% of the B72/MTMOS mixture (top spectrum)
ts still in che form of monomer and 9% is end groups, l1% linear Broups,
and 4% crosslinking groups. With neat MTMOS (bottom spectrum) no monomer
remains and 46% of the sample is end groups, 42% is linear groups, and 12%
ts crosslinking groups.

%
107 B72/MTMOS
236 hours
9 Q,
Q3
_ Wiyt
4 Q  neat MTMOS
236 hours
Q%
5 @8 B0 %00 o - 0.0 -e8.0  -70.0
Figure 8
Silicon NMR Spectra of 10% B72/MTMOS (top) and Neat MTMOS (bocttom) :
236 hours

1t can be seen from these spectra that the hydrolysis and condensation
of MTMOS have been dramatically slowed by the addition of B72. The slowing
of the reaction is probably due to the fact that water cannot as easily
hydrolyze the MTMOS and its oligomers due to the added hydrophobicity
tmparted to the solution by B72.

Figure 9 shows the results for two solids samples produced from neat
XTMOS and from a 10% B72/MTMOS solution reacted at laboratory conditions
(40% RH, 20°C) and examined by silicon NMR wich magic angle spinning. No
sonomer is present in either sample; some Q) must be present but their
number is too few to be detected. (No Q1 implies no linear polymers or
only gyclic or fully crosslinked polymers.)




neat MTMOS

10%2 B72/MTMOS

-108.8

Figure 9
Silicon NMR Spectra of Neat MTMOS (top) and 10% B72/MTMOS (bottom)
Solid State with Magic Angle Spinning:
3 Months

The distribution between Qp and Q3 for neat MTMOS is 57 to 43% - i.e. there
are more linear and cyclic silicon atoms than tri-condensed silicon atoms.
Surprisingly for the 10% B72/MTMOS sample there is a 3:1 ratio of Q3 to Q2
silicons indicating more condensation in the B72 sample than in the neat
sample. Once in the solid state the B72 appears to promote condensation
reactions.

5 ma &

As a basis for HSA-GC of neat MTMOS and B72/MTMOS mixtures a 1:1:1
molar mixture of water, MTMOS, and MeOH was run on the Hewlett-Packard 5890
GC and the peaks identified on a Hewlett-Packard 5970 B Mass Selective
Detector. The results of this run demonstrated that a collection of
species from monomer through cyclic hexamer are present in the mixture. To
see which of these species might appear in head space analysis an identical
mixture was run by HSA-GC at 40°C. This is approximately the lowest
possible temperature of analysis for this instrument and is close enough to
ambient to suggest which species in a mixture might be evaporating as it
reacts in an open container. The mixture exhibited only methanol, monomer
(with smaller amounts of the monomer silanol - CH3Si(OMe)oOH) and the dimer
in the head space. Therefore, for the mass profiles in the gravimetry
section evaporative loss can only be accounted for by monomer, monomer
silanol, and dimer

Table IV. contains the data for HSA-GC for each of the solutioms: 0,
3, 5, 10, 30% B72/MTMOS. The table shows the area of the volatile
components in the chromatogram and the percentage of these areas accounted
for by methanol, monomer, and dimer. In the stages of the reaction of
MTMOS before gelation the 3 and 5% solutions are not very different from
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the neat MTMOS. After gelation more monomer appears to be present in the
head space of the 3 and 5% solutions which signifies that the B72 is
serving to slow the reaction. At the 10 and 30% levels it is quite clear
that B72 slows hydrolysis by the small quantities of MeOH in the head
space. The overall area of head space vapor in the 10 and 30% is three to
ten times higher than the neat, 3 and 5% solutions and much of this vapor
{s taken up by unreacted monomer. Again, this indicates that the reaction
ts much slowed by the presence of B72.

