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SECTION A - METAL PREPARATION

Metal 1s used in the Hanford process in the form of short cylinders, or
slugs, vhich are bonded to aluminum Jackets. The Jjackets are necessary to
prevent corrosion and the eacape of radioactive materials. The bonding 1s
required to provide adequate heat transfer. This section of the manual deals

with the preparation of the Jacketed slugs.

THIS DOCUMENT IS5 PUBLICLY
AVAILABLE
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PROCESS SUMMARY

PROCESS SUMMARY

Metal is received at Banford from varioua suppliers as billets that
have been analyzed and inspected, and are resdy for extrusion. These are
preheated as needed in a rotary furnace to the extrusion emperature of about
1625°F (885°C) in an atmosphere of argon. As quickly as Jossible the billet
is then placed in a hydraulic press and extruded into a ling rod. This is
partially straightened by hand working and rolling before quenching in water.
Imperfect ends of the rod are then cropped off by an abrasive cutter, if
necessary, and the usable rod 1ls straightened thoroughly ln a bar straighten-
ing machine. The rod is then "out-gassed” to remove dissolved hydrogen by
heating for 11 hours to 1150°F (6210C) in a sealed steel cylinder through
vhich argon ges is passed at 6 cu.ft./hr.; the cylinder is placed in an
electrically heated car-bottom type furnace. The rod 1s machined on turret
lathes into 8-1inch long slugs suitable for canning. :

The primary requirements for a canned slug are firm and complete bond-
‘Ing of slug to can, high melting-point of bonding medium, and mechanical
strength of the assembly, to withstand thermal shocke encountered in service.
The aluminum-silicon bonded slug meets these conditions. Oxide on the sur-
face of the slug 1s removed in a bath of nitric acid in the first atep of
this process. The slug 1s then dried and dipped into & bath of molten copper-
tin alloy. This forms & blocking layer on the surface of the metal that pre-
vents 1t from alloying with the bonding material during the canning operatiom.
The bronzed slug is dipped into a bath of molten tin to remove the excess
bronze from its surface. The excess tin is then removed “rom the slug by
centrifuging. Following this, the slug is dipped into a molten aluminum-
silicon bath and manually pressed into the can, which has previously had ite
surface prepered and has been preheated in the Al1-Si canning bath and filled
“with the molten metal. An aluminum cap previously cleaned and etched is
inserted into the open end of the can above the slug after having been pre-
“heated and coated with aluminum-gilicon. The assembly is then removed from
. the canning fixture and quenched in cool water. Following this, the cap end
of the canned plece 18 machined to the proper thickness as measured by X-ray
methods, and the end closure is completed by welding the ap to the can using
an elec?ric arc in an atmosphere of argon.

The general layout of bulldings in the metal preparation area is shown
in Figure 1. ) '

PHYSICAL AND CHEMICAL PROFERTIES

Metal

Metal 1s very dense and has a bright finish that aseumes a golden appear-
ance after a few hours' exposure to air at room temperatures. This color
changes to a dark brown after several days' exposure. It 1s very reactive
chemically, and in many of 1ts vroperties resembles iron. At elevated tempera-
tures it 1s attacked by hydrogen, water yapor, carbon dioxide and hydrocarbons.

[ 2 L
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‘ PHYSICAL AND CEEMICAL PROPERTIES

When heated in an atmosphere of hydrogen at 4B0-580°F (249.2049C) the metal
breaks down into a gray granular powder. The solubility of' hydrogen in metal
18 appreciable at all temperatures, being at a maximum at STOOF (299°C) and’
at 2 minimum between 84L0-1160°F (449-6270C). Its ignition temperature in air
18 betwsen X00-Z40°F (149-171°C), depending upon the subdivieion of the metal.

The crystalline structure of metal 1s dependent on itu temperature. At
room temperature, in the alpha phase, the crystals are orthorhombic. When
heated to 1229°F (665°C) there is a transformation to the heta phase, which
‘has a cubic estructure. Further heating to 14299F (776°C) causes transition
to the gamma phase. '

In the alpha phaee‘, ‘the metal 1s moderately hard like steel or cast
iron. In the beta phase it is very hard and brittle. In the gamma phase it
1t inmcreasingly malleable. , ;

Fabrication can be done in the gamma or high alpha phiases by ext.ruﬁing,i
rolling, or forging; in the high alpha phase relatively hizh pressures in
the metal are required compared with gamma phase fabrication. For example,
extrusion from 4-inch diameter billets to 1 1/2-inch diameter rods requires

about 80 tons/sq.in. pressure at 1000°F and about 7 1/2 tois/sq.in. preseure
at 1TO0CF. : .

The upper limit of fabrication temperature depends on the melting pointv
of the metal and the degree of oxldatlion that can be tolerated.

Metal can be welded by use of the atomic hydrogbn torch, the helium
shielded tungsten arc, or the oxyacetylene torch. e

} Hardness range of the metal 1s from about 90 Rockwell B when annealed
to about 112 Rockwell B after severe cold-working. ' -

Other physical data are listed below:

Solid Phases

op o
Transition Temperatures (heating)
Alpha to Beta 1229 665
Beta to Gamme 1429 176
Note - in effect, somewhat lower when cooling
Melting Point 2010 . 1100
Boiling Point ‘ 7770 - hz00

Heoat of Transformation

Alpha to Beta Transition 5.0 BTU/Lb 665 Cal/Mol

Beta to Gamma Tranaition 8.9 BTU/Lb 1165 Cal/Mol
A

7
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PHYSICAL Anp CEEMICAL PROPERTTES

Heat Transfer Coefficient

Metal to Aluminum 0.258 BTU/Hr/Sq Ft/oF 0.025 Cal/sec/sq Cm/oc
Coefficient of Thermal Expansion (Linear)

