VERIFIED UNCLASSIFIED

Ot aad W NSO
;Jf_‘-..at}.”‘xl T P

,:\VEG

QQF SZIATING T4 74

gc1 03 u Cievelend, Shio
@) o1 \ ¥arch 6 ana 7, 1952

The meeting was held in the offices of the Brusa Bery ilum Temme .7

* Eig

cn the dates above, both meetings beginning et 9:30 AM mnd zxtendizg Yo Y0
FM. E. R. Jette acted as chairman. o
PUBLICLY RELASABLE
Those attending the meetings were: LANL Classification Group
/’Z&u{;, g-6-1¥

E. C. Sargent® and K. #. Wallaeger = AEC.
N. W. Bass, W. W. Beaver, Bengt Xjellgrem, C. ®. Schwenzfeier,

and Keith Wikle - Brush.
E- Ro Jette, B- L- ?loore and. Ja Mo Taub - LASL&
A- Ro Kaufmam, Tl Tl Ha.gel and. D- Ha Woodﬂ.rd il HIT-

*Present at March 6 meeting only.

itern

£

The chairman presented an agenda for discusasion. Ths agsnda
agreed upon are given in the following paragraphs. The limitations to the 2.
tent of agreement are indicated where appropriate. A faw items; particula:l -
from Part E, which were dropped as unnecessary or undesirable, zre lsfit ouv f
the main body but are summarized at the end.

e

4. The Purpose of the Meeting

1. 7o reach an agreement between the four parties concerned on the cr-aa-
ization and aaministration of a project involving recearch anc devalp-
ment leading to ihe manufacture of shock-resistant Be rod. The pari 2:
concerned are: the (Cleveland Office of the Atomic Rnergy Commissin.
laboratories at MIT under the direction of Dr. A. R. Kaufamann, the
Brush Beryllium Company, ana the Los Alamos Scientific Lascratory.

To determine the general objective and scope of the prowram and
»

b, To determine a auitable sub-division among the three laboratoria:

concerned for the initial stages of the program.

2+ 3e

BT~

3. To decide upon the tests and testing methods to be employed by the =c
eral laboratories.

cen

B. Organization and Administration

1. It is agreed that thia wory.be done. under contracta already existing
between the Atomic Energy Commission and Meassachusetls Institule of
Tecimology (Contract No. AT{30-1)-981) and with the Brush 3erylliuzm o

(Contract No. AT{20-1)-=541).
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5.

It is egTe2ed thal any financial arrangsmenhts of r2aoras ~oo0n o
sary be made by Ihe Los Alamos Scientifilic Laborvatory bhrtowv oo
Santa Fe Tperaticas Ofllice.

It is agreed that the Los Alamos Sciszniific Lomorabiiy < o= W
responsibility for such cverall techimlcal dirertion a3 e =i ross o0

It is agreed that the Los Alamos 3Scisntific Lazorabtooy ~zoom: S
spongibility for approving or, if need be, inavguraiing
program, together with making the appropriate fipanzial oo

It 13 agreed that direct communication and conzuliation a2t ess
Laboratory personnel at Los Alamos, MIT and Biush Beryliiix
agreed to by the AEC Cleveland Office cn all program an: s
ters with the exception of such items as may incrzase
project which is in turn covered by the preceding itea

L] n.;'

It is proposed ihat Brush Beryllium Company and A. 3. GHufzn
the total quantity cof beryllium metal and salts reguired ;‘
this program for the first year of oreration, 2nd trat %
Office of the AEC arrange for the allocation of %nis foﬁa :
the beginning of the program. All metal or salits returncd
should be credited against this allocation.

Note:

a4, This item pccasioned much discussion. It was finally agoeec *ra-
the total allotment for work at both Frush and ¥IT choula Wz 075
pounds of Be calculated as metal.

b. MIT wants 500 pounds of metal for its experimsental extrusion wor':
but out of this will be taken about 250 pounds o mzeh Lae CLr*ﬁ:h
purchase order from Los Alamos {Purchage Drder No. 2F=230 -ibic
will be issued shortly).

