DIRECT ANALYSIS OF HEAVILY LOADED CARBON BLACK FILLED
STYRENE-BUTADIENE R.. (U> RRMY HRTERIRLS AND MECHANICS

. RESEARCH CENTER WATERTOWN MA M SLOAN ET AL. JUN 84
UNCLASSIFIED AMMRC-TR-84-25 F/G 11/19

AD-A145 836




o
EEE
EEEE

lm I I "m i
lizs s pe

FEREEE

E
3
EE

N
o

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

EE

.




AMMRC TR 84-25 AD
{

§ DIRECT ANALYSIS OF HEAVILY LOADED

o . : |

3

h

o

<
K 1
8
L QELECTE ”
E SEP 18 1984
E 7 B

ARMY MATERIALS AND MECHANICS RESEARCH CENTER
Watertown, Massachusetts 02172-0001

84 09 17 028




The findings in this report are not to be construed as an official
Department of the Army position, unless so designated by other
authorized documents.

Mention of any trade names or manufacturers in this report
shall not be construed as advertising nor as an official
indorsement or approval of such products or companies by
the United States Government,

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed.
Do not return it to the originstor.

4 2 A 4 a "4



LASSIFIE
SECURTY CLASSIFICATION OF ThHiS PAGE (When Date Bntered)
REPORT DOCUMENTATION PAGE BEP R CoP L BTN ,
T "REFPORY wunblR TGOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
AMMRC TR 84-25 .
8. TITLE (and Subtitls) 8. TYPE OF REPORT & PEROD COVERED
DIRECT ANALYSIS OF HEAVILY LOADED CARBON BLACK Final Report
FILLED STYRENE-BUTADIENE RUBBER USED IN TANK : ""o”‘“p:m SEPORTRONBER
TRACK PADS BY FT-IR ' )
7. AUTHOR(®) #. CONTRACT ON GRANT NUMBER(s)
James M. Sloan and Joseph P. Clements
- 9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. ::ggn.agoz#xiasrtfh PROJECT, TASK
‘ Army Materials and Mechanics Research Center
3 Watertown, Massachusetts 02172-0001 D/A Project: 1T161101A91A
DRXMR-OP
11. CONTROLLING OFFICE NAME AND ADORESS 2. REPORT DATE
' U. S. Army Materiel Development and Readiness Jurie 1984
N Command, Alexandria, Virginia 22333 T3 NUSER OF PAGES
ﬂm&—nﬁﬁs{u different from Controliing Office) | 15. SECURITY CLASS. (of thia report)
Unclassified
TSe. D!C&ASSIFICATIO'J DOWNGRADING
SCHEDULE
[76. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, if different irom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side If necessary and identily by block number)

Elastomers
Infrared spectroscopy

20. ABSTRACT (Centinue on reverse side i necessary and identify by block number) |

(SEE REVERSE SIDE)

DD . o W73 h/zomou OF 1 NOV 68 13 OSSOLETE UNCLASSTFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
L —
]
Y




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)

Block No. 20

[ {’ "'I ) »
(/_ F .‘7 K J ABSTRAQT
Z:>Infrared s

ctra have been obtained of a heavily loaded (50 per hundred)
carbon black fAlled styrene-butadiene rubber using a Fourier transform infrared
spectrometer { Attenuated total reflectance (ATR) spectroscopy sampling employ-
ing a germanium (Ge) internal reflectance element was found to yield quality
infrared spectra where other techniques have failed. Subtle changes were ob-
served between the spectra of the filled and unfilled styrene-butadiene rubber
(SBR). These changes are attributed to the interaction between polymer and
filler. ..t~
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INTRODUCTION

Carbon black is the most widely used reinforcement agent presently in use in
the elastomer industry. The role of carbon black in the reinforcement of elastomers
is an important one. Addition of carbon black to an elastomeric system improves the
mechanical properties of the final vulcanizate. Considerable improvement in tensile
strength, tear resistance, and abrasion resistance has already been realized.l Such
variables as the size and shape of carbon black particles, their dispersability and
the chemical nature of their surfacesl:2 contribute to the degree of reinforcement.
Theories of reinforcement of elastomers by carbon black postulate the existence of a
physical or chemical interaction at the polymer-filler interface.

Carbon black has also been found to increase the rate of vulcanization and
improve reversion resistance.l The degree of improvement in reversion resistance
is largely dependent on the size of the carbon black particles.

