This document was prepared in conjunction with work accomplished under Contract No. AT(07-
2)-1 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any lega liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161

phone: (800) 553-6847

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/help/index.asp

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from:
U.S. Depatment of Energy, Office of Scientific and Technica Information,
P.O. Box 62, Oak Ridge, TN 37831-0062

phone: (865)576-8401

fax: (865)576-5728

email: report s@doni s. osti . gov




QsR-24-A118
. lmEv. 7-06)

K3

A rirrea

ekl T\l:‘.l‘r DUU TH \.aﬂ“l.ll...ll‘n cITow!

LD

;s;.\iu's'nzn 1802
E. I. pu PonT DE NEMours & COMPANY

INCORPORATED

SAVANNAH RIVER LABORATORY

UNCLASSIFIED

Tt IRIA Seond

(TwX: 803-824.0018, TEL:. %03 Bé‘l?{ba‘l.\'_ﬁi.lucu%b\lf éllod

Ey uthority of
. Mery o RECORD
[£4 /N Wmm K a4 RECORDS ADMINISTRATIO
i Naze “ P{tle Date
DISTRIBUTION RN llll
l. W. P. Bebbington, SRP 22. d. Et Conawav
2. F, E. Kruesi, Wilm. 23. P. R. Moore
3. J, W. Croach-A. A. Johnson 2L, . W, J. Mottel
L. W. B. Delong 25. dJ. L. Womack s
5. F, M. Allen 26. C, 0. Warner P
6. J., K. Lower, SRP 27. L. W. Fox -
7. T, C. Evans 28. 0. 4. Towler
8. J. P. Maloney 29. E. O. Kiger
9. R. L. Frontroth 30. W. B, Daspit
10. E, S. Bridges 31. C. H. Ice-L. H. Melydr, 1
11. J. R. Nauright 32. S. Mirshak X,
12. E. B. Sheldon 33. V. I, Montenychl Y
13. R. I. Martens 34. P. L. Roggenkamp N
14. R, F. Rogers 35, R. T. Huntoon }Q
15. J. C. Eargle 36. J. M. Boswell *
16. J. B. Mellen 37. H. E. Wingo Q
17. C. C. Robbins 38. R. A. Gregg
18, K. W, Millett-R. H. Dietz 39. C. L. Selby
19. P, D. Deans 40. TIS File Copy
20. J, M. Thompson 4L1. Vital Records File
21. P, T. Ferriter -

DPST-70-365

TIS FHLE

C{OP!

|

.

¥
; L)

NOILIVNINMELAA TVNIJ

AITATEIY TYIOASS

June 10, 1970

CLASSIFICATION REVIEW FO

J. A. MONIER, JR., PLANT MANAGER DECLASSIFICATION BUT LE
SAVANNAH RIVER PLANT uucnm u %
ATTENTION: W. P. BEBBINGTON By (/‘f//N"' ) o el

Dsate ... ;I[ f i i

c ivision fof C[assn jca
MARK 53 FABRICATIO"KI 'iaﬁé"CEss N L/.?
DESCRIPTION FOR INITIAL PRODUCTION \

INTRODUGTION 2y 3

This letter documents billet and tooling
cation conditions for initial productlon of the Mark 53 NE target tube
developed for replacement of the present )

information has been discussed with J. P. Maloney {300- M) and
R. F. Rogers (200-F).
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The process description is based on experience gained from fabrication
and evaluation of twenty-nine test elements using ThO2 and depleted

UO2 as a stand-in for NpOz. Initial production of NpOp containing tubes
will serve as a final process demonstration. Fuel and Target Technology
will continue to evaluate the process and SRL will continue to provide
technical support. OSRL will issue a technical manual and incorporate
necessary changes based on continued evaluation.

SUMMARY

A process is recommended for NpOp-Al core billet preparation and ex-
trusion into Mark 53 tubes. Production experience may indicate desirable
changes in the recommended process, but these modifications should not be
incorporated into production until the possible effects on tube quality
are evaluated.

Billet design, identification of available tooling, and fabrication
conditions and techniques are presented in Tables I through VII and in
Figures 1 through 5.

DISCUSSION

General

The Mark 53 targ?t design offers the following improvements over the
current Mark 52:(1)

® The assembly is sized for irradiation in universal sleeve
housings.