¢. It was agreed by Brush that each "lot" or batch {~ 0 13 ci
der ehipped to MIT would be made from a single casting acd “re™
different batches would not be mixed to get a teilsr aves agw S

gition.

d. Brush wants 500 pounds of Be metal squivalent tut in varicus “or v
such as metal, hydroxide, sulfate, stc., since its wrozgran i
investigations of several methods to prepare high purity P2
will withdraw these materials from current stocks as needsd src
return for credit any scrap material resuvliing,

e. No agreements were rquhed a3 to the finsncial arrangementis ‘rvg’
in the transfer of wetal or sslts to this prcgram. Tre ooiai o
seemed to be that LASL should pay for the metal deliverad 3w | 17
this program and shoula receive crecdit for acren mecel,
ends, turnings, etc., when returned to Brush. The siius
ing the handling of materials for use by Bruch was cre o :

g qgvgr?l orms of Be were to be used. Much of %he oalsouss’

....,. i J"L.m
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canterad on how valuss were assizpzd Lo s roron oo
ials. Since iLiese vilues zay wary from U Lo
pound, this i3 a detail which hasz to te moried oub.

f. How the Brush contract with the ¥J00 thrsough its Clavwalarnd braic
was to be modified to fit the pressnt program, and “he ;alq Mh:u
was to play in the financial arrangements, were discussed n ~ 6.
nection with this item. No decisions were mads eoxcept thet -
sentatives from the LASL Purchasing Department and the Cieve lc
branch would have to work out the details.

C. Objective and Scope of the Work

1. The object of this work is to develop a method of manufecture of s=-ock-
resistant Be rod 7/8" in diameter. (Since much of the “rush equipment
is based on 1" diameter bars, they would be permitted tc do their ~mpar-
imental extrusions with this size.) It is believed that siock-resisran’
in this case means that the metal must have an elongaticn of 20% or cora
and a breaking strength of 80,000 p»s.i. or more, both of these valueg
being considered as guides rather than goals. The testing conditiom:
will be stated in another place. (Part E below)

2. The scope of the work in general may be describad aa:
a. Research and development on methods of making Be metal of suiialkis
purity and conversion to metal powder of sultable particle siu2
distribution.

b. Research and development of methods for making 7/8" diameter r-¢
from powders produced in {(a) by extrusion techniques.

D. The General Division of the Work in the Initial Program

1. Brush Berylliium Company will investigate methods of obtaining suitably
pure metal by chemical and/or electrochemical means, following in zen~
eral the outline as given in Part III-b of their proposal to
R. J. Van Cemert dated December 19, 1951. This ocutline follows:

High Purity Beryllium

The technique describea above of warm pressing, sintering and warm
extruding can be used as a final method of fabricaticn for avaluatling
Be. powders produced by & number of metbods. With this metbod thers g
no loss through machining and, consequently, small amounts of powds:
can Le made up into 1/2" or larger bars without difficuity. It ia Apale 28
posed that three methods for experimental production be used, for whici
the bulk of the equipment is now available. These sre:

a. Electrolysis of Fused Salt

Beryllium chloride will be electrolyzed at L00-500°" in a 1ithln*
chloride-sodium chloride flux in an attempt to produce aigh-pur
flake for fabrication studieao
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2.

B, Small Scale Heduction Studies

Producticn of small amounts on a bench scale of pure beryilium
pebbles through the ireduction of beryllium fluoride ol higa oDurity
with magnesium. For this method, beryllium basic asefats will om
fluorinated to beryllium fluoride. The basic beryilium acstats zon
be prepared &s the purest of any beryllium COTPOUNG A7 krown nuc
methods for lte preparation have been established. The
fluoride will be reduced by magnesium elecirodes which x*
torough a gap filied with beryllium fluoride, reducing
fluoride to magnegiva fluoride and beryllium xetal, wn¢cb czn !
be separated and attritioned under a controll=d atmospherz. &
should be no wail contamination by this method in that the =weli:
would be lined with pure beryllium fluoride which will not :=
in the proceas.