Typical industrial rubber formulations include anywhere from 40 to 60 parts
carbon black per hundred parts elastomer. Obtaining infrared spectra of materials
with these high loadings of carbon black is not an easy matter. Corish4 obtained
an IR spectrum of a heavily loaded carbon black filled styrene-butadiene rubber
(SBR) using a microtomed (2-microns thick) slice aligned in the IR beam. Unfortu-
nately, he used a grating spectrometer which allowed only a small fraction of radia-
tion to reach the detector. This resulted in a spectrum of poor quality. A recent
report> used the above method in conjunction with a Fourier transform infrared spec-
trometer with greatly improved results. Hart et al.® demonstrated the usefulness of
using transmission sampling through dilution with KBr with an FT-IR spectrometer to
obtain quality IR spectra of a 20 per hundred carbon black filled polybutadiene
rubber.

The work presented in this paper demonstrates an easy method of sample prepara-
tion to obtain quality infrared spectra of heavily loaded (50 per hundred)carbon
black filled SBR. The method utilizes an attenuated total reflectance (ATR)
accessory employing Ge as the internal reflectance element (IRE). The quality of
the IR spectrum is of sufficient quality to allow detection of small structural
changes. These changes are thought to be a result of the interaction between the
rubber and the carbon black filler.

EXPERIMENTAL

All spectra reported were recorded using a Harrick Model 4X-TBC-VA ATR acces-
sory. The IRE was a rhombohedral-shaped Ge crystal with dimensions of 50 mm x 3 mm
x 2 mm. This geometry allows multiple reflections of radiation to take place along

the surface of the rubber. Figure 1 shows a schematic diagram of the ATR attachment.’
LR
1. BLOW, C. M. Rubber Technology and Manufacture, The Buttworth Group, London, 1974. .
2. DAVIDSON, H. W., WIGGS, K. C., CHURCHOUSE, A. H., MAGGS, F. A. P., and BRADLEY, R. D. Manufactured Carbon, MacLaren,
London, 1968.
3. CHEN, C. H,, KOENIG, 1. L., SHELTON, J. R., and COLLINS, E. A. The Influence of Carbon Black on the Reversion Process in Sulfur-
Accelerated Vulcanization of Natural Rubber. Rubber Chem. and Technol., v. 55, 1982, p. 103.
4. CORISH, P. J.. J. Appl. Polym. Sci.. v. 4, 1960, p. 86.
5. DEVLIN, E. F. The Fourier Transform Infrared Spectrum of Cured, Black-Reinforced SBR. ). Polym. Sci., Poly. Lett. Ed., v. 19, April ] 1
1981, p. 189. ]
6. HART, W. W,, PAINTER, P. C., KOENIG, J. L., and COLEMAN, M. M., Appl. Spectrosc., v. 31, 1977, p. 220. {
7. HARRICK, N. 1. Internal Reflection Spectroscopy, Wiley-Interscience, New York, 1967. 1
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dy = depth of penetration into sample
‘"Ge > ng AM)
X = wavelength of radiation in um
Nee ° refractive index of gtrma_nlum
Noam * refractive index of sample
8 = angle of Incidence of radiation

The IRE had an incident face angle of 60°. The depth of penetration varies as a
function of frequency from approximately 1 um at 4000 cm™* to 1.2 ym at 400 cm~l.
Figure 2 shows a comparison of the depth of penetration for a germanium crystal and
that of another often used internal reflectance crystal, KRS-5 (thallium bromide-
iodide). This figure clearly shows the small penetration depth due to the use of

the germanium crystal. Therefore, more IR radiation is permitted to reach the detec-
tor which was a severe problem previously encountered by other authors.%,6 By co-
adding a large number of spectral scans and utilizing a scale expansion of the re-
sultant IR spectrum, all spectral features of the heavily loaded carbon black filled
rubber can be identified.
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Figure 2. Depth of penetration profile of the infrared beam into the
sample as a function of wave number.




All infrared spectra were measured on a Digilab FTS-10M Fourier transform
infrared spectrometer. Spectra were recorded using 2048 co-added interferometric
scans with a spectral resolution of 4 cm~l.

Cured carbon black filled SBR samples were formulated by various rubber manu-
facturers and known to contain the same base SBR, containing approximately 24% bound
styrene and processed with 50 per hundred carbon black. Samples were provided as
bulk tensile sheets and cut to size. Sample formulations are given in Table 1.

Samples were prepared for IR analysis by soaking in acetone for one hour
followed by soaking in methylene chloride for one hour. The samples were then
allowed to dry in a vacuum oven at 100°C for one hour. This method of extraction
serves to cleanse the elastomer surface of all additives and compounding ingredients
while allowing the structural integrity of the elastomer to remain intact.

