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ABSTRACT

The differential thermal snalyzer is a very suitable
instrument for the rapid analytical study of the thermal
bchavior of battery electrodes. Solid samples can be
studied in the range of 0°C - 500°C using the standard cell
assembly., Thermal bchavior of battery electrodes is
automatically recorded by the analyzer and it can be used
for qualitative analysis. A study 1s also being made of the
behavior of battery electrodes which have been charged at

different levels.



INTRODUCTION

Differential thermal analyses are conducted with a DuPont Model 900

DTA unit. DTA is a technique for studying the thermal behavior of

materials as they undergo physical and chemical changes during
heating and cooling. Two 4mm-diameter tubes, one containing sample
and the other containing a reference material, such as glass beads,
are heated at a miform rate in a heating block, The temperature
differential between the two tubes will remain zero as they are
heated unless the sample undergoes an endothermic or exothermic
reaction. A thermocouple is inserted in the tube containing the
sample and another thermocouple is inserted in the tube containing
the glass beads. The glass beads do not undergo any chemical change
in the temperature range under study. As long as the temperature
of the sample equals the temperature of reference material, the two
thermocouples produce identical voltage and the net voltage
differential is zero. When an exothermic or an endothermic change
takes place in the sample, the sample temperature no longer equals
the reference temperature and the resultant voltage differential
reflects the difference in tewmperature and either a positive or
negative AT peak on the graph results. The DTA unit plots the
temperature of the heating block on the X-axis; on the Y-axis it
plots the difference in temperature between the sample and the
reference, ‘T. An exotherm is plotted as a rise from the base line;

an endotherm as a decrease from the base line.



PRPRPESA s on adeidiind Aok ibddhint RS S R

B S - WA SNDYL gl SN

- R e e

Ny il -

DISCUSSION OF THE RESULTS

Several positive and negative battery electrodes were
analyzed, The negative platea show a first endotherm between
245°C - 250°C, This is a very large peak. The second
endothera occurs at 300°C which is indicative of the de-
composition of Cd(Oﬂ)2 (see graphs 1 to 6). In the analysis
of positive plates, a first weak endotherm occurs at 100°C,
which indicates loss of HZO from Ni(OH),(H;0), woleciles.

A second, large, endotherm occurs in tae range of 290YC -

360°C, which 1s indlcative of the decompos:tion of N1(OHp) to

N{0 and H,0 (see graphs 7 to 17).



ABSTRACT

Atomic Absorption Spectrosccpy is used to determine nickel,
‘cobalt, cadmium, and potassium content in battery electralytes
and electrodes, We are a2iso determining the interference effects
of one element in the pyresence of others, Atcomic Absorption is a
quick and accurate method for the determination of traces of the

above mentioned metals,
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;ntroductlon

Sealed Ni-Cd cells have proved to be a useful and reliable re-
chargable source of power for aerospace applications. However, it
has been found that sometimts these cells have failed,

Although it is not completely known what leads to such failures,
it has been found experimently that some of the factors which con-

tribute to the final failure of the batteries are ;

B Extent and nature of cycle regime
2. Operating temperature

3. Carbonate contamination

4. Cd migration

Se. Nature and condition of seperator

The analysis of negative electrodes, positive electrodes, and of
the electrolyte is also important.
A,A spectroscopy is being used to analyze the elements of interest
( Ni, Cd, Co, and K ) in the electrodes and electrolytes of the
Ni-Cd cells.

These results have been comparc¢d with those obtained by standard
chemical analysis method and are in agreement. A.A spectroscopy is
much quicker and embraces virtually all alloying components contained
in Ni-Cd cells,

This method is being used to analyze for concentration of trace
metals in negative and positive electrodes of batteries, This should
prove useful in determining the amount and effects of these trace

metals in functioning and durability of Ni - Cd cells,



Instrumentation

A Perkin-Elmer Model 403 Atomic Absorption Spectrophotomcter
was used. This unit has a diaital read-out vanel. High intensity
cathode tubes for ‘Ni,Cd;.and-Co. were used depending on which elemant
was “eing measured. Operating conditions were generally those recom-

- mended in the Analytical Methods Book.