6 x 1076 per OF  70.2500 F 2
8 x10°6 per or 2504200 Pz 160-2b00 ¢ 140y ¢ 10-6 per o¢
9.5 x 1076 per op k60-g200 g 2

Deneity at Room Temperature

1185 Lb/Cu Ft

19.0 g/cc

Tengile Strength

Annealed 60,000 - 80, 000 Lbs/Sq In
Cold Rolled 80,000 - 190, 000 Lba/Sq In

chemical Properties of &luminum surfaces are s function of whis £1lm, Before

plerced or dlssolved. Aluminum can be readily dissolved in dasic 8olutiong
and alss in acig 8olutions in the Presence of mercury salts. Aluminum ig
very ductile ang malleable. Tt 4g & 8ood conductar of heat and electricity.
The crystals of the metal are arranged in a face-centered cubic-lattice. It
readily forms alloys with other metalg and, when molten, certain gasses and
non-metals are quite soluble in it, Other physical data are 11gteq below:

Density 168.6 Lb/cu Ft = 2.702 g/ce
Melting Point I216°F = gsg.70 ¢
Boiling Point 2720 F . 18000 ¢
Expansion Coefficients
F__ tc__
68- 212 2h.0 x 10-6 20-100
68- 2o 25.9 x 10-6 20-200
/ 68- 572 26.7 x 10-6 20-200
/ 68- 752 27.2 x 10-6 20-%00
68- 9z 27.9 x 10-6 20-300
68-1112 28.6 x 10-6 20-500
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Increase in Volums in Melting 6.66
Recrystallization Temperature ZRC° F =z 1500 C
Ultimate Tensile Strength of Annealed Aluminum "4,000 Lbs/Sq In

EXTRUDING METAL RODS

General

Regular and conslstent cycles of operation are important for successful
results, as temperatures and operating conditions in several parts of the
equipment are dependent on material going through. The metal being handled
i1s more difficult in many respecte than most materials comaonly extruded,
e.g., ready oxidation, poor heat transmission, and unworkeasle characteristics
in the beta phase. Greater care and closer control are thirefore necessary
than in the usual commercial extrusion. For the purpose 11 question, extru-
glon 1s not an ideal method of fabrication; 1t has been selected as the least
obJectionable, all things considered., in preference to rolling, drawing,
forging, etc.

Preheating Billets

A rotary furnace with six electrical resistance unit neated zones, all
gseparately pyrometer-controlled, is used for billet heating. The rotating
hearth 1s provided with T2 saddles, each holding one billet; of these 66 can
be f1lled at a time, the idle ones being between the charging and discharg-
ing doors. Billets are raised to the charging level by a hydraulic 1ift,
and pushed into the furnece and onto the saddles by a hydraulic plunger. An
indexing dial 1is provided, connected to the hearth drive, to show which sad-
dle is in the charging position. '

Inert atmosphere, to reduce billet oxidation, Is provided within the
furnace by & supply of 99.6% argon, fed at a rate sufficient to hold not
over 2% oxygen content of the furnace atmosphere. Instrunents are provided
to indicate argon supply and oxygen content of the furnace atmosphere.

Furnace temperatures are controlled (at about 1700°F’ to heat billets
to a uniform temperature of 1600-1825CF in 60-65 minutes. Thorough and
consistent heating is desirable for satisfactory flow of netal in extrusion.
Minimum feasldle time and temperature, with reasonably inert atmosphere,

reduces billet oxidation, which wastes metal and (unless 1emoved) impairs the
extruded rod.

a/‘
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Extruding the Billets

The billet, after removal from the furnace, is moved juickly by mechani-
cal handling into the extrusion container; during this billet exposure any
necessary brushing or flattening of rough or swollen spots 1s done, to facili-
tate prompt entering into the press container, and reduce the oxide or scale
on the billet. A "dummy block” ie inserted back of the billet, the die
carriage locked to the conteiner, and the press ram asdvanced to extrude the
billet metal through the dle, farming a rod.

The extrusion press 1s rated at 1000 tons, having & 2Z-inch stroke with

a 4 1/b-inch ram, operating at speeds of 145 inches/min. below 500 tons and
22 1nches/min. with 500-1000 tons pressure.

The extruaion die, mounted on a movable carriage, 1s l-inch thick and
4 1/2 to 5 inches diameter, with a tapered throat and a& "bsaring” or active
farming area %/22 inches wide. The material is hot die stsel of 10-15% W
content, hardened to about 40 Rockwell C, and coated on face and bearing
with 2 1/16-inch veneer of Stoodite No. 54, which is ground and polished to
proper smoothness and size (about 1.500 inches for 1.465-inch diameter rods).
Dimenaional accuracy and surface smoothness are essential for proper rod
diameter and surface which in turn are required for economical machining. »
Die marks may cause surface cracking during quenching, by stress concentra-
tion. The Stoodite surface resiste wear and alloying with the extruded
metal.

The extrusion container i1s a hot die steel spool of 4 1/2-1nch inside
diameter and 26-1inch length, including a replaceable inner liner, set in a
cradle or housing containing electric resistance heating elements automati-
cally controlled to hold an operating temperature of 1000°F. This tempera-
ture 1s kept 28 high as possible without softening the steel container, to
avold chilling the billet below optimum extrusion temperature. Before each
extruslon the contalner bore 1s cleaned and lubricated with a graphite-oil
mixture. Perlodically, reboring 1s necessary to maintain close clearances.

