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PRELIMIMRy REPORT OK ANALYSIS OF THORIUM METAL 

Introduction 

The analysis of thorium iretal is of Interest to many laboratories in 

both the producer and the consumer field. 

As of this date, the isethods and the results may vary to the extent of 

the number of laboratories doing the analysis. Some knowledge of the 

analysis must he had in order to establish confidence in the purity of the 

metal. 

It is the purpose of this paper to list the several methods now 

employed with some correlation of the acctsracy that may be expected in the 

results. 

The si>ecifications for the impurity content of the metal have been 

little changed in the past two years. Tlie tentative specifications as 
fc 

m 
^ 

supplied for the h 

Element 

C 
0 
N 
Al 
Fe 
Be 
U 
Ca 
Mi 
Si 

te,terial< 

Ppnt 

1000 
500 
100 
100 
300 

1000 
5 

Trace 
^ace 
Trace 

Element 

Mg 
2n 
Ce 
La 
m 
Dy 
Pr 
Sin 
Y 
Gd 

pm 

Trace 
Trace 
15 
5 
2 
0.05 

0.1 
0.05 
0.2 

The above specificatioR does not include all the elements that are 

probably present. Since a more conrplete analysis may be desired in the 

future, there has been additional work done on the determination of other 

eleT!»nts. 
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There has not been a groat deal of correlation data obtained as yet 

on thorium samples. The metallurgicai laboratory at Araes, Iowa, lias made 

several lots of thorium metal irith great care to guard against contamination 

and segresation. Triplicate portions of the sasiTiles were talien and analysed 

by both the Asnes Laboratory and the New Brunswick Laboratory. 

From a spectrographic standpoint and considering that iiany of the EBL 

values \7ere visual estimations, the agreement in the results was quite 

satisfactory for the elements determined. There is insufficient data at 

this time for satisfactory comparison of chemical results. 

In addition to the pure metals prepared, there have been several lots 

of impiire raetal on which both Astss and HBL have made analysis. Con^pllation 

of the data axe shown in Tables I and II at the end of this report. 

jf-^^^^yArMT^^^lgl 
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CttflUCAL rROCEDIBES 

Carbon 

WH - A combustion procedure for the determination of carbon is 

used at the Battelle Ivfemorlal Institute. 

MBL - A combustion procediffe similar to that used for the deter­

mination of carbon in uranium is used at NBL. 

AMES - A report indicates difficulty is e:qpcrienced in the deter­

mination of carbon in thorium by their combustion method. 

nitrogen 

BMI - The KJeldahl method for determination of nitrogen is used. 

MBL - A micro-kjeldahl method similar to that used for nitrogen 

in uranium is used at NBL. 

Oxygen 

BMI - Oxygen is determined by a vacuum fusion technique. A thorium 

saaiple (0.2 - 0.5 gm) is dissolved in an outgassed tin bath (5-20 gms) 

contained in a graphite crucible. Using an operating teraperatxire of 

3200°F, the oxygen content of the specimen is extracted as carbon monoxide. 

Oxygen results are repeatable on duplicate specimens to ± 5 to 10 percent 

of the obtained values. 

KBL - Combined oxygen in thorium metal is determined by dissolving* 

the metal in oxygen free 6K HCl. The insoluble material is ignited, 

weighed, and reported as HCl insoluble. 

/^^7^''^ 



HYDROGSK 

Bl-g - The tin fusion method for hydrogen in thorium appears to give 

better restilts than does the vacuum fusion. This method consists of 

dissolving the san^le in a large bath of tin (100 grras) contained in a 

carbon free furnace assembly. The operating temperature is 1000"C. The 

gas extraction is usually complete within l5 minutes. Practically all the 

gas evolved appears to be hydrogen. 

WL - Hydrogen has not been determined in ai^ of the saii?)les of 

thorium raetal • 

MAKGÂ ISSB 

HBL - The manganese is determined in a nitrate solution of the thorium 

metal by adding a weighed amount of potassium iodate, developing the color, 

and reading the transmittancy in a spectrophotometer. 

