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(57) Abrége/Abstract:

A process and apparatus for forming a hardened outer shell (40) on a refractory metal workpiece (36) preferably heated in a
fluidized bed of metallic oxide particles (38) in an environment of an inert gas and a reactive gas with the reactive gas either
oxygen or nitrogen. The workpieces (36) are heated In the fluidized bed to a temperature between 800 "F and 1,600 °F for a
period of over two hours to form hardened outer shell (40) in two layers (42, 44). Outer layer (42) I1s an oxide or nitride layer
having a thickness (T1) between 10 microns and 25 microns. Inner layer (44) is a case hardened layer of the refractory metal
having a thickness (T2) between 25 microns and 75 microns. In one embodiment (Figure 3) workpieces (56) may be cold
worked by peening from finely divided metal oxide particles (54) to provide a uniform surface texture for subsequent hardening.
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(54 Title -"p;RoC.'Ess_ AND APPARATUS FOR SURFACE HARDENING OF REFRACTORY METAL WORKPIECES

(57) Abstract

A process and' apparatus for formmg a hardened outer shell
(40) on-a refractory metal workpiece (36) preferably heated in a
fluidized bed of metallic oxide particles (38) in an environment of
an inert gas and a reactive gas with the reactive gas ¢ either oxygen or
nitrogen, ‘The workpreces (36) are heated in the fluidized bed to a
temperature between-800 °F and' | 600 °F t‘or a period of over two
hours to form hardened outer sheli (40) in two layers (42, 44). Outer
layer (42) is an oxide or nitride layer havmg a thickness (T1) be-
tween 10' microns and 25 microns. Inner layer (44) is a case hard-
ened layer of the ref ractory metal having a thickness (T2) between
25 ‘microns: and 75 microns. In one embodtment (Figure 3) work-
pieces (56) may be cold worked by peening from finely divided me-
tal oxide particles (54) to prowde a umform surface texture for sub-

sequent hardenmg
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Title: Process And Apparatus For Surtace Hardening Of
Refractory Metal Workpieces

Background Of The Invention

This invention relates to a process and apparatus for the surface hardening

 of workpieces made from refractory metals or metal alloys containing refractory

metals and particularly such a process and apparatus for workpieces made from
such refractory metal or alloys and utilized as bearings, valves, or similar products
which are subjected to wear or abrasion.

A group of metals known as refractory metals consisting of zirConium,
tantalum, titanium, hafnium, niobium and some others, have a common
characteristic in that oxygen and nitrogen can penetrate and/or react with the
surface of the metal to form a hardened case a few thousandths of an inch thick,
and simuitaneously build barrier compounds of oxides or nitrides on the surface,
which prevent or limit further penetration. The characteristic is also observed with
alloys of metals wherein at least the major metal portion is a refractory metal. The
oxides and nitrides which form on the surface are extremely hard and wear resistant,
but are very thin. The deeper or thicker cases which form beneath the surface are
sometimes less hard, but have much greater depth, are less brittie, as they are
made up of alloys of the base metal with oxygen or nitrogen rather than oxides or
nitrides. thereof. Oxides which form on the surface of these metals are known as
ceramics and are very dense, hard and abrasion resistant. Nitrides which form are
also separate compounds and are extremely hard and abrasion resistant. By
appropriate combinations of temperatUre, atmospheres and other hardening
techniques, it is possible to form combinations of hard surface compounds and

alloyed sub surface cases which have very desirable properties.
Zirconium has long been recognized as a highly corrosion resistant matenai

for severe applications. However. zirconium is relatively soft, about €5 Rockwell B.
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and is easily marred or damaged. It has not heretofore been suitable 1or heavy

-2 .

dynamic contact such as metal seals and wear parts. A number Of previous studies
indicated that zirconium could be case hardened by oxidizing the surface at
temperatures about 1000F. With careful control in a laboratory environment, a
ceramic zirconium oxide surface nearly one (1) mil thick can be formed. Further,
zirconium metal beneath the oxide surface can be hardened by alloying with oxygen.