The steps listed below were fcllowed in adjusting the Model 403

Spectrophotometer in preparation for verforming the analysis.

1. The instrument and exhaust hood are turned on and allowed
warm-up at the specified current given in the Analytical
Method Boox for two hcurs or until stability is achieved.
Stability is achieved when no zero shift is apnarent over
a five minuce interval.

2. The air supply is turned cn and the air pressure is set at
62 1lbs/sqa. in.

3. The acetylene suoply is turned on ard acetylerne nressure is
set at 27 lbs./sq. in.

4., The burner is ignited.

S. The flame should be blue and transnmarent with an oxidizing
region about 4 mm.

6. The slit control is set at the value given in the Analytical
Methods Book for the respective elements.

7. The adjustment of the ‘atomizer is made by turring the caoil-
lary outward until "blow-back" occurs, then, turning inward
until absorption is maximized. Standard solutions are aspir-

ated through a tube into the flame for not less that 15 sec-
onds.
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Known Solutions Prevaration

The solutions used were prepared from standard solutions of 1000

(Parts per Million (PPM). The dilutions were made as follows:

10 ml of 1000 PPM standard solutions were diluted to a final
volune of 500 ml with deionized water to give a solution of
20 PPM concentration. This 20 PPM solution was used as a
stock solution. Further dilutions were made as follows:

1. S5 ml of 20 PPN solution was diluted with deionized

water to give a final volume of 100 ml and a solution
of 1 PPM.

2. 10 ml of 20 PPM solution was diluted to a final volume
of 100 ml and a solution of 2 PPM.

3. Reveat the above vprocedure with 15 ml of stock solu-
tion to get 3 PPM solution.

4. Repeat above procedure with 20 ml stock solution to
yield a solution of 4 PPM.

S. Repecat above procedure with 25 ml of stock solution to
get a solution of 5 PPM.

6. Reveat above procedure with 30 ml of stock solution to
get a solution of 6 PFM.

7. Repeat above procedure with 35 ml of stock solution to
get a solution of 7 PPM. ‘

8. Repeat above nrocedure with 40 ml of stock solution to
get a solution of 8 PPM.

9. Repeat above procedurc with 45 ml of stock solution to
get a solution of 9 PPM.

10. SO ml of stock solution are diluted with 50 ml deionized
water to get a final solution of 10 PPM.

“3



Drawi of Caliberation Curv

. The .Atomic Absorption Spectrophotometer readings are d¢isplaye-

. d in absorption but they can be readily converted by means of a

EQ table to percent absorption which varies almost linearly with

}: concentration., The conversion table is provided in the Analytical

Methods Book for Perkins-Elmer Model 403 A,A. spectrophotometer,
The instrument parameters are recorded with each set of data

80 they can be duplicated when corresponding sample runs are made.

Each curve standars is run in ascending order of element concen-

tration, Curves can be conveniently plotted on expanded logrithmic

paper
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__Analysis of Samples

The agreement of the results obtained by A.A Spectroscopic
analysis with those obtained by standard analysis have previously
been confirmed ( Please see annual report 1979).

For analysis of each sample a caliberation curvc is derived
from standard solutions. The given samples are diluted and the con~

tration of the metal in the aliquot is calculated from the calibe-
ration curve., This is aultiplied by the dilution factor to give the
concentration of the metal ir the.¢original sample,
The results obtained are giver in table Ia through table XXb, Tables
“a" contain the data for standard caliberation curve and tables "b"
contain the data for analyzed samples.
The points corresponding to each analyzed sample have been marked

on the caliberation curve.