IRON 

KIEL - The iron in thorium metal is determined on the nitrate solution 

by a method similar to that used for uranium. Solutions of ortho-phenanth-

roline and hydroxylamine hydrochloride are added, the pH adjusted and the 

transmittancy of the solution measured in a spectrophotometer. 

URAIJIUII 

AIES - The reclaimed thorium metal is analysed for uranium by extracting 

the uranium with diethyl ether and then measuring the absorbency of the 

thiocyanate complex. This method seems to be good to ± 0.5 ppm of uranium 

in thorium. 

•• ••• • • • •• •• • ••• • ••• •• 
• • « • • • • • • • • • • • • • • • 
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tIBL - Thorium raetal is converted to the nitrate, the uranium is 

extracted from the nitrate solution with TBP. The TBP is stripped by 

carbonate solution. After destruction of the carbonate, the uranium is 

determined polarographically. 

RARE EARTH 

KBL - A 5t) g. sample of raetal is dissolved in nitric acid and the 

sample is evaporated to dryness- The dried sample, thorium nitrate, is 

treated with tributyl phosphate which extracts the bulk of the thorium 

nitrate. The aqueous l^rer, which is saturated with thorium nitrate also 

contains the rare earth nitrates, is diluted with watery the thorium is 

separated from the rare earth by repeated precipitations with hexamine 

solution (5/J). Finally the rare earths are precipitated ̂ lith oxalic acid 

and the precipitate is collected and ignited to the oxide. 

BI4I - A 50 g. saaiple of raetal is dissolved in nitric acid and the 

sample is evaporated to dryness. The dried sample, thorium nitrate, is 

dissolved in 2K nitric acid and treated vitth cellulose powder. The sample 

is repeatedly treated with ether-nitric acid (200-25) and the portion of 

the solution Is passed through a prepared cellulose coltimn. The column 

is then eluted with 2N nitric acid. The elute is evaporated to a small 

volume and the acidity is adjusted and a repeat of the above treatment 

id-th cellulose, ether-nitric acid, and the col\imn passing is made. 

The elute from the second treatment is evaporated to dryness and any 

organic matter is dei,omposed by the addition of nitric acid. 

fHiii^l^ 
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S?ECTR0Ga.4PHIG PROCEDURE 

Spectrographic procedures have been the methods generally employed 

for the detection of the metallic elements in the analysis of thori-uia 

samples. 

Since the thorium spectrum is quite complex and the material is of 

a refractory natinre there is no present procedure employing a direct 

examination for impurity content. Each laboratory engaged in the analysis 

of thorium metal has employed those procedures which they have generally 

found to be satisfactory for refractory materials. 

AIES 

The Aaes procedure called for the siraultoneouR determination of il, 

?e, Ilg, Ca, Si, B, Cd, Zn, and Be. The metal oxide is mixed xd.th powdered 

flake graphite in the ratio 1:2 and compressed into 1/ii inch diameter con­

ducting pellets by application of high pressure. Tliese pellets are excited 

by means of a 60 cycle, 96O volt overd̂ araped condenser discharge. Prelim­

inary resTilts indicate that all residual metallic impurities of interest 

except fractional parts per million quantities of boron, cadmium, and the 

rare earths can be determined in this manner. 

K3L 

The spectrochemical procedure used for the analysis of thorium samples 

at the New BrunsTrjick Laboratory follows identically the procedure for the 

analysis of uranium. This procedure is described in detail in report A-2907. 

This method can be used for the determination of Ag, Al, As, 3, Bi, Ca, Cd, 

Go, Cr, Cu, Fe, Ge, In, Li, Ilg, !In, Mo, Na. Ki, P, ?b, Sb, Si, Sn, V and Zn. 

hu^f 1 
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This is a carrier-distillation procedure using Ga^Oa in the amount 

of 2/J of the sang)le weight as the carrier. The sample mixture is excited 

in a 10 ajî  2^0 V d.c. arc where the sample impurities distill trcm the 

san^le into the arc stream. Estimations of the amount of impurity present 

are made by visually comparing the spectrum of the sample against the 

spectra of standards run xinder the same conditions. By standard densito-

metric procedures it is possible to make more precise determinations vben 

desirable. 

