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The weight percent of MnO in a section (needed for the
determination of the lattice parameter from the plot in Figure

27 is given by:

wt. MnO in section
total wt. section 100% (34)

wt. percent MnO in section =

The mole percent (needed for the interdiffusion coeffi-

cient calculation) is found using the following equation:

. _ moles MnO per section x 100%
Mole percent MnO per section = moles MnO/section * moles MgO/
section

(35)

5. Interdiffusion coefficient

The interdiffusion coefficient is obtained from a plot
of the mole percent MnO vs. the distance into the crystal or
from a plot of the ratio of the concentration of MnO in the
section to the concentration of MnO in the solid solution vs.
the distance into the crystal using the Boltzmann-Matano equa-

tion (equation 21).
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VI. RESULTS

Experiments 1 through 8 were regarded as preliminary in
that they indicated necessary changes in the experimental pro-
cedures.

The mole % MnO vs. distance profiles for runs #8, 9, 11,
and 12 are shown in Figures 28, 29, 30, and 31. The tempera-
ture and length of the diffusion anneal, and solid solution
composition are given on the profiles.

From these profiles the interdiffusion coefficients were
obtained for runs #9, 11, and 12 using the Boltzmann-Matano
equation. These interdiffusion coefficients are plotted vs.
mole % MnO in Figure 32.

All of the diffusion anneals were fired in air.

The data for runs #7, 8, 9, 10, 11 and 12 are given in

Appendix A.
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VII. DISCUSSION

When this investigation was begun, it was felt that a com-
parison technique could be used in determining the thickness of
each section which was taken off of the diffused crystal. The
crystals were sectioned in the manner which was described
above. A pure magnesium oxide single crystal of known dimen-
sions was irradiated along with the diffused sample and was
used as a standard for determining the thickness of each sec-
tion by determining the amount of magnesium present in the sec-
tion. The problem encountered was that the magnesium full-
energy peaks could not be seen in the gamma spectrum of each
section due to the large concentration of manganese present.
Therefore the normalization technique could not be applied to
the system MnXO-MgO.

It was then decided to determine the thickness of each
section by weighing them. This technique is explained in the
section on data analysis.

The cross-sectional areas of the magnesium oxide crystals
in the preliminary work were small (i.e., 0.327 x 0.481 cm2)
and since it was desired to take rather thin sections off of
the crystal each time (i.e., 3-5 microns) the weight of the
sections were of the order of 0.5 milligram/section. Since the
error in weighing such small amounts is large, it was decided
to use much lérger crystals (i.e., 1.38 x 1.33 cm2) for the

main experimental investigation.
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In the preliminary work there was a large scattering of
points to a depth of 40 to 50 microns which can be seen on the
profile for run #8 (Figure 28). Since during preparation of
the magnesium oxide crystals it was necessary to grind on them,
it was felt that the crystals may have been damaged. An
article by Koepke and Stokes (53) shows that grinding does
damage the surface and subsurface of magnesium oxide crystals.
Therefore for runs 11 and 12, before the diffusion anneal was
carried out, the crystals were annealed for 24 hours at 1300°C
in an attempt to correct any defects that may have been caused
by surface grinding.

Also, as mentioned in the section on preparation of
manganese standard, investigations were carried out on the
effect of using either a liquid standard or a dry standard.

It was found that it made no difference which type of standard
was used.

The main experimental work consists of runs #9, 11, and
12. Run #10 was to be included but a malfunction in the elec-
tric furnace during the diffusion anneal caused the temperature
to decrease from 1300°C to 1180°C at the start of the 16 hour
run. The interdiffusion coefficients obtained from runs #9,
11, and 12 agree reasonably well with each other as can be
seen in Figure 32. The results also agree reasonably well
with those obtained by Jones (40) and Tagai et al. (38) as
plotted on Figure 32. It is to be noted that Jones' work was

carried out at 138000 rather than the 1300°C used for runs 9-12.
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As mentioned earlier, in the section on the selection of
the full-energy peak, both the peak at 845 KeV and 1810 KeV
were used to analyze for the manganese concentration present
in the section. Figures 28, 29, 30, and 31 show that the two
determinations agree very well.

The sources of error which could effect the precision of
the determined interdiffusion coefficients obtained in this
work are:

1) Impurities present in the magnesium oxide crystals.