T
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pata for Graph 1
Analysis of cell GE 12AM S/NOl1 plates #3, #9, #13
Caliberation curve for Ni
Table Ia
-
|
~ PPM A.A. Reading %Abs |
2 .0234 5.3 |
. 4 2044 9.7 ‘
6 0644 13.8 |
- 8 .0842 17,6
10 1011 22,4 |
‘nknown sample analysis
Table Ib
Samule pilution A.A YALs I'eu PIM Orig
No. factor reading solution i
GE 12aAM S/NO1 #3 X 10 .079 16.7 7.5 75,0 \
GE 12AM s/Nol #9 X 10 0734 15.6 6.9 69.0 '

70,0

GE 12AM S/No01#13 X 10 .0802 16,9 745




ABSORPTION, percent
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Data for GraphIT

Ni analysis of cell GE 02 plates #2, #8, #12

Caliberation curve for Ni

- o Table IIa
’ PPM A.A. Reading
2 .030
, 4 .056
: 6 .082
| 8 .109
;10 .128
Unenown sample analysis
Table IIb
S.mple Dilution A.A
No., factor reading
GE 02 #2 250 .076
" #8 . .081
- #12 " .084

vAbs

16.1

17.0

17.6

SAbs

8.0
12.2
17.3 |
22,2 |
25.5

5.51
5.80

6.00

PPM Orig
solution

1380

1480

1500
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Data for Graph III

Ni analysis of cell GE 02 Positive plate #12

Cfaliberation curve for Ni

Table IIla

PPM A.A. Reading

.0326
«576
.0834
.1088
.130

omomoaenN

Unknown sample analysis

Table IIIb

samnle Dilution A.A "Abs
No. factor reading
GE 02 Pos. #12 .250 .0745 15.8

PPM

5.30

PPM Orig
solution

1320.



Ni analysis of cell GE 02 plates #3, #9, #13

Caliberation curve for M

PPM

e N

Unknowr, sample analysis

Sample Dilution
No. factor
GEO AMP #3 250
GEO AMP 19 250
GEO AMP #13 250

Data for Graph IV

Table IVa

A.A. Reading

.021

.0398
.0622
-0802
.0920

Table IVb

A.A
reading

SAbLs

12,9
12,9

12,9

PI'M

6,23
6,23

6.23

—_—

PPM Oriy
solution

1557.0
1557,0

1557,0
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Data for Graph IV

Ni anzlysis of cell GE 02 plates #3, #9, #13

Caliberation curve for Ni

Table IVa
PPM A.A. Reading \Abs
¢ .2 .021 4.7
4 .0398 1.8
6 0622 13.3
8 .0802 15.9
l
Unknown sample analysis
Table IVbH
Sample Dilution AA SALS oPM
No. factor reading
GEO AMP #3 250 060 12.9 6.23
GEO AMP #9 250 .060 12,9 6,23
GEO AMP #13 250 . 060 12,9 6.23

PPM Oriqg
solution

1557,C
1557,0

1557,0
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Dat. for Graph V

Ni analysis of cell 12 AM SIO2 plates #3, #9, #13

Caliberation curve for Ni

Table Va

Unknown sample analysis

Cample

No.

12AM SNO; #3

PPM A.A. Readiny
2 .022
q .040
6 .060
8 .079
10 .095
Table Vb
Dilution A.A YAbs
factor reading
10 .077 16.3
49 10 . 080 16.5
10 .078 16.4

OooOOwwewm
.
w O =Oo

PPM

7.9

7.9

7.9

YFM Orig
solution

79.0
79.0

79.0
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k Data for Graph VI

Ni analysis of cell GE 056 plates #3, #9, #13

Celiberation curve for Ni

Table VIa
— SR ——
. |

PPM A.A. Reading LAbs

) 2 .053 11,5
4 .100 20.6
6 144 28.2
8 «190 35.4
10 +220 39.7

Unknown sample analysis

Table VIb

Sample Dilution A.A YAbs Pim FPM Or iy
No. factor reading solution
GE 056 #3 10 .195 36.2 8.30 83.0

- *9 " .198 36.€ 8.42 84.2

" #13 - .205 37.6 8.72 87.2
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: Data for Craph VII