The spectrographic analysis of the rare earth concentrates is only a 

qualitative report at this time. Since rare earth concentrates as prepared 

from thorium san^les are generally cerium-lanthanum mixtures, it is not felt 

that the sauries would compare at all favorably with standards that az^ of a 

yttrium matirix. Work is progiressing on development of a proceduire for the 

analjrsis of Ce-La matrix. 

BMI 

The Battelle Memorial Institute uses a vexy similar procedure employing 

AgCl, instead of QagOa as the carrier additive. 

In the Bin procedure for rare earths the resulting solution after the 

organic material decomposition is further treated by the addition of 

palladium solution for the internal standard and then adjusting the final 

volume with 1:1 nitric acid and so that 0.6 ml is equivalent to 10 g of 

thorium. 



The solution is placed on counter electrodes in the excitation stand 

using a 3 mm gap spacing. Oxygen is passed through the atmosphere chantoer 

surrounding the electrodes for 30 seconds before starting the spark. The 

samples are then excited in the high-voltage spark using V 3 kva capacitance, 

0.32 mh inductance and U5 second exposure. Densitoraetric measiureraents are 

made of the impurity lines. 

REFERENG2G 

All restilts and procedures in the report were obtained from the 

following references. 

The Technology of Thorium, BIII-76 

The Determination of Rare Earths in Thorium, BMI-260 

Semi-Annual Progress Report in Chemistry - April 1 - Septeirfcer 30, 
1951, ISC-lSit 

^Juarterly Summary Research Report, Oct., Nov., and Dec. 1951, ISC-220 

Communication, V. A. Passel to H. R. !fullin, Uacy 9, 1952. 
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COI^ARISON OF RESULTS FROM 

NEVJ BRUKSWICK LABORATORY AND AMES LABORATORY 

ON TH(®IUI4 I4ETAL SAI4PLES 

TABLE I . 

TRIPLICATE PORTIONS FROM SAME INGOT 

lo d yT-/^ 
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COMPARISON OF RESULTS FROM 

NEW BRUISWICK L/\EORATCRY AND AÎ ES LABORATORY 

ON THORIUM f'lETAL SAMPLES 

TABLE I I , 

ROUTINE RECAST THORIUM l̂ ETAL 

Jo^ns-1^ 



s/ Slj) of •• ••• • • % •• •• • • ••• • ••• • 
•• •• ••• • ••• • • • • 
• •••••••• ••• • •••• 
•• ••• • ••• • •• •• • • • ••• « 

05:2* 

05> 

^Z>' 

05'00. 

0^> 

^n'o 

o£̂ 

Dsds 
saiov 

l£il 

oeii 

tneqo 
saotV' 

•p-u 

•p-u 

•p'u 
00T« 

•p*u 

•p^u 
•p'U 

0TB 

0S« 

•p-u 
•p^u 

00^< 

05^ 
5 •OB 

o'sds" 

SOt}-M 

o6s 

096 

msqC 

\ 

05> 

0S> 

90^ 

os> 

05-O 

0^> 

one 

^5^ 

oadg 
sacov 

Oii 

raaqo 
sacttv 

•p*u 
•p-u 

•p'U 

•p-U 
ooe« 

-p'U 

oe^ 

•p'U 
•p'U 

OTB 

OS'S 

•p^u 
•p'U 

I> 
00^< 

T'B 

(> 
05B 

bidg" 

l&i-m. 