Table 1. SBR RUBBLR [ORMULAT[ONS [N PHK

Control 3P Sterean
27 Conlrol [13TL [UATRIRE /hy
Stereon 750 - - - - Ton
SBR-1500 100 100 100 1oo
Zinc Oxide 3 3 3 3
Stearic Acid 2 7 ? 7 .
Phenyl-b-napthylamine 1 1 1 1 |
AgeRite Resin D 1 1 1 l 1
Carbon Black, HAF 50 50 50 H0 -
N-cyclohexyl-2-benzothiayl 1 1 1 1 -
Sulfonamide

Sulphur 1.7% 1.75 1.75 1./% e
uopP 88 - - coated 3 -
Aromatic 0il - - - - 37.0h

RESULTS AND DISCUSSION

ATR is a complex technique governed by many fundamental optical laws. Some
key factors for obtaining quality ATR spectra are as follows:

1. The quality of the internal reflectance spectrum depends on the nature of
the contact between the IRE and the sample. It is desirable to distribute the pres-
sure uniformly along the surface of the IRE. This is accomplished by use of a torque
wrench which allows reproducible and uniform pressure of the sample onto the IRE.

2. Approximate matching refractive indices of the sample and the IRE are re-
quired if good spectral contrast is to be obtained. In our case, the refractive
index of carbon black filled rubber has not been determined. One can assume that
this number is quite high. Thus, a germanium IRE with a refractive index of 4.0

would be a more appropriate IRE than a crystal with a refractive index of 2.5 (KRS-5).

3. Accurate knowledge of a good reference spectra. In double-beam grating
instruments the sample spectrum is ratioed against air. In FT-IR systems the ref-
erence spectrum is a digitally stored spectrum of a free standing IRE, which allows
a fully compensated IR spectrum to be obtained.




Spectra of Heavily Loaded Carbon Black Filled SBR

Figure 3 shows a spectrum of a heavily loaded carbon black filled rubber before
and after baseline correction. The sloping baseline in the uncorrected spectrum is
due to the wavelength dependence of the depth of penetration of the infrared beam
into the sample. This can be easily compensated by using a baseline correction pro-
gram available in the operating software. Due to the limited amount of radiation
reaching the detector and the strong absorption of the carbon black throughout the
infrared region, a scale expansion was necessary to detect the infrared bands of the
SBR. The result of this operation is seen in the bottom spectrum in Figure 3.

Figure 4 shows a comparison between the corrected carbon black filled SBR
spectrum and that of a nonfilled SBR. The absorption bands in the spectrum of the
filled SBR can clearly be identified with that of the unfilled sample spectrum.
Absorptions due to the butadiene portion (967 cm~l, 910 cm~1) of the copolymer can
be seen, as can the absorptions due to the styreme portion (698 em~1, 1498 em~!,

1601 cm~1), Clearly, absolute identification of the base elastomer can be made from
the IR spectrum obtained by this technique. The band located at 1539 cm~1 has already
been assigned to the presence of zinc stearate,8 which is formed during the curing
process as a result of reaction between zinc oxide and stearic acid.
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Figure 3. Top: uncorrected IR spectrum of carbon black filled SBR. )
Bottom: baseline corrected IR spectrum of same SBR.
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Interaction Between Carbon Black and SBR

Figure 5 shows spectra of two different rubber formulations utilizing the same

base SBR. The bottom spectrum is that of the unfilled SBR shown here for comparison.

The top two spectra are spectroscopically identical as would be expected since the
only differences between the two formulations ave in the organic additives, which
have been extracted out. This is an indication of the reproducibility that exists
between different rubber formulations employing the same base rubber. Of particular
interest in Figure 5 are the distortions of the various C-H bands along the polymer
backbone. Absorbances at 698 cm~! and 3065 cm~l, attributed to various aromatic C-H
motions, show changes in both their frequency maxima and their relative intensities.
Similarly, absorbances at 2953 cm~!, 2890 cm~1l, and 967 cm~l attributed to the vari-
ous C-H motions of the butadiene portion of the copolymer show intensity and posi-
tional shifts. These effects are thought to be due to the interaction between car-
bon black and the polymer. Although the exact nature of thi: interaction is beyond
the scope of this report, it seems apparent that the polymer surface is strongly
absorbed onto the carbon black.
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Figure 6 shows the expanded infrared region between 1350 cm™! and 1480 em~! for
the filled and unfilled elastomer. Clearly, the intensity of the 1433 cm~! band
increases with respect to the 1450 cm~! band. These bands have previously been
assigned to the CHy bending vibrations of the gauche and trans conformations, respec-
tively,9 about the C-C bond. It is interesting to note that only one band is modi-
fied by the addition of carbon black, indicating a preferred loss of conformation
from the trans conformer to the gauche conformer.