Table IV. Head Space Analysis - Gas Chromatography

Days Neat MTMOS 3% B72/MTMOS
tMeOH Monomer Dimer Area* tMeOH Monomer Dimer Area
0 0.64 99.36 . 4.02 0.66 99.34 - 4.41
1 9.21 90.79 - 4,35 10.93 89.07 - 4.47
2 17.10 82.90 - 4.61 16.37 B3.63 - 4.70
4 19.49 80.59 - 3.62 17.76 82.24 - 3.87
6 14.29 85.79 - 3.48 10.06 89.94 - 3.96
8 5.99 94.01 - 3.24 3.66 96.34 - 3.65
10 5.78 93.02 1.18 2.72 5,90 94.10 - 2.03
...... iava ey -BRLBELON, L i
14 37.09 46.88 16.03 0.33 37.62 57.18 5.20 10.27
26 48.94 - 51.06 0.05 84.31 11.70 3.99 0.03
5% B72/MTMOS 10% B72/MTMOS
tMeOH Monomer Dimer Area tMeOH Monomer Dimer Area
0 0.87 99.13 - 4,52 1.59 98.41 - 4.51
1 11.74 88.26 - 4,48 1.02 98.98 - 4.63
2 19.64 80.36 - 4.63 2.06 97.96 - 4.33
& 11.77 82.23 - 3.93 3.35 96.65 - 3.81
6 11.18 88.82 - 4.17 3.3L 96.69 - 4.61
8 3.92 96.08 - 3.57 3.98 96.02 - 4.59
10 5.80 94.20 - 2.36 6.66 93.34 - 3.43
il covoee..gelation. e
16 25.47 71.17 2.81 0.40 23.26 76,64 - 0.85
26 79.20 19.06 1.74 0,05 82.79 072l - 0.16

30% B72/MTMOS
Day %MeOH Monomer Dimer Area

0 2.35 97.65 - 5,32
1 2.20 97.80 - 4,30
2 3.05 96.95 - 4,30
4 4,98 95.02 - 3.68
6 5.39 94 .61 - 4,24
8 7.48 < 92.52 - 3.75
10 13.48 86.52 - 2.13
v gelatlon: ol
16 | 26,73 715,29 - 1.22

26 58.88 41.22 - 0.42

*each area should be multiplied by one million for actual count

Scanning Electron Microscopy

Figure 10 shows the SEM photomicrograph of the material derived from
Iy B72/MTMOS. The sample has few structural features. The 10% B72/MTMOS
w/v solid in Figure 11 exhibits a very different texture: it shows 5-20
slcron structures. These structures are MTMOS-derived polymers as
confirmed by the silicon dot map in Figure 12 in which the distribution of




A17ena1tAa ST 2SEBAIOSUT Yl BU0]SAWIT UT ITIYM 2UO01SPUBS 10] YOW ul aseairdxy ] SYauoy §

%9z1 ® septaoid a/mM 79 %1 2Y3a jo UOTITPPE dYL “$L°11 £1uo sT 17 3uoisaey] L {SOWIW/Z.9 %01 3o ydeafoioyd W3S

ut 2{Iym - ¥OW Ul 9SEAIDUT %4/ B - [PIIULISQNS ST 3uolSpPuEs ayl uo SOMIK . 11 sand1y

i1esu Jo 309Jj3 2yl 'PUOIS3WI] PelIRLIIUN Iy3 uey (¥OW) 2anadni jo sninpos 2

138187 B Ssey auoilspues palealjun a3yl g1 21n9714 ul peijuasaad aie seldevs

auoas pajeplrlosuod ayi jo Furisea TEOTURYDAW BYl JO SITNSIT Y]l
i ‘uoT3oBI8IUT SOHLK/Z(Y
¢ ay3l woij 3Insai sar3aadoad jeoTuByosw paaoidwy ou pue S3ISTX3 Furrdnos ox
‘749 sT x1ijem 1swiod sy pue so1eyds 1swATod peATIap-SOWLIW ST 123111) o3
aseo ino uy ‘Jemfrod pue 18113 ussamieq guipuoq UaTT80X8 ARy S31]sodwod
jo spuyly @2s2yl pue YOW S® Yyoans sa13aedoad TBOTUBYDBW PIJUBYUSD AOYS
pInoys 1erisaem @31jsodwod pood v -£11edoraimwmip PITOS B4yl suajeam Z(§ j°
uoTaTppe 2ya pue 3safucIas Syl 218 SOWIW IERU WOIF PIATIIP se1dwes ayl

