grain growth. This lack of change in the diffraction
patterns showed that for the ion-exchanged catalysts, there
was no discernable change even after over 100 hours on
etreaﬁ. Due to the low amount of metal exchange, the zinc
or nickel was not observed on the patterns. When the |
catalysts were recovered from thelr treactor tubes the
catalysts were examined. The color of the catalysts had
changed from a chalky white to a charcoal color. Also a
darkening of the catalyst was observed-when going from the
top of the catalyst bed down., However this probable coke
was not present in sufficient enough quantity to be detected
in the x-ray diffraction.

These two seperate_studies showed the catalyst's
durablility and resistance to coking. However it should be
noted that even at the end of the extended run the
conversion had not dropped below 99+ percent. The change in
the product distribution however was significant. It ﬁas
then postulated that the product distribution for a given
catalyst can_poesibly be selectively shifteda by deliberate
coking. However this could not be proven at this time.

Reaction Mechanism

The reaction mechanim is of interest for the Fossible
preaiciion of formation of compounds. . The possible
mechanism for the conversion of n—heptanelwas discussed aue
to the simplicity of the molecule, i.e. no oxygen,

The first step in the reaction was an obvious steg, the

105



106

cracking of the n~heptane molecule, Katzer et al, (1980}.

+ N +

This would have been the most common of the cracking

products. This step would then have proceeded in several

possible ways.

N v CHT + CE,  (2)
c Hy" > C,Hg + H' (3)
CeHy + H'- > c337+ + CH,  (4)
C4Bg > 0337‘“ + H (5)
CoHg + H™ > C2H5+ + CH,  (6)

It was in two steps, (5) and (6)Ithat one possible rate
controlling step was occurring. This reasoning was due to
the large difference in propane yields obtained when
comparing n-heptane reactions over Ni-28M-5 with and without
hydrogeﬁ. 1f the hypothesis about the competiﬁion of the
hydrocarbons ana the hydrogen were true, then a slower step
would have been the most affected. The addition of hydrogen
caused a large rise in the propane yiela, with a
corresponding change in the higher molecularrweigﬁt
products. Though not specifically sﬁown, most of these
reactions are probably réve:sible‘ Blso during this time
isomerization will cccur giving branched species, The
butanes will go fromlthe normél'form to an iscform, and
there will migration on the carbonium ions to more stable
arrangements. Most likely these reactions were to shift the

charge to the midpeint of the normal ion, which was more
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stable.

The next step was the formation of the higher paraffins
and olerins. This area was postulated to contain at least
one more rate controlling step because of the fluctuation of
the C5 - C7 compounds. Most likely the rate controlling

step involved the C5 compounds,

+ +
+ +
+ +

CoH. " + C g ——— Cglly 3" (10)
These steps are probably rapid in relation to the
hydrogenation of the individual ions. This was supported by
the normally constant butane yields, The probable rate
controlling step in this area was, as indicated previously,
occurred in steps 8 or 9. After the above reactions

occurred, there was probably a high competitian for the C5.
+

CsHyg CsH)2

Again isomerization would be occurring. These reactions

+ B (11)
would now take a larger part in the mechanism,

Now with larger molecules béing fermed, secondary
cracking reactions began occurring. These reactions
constituted cracking of the oletinic products, and coula
have constituted the formation of more smaller olefins and

pararfins.
+
CgHyy

+ . +
c6313 »C3H? + C3H6 (13)

+ . B
,-C2H5 + CBHG (12)
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This could have been the basis for an increased olefin
concentration for use in the overall reaction.

With the addition of secondary reactions adding olefins
to the overall reaction, further oligmerization and

aromatization can occur

CeHyqy® + Colly—— CoHy " (14)
CcHyy ' + CaHg—CgHy " (15)
CeHyyt + CoH,——— CoHy (16)
C3H,; " + CaHg—— CgHy 3" (17)
c4ag+ + By —C ;" (18)
CyHy' + CoH———CeBy 5" (19)
CpHg" + CoHyg—sColy"  (20)

At this peint the molecules probably started becoming too
bulky, and condensation occurred, The compounds cyclized

into the smaller cyclopenhtyl and cyclonexyl species.

CHy
+ N
Cglyy ’ CHy (21)
' CHy
_ . CH
+ 5 3
CBH17 ? CHy (22)
CHy
H.
+ 5 3
CoHyg (23)
' CH3
+ 5
CoHy g ? . (24)

Celys® — @ (25)
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The cyclopentyl species could then rearrange its structure

into a stable cyclonexyl species, Deno et al. (1963).
CH,
3

_ > (26)
cH,, |

@ CHg CHy
CH, ’ CHg (27)

These cyclouexyl species would then have donated several Bt

to form aromatic species of predominately C6 - C8 range.,

The higher range aromatics could have come from methyl or
ethyl substitution of the benzene ring. This mechanism was
taken in part from Vedrine et al. (1980), who postulated the
steps 18 and 26 in the productien of benzene from methanol.
However, the above mechanism shows the formation of the
predominate toluene and xylene without the predeminant
methyl substitution found in the conversion of méthanol.

The peak identification in Figure 12 seemed to coincide
with this mechanism. The large number of cyclopentyl
species were shown to be highly methyl substituted ions with
several highly branched paraffins. Since there were few
clefins preéent in Figufe 12, the rate at which the higher
olefins cyclized must have been fast.

