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‘The physical characteristics of several TATB formulations were

investigated for use in booster pellets.

These formulations

included fine particlée size TATB, without binder and with 1%

Kel-~F binder and 2% Kel-F binder.

Corresponding tests.were

performed on RX 03-BB (7. 5° Kel-F) for comparlson

Test samples ‘from each formulation were prepared for thermal
cycling, moisture resistance, compression,.indirect tensile

and density gradient.

INTRODUCTION

ce gy -
.2

Two-inch dlameter pellets were fabrl-
cated from five-each lots of TATB
material. -‘These formulations were F1
and F2 material, which are dry-
aminated fine particle size TATB,
two formulations. of F2-material with
% and 2% Kel-F binder, respectively,
and RX-03-BB. F1 material refers to
Lot No. 6169-135-01 with. particle
size analysis-of 69.38% < 20 ym and
95.99% < 44 ym.while F2' refers to
Lot No. 6232-135-01 with 79.88% <
20 pm and 97.86% < 44 um.. Pellets
were pressed to 1.70 and.approximately
1.80 Mg/m3 densities u51ng a mechan-
ical punch and die set. :-The high -
density pellets were all’pressed»to-
the same load and -densities varied. --
from 1.80 to 1.84 Mg/m3 depending ::
on the amount of.binder in the TATB.
Some of the pellets from each lot

NOTICE
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor lhe Umled States Energy
h and Deve! ion, nor any of
their employees, nor sny of their contractors,
or  theis pluyces, niakes  any
warranty, express or implied, or assumes any legal
Liability or n;ponn‘blhly for (he accuracy, completeness
or useful of any infc product or
pracess discloted, ar repretents that its use would nnt
infringe privately ‘owned rights.

-were machined into hemispheres for

thermal cycling. The remaining pellets
were machined into compression and

‘indirect tensile specimens. These

parts were also used to determine density
gradients. One compression sample from
each group was used to check moisture
resistance. Test specimens were also
machined from available isostatic
pressings of F1 and FZ materials.

EXPERIMENTAL TESTS AND RESULTS

Thermal Cycling Tests

Four hemispherical parts from each
lot of material were thermally con-
ditioned from -54 C to +74 C per 24
hours for a total of 30 cycles. The
four parts consisted of two low den-
sity and two high density hemispheres
from each group except for the Fl

¢#STRIBUTION OF THIS DOCUMENT IS UNLIMITED
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isostatic pressing; only high -
density parts were available from

this group. Thermal cycling results . -

are summarized in Table I and Figs.
1 through 7. The F1 and F2 parts

gave a higher growth rate than those

samples containing Kel-F. In all
cases the growth rates of the low
density specimens was somewhat
greater than the high density parts,
this being more. pronounced for.those.
parts containing Kel-F. Those F1.
and F2 parts pressed mechanically -
showed a significant difference in . -
growth rate at the pole and at the
equator. This may be due to the

density gradient through the pellets,

although the measured gradient did

not appear to be significant (density-

gradient will be discussed later).
The high density parts containing
Kel-F appeared to reach near maximum
growth after 30 cycles while all of -
the other parts continued to grow at
a fairly constant rate.

Moisture Resistance

One compression sample at each _
density was selected from each group
of parts to measure moisture resist-
ance. These samples were subjected
to relative humidity atmospheres of
10%, 50% and 75% for 72 hours each.
As an extreme condition, the samples
were also totally submerged in water
for one hour. It was found that
placing the samples in a dessicator

over night was sufficient to dry the

parts to their original weight. ,
This indicates the moisture: gain was
surface m01sture

Results of the moisture resistance
tests -are summarized in Table II.

The samples did not adsorb moisture
in the 10% and 50% RH atmospheres.

In the 75% RH atmosphere, all. samples

" adsorbed moisture ranging from 0.1

F"'to 0.2 mg/g.

None of the materials
showed any advantage over the others,
but the low density parts were more
moisture resistant. However, when
totally submerged, the high density
parts were significantly more moisture
resistant than those of low density

as was expected. Also, those samples

- containing Kel-F show a definite
-advantage over the pure materials

under this extreme cond1t10n

.~ Physical Properties

" The small scale compression specimens

".were tested at 21 C at a constant’
crosshead velocity of 0.021 mm/sec.
. Results are shown in Figs.