0t?5 

"'̂8 

raaqo 

-51-



^I-SL Pof • • •• 

19^ 

05TI 

oads ataqo 
asui\f satnv 

05B 
•p-u 

T> 
00TB 

•p*u 

gQ 
•p*u 

o:̂5« 

•p-u 
SB 

OfB 

•p-u 
•p^a 
OIB 

OSB 

oeB 
•p'U 
•p-u 

•p'U 

00S< 

0TB 

5> 
SB 
5B 

oadg 
im 

095 

0001 

raaqo 
ItOI 

05> 

0S> 

05> 

05'O 

05> 

01,'C 

oe-0 

05B 

oeds 
samv 

Lzn 

006 

msqo 
ssmv 

')513 
•p-u 

p» 
00TB 

'P^« 

9e 
-p-u 
005B 

-p^u 
SB 
SB 

•p'U 
-p-u 
0TB 

OSB 

STB 
•p'U 
•p^u 

•p-u 
00S< 

S-OB 

s> -.50 
5* OB 

osds 
'laE 

ons 

OSL 

raaqo 
im 

U2 
n 

US 
TS 

qs 
qn 
qd 

<i 
TU 

BN 

2W 

UI 
B'u 
SJ 

no 
so 
.to 
00 
PD 

BO 
0 

BH 

a 
nv 
aV 
TV 
^ 

tfi-fj-Xl'i rr-r^i'i 

"9T-' 



Lt -UhV, 

8TJ: 

S09 

05> 
•p^u 

OOTB 

•p^u 

SB 
-p-u 

OSTB 

-p-u 
SB 

OTB 

•p-u 
•p'U 

OTB 

OSB 

OCB 

•p-u 
-p-u 

Ti-
00S< 

5B 

S> 
05B 

5B 

C'lZ 

0^9 

09S 

semv 
raeqo 
sarav 

oads rasqc 
laji 

ssei 

Og> 
•p*u 

SB 
OOTB 

•p'U 

SB 
•p*u 
OOfB 

•p*u 
SB 

OTB 

•p-u 
•p'U 
OTB 

OSB 

O£B 

•p'u 
-p-u 

TB 
00 S< 

SB 

s> 
OSB 

TB 

OSC 

>ti9 

U2 
A 

US 
TS 

qs 
qa 

TM 

BM 
£[ 

uw 
Sill 

Tl 
X 

UI 
3i) 
SI 

no 
so 
JO 
00 
PO 

CO 

0 
TS 
ea 
Ba 

a 
nv 
sv 
TV 
3V 

reds moqo 
SGBJV 

Dsds raeqo 

im. 

SiT-̂-XI'J siir>T^'J 



^f-Sl:hof 

0S> 

os>' 

0g> 

OtfT 

SO'^ 

•:S> 

SITT 

of-0 

SgB 

oads 
ssrav 

SiT 

S6S 

raeqo 
sarav 

•p'u 
•p^u 
OTB 

00£B 

•p'U 

SB 
•p-u 
09B 

•p'U 
£B 

9« 

•p-u 
•p-u 
OOTB 

OTB 

OTB 
•p^u 
•p^u 

T> 

TB 

s> 
STB 

T*OB 

oadg 
Iffl'I 

8ST 

08+r 

raeqo 
im. 

OS^ 

OS?' 

os> 

1 01IT 

05-O 

0S> 

1 SiT 

se-0 

1 SSB 

i 
1 oadg 

seciv 

"9T 

atf9 

raaqo 
ssasiy 

•p'U 
•p^u 
03B 
OfB 

•p^u 

SB 
•p*u 
09B 

•p*u 
£B 
9B 

•p^u 
OOTB 

OTB 

OLB 
•p^u 
•p-u 

T> 

S-OB 

s-̂ 
STB 

S'QB 

?3d3 
1311 

nsr 

OtfS 

rasqo 
lasi 

u^ 
A 

US 
TS 

qs 
qa 
qa 
a. 

TM 

BH 
H 

Ol'I 
Ul'i 

2lv' 

UI 

so 
9J 

no 
so 
ao 
00 
PO 

BO 
0 

la 
ea 
Bg 

a 
nv 
sv 

Sv 

6SS-H-J 95S-m 



bl -SLP^M 

05-' 

S,'A' 

os> 

?s 

5' .' 