To explain the yield of paraffins the comparison of the
paraffins contents in the runs made with and without
hydrogen were used. These runs showea that though the

paraffin yiela is less when the hydrogen was not fed, there
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was still a significant amount of paraffins present. This
was easily explainea by the fact that when aromatization
occurred, hydrogen was given off, This excess hydrogen and

any additional hydrogen fed could have caused the following

reactions
C,Hg + R > CyH g+ R=" (28)
C H' + H, > CuHyy + H {29)
CeHyg + R > CeHyo*t R=Y (30
Cglty "+ H, > CHyn + HT (31)
CoH. " + H, »  C,He + H' (32)
C,H, + R > CHg+ R=" (33)

R = carbonium ion
The propane was discussed earlier, The methane occurred
from secondary cracking. These reactions, though shown as
reversible were probably unable to return to the olefinic
form and the only possible way to re~enter into the
reactions was through the cracking of the chain. This was
supported by the fact that at higher temperatures thare was
a decrease in butanes and pentanes,

This mechanism, though postulated using n~heptane, was
probably applicable to the other feeds, including the
Fischer-Tropsch ligquid. The main difference was in the
addition of an oxygen component. This oxygen, as long as it
was in the alpha position, probably aided in the reaction. by

weakening the carbon-carbon bond adjacent to the



carbon-oxygen bond. This weakening of the bond probably
lowered the initial activation energy and eased the initial
cracking., The severed carbon with the oxygen attached then
completed the reaction through a mechanism similiar to the
proposed methanol mechanism {Vedrine et al. 1980, Anderson
et al. 1980). However it was possible there was some
difference in the dissociation of the oxygen bond, whether
or not water, CO or C02 was favored. In most cases it was

shown the formaticn'of water was favored.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The objective of this research was to gather catalytic
and kinetic data on model compounds and Fischer-Tropsch
liguid, These data were to be used te categorize the
possible behavior exhibited by compounds similar in scope to
Fischer-Tropsch liquids. Two seperate metal-exchangea ZS5M-5
catalysts were used, along with the hyd;ogen form.

Catalytic testing results showed a wide range of
product distributions with n~decanal producing the highest
liguid and aromatic yield. The,n—heptane produced the
lowest of both aromaticg and liguids. .fhe Fischer-Tropsch
liguid fell between these two types. The temperatue effect
showed the ability to vary the total ligquid product of a
reactant, The aromatic yield however, stayed somewhat
consistent. This same behavior was alsouexhibited in.the
Fischer-Tropsch liquid. This ability'to vézy the yield qf
general products enables one to choose what produces are to
be produced without extensive trial and error.

The space velocity effect was shown to be of only
slight importance in the range studied. This does not mean
the space velocity was not of importance at much higher
velocities, Literature studies showed that if the space
veloéity was greatly increased, the'yields changed. However
this was not the case for these expériments. |

The effect of water and additional pressure proved to



be detremental to the upgrading of the reactants. Water
however increased the total ligquids product, while lowering
the arcomatic content., But in a large scale operation the
energy fequired to vaporize the water woula probably
outweigh the économic benefit of production of the extra
liquid product;

In a result'opposite to the result incurred from the
addition of the hydrogen over-pressure the absence of
hydrogen proved to aid in the yieid of total ligquid
products. The reason for this was postulated to be the
lessening of competition for reaction sites incurred by ﬁhe
absence of hydrogen.

Coking and ion—exchange studies showed a strong
catalyst which resisted breakdown of crystallinity over a
period of time, approx. 100 hours. The catalyst shows a high
resistance ﬁa coking., Studies using x-ray diffraction
showed no change of phase whatsoever. The ion-exchange
showed another method in which to vary the product
aistributions, while usually upgrading the entire product.

The above results showed that through the combination
of ion—exchange and variation of process variables the
yields of a hydrocarbon mixture such as the Fischer-Tropsch
liquid could be gualitatively predicted. A simple example
of the choosing of the process variables to start a reaction
in the general vicinity of the desired product cén shown.,

For a mixture similiar to the synthetic mixture used
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herein, a gasoline type mixture with maximum liguid and C4
vields could be produced using a form of ZSM=5., In study,
the Ni-ZSm-5 consistently gave the higher liquids content
along with a high aromatic content., Hydrogen should be
added, not because of a increased yvield, but to aid in
redaucing coking. In fact there is little difference in the
total liquids content when the synthetic mixture is reactea
with or without hydrogen. This was one of the exceptions
which showed little change in the absence of hydrogen, The
pressure should cobviously be kept at atmospheric due to both
the cost and the loss of liquid yield at higher pressures.
The space velocity can be varied to fit the need, but the
best initial =tart should be a WHSV of 1. Finally the
temperature offers a large leeway in the production
distribution. At both 700 and 740 K the ligquid content is
essentially the same. However the selectivity to aromatics
differs vastly. At 700 K the aromatic content was 27.96
weight percent, while at 740 K the aromatic content was
46.90 percent. If a higher octane gasoline mixture was
aesired the higher temperature should be used. However if
the gasoline is to be blended to make jet fuel the aromatic
content should be lowered to meet the requirement for
aromatics, This simple example showed the ability to
predict selectivities which would enable the user to be able
to guickly reach the desired point of maximum production of

2 chosen product with little trial and error.




Based on this study and the literature review the
following recommendations were suggested for further study,

1. A factorial series of experiments which
includes temperatures in the range of 78u to 840 K. This
would be to find the maximum yield of aromatics.

2. In a separate series of experiments an increase
of space velocity would be needed to explore the outer
limits of aromatic and liquid production,

3. The study of whether or not increased amounts
of exchanged metals significantly changes product yields
should be studied.

4. Other metals such as magnesium shoula also be
tried. This would show more variation caused by the metal
exchange.

3. Another possible method was to study to effect
of selective coking on the catalyst on changes of product

yield.
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APPENDIX A

Factorial Design

The factorial design, as discussed in the experimental

precedure was coded as follows:

Code: -1 ] +1
Temperature K: 580 640 700
wasv hr ot 1 2 3

This coding resulted in a total of five seperate
experiménts. The mid=-point of the design was repeated for
the determination of experimental error.

This design was later modified because of the
temperature being too low to obtain the desired results.

The modified design was coded as follows:

Code -1 V] +31
Temperature X: 660 700 740
WHSV hr 3: 1 2 3

The design for the mixture required a different

approach. The design was as follows:

Code -1 0 +1
Temperature K: 660 700 740
WHSV hr 1: 1 2 3
n-decancl wt.%: 10 - 15 20

This design would then implicitially hold the n—heptane at
70 weight percent and the n-decanal at 70 - (% n-decanol).

The actual experimental precedure was to be a half
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replicate, but was discontinued when little change in

product yields were detected,



APPENDIX B
Catalyst Preparation

The H-Z&mM~5 was ion-exchanged in accordance with U.S.
Patent 3960978 (Givens et al. 1976). The following‘are the
ion-exchange procedures used in this thesis for the Ni and
Zn-28m-5. The SiOz/AlZO3 ratio was 30,

Zinc Exchange

1. A slurry of 6 gm, H-Z25m=5, 52 ml 0.5 N ZnCl and

5
18 ml 0.5 N NH4C.1 was mixea in a three-~neck f£lask.