Dummy blocks are used in sets of three to six to permrit cleaning and
assure stable temperature. They are cylinders of hot die steel, closely
fitting ‘the container (about 0.010-inch total clearance, cold), with one end
and flank coated with a veneer of No. & Stoodite, for the same reason as the
dles. Dummy blocks are also cleaned and lubricated with graphite and oil,
to reduce adhesion and wear, and to aid metal flow.

Under ncrmal conditions, 15000-25000 1be./sq.1in. pressure in the con-
tainer 1s required for extrusion. A 20-inch long 200-1b. billet requires
about 10 seconds far extrusion, end makes a rod about 14 feet long.

At the end of extrusion, the rod and die carriage eare withdrawn from
the press container; about 1/2-inch of the original billet 1s not extruded,
but left at the back end of the rod with dummy dlock adhering. This "butt”
is cut off the rod by & hydraulic shear at the end of the prees. There are
two reasons for leaving the butt, which 1s about 2-7% of the original bil-

~ let; further extrusion would involve extreme increase of jreassure,and the
metal remaining in the butt is contaminated with oxide an¢ scale. The butt
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Sl MACHINING SLUGS FROM METAL RODS

ie removed from the dummy block (which 1s then cleaned anc. reused), quenched
in water, and handled as scrap metal to be reclaimed, segregated from other
gcrap. Filgure 2 shows a normal billet, rod ana dbutt.

Preliminary Straigntening and Quenching Rods

The sheared rod is withdrawn from the die, straightemned while still in
gamme phase, alr-cooled to about 900-1200°F, and water-quenched uniformly.
Air-cooling reduces likelihood of cracking and surface haiy'dening of rods.
Weter-quenching (within, say, 5-8 min. after extrusion) reduces oxidation
loses due to holding the rod at high temperature.

Marking and Cropping Rods

Each rod is stamped with the billet number from which 1t was extruded
for identification through machining. Rods showing external imperfections
preventing machining to good slugs (oxide inclusions, ragged ends, etc.) are
cropped by an abrasive cutter to remove the defective por-:ions; the result-
ing solid scrap 1s segregated for reclaiming.

Fisal Rod Straightening

The rods are then passed through & Medart roll strai zhtener, to prepare
them for machining in turret lathes.

- Qutgmesing Rods

To remove dissolved, combined, or included gases in the metal (particu-
larly hydrogen), the straightened rods are placed in & clised cylindrical
container (90 rods capacity), through which argon gas is jassed; this con-
tainer is placed in an electrical resistance heated car-bsttom furnace and
heated to 1150-12200F (621-600°C) for a period of about 1l hours. At this
temperature, hydroger solublility in the metal is minimum. The rods ars cooled
in the dontainer with argon atmosphere retalned, and must teet less than 2
ppm of hydrogen to be acceptable.

Rods which warp during outgassing to an amount not a:ceptable for machin-
ing are restraightened and reannealed.

MACHINING SLUGS FROM METAL RCODS

Machinability of Metal

Ma.éhining properties of metal socmewhat resemble thote of mild steel.
Because of lower heat conductivity the chips become much hotter when they

P TeGRE -
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FIGURE 2
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are removed from the stock. These oxidize at temperatures above 240 OF

(171 ©C) and may cause a serious fire if not properly guarded. Ts prevent
this it 1s necessary to supply a large flow of coolant (2( parts of water to
1 part of soluble oil) to the tool bit. The catch pan on any machine on
which metal is worked should be filled with X to 4 inches of coolan: in which
the hot chips may fall and be quenched. During the proceecs of oxidazion some
of the metal oxlde is glven off Into the air. All machines on which metal is
to be worked should be provided with adequate individual suction air vents.

When machining metal, the tool bit must be kept extremely sharp. Hard
tungsten-carbide tool bits are used for this wark. Shoulé the bit chip or
become rounded and drag on the work, the metal becomes work hardened to such
an extent that any following machlning operations are extremely difficult.
Experience indicates that the best rake and clearance angles on a tool are
between 6 and 7 degrees. The surface speed of the work stould be kept
between 125 and 150 feet/minute. The depth of cut should not exceed 0.050
inche " nor the carriage feed exceed 0.015 inches/revoluticn. Increasing the
size of chip or cutting speed damages the tool bit. Metal chips from machin-

- Ing operations are most safely stored in steel cans under water.

The Machining Process

The machining pfOcese ig as follows:

1) The rod is chucked in the lathe so that a slug's length extends out
of the Jaws, with enough extra to permit working the cut-off tool
for cutting a slug of proper length.

2) The outer end of the rod is faced smooth and squere.

2) The cylindrical surface is machined to 1.259 + 0. 001 - 0.002 inches
diameter.

4) The slug is cut off about 8 1/16 - 8 2/22 inches long.

5) The slug is then reversed and re-chucked.
AN .
6) The cut off end 1s machined smooth and flat so tliet the slug 1is
8 inches long. '

7) The ccrners are rounded with a radius cutting tool.

During the machining process & large flow of coolant is required to
keep the chips below the 1gnition temperature. The chips must be frequently
removed from the catch pan in order to prevent burning. '™he liquid level
maintained in the catch pan must be such that all chips falling into it are
completely submerged. Should a fire result from this opeiration the only
satisfactory method of extinguishing 1g to cool the chips below thelr igni-
tion temperature by submerging them in water.

Dufing the machining operation the surface of the slig must be kept free
of smeared metal caused by dull tools or improper feed. [t has been found

s
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W THE CANNING PROCESS

that this type of surface causes a poor heat transfer that would hamper the
normal operation of the slug.

Inaspection

After the slugs have been machined they are inspectei for dimensions,
soundneas of metal, surface finish, and weight.

THE CANNING PROCESS

Process Control

Flgure 3 is a flow sheet of the assembly operation. The various parts
used in the assembly operation are shown in Figure k. Figure 5 shows the
assembly of a finished slug.