2) Loss of contact between the crystal and the solid solu-

tion pellet.

and 3) Uncertainties introduced by the equipment and tech-
niques employed in the experimental work. The nature
of these uncertainties is such that their probable
values can be estimated as shown in the following
chapter on error analysis.

General Electric magnesium oxide single crystals were used
in this investigation. These are the same crystals which were
used by Romberg (17), who found the following impurities and
their concentrations in parts per million: manganese < 10 PpPm;
copper < 1 ppm; chromium < 10 ppm; iron < 100 ppm; cobalt< 1 ppm ;
and scandium <1 ppm. With such low impurity concentrations
there would be negligible effect on the interdiffusion coeffi-

cients.
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The loss of contact between the magnesium oxide crystal
and the solid solution pellet could cause considerable error
in the determination of the interdiffusion coefficients. The
solid solution pellets were sintered to densify the solid
solution and platinum wire or sheeting was used to hold the
diffusion couple together, but loss of contact could still
have occurred.

The conclusions to be drawn from this work are that
activation analysis can be applied to the study of diffusion
in ceramics and that the deduced interdiffusion coefficients
shown in Figure 32 agree well with the results obtained by

others.
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VIII. ERROR ANALYSIS

An error analysis was carried out on this work and is
given in detail in this chapter. Since the comparitor method
was used in the determination of the amount of manganese pres-
ent many possible errors tend to cancel. These were mentioned
in the section on quantitative analysis.

There are several other possible sources of error and
among these are the following: a) Flux variations, the sample
and standards were placed as close together as possible when
the irradiations were carried out so as to reduce any error
caused by possible spacial flux variations; b) counting time,
a possible error could result due to '"dead' time but since the
sections and standards had nearly the same manganese concentra-
tion, these errors would tend to cancel; c¢) contamination, the
crystals and standards were thoroughly cleaned as outlined in
the section on preparation of sample before irradiation; d)
possible self-shielding errors, since the matrix crystal is
MgO (which has essentially no self-shielding effect) self-
shielding is negligible for the crystal, and since there was a
very small amount of manganese standard, self-shielding in the
standards was also considered negligible.

Other uncertainties whose values can be estimated are
calculated in the following error analysis.

The propagation of errors theory (54) is first applied to

the equations used in the data analysis to give the relative
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errors for the values sought and finally a sample calculation
is carried out using the data from run #l1, section #4. These
calculations are given below. The relative error associated

with the basic radioactive decay equation:

R, = 1 et (36)

Dy = total counts in full energy peak at .845 MeV for

56Mn at the end of irradiation.

Q = total counts in full energy peak at .845 MeV for
56Mn at time t.
t = time after irradiation (decay time) minutes

56

A = decay constant of the ~"Mn minutes™!

1n Qo = 1ln Q + At

%§° =\/é—8)2+ (M.’st)?‘ + (tm)z (37)

Applying the propagation of errors theory to equation 23 the

is

following relative error is obtained.

Awt. Mn wt. Mn_ \ 2 AQQ, \ 2 /aQ. \2
X = S) 3 X + OS (38)
wE. M WE. M Qs

where the subscripts x and s refer to the section and standard

respectively.
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Similar procedures are now carried out on all equations
which were used in determining the required results in the

data analysis section.

For each of the equations used, only the relative errors
obtained from the application of the propagation of errors

theory are given along with the equations.

wt. oxygen = wt. Mn (atomic gL ogygen) (39)

atomlc wt. Mn

Awt. oxygen =\/(Awt. Mn )2 4 (Aatomic wt. oxygen ) 2+(Aat. wt.

wt. oxygen wt. Mn atomic wt. oxygen at. wt.Mn
(40)
wt. MnO = wt. Mn + wt. oxygen (41)
Awt. MnO - .
. MnO _ Awt. Mn)® + (Awt. oxygen)
wt. MnO 2 Ch2)
(wt. Mn + wt. oxygen)
wt. MgO = wt. section - wt. MnO 43)
Awt. MgO _ (Awt. section)2 + (Awt. MnO)2
wt. MgO ) 7 (h44)
(wt. section - wt. MnO)
wt. fraction Mno = Yt. MO (45)

wt. section

Awt. fraction MnO _ Awt. MnO \2 Awt. section ) 2
wt. fraction MnO wt. MnO * ( wt. sectlon) (46)
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(47)

molecules Mn0O = wt. MnO (M wg oo )