8 through
14 and Tables III through IX.
Indirect tensile specimens were also

: tested at 21 C but at a constant

crosshead velocity of 0.002 mm/sec.

“Results are summarlzed in Table X.

Results of the high density specimens
of RX-03-BB are used as a baseline -

- for discussion since there is a

" considerable amount of data available

for this material. However, the

ﬁ results reported for RX-03-BB are

considerably lower than those obtalned
for the normal density (v 1.90 Mg/m ),

 isostatically pressed material due to

the density difference.

The compre551on test data, shown in
Table III through IX, are._summarized
in Table XI to aid in interpretation.
As seen in the table, the ultimate
stress for each of the low density
parts was approx1mately‘50° lower
than ‘that of the high density parts.

'The difference in rupture strain,
- between the low and high density

parts, appears to be a function of the

~amount of binder in the material.

This difference was 12 to 15% for the



i

pure materials (F1 and F2) and varied F2/1% Kel-F pellet. The density

down to 24% for RX-03-BB. For high gradient for this pellet was only
~-density parts only, the ultimate 0.007 Mg/m3 which is rather insigni-
stresses for the pure materials were , ~ ficant.

from 38 to 45% lower than for RX-03-BB.
The difference in rupture strain

between the pure materials and RX-03-BB COMMENTS AND CONCLUSIONS
indicate there may be a significant
difference between isostatically and , - Two areas of some significance which
mechanically pressed parts. This should be considered are handleability
difference was 24 to 28% for the : - . and machinability of the F1 and F2
mechanically pressed parts compared to " materials relative to those formulations
42 to 47% for those pressed isostati- containing Kel-F. The pure materials,
cally. . with very small particle size, tend to

' . adhere to all surfaces contacted. This
Results of the indirect tensile presents a problem in transferring
tests, as shown in Table X, indicate the powder from the weighing container
no significant difference between - .to the die cavity (for mechanically
isostatically and mechanically pressed pressed parts). In some cases as much
parts for F1 and F2 materials. as 0.4 g of powder adhered to the
However, the ultimate stress for the - weighing container during the transfer
high density parts from these materials operation. This much weight loss though
was approximately 60% lower than for small relative to the approximately 100
RX-03-BB. The ultimate stress of the ‘ g pellet, causes difficulty in controlling
low density parts was approximately - - densities accurately.
60% lower than that of the high
density parts of the same material. Pellets made from pure TATB were also

_ - rather difficult to machine, particularly

The densities of the indirect tensile at the low density. Isostatically
specimens were used to determine the . pressed parts appeared to be more
density gradient of the individual , difficult to machine than mechanically
50.8 mm diameter x 31.8 mm height TATB : pressed parts. The material chipped
pellets. The density gradients are . easily, particularly around the edges.
shown in Table X. The location of the . ‘
specimens taken trom the individual . The moisture resistance tests indicate
pellets are shown in Fig. 15. As seen there may be a problem in machining
in Table X, the largest spread in " these materials wet, even RX-03-BB at
density occurred in the low density low densities.
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‘Table I. Thermal Cycling Results of Hemispherical TATB Parts

- Growth (mn/m)

' ' Thermal Cycles ) o
Density 1 6 | 20 30

Material (g/cc) . Pole “Equator Pole gguatof Pole gguator Pole Equator Fﬁie gguafor

F1 - Isostatic . '1.799.  2.38 2.31 5.40 4,72 6.75 .'6.05' -~ 8.98 7.76 10. 56. 9.90