The prime requlisites in the production of a finished metal 8lug are:
the slug shall be completely bonded to the aluminum can and cap at every
point; the cap shall be firmly and voldlessly bonded to the walls of the can
above the slug proper; and the aluminum envelove thus placed about the slug
ghall be absolutely free from ruptured or penetrated regions to the end that
the canned piece shall be able to withstand prolonged exposurs to steam or

water at high temperature without the slightest trace of water coming in con-
tact with the base metal. ' i

. The bonding medium used in the process 1s an aluminum-silicon alloy

In order to insure complete bonding between the metal slug
~and the aluminum can and cap, it is essential that the surface of all the
component parts be completely wet by the bonding medium and that they be
essembled 1n the presence of an excess of the bonding medium in a fluid state.

Wefting of the slug surface with the bonding medium is accomplished by
firet degreasing and pickling the slug, and then passing it through a series
of molten metal baths of suitable temperature and composition.

Several factors must be considered in establishing e technique for
wetting aluminum cans and caps with the bonding medium: '

1) The surface must be chemically clean.

2) The surface must be free from areas of fine irregularities or matte
condition. v
/ . o : .
%) ‘The surface must be treated to remove most of the film of aluminum
/ oxide narmally existing on aluminum surfaces exjosed to alr, and
to Inhibit further formation of such film. This treatment must not
be drastic enough to produce a matte surface.

L
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ASSEMBLY FLOW SHEET
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FIGURE 8
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THE CANNING PROCESS

L) Adsorbed molsture tends to react with the aluminum to produce a
gurface not conducive to wetting.

5) Abrasion of the aluminum surface at a temperatire above the melt-

ing point of the Al-Si, while in intimate contect with the molten
alloy in conducive to the wetting of the surface.

In addition, 1t is necessary to control the length of time in the baths and
handling time between them accurately. Excessive handling time results in
the formation of a thick compound layer between the slug; and the can or in
excessive lowering of the slug temperature.

Equipment
Slug Machining

For slug machining No. 4 Gisholt Lathes are used. These are equipped
with hexagonal turrets and carbolloy-tipped cutting tool.s ground to suitable
shape. Each lathe 1s covered by a vented hood to prevent scattering of
chips, and to draw off finely divided oxide and fumes f1'om the coolant.

Snap-gages and length gages with dilal Indicators are used to insure proper
dimensions of the turned slug.

Slug Pickle

The tanks containing the nitric acld bath used for removing oxide film
from slugs prior to canning, as well as the rinse-water tanks, are made of -
stainless steel (Cr 18, N1 8, Mo 1) with welded seams. Theee tanks are
fitted with stainless steel steam coils and dial type tiermometers to per- .

.mit maintaining proper temperature. Exhaust hoodes are jrovided to draw off
fumes from the nitric acid.

Metal Bath Furnaces

. . The furnaces used for melting and keeping molten tie various coating
metala employed in the canning process are Hevi-Duty nizhrome element type
furnacee of the proper size to hold 2h-inch by 2L-inch graphite or Tercod
crucibles. The crucibles holding the bronze and aluminum-silicon baths
are supported within the furnaces on pedestals each made up of three 120°
segments of Tercod cylinder. The tin crucibles are encased in a metal

sheath for protection, but such a sheath reterds heat tranasfer too greatly
in the other fuwrnaces.

The furnace temperatures are controlled by adjusting heat input to
rate of flow of material through the baths. Micromax sutometic controls
and reccrders are adjusted in the light of experience to furnish proper
heat input to maintain the temperature desired in the tath within a close
temperature range. '

/

Centrifuges

The centrifuges used for removing excess molten tin from the elugs prior
to dipping them in the Al-Si bath are of the heavy-duty type, permitting .
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attalmment of maximum speed of rotation within 5 seconds after starting.
They are each fitted with a brake which will etop rotation in an additional
gsecond or two, thus making it possible to remove most of the excess tin
from the slug without unduly cooling the latter.

Canning Fixtures

The removable baskets used to hold the sleeve-can aggembly in the can-
ning bath, as well as all tongs and spatulas which are in frequent comtact
with molten metal are made of 18-8 stainless steel in orier to resist solu-
tion in the baths and corrosion by the atmosphere. The laskets are
supported by & two-position camjack with a level adjusting clamp, permit-
ting the sleeve-can assembly to be lowered into and raised from the canning
bath with facility. : .

Quench Tanks

The tanks used for quenching the assembled canned pieces are rectangular
in shape and of about 20-gallon capaclty. Each 1s fitte¢ with a 1/2-inch
¢old water inlet and a weir with catch basin and drain fcr maintaining proper
water level as the cold water flows through it. Accessory to the quench
tank are recelving baskets into which the hot slug-can-sleeve assembly is
placed after removal from the canning basket.

Slug Preparation

DeEEeasing

As the slug comes to the canning area from machining, 1t is covered
with a film of cutting o1l to which adhere particles of variocus kinds of
foreign matter. A preliminary step in the preparation of' the slug for can-
ning 1a the removal of thie surface dirt and o1l. This !5 easily and
effectively accompllished in a solvent-vapor degreaser. The olly slugs are
suspended In sultable baskets in trichlorethylene vapors for a perisd of
2 1/2 minutes during which time the vapors condense on tie surface and run
off, carrying away the oil and dirt particles.

Pickling

The dark film of oxide adhering to the slug 1s insoluble in the sclvent
used in degreasing. It 1ms removed by immersing the sluget batchwise in a
bath of 50 # 5% nitric acid at 60 - 70 OC far 4 1/2 minutes followed by a
rinse and a 1/2 minute repickle.