® The cold compacted cores are shaped for improved core uniformity.

® NpO2 concentration has been reduced to accommodate the hardening
effects of the NpOz-Al reaction.

The Mark 53 is nominally 3.700-inch OD with 0.213-inch wall thickness
and has a 0.l25-inch-thick cylindrical core. Uniform core thickness is
obtained from use of 16 shaped, segmented compacts in a ring to form a
continuous core in the extrusion billet. A double ring of compacts
(butted end to end) is used to form billet cores for tube cores over

5 feet long. Nominal core loading will be 150 grams of Np/foot.

The basic steps of the fabrication process are shown in Figur? %. They
are ide?t}cal to those used for production of current Mark 52\2) and
Mark 61{3) Np targets and include:

1. blending and cold compaction of NpOgz and Al powders into
core compacts.

2. core loading, welding, leak checking, and outgassing of billets.

3. hot extrusion and cold drawing of tubes.

_—
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Changes in the Mark 52 fabrication conditions recommended for the Mark
53 are based on development tests aimed at improving the homogeneity
of the compacted core and reducing the extent and effect of the NpOp-Al

reaction. These changes are incorporated into the discussion of each
phase of the process.

The process description is based on experience gained frop-fabrication
and evaluation of twenty-nine test elements using ThOp @f depleted UOp
as a stand-in for NpOp. The stand-in cores were outgassed—at-norma
outgassing temperature for extended times to approximate conditions
required for hard particle formation which occurs at shorter times in
the more reactive NpOp-Al cores. Because NpOp is more reactive, the
extent and effect of hard particle formation may be significantly
greater than experienced with ThOp and UO2 stand-in. Therefore, the
initial production of NpOz containing tubes will serve as the final
process demonstration.

Core Fabrication

Feed Materials - NpOp (standard HB-line product) powder should
be screened through 100 mesh U. S. Standard Sieve prior to blending.
This will remove particles or agglomerates (including possible foreign
inclusions) larger than .006 inch. This specification is currently
applied to the Al powder (Essential Material Specification No. 87).

Powder Blending - Tests of the homogeneity of blends for Mark
52 production indicate that present blend technique 1s adequate. After
blending, the Al and NpO2 powders will tend to segregate (due to size
and density differences) if they are mechanically agitated. Manual
handling of blends should be gentle and minimized. Powders should be
compacted the same day that they are to be blended.

Tooling Lubrication and Die Filling ~ The Al-stearate-dodecanol
mixture (Table I) used in Mark 52(%4) and Mark 61?3) production is
recommended for lubricating compaction punches and dies. The combi-
nation die loader-lubricant applicator tool, Figure 3, provided for use
in the Mark 53 compactio? die is a modification of the similar tool
developed for Mark 61.(3 Leather was substituted for the cloth-covered
sponge used on the Mark 61 tool because the strength of the sponge-fill
tube bond was found to be inadequate during Mark %l production. The
Mark 53 lubricator should be evaluated with Al powder compacts and
Building 235-F production conditions before use in production of NpOo-Al
compacts. The use of this tool in the Mark 53 compaction die is de-
scribed in Appendix I.

Compaction - Core compact density was lowered from 87 (Mark 52)
to 80 percent of theoretical density to reduce the deformation of the
aluminum powder and destruction of the Al,03 surface film on the alumi-
num particles. This film serves as an effective diffusion barrier to
the NpOz-Al reaction. Regardless of the compaction density, the density
after extrusion becomes approximately 100 percent. However, at lower
compaction densities, the tube core becomes thinner during extrusion
than at higher compaction densities.

-
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Extruded core lengths are predictable from compact core lengths and
compact densities using the empirical relation:

Tube Core Length = Compact Core Length’
5.782

x (0,592 x Compact Density in % + L4L8.6L4).

<

Data from nine development tubes correlated 95% with this formula.

Billets for extrusion into 4 or 5-ft-long cores contain a single ring
of compacts; for core lengths greater than 5 ft, two rings of compacts,
butted end to end, are required. Front and rear compactS have the same
shape (Figure 2). The compact lengths and volumes required for 4, 5,
8, and 10-ft core t%b?s are given in Table II. As recommended for Mark
61 core compaction, {3 compact length should be controlled by length
measurement while the compact is still in the die. Desired changes in
core length should be made by changing the quantity of aluminum in the
charge while maintaining compact density. Changing the billet core
length by changing the compact density at constant compact welght has
little effect on extruded core length.