Amolecules MnO _ wt. Mn0\2 _(AM.wt. MnO Z . Cﬁno) 2 (48)
molecules MnO wt. MnO M.wt. MnO Mo

"o

molecules MgO = wt. Mg0 (j—r Mgo) (49)

Amolecules Mg0 _ /Awt. Mg0)\2 AM.wt. MgO\ 2 An. \2
molecules MgO \/(wt. Mgo) B ( M.wt. MgO) ¥ __r}_o 507
0

Sailt sellaiseatien = molecules Mg0h+ molecules MnO (51)

A#unit cells/section _ /(Amolecules M’gO)2 + (Amolecules MnO)2

#funit cells/section (molecules MgO + molecules MhO)2
(52)

5 : _ (volume unit cell)(# unit cells)
Thickness section = cross-sectional area crystal (53)

2

. . 2 2
Athickness _ [{Avol.unit cell 2+ (A#unlt cells) +(A_L) +(&_.W_)
thickness \/ \ vol.unit cell #unit cells L W
(54)

The volume of a unit cell is obtained from the lattice param-

eter.

Volume unit cell = (lattice parameter)3 (55)

The lattice parameter is obtained from the plot of the lattice

parameter vs. wt. % MnO. There were no published deviations
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for the values used in obtaining the plot so the error used

is the error in the value of the wt. % MnO (see Figure 27,

page 74).

Avol. unit cell _ 3 Alattice parameter £ (56)
vol. unit cell lattice parameter

- /3 (Alattice parameter
lattice parameter

A sample calculation is now carried out using the data
obtained for section number 4 of run #l1 beginning with equa-

tion 37 for the section where

207501.5 counts for 200 seconds

Q section

t 856.1 minutes.

At was given a value of I 1 minute since the timer used to
determine the decay time between the end of the irradiation
and beginning of the counting was not the same as the clock
used to time the end of the irradiation but the counting timer
was synchronized with the clock used to time the end of the
irradiation so that the decay time could be obtained. The timer
read in divisions of one hundredth of one minute therefore the
error in reading the timer was negligible.

All constants used were given an error value of : 1/2 of

the last significant figure unless otherwise stated.

_ =3 -1
KMn = 4,48 x 10 minutes
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el E-1ife P = t;,p = 2.576 Z .0005 hours = 154.56 = .03 min.

Mt

2 - £.693)€.03) _ g 7 « 1077 min~!
- 4

AN = 5
1/2 (154.56)

AQ, section 2

. 72
0_ section 2\//;U7éﬁr—g + (4.48 x 1072 x 1)% + (856.1x8.7x107)
0 ;

= /4.82 x 1076 + 2.02 x 1075 + 5.55 x 10~

w/65‘575 x 'LO™2

I
W
»
'—l
o

The factors which go into the determination of Awt. Mhs are
the following:

1) weighing out the Mno, which is used as the standard.

2) making up the Mn solution - 1000 ml.

3) pipetting the solution - 1 ml.

The solution was made up so that the concentration was
L 5 10'4 grams Mn/ml solution, therefore in 1000 ml of the
standard solution there was the equivalent of 0.1 g manganese.
The weight of MnO, used to prepare this solution was 0.1582

grams.

The accuracy of the balance used was - 0.05 mg, therefore
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2
wt. Pmozwat. Mnozz(wt. total - wt. paper)f\/(Awt. paper)

+ (Awt. [:nsqaer)2

+

158.2 * /.05)2 + (.05)2

I

158.2 2 0.07mg

Weight Mn in standard stock solution with its Awt.

+ B M.wt.Mn
wt. Mn- Awt. Mn = (wt. Mn02) (ﬁ,wt.MnOz)

" :/(A“’t' Mnoz)z L(AM. . 2 L (OM.W.
VAN 0 M.W. /y M. W.

2’2
no,
- 54.94 .0707 \2 . 0005 2 .005 2

= 158.2 (3g5n (11\/&57) * (s'rm ) *(m) )

= 100 (}f,v/éu.uss x 10092 4+ (.912 x 10°2)2 + (.576 x 10~*)? )

=100 ¥ 100 \/19.92 x 10°8 + .833 x 10710 + .332 x 1078
= 100 ¥ 100 \/50.26 % 10~9
= 100 ¥ 100 (4.505 x 10~

= 100.0 2 0.05 mg Mn in standard
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To make up the standard solution, 1000 ml volumetric flask with
accuracy of I .3 ml was used. Since human error enters into
accuracy when pipetting, a value of 1% error was included.