Ni analysis of cell GE 056 plates #3, #9, #13, AM Extract

Caliberation curve for Ni

Table VIIa
|
PPM A.A.: Peading $Abs
I 2 .0498 10.9
4 .0956 19.8
6 .141 27.8
8 .182 34.3
10 .215 39.1

e e I

nknown sample analysis

Table yIIb

)
Sample Dilution A.A YAbLS PrM PPM Orig
No. factor reading solution
GE 056 #3 250 .142 27.9 6.13 1532.0
= %9 250 .141 27.8 65.13 1532.0

= 813 250 .136 26.9 5.8 1450.0
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PPM

CooonsN

Data for Graph VIII

Caliberation curve for Ni

Ni analysis of cell SN Ol plates #2, #3, #12

TableVIIla

A.A. Reading

nknown sample analysis

Jample
No.

SN 01 #2
SN 01 #3

SN 01 #12

.031
.058
.085
112
.136

Table VIIIb

Dilution A.A
factor reading
250 .077
250 .073
250 <075

YAbs

16.2
15.5

15.8

VAbs
6.8 |
12.5
17.7

22.8
26.9

5.43
5.2

5.3

PPM Crig
solution

1357.0
1300.0

1325,0
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Data for Graph IX

caliberation curve for Ni

Table IXa
PPM A.A. Reading SAbs |
L2 .023 501
4 «045 9.8
.6 064 13.7
-8 .083 17.3|
1 099 20.3
|
Unknown sample analysis
Table IXb
]
Sample Dilution A.A YAbs PPM PPM Orig
No. factor reading solution
GE 02 5/N 61 |
#3 250 066 14,0 6.3 1575.6 |
" #9 " 0664 14,2 6.52 1630.0

" #13 » 067 14.4 6.49 1622,5
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; 2 Data for Graph

Cd analysis of cell GE 12 AM SN 01
Negative plates #3,#9, #13
Positive plates #2,#8, #12

Caliberation curve for cd

Table Xa
PPM A.A. Reading
1 . 065
2 .123
3 .174
4 224
5 .267
Unknown sample analysis
Table xb
Sample Dilution A.A
No. factor reading
GE 12AM SN 01 250 .189
" " .199
" . .202
= 50 .146
i | " » .144
o " . 145

YAbs

35.3

36.8

37.2

28.6

28.2

28.4

VAbs

11.5
24.6
33.0
40.3
46.0

FPM

FPM Or19g
solution

837

877

900

248

241

242

S e ot i
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Data for Grggp XIII

A run of known Cd solutions was made to make sure for the reproducibility of
standard caliberation.

Table XIII, graph 13

PPM A.A. Digital Readout SAbs
1 .0658 14.1
2 .1242 24.9
3 .1766 33.4
4 «225 40.5
s .2672 46.0

The caliberation curve is reproducible.
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caliberation curve for Cd

PPM

WV wN -

nbnown sample analysis

Sample Dilut/on

NO. factor
12AM GE 02 %3 250

" " %9 250

s < #13 250

-

pata for Graph XII

Table XIld

A.A. Realing

.069
.1276
.2278
.2714

Table XI1®

A.A YAbLs
reading

.1676 32.0
.1744 33.1
.1756 33.3

SAbs

14.7
25.5
33.5
40.8
46.%

URIGINAL PAGE IS
OF POOR QUALITY

PPM Orig
solution

700
725
732.5

B AlS . L
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Data for Graph x 111

Cd analysis of cell GE 02 plates #3, #9, #13

Caliberation curve for Cd

Table x I1Ta

PFM A.A. Reading YAbs

. 0646 13.8
.1256 25.2
.1764 33.4
.2244 40.4
.2738 45.4

Ve wNhe-

nknown rample analysis

Table XTI1Ib

cannle Uilution A.A vAbs M PEM Oriqg
factor reading sl

GE 02 #3 0 .1356 26.8
" *9 o123 24.7

.20 2.20

o
oN

w ..
o

.