¢, Pilot Plant Operation

During the earlier work on reduction of beryllium chlorice =ith sod-
ium, a pilot plant for the production of beryllium rowder with con-
trolled grain size was developed {(by Brush Berylliun Co.) but nob
put into operation. Should the combination of grain size and hizn
purity be shown advantageous, it is proposed that this pilot plont
be activated for the production of pure powder with controlised graiy
size. This method involves the trangsportation of metered amcunts of
berylliur chloride and sodium by means of a stream of helium imaﬂimg
chamber., By making the reduction process isothermal,contrel of L
size of the metal particles formed can be exercised. The sociun-
chloride~beryllium product can be immediately taken from the reasitian
chanber and the sodium chloride removed by extraction in sedium zly-
colate without further heating.

Brush Beryllium Co. will investigate methods of preparing powders of Be
metal suitable for compacting and extrusion.

A. R. Kaufmann will conduct investigations on the extrusion process as
outlined in paragraphs 1 and 3} in the MIT proposal to the New Iork
Office of Operations and approved by them January 21, 1952 (Ref. TA:MC¥:
AC approved additional work on Kaufmann?s Be programes outlined in let-
ter to YacMillan from Ksufmenn, 9 January, 1952}. These paragrapbs
state:

a. A more intensive study of the factors responsible for high ductility
in extruded beryllium powders. This will comsist of a laboratory
investigation uging metallographic and X-rsy diffraction meihoda and
a careful study of the particle size distribution and impurity oon-
tent of various batched of powder. Extrusion will e carried cab
under various conditions in an effort to obtain more knowledge of
the subject.
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you Tequire in the hope that tihiis overation will prinwois .
ductility at the critieal point. Udes Tor this werk are bein:

nade .
Brush Beryllium Co. will investigate further the wethod:s of fwmarx' anc
"hot" pressing and extrusion and combinaticns thersof, =8 #2111 uz con-
Zitl-a of

5 @
ducting extrusions of metal thus treatsd az outlised in Part
ithe proposal mentioned above in D-1. This states:

a. Powder Metallurgy

“he fastest way of producing variant experimwaial maleriels zpgra..
to be that of warm pressing extrusion billets, sintsring sad sarn
extruding. It is proposed that finer powdars than have Leretcofosrs
been made (less than 10 microns) be fabricated by this method.
These powders can be made experimentally by grinding in a dxy bex
under an atmosphere of helium. In this way %tae purity of the pow-
der, especially from oxygen, ana the fineness of the particles =an
be controlled. The orientation of crystallographic facss can be
accomplished in the manner which has produced satisfaciory or, at
least, promising results to date {warm and hot exbirusion}. Cn a
smaller scale, it is proposed to investigate the effect of particlse
size on hot extrusion of warm pressed powders, but it is belizved
that the work could progress much faster, and more variables coueld
be studied, using the warm extrusion method as a prime instrument
of procedure.

Brush Beryllium Co. and A. R. Kaufmann are to coordinate their extrusice
DProgramns.

Brush Beryllium Co. will supply A. R. Kaufmann with beryllium powders of
regular commercial grades (cf. Note ¢ to Item B-6 sbove), as well as
special powders resulting from D-1 and D=2 in amounts sufficient for the
work under De3.

Both Brush Beryllium Co. and A. R. Kaufmenn will supply process irfor-
mation, physical and chemical test data as requested and specified by
LASL, as outlined in ancther place. (Cf. Appendix I)

LASL will evaluate the results of the physical and chemical tests and

‘perform such additional tesis as may be necessary to establigh the suii-

ability of the materials for their ultimate unsage. Typical samples of
each of the rods made will be held for LASL and shipped to LASL on
request. :

LASL will, if desired, assist in the instrumentation fcr some of the
data requested, and may be able to lend equipment for this purpose o
Kaufmann and Brush Beryllium Co.
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Tasts and Testigg ¥ethcas on the Bars
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2.

3.

The predominant tests sc far have been the ultimate tenzils or Lresnl.
strength and percent slongation. Occasionally, tae density and

ness have been measuraed. Microscopic studies of grain ciue
etc., have been made in a number of cases.