As mentioned earlier, standards containing 1.00 x il
grams of manganese were used in run #l1, therefore 1 ml of

stock solution was pipetted.

Weight manganese in final standard:

- - Ei&él_zei;) *‘/(éﬁiz) 2
wt. Mugp, = Awt. Mugn, = wt. Mn(stock sol. (1' o
5 (Avol. - Avol. 2
VOI. VOI.

stock final

1 ml 1+\//'°”5°5 2, (.3ml \2 , (.01)2
1000 mI "V 100 1000 ml 1

1
~
—
o
o

&
N

e

= .1mg? .1\/%4.505 = L0°9% & {8 x 10"9° & {1 = 10749"
= 1mg ? .13/20.26 x 1078 + 9 x 108 + 107

= .12 .1 (.01) mg = 0.100 % 0.001l mg

.01):{10'h grams manganese.

'+

(1.00

Determination OEJAQO /Qo same as for the section except for
s s

0, = 318928.0

>

356.8 minutes
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49 v/' 1 5 7 2
2 = +2.02 x 10" + (8.7 x 107" x 356.8)
o, 3T8I28.0
S
=\/é.l38 X 10'6 + 2,02 x 10'5 + 9.64 x 10'7
AQ
os -3
9 = 5 %% 10
OS
Awt. Mn = -
g & A= s 0 1T s 5008 & W ¢ B x WY
« My 1.0 x 10”
ﬁv/ﬁ x 10~% + 25575 x 10~ + .24302 x 10~
Awt. th -2
— Mnx = L x 10

For the determination of Awt. oxygen/wt. oxygen the atomic

weight of oxygen and manganese are required:

Awt.

Atomic weight oxygen = 15.9994 Z .00005

Atomic weight manganese = 54.9380 :_00005.

oxygen

wt.

2 2
- -2,2 . 00005 . 00005
oxygen _\/// (L% 107°7)™ + (IS.gggﬁ) * (55.5335)

?w// 1 x10°% +9.76 x 10°12 + 8.3 x 10~
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Awt. oxygen _ 1 % 10'2
wt. oxygen

2 2 2
2. (Awt.Mn (Awt.oxygen (at.wt.oxygen )
(wt.Mn) [( wt. ) 1 wt.oxygen,) at.wt.Mn ]

Awt .MnO_
wt.MnO

at.wt.oxygen)]2

2
(wt. Mn)” [1 + (at.wt.Mn

2,2

2
[ x 10722 4+ @ x 10722 (§5:299% )%

I

- (1529994) 2

_ 1 x107* + 1 x107°
T.569

-2

Awt. MnO _
~wt. ™Mo - X 10

Awt. %EO :\//Q&Wt. section)2 + (Awt. MnO)2
wE. 0 (wt. section - wt. MhO)2

The weight of each section was determined using a Cahn electro-

balance. 1In run #l1 the scale was equal to 40 milligrams full
scale. The accuracy of the balance is z .0005, therefore, on
40 milligrams full scale Awt. = 2 0.00002 grams. Since the

sections were weighed by the difference method Awt. section =
+

- .00004.
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’ 3.2
Awt. MgO \///u x 1072)2 &+ (1 x 10”2 % .gsg % 10™2)
wt. Mgo (5.44 x 10~ - 786 x 10~°)

i//{.s % 1672 + & % 10~
216 = 1072

Awt. 0 _ -3
—Mgﬁwt. Mg0 - 8 x 10

Awt. fraction MnO
wt. fraction MnO

<

AWt . MnO)Z 5 (Awt. section)Z

(wt. MnO wt. sectlion

Awt. fraction MnO
wt. fraction MnO

-2

=1 x 10

The lattice parameter was obtained from a plot of the lattice
parameter vs. the wt. % MnO. The data which was used in the
plot did not have an error value with it so that the error in
the lattice parameter value is obtained from the error in the

wt. % MnO.