2. The slurry was heated to 189-1v2Z °F,

3. A£ the above temperature the slurry was refluxed,
while stirring for 4 hours.

4. After reflux the slurry was filtered and washed
with 600 ml distilled, de-—ionized water.

5. The cake was then dried at 230 °F for 75 hours.

6. The catalyst was mixeo with 32 weight percent
alumina. The alumina was prepared by cofeeding & solution
of 2.5 % A1203 and 5.0 % sodium aluminate at 343 - 348 K and
a pH of£:7,5. Tne A1203 solution was then agea at temperature
for 30 minutes. Then the solution was filtered, washed, and
aried, The alumina was then mixea with the catalyst and
Isufficient wéter added to form a thick slurry. The
| resulting slurry was then pelletized into 1/16" {0.159 cm)

diameter pellets,

7. The catalyst was calcined in air for 10 hours at
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o

1000 "F.

8., The catalyst was then crushed into 100 micron

particles.

‘Nickel Exchange

1. A slurry of 6 gm H-ZSm-5 and 59 ml of 0.5 Nl
Ni(NO3)2 6H20 was prepared in a three-neck flask,

2. The slurry was heated to 190 °F,

3. After heating to 190 oFr the slurry was refluxed,
while stirring for 4 hours.

4. After refluxing the siurry was filterec and washea
for 2 hours to remove any excess Ni.

°p.

5., The catalyst was dried for 1B heurs at 230

6. The dried catalyst was mixed with 35 weight percent
Ludox AS-40 and pelletized to 1/16" pellets.

7. The resulting catalyst was calcined in air for 10
hours at 1000 °F.

8. The cataylst was then crushed to 100 micron
particles.
H~-28M-5

1. The B-Z8mM-5 was mixea with 35 weight percent Ludox
AS~40

2. The slurry was pelletizea to 1/16" (0.159 cm} and

calcined in air for 10 hours at 1000 0F.



APPENDIX C

Calculations

The following calculations were used in the tabulations
of distributions and results found in the body of this
thesis. Thg product distribution used two different
methods, tailored to each chromatagraph. The respcnse
factors used in the cﬁlculation of the 1iquid proaucts were

found in Dietz (lY67). The pertinent notation was shown

helow,
Notation:

P = log mean pressure using reactor bed entrance and
exit, atm

n = molar flow rate, mol/s

R = gas constant

T = temperatdre K

B = melar expansion factor

ke = rate.constant, sect

m, = mole fraction of component i found in Carle gas

chromatagraph analysis

Mwi = molecular weight of component i, ¢

y; weight fraction of component i

Wtj = weight collected in individual collector, g, J =
gas, COq¢r liguid

R, = response factor for liguid cemponent i

pho = density of component i, g/cc
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Vol = volume displaced in the water displacement

bottle, ml.

Min = mass of feed in as figured by the difference in
buret readings taken-at the beginning and end of each sample
collection, g. |

Méut = cumulative total of mass collected in sample
collectors and the water displacement bottle,lg.

vV, = voelumetric flow }ate at reaction entrance
temperature and log mean preséure ml/s
W = welght of catalyst, g.

X = conversion
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Product Distribution:

1. Weight of Product Cecllected in Water Displacement

Bottle:

I

Wt (v gas pho,) Vol

2. Carle Gas Chromatagraph:

¥i gas, co2 = (W MW/ (m; M)

3. varian Gas Chromatagraph:

¥i liguia = (Ay/Ry) /2 (A;/R;)

4. Total Percent Product Distribution:

Wtj) / Wt x 100.

Yi total [(yi,j total)]

5, Mass Baiance:

out

6. Inlet Feegd Rate:

7. Molar Expansion PFactor:

b =3 y, /MW,
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This assumea that the conversion was high enough to ignore
any unreacted feed in the effluent from the reactor.

8. Rate Constant:

by, °1n(1-X) - (y,%-1) % = ko (W/v )y, °
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APPENDIX D

Representative Gas Chromatographic Analyses:

The representative analyses were picked to show the
analysis of the three products. The liguid analysis was in
Figure 44, the CO2 analysis in Figure 453, and the water

displacement in Figure 46.
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APPENDIX E
Product Distributions

The product distributions obtained in this thesis are
presented in the following table, Table 5. The run
conditions and catalyst used have been included. The
- product distributions are the hyarocarbon fractions
obtained. The amounts of CO and Cbz are also included,

where needed.

132




133

S GNY ¥ CNN¥ N3I3AL3E QIVEAID0 NOTLvYINI9IN

z1-o £2°@ gL"@ GE" P 1z°m ey SALLYHOUY + P1D
i 19°@ SE° 1 6Z°9 91 S6° ) SILLYHOYY 69
gy 2674 By vl sy g 071 INITAX - OHLYD
B6°€ 91°¢ ey £A°S Zn-2 2E'E INITAX - vdvd + VIIK
681'0. 12° 0 8E" g Az o rAN) 617D INIZNITTAHLI
8.9 6E°F 2v°g L£°6 16§ 61°G ELENR LY
ag- 1 597 g9° 0 LE°1 GIN] 16°9 INIZNIE
£2'Gf E£2'AY  ZvCEl 11°BYU GI°J1 ER-ZU 104 J11VHOYY
29-a eL 0 i9°g 11 A cLR -- SO0 + ¢2
61°0 £4°0 BE" [ LA g1y e ]
ta‘e 60" F 62'9 V10 B g 29° 1 ZINGI-N
912 698 IR"E (6B 5£°2 62" 9 @THSD + ZTIHSD-1
8L # BB @ TN a5 P AR Bt g aHYd
#2°% 88°S 96" ¢ 12t PL A £9° LTHED-N
€09 €L L 25 1£°21 A% s8°9 AIHYD-1
960 CT A 9.0 ED° 1 iz'z £L° 1 9HED
B9'9v 8€°6¢ 98°IS EB'EY 1@°¥5  21°18 8RED
LU vl 62°1 120 560 £6'0 rHZI
9279 99° 4 1§°21 £9°€2 EY'S1  BI'1% 9HZD
85 E 96" 2 EQC ¥ £2°'8 LL's 85°E _¥HD
NOLLNYTYLS10 NOSUYIOEAAN