71 SOWLW/Z.8 %01
01 SOWIW/TLY %S
z1 SOWLK/Z.9 %%
0z SOWLIH/TLE %1
8¢ SOWIW 2®eN
HOKR a1dwes

vJK ut (YOW) sanadny Jo snnpoW ‘A 9TqRL

‘A 21qel ul punoj aie sTeF paajaep
-SOWIW/Z/8 Pu® SOWIW oyl jo Surasea [edjueyoew 3yi jo s3Insai ayl

SUTISSL TEITUV]SIR

syauey ¢
{SOWLKW/Z.9 %1 3o ydeaSoaoyd Was
01 2an813
syjuol ¢
SOMIN/Z.§ %01 ut (sesay y3y1) uodTTTs 103 Burddey 30a Wis
z1 @and1y

‘seanionias Ted1aayds A1aesu ayj 01 PINUIL A1aea1o ST UODITTS

€22




‘umous 30U 18ABMOY 331E SID9JJe BFAY1 JO JUIIXE
puE 2iniBU 19EX2 3yl -Iajierado aie - 13Yy3o IO 'UOTIBSUSPUOI-0D ‘spsAirand
- s3103775 edoejans jo adf3 swos 3Pyl papnidu0d aq IsnW 3% sauolspues
yais peiou sajizedoad TedjusydaW paaordw] 8yl pu® uinial ssew 193weid
ays usals ~PIIEIIFUOWSP 30U INg pesodoid usaq =saBy S90BJINS [RieU]m
s1e01115 Pe1vTAx01pAy puE STOURT]S USIMIIQ SUOJIDESI UOTIBSUBPUOD eovjing
‘uorayppe Ul -saswfiod 81EOTTTS puUE STBISUTW BIVITTS UIIMISQ Kataeyjuys
{esjways 2Yy3 JO @sNEO@q S9UOISPUES I0] SIuwpjloOSUCD poo8 aq pinoys
ssueT1sAxonTe 3ry3 peasadins useq Juol sey 31 °SOWIN 4£q peiepliosucd [1sa
s7 suoispues Fupieaq-iwdsTazy pue zaienb eyl swaisym SOMLW £q peawpjlosucd
1194 10u sT sjuswjiedxe Ino U} pasn auolssWI ey3 sasTadwod YoTym 83D
ay] ‘pelEprlosuc® aq o3 £3177119® $31 03 3jueilodwy s AForeisujuw s,suols
® ‘saoqe palTd UOJIORILIUT SOWIW-LPIS 8yl wolj palisjui 3q uea sy

‘3U8ATOS 19Y3aou® Y3iTM SOHLIH Supoe1dax Aq pepjoaw
eq pInoo suojioeaa 9sieape 9sayl [01] ‘SOWIW 8u3l pue jusuodwod Awy?
ay3 usemiaq SUOTIDESL BSIPAPE 01 ONP SOHIW YITA PIIEPITOSU0d aq 01 a[qrajns
Jou a1® sauoisew]] Sujiesaq-ALe(d swos ‘arowlayling uUmMouUy 3I1¥ ainssead
i1odea pue £17s0dosTA IBTJW]S E Yijm 2uenjol S¥ Yons SIUAATOS '10ABAOH
-1eep1 2q Aew sinssaid zodea pue K37S00STA JO UOTJIBUIQWOD 3yi "3°j -
719 103 waisks 1xodsue1l pood e 18330 Aew siswoHy1o SIT7 pue SOWLW Pu® umouy
11em sT swa3sAs SujuyFIUCD UTSST 10 JUIATOS e jo sieijswered K3yriqnies
pue @181 uorlelodeas jo soueazodwui 2yl ~SOWLW Ul /9 Se suojlsau]] welws
aya 10] juepjrosucd B pood se A{i@e(d ST eueniol UF g/ w.i2L8 9] sjusAlos
1ayao @sn TOU Aym A1eAjarulale 1o 7/(§ ©3 TOWIN ppe Aym, ‘Puocisswi]
Jo uoTIEPIIOSUOD Y3 10J BIBP 3Y3 WOIF SISTIE uojasanb jueiziodui uy

'auolsawWI 10)
$] 27 UPY3 2UOISPUES 10J IUPPITOSUCD 19313q Yomu 8 ST SOHLH 'l

‘uojaBsuapuod eaowoead
oy sieadde z;g pemxoj st 723 e sdoup 93EIS pinby1 oya uy
SOWIW J© SUOTIOEal UOTIPSUIPUOD PUE stsf1oapky aya smols 7.9 “9