Awt. fraction MnO ( wt MnO )

Awt. £ 1 = ] 1
wt. fraction MnO wt. fraction MnO \ wt. section

s Bl 10-2) (wt MnO . )

5.44 x 107
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(L L07SYC 00

Awt. fraction MnO = 1 x 10-3
Therefore wt % MnO = 14.4 i o5
AX = .1
from graph
AY = .0002

Volume of each unit cell in section:

Volume unit cell = v Y = lattice parameter

Avol _ N \2 o AY .

W‘\/3(-?) = V35 =1.732 (1;9'%%—)

&¥or = g x 1077

Amolecules MnO _ wt. MnO \2 _ (AM. wt. MnO\ 2 , (270 )2
molecules MnO wt. MnO M. wt. MnO o

+ 23

n_ = (6.02252 I .00028) x 10
=\//}1.0 « 10°2y2 4 (.0?05 ) 2, (.?00282) 2
- \//1.0 x 107% + 5, x 107 + 2.2 x 10™°
Amolecules MnO _ 3l 58 10-2

molecules MnoO
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.

Amolecules Mg0 _ fAwt. MgO \ 2 _ (Amol. wt. MgO) 2 " (Ano )2
molecules MgO wt. MgOo mol. wt. MgO T

=v/ 6 x 1075 + (52095 ) . (500028 ) .

i¢// 6 x 1072 + 1.539 x 10'10 + 2.2 x 10'9

Amolecules Mg0O _ -3
molecules MgO % & L

A#unit cells/section - (Amolecules MgO)2 + (Amolecules MnO)2
mmir eelle/section (molecules MgO + molecules MnO)2

23

y 12411 x 10°2) x

)(6.02252x1023)
70.938

-3 -3 6.02252x10

23
-3 6.02252x10
[(4.654%1077) ( 0 31T

) + (.786x10~3

6.02252x1023)]2

-3
x(.786x10 *)(S57573

=\/// 8 x 10'13 + 1 x 10'14
1.0 x 10'8

A#unit cells/section

-3
#unit cells/section :

= 7 x 10

Athickness =\/.‘D.V'ol.unit cell )2+ (A#unit cells)2+ (AL )2+ (Aw)2

thickness vol.unit cell #unit cells ! W
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The length and width of the crystals were measured using a

micrometer with an accuracy of 2 0.0002 therefore the dimen-

sions of the crystal in run #l1 are

¥

1.4346 - .0002

1

1.20218 ¥ .0002

=
1}

L0002 2 .0002 2
T.43%46 T.20718

Athickness section =5 (2
thickness section i/[(g x 107" +«(

+ (7 x 10-3)2

;V//' 6x1077 + 1.94x10"8 + 2.76x1078+ 551073

=/ 49 x 1076

Athickness section = @ l0..3
thickness section =
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IX. SUGGESTIONS FOR CONTINUING WORK

Several problems were encountered during this investiga-
tion. The foremost was the difficulty of making certain that
the solid solution and the crystal were in complete contact
during the diffusion anneal. Further work should be done in
finding a way to make certain these are in contact. Another
important problem is whether the Boltzmann-Matano interface is
the original interface. A method which could be used in find-
ing this out would be to use a MnO single crystal in place of
the solid solution, and then analyze the MnO crystal in the
same manner as the MgO crystal. In this way the whole dif-
fusion profile could be obtained, rather than only the profile
from the MgO crystal.

The technique which was used in this investigation should

also be applied to other diffusion couple systems.
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XII. APPENDIX A EXPERIMENTAL DATA



DATA
Run #7

75 wt. % Mn0-25 wt. % MgO
.506 x .445 cm?

Solid solution concentration
Cross-sectional area crystal

Diffusion time = 16 hours . .
Diffusion temperature 1410+ 5°C Thickness sections are in microns
Counts in peak Decay Weight wt. % MnO Thickness section
Section 0.845 1.81 time section 0.845 1.81 0.845 1.81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 10638 1150 160.2 .150 33.8 36.3 1.644 1.629
2 16339 1897 163.0 .282 30.0 30.0 3.131 3.131
3 18649 1922 165.6 .340 25,5 28.8 3.835 3.791
L 19690 1929 168.1 .518 17.0 20.2 6.0L3 5.949
5 18560 2098 170.6 .490 1958 20.3 5.636 B5.625
6 18227 1894 173.2 .612 14.4 16.2 7.165 7.124
¥ 18676 2015 1756 .418 22.7 24.5 L.759 4.730
8 15394 1406 178.0 .416 16.1 20.5 4.843 L4.772
9 23074 2163 180.4 .516 20.2 25,1, 5.926 5.828
10 24260 2704 183.0 .768 1%.2 18.9 8.910 8.888
1L 17280 1802 185.4 - DL 17 .7 19.7 5.814 5.774
12 17574 2005 187 .9 .628 15.9 16.2 7.316 7 .309
13 16057 1766 190.4 .492 18.1 19.1 5.690 5.670
14 22338 2312 192.9 .560 21.0 23.6 6.413 6.356
15 16336 1668 195.4 .708 12,1 13.8 8.352 8.305
16 21745 2471 197.8 . 884 14.6 14.9 10.34 10.33