The following testa were agreed upon to be made routinely oo w
at least three widaly separated sections of the bar:

it
P
e
4

y

a. Ultimete tensile strength.

b, Yield strength (0.2% offaet).
c. Percent elongation.

d. Density.

e. Microscopic examination including measurement of grain size dig’ri-
bution on both transverse and longitudinal sections.

f. Preferred orlentation.
Since tests 2a, -b and -c involve test specimens different from uscal

sizes, and since Be is particularly notch sensitive, agreement must “e
reached on the exact shop methods to be used in making the test pieuss.

including the etohing wmethod. Both Brush and MIT have sitanaard meihods

but they are far from identical. The standard methods used hy Brusa
and MIT are given in Appendices II and IXX. What method is to be uaed
will dspend upon the outcome of comparative tests.

For testa 2a, -b and-¢c, the following points raquire agresment:

a. Type of grip.

b. Reference points for elongation measurement.

¢. Strain rate.

No agreements were reached on these details.

The density (test 2d) should be measured by loss of weight in a licuid
of known density and results corrected to 25°C.

On the microscopic examination (test 2e) it was agreed that the rcutine
tests should include two photomicrographs of longitudinal sections ci
bar. _

a. Polarized light with the crossed Nichols at 45°® to the extrusioa
direction at a magnification of 250.

b. Bright light at a magnification of S00.




i Girvted from Original Agenda

L dardnass Tests.

cxparience has shown that these give no important information relales
o gquality.

pend tests as used at LASIL.

[EW

No one except LASL seemed interested in these. LASL will srobably
centinue its work with these.

3. Simple impact test.

No agreement could be reached as to what the best form might be. " 3.
will try to find a test more comparable to conditicns of ultirzie ves.

Report prepared by:

CMR~Division Leader
Los Alamos Scientific Lakbaras-.r
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APPENDIX I

Information Needsad for Process of

Manufacturing Beryllium Rod-*j'h:-

Introduction hitited by izw.

1. The shape desired i3 7/8" diameter rod. MIT will make this size but,
Brush may make 1° aince their dies, cans, etc., are set up on this “asim

2. The winimua length of rod extruded should not be less than 10' and srefl.
erably not less than 12°'-1)'.

3. The word "msnufacturing™ as used here implies that the method is suffi~
clently well standardized and described so that rod of a given set of
characteristiecs can be made as often as desired without producing large
proportions of off-standard mstal.

b, The whole chain of operations leading to the production of the Be powder
is equally as important as the method of forming it into a billet and
the method of extrusion (or other fabrication method).

9. While Part IV refers only to extrusion, and to some extent Part III also,
the equivalant information is to be supplied if other fabrication methods
are used.

Manufacture of Be Powder

1. Method of producing the metal to be used in making the powder, including
source and amlyxis of raw material. It is understood that the normal
starting point io meking powder is Be "pebbles” which are melted anu cas®
into billets.

2. Msliting and casting practice, including time of melting, holding time ai
pouring temperature, pouring temperature, melting refractory; mold mater-
ial, gas atmosphers or vacum conditions, type of heating (gas-fired,
resistance, high frequency, ete.), and type of slag. If other metheds
of producing powder are used, such as vepor phase reduction, the corres-
ponding information is to be given.

3. DMNethod of producing the powder, e.g., grinding conditicns, atmosphere,
ete.

h. Chemical analysis of the powdsr, including nitrogen, oxygen, "insoluble
matter®, fluorine or other elements characteriatic of the process for

making the originsl raw metal. . .

$. The 'inao-‘];‘slblo matter” should be identified by X-ray diffraction methods
(cfo III -

6. Particle size distribution including distribution below 325 mesh - by
electron microscope if necessary.

1erizad perseni
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fppendix T

IIT. Method of M¥aking Billet

Note: If the billet is made by pressing the powder intoc & con vhich U1
then sealed and the assembly put through the heating and sxtrusisa pro-
cesses, certain of the following items of information camnct be supplied,
e.g., 3, et
1. Method of making billet.

a. Temperature including heating and holding tine.

b. Pressure including holding time at pressure.

c¢. Compression ratio.

d. Atmosphere around powder. Was powder degassed or ctherwiss “reated
prior to camning or pressing?

e. Canning material, including weight, thickness ana wethod of maiing
and sealing can.