T

O

= #13 0 .0322 7.1
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Data for f‘.'ﬁ:‘Jﬂl}Iv

Cd analyeis of cell 12 AH SNO, GEO2 plates #3, #9, #13.

Caliberation curve for cd

Table XIVa
PFM A.A. Reading
1 .06
| 2 128
1 3 o177
4 «228
5 o271
nknown sample analysis
Table xIVb
Sample Dilution A.A YAbs
N, factor reading
12 AH SNO2
GE 02 #3 250 «168 32,0
" #9 » «174 33.1
" #13 " 176 33.3

SAbs i
14.7
2545 |
335 |
40,8
46.5

PPM

2,80
2.90
2,93

PPM Orig
solution

700,0
725.0
732.5

|
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_bata _for_craph xy

Cobalt analysis of cell GE 056 plates, #2, #8,

Calilwration curve for

PPM

OO UVMaeaN -

‘NKNOWHL -n"_t}(‘ ! J!‘,’?*i?i

GE 056 #2
- #8
" #12

Dilution
factor

v v

Co

Table xypa

A.A. Reading

.020
.051
.078
.096
113
.1465
.173

Table X¥b

ALA SAbs
reading

.183 34.4
.179 33.8
«181 34,1

10,235
10.2
10.3

olution

52.0
51.0
52.0
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Data for Graph XvI

Co analysis of cell GE 02 Positive plates #2, #8, #12

Caliberation curve for Co

Table Xvid

PEM A.A. Reading *Abs

.010 2
5 .023 5
.036 8
.043 9
.051 11
.067 14
17

O @ OWU &=

.081

“rown sample analysis

Table XVib

Samle Dilution A.A vAbs PrM
No. factor reading

GE 02 #2 5 .083 17.4 10.15

" #8 .086 17.8 10.35
"oo#12 5 .081 17.0 10.00

wv

I'PM Oriqg
solution

51.0
52.0
50.0
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Data for Graph X

Co analysis of cell GE 12 SN/01 plates #2, #8, #12

caliberation curve for Co

Table X y11y

PPM A.A. Reading *Abs ;
) ¢ . 007 1.6
2.5 .019 4.3
9 .030 6.7
S .037 8.2
© .N44 9.6
8 .058 12.5
10 .070 14.9
srowh sample analysis
Table Xyr11-b
i le Dilution A.A *Abs PPM PI'M Orig
factor reading solution
GE 12SN 01 #2 5 .042 9.2 5. 7 28.5
* 11SN 0] #8 5 . 040 8.8 5.45 27.25
" » " #12 5 .039 8.6 5.25 26,25
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¥ Analysis of plates sl' sz.

Caiiteration curve for g

PPM

OO &N

Unknown sample analysis

amt le Dilution
Tl [‘Ct«:!'
S1 0
0
.
S 2
3

e e

Data for Graph XVIII

and s3

Table {VIIa

A.A. keading

.024

.0488
.1066
1734
.2436
.3202

Table XVIIID

A.A YAbs

reading

.0492 10.7
.107 21.8
.1458 28.5

e ec————

2,0
4.0
5.15

solution|
|

2.0 |

2.0

10.30



> g .

”~
0
I

X

;"