Standard 16862 1961 200.3 .08 mg Mn

80T



DATA
Run #8

75 wt. % MnO-25 wt. % MgO0
.3085 x .3548 cm

Solid solution concentration
Cross-sectional area crystal

nmnun

Diffusion time = 16 hoursg
Diffusion temperature 1410+ 5°C
Counts in peak Decay Weight Wt. % MnO Thickness section
Section 0.845 1.81 time section 0.845 1.81 0.845 1.81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 155968 18410 224.8 114 L46.7 46.5 3.083 3.085
2 179214 21612 227.6 .360 2L 7 22,3 8.426 8.415
3 201195 24711 160.8 332 19.6 20.3 7.826 7.807
4 219130 25846 164.2 .324 22.2 22.1 71:970 7313
5 251387 29827 167.0 .348 24.1 24.1 8.081 8.080
6 272616 32432 170.0 404 22.8 22.9 9.422 9.419
7 260129 30373 1L72:9 4oL 22.0 2L F 9.447 9.457
8 235754 27444 178.4 .368 22.4 22,1 8.592 8.604
9 265450 30802 1813 .4l6 22,7 22.2 9.706 9.721
10 228500 26993 184.6 .428 19.2 19.2 10.10 10.10
11 221985 26071 190.7 .456 18.0 17.9 10.81 10.81
i 191710 193.2 .388 18.5 9.181
13 194739 23151 1957 476 1353 | 11.38 11,38
14 169983 19601 198.2 + 928 LZ:3 12.0 12.78 12.72
1S 135739 15448 200.6 .500 190.5 10,1 E2.15 12.17
16 134655 14742 203.0 742 7ol 6.6 18.23 18.26
17 59369 6997 205.3 «f L6 3.3 3.3 17 .81 17 .81
18 22908 2690 207 .4 .824 i P 3 1:% 20.64 20.64
19 1874 367 210.4 .566 0.1 0.2 14,22 14.22
20 479 214.6 .016 0.0 25.54

Standard 242775 28764 221.8 .08 mg Mn

60T



DATA
Run #9
90 wt. % Mn0O-10 wt. % MgO
.542 x .2625 cm2
16 hours 28 minutes
1

Solid solution concentration
Cross-sectional area crystal
Diffusion time

1 nm

Diffusion temperature 300 + 5°C
Counts in peak Decay Weight Wt. % MnO Thickness section
Section 0.845 1.81 time section 0.845 1.81 0.845 1.81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 181063 20637 182.0 .188 36.7 35.4 3.229 3.245
2 146152 15926 185.0 .200 28.2 26.0 3.540 3.567
3 155753 18918 187.8 .190 32.1 32,9 3.318 3.308
b 164539 19791 190.8 .240 27.2 27.6 L.263 4,256
5 209484 24721 193.5 .308 273 27.2 5.469 5.470
6 234472 27798 196.2 .L424 22.5 22.5 7655 7.653
7 224773 27382 198.9 .418 22,1 22.8 7935 7.539
8 260835 31417 202.5 .534 20. 4 20.8 9.708 9.696
9 263039 31255 205.4 .544 20.5 20.6 9.888 9.885
10 274876 32570 208.3 « S50 21..5 2L.5 9.964 9.963
11 290468 33154 217 .5 .664 195 18.9 12,11 12.13
12 226010 27286 220.6 .582 17.6 18.0 10.68 10.67
13 228620 26578 223.3 .608 17.2 16.9 11.17 1118
14 205358 25256 226.0 .748 12.7 13.2 13.95 13:93
15 156005 18460 228.7 .628 LY.7 1.7 11.75 11.75
16 151333 17918 231.3 .688 10.5 10.5 12,93 12.93
17 108571 12632 234.0 .882 5.9 5.8 16.82 16,83
18 58439 7082 236.5 1.00 2.8 2.9 19.26 19.26
19 11283 1445 239.1 .900 0.6 0.7 17.46 17.46
20 228 119 241.8 <932 0.0 0.0 18.11 18,11
21 242 138 245.8 1.176 0.0 0.0 22.86 22.85
Standard 283553 33554 171.9 .08 mg Mn