2. Other operations, e.g., rolling, forging, scalping, etc., if used,

3. Density of final billet; may be obtained by calculation from weigh®
of powder and dimensions of can.

IV. Method of Extrusion

1. Heating time and temperature of billet. Time must be sufficient to
get wiform temperature throughout billet.

2. Time from withdrawal from furhace to start of extrusion. Order of
assembly of the extrueion components, e.g., lubrication, inserticn of
die, insertion of cone, insertion of can, graphite block, etc. Teap-
eratures of heated components of assembly should be noted, if imporian:.

3. Extrusion temperaturs, if different from 1.

. Reduction in area.

S. Ram speed as function of time during extrusiom.

6. BExtrusion pressure, preferably as a function of time.

7. Temperature of rod as it emerges from die.

8. Cooling time down to, e.g., 250°C. This should be recordsd contin-
uously. A possible alterhate t6 this would be to run the rod inte 2
trough filled with a quenching oil.

9. Cooling conditions; e.g., resting on runout table, enclosad in pipz.
in special atmosphere?
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10.

11'

12.
13.
L.
15,

Straightening method usea, if any. (Technique should avoid necess. v
for straightening.)

Type and shape of die, material of die, initial temperature of die,

use of graphite or other materials between billet and ram, lubrication
of die, if any.

Quenching temperature and other conditions, if guenching is done.
Condition of can after extrusion (wrinkling, etc.).
Condition of iron cone at front o’ extrusion can.

Abnormal  zonditions such as failure¢ to complete the extrusion, jamming
of press, slow assemhly, etc.

V. Analytical Methods

1,

-

ERJ :vwl

Descriptions of the analytical method: used should be distributed %o
each of the laborstories concerned.

Unusual festures of the analyses should be noted on the data sheets
if important.

o
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MACHINING OPERATIONS FOR CASE TENSILE SPECIMEN Lk

2 gr2eet .»(_’/f': @ucofﬂ( ﬁ,y/éc&m Car,

Material; Y-5480, Warm Pressed and Hot Extruded to 1.6" round.

1. Radiac

From 1.6" dia. by 1.625 iong, quarter as shown:

2. Lathe

A. Operational Sequence

Holding sach sector in four Jaw chuck, the axcess stock was turned off

half length to 510" dia. on all three pleces.

By holding the pieces in a collet, the other halvea were turned to .510%.

The pieces were faced to length of 1.500" and center drilled on both ends. Then

the pigces were held betwsen centers, using a special dog for driving and a live

center in the tail stock. The roughing operations were as follows:

1.
2.
3.
L.
The
1.
2.
3.

Rough .300%2 ,001" dia, on all pcs. to ,310"

Rough ,150%% ,001" dia. on all pes. to 160"

Rough in ,156" step on all pes, to 250

Rough gage length to .500"

finish operations were as follows:

Finish turn .510" dia. to .501"

Finish turn ,300" dia. to 301" and face 5/32 shoulder
Finish turn .150" dia. to 151" and gage length to 600"

B. Spsede, Feeds and Depth of Cut

1,

L}
R.Oughing 0500’ QBM: olgc‘dilo

LSO RPM
5805 SOFOH.
-003" Feed

The excess stock of quarter section to .510 dia. is removed in two cuts

Roughing .300"dia.
1st Cut .l00%
2nd P 050"
3rd ® 030"

Iy



Roughing .150" dia.

ist Cut .070"
2nd " .Chon
3rd " .025m
Lth » 015"

2. Finishing .500", ,300", ,150" dia.
450 =Fd
5805 SIF.H'
. 003" Feed

The remaining .010" stock on sach dia. 1s turned off in four cuts

18t Cut 005"

2nd " .003"
3rd n LO0L®
kth » ,001v

3. Heat Treatment and Polishing

A. Polish (Lathe)
The following dias. are polished in lathe, .500" and .300", using No. 1

paper for roughing and 600 for finish,

Drill Fress
The .1509 dia. is longitudinally polished, using Wo. 1 polishing paper

B. FKeat Treatmsatl
750° €, for 20 min. hanzing spicimans vartically in csrbon jig. MNo.
furnace atmosphere vsed.
. Polish (Drill Press)
The 150" dia. is finish polished with ¥o. 500 paper by loagzitudinal zethod
renoving oxide caused by heat treating.
D. Chamical Polish

Each sample is chemically polished in the following bath for 60 msconds

at 110-~120° C.
o Chenical Folish for Baryllium
Conc. ortho-phosphorie acid 450 ml.
W sulfuric acid 26-1/2 nl.
Chromic Anhydride. . - 53-1/k g.