‘seINIXTW SOWIW/ZL9
ueya 1s33eq 10 se Jlem sS® sjuswjaadxs essya uj pasn safdues
suo3sami] @Yl 23EPJIOSUOD auanjol puew F/g IO seInIXIN °§

‘quesaad sy Z2(9

uays 1018918 uaA® ST 9OUSIITITP SIYL ' SIUOISPUES UYL SOHLH
jo uolaeiodeas @3eTdwod alow puw 133se] © @230woad seuoasswil ‘¢

5198 PoAT1ap-SONLH 1¥8U 103
ueyy 1amol yonu aie sie¥ asay3l jo jrnpou sanadna ay3 'ao®] ul
-s{eriaiew a17sodwod poo® ION 21® spilos PeATIapP-SOWLW/ZL(8 '€

‘s2U03S 3S0W 103 SIUBPIOsSuU0D
se pasn aq Kyajes ued ssa] 10 &G JO SainIXjU ‘aa03easyl
150 g'1 30 A31s0957A ® SBY 2INIXTW A/M SOWIW/ZTL8 %S ¥ "I

‘sso] ealaelodeas aonpaa 03 ydnoua SOWLW
3o aanssaad 1odea 2y3 I9mo] 310U S0P SOWLHW 03 Z[% fuippy 1

1§JUBPT[OSUOD BUO3S SB @SN 178yl 01 Jueayzodwy sie YoTym seinaxju SORIN/TL
pue SOWIW 1®eu 10J S3IN1E3] fupyseisluy TE1dA8S TERASI sjuewiliadxa aul

SNOTSION0D

(moa30q) suoissmy] pue (doa) suoispueg 103 SYOW
€1 =sanf1g

0
- — — -t 3
3 | |2R| |2R| |2%| |2 B i
mﬂ [+9] MW ] MW ~ Qo o
s mu u R 2k 101 e
m ~ ~ m
m T6Si m.
s 2
WM T02 .m
162 3
=
lvon z
lsg - &
ANOLSANWIT

Loy
S| |R % e m 8° 1s =
m @ @ g Q - § g

~ ~ N a 1
N N ~ ] 0l €
81| |1 > m o g
=1 18 2 16l o
S| |2 @ toz 2
2| |™ B
T6¢ a
1 5
h
n-nn a

ANOLSANYS
Lor

‘ugsea Axode @yl 103
adooxa suo3ssw} 103 3seq 93 - 2UOISAW]] 10J 9S¥IIDUT %6/ ¥ PUR SUOISPURS
103 eseeidou} $001 A1iweu ® 9a®@ sueniol/Z/4 %0T °Ul "$T6I £q ¥OW °y3
peseeaou] Axode sya °1Jys °S5WEIOUT sy, ' INOQE ay3noxq uoTINTos SOWIW/Z.LH
$0T oyl @UOISIWIT 1oj ‘HOW UT IS®AIOUT REHT ¥ uwys 1e3wead pepjaocad yowe
‘qusumiaisuj eya jo Lay1rqedes Fupasey eya puokeq @19mM SUOCISPUWS PeIBIII
fxode ey3 pu® uo}anTos SOWIW/ZLE %0T °ul (%9 T11) SOWIW 3I®au 03 T¥ITauspy