011



DATA
Run #10
75 wt. % MnO-25 wt. % MgO
1.364 x 1.519 cm?
16 hours B
1300 to 1180 C Glow bar broke

Solid solution concentration
Cross-sectional area crystal
Diffusion time

Diffusion temperature

noann

Counts in peak Decay Weight Wt. % MnO Thickness section
Section 0.845 1.81 time section 0.845 1.81 0.845 1.81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 179345 21975 210,65 «B52 9.0 9.5 1.192 1.190
2 194849 23407 218.5 +992 8.7 9.0 1.389 1.388
3 285165 33876 221.3 1.656 7.7 18 2.327 2.326
4 181364 21407 223.,7 1.076 77 y g y T . 1.512
5 105781 12377 226.1 L6LL yn 7.6 9.054 9.053
6 251056 29121 228.3 1.428 8.1 8.1 2.004 2.004
74 324237 38511 230.7 1.992 76 7.8 2.800 2.798
8 349446 41017 233.1 2.616 6.3 6.4 3.692 3.692
9 177657 22209 236.0 1.180 7 5l Fod 1.661 1.658
10 159095 18894 238.2 1.044 7.4 7.5 1.468 1.468
11 191780 22563 240.4 1.344 7.0 7.0 1.893 1.893
12 183857 21590 242.6 1.382 6.6 6.6 1.949 1.949
13 271570 31449 245.0 1.844 7.4 F 2.594 2.594
14 306523 35992 247.1 2.396 6,5 6.5 3.380 3.380
LS 181723 22719 249.5 1,312 7+1 7.6 1.847 1.844
16 288183 32069 251 .7 2:128 7.0 6.7 2997 3.000
17 384572 45593 254.1 2,804 Tal 7:3 3.947 3.946
18 182476 21416 256.6 1.608 6.0 6.0 2.272 2,272
19 150406 18339 258.8 1.288 6.2 6.5 1.819 1.817

Standard 294280 34335 216.0 .10 mg Mn

EEE



DATA
Run #11
75 wt. % Mn0-25 wt. % MgO
1.434 x 1.202 cm?
59 hours 20 minutes
1300 £ 5°C Glow bar broke before completion

Solid-solution concentration
Cross-sectional area crystal
Diffusion time

Diffusion temperature

i mun

Counts in peak Decay Weight Wt. % MnO Thickness section
Section 0.845 181 time section 0.845 1.81 0.845 1.81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 168899.5 20390 843.6 3.064 19.7 20.6 4.610 4.597
2 195917. 23108.5 847.8 4.576 15.6 15.9 6.981 6.974
3 254703.5 29646 851.9 6.160 15.4 15.4 9.405 9.403
4 207501.5 26124.5 856.1 5.440 14.4 15.7 8.331 8.296
5 176738.5 20516 860.4 4.936 13.8 13.9 2975 7.574
6 272267.5 32602 865.0 7.720 13.9 14.3 11.84 11.83
7 240731.5 28498.5 869.2 7.320 L3, 2 13.5 11.26 11.25
8 194491, 22817 873.4 5.:992 13.3 13.5 9.212 9.207
9 181960.5  21591.5 877.4 5.880 12.9 13:2 9.052 9.042
10 285502.5 34264 881l.4 9.792 12.4 12.8 15.10 15.08
11 259005 31925.5 @885.,5 1.047 10.7 11.4 16.23 16.20
12 185566 21150.5 889.6 7.560 10.8 10.6 11.72 LY. 74
13 1162732 136588 426.1 6.700 9.6 9.7 10.43 1.042
14 1445496 170606.5 L419.3 9.068 8.5 8.7 14.16 14.15
15 1268031.5 150373.5 413.1 8.404 % 8.0 13.16 13.15
16 1068839.5 127776 407 .4 6. 872 729 8.2 10.75 10.74
17 1239790.5 146593.5 399.7 8.664 7.0 ¥ % 13.60 13.59
18 1353468.5 162350 393.4 1.093 5.9 6.1 17 .21 17.20
19 1016468 123165 387.8 8.464 5.6 5.8 13.34 13.33
20 959632.5 114058.5 382.2 8.592 - 5 8.2 1357 13.56
2} 844256 101790 376,65 9.752 3.8 4.0 15.46 15.45
22 686385.5 81292.5 371.7 1.014 2.9 3.0 16.12 16.12
23 540033.5 64208 367.0 1.475 1:6 1:6 23,56 23.35