Add Cr0j to ortho-phosphoric acid. Heab to 150° C. to dissolve Cr0j.
Coel to 110° C. and add HaS0y, .



h + Tools

Turning Tools
3/8 $q. Kennametal Carbide Tip Tool K-6 Srade for all Operations

Rough all dia.

20° on both sides

4

o
F 45"  nadius approx.

- 6° Side Clearance All Around Tool
o

¥o Top Rake
This enables tool to cut in both directions.

Finish .500, .300 dias. and face 5/32 step

56° Side clearance
6° End clearance

030"
Radlus

6° side and end clearance

» No top rake.
450 P
Radius

Facing Tool

ﬂ’

Approx. .@5” radfus

6° Side clearance
2° Back rake
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INSTRUCTIONS FOR MACEINING TENSILE SPECIMENS

Cut pieces off extruded rod roughly & 15/16" long
Crueck 1n collet and face ends to 4 13/16" long

Layout centers in each end and center both ends same depth. Chmck combined
dr11l and countersink in headstock, hold specimen in left hand with one end

on tatlstock dead center.

Place between centers and turn down to 743" {(major diam.) for 3 /4% -16MF-2
thread and chamfer the corners.
Grind 3/4"-16WF-2 thread, 1 1/2" long on both ends, using the following schedule:
Korton Wheel Specification 384120-J7VBE 18 x 3/8 x 9 B face.
Fun wheel spindle at 2290 R.P.M,
Work speed 20 R.P.M.
Important: Dress the wheel face after each cut; two dressings of .001"
each.

Depth of snccessive cuts!

first pass .010" deep
gsecond pass .010" deep
third pass 010" deep
fourth pass .0054 decj
f£1fth pass .003" deep
aixth pass 002" deep

We use an Ex-Cell-o Style ¥o. 33 thread grinder.

b -
L.




6. Return to lathe and turn down gage length using a lathe speed of approx-
imately 300 rom. Hold work in .750 collet using .003 brass shim stock as a
bushing to make up difference in diameters, Supvort free end on tailstock
center,

(a) Make two grooves about 1/16" wide with parting tool to .L4OO"

. d1am, Lipear dimension over outside of grooves .990%,

(b) FHough out =0lid metal between grooves to .LO0" diam, using
005" deep cuts only.

(e) Again make two grooves as before 1/16% wide to .260" diam,
maintaining the .990" linear dimensioen,

(d) Turn out solid metal between grooves to .260" diam. ueing .005"
deep cuts only.
NOTE: Bear in mind that depth of damage (twinning and micro=-
cracks) roughly equals depth of cut. All lathe toole are
Grade 883 Carbeley.

(e) Turn all radii using 3/8" radius tool, using plunge cuts. Leave
.010® on the diameters and lengths for grinding allowance.
NOTE: Turn radii nearest the collet only in firet set-up. Then

reverse work plece and turn remaining radil. In this way

the wida cute are supported cloase to the collet.

7. Finish specimen on cylindrical grinder. Ry e € SLM; 'h'ﬁ M {
(a) Norton Whesl Specification 39C100-N7V Ju-trrEe e
York speed set at 633 R.P.M.
Drees 3/8% radius on each side of wheel and grind gage length
(using .0005% depth of cut) to withia .001* of finished diamater.
NOTB: Do not traverse uhoel the full inch or it will break down

on the radii. Stay about 1/16" skort.




{(b) Grind the two radii adjacent to gage length by backing wheel away
and then using plungs cut,
{(c) Then bring zaze lenzth to finiehed .250" diam. by traversing cut.,

(@) Then finiah the two outer radil by plunge cuis.

NOTE: The above mentioned sveeds and feeds are only suitable for 3/4" -16NF

size specimens. Speeds and feeds must be modified to sult other dlameters.
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