68°88 Si°G6 Z9°Z6 Iv°'S6  Lv°D6  GB'66 X NINSOTD IINVIVY SSYH
zy £6 en oy 501 58 (51S4) 3BNSSIA4 L3N]
1:2 1:2 1:2 1:2 1:2 1:2 NIDONOAH
18y £6°2 £Er°1 ¥8 @ S£°2 B9 " i ASHH
CLT] o9 o ore ave AL . {3%) IJYNLYYIdHWIL
9 s ’ £ z I ON Nn¥

*SINIHIEISNT 30 SHNOILNGIYLSIL LIRAONd QILVIAIIVI

ANYL1d3IH-N ad334
Y-WSZ-IN  T15ATY¥LYID

'S 3768vVL



134

S-HS2-NZ 3HL DNIATOANT SHNY TVNTJ JHL 3¥3M SYIHLO 3IHL  "SNAY IWILIRI FHL 20 IHC SY MDY Swit 3NVLIAIH-N 3FHL
TINVEd3IH-N 3H1 340439 aN¥Y dINUIT HISJOHI-HIHDRI4 FHE JU0439 Q03YANIDI0 NOTIVHINIDIY

B3 NEIM
Bg° |
L2l
FE"F
0Z-t
66" E
L
IT°E¥

FLHSD+
ZIHSD-1
HETH QINTOWGD
LE 9F¥
eI
LI
e 6

] ]
88061
51°g
FARS
kAt g

R i 02
———— —_——- - 202

{Iviol 0 X3 203 gGNY 0

P27 e a9°'a SATIVHGNY + g2
YA/ LTI 4 LETE SOTLlVHEY 62
£E27¢7 qF'E ¥e°a INTTAR ~ Ohl¥O
2L L R AT 916 ANITAX - WHYd + V13HW
15° 8 nG-a 6L F INAZHIUTAHLY
ag At £E£°51 RE'CI AN3IN0L
I B LT EDTE AH3IZN 38
11°42 L B 4 St FE 1101 Jlivhoyy
s3-a () By ' Z S1LO + {2
6L7E on'g P 82
gty ol B 11°E ZIHSI-N
FLT 91 L1722 | XA BA1HSD + ZIHGD-!
gL it a £V q BleD
a6 erta L S F1HI-N
266 rl's 8276 BiHvYI-1
12°K L I} g5g'p 9HED
e al AL 8 €974} AHED
el Ea’a ce'y FHZD
get 3870 £EL°C QHED
a5°'2 95°¢ b £ FHD

E9' 06
AS' e

arg
9THLD

NOLLNAIYLSTO NOZYVIONAAH

SI'66 AL 66 FS5°S6 X JUNS0TD 3IINWIVH SSVH

Bet (1 ari t9IS5d) JUNSSINd 131NI
- o UERDEEY
952 96" ¢ L ASHA
geL BBL e (A} 3901V IdNIL
LXIH TGNVI30 i-a3 10333

§-HSZ-NZ :LSAIVLIVD

"INOD 'S 38l



133

¥ ONY E SNNY N33NL3R ¢

£1°1 6171 v 5171 =
(1HDIIM Y101

E2°10 FA ) B FA R} CAa Ll ]

@y e 6A"E gL st ny-i
alcl 5571 EE'Z HE" & Se° 7
£5°9 €4S 914 L] S gL'y
orty 9670 ar-a fE"H 2 n
FARS: | EL° L IR sgtat 6501

gL T ar-t {5 E o crer
52712 29712 £EZ2° 42 av EE inTGe
9Lt rEct £en'e L2 A B4
BE"§ LE°S 26" i A Eo7
£EE°E g9 LA | o G772

¢i gt ag-te S9°01 19° 4 78 ¢l
SE" & Er o L9y FATRN") A
L9 a3 g a9 % 969 B9z
1676 EE" 9 £2°4 ZE'9 1 P