Quantitative Determination of Bound Styrene in SBR

The spectra obtained using this sampling technique are of sufficient enough
quality to allow determination of the percent bound styrene in the copolymer, SBR.
The method of determination is to use calibrated IR band intensity ratios for unknown
samples and compare them to the IR band intensity ratios for a series of standards.
In this case, the 698 cm~! band of styrene was ratioed against the 967 cm~l band of
butadiene. A calibration graph was constructed for three known standards. Such a
graph is shown in Figure 7.

9. CRAMPELLYI, F., and MANOVICHI, 1. Gazz. Chim. Ital., v. 91, 1961, p. 1045.
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Table 2 summarizes the results of a series of known cured carbon black filled
samples analyzed in this way. As can be seen by this table, excellent agreement is
shown between the known amount of styrene and the determined amount of styrene.
These values show a maximum variation of between *2.5%.

Table 2. QUANTITATIVL ANALYSIS OF
STYRENE-BUTADIENE COPOLYMLRS

Determi;(;é“ityron—(:

Known Styrene (This Work)
Sample ) (%)
Control 22 23.5 24.7
UoP 88 23.5 4.5
3 PTS UOP 88 23.5 ?3.5
Control 23.5 24.5
TACOM L 23.% 22.0
Stereon 750 18.0 20.7

Identification of Antioxidants

For a complete analysis of a formulated elastomer system, it is useful to
identify the antioxidant that has been used in processing. The small amount of
antioxidant present (typically up to 3% by weight) in the formulation makes it neces-
sary to extract the antioxidant as performed in the experimental section and concen-
trate it down. This extract contains various amounts of processing components, but
is primarily composed of the antioxidant.

The solvent can be evaporated onto a KBr salt plate and an infrared spectrum
taken. Figure 8 shows an example of the spectrum one obtains from this extracted
residue. This material has been identified as an N,N® substituted phenylene diamine
antioxidant commonly used in elastomer formulations.
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Figure 8. IR spectrum of rubber extract.
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- CONCLUS ION

It has been shown that quality infrared spectra of heavily loaded (50 per hun-
dred) carbon black filled styrene-butadiene rubbers can be measured by the use of a ’
standard ATR sampling accessory. The utilization of Ge as the internal reflectance
element allows more radiation to reach the detector.. The resultant spectra yields

r
..
w absolute identification of an unknown elastomer.
»
- .
. The spectra obtained are of sufficient quality to allow subtle spectral changes
of the elastomer to be detected. These changes are associated with the interaction }

of the polymer with the carbon black filler.

Additionally, FT-IR provides the advantage of a rapid and easy method for
identification of quantitative differences in composition between standard and un-
known styrene-butadiene rubbers by absorption band ratios. This has been shown to -
be accurate to *2.5% bound styrene on samples tested. b




DISTRIBUTION LIST

No. of
Copies To

1 Office of the Under Secretary of Defense for Research and Engineering,
The Pentagon, Washington, DC 20301

12 Commander, Defense Technical Information Center, Cameron Station, Building 5,
5010 Duke Street, Alexandria, VA 22314

Commander, Army Research Office, P.0. Box 12211, Research Triangle Park, NC 27709
1 ATTN: Information Processing Office

Commander, U.S. Army Materiel Development and Readiness Command,
5001 Eisenhower Avenue, Alexandria, VA 22333
1 ATTIN: DRCLD

Commander, U.S. Army Materiel Systems Analysis Activity,
Aberdeen Proving Ground, MD 21005
1 ATTN: DRXSY-MP, H. Cohen

Commander, U.S. Army Electronics Research and Development Command,
Fort Monmouth, NJ 07703
1 ATTN: DELSD-L
DELSD-E

Commander, U.S. Army Missile Command, Redstone Arsenal, AL 35898
ATTN: DRSMI-RKP, J. Wright, Bldg. 7574
DRSMI-TB, Redstone Scientific Information Center
DRSMI-RLM
Technical Library

oot et N et

Commander, U.S. Army Armament, Munitions and Chemical Command, Dover, NJ 07801
ATIN: Technical Library

DRDAR-SCM, J. D. Corrie

DRDAR-QAC-E

DRDAR-LCA, Mr. Harry E. Pebly, Jr., PLASTEC, Director

— = N

Commander, U.S. Army Natick Research and Development Center, Natick, MA 01760 !<w_1
1 ATTN: Technical Library 3
]
4

Commander, U.S. Army Satellite Communications Agency, Fort Monmouth, NJ 07703
1 ATTN: Technical Document Center