Expected compaction forces based on compact density of 80 percent are
given in Table II. With the lubrication techniques used, ejection

force for UOz- and ThOs-Al compacts was approximately 20 percent of
compaction force.

Billet Design and Assembly

The Mark 53 billet was designed to reduce the probability of weld
failure and subsequent tube blistering during extrusion. The welded
front and rear rings are supported by shoulders on the inner and outer
sheaths, Figure 2. This design restricts relative motion between the
rings and sheaths and reduces the shear stress acting on the welds
during billet upset. A nominal 0.100-inch gap is provided in the total
length of the front-plug-core-rear-plug stack to allow within-tolerance

variations in component length without disturbing the desired weld ring-
sheath shoulder contact.

Procedures for billet assembly and welding are similar to Mark 52
procedures. The lower-density Mark 53 compacts are more fragile than
Mark 52 compacts and require careful handling during inspection and
billet assembly. In loading billets with tandem rings of compacts, the
front and rear compacts should be matched to minimize deviations from
nominal core length.

A method for leak checking welded billets at elevated temperatures was
developed and is recommended for the Mark 53 process. All Mark 53 and
Mark 61 test billets (a total of 45) were leak tested by this new method

* Adjusted for special end shapes. For the compact shape recommended
(Figure 2), this is the length measured on the OD or ID.

UNCLASTHED
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after passing a bubble test inspection. Approximately 20 percent

leaked and were accepted for extrusion only after being repaired and
passing the hot leak check; no tubes were blistered in test extrusions
of elther the Mark 61 or Mark 53 development programs. The technique
and facilities required for this leak check are described in Appendix II.

It is recommended that C-20 (extruded 356 Al alloy, EMS 23) end plugs
be used for the 18.55 wt % Np (21.05 wt % NpOs) cores (corresponds to
150 g Np/ft of extruded tube core).

Coextrusion

Test extrusions were made in Buildings 320 and 321-M with ThO2-Al1 or
depleted UOp-Al billet cores. Only two of the billets were preheated
with the half-cylinder steel pan recently specified for Mark 53 Np
billets.(5 To evaluate the effect on tube quality of hard particles
formed by the reactive NpOp-Al system, the less reactive ThO2-Al test
cores were held at billet outgassing temperature (525°C) for up to 150
hours rather than the recommended 16-32 hours. Hard particles developed
in the ThOp cores but cladding thickness over the core and end defects
was not significantly affected. The FDA has not been calibrated for
Mark 53 tubes but measurements using substitute aluminum standards in-
dicated approximate density ratios up to 1.18 times nominal in 1/~

X l-inch areas.

Billet Outgassing - Previous comparison of ThO2-Al and NpOp-Al
cores in Mark 52 billets revealed that Np cores require longer out-
gassing times to reach desired leak rate. Therefore, the outgassing
conditions suggested for initial Np billets, Table III, were derived
from experience in current Mark 52 and Mark 61 production.

Billet Preheat - Billet preheat conditions for Building 321-M

are given in Table IV, These conditions were determined in tests with
a ThO2-A1l core billet fitted with thermocouples and heated in half-
cylinder steel pans. Preheat conditions for Building 320-M were not
determined because the largest available heating c?i} could not accom-
modate the billet inside the prescribed metal pan.{5) When a suitable
coil is available and before extruding Mark 53 tubes in 320-M, preheat
tests will be made with a billet containing thermocouples.

.

Extrusion - Recommended extrusion conditions are given in
Table V. The container, die, and mandrel should be thoroughly c¢leaned
between each extrusion to minimize rejection due to surface defects.

Drawing and Finishing - Standard station p ogedures for Building
321-M are sati?f?ctory for tube cleaning, drawing,{0) and stretch
straightening.\7

SRL will assist in the inspection of the first Np elements; reject tubes
will be destructively evaluated. Close adherence to the recommended
fabrication process and accurate documentation of actual conditions wil
permit a more quantitative evaluation of the process and will provide a
basis for process modifications if needed to improve tube quality.