[

[

=
-
o
®
t~
o]
N
-

4 PRI :
S S IR SRR bR c i SR 2T 0 S LA
: e -4 T R e 9 * bap-4 .
SBHIBHBHIRRIBHEIEEE ”.:M.m..mrm.r.\zm,...n B sy ceess =
R et bt st ERa s SRS RAR SR R ORE FR R SRR E2ns ES5s ha qeEanesin Ses paeas
S gegul oSS0+ 21 D4 rSdqe b vn.oo.o... s et boessfoese S baddiat .o o -o—e i G Yl 5 00 W g
Sttt Hizs st SRsEE 2L g ot SRS 23sss: T+ “wu.f.u.x 232222233 P9
S S SILLlocIEooIT PIIRELLTRILL LRI iR E R RS e eeassssns
co.nN'quHM -..“ NN“ “hh._‘v-» oﬂn.“”A“u R EEE B — W W 1S T A | +4+ &MML .n"ﬂvﬂ.ﬂlﬂﬂﬂ
0‘-0’00(5 e < it feahan il B - I R e It T 13434 .. BHE @ - ) B D
rnnwn‘z»-c .o e - R e o ..o..u... > g ob #.ou “3#106\”“\1&.“0 ... Yvw'w -
+ 8 H W ooo4uoo.. aeasmibadosqedtasiunloneanod! e d v e 11X + swsgammeay
T ks 3500] tasunowd 13t Bgdgpupadmnsdh: DIt T L LI 4 Liih Seses sases oo bosss
) & .- = - M - @ ' 5D 9 2D
N.H“NMMMQQ Os“oA“o”WLoM"ﬂﬁH“.. e s ‘.‘-.hlult.ll"olt"‘l.oﬁ.OQY » @Bde OOOLHWN;A +¥+ Tﬂ ﬂ‘*.HA ) & oo‘H*Y'm’i
pobod pey by 0*>H| *0 - ) * ﬂlﬂ.lH.so *re . ooomﬂﬂﬂ.v o.ﬁLM.A“ o“NTD’HK OIr“r-l' co et RS : o~
2 3 - . - e - - - el ) {
..oH.m dennTy Q'«. o~¢.“.¢~.~ 1SS F S0t s0ePl ab0aREE PPOSR Fu: —— 5, DODEN S fHLYAﬂ.H.
“d o > @ = B W % R oM HoOH . Oou-b.o bt bbb b 4 dafedabis — Jt}XT'“ L 2
SHOOE S 0‘u.9 R R 2 16 ‘ 88 s «WJ'UYHVO T D S
- > - I =TIt ou#; .o»’»»wo.ﬂo« .%0 -4 HAW L 0% 14 0 ¢ »I J
.- — . 1 -
BOEEEEsAEE EGEN BOEBE .%‘A< 44 eEsnhage: ) —tat I SELESGSEdSEBAN.
e e S T + . -t ?“wHﬂ 0.»6 e e g . IAvI.Hlt‘
bo s b b 1 o.HA nﬁh..H. rok et iitt + 1 1l -t ® bl .. by -1
eEBE S c OB @ T Ty nwtolvo ) “«" ?.»HN WP +- O»A S us peuse
T 1Y == X AQM Y»*Qu O P ESAEREE on
->- 1“17’& 4 PR R ﬁHM .*4 QHO'O. ’ TELLL . od o bey ..y
- by - LELE M!)?ﬁ POGESSS - BEETE 2 B 568
e e ISEBE BEea I Tt aes I°E: * - i i
S o ias o ' 1 - %8 SESN] - T — QQI HH 'HVL
bttt rrre 1 ) - : 11 -
b ot b ibo o bbbt oy W“fo .oQ?O O‘H?Ib-.‘ r ‘ b 18 H g - 1 M
- " 2 .. : 13 1 SN ' !

e e AQ.H:?. s ey s 3 1§ B ~——t 1 ' 44431
8 38t EUBEY INETA MIBNE BBESE HTHtrrt et - T+t B8 ERAI +4
- 9001—,401~ b . T dd sEat 1 113 gttt
| " - . : 3 'M+‘.4 CORR "y 1 wﬂ | 14 i «r