Commander, U.S. Army Tank-Automotive Command, Warren, MI 48090 .‘*“
1 ATTN: DRSTA-ZSK o
2 DRSTA-UL, Technical Library AR
ST o
N L ‘.1
Commander, White Sands Missile Range, NM 88002 ‘--4
1 ATTN: STEWS-WS-VT '

M
President, Airborne, Electronics and Special Warfare Board, Fort Bragg, NC 28307 o
1 ATTN: Library ffﬂ?

| 1

AT A w & P i . W S M S - N L

TR S i A



No. of
Copies To

[y

Director, U.S. Army Ballistic Research Laboratory, Aberdeen Proving Ground,
MD 21005
ATTN: DRDAR-TSB-S (STINFO)

Commander, Dugway Proving Ground, Dugway, UT 84022
ATTN: Technical Library, Technical Information Division

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MD 20783 3
ATTN: Technical Information Office Q¢J;J

Director, Benet Weapons Laboratory, LCWSL, USA ARRADCOM, Watervliet, NY 12189 .
ATTN: DRSMC-LCB-TL ot

DRSMC-LCB-R -0
DRSMC-LCB-RM R
DRSMC-LCB-RP . ]
Commander, U.S. Army Foreign Science and Technology Center, 220 7th Street, N.E., v_'
Charlottesville, VA 22901 —ad
ATTN: Military Tech, Mr, Marley .l!.“1

Commander, U.S. Army Aeromedical Research Unit, P.0. Box 577, Fort Rucker,
AL 36360
ATTN: Technical Library

Director, Eustis Directorate, U.S. Army Air Mobility Research and Development .!lmrq

Laboratory, Fort Eustis, VA 23604 DRI

ATTN: Mr. J. Robinson, DAVDL-E-MOS (AVRADCOM)

U.S. Army Aviation Training Library, Fort Rucker, AL 36360 R

ATTN: Building 5906-5907 . -4
..._.._1

Commander, U.S. Army Agency for Aviation Safety, Fort Rucker, AL 36362 _
ATTN: Technical Library S

Commander, USACDC Air Defense Agency, Fort Bliss, TX 79916
ATTN: Technical Library

Commander, U.S. Army Engineer School, Fort Belvoir, VA 22060
ATTN: Library

Commander, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS 39180
ATTN: Research Center Library

Commander, U.S. Army Environmental Hygiene Agency, Edgewood Arsenal, MD 21010
ATTN: Chief, Library Branch

Technical Director, Human Engineering Laboratories, Aberdeen Proving
Ground, MD 21005 T
ATTN: Technical Reports Office ‘4“‘”

Commandant, U.S, Army Quartermaster School, Fort Lee, VA 23801 RIURI
ATTN: Quartermaster School Library R




R RS S T

’
No. ‘of D :
Copies To o
Commander, U.S. Army Radio Propagation Agency, Fort Bragg, NC 28307 -
1 ATTN: SCCR-2 o
Naval Research Laboratory, Washington, DC 20375 :'_;--'.
1 ATTN: Dr. C. I. Chang - Code 5830
2 Dr. G. R. Yoder - Code 6384

Chief of Naval Research, Arlington, VA 22217 '
1 ATTN: Code 471 s
1 Edward J. Morrissey, AFWAL/MLTE, Wright-Patterson Air Force, Base, OH 45433
Commander, U.S. Air Force Wright Aeronautical Laboratories, —
Wright-Patterson Air Force Base, OH 45433 T
[ - 1 ATTN: AFWAL/MLC o
2 1 AFWAL/MLLP, M. Forney Jr. 2
L 1 AFWAL/MLBC, Mr. Stanley Schulman
k Director, Army Materials and Mechanics Research Center, Watertown, MA 02172-0001 —
K 2 ATTN: DRXMR-PL T
: 2 Authors o




*43| |1 pue J3uk]10d UIIMIIQ UOLIIRAIIUL Y} 0 pIaIN

-qi4330 a4e sabueyd asayl “(¥gS) 43qans uALPLING-duJAIS PI||Ljun pue pa| (L) 3y)
30 RBu3J3ds 3y} UIIMIIQ PAAUISQO IJ3m sabueyd I|IQNS  “patLey ARy SINbLuyI} J3Y30
349YmM ©4153ds paJrvajul AL enb p13tA 03 puno) SeM JUIWI|I IIURFIV(JA4 (RPUJIUL (39)
wniuewsab e Buifodwe buidwes £d035043129ds (Yly) IIUeIIB(434 (P03 PITPNUALLY 431
~3w04323dS PIJRUIUL WIOJSURLY JBL4N04 © BULSN J4IQQna JuI|PRING-IUIAAIS PI(L) AIR|Q
uoqJed (paJpuny 4ad Qg) Papeo| A|LAR3Y © JO PIULRIQO UIIQ IARY RUIIAS pasedjul