W
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The information in Figures 1 through 5, Tables I through VII, and in
the Appendices provides tooling and billet designs and fabrication
techniques resulting from the Mark 53 development program. Changes
deemed necessary must be tested to evaluate effects on the final product
before they are adopted as part of the production process and incor-
porated in the Technical Manual.
J. M. BOSWELL, RESEARCH MANAGER
REACTOR ENGINEERING DIVISION

CL\ L. S;Vﬁéﬂ'//é? wLA?ﬁ

By: C. L. Selby °
CLS:ehj
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TABLE I

TOOLING AND BILLET LUBRICATION

I. Compaction die and tooling
Lubricant - 15 wt per?ent aluminum stearate'l’ in
dodecanol(?) o
Temperature -~ maintain dodecanol as liquid (M. P..,70°F)
II. Billet
After outgassing and prior to preheat, dip billet in
"Aquadag'\3/
Billet temperature - 100°C
Lubricant - 20 parts water to 1 part "Aquadag" (by volume)
IIT. Extrusion
After preheat and prior to extrusion, a lead-o0il mixture is
to be liberally applied to:
Billet ;
Cut-off Blockg
Dummy Block ) Lead-~oil - 1 part lead t? } part
) 0oil by volumell
Container i
Die ;
Mandrel )
1. WITCO No. 18, Whitco Chemical Corp.
2. Technical Grade, EMS 90
3. "Aquadag" - Trademark of Acheson Colloids Co. - A collodial
graphite suspension
L. Du Pont Code A-4L08

L
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TABLE TT1

COMPACT DIMENSIONS AND COMPACTION FORCES

Compact Compaction

Tube Core Length, ft Length, inches Volume, cc Force, 1b
4 and 8* 3.400 + .050 78.7 27,750
5 and 10% L.126 + .050 98 .4 29,000

* Two rings of compacts butted end to end

TABLE TII

BILLET OUTGASSING

Temperature {(°C) 525
Time (hours) 24 (min), 28% (max)
Rate of Pressure Rise £ 300 1 Hg

(leak rate, 3 min)

* If desired leak rate is attained at any time between 24 and 28
hours, it is recommended that the furnace temperature be set at
< 200°C and evacuation continued until billets are ready for
extrusion.

L
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TABLE IV

BILLET PREHFAT
(Building 321-M)

Coil .Length (inches) ' : 14.5
Coil Diameter (inches) 9
: Tap.Sétting ' . 3

Distance Billet inside Coil (iﬁches) 4-1/2

Power Setﬁing 2-B
Voltage L6
Controller Setting L25-450

Time {minutes) - ,
" Preheat, minimum _ : 6
Soak, mindimum . g
Preheat to Extrusion

maximum 1

Billet Temperature% (°C) - 380-420

% As determined by contact pyrometer on OD.

-
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TABLE V

EXTRUSION CONDITIONS

Temperature(l) {°C)

Billet 400 + 20
Die 300 + 30
Container 350 f 30
Mandrel 300 i 60
Cut-off Block 300 + 30
Dummy Block 300 + 60

Ram Force!(?) (tons}

. Nominal Maximum
Core 800 900
e Rear Defect 850 1050

1. Temperature of working surface as determined by contact pyrometer.

2. Typical values observed for Al-ThOs and A1-UO» (depleted) billets.

| UNCLASSIFIED
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II. Extrusion

Container SO-NS
. 8—1/[4."
Stem Size . g.000" 0D,
L.56L" ID
Dummy Block o .5708-1
- 5708-2
Die ‘ 5706-1
5706-2

Mandrel E SRL-6908-1

ITT. Drawing

Die 5709-1
5709-2
548,
Mandrel. SRL-D-6908-1
IV. Stretch straightening
. TamnAdrel QM _PM2I _022
EaE T U I KLYV AN R NPPS 8 Lol L A A

* Latest revision

- W. P. Bebbington - ll - DPST-~-70-365
TABLE VL
FABRICATION TOOLING
Part Number Drawing Number
I. Compaction

Die ST-PM-~996 ST-PM-996

Punches _ ST-PM-996 ST-PM-996

'Loader-Lubricator ST-PliL-981 ST-PML4-08)

ST-PM3-1.047

ST-PM3-1049

ST-PMA-853

ST-PM3-1048
ST-PM3-1037 -

ST-PM3 -85 (3)g

anmmi) NCLASSIFIED




»

oW ol VCE.ASSIHED

. P. Bebbington

omponent Drawings

Billet C

Assembly

Outer Sheath
Inner Sheath-
Front Ring
Evacuation Ring
Front Plug
Rear Plug

Core

Cut-off Block

% Latest revision

Drawing No.