The slugs are rinsed aclid free in cold rumning water and dried in a
blast of warm dry alr. The water evaporates from the slugs before they
are heated to a temperature high enough to cause farmaticm of oxide through
reaction with the water. Slugs should be put through the canning process
as soon &8 possible after pickling to prevent re-formaticm of the axide
film. Pickled slugs which have become tarnished from exposure to air may
be reconditioned by a few seconds repickling in the acid bath. No attempt
should be made to can tarnished elugs.
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After pickling and drying, the slugs are handled on.y with clean, dry
gloves and are placed directly from the drying operation onto the dlspens-
ing rack.

Eg.-’&“!’.;!i"

Bronze Dip

In order to wet the surface of the slug with the bonding medium it 1s
neceasary to ralse the temperature of the slug above tha: of the melting
point of the bonding medium. This can be accomplished by heating the slug
directly in the Al-Si bath, but the long exposure of the slug to the
aluminum at high temperature results in alloying of the two metals, forming
an excessively heavy compound layer that 1s extremely brittle om cooling
and can not satisfactorily withstand mechanical or thermal shock. :

It has been found that this difficulty is not encouatered if the slug
18 brought up to canning temperature in a bronze bath. Lead has also been
found satisfactory for this purpose.

Tin. Dip

The tin dip serves as an-intermediate bath between the bronze and the
aluminum-silicon. It removes practically all copper frcm the alug and
applies a gurface to 1t that the aluminum-silicon will readily wet.

It also serves to cool the surface of the slug suff'iclently to preveﬁt
1ts oxidation when carried from this bath to the alumimm-silicon bath.

Flux, cerried from the bronze bath, floats on the surface of the tin
bath after slug immersion. This 18 carefully skimmed of'f before the slug
18 removed from the bath. In this manper, no flux is ctxrried from the tin
bath into the aluminum-silicon bath. ‘ ' :
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The aluminum slowly forms a compound with some of tte copper which is
carried over the dron e bath. This compound floats on tup of the bath and
is skimmed off after each slug 1s placed in it. When the surface of the bath
shows signs of excessiv: oxldation, it indicates that the aluminum content

ghould be increased. An excess of aluminum, however, doces not seem to aid
in this function

Higher
temperatures are not necessary and serve only to produce excessive oxide
formation on the bath and the slug. Lower temperatures ¢ool the slug 80

that there 1s danger of Al-S1 freezing on 1t betrore the canning operation
is complete.

As the slug 1s released from the bronze-dipping bastet, it drops onto a
stainless steel tray which 1s suspendea about 4 incnes below the surtace ot
the tin batn.

The surface of the bath is then skimmed and the slug grauped in stainless
steel tongs and removed to the centrifuging operation.

Centrifuging

As the slug 18 removed from the bath a large excess of tin clings to
i1ts surface. This must be removed before the slug is diped into the
aluminum-gilicon bath 8o that the latter will not be rapidly conteaminated
with tin.

In edditlon, the tin layer contains a relatively
high percentage of dissolved heavy metal received from tie bronze bath.
This metal, when alloyed with aluminum-silicon, forms a rittle compound
which is undesir&ble in the final assenbly.

When the elug is removed from the tin bath it is pluced in a container
on the circumference of the rotating basket. The opposi:e side of the
basket is counterbalanced in order to prevent vibration. The slug retains
sufficient heat in itself so that it 1s not necessary to heat the basket in
the centrifuge.

Aluminum-Silicon Dip

Aluminum-silicon 1e used as a bonding medium since [t has a lower'
Zelting point than aluminum and virtually the same corrosion resistance.

-
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Preparation of Parts

Sleeve Preparation

During the process of assembling the slug and cap in the aluminum can,
the latter 1s enclosed in a heavy walled steel sleeve open at the top end.
Thie sleeve serves the four-fold function of holding the can in position in
the molten Al-S1 bath for slug insertion, of preventing the Al-Si from
fouling the outside surface of the can, of supporting the can rigidly to
prevent 1ts deformation during slug insertion, and of transferring heat from
the molten bath to the can. Differential contraction of the steel and
asgembled slug permits easy removal of the latter after quenching provided
the sleeve has the ghape of a right circular cylinder without distortion.

The steel protective sleeve, as received, have no conting over the bare
metal. If they are submerged in this condition in Al-S1 at the canning-bath
temperature and allowed to remain until temperature equil:brium is reached,
especlally Iif the surface is subjected to abrasion while “n contact with the
alloy, the latter solders itself to the steel and is very difficult to
remove. For this reason, 1t 1s necessary to bake the sleeves at a high
temperature in an oridizing atmosphere until they become coated with a heavy
blue oxide film which resists attack by the aluminum-silicon bath during
the assembly operation.

Sleeves may be re-used repeakedly as long as their d:mensions are not
distorted. It is only neceasary to dissolve off adhering Al-Si in a strong
caustic solution, rinse, and dry them thoroughly. They are given a final
ringe in soapy water before drying to cover them with a rust-preventing
‘£ilm. '

Can Preparation

In arder to insure a good bond between slug and can, the latter must
have s Chemically clean, dry surface on the inside, free rom matte areas.
After a great deal of experimentation, the following preparative procedure
has been adopted as conducive to best bonding results. :

1) Inspect out cans having interior surface stains, matte areas, and
other swurface imperfections

2) Degrease in clean solvent

%) Soak 6 minutes in a solution of 0.1% tetrasodium pyrophosphate,
0.1% at 55-65 9C, followed by thorough rinee, first in hot water,
then in cold water

h);/Etch by complete immersion in 20 & 1% phosphoric acid at room
" temperature (20-%0 °C) for 4 min. & 15 sec. This etch must be
very mild to prevent forming a matte surface

A L
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5) Rinse thoroughly in cold water and drain
6) Rinse in C.P. methancl
7) Dry at least 15 minutes on farced air dryer at 60-70 Og

Cap Preparation

The reason for careful preparation of aluminum Cape are the same ag
those given for cans. The treatment 18 also the same except that otching
1s done 1in a 1% solution of fluosilicic acid for 8 minutes at room tempera-
ture instead of in phosphoric acid.