VI6VIOTTITLT 393F04d v/0 *$3tqe3-snp(L
- 00 77 ‘p861 UNL “G2-p8 YL JuWWy 34043y (B31uyd3)

SIUBWILT *9 YdISOP Pup UROYS 'K SAUR[
spJom 3y oL yI-13 A9 Mo<g
YOVYL YL NI 03SQ ¥386NY INILOVLNG-INTHALS QITTL4
NOLIGIMISIZ T3LINL NN YOV8 NOBUYD 030Y07 ATIAV3H 40 SISATYNY 103910
1000-2L120 S113SNYIVSSRY ‘UMDILIIRK

ov 433U YI4RISIY SILURYIIM PUR S(RLJIIICN Awty

£do2504303d5 paJvajul
sa3wo3se |3

*43(| L4 pue Jawlflod uaam}aq uoLIdeUdUL Ay} 01 pan

-qt4332 aJe sabueyd asayy “(ygS) 4IqgnJ 2u31peIng-awu3sL3s paj|Liun pue paj|Ly I
40 ©4733ds 3y] UIIMIAQ PAAUISQO 4 sabueyd 3LIgnS ARy Aey Sanbiuylal Jayie
43yM ea129ds paubajui A1 enb piah 03 punoj sem JUII(I JIURIIF(JI4 (euudtut (39)
wniuewsab e Buiko|dwd but (dues Adorsoaydads (yly) IeIIV(JaJ (210) PAIRNUALYY 431
~3W04}30S PaJRASUL WIOISURLY JBLuN04 © BuisSn uaqgna JuILPRING-BUAMIS PIAL|LS AR |(q
u0QLed {pauspuny 43d G} Papeo( K|(AR3Y © O P3ULRIQO UIIQ ARy R3S pAsRAU]

VISYIOTT9ILT 399f04qd ¥/Q *$31qP3I-Sn( L

- dd [T ‘pg61 3UNC ‘G2-98 YL JUWWY 34003y (@ILuyd3L
SUWAL) d ydasor pue ueols ‘i SuRp
SpJop A3y = ¥[-14 A9 SOvd
VB NVL NI 03Sn ¥38ENY IN3TOVING-3INIWALS 031714
L HERS YOYI9 NOSHYD 030¥07 ATIAV3H 40 SISATYNY 1D3M10

1000-2L120 $}39SNYORSSeH ‘UMOIAIIEN
av 4197037 YOJIRASIY SOLURYIM PUR S(RLJIIIRN Auuy

Ad0250473905 paJeajul
s43wolseil

“4[[LJ pue 43WK|0d UIIMIBQ UOLIOLJAIIUL YL O PaIn

-qra33e aue sabueys asayy "(y¥gS) 43qQns ILPRING-3ud4AIS Pa{(Lsun pue pA(LLS Y
30 °4373dS 3Y] uIIMIAQ PAAIISQO 3uam sabueyd I IqnS  pa(Les daey sanbiLuyddy JayYro
243ym RJ3ID3AS padeJjul AjL(enb p314 03 punos SeM JudWB(3 IJULYIIILJIA |PULIJUL (39)
wnjueusdb ® Bupko(dud bu) (dwes £d03504323ds (Y1¥) UL 434 (RI0] pAenUITIY - 4I]
-3W04303dS paJeajul WA0jSURJL] J3L4no4 B Buisn 1aqQna Audipeing-audukis pajtls noe|q
uoq4ed (padpuny 43d (g) PIpeo| A|LARAY P JO PAULRIQO UIIQ IAeY ©4123dS pIJesjul

YIEVIOIT9TLT 33f04d v/Q ‘salge3-sni(t

- 60 17 ‘B6T SUNT 52-v8 L DMWY 34009y (PI1uYd3)
$3U3WAYT ‘4 YdAsOP pue URG|S ‘W SR
spaom Aay - dl-14 >M Savd
YOVEL YL NI QIS ¥388NY IN3IQVLNG-3IKIALS G3TILS
N L ™A YOY18 NOSYYD 030V1 ATIAVIH 40 SISATYNY LIIIO

1000-2L120 S5119SNYIesSsey ‘umollaiep
av $433U37 YDJRISAY SOLURYDI puR S(P}4330W Amdy