.45 4,20 - 10.90  4.45 12,96  5.59  15.35  7.25

F1 - Mechanical 1.701 3.60 1.78
.20 3.33 9.65 4.11 12.46 5.23 15.16 ©  6.61

1.804 2.55°  1.14

~J 0o

.10 6.28 .90 6.44. -10.00 8.33

F2 - Isostatic 1.710 3.30 2.61. 6.70 5.22 8 8 } )
1.804 2.00 1.67 . S.7Q © 4.50 . 6.40- 5.78 7.60 6.22  8.80 7.55
F2 - Mechanical 1.699 3.30 1.73 - 7.80  4.17 9.25 4,72 10.50 4.89 12.20 6.28
' 1.807 2.20 1.22 5.90 2.92 7.70 3.45 9.45 4,000 11.00 4,83
1% Kel-F 1.702 2.85 2,39 6.40 - 5.20 7.70  '5.78 8.30  6.09 9.15  7.14
1.817 1.90 1.64 4.07. ,3.1} o .4.55_ 3.67 5.10 3.86 5.50 4.28
2% Kel-F 1.701 ., 2.60  2.11 5.0 503 . 7.10 5.78 - 7.75 6.14  8.45  6.97
1.828 1.30° 1758 3.10 . 3.45 3.65 3.92. 4.00 4.23 4.35 4.56
RX-03-BB - 1.699  2.65 1.14 6.30 3.51 7.35 . 4.17 8.35 4.87 9.25 - 5.56
1.847  1.70  1.23 4.30.  3.06  4.70 3.59  5.15  3.95 5.50  4.28
Table II. Moisture Pickup of TATB -Parts Subjécted to
Different Relative Humidity Atmospheres
10% R.H. 50% R.H. 75% R.H. Submerged
’ (o] Dry Wt. 5 WE. A Wt. & Wt, AWt A Wt. & Wt. A Wt. A WE,
Material (g/cc) ~ (8 (g - (mg/g) (&) (mg/g) (g) (mg/g) - _(g) (mg/g)
F1 - Mechanical . 1.6790 - 4.0690 - NO CHANGE NO.CHANGE . 0.0004 - 0.10 0.1387 34.09
1.8051 4.3747 - Lo 0.0008 0.18 0.0722 16.50
F2 - Isostatic 1.7093  4.1293 o "~ 0.0003  0.07 0.1476 35.74
1.8038 4.3565 e . : 0.0005 :0.11 - 0.0745 17.10
"F2 - Mechanical 1.6973  4.0803 0.0005 -0.12 . 0.1476 36.09
1.8076 4.3656 0.0008 0.18 0.0818 18.74
1% Kel-F 1.6979  4.0909 £ 0.0005 - 0.12 0.0619 15.13
1.8161°  4.3650 0.0006 0.14 0.0172 3.94
2% Kel-F 1.7016  4.1106 : 0.uuus  U.L0 0.0295 7.18
. 1.8227 4.40606 - 0.0007 0.16 0.0096 . 2.18
RX-03-BB 1.6917  4.0835 , - 0.0004 0.10 0.0126  3.09
’ 1.8422 4.4455 —_ —_ 0.0005 0.11 0.0040 0.90
"Table III. " Compression Test at a Constant Crosshead Speed of
. 0.021 mm/s at 21 C for F1 TATB (Isostatic)
Density 1.803 Mg/m?
) B Failure Rupture Work T§
Piece Time Stress Strain Time, Strain Rupture
Mo, (5) (MPa) (%) (s) (%) (uU/m?)
1 12 11.24 0.796 . 16 1.213 0.08
3 11 11.10 . 0.722 16 1,188 0.07 .
4 9 9.34 0.534 12 0.840 0.05
S 10 9.90 0.844 14 1.241 0.07
Mean 11 1040 © 0724 15 1,122 0.07
Std. Dev. 1 0.93 0.136 2 0.189 0.01
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Table IV. Compression Test at a. Constant Crosshead Speed of -
- © 0.021 mm/s;:at 21 C for F1 TATB (Mechanical) -

o . .‘Failure . - : . Rupture .- Work To . .
Piece’ Time . Stress = Strain. . Time ' Strain ' .Rupture

o & M) ) () ) M)

- - Density 1.696 Mg/m® .
1 16 420 1.278° 20 © 1.780  0.04
10 16 4.72  1.2100 24" - 1.840 0.05
1 16 . 4:34  © 1310 24 . 1.904 0,04 .-
12 - .15 . 441 - 1184 . 2007 1.674° 004 - -
Mean . 16 434 1,206 - 22 . . 1.800 . 0.04
Std. Dev. 1 0.27 0.058 . -2 0.098 0.01 -
Density 1.807 Mg/m? -
1 16 19.68 . 1.102° 22 ' " 1.786 0,10
3 13 9.94 " 0.916 19 - 1,560 ‘0,08
3 14 9:96 - 1.010 . 20 . 1.484 0.08
-+ Mean 14 9:86  -'1.009 -. 20 . 1.610 .  0.09
Std. Dev. "2 0.16 - _0.093 2.0 057 0.0

Table V. Compression Test at a Consta.nt Crosshead Speed of .
' .0.021 m/s at 21 C. for F2 TATB *(Isostatic):

- . Failure - . Rupture " Work To,

Piece Time Stress Strain Time - Strain . Rupture

No. (s) SMPa) - (8) © T (s) (%) (MJ/m3)

' Density 1.711:Ng/m?