£ g L1y 9S4 59°9 G

PP L1 25781 Gi L2 a¢°92 BZ°ve

6L 1 UG | o7 i oe-2 satx.
567G b6 S ¥a° 45 aF'g 96745
I5'E 6E"2Z L8 S56'9 06'E

HOTLINBIYISIO NOBUVIOUAAH

29°L6 16" 96 LB LB F9 96 Ed 96 X
75 ezl n9 %A ik |
1:2 1:2 1:Z 1:2 1:2

66" 4 L5 Z 66" 0 LT E A2 E

899 H99 ars art ang

S ¥ £ Z 1

JYYNID0 NOLAIVHANIZIY

<02
a2

X 203 ANV 02

SI1LIVHOUY + #13
SITAVHOUY 62
dNITAX - OHLYO
ANITAN - vHvd + V13iW
INIFZNIDTAHLT
ININIoL

INIZNId

IVL0L DILVROYY
S1I0 + £

93

) ZIHS5I-N
FIHGD « ZEHGD-I
GHY D

AIN¥I-N

HIHYI-I

QHED

AHED

PHZD

SHZD

3AASGTD IINVIVH SSYH

DISd) 3I¥NS53d4d 13N
NIDNAAH

ASHM

(A1 JHNLVEIANIAL

"ON NNY

AInoil HISJdOH1-¥3IHISId 10334

S5-WSZ-TN :1SATVIVY3

"LNQD S 379vi



136

98" ¥

1)0
200

{1vlol 40 X} 203 ONV 0D

——— - —-———— (P | SI1LVHOYY + A13
5.0 39 qi-r ¥ 1 SOHLVYHOYY 62D
:E 0 Il | LV E SH'e INITAL - OHLHOD
L9°3 iz LE'D BE™ D INITAR - ViV + YI3W
-———- 4 B 2171 ot INIZHNIBTAHL]
Fa't 19°9 19°6 6641 ELENRIE
et SETT gLl b L - JNIZNIE
racal L6 EZ 2% BE L2t IWial J1I1lvHOUY
R E 95°5 Gr'Z Pl I i 5310 + £2
E6’6 85711 it g E9° 1 82
16°'E S9B'E az°r 5072 CIHGI-N
O 21 9B 11 BL°ST T EL @IHS] + ZTHSO-I
£E2°¢t EB"¢E ey 65°I¥ aHFD
192°E <S5EE 528°9 869795 FIHF2-N
F5'S EB°5 &6 3 9L L B1Hr2-1
LLt 1 559 oG "1 By 5 QHED
BZ 91 5521 FA YA 82've 8HED
ER'G ¥g:9 6s°'2 =3 FHZD
1279 cl'5 FATRS: £6°S SHZD
19°E ¥3'2 FA 4 66°E YHD
NOT1NGIH1510 HNOBUVIOUJAH
PE 16 ¥L 26 LR 16 £€3796 X JYNSOTI IINVIVE SSYH
gt 1 e [JiA] an 12184} JANSSIdd LIINT
1:2 1:2 T2 132 NIDOYAAH
re"1 Z6°1 {671 91°4 ASHA
poL ) P L. ¥ aie (A) FdnlvdadNil
HHITZ HHIFT ¥H L TYILINI f4H) HYINLS NO JMWIL

aINIT HISJOUL-YIHISIS @334

S-HSZ-1H :1lSAWIVD

"LHDD TS 379¥1



137

EZ"E, LN | a2 t 0
---- BF 1 - 20D

(LH2IM AVLIGL X} 202 ONY 0D

oM BT U - 22 STHLYHOUY + H1D
Z1'E L ua' g S211VvIOMY 6D
98k {g’E LA ANITAX - OHL¥O.
gr-et EF 2l 12740 INITAY - YUYd + Vi3W
L7 AT 1 TE" 2 INIZHNINTAHLY
Ep-9i 612 ar-ye . ELE (s
19°0 E9°9 arti INIZNIE
A o gs O MLOL 21ivOuY
g 1 e L9 5710 + (3
F6 S B2 ¥ gzl 92
6671 el : <IHSI-H
£E1°5 RE"Y sSI°6 FUHGD + ZTHGO-1
S1°91 . 9% Gt H OH¥D
By CE Pe"E £ES°Y - HIHFS-N
§.°61 ii'g LETL &lHPDO-1
£E8°6 S2'd £ A IHED
6E'9 9g'st 094 BHED
Fic @ mag-1 - YHZD
§:5: > i1 B [E°1 9HZD

86'F LZ'E 621 YHD

NOVANALHIS A NQUAYIOHOAH

66° 66 6h 66 16°96 X JUNS0ND IINVYIVE SSYH

56 S6 ae {(D1Sd} FUNSSI¥d LINT
T:Z F:2 e NIT0YAAH
ZF°¥F - fr°E ene ASHM
a9 gyl L (A 3nlvdadHal

TYNYIIA-N 0334
S-WSZ-IN 1SATYiV)

CINO3 "5 378Vl



138

P ONY £ SNOY MIIALIE 0IWHNDI0 NOTLVAINIDIW

= ———- - - e - Q37
———- £5°1 -—- 19°E 14 T 0 g 202
CLH913A WIL0L %) 20D OGNV 0D

SZ'E ¥F9°E LL 1 Eg"2  6z°1 iF SOLIVHOEY + A1]
5ev pL™Y e’ Ye- e E1°2 BE" 2 531LYHOYY RD
9172 (130 | 6L'H FA:-R 5¢°2 14°2 ARITAX - OHLNOD.
51°¢ 2E°9 B6'S ¥ fZ"d 217 ¢ INITAK - viVd v VI3W
i9°p 129 BE" P EE'D BE"# SL° JNIZNIATAHLS
E9°B BZ'e 4 15711 5214 Bl 1y ININTOL
8y va 6L 1 ppE 9B~ Z 91°2 INIAZNIY
6E"LZ  AGTBZ  P9IZ  £5°9Z2 Y%T2E  ErTOZ IVICL DLLYHDYY
AT} ar ' | Ef'Q - -—=- LT SO + 1]
861 (¥ SE° g 12 @ LA L1 0 92
2IHGI-1  HLIN 2IHSI-N

6rS'¥Z GOLEZ PR I)  1PZ°S TOZ2°0r BRSO ATHSD + 2ZIHSI-]
95°@ 1A e 1 U LR 2 n AHFD
gE" 9 207 £ inTs 6Y ¥ 2% B¢ AIHVI-N
¥E° €1 2811 9E°A@1 12 En-y |§ RS BIHYI-]
ES P £t m BF" 1 oA LT 650 - 1] Lo
BG" L1 16°Z1 ¥S5°ec <1 0g 1" LE B2 GF . .. .HHED
SZ°1 g’ g £y 2 BI 1 £9°1 LA YH2D
12°1 SE"Z gy 6" 9 157 56 % 9HZ)
2e°2 5272 ar-v 9g'g fAL°E EB-2 YHI

HOTLNGIYLISId NODEVIOHOAH

99° 26 BOES GE " 86 EE 66 LGB FU°86 X J¥NS0TD JINVYIVE SSYH
112 1:& 1:2 1:2 i T HA304AAH
S6 LY arl g sai nay {9154} L3I
6’9 BSE 96" 1 FATRY Hi'E L2 2 ASHA
799 a99 13 F) ars Bte ooy 134) 33N1vd3ddal
9 ] v E 2 1 ON NANY