Ajaj008 yaiveseH s|guele L66Lo 'SBL 'IOA "201d ‘dwig 90§ 'say “1EN

+(¢) uorjenbe uy
ssacoxd ay3 103 90103 DBUTATIpP pasealou] ue o3 pue yaed uorsnjizip
ay3 UT uOT3eVIJUSOUOCD UOT _BD 8u3 3o ums«unow o13seap ® 03
spesT STUL ‘JI@jem Ul uﬁnnﬂomca asoure ST YoTysm ‘@3eJIns mnioIwd
-unyssejod e ‘p3Tusbuks jo uofjzeWMIOF BY3 Kq pesuterdxs a2q ueo mank
255 3o @oussead ay3 Uy peoueyus ST eD JO 3INnO putyoesT 8yl ‘003
‘yojaebT3SPAUT STY3 UT UMOUs SV  °3no peyoesT ST BD SE TI8A “m
¥ ‘ate pruny uf jueltyradxs UOTS0II0D ' UY ‘oepy jJo se 1T18M s8¢ O
Jo g-oTom 8T 3Inoqe YITA gosseTh osay3 ul ‘sjusweInsesu YOS Aq
[g) ut umoys se ‘003 ‘peburyoxe 91e SUOT WNTOTED S3UIJUOD mioTed
ybty pue untsselzod ybTy u3TM sesserhb ur ‘{z ‘1] suot eufrTeEXI®
eyl o3 pe3jotaysal Atuteu s7 sbueyoxs uol 3yl sasselb °3e01118
unyo[eD ulspou 1«fh-p ‘sesselb eorqe3s o73Atoapiy uT SEIIBUM
-fem awmes ayz ur 3oesx ATTedTseq sasselh HuTuTeUOD UNTSSVIOd
‘pawzoj aq TITM @3eUCqIED WNTPOS ‘255 jo wedussead uI

(z) =T1S-OH + EBNO-}S= ~ HO®BN+ =1S-O-1S5=

+(z) XTaijew ®OTTTS 2Y3 JO UOTINTOSSTP }YIom3su e 03 peel
ues YOTYA ‘HOEN SWIOJ JUBWUOITAUD snosnbe ue U] UOT WNTPOS YL

(1) JBN + HO-TS= « HO®N + « H + BN O-1S=

+(1) o3 burpaoooe ‘elni e se ‘uotT FreYTe ue pue uojoad
e usemiaq soerd seye3 sseooxd sbueyoxa uoy uy suousmousyd umouy
IToM ® ST o’H 3o @ousnTIuT 8yl IIpun gseTh JO UOTSOII0D AL

NOILIONQOHULNI

.noﬁunoﬁwMa-
18pTm J10J Azesseosu s eousatiedxe potaed BHuor 3Inq ‘Tnjedoy
huww ﬂuuuuwmmmﬁm TeAaTpaW UC S3[NSe2I I00p3NO 38atd +sbutivod
WADOWMO pejusubid I9TaIRq UOTSNIITP © KAq peutejqo 8q Uuwd
uotaoejoad eAT3lOa3Ie UY +gzake] IeTnNOSTOW TeRISA®S JO SSBUNDIW]
sy3 03 8mp UOT3IEDTITPOW 8u3 3O wAITTTqeSTAUT, Bu3l ST ebejueape
eyl ‘Burzelh Teuislxe Y3Tm UOTIRUTqUOD utr uof3zoejoad TeuotITPPE
103 Tnzesn sdeyaad ‘uot3oejoxd 3sspou ® sepfaocad uorjedyjypos
goRIaANS J3YlL spo3ebT3saAuT ST shurjeoo (oTmeasd peyjipou FSa8d o)
-Juebio =) WIADOWHO jFO pue ssdeIINS sseTh SAT3TSU®S UOTS0I10D JO
uoT3eoTITpOW 8oBIINS 8yl JO 3ID9FIS aAT30930ad UOTSOIIOD BUL

LOYYLSEY

*ney-d 'banqzanM
b TTIS I an3T3sul-1ajoyuneld
ooLs ‘'z zjerdasunaN punyos1033edTITITS Ind .M.m.m.:oxoaunuumm

! ur’ apnrges ‘usTTRTIS}RH snaN an3 u:uquu:m
0099 ‘premape3s wWwIl‘ty SpNR el G e .uuaﬁzom i

gASSYIO QINIVIS TVAIIQAW ¥Od SONIINOD HAIIOALOWd

‘Ke1peag "H'S 01

vl . ‘89¢L
-66L 'd '¢gsT ‘XT1ed 'H Kq peajpe 'SUGIY Jo UGTIPAISSSIJ PUE USTITIOTIFNZ]
06 55318005 TPUGTI®UI53UT UIJTJ U ,'sioopur pakerdsip eanadinss