0." • 

o.f 

f ^, 

OfJ-i 

osd'3 rasq,, 
sr-aj/ ssraif 

•p^u 
•p^u 
•p^u 
OOSB 

•p^u 

tjB 

•p^n 
OfB 

•p-u 
SB 
SB 

•p-tl 
'P'U 
'DOIB 

OIB 

OTB 
•p'U 
-p*u 

•p-u 
O00S< 

IB 

s> 
OSB 

f-OB 

Dads 
laji 

9fT 

O02. 

raaqr; 
TJIi 

'.•S> 

oS> 

05 > 

S^T 

g-o> 

DS> 

003 

Of^O 

SSB 

; adg raaqo 
ssfuf̂ sauiv 

•p-a 
•p-u 
OIB 
OST? 

•p^u 

•p*u 

og^ 

•p'U 
fB 

•p'U 
*p*u 
OOTB 

OTB 

OTB 
•p*u 
•p-u 

T> 

s> 
STB 

e-oB 

oeds 
im. 

5TT 

osS 

raoqo 
ISll 

U5̂ 
A 

U3 
TS 

qs 
qii 
qa 

d 
TM 

\l 
OK 
uiil 

n 
3! 

UI 
aO 
SI 

no 
30 
J:0 

oo 
PO 

BO 
0 

Ta 

a 
nv 
sv 
TV 

W 

Sis-XII OfS-XT'J 



Qe--^i p V 
•• ••• • ••• • • •• 

••• ••• • • •• • • ••• 
•• • ••• • •• •• • • • ••• • 

0S> 

••>s> 

os> 

0;. 

S'0> 

cs> 

£93 

g'O 

SS»:-

oads raaqc. 
saw sarav 

•p-u 
•p-u 
•p^u 
003B 

-p-u 

SB 
•p"U 
OSB 

•p'U 
SB 

•p-u 
OOTB 

OIB 

OTB 
•p-u 
"P'U 

•p-u 
0003< 

S-OB 

s> 
OCB 

£-0B 

oadg 
ISi 

991 

> 

1 

i 

099 

raaqo 
ia?i 

os> 

0S> 

os> 

OOT 

S'0> 

os> 

Si?s 

S'0> 

1 OSB 

oacjg tuaqo 
satiV saiiv 

"p-u 
•p'U 
•p'U 
OOTB 

•p-u 

SB 
•p-u 
oeB 

•p*u 
SB 
SB 

•p'U 

•p-u OOTB 

OTB 

OtB 
'P'U 
•p-u 

-p^u 
OOOg-i 

S'QB 

s> 
0£B 

S'OB 

•5^3 
ISii 

iST 

069 

raarco 
imi 

U'Z 

A 
US 

TS 

qs 
qa 
qi 

d 
TM 

BM 

N 
OK 
UM 

Sl-I 

Tl 

UI 

ej 

no 
so 
J:O 

00 
PO 

BO 
0 

ea 

a 
nv 
sv 

sv 

S;.S-};M SIS-HI 

<^ 



/^^Tlf?(^( 

<;£T 

0(9 

oads rasqo 
saui^ s£ac^ 

•p*u 
•p*u 
•p'U 
oogB 

•p'tt 

1̂8 

•p*u 
OEB 

•p'U 

0TB 

•p'U 
•p-n 

OOIB 

STB 

STB 
•p*n 
•p'ti 

T"^ 

-̂•8 

S> 
STB 

"COB 

-ads 
Iffil 

95? 

0£S 

tneqo 
Iffil 

002 

Sil 

oadg tneqo 
saoiv" ssrav 

os> 
•p*u 
0TB 

OOSB 

•p*u 

ifB 
•p*u 

OSB 

•p*u 
CB 

STB 

•p'U 
•p*u 
00TB. 

OSB 

5TB 
•p-u 
•p-u 

•p-u 

S-QB 

s> 
0TB 

S*OB 

oadg 
im 

OST 

039 

maqo 

im 

UZ 
A 

ug 
TS 

qs 
qa 
qd 

d 

BM 

OM 
OK 

Tl 
)! 