£d0Ds0430adS paJeaju]
$43W03Se (3

"I (L4 pue JuM(0d UIIMIIQ UCLIILITUL A 0 PIIN

-qu4lje 24e sabueys 3sayp *(yYgS) 42qqnJ 3udLpeIng-dudukys PI||Ljun pue pagfLy
40 v4129dS 9y} Ud3M13Q PIALISQO d4am sabueyd 3|QNS  -pajLe} ARy $3NbLUYIAL 4aYl0
243ym £UID3dS paaryuL A3L1enb pia1f 03 punoy Sem JuAWR|D JIULIDI| A4 (RU4IIUL (IT)
wniuewsab v burko(dwa bul (duwes £do3s0432ads (y¥ly) 3Iue1I| 434 (010} PIRNUILY ‘437
-3W04373dS PAJRJJUL WAOJSURJLY JILANO4 © Bulsn JAQQna AudLpeRING-IUIIAIS PALLLS ADP(g
uoqJed (paspuny J43d (OG) papeo| A|LAedy © JO P3ULRIQO UIBQ ARY RU}IAMAS PaJLLIU]

VIGVIOTIOIL] 193f04d v/g ‘sa|qe3-sny(}
- 40 TT ‘p86T NP “G2-p8 YL Iy 140day (edLuyIdy

SIUBWALY 4 YAISOP PUR UROIS W SIRP
spaon Aoy - MI-1 48 sovq

YOVHL YL NI 0350 ¥388NY INIIQVANG-INTWALS 43TV
NOLLNGIVLSID CaLINI NN YO¥18 NOSNY) 3QVO) ATIAVIH 40 SISATYNV 1D3H1Q

1000-2£120 $319SNYIRSSeH ‘uUMOIJITeN
ov $433U9) YDJRISY SILURYIAY DPUR S[P}JIILW Amly

£d03504309dS paJeaju]
S4w03Se (3




*43{ |t pue Jaul|od uaamyaq uoyIJRJIIIUL Y 03 pajn

-qi433e aue sabueyd asayy - {ygs) 43qgnJ udLpeINgG-audULS pA|Ljun pue Pa| |ty w3
30 BaJadS 3y} UIIMIAQ PAALISQO 343 SIBuRYD A[IGNS P3| ey AAey sanbiuyddl J3yr0
3J43ym va}dads pIJRajuy A3L[enb pLathk 03 punoy SeM JUIWI(I IULIIV| 34 (RUJIIUL (39)
wnjuewsab e Bugdo(dud bui(dwes Ad0IS043ads (yiy) eIV 434 [PI0F PAILNUAIIY  "Ud)
-3W0J4393dS PIJRUJU] WAOISURAY 4DL4N04 ° Buisn 43qQnd JudLpRING-BUILLIS PALLLS NOR|q
u0q4ed (paJpuny aad OG) papeo] A|LAeay ® JO PaULRIQO U3AQ IARY PUIIAdS paseajul

VIGVIOTT9ILT 399f0u4d v/Q *s3(qei-Snii}

£d02s04323ds paJesju] - dd 11 “pg6T BuUnC ‘Sz-p8 Y1 JWWY 340d3y {eILuyddy

SJ3W0359 |3 s . .
JUI|) "d Ydasor pue ueo|S W Sawel
spdou kay - ¥I-14 A8 SOVd
N Q3L1IWIY M¥IVYL WYL NI @3SN ¥388ny 3INIIAVING-3NIYALS 031714
o_._.:mwwwwmmﬁu“q__ TN MYIE NOGYYD QIOV0T ATIAVIH 40 SISATUNY LIWIC
100022120 $319SNYIRSSRY “UMOIJIIEM

av £493U) YIJIRISAY SOLURYDAY pue S|PLIIRN Audy

*a3{114 pue s3uk(0d uIIMIAQ UOLIINLIIUL YL 0} pan

-quajje ade sabueyd asayl -(ygS) 43qQnu 3u3LpeIng-duIJAIS PA||Ljun puR P3|ty W)
30 vu323ds Y] UIIM)I3Q Par.asqo .M sabueyd 3IQNS  pajLey aey sANDLUYIBY 43YI0
343ym 04303dSs paJeajuL K31 |enb plathk 03 punoy Sem JUBWA(3 3IULIIA[JIJ |eusdjul (39)
wniuewsab o GuiAojdwd Buy |dwes £d0JS04133ds (yly) FIUeIII(4a4 (0107 palenually 433
-3w04353dS PIJRJJUL WUOJSURL] 4ILJINOJ © Buisn 4IaqGnL dud|peIng-3udukls PaLLLly ¥Ie|q
uoqJed (paspuny 4ad (G) papeo| A|1AR3Y B JO PIULRIQO UIDQ dARY RJI3dS pIJRJju]