Standard 318928 I6921L.5 356.8 0.1 mg Mn

(AN



DATA
Run #12
75 wt. % MnO-25_wt. % MgO
1.38 x 1.336 cm?
39 hourg 20 minutes
1300 5°C Glow bar broke before completion

Solid solution concentration
Cross-sectional area crystal
Diffusion time

Diffusion temperature

w o nn

Counts in peak Decay Weight Wt. % MnO Thickness section
Section 0.845 1.81 time section 0.845 1.81 0.845 1,81
number MeV MeV minutes Mg MeV MeV MeV MeV
1 184792 21062 630.8 1.064 25:7 25.6 1.467 1.468
2 541023 63487.5 ©635.3 4.020 20..4 20.8 5.647 5.637
3 641812.5 76554 640.0 5.488 18.1L 18.8 7.769 7.749
L 655689.5 76838 645.5 5.988 17:3 17.7 8.497 8.486
5 620447 73889 650.5 5.868 17:1 17.8 8.333 8.314
6 524828.5 62498 655.6 5.028 17.3 18.0 7.1.36 7.120
7 786653 93769.5 660.4 8.088 16.5 17.1 11.51 11.49
8 556877.5 65885.5 665.6 5.960 16.2 16.7 8.490 8.475
9 539298.5 64243.5 670.5 6.200 15.4 16,0 8.855 8.837
10 540089 64338.5 B75.5 6.384 15.3 15.9 9.120 9.102
11 844606 100121.5 680.6 10.35 15.0% 15.6 14.80 14.77
12 702170 94673.5 685.8 10.52 14.3 14.9 15.08 15.05
13 516769 61292 691.0 7.304 13.7 14.2 10.49 10.47
14 608886.5 72817 696.0 9.464 12.8 15,3 13.64 13.61
15 643391 76709 701.0 10.47 12.5 13.0 15.10 15.07
16 L78478 56827.5 705.9 9.048 11.0 11.4 131k 13.10
17 413649.5 49615 F i o S 8.352 10.5 11..0 12,12 12,10
18 636065 75921.5 716.0 14.54 9.5 9.9 21.17 21.15
19 429988 48630 721.2 11.32 8.4 8.5 16.54 16.54
20 365819 L2953 726.0 12.46 6.7 6.8 18.31 18.30
21 261929.5 31258 730.6 11.50 5.3 B 16.98 16.97
22 243986.5 29968.5 736.7 16.11 3.6 3.9 23,91 23.89
23 121495.5 14500.5 741.3 15.40 1.9 2.0 22.98 22.98
Standard 196565.5 22515 449.1 0.1 mg Mn

€11
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XIII. APPENDIX B EXPERIMENTAL EQUIPMENT
Equipment Make Model Serial no.
Ge(Li) detector ORTEC 8201-0335 9-P421
NaI(Tl) detector Harshaw 12812 DE354
Master control Nuclear Data 2200 67-168
Analog to digital Nuclear Data 2200 67-232
Reduce/Integrate unit Nuclear Data 67-4
Memory Nuclear Data 67-141
Preamp, amplifier and
descriminator Nuclear Data 520 66-204
High voltage power
supply Nuclear Data 537 67-39
Preamp ORTEC 118A 6255
Amplifier ORTEC L51 L2
6V power supply Nuclear Data 67-147
High voltage power Burgess
supply Batteries U-200
Teletype drive Nuclear Data 67-33
Tape transport Nuclear Data 67-13
Output typewriter and
paper tape punch Teletype 33TC 129743
Oscilliscope Hewlett H77-120B 601-1140
Packard
Cahn electrobalance Ventron G-2
Instruments
Corp.
Sectioning device
(phonograph turntable) Collara 4TR-200