2 10 4.60 . 0.678 ° . 17" °1.240 0,03
3 10 5.09 0.680 20 - 4.580 . 0.04

4 12 4.79  0.782 . 21 71608 . 0,04
5 10 4.92 0.708 16 1.240 0.03 .

Mean' = 10 4.85. 0.712 a8 1417 0.04 -
Std. Dev.. 1 . 0.21 . 0.049 . 2 .0.205- . 0.01-

Density 1.804 Mg/m? . - _

7 .8 . 9,48 0,516 . .10 - 1.150 0.06
8 1, 10017 ..0.7400 17 1.315: 0.07
9 -1l .55 0.728 “1o 1.216 0.07
w0 1 10.11 D.804 © 16 . . 1.258° 0.07
‘Mcan - 10 9,82 0.697 - .16 1.235 0,07,
Std. bev. . 2 0.37 0.125 - 1° - 0.070°  ".0.00



- Table VI. Compreésion~Test at a.bdﬁstantACrosshead Speed of - ::
0.021 mm/s at 21 C fqr F2 TATB (Mechanical) '

" Failure *'Rupture . Work To

Piece' Time Stress . Strain "Tlmg - 7-Strain - Rypture
No. (s) ° (MPa) (%) .8 - (%) /m3)
o Density 1.697 Mg/m3
5 19 4.06  1.338 - 23,  1.738 . 0.04
: 6 17 3.81 1.394 - 22 - 1.726 0.04
7 18 4,14 . 1.346 22 1.698 0.04
8 © 19 4.11. 1.456 . 23 1.820 , 0.04 -
13 19 4,16 1.364 24 1,844 0.04
Mean 18 4,06 - 1,380 R . 23 ‘1.765 © 0.04
Std. Dev. 1 0.14 0.048 - .. 1 "0.063 ~0.00
Density 1.805 Mg/m3
4 14 9.36  1.016 21 - 1544 0.08
9 15 9.18 1.060 . .20 - 1.526. 0.08"
10 16 9.46 1.158 22. 1.600 0.09
11 14 8.78 0.962 20 1.448 0.06
12 15 9.41 1.106 21 . 1.548 0.08
Mean 15 9,24 1.060 21 1.533, 0.08
Std. Dev. 1 0.28 .0.076 .. 1 0.055 0.01
.Table VII. Compression Test at a Constant Croéshead Speed of
0,02} mn/s at 21 C for F2/1% KelﬂF TATB (Mechanical)
. . Failure Rupture Work To
Piece Time - Stress’ Strain - Time '~ Strain _Rupture
. _No. (s) (MPa) L8 oo 8). - (B (BLJ/m3)
. Density 1.704 Mg/m3 4 ’
1 22 . 6.43  1.774 27 2,114 0.08
2 21 . 6.11 1.676 .. 28 2.192 0.08
¢ 22 6.37 1.702 ° 28 : 2.220 0.08
7 22 6.36 - 1.674 26 . 2.080 0.07
Mean 22 6.32 .1.707 .27 2,152 0.08
Std. Dev. 1 .0.14 0.047 1 0.0606 0.00
Density 1.818 Mg/m?
3 22 12.08 1.672 26 1.984 0.14
4 22 T12.34 1.622 27 o2,024 0.14
9 22 . 11.99 1.616 - 25 1.858 .. 0.13
10 22 11.89-. 1.552° 27 ©°1.998 . 0.14
‘12 22 ~12.08 1.666 25 - . 1.862 .0.13
Mean 22 12.08 1.626 26 1.945 0.14 "
Std. Dev. 0 . 0.17.  0.048 1. 0.079 . 0.01:



'»Tabié VIII. Compre551on Test ata Constant Crosshead Speed of
. -0.021 mm/s at 21 C for FZ/Z% Kel F TATB (Mechanlcal)