t o 2 - . 1 RSB - . ' 1
10% . . %‘>+»|M e Samdae + ,wH&ﬂ 111 —— a8 40'
1 - . ® & B a¥t S B B § ) ——
. 9ﬁ$44 -+t T F,f?-.‘ot# . TTTT 0wu4r< — .l.&»,'.!.c 70« Hid
S s oatatasas teassae: — % BEARY DY S B FRETE DB A ISREEE B30 LR RS
TEgEE ‘4.__ 11 §-epegdufndibidup-apuiuafy ey >fPH HlHI» r T T1T +o—t ™
‘I{T‘lfvlvrtuﬂ.k L i { 5 181 - ,.}Av‘h‘cxo 3 boegabiddasd 117 i & id 4t Tt YiI18E1
H $ : I ' ' 2N -y ot bt didad - { ' *J 1 -
B BT TR E & ¢ HATES WS .o -4 B0 e SRERs SRER: 111 | 1111 + ' [ 1
L PRS L0G B0 5681 14 4 1 SIESRSIRNESRE! - e IT:1 EEEE + EBRRSE GH B!
R r D> 481 e B 1] R s R .ﬁwff?.: #,flt.w.v B A e }e8SSAS1
- \ ) - - - ' & e . s 3 1
SANS ‘ - v.véir’v‘é Mv* T 111 oo.@.wﬁ.v..oiw 28RS &u»» 4H ¢»HW H« H | .ﬂHN w«
- » & S aaE L -~ - 88!
T A EREEI EANENESRNE 508088888 SEREUSSERNRIRATAEEE! 4 H 8 05
853858 §88858E80 FIEE1 S84 SESRRSSNSE SREESSRSTESERERSYERE A8 AR08 888888 8 it
= 1 i I : 1 > - ! ! 3 -t '
'BE ATL SN - H H. ¢ 2 ¢ : : ’ 'l r<> L1111 AM - - .,. ;.414&. | P
; - e T , BERSEREESREREERERE B A S REs AR SR } 1585358588 1888 |
! bt R e b s e T 4 )982 58083888
+ ' { 1 2 . Ty % 8 | . <44+ 1 Il ) )= Ealal *-
JEETSARRREAEARNERIERIRE NS 1111 88 m.-ﬁ. sastissestinsssansninsianasn q_? e e
B E 1 4 Bes! e L B St B =1 BREE : TTE11 | - -~ ™
25883 888N T _ T ] T T ™
: .T 1 H-'Lrﬂd‘ﬂ 0704. L 1 1 il ot Jﬂ_ & b —-- T ] PR Y
SBESE 5324 0NN ERSH ! 28883 L2585 58888 888! SGSfREsEEasasssessssnesenas: 088! cpeeme pey?
rmq T 1Ti1 *Pﬁ, 1] 111 = 3 REREEEE B | 11 Tt | @ 1 ,»_i#
B : T T4 i1 88 B votoo S RBED 1
ERAEESSSERARNFUNRENIRNINRRNNL 18980 58048 EREREIEREAIRANI et ISE10281RE0
R e %
111 {1 b ! o t 4
|SS85EM HET 3K 1858830 8583308884 3 T LUpTTE 15081888 09
TPt ] .<-—.4~ﬁ441.ﬂ | | [T .»d.. Hp S
S8SAEENBRSARESN AUARIREERANNENRRANRINRNEANER
T A

~
.

b}

)
»

. Y
7T
.

ORIGINAL P'AGH
OF POOR QUAS

U33:3d ‘NOI L dHOSAY



caliberation curve for K

PPM
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Urenown sample analysis

| curde Dilution
|‘ factor
Kl 250

Data_for craph XIX

Tab1 XIXa
1,
A.A. Reading Wbs
«063 13.5
«108 22,1
178 337
257 44.6
.333 5346 |
—
Table Y1Xb
ALA sAbLs PrM
reading
0114 23.1 4.1

PPM Grig
aolution

1025,0
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pata for Graph XX

K analysis of plates Sy, Sy, LEY

raliberation curve for K

|

l

i Table XXa

y

; . B

\

: PEM A.A. - Reading \ALs

? 1 L0138 3.1
2 .0262 5.8
3 . 0450 9.8
4 . 0666 14.2
5 .0930 19.3
6 .199 24.0
7 .150 29.2
8 176 33.3
9 . 208 38.1
19 .234 41.8

rhnown sample analysis

Table XXb

amule Dilut:on A.A YALsS PPN PIrM Orig
NO, factor reading solution
51 10 .121 24.3 6.1 61.0
S, = .048 10.4 3.0 30.0
S3 . .093 19.3 5.0 50.0
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