Asemblz

Assembling Can and Sleeve

Immediately follow ng the final atep of can prepara‘ion, the cans are
inspected for internal flawe, following which they are inserted in Pre-
Inspected sleeves. It 1a necessary to flare slightly the mouth of the can
to seal 1t againgt the gleeve in order to prevent the moiten Al-S1 from
running down between the 8. eve and can. According to present procedure,
this flaring 1is accomplighed in two steps: 8 2-inch steel ball is pressed
into the protruding end of the can after its insertion irto the 8leeve, and

the sleeve.

Assembling Component Partas

N The stepe in the assembly process are aa follows:
1) ?lace sleeve-can assembly in canning basket

2) Immerse sleeve-can assembly

2) Completely submerge sleeve-can assembly in cannirg bath allowing
can to £1l11 with molten metal.

L)

5) Dip slug brought over from A1-Si dip bath into caming bath.
Ammediately remove and insert lower end of slug i1 open end of can-
/ aleeve assembly which has been rinsed to permit 1scation. Align

" slug coaxial with can, e ey e
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6) Allow slug to drop under its own weight into can at least half its
length, displacing molten Al-Si as 1t settles. K3ep slug aligned
coaxial with can. Meanwhile, lower assembly again so that mouth ‘
of can 1s entirely submerged.

7) Press slug completely to bottom of can with push rod.

8) Remove cap from bath, ‘scrape bottom vigorously across a rough
surface (such as & transite board) to insure its wetting.

9) Re-dip cap in dbath

10) Insert cap in open end of can above slug, using twisting motion,
and preas down tightly.

11) Remove assembled piece to quench.

Quenching

After removal from the cananing basket, the assembled pilece, still
encased in the protective sleeve, i1s transferred with tongs to & quenching
basket, similar in shape to the canning basket. The basgket with its con-
tents 18 then completely submerged in the cold flowing water of the quench
tank until the molten Al-Si has solidified, after which tbe basket is
suspended in the water with the top about 1/2 inch above the water level
until the assembly is cool enough to handle comfortably. The slug is then
removed from the sleeve by Inverting and shaking, or In occasional stub-
bornly stuck pleces, by tapping the sides of the sleeve with a rawhide
mallet.

Finishing Operationa

Cut Off .
. After cannfng, the rough Jagged end at the top of the slug is cut off
on a band saw to give a plece about 1/4 inch longer than the finished
length. The band saw is much faster for this rough cut ttan a lathe, and
i1t lessens the danger of shattering the bond at the cap erd.

Measuring and Marking Cap Thickness

Proper operation of the pile requires reasonably cloee tolerance in the
thickness of the aluminum end pleces on the slug. The bottom of the cans
are fabricated to the proper thickness {0.0Z45 ¢ 0.010 inches) and if the
slug 1s completely seated, the thickness at the bottom 1e satlafactory. In
order to insure proper cap thickmess, however, in view of the fact that
slug length tolerance is equivalent to cap thicknesas tolerance, it 1s neces-
sary actually to measure the distance from the end of the slug to the end of
the cap. Thias 18 accomplished by placing the canned plece in a beam of ‘
X-rays, indexing the end of the slug dby viewing through a fluoroscope, and
marking the wall of the aluminuw can at the proper distance above the end

. S
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of the slug to give a cap thickness of 0.0Zk0 & 0.010 inches.

Machining

After the slug has been marked to give the desired cap thicimess, the
saved end of the piece 1s faced off in a lathe to the deyth indicated by
the mark on the side. A shoulder 0.030 ¢ 0.005 inchea deep by 0.050 «
0.010 inches wide 18 turned around the end of the slug tc facilitate weld-
ing.

Welding

To insure complete closure of the cap end of the sltg, the cap is
welded to the can, using an electric arc in an atmosphere of argon. For
this purpose a collet chuck capable of rotation of speed: varying from zero
to about %0 rev./min. is used to hold the 8lug, and the {.orch 1s held in a
sturdy Jig capable of %X inches lateral swing, and fitted with a micrometer
screvw for the vertical adjustment of the arc aspacing.

) In use, the elug to be welded 1a chucked iIn the collet and the tungsten
electrode 1s adjueted to give the proper spacing (0.050 inches) from the
machined end of the slug. The argon flow about the electrode is adjusted
to the rate of = to 5 liters/min. The arc is struck by 'onizing the ene
with a high tenslon spark while the electrode and slug are at a potential
difference of approximately %200 volts. After the arc 1s initiated, the
current is adjusted to T0-75 amps, at which value the potential differsnce
between elsctrode and slug drops to 11-15 volta. The arc¢ 1s struck on the
machined cap at a point approximately 3/8 inchea away from the center of
the slug, which is rotated in a counterclockwise directitm for one full .
revolution, the speed being adjusted so that a well defined pool of molten
aluminum exists under the arc for at least half of this 1evolution. The
rate of rotation ia then diminished or completely stoppec. while the elec-
trode 1s moved slowly outward to a position just outside the machined
shoulder of the slug. The rate of motion of the elactroi.e must be such
that the molten pool always stays ahead of the arc. As noon 28 & pool farms
in the new arc location, rotation of the slug is continued at such rate that
the molten pool stays ahead of the arc. One complete revolution is made
with the arc in this- position, plus about 1/4 inch overlsp. The arc is then
moved stlll further outward until 1t is such a position that it forms a
smooth, rounded weld head. The rate of rotation is incroased as much as
possible, atill keeping the pool ahead of the arc. Afterr cumpleting one
revolution plus about l/h inch overlap, the arc is moved rapidly toward the
center of the cap and the arc circult is broken. The elictrode is then
moved aside and the slug removed from the collet with padded tongs and cool-
ed in a water tank to permit handling.