10NVD230-N 143134
S-WSZ~-NZ :1SATYIVD

"ANOD "9 3149vYL




139

ANV ¥ GNY £ TNAY HN3IAN1L3E QIBYAID0 NOILVHINIGIY

(=R DEEL:
---- ¢ET L 25 ——— —-—-- ——— 02
£9°2 gr° i vt L2 1 G1°1 FL'g 202
{1LHaAN TYLOL 3} 2003 ONY Q)
EB°E 68°2¢ 852 9r° 2 gz H4Z° € SOLLVHOUY + B1D
ap°9 t1'd F1°E 1 Y £9° ¢ SJIL1VIHOYY 6D
v 2E° Y S8° i 16°1 a9-2  E A JHNIAX - OQHLHO
| A 18°4 J8° & 98 6 Sr's £E6° L INIIAX ~ VBV + VLIIW
i9°1 a5°1 99°1 L9 99 d 960 INIZNIFTAHLE
EF" 1t L9° L 22’6 £5° 81 86° 21 96°6 NIn1oL
yp-2 5G° 1 Rl 66°F 28°E 2401 INIZNIB
§5°9¢C in " 6e 11782 587 LE 1748 19°GE VIOl DILVKHOBY
9921 U] ] GZE" 1T ——-- org o £=o"g# ST110 + LD
9" 2 FG° G e v LE°E G2 59°2 9
2L°1 1L A £5° 1 Z1MGD-1 HL1EN Z1HGD-N
68°91 AE 51 2711 16" L gl vl ER k1 A1HSD + ZTHSD-1
S1°1 ag- 1 18°9 yo°p 1274 B0 BHED
94" L gr 9 Y6 E 6S°E BLTS 9p - F BIiHYD-N
F6°6 | XA EY L a4 9 n6°6 cu'np J1H¥ -1
171 intl ar-t L6 d P &L BHED
991 a1 al 29" 62 LS°I1E PE "5 6/ B2 BIHED
1£° 1 1571 SE"1L SE"1 g A A - YHZ
1271 HE" 1 6" 2 95 a1 6L ¢ 9HZ3
86°¢ SE” 1 "2 SH'E Bt 6Z°E YHI
NOTLADIYLSTA NOQGIYIDAIGAH :

E6'BE #6656 7" 56 EE" 66 {6786 Al ae X IYNS501D IONYIVE SSYH
1:¢ 1:Z i:Z 1:2 1:2 1:Z . NIDOUAAH
20 BZ £ EAT A4 85" ¢ 912 S6°1L ASHA
@99 Bo99 oL avL gL ags (3 3YNLYHIdNIL

9 5 ¥ e £ { ON NNy

IVNVYIIG-N 10334
§-HEZ-NZ LiSATVLIVD

TLIHNOD  °S 318Vl



140

"t ONY £ SNNY NA3IMLIE GIWUNDI0 NOLLYHANIDIH

o< gaTi - 202
£6°1 g6} -——- -——= e
112N90H4 I¥LOLX ) 202 ONY 02
£1°1 ar g 51°¢ ia" 1 a9 SOILYHOUY + 1D
S5€°F £Ev-e LI | LE°Y G2° 1 .. S211VKOUY &2
EE"Z BG5S 69° €’ o A LR | JFNIAAX - OHiNO
BR-g gL el el reTa 6l ¥ . ANITAK - YHVYd + ViKW
821 oLy £6° 1§ 848 SL'd INIZNIBTAHLT
FS5° 6 859°¢ 191 B 21 8" 9 ININT0L
P gL 1 et e [HEHI 3 6t't IN3IZNIR
P2 0t 9t 1z SATIr [ O 3 9g " 51 IL04 DLAVHONY
99°¢ Sv L Ly SaTE aa S10 + £2
6Z B FL E Bl 7t E A 4 ritl 92
[ LA EB"9 9" L 95" 2 fittr £ lHSD-N
ag- L EB'Ll <L 51 69741 SE° L1 PINSD » ZIHSD-I
5271 Y| 9zt FAVEN ] B8Ry gHrD
£8°S £o'e £9°6 Lt L L1 0t BTIHrFDI-N.
Fb" L 8L 61°9 Gr-2i1 960t HEIHFPD-1
£y Fz' g e g ER°T 9y FHED,
T1E°6 921 sy ai a9 1t SL°61Y BHED
928 8’k 96" & 941 YR FHZD
BL Y 8L F FA N ¢ GE "SI St 9HZ D
9L 1 L 4 96" @ ga*¢ LES rYitd
NOTIiNGIWLS10 NOSYYIOAGAH

BL°¥FE £E2°F6 g4i'E6 O 86 BATH6 X AYNS0TD IDNVIVE SSVH
Z9 na ar L7 9 {3154} FIUNSS5Iud L37IME
1:2 1:e 1:2 :2 17 MN3ICUAAH
i A 4 EE" & 65°2 6L 1 ASHA
gaL 2aL paL 1 ¥ Bys (A} IYNAVEINGL
1i-3 KIW  @IvEID IIvELD FIHLD Q334
5 ¥ E Z 1 TON NNY

S5-WSZ-H CLSATYLIVD

"INOD TS 174yl




141

it'1 LN}

9 F o6
BLTE S1'9
51°¢ HS°E
£EG° L 9t L

L X ¥5° 1
2¢L°H 1L°6
4 LL
6242 G2 8¢
9" i 972
gr-s £g" g
gL 1. bl I
gE @1 fE a1
sy L9 m
6" ¥ EE"S
BY 6 L9 1L
18°2 EvV'g
25711 P1°LT
Le"1 R A
Zh 2 gaE
gLt - BETE

£E6°66 718

a9 &l
i:2 1:2
LE" 1 et 1
P99 B99

9 &

¥ oaNY £ SNNY MIINLIAB dIYENII0 NOTLvH3INIDIY

A

ms:"®
Br'r

—- - 09
5271 702

(LHILAN I¥ial %) 20D ANV QD

el
i~
4

o
2

4 T3
T
.o

64
&0
£
Iy
Al

o]
LY
Q== alnNoMEES N DN -

A

L5 SILLVHOUY + &10
ar-y SOTLVHOWY 63
25T INITAK - OHLNO
67 G INTIAK - VHVd + Y1dMW
o INIZNIBIAHLT
6511 ININT0L
66" 1 INIZNIY
BL"2E WI0L DILYHOUY
£4°1 S0 + 23
8. 93
52" 1 ZIHGD-N
G0 BIHSD + ZIHGI-I
accn a3
£1°5 OTHYI-N
F6 6 YTHPD-1
611 , IHED
9¢ " 52 BHE D
Fe° 1 PHZD
52°¢ 91z
992 . YHI -

NOLLNG13LSTd NOSYVYIOEAAH o -

521 i I ¢
521 £9°9
-t LK
b5 2 g2°1
P 99" 1
£Eg°8 282
ER' T 9g "
L5°ET £l
3 s SI°¥
te°IE ive1e
T vt o
E6° ¥ art
EGT a g
L%'b an‘z
5B p S9° @
¢g’9 ' E
og oY E@ gl
111 AL [
BG 12 ra 5
az"1 Fr-2
68°C B9°cl
£9°2 15°¢
I+ YA 4 9.°46
29 Sf
1:2 1:2
yE' 1 r2-i
8L avi
¥ £