L S F,ailure.' L 'Rup.tur-e .. Work To-.
"Piece -+ Time' '~ .Streéss :Strain -’ Tlme'."f" .Strain " .Rupture

Mo () 0B @) ) B M)

S o Den51ty 1 708 Mg/m3 X
1 230 g Led 28 L. 2.246° -10.10
7 C 23 - 7.62.0701.724 ¢ 27 1 2.160 ©0.10
AT 24 7.38  -1.836. 29, - 2,306 0.10
7 23 7.34¢ 11816 :. 29 . 2.348 0.10
| Mean .23 7.46. 1793 <. 28 - 2,265 0.10
Std, Dev. 0 - 0.13 ©-  0.049°.: . 1. . 0.082 0.00
'Density 1,825 Mg/m3 L
4 23 13.31 - - 1.685 - 27 . .. 2.085 0.17
10 - 23 . 13.96 ° - 1.775- . .29 - . 2.265 0.18 .
11 .24 0.0 1410 1.754 30 . 2.340 0.19 .
C12 24 140671728 ¢ v30..  2.268 0.18
‘Mean ° 24 13.86°  1.736 - 29 . 2.240 L 0.18 .
"Std. Dev. .1 o 0.37 ¢ 0.039 " . 2 -~ 0.109 0.01
N
- Table, IX. Compressmn Test at a ‘Conétant Grosshead Speed of
: <7 700021 mm/s at 21 C for RX 03-BB (Mechanlcal)
L .0t % Failure . " . ‘Rupture. -~ Work To -
s Piece “Time Ltreon” £train Timo .  &train . ‘Rupturo.

Now .o (s) - (MPa) (%) (). - (& - = pu/md)
: DCnblt) 1. b97 Mg/m3 ' B

1 11 8.06  0.790 ‘19 1.482 "0.07
2 . 12 §.11. 0.808 - 21 1.616 0.07
9 13 7.73 0,900 22 . . 1.734 0.08

10 11 7.55 00760 20 1,624 0.07

“Mean 127 7.86 0.815 21 “1.614 0.07
Std. Dev. 1° 0.28 0,060,  1° 0.103 0.01
Denisity 1.845 Mg/m®

3 19 17.00 1,292 29 2.186 - 0,19
a 19 16.8  1.284 . 29 2.116 "0.19

5 19 - 17.00 ~ 1.306 28 1.956 0.17 -

6 18" - 16.63  1.334 28 - . 2.104 "0.19 -
75 19 16.75  1.388 29 . 2.228 0.20
. Mean 19 16.84 -~ 1.313° 28 - 2.118 0.19
Std. Dev. 1 °  0.16  0.027 -1 - 0.104 0.01
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TATB Indirect Tensile Teéts at 21 Cata Constaﬁvarosshead Speed of

PL

_Table X.
0.002 mm/s
Low Dénsit}
Piece ~ Density  Stress . Stra
Material No. Mg/m3) (MPa) (%)
F1 - Isostatic 1 LD ' L
4 2 LD
3 . 1D
.
ag
FI - Mechanical 1 1.696  0.308 - 0.054
2 S 1,697 . 0.440 < 0,094 -
3 11,700 0:480. 0,191
X ©1.698  0.409  .-0.113 -
o 0.002  0.090 0.070
F2 - .Isostatic 1 PL
: 2 PL
3 PL
X
[+
F2 - Mechanical 1 1.700 0,488 . -0.122
S 2 1.700  0.350 .  0.088
3. 1,703 0.605. - 0.068
X 1.701  0.481 . 0,093 ..
o 0.002  0.128 . 0.027 .
F2/1% Kel-F 1 1.693  0.744 ' 0.238
2 1.695  0.673.. : 0.193
3 1.700 ° 0.680 0.214
X 1.696  0.699 0.215
o 0.004 0,039 0.023
 F2/2% Kel-F 1 1.693  0.902 0.226
2 1.695  0.935 0.274
3 1.699  0.946 .  0.234-
X 1.696  0.928 0.245
o 0.003  0.023 0.026
7
RX-03-BB 1 1.693 0,996 0.211
2 1.694  1.040 0.246
3 1.697  1.040 0.242
X 1.695  1.025 ° 0.233 .
o . 0.002  0.025 0.019
LD

Low Density Isostatic Parts Not Avatlable
Piece- Lost During Machining. o

High Density -
Density  Stress - Strain
(Mg/m¥) OPa) (B

1.800 ‘1.164 - 0.344
©°1.800 © ° 0.957 0,264 - -
- PL c

"395

1.800  1.061° 0
0.000. - 0,146  0.057 .