UI 
au 

no 
so 
JO 
oo 
PO 

BO 
0 

a 
nv 
sv 
TV 
2V 

S9S-XM oes-M 

-T2-



--LC'SIPO/ • • ••• • •• ••• •• • • • • • • ••• • • • • ••••••• ••• • •••• • • •• • ••• ••• •• ** • «•• tt •• •• • • • ••• • 

ng> 

O^B 

•p'U 
•P'U 

L^ 
000TB 

r.2" 

^9 

S'0> 

o-:> 

Obo' 

oedg 

•p*a 

•p'u 

•p"U 

•p'U 
•p-u 

SI® 

'P'O 
•p"U 

"p-n 

T> 

901 

199 

tttsqo 
oamv 

03ds 

im. 
maqo 

os> 

02> 

/̂.̂a 

5-0> 

5-0 

•p-a 

•p'U 

008^3 

•p'a 

•p'« 

•p'tt 

"p-u 
•p-u 
oorB 

•p-n 
•p'U 

•p*u 

OIB 

uz 

tpS 

09<: 

qs 
qa 
q^J 

TII 

•EH 

II 
"K 
UK 
%j 

ui 
ao 
aj 

no 
so 
JO 
00 
PO 

«0 
0 

Ta 
ag 

133 

a 

sv 
rv 
2V 

aadg 
oauiif 

maq,̂' nadg Biaqo 

995->*« ft 5-}S'l 





jr^-SC^O/ 
••• • • • •• •• • • ••• • ••• • • • ••• • •• ••• •• • • • • • • ••• • • • • •• • •• • • • • • • • •• • • • •• • ••• •••) •• ••• • ••• • •• •• • • • ••• • 

oe> 

OS'? 

OCT 

S'0> 

oce 

'{I 

oadg 
caujtv 

•p*u 
•p*u 
•p'U 

OOOTB 

•p"U 

SB 
•P"U 
OljB 

•p*u 
SB 

OXB 

•p'U 
•p'U 
05 TB 

0TB 

OXB 
•p*u 
•p*u 

00OS<^ 

5-OB 

SiB 
S'OB 

raaqo 
ssuiV 

cadg 

*f0X 

085 

raaqo 

im. 

03 y 

05 > 

0S> 

51 

S'0> 

05^ 

y}£ 

S"^> 

5r 

:;ac[g 
sauV 

•p-u 
•p'U 

OOOXB 

•p'U 

SB 
•p*u 
OljB 

•p'U 
SB 

OXB 

•p'U 

• p«u 

003« 

0TB 

0 B 
*p*u 
•p-a 

T> 
000S< 

5'OB 

5> 
OSB 

5-OB 

LSft 

095 

raaqo oadg raaqo 

TBf)-Ml iS9-xn 



5^ -r/A'y • • • •• • • • ••• 
• •• 
• •• • 

• •• 
• • • • • • • • • 

• • 
• • 
• • 

• • 
• •• 

• 

• • 
« 

' • 

• • 
• • 
• • 

• • 

• 
• • 

> «• < • • ' • • ' • • 
1 • • 

t •• 

0S> 

0S> 

06 > 

,9 

S'0> 

oS> 

SfS 

SB'O 

•p'U 
•p-u 
•p^u 

OOOTB 

•p'U 

CB 
•p^u 
OtfB 

•p^u 
SB 

O:B 

•p^u 
•p^u 

SIB 

OTB 

OTB 
•p-u 
•p-u 

T> 
300S< 

IB 

s> 
STB 

I'OB 

531 

i8n 

oadg 
sarav 

raaqo 
sauiv 

oadg 
'la:^ 

raaqo 
imi 

os> 

oS> 

03 > 

So 

s-c> 

S7 

OOS 

S'0> 

SIB 

•p-u 
•p-u 
•p"U 

OOOIB 

•p^u 

£B 
•p^u 
OtfB 

•p-u 
SB 

OTB 

•p^u 
"P'U 

OSTB 

OTB 

OIB 
•P'« 
•p^u 

0006 <r 

IB 

s> 
SIB 

S'OB 

SOT 

009 

A 
US 
TS 

qs 
qa 
qa 

d 
Til 

Bfl 
N 

en 
m 
% 

TI 

UI 

ad 

no 
so 
^0 
OO 
PO 

BO 
0 

Ta 
ea 
BS 

a 
uv 
sv 
IV 
~v 

aadg 
sarav 

raaqo 
sara\,r 

oadg Kiaqo 
ima. 