£4°96
5L
1:2
| ) 4
avs
2

'ZB'BH X JUASOID IONVIVE SSYH

a9 (215d) IUNSSIF4d LIINI
[:2 H3ID09AAH
P | ASHN
qoL 131 I¥NiviiIdRilL
I "ON MOY

TONYI30-8  :q334
S-HWSZ-IN :iSAViva

"ENO3 5 378Vl



142

JYNLXIW DILIHINAS 3ML NISN NAY 3HL 0338 AIW¥NDD0 NOLLVEINISIY
——— - 120 ‘209

(IYL0L 40 Xy 20D ONY 0D

98 "B RE " ¥ Se°5 SIIIVHOEY + A13
| Br'i 97 SIHiVHCRY 632
#5°2 E6T L IFNITAR - OHLYO
T 1’8 8574 INITAR - VHVd + VIIHW
2588 Ev ® 195 INIZHNIGTAHLA
6L A1 LY S 4 oS At ININTGL
1£°¢ 8¢ 1 2 INIZHNIY
€272 £E6°B1 8567 L0l DJI1VHOYY
A Bl @ ek 3710 + LD
96 £ BE 'Y LLEI I X 93
21 A b L EC"V ZTHGI-N
L£E"91 RZ 21 65 @1 @IHSD + ZIHSD-I
vitp 2B A EAia:) HHt D
an: £ yeY'21 ERZ'6 OIHFI-H
B el R | LV R HIHYI-1
Frg EV 'K LR 9HED
2l'pe H5°Ee 121 BHED
gl in@ A1 FHZD
2 LAV ir-¢ JHZD
94"t 9% °Z £2°¢ YHO

NGILAGIYULS1d NDAYYIDHOAH

a8 ge [ il 3 oe g6 X 3UANS0ND IINVIVE SSYH

a9 e 0 {DISd}! JENS5Idd LFINI
- B - HIDOBA AR
rac I L2 BO" 2 ASHM
-3 F S oaL poL €A) JHALIVHIAWIL
1-4 L13LD X1 EER |

S-HSZ-1N :iSAWLIVD

"1NO3 "S5 378Vl




143

v GNY £ SHAY N3I3IML3E 4

JYENIDI0 NOTLVHINIDIAY

zB- o S —— S - S R z03
———— e -——— -— 2o m —mem 03
(LH913IM TYLOL X) ZO2 aNY 03
699 -— g P GE" D 628 AR | SOTLIVHOYY + g12
YA EE"¥ 69°¢Z vy pE "z KZ°E 5211VHOUY 63
19°2 zio 16°1 782 £6°2 po-2 INITAN - OHLYO
£8'g RA"O rz'9 PE'n Ve 16 INIIAX ~ WUV4 ¢ VIIH
621 P3N ¥s°p E°n 66°2 924 INIZNIE1AHLY
2v'21 BZ°L 12°81  LZTEL "2¢t21 9L°W INInTOL
19°¢ v ¥gz BE " ¥ B6'E ope AN3IZNIY
69°Y€  16°1% 25°¥2 BRTBZ  O¢'CE  RL9L L0l D1LVHOAY
619 L5°H (a9 195 g By @ S$1E0 + £3
vI°6 0@ 9 62" L EA EF T %12 92
Ve £0°5 £B°E v oz (5°2 ZIHGD-N
BN G212 RACYl 1RCY o Tl FINSD + ZIHGD-I
or- @ zi A 55°9 59°p anA 16" 4 a3
¥1°9 CE "6 T gy SHF 6F°5 FIMEI-N
1578 I¥"€1  29°01 91°© B ¥ sy FIHED-I
£EZ°1 £E" A Glw B 156 ¥2g gHED
96°€1 GL'El  FE'9Z  BZ9C ERTLE  1F°(2 9HED
1 69°6 - 921 ¥ld g THZD
182 171 ¥2°2 1574 28°F vz 922
zZ0°2 1t 1 £2°2 8BS/ tE"€ BE"Z T2
NOJTLNBIHLS1G HOBYYIOBQAH
S€°98  v6'IB 81746 Z1'GE  @Y°SH6  FHEL X JUNSOID IDNYIVE SSVK
aal AL apl B o on (91S4) IUNSSIUL LIINI
1:2 1:2 r:2 1:2 1:z 1:z NIT0YAAH
ag" I £9'2 PE"2 BE " @ 062 BRI _ ASHA
@99 899 eavL - BvL Ve oL {%) IUNLYYIdHIL
G v 9 £ z 1 “ON NNY -

OInDIT HISJOBL-¥IHISI4 Q334

S-WSZ-NZ :iSATvlvad

“ANGD TS 3dvl



144

6Ly
6L P RO

(LHD13IM VLol %)

6C°1 nL
1Z-1 1271
rel E1°1

¢L’E E9°E
6t'p ° 92N

/0°8 LT7R
Skl L |
1E°St BLFI
I g enn

58 28 0
ZTHSI-1 HLIA G30n71DNI
Betpt 6E°6T

R 6"
L6TD {178
16 -1l
Fil i | n|
TR £9°GE
291 A B
2h "L 91°¢
g6 L LA A

02
200 ONY 0D

SIILYHOUY « 1D
SITLVHOUY 62

. ANITAK - OHIYO
ANITAX - YHVd + ViIW
FNIZHIETIAHLS
iN3In04

INIZH3g

IVIOL DILVHOUY
S7i0 + f3

93-

ZIHS3-N

HIHSDY + ZTHS2-1
8HYD

gIHFI-N

GTH¥2-1

SHE]

BHED

rHZD

9HZD

YHD

NOTLNAIYLSTIAO NORBVYIOUOAH

9r"86 A5 86 X

JANSHTI JTHYIVE SS5WM

a9t art {9ESdY J4INSSTdd LITIN?
1:2 1:2 HIZ0HGAH
88’2 az e ASHA
are g (4) 3INLve3duiL