. INSPECTION AND TESTING

The inspections required for a campletely assembled slug for the Hanford
Plant may be divided into two main groups:

. YR
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1) Inspection of materials
2) Tnspection of completed assembly
The latter may be divided into four eub-groups which are: well sound-

ness determination, extent of bonding present, gauging, ard visual examina-
tion.

Materials Inspection

Inspections are made in the machine shop to see that the slugs meet
the tolerance required before they are turned over to caming. No routine
inapection in cannlng 1s made on the slugs. The aluminum cans and caps
and steel sleeves are made by outside companies and shipped to Hanford.
Samples are taken from the cans and caps received at Hanford periodically
and analyzed chemically to see that the impurity tolerances allowed are not
excoeded. :

‘Cans, caps, and sleeves are completély inapected for the following
items befcre they are turned cver to production:

Cans: Length, outside diameter, wall thickness, bottom thickness,
warp, Interior and exterior surface condition. (Bottom radius,
dimple dimensions, mouth chamfer and measuremsnt of scratch depth
are checked on representative samples rather than on all samples)

Caps: Diemeter, body length, radius at bottom edge, doass, surface
conditions. ' '

Sleeves (new): Inside diameter, depth Inside, length, wall thickness,
chamfer, inside surface, weld bead inside, werp.

Sleeves (used): Inside diameter, warp, surface, adhering Al-S1.

Inspection of Canned Slugs

Fluaroscope Test

Prior to welding, the machined canned pleces are innpected by means of
an X-ray machine with indexed fluoroscope for cap and bo:itom thickness.
Those having thicknesses greater or less than the specifled tolerances are
rejected at this polnt, thus saving the time and labor 11volved in welding
non-usable pleces. o

It is also posseible to pick out pleces having voldel areas between slug
and cap or bottom, which defects are not detected in the frost test. When
such defective pleces are found, they are rejected. Pleces successfully
pesaing, the "Fluoroscope” teat are sent on to the welding operation.

4
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Froat Test

The slug to be tested is sprayed with & nearly saturited asolution of
acenaphthene in carbon tetrachloride until a smooth while film of the
acenaphthene is obtained on the surface of the aluminum jicket. The slug
is then pessed during %0 minutes through a thermostatically controlled
temperature equalizer wrich brings all slugs to a temperature of 25 ¢ 5 ©C.

The slugs are then passed six at a time, at a definlte velocity, through
an induction coll which supplies approximately 25 kw of eazergy at 9600
cycles/second. This produces surface heating only. Aceniphthene melts
bYetween 92-9% OC. If the heat induced in the surface of the aluminum can
passes through a good bonding medium to the slug, a temperature above 85 oC
1s not reached on the surface, hence the acenaphthene remiins white and
crystalline on all spots where the bonding between the can and the slug is
sound. If there is a vold In the bonding, or 1f the bonding is defective,
the heat induced on the surface 1s sufficient to raise ths temperature on
the surface above 9% OC and the acenaphthene melts et that point. When the
acenaphthene melts and then solidifles it forms rather large clear crystals
and rewmains in this form. Acenaphthene slowly sublimes at room temperature,
8o that the slugs must be classified soon after passing through the testing
machine or erromneous clasgsifications may be made. Slugs are clageified
according to the slize and locatlion of melted areas develzped in the frosty
coating.

Pre-autoclave Inspection

Pieces successfully passing the frost test are de-frosted by trichlor-
ethylene vapor degreasing, or by other sultable means, ard are then etchea
10 minutes 1n a by-50% solution of nitric acid at 80-90 <C.

This treatment serves to darken any areas of exposed aluminum-silicon
80 that any regions in which the boncing medium may nave penetratea through
the aiuminum can become black and may be easily cbserved by visual inspec-
tion and rejected.

Following this etching treatment, the canned slugs are inspected for
diameter and warp by use of a full length tube gage of 1l.455 inches inside
diameter. They are then visually inspected for penetration, surface defects,
weld quality, and presence of identiflcation marks.

Autoclave Test

ALl canned pieces are steam-autoclaved for 40 hours at 90 to 100
1bs./sq.in. steam pressure. In this treatment, 21U pieces per batch are
loaded on suitable baskeis and enciosea in a steel chamber into which steam
is introduced. Under these conditions, any breasks in the aluminum envelope =~
even those of microscopic size - are permeated by the water or vapor and the
metal slug 1s attacked and locally converted to the oxide which occupies
several times the volume of the metal before oxidation. Thus warts or swel-
‘1ings are ceused which betray defecte in the continuity «f the aluminum
Jacket. 7Pileces which have developed such swellings are culled out by means
of a 1.455-inch tube gage similar to the one used in pre-autoclave inspection.

gpgs%%‘
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In addition to detecting and eliminating pleces with .liacontinuities in
the aluminum Jacket, the proceess of subjecting sound piecei to the action of
steam bullds up a heavier coating of aluminum oxide on thelr surfaces than
ls readily accomplished by other means. This oxide film ssrves to protect
the aluminum jacket, making it more resistant to the corroiive action of the
water with which the pleces are surrounded in the pile.