Jo UcTIEPTIOSUOD UT @SN I0J SeURTIS ouedio jo uolaenyealy, 'Aeiperg ‘W'S 4

*£08-508 "d ‘/861 '®ITEIasny ‘Aeupds ‘FUTISSH TPTUUSTIL
TIU3TT WOOT ul ., 'euois paledep A1ieTnuei? jo juepjiosucd sv uysex oruedio
pue suels JO eIniXIm aYy3 jo uoliwnieas KLio3wioqe], 'PANTYSIN nieaepel g

.mmm-mHN.n.nmmH.ccﬂao.<.ﬁucnﬂn=uu.q.xanvouﬂuo_udmmw
J0 UOTITAISESIg pUF UOTIPIOTISTSq UG §53I9U05 [eUSTIeUTISIUT [IIn6] UL ut
«'U0TIBAIaSUOD 2u03s Jo senbjuyoea ayi o1 yoroadde wnesnw v, 'uosie] ‘H' [ ¢

'¢86T 'X11°d '9 £q pearpe
[V To) FUSTIEUIS3UT U 9

. "ovE-61€ ‘d '9/61 ‘Fseisusy
-1ssoy 'Y £q pearpe ‘T 9U03I5 JO UOTIPAISSUGH SUIL ul ,'T(61 39qo1dQ 'eulotog
uy Bujyjesw 3se| 2duls JIom uo 3ioday, ‘JIeTIoUCH 'Y pue (edway ‘N ¢

: _ "0T9-10% °d
9461 'tsereusy-1ssoy ‘¥ Aq paajpe 'SUSIF Jo JuswIveil SUL uj ,'seucispues
pakedep 103J UO]ILI0ISI1 PpuER UOTIEBPI[OSUOD JO poyaaw Y, ‘sTPwaIRIUON ‘0 ¥

. ‘9/61 '®3ON uoyawas yoaresey Buipiing
JUCIG JO UOTIPAISSe1g IUl 103] BSUP[JEAROI[V '@011d 'V'H pue plouly ‘17 ¢

"9961 A1vniqed G7 ‘6z¢ Iuelrg seawas peatupn g

"psujeaqo ussq 33 Jou swy Ing SQ9ET Y3
woxj ST jue3ed uewiss oyl '9/61 LPW T1 ‘886°'CCe°E Iusaeg S9I®IS pPRITUR

SEONIYIITY

‘quswafeinoous pur 1ioddns

STY 103 199 2yl 3O 23TmI=e§ S3[aeyj) ueyl o1 3YI] os[e pInom I ‘@anijasul
uotjealssuo)d L3399 ayi woij 3ueid e £q peiioddns sem xNiom sTUL

‘ei13doeds YWN UODITIS 23BIS PITOS 8Yl Inoqe

Butaq o3 Sujdiey 103 sanowey ep 3ucdng ‘1°'3F JO 1819yds eFaocen pue ‘ieded

sTya uy sieyxeaewm yesrydesd sya jo 3sow jo uoiiompoid aya 103 Aryeioedss

pue sajuswjiedxe KL13ewTawri® ‘Jujiaisel TwOJuURYOSW Iyl uo 3 iom aey 103

aosaeqy suuesns ‘sjuswiiedxe A17S00sfA pur ‘esansssad zodea ‘A1jeutavad
ay3 03 suojangiijuod Iey 103 9TqON BT138g Mueyl ol B}l pinom I

SINZWADTITMONADY



eruea[Asuuay ‘y3ingsijig
ALIIDOS HOYVISIY STVIIILVIN m M~ E

V'S 104 MAN 104 M3N ‘1Y JO wnasnjy uejtjodosiajy
I3[3ayp| uel3ag 381029

V'S’ ‘eruiojied) ‘Aay [2Q BUlIR]A ‘33N313SU] UOIIRAIISUOD) A1330)
q1Zni(J sawre(

'V'S'N DA ‘uoiBuiysepq ‘uonniysuj _.EEom._.:_Em
I3AIpUBA ‘g e[oWe]

‘SUYO0LIa3

V'S’ "etudoji[e]) ‘odstouel] ueg ‘0661 ‘17-41 [Udy peY wnisodwAg

II A30]03eYd1y pue 11y Ul Sanss] S[eLId}RIA]

§81 INNTOA SONIA3IID0Ud WNISOdWAS ALTIDOS HOUVISIY STYINILYIN

$opho-b LBEE - | e

a1 T PSR

e