6f9-xi,'J Sfo-i'li 



•p-u 

•p'U 

•p"U 

0T« 
•p'U 

•p*o 

SB 

"P'U 
•p'U 

"P'U 
•p-u 

5'OB 

osds tuaqo oads 

90£ 

008 

iaai{0 
iUH: 

03 > 

OS:?" 

531 

05> 

oads 

03> 
•p'U 
•p'u 

OOOT'e 

•p'U 

£^ 
•p'u 

•p'u 

5T« 

•p'H 
•p'tJ 

003B 

0I« 

0S« 

'P'U 
'P'U 

'P'U 
0003^ 

3'OB 

samV 

iT^T 

oLn 

rasuo 

••'<;f;"XH 909-]^-; 



L C U A ^/ •• ••• • • • •• •• • • ••• • ••• • 
•• •• ••• • ••• • • • • 
••••••••• ••• • •••• 
•••••••••••• •• • • • ••• • 

i^^aasit—wfc^f^.—fP^^^ ""^"^ 

'P'U 
•p'U 

3^ 
003^ 

'P'U 

3« 
'P'U 

•p'U 

3B 

0I« 

•p-u 
•p'U 

OOgQ 

qvst 

•p-u 

*TU 

• p*U 

0'b< 

STB 

031 

039 

rsdS raaqo 
ssoiv 

osdC iflsqO 

•p'U 
'P'U 

3B 
OO^B 

•p'U 

3B 

•p'u 

•p'U 

3^ 
0I« 

*p-u 
•p'U 
OOgB 

0I« 

•p'l. 
•p*tt 

3© 

0-8 

OTI 

Of̂? 

U7 
A 

us 
TS 

qs 
qa 
qd 

m 

fi 

n 
ui 
ac 

no 
SO 
JO 
oo 
PO 

"BO 
0 

TS 

sa 

a 

nv 
sv 
l¥ 
2V oods 

syfflvf 
raaqO D3dg 

6Si.->5'I ga-xi'J 

"/7-



K-^^/^^/ • • ••• • ••• • • •• 
••• ••• • • •• • • ••• 
• •••••••• •• • • • ••• • 

'P'U 
•p'U 

OOOT^ 

'P'U 

•p'U 

Of^ 

•p^u 

0T« 

•p-u 
"J'U 

05T« 

(;« 
•p'U 
'P'U 

'P'U 

00?; < 

3C 

s> 
SIB 

S'OB 

091 

COS 

ooclo 
sscuv 

tnsno 
saw 

msilO 

6S 
•p'U 

32 

•p'U 

3« 
'P'U 
03^ 

•p'U 
313 

5'B 

•p'U 
'P'U 

OST-S 

Sl« 

'P'U 
•p'U 

• p-u 
o'̂'':< 

3^ 

oes 

01S 

A 
«S 
TS 

qs 
qH 
qd 
d 

m 
m 

OI'I 

n 

no 
SO 
•10 
00 
PD 

•p-o 
D 

Ta 
sa 
Ba 

a 
nv 
sv 
IV 
2V 

aadg 
satav 

uiotro oed'j taoT|0 

£oL-m SOl-'M 



1 
••• • • • •• •• • • ••• • ••• • • • ••• • •• ••• •• • • • • • • ••• • • • • ••••••• ••• • •••• • • •• • ••• ••• •• *•.• * ••• • •• •• • • • ••• • 

> 

ssds msqo 
sstov Bom 

*p*a 
•P'U 

3« 
009« 

•p*u 

^ 
•p'n 
o£« 

*p*n 
SB 
QB 

•p'U 
•p'tt 
QO^B 

OTB 

S« 
•p'U 
•p'tl 

•p'u 
005< 

c^-m 

6> 
0T« 

S'OB 

Dsds 
laH 

CSC 
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