1.800  1.210 . 0.274
~1.802 1,259  -0.293
© 1.803 °+ 1.278 " 0.238

1.802° - 1.249° . 0
0.002 . 0.035  0.028"
1.804°  1.358 . 0.333
© 1.804  1.052  0.359
. 1.804 1110 ©  0.281
. 1.804 1.173  0.324
. 0.000 ° 0.163 0.040
°1.805  1.276..- 0.262
-~ -1.806  1.287 | ©0.235.
"Uo1.807. ¢ 1.221 [ 0.272
1.806 . 1.261°  0.256
0.001  0.035.  0.019
1.810  1.586 - 0.354
1.810  1.606 - 0.341

1.811  1.668 0
"1.810 1.620 0.363
0.001  0.043  0.028
1.822 2,253 . 0.630
1.822  2.266  0.478
1.824  2.222  0.436
1.823  2.247 0,515
0.001  0.023  0.102
1.841  3.184 0,706
1.842  3.163  0.718
0.670

1.842 3.036

1.842 3.128 - 0.698
0.001 0.080 0.025

308

.268 -
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e o ) ) Table XI. Summary of.TATB Compression Tests

' - ' Co . b
. . S , 2°(%)
Low Failure Rupture Work To 22(%) High. Failure _ Rupture  Work To —
Density Stress  Strain Strain Rupture Ultimate Rupture  Density Stress Strain ~ Strain Ruptula'e U’ég?;:e gg:‘;;e
Material ©(Mg/md).  (Pa) (%) &) - (Mu/md) Stress - Strain_ (Mg/m¥) (MPa) (%) (B M/md) Stress otrain
F1 - Isostatic X - NAC NA . - NA NA NA - NA NA - 1.803 . 10.40 0.724 1.122 - 0.07. =38.2 -47.0
o : ' : _ 0.012 0.93 0.136 0.189 0.01 - - i
F1 - Mechanical X  1.696  4.34  .1.246  1.300°  0.04 - -56.0 1.8 1.807 9.86  1.009 . 1.610 . 0.09. . | a1 -24.0
o 0.005 0.27 0.059 0.098 0.01 B : 0.003 0.16  0.093 0.157 - 0.01 :
F2 - Isostatic X. C1.7117 C 4.85 . . 0712 1.417:-- 0.04 - 506 Y 1407 1.804  .9:82 . ¢ 8.697 . 1.235 0.07.. 417 A7
: o o 0.001 ' 0.21 . 0.045 0.205  0.01 T o 0.001 0.37 0.125 . 0.070 .00-: o
- F2 - Mechanical - X 1.697 4.06 1.380  1.765 0.04 -56.1 15.1  .1.805 9.24 " 1.060 1.533 =45.1 2.6
= o 0,002 .0.14 0.048 . 0.063 ° 0.00 . : : . 0.001 0.28 0076 0.055 1) T .
. F2/1% Kel-F Y. 1704 6.52 . 1.707 2.152'  0.08 -47.7 10.6 1.818 12.08 7 1.626 1.945 . 0,14~ . o283 - 8.2
. o .0.002 0.14 0.047 0.066  0.0C T , - 0.001  .0.17 - 0.048 .0.079 -  G.0l. . -
F2/2% Kel-F X .1.708 7.46 1.793 2.265 0.1G - -46.2 1.1. 1.825 13.86 1.736 - 2.240 0.18 -17.7 5.8
o "0.003 0.13 -0.049 0.982 0.06 .. S 0.004 0337 :0.039 - 0.100 0.0 :
RX-03-BB X 1.697 7.86 0.815 1.514  0.07 . .83.3 - " -23.8 - -1.845 16.84-- 1,313 2.118 7 0.19, -0- -0-
. < g 0.009 0.28 0.060 0.103 0.01 0.001 0.16 . 0.027. 0.104 0.01 :

szferer.ces in ultimate stress and ruptvre ‘strain compared to high dersity parts of same matemal

th‘fererces in ultunate stress and rupture stmm compared to high dersity parts of RX-03-BB.

NA = Not Available