ST-PHL-891
~990
-990
-991
991
-959
-959

[ 996

ST-PM3-1070

DPST-70-365

(23)*
(13)
(13)™
(1)*
(1)*

- (8)F

(8)*
(5)
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Al Powder

NpOp Powder

Page 13

Charge Weighing

'

3

- Blending I’

Core Compaction

4

Compact lInspection

_———-—_————%—wﬂ——*—

%

3

Billet Assembly
and

Welding

S

Billet Leak Checking

|

Billet Outgassing

L

| -

Rejected
Compacts

Scrap
—m Locovery

i Extrusion and Finishing

.-———-———-—w-———-—j

1

Inspection

Rejected
Tubes

AFTA TS - T AT Mo
MARLN 53 PADMLOUAHAL

% CTonditions or technique significantly different from Mark 52 process.
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/{/ﬁﬁ-6“-SST Funnel
'

1" OD x .035 Wall
SST Tube

' No. 5-40 UNC-2A Set
//////#_—Screws -~ 2 Required
]

////,,f——* 1/4" Thick Flange -

2 Required
: 1/16" Thick Leather. Shims
Pﬂf,///f’_-f0r Lubricating Die -

g Required

FIGURE 3. DIE LOADER-LUBRICATOR TOOL FOR MARK 53 COMPACTION

DIE.

Ref. ST-PI3-1059
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APPENDIX T

USE OF COMBINATION DIE LOADER-LUBRICATOR TOOL

A sketch of the die loader-lubricator tool is shown in Figure 3 and

its use is demonstrated in Figure 4L (a) and (b). Before inserting

the tool into the die cavity, apply lubricant only to the leather
applicator. Keep the remainder of the tool as dry as possible,
particularly the inside of the fill column. Lower the tool into the
die, insert the bottom punch and fill the column with the powder charge
through the funnel, Figure 5 (a). Slowly withdraw the tool, Figure 5
(b); this will apply lubricant to the die walls while filling the die
with powder.

To prevent inclusion of debris in the powder compact, the physical
integrity of the tool should be visually assessed after each compaction.
Any sign of deterioration should be immediate cause for substitution of
a new tool.

UNCILASSIFIED
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APPENDIX IT

HICH TEMPERATURE BILLET LEAK TESTING

Leaks too small to be detected by the standard bubble test and leaks
that occur when coextrusion billets are heated during processing are
detected with a mass spectrometer leak detector attached to a specially
designed vacuum chamber, Figure 5. Unlike the bubble test used as a
routine check by both SRP.and SRL, the test does not determine the
exact location of the leak; location of leaks is described below. Be-
cause of the extreme sensitivity of the leak detector large leaks must
be located (by the bubble test) and repaired before this test.

The test is performed as follows:

® The billet is heated at the outgassing temperature
(normally 525°C) for at least 30 minutes.

® It is placed in the test chamber directly from furnace; the
chamber is sealed and leak checked.

® When the chamber is determined to be leak tight the billet is
pressurized with helium through its evacuation tube to 28-30
psig. The presence of helium in the vacuum chamber as de-
termined by the leak detector indicates a leak in the billet.

@ A leak resulting in an output meter reading of 100% on the X50
scale of the leak detector used by SRL (Consolidated
Electrodynamics type 24-120B) is the largest allowable leak.
This limit is based on a detector sensitivity that will cause
an output meter reading of approximately 23% on the X5 scale
when exposed to a standard leak of 2.8 x 10-8 atm cc He/sec.
This limit was established from experience in the 242Pu target-
housing tube program. No attempt has been made to determine its
exact size, but extrapolation from standard leaks indicates it
is approximately 1.22 x 10-0 atm cc He/sec.

Billets having leaks greater than the acceptance limit are repaired.
An attempt is made to locate the leak by removing it from the test
chamber, still pressurized with He, and checking each weld with a
sampling probe attached to the detector. Another method is to re-
examine the billet in the bubble test tank. If the leak is not lo-
cated by either of these methods, it is rewelded completely.

3
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