VI6GYIOTTOTLT 323f0ud y/Q *saiqei-sniqi

£d03504333ds paJes u] - dd [t ‘p86T UNC ‘52-p8 YL Iy 34003y (E31Uyd3)

SJdwo03se|] Sjuawa() °d YdISO[ pue ueoyS W SIuR[

sp.om A3y - ¥I-14 A8 SOVd

YOVHL ONVL NI Q3N ¥398NY INIIQVANG-INIYALS 031114

NOLLNEINLSIS Qo A YOV19 NOSHYD 030¥01 ATIAVIH 40 SISATVNY 193310

1000-2{120 $339SNYoesSSel ‘UMOIJIICN
av SAIIUI) YIJRASIY SOLURYIAN PUR S|RIAIIRN Away

*A3{ (1) puR Jouk|0d UIIMIIQ UOLIIRIIJUL I OF paNn

-q1a33e s sabueyd 3say) {yES) 42QQNJ BuILPRING-DUBILYS PI||LJun PUR PIY|LY )
30 43d3ds Y3 UIIMIAQ PIALISQO Jaam sabueyd 3| IQNS  -pa|1ey 3Aey SAINDLUYIIY 4Ay30
343ym 04333dS paueajul A3 enb plaLk 03 punOy SeM JUBWA[D IJURIDI| A4 (PUJIUL (3g)
wnyuewsdb e 6uifo(dud bu( (dues A£d03S04333dS (Y(y) FIURIIB{43d4 (RI0F PITBNUITIY ‘4]
-3W04303dS PIJRIJUL WAOJSURLY JBLJ4NOJ B BuLSN 4IQQNJ BUILPRING-BUALLLS PALLLS AdR|Q
uoqJed (paspuny 4ad g) papeo| A(LARIY © 3O PIULRIQO U3BQ dAey P43d3ds padedjul

VISVIOTT9TLT 1d3fou4d v/Q “s31Qei-snijlL

£d0350.433ds p3se.ju] - dd T] ‘pBET UNC ‘S2-pR ¥l JWWY 34003y [P1uyda)

$J3W03SR |3
SIUBLY d YDISO[ PuR UROLS ‘W SIRP
Spaom A3y - Y¥I-14 A8 SAvd
NOLLNGINISIO WIN NIVHL NVL NI Q3SN ¥388NY 3INIIAYLING-3NIUALS 43714
i YOV18 NOS¥YD 03IOYOT AVIAVIH 40 SISATYNY LI3MIG
Q314ISSYIINA v
1000-2£120 $3325NYORSSeY ‘UMOIIBIEN
av “433U3) YIJRISIY SOLURYIAY Pue S|RLIIIeN Audy

*J3LLt4 pue 43wk |0d udam1aq uoLIJRJAIUL Y] 03 payn

-qr433e 3ue sabueyd asayl - (Y¥AS) 43qQnu 3u3LpeING-3ulaKS PI[|LJun pue PaLLy 3
30 243030S 3yj u3amMIAQ PIAJISQO 3.43m sabueyd 31I1QNS  -pa|iey dAey SIANDLUYDIIT 4AYJ0
243ym eu303ds paJedjul A3i|enb P3LA 03 Punoy SeM JUAWI |3 ADURYII| S |RU4UL (3)
wnuewsdb e Buikojdwd buydues Adodsou4rdads (yly) d2URIDI| 434 |J0F PIIPNUAIIY  “43)
-3W04123dS PAILJJUL WJO03SURL] 4314n04 B BuLSn 43qqna 3uaLpeIng-2udJAIS PALLLS NIR|g
uoq4ed (paspuny 43d Og) papeo| A|1Aeay  JO PaULRIQO UIAQ ARy eJ4329ds paJeaju]

YI6YIOTIILT 333F04d v/Q ‘S3LQRI-Sn{1L

£d03504333ds pasesju] - dd 1T “pB6T SUNC ‘g2-y8 YL JWAWY 34003y (RILUYIRY

SJaue3se3 Sjuawd|) °d ydasop pue ueo|S ‘W SIuR(
SPJOM £3) - ¥I-14 A9 SQvd
MIVYL MNVL NI 03Sn ¥398nY 3NITQVING-3IN3YALS 037114
1
zozauwwuwmmhwﬁ_z— N Y18 NOG¥YD Q30Y0T ATIAVIH 40 SISATVNY LIJIA
1000-2£120 $332SNYIRSSRY ‘UMOIIIICN
oy $433U) YDJRISIY SILURYIA PUR S{R|JAICH Awiy