JUALXIH OT1IHINAS  :0334

S-HW3Z-NZ. L1SATYLVD

"INDD  °§ 378vl



145

ENR (LB EIR &

¥V 1Y 3Advk 3HIN 6 INY B SHNY 3JHL

2E° 0

- 12°9 A6 g
—- - 1 EL°T  ¥9°1
59°'g 99 g €0 0¥l
b2 £1°2 81’y  ¥6°9
AR SRR L &Y 82'a 6l1°@
89" 2 68°2 £L°¢  29°6
Br g N a5°7  c9'd
56°9 69° 2 AR 1]
v g 2 15°@  S0°9
ag' g e m L9471 $E°H
gp-g 58° g
2261  @8°§1 S1°@2 1821
29'0  gvg yz'd S2°8
62 1T (E°6 €2t  #v'9
19701 92711 Az'e 29°8
CT A 86" % gL A
99°6E  PATIY  EHTSF 11t
6.°¢  S9'F  £¥'@ 194
Zv° i are 6E- 2 vz y
Z¥ 1 gk ¥ 221 99" 1

12°t6 £9°€9 2766 BA°/0

i:2 1:2 1:2 1:2

487 g 756 vy LE° 1
oL gL #01 ga.

3 8 ¢ 9

LA
6L 1
1E" ]
505
E2'®
c9°9
E6 @
ZB° B2
El - m
13 |

EF'ET
LK
£9°9
B8
iy'm
EE" v
g9 a
9E°5
ZL'2

BS°EB
EE"1

AL
)

"ZU1TE ONIHL C9'PETS INIM SHNY LASHIS IHE 40 YIG¥D 3IHL
JHTL 40 a0IY3I4d LYOHS ¥ ¥] DNIA0D 40 133443 JOL 423N OL S¥A 9 Ay
6 OGNV f SHNY 3A0J3G ONY ‘¢ aNv 9 SHNNY HAZAMLIB GIVHNID0 NOTLvEINIDIA

p-p FET SOLLYHOEY + 01D
6E"E vg-2 SHLIYHOUY 62
LL°y 067 ANITAX - OHLlHO
689 LT INTITAN - VHYd + vi3W
FA N ) e g IN3IZNIGTANHL]
99" S1°¢ 28’4 LA ANaniol
Z6° B 6F o q9L°@ LLty INIZNI8
52 P Sd 8 ga 1 . 1271 Y191 Jlivioyy
9E"Z as-r Jaoav STIO + £D
BY°E {1°€ anopgv 93
15°E1 I EAR A ZTHS5)-N
EV FI1 rs-al ZZ'8S c8° 19 PIHED + ZIHGI-{
LA £2°a v 2 e eHFD
16°9 ED°6 ES 11 an-Mm FIHPI-N
ir°'L 8Nl 91711 SETE PIRFI-1
B1'm ({28 €t°1 e 9HE]
BZ "PE PL°2E AT A | RE"E1 BHED
-= EL°H A n-y YHZ2
95 ve' g e g 4 . 9HZD
L5 P 89" @ - 12° 8 FH3
HOTIAETHISTd NOSAYIOWAAH

SE° L9 55°06 89°26 CE L6 X JUNSOTD JINVIVE SSYH
i:2 [:2 [:2 1:2 NIDOYLAH
¥5*2 BS'2 LECR g1 ASHA
2¥9 ar9 g89 pes LA IUNLYEAdWIL

¥ £ Z [

ANYLdIH-N :0334
§-HSZ-NZ :1SAVYLYD

*LNDD *9 318Vl



O

‘S aNY E 1 SNN¥ IM0J3I9 03IWNNII0 NOTLVHINIDIY
——— ---- ZET T -——- NI 790 203
- -——- 2e1 ——— 1R ol I 09
{1H913A IYL0L X} 20J @GNV 0D
e ——- EY°B L8°p EF" P FARR SOTLVWOUY + Q13
rs g SE P 19" 1 86" # E1°E e ¥ SJILVHOYY 63
vE'a vy o Is°1 601 5R°E 1772 INTTAX - DHLYO
18- 1 6E") 8B ¢ 95" ¢ L2711 smey INITAK - VHVE + VIIW
98" g 93" 9 L. 628 9L @ bSO INIZNIRTAHLI
o1 a8l 98’ § S6°€ £9°61  [S°11 ININTOL
vz p £V D Zred 99" B 6479 6t € INIZNIN
62 € Ly BR°ST  99°01 U679y  9G" /2 WLOL J1ivHOdY
--- --- 899 99" 1 2.4 g 110 « £2
g1'm Bz'0 BZ"E 99°2 SIFE gie 93
85" g 11°€ [ LM E2°5 I ZIHGI-N
BLTB1  ¢¥ Bl L1°vZ 89712 16 AN 6b°HZ ZIHSD « ZIHGI-|
Ly g 619 E1° 1 62" 1 9y 26" 1 BHYJ
6211 526 308 ¥2°'6 0Ly z6° 1 HIHPI-N
516 2876 B8'¥1  ZM'LY EE°9 €L Bt FTHYD-|
90 AN g3} 554 (z2°g S @ 9HED
LE"9Z  mi“BZ  v2°¥1  2¥'¥1 ke 687} 8HED
198 -- - E9-7 12'2 2571 180 rHZD
1581 BE LY 19°2 ¥Z°Z £2°9 1672 aH22
#z 8 £5°9 E3°Z BT 2 vE"Z P91 PHD
NOTLRAIALSIG NOSUVIOUAH
PE'66 6P'66 PP'E6  1V'66 P6TE6  AET66 X JUNSO1D IINYIVE SSYH
708 age 3.2 ez ng 64 {9154} 34nsSsIud 13TN]
1:2 r:2 a Jif 1:2 112 NIDOBCAN
86" Y Bzt 26" 1 z8°1 g€ 9g " 2 ASHA
86z goL ooL oL 799 20¢ (1) 3YNLVYIINIL
9 5 G £ 2 [ BN NNY
JUNSSIYd INVLJIH HIXIS ‘IUNSSIUd XIW HEIES 'L-d + HZH HLUNGA
"INVLIN + @ZH ST @HIHL 3JHL “IWALKIW JILIHANAS 3WV HIVd 1SUIJ 3IHL :0334

m:&mmluz tLISATYLVYD

"ANGD S 379Vl

1982.64&5-06% /356

U5 GOVERNMENT PRINTING OFFICE,