All canned pleces are given a final visual inspection after autoclaving

in which those which have been marred in handling or have “Hecome warped or
stalned during autoclaving are rejected.

SAFETY

Machining and Handling Metal

During all operations involving the machining of metal a fume hazard
is present. Toxic quantities of oxide liberated during thi:se operations
must be removed by adequate ventilation. The best method ’or removing this
is indlvidual exhaust hoods attached to each machine. By 1aving an adequate
supply of coolant applied to the tool bit the production of thia oxide can
be greatly reduced. Oxide 1s 80 concentrated in the air o’ the building
where extrusion and straightening are carried out that operators are required
to wear regplrators.

The fire hazard in machining metal is always present. This can be
minimized by using an adequate supply of coolant on the tosl bit and by
being sure that the chips are quenched in coolant when they drop into the
catch pan below the lathe. It 1s necessary that they be rimoved frequently
and stored in steel cans to prevent ignition from a hot chip.

Operators warking with metal must be careful to wash their hands ‘
frequently and thoroughly in order to remove metal dust thit may have col-
lected on them. This metal is capable of destroying the stin tissue when

in Intimate contact with 1t. The degree of damage is determined by the
length of time to which the tissues are exposed. For this reason, leather
gloves must be worn when handling metal, either raw or canied. Operators
must wear coveralls which are changed delly. Those whose vork involves

frequent handling of metal must take shower baths before rasuming street
clothes.

Handling Hot Egquipment

In the extrusion and canning procesa much of the equisment is operated
at dangerously high temperatures. It is necessary, therefare, that the
operating personnel be properly and adequately clothed. Tais clothing
should include heavy asbestos gloves, asbestos or leather apron, leggins,
lovse-fitting shoea, and complete face and head protection. The coveralls
warn by the operating personnel are fireproofed. Only tharoughly dried
tonge, lathes, etc., must be dipped into molten baths due to danger of

— pFeY Llis
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explosions of dropa of moisture if introduced beneath tre surface of the
metal, with attendant hazards to the operators.

Welding Precautions

Because of the electrical nature of the welding operation, adequate
electrical insulation and protection of 11 equipment 1g required. Gloves
shiould be worn when placing the pleces in the collet chuzks and they should
be removed with suitable radded tongs to prevent danger >f burns. The light

ilter shield which surrounds the arc must always be in rlace when welding
is in progress. This provides adequate protection from :he intense ultra-
violet light generated by the arc.

Handling Acids

Operators who 111 and empty the various acid bath anks must wear
rubber suits, hoods, boots and gloves at the time of hant1ing the acid. The
fumes generated in the hot nitric acid tenks are quite nuxious and must be

Solvent Degreasgers

Active metals, such as those involved in the present process, promote
the decomposition of the chlorinated hydrocarbon used as solvent In the vapor
degreasers. Although the solvent euployed 1n these units contains a bagic
gtab lizer, the stabilizer may become exhausted and decomposition may proceed
unabated. Since tne decompogition products of chlorinatei hydrocarbons
include phosgene, chlorine and hydrochloric acid, it 1s nscessary to test
the solvent reriodically and chenge it when evidence of dscomposition ig
indicated.

In additions to the hazards occasioned by the decompisition of the
trichlorethylene, the vapors themselves are toxic in concontration of a few
bundred parts per million, so that it ig necessary to operate these units
in & well-ventilated  location without drafts.

The eblvent dissolves natural oils from the 8kin and 1s directly absorbed
through the skin into the blood etream where it has adverne physiological
effects. Tho hands must never be put into the solvent vapors.

General Safety Equipment

Because of the danger of fl ing ckipas, splashing acié¢, and other hazards
to the eyes existing in the extruding,machining, and canning areas, all per-
Sona entering these areas are required to wear oide shielé safety glasses.
Safety shoes are also recommended as a general safety precaution.
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Aluminum, 106
general properties, 106
density, 106
transition points, 107
thermal expansion, 106
tensile strength, 107
Aluminum-silicon dip, 119
Arc welding, 123
Argon arc welding, 123
Assembly process, 112, 121
Billet, 107
preheating of, 107
extrusion, 108
Bonding testas, 125
Bronze dip, 118
Buildings, 104
Can, 120
Cenning, 112, 121
furnaces, 116
process, 103, 112, 121
Centrifuge, 116
Centrifuging, 119
Completed slug, 115
Cropping of rods, 109
Dip
bronze, 118
tin, 118 :
aluminum-silicon, 119
End machining, 122
Expendable sleeves, 120
Extrusion, 107
die, 108 !
press, 108
pressurs, 108
Finished slug, 115
Flow sheet
of assembly operation, 110
Furnace
bath, 116
billet, 107
canning, 116
Geauging of slugs, 12k
Handling precautions, 126
Hazards, ;26
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Inspection, 123
canned slug, 124
raw materlals, 1oL
rods, 105
raw slugs, 112

Jacketed slug, 115

Layout of plant, 104

Machining, 105, 123

Metal 103
appearancs,
denslty, 106
general properties, 103
phases, 105
thermal data, 106
tensile strength, 106

Nitric acid pickle, 117

Out-gassing of rods, 109

Physical properties, 103

Plent layout, 104

Preheating
of billets, 107
for agsenbly, 119, 121

Process summery, 103

Properties
metal, 1C3
aluminum, 106

Quenching, 122

Raw material inspection, 124

Rod, 107
cropping, 109
formation, 108
inspecticn, 109
out-gassing, 109
specificstions, 110
stralghtening, 109

Safe clothing, 126

Safety, 126

Specifications of rods, 110 ‘

Speed of canning, 112

Stoodite, 108

Straightening of rods, 109

Testing, 123

Welding, 123
precauticans, 127
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