However, there is a critical time and temperature relationship for hardening
zirconium by oxidizing morderto. obtain the desired hard and dense film. |f heated

for too long a period of'time at a relatively high temperature, the zirconium alloy
workpiece may be. s’eriously damaged. Under isothermal heating, the rate of

hardening as measured by oxygen pleUp will decrease with time. During this period

of decreasrng rate of oxygen prckup, a dense, tough, tightly adhering, blue-black

case will form wrthoutany effect on the surface finish, and without any signiticant

- _dlstortlon of the part However continued heating will result in a fairly sudden

e _ _15' '-.|ncrease in oxrdatton rate and a case which is less abrasion resistant, brittie, and

rough-sun‘aced wull form In addmon significant dimensional changes Thay take

. place

The borderltne between the conduttons which form desirable cases and those

R '..whrch are over~ox|dtzed |s cnt:cal and the results of excess oxidation are severe, SO
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N productron practuce has been very conservatlve using relatively low temperatures

: gand acceptrng cases much less than optrmum Such cases are suitable tor most

' uses and do provnde a degree of resistance against marring, but they are

30

- substanttally less than theorettcally possuble and are not suitable for heavy sliding
e v : contact or abraswe wear for prolonged peruods of time.

' uttltzed extensrvely in the chemrcal processing industry particularly where high

~As mdrcated zurcontum has superior corrosion resistance properties and IS

- operating temperatures and/or pressures are involved in an aqueous media.

However, zrrconrum has a relatlvely low resistance to abrasion and in order to

~ mcrease its resrstance to abrasxon and resultrng wear, it is necessary to harden the

“wear surfaces. Heretofore such as shown in U.S. Patent No. 4,671,824 dated June

g, 1987, a processlsdlsclosed for a hardened wear surface from providing a
zirconium alloy surface by treating the zirconium alloy in a heated moiten salt bath

containing small amounts of sodium carbonate which is an oxygen bearing

“compound. The thickness of the blue-black coating formed by this process Dy
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- chemrcal reactron on the outer surface prevents or limits diffusion of the reactive
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oxidation of the zirconium alloy was not specified but was defined as a relatively thin
coating.

A fluidizing bed for forming a hardened layer on a workpiece has been utilized
heretofore for certain workpieces such as iliustrated in U.S. Patent Nos. 4,141,739,
4 547.228: and 4,923,400 for example. An inert gas and various metal treatment
processes such as nitriding or oxidizing have also been utilized with a fluidized bed
as shown in these referehces. However, the use of a fluidized bed for refractory
metal workpieces, which natUraIly form barrier compounds to the infusion of reactive
gases and particularly a fiuidized bed of oxide materials having an affinity for the
reactive gas, or metal oxide wherein the metal has an affinity for oxygen, at least as

' great as the refractory workpieces has not been shown by the prior art.

- The hardening of‘*reaCtiVe metals has been accomplished in a number of
Ways heretofore. However, '-suCh hardening operations have been characterized by
the formatron of a hard chemrcal compound of the workpiece metal and the reactive

gas on the outer surface wrthout the benefit ot deeper harder surfaces as the

' l:rons for creatrng the deeper alloy case.
ngmgrg Of Thg lnventron

A preferred embodrment of the process of this invention for the surface

-hardenmg of workpreces made from refractory metals or metal alloys containing

PN "refractory metals utrlrzes ﬂurdrzed bed heating with controlied gas mixtures to

achleve a precrse control of temperature partial gas pressure, and time necessary

‘-.-to achreve desrrable 0pt|mum hardened cases and hardened surface films for a

B

30

"workprece wrthout damage to the workpiece. Utilization of fiuid bed techniques in

comblnatron with apprOprrate partral pressures for the reactive gas have allowed the

reactive material to penetrate more deeply into the surface, forming a hard but

| ductnle case, usually rn combrnatron with a hard chemical reactive surface layer

A metal retort or contarner holds the workprece in a bed of metallic oxide
granules which desirably wil consist primarily of oxides of the metal from which the

workpiece is formed.--The- bed is rendered into a liquid-like state by the slow and

- uniform movement of gas through the bed or by mechanical agitation of the bed.

Using as a bed materiall a metallic oxide of the same material as the workpiece
eliminates most potential' for diffusion of unwanted ions from the bed into the

workpiepe. The retort can be of any high temperature alloy but for best operation
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the alloy should not react with the gases. Copper nickel or nickel alloys are

preferred if the reactive gas Is nitrogen.

Control of gas velocity in a gas fluidized bed must be precise as average
velocity is so low as to be undetectable by feel. In the desirable fluidization range,
heat transter Is very much higher than an air furnace and uniformity of heating is
assured under preCise controls. Above the desirable rate of particle movement in the
fluidized bed, the rate of heat transfer is significantly reduced. Below the desirable
rate ofparticle movement heat transfer is also very low. If agitation is absent, the

“bed will act as an unsulator It should be noted that in a fluidized bed, gas flow or
agrtatnon merely dlslodges the oxude partlcles and gas or the type of gas does not

effect heat transfer srnce the heat transfer function is independent of the gas. The

- heat transfer functlon |s affected by the rate of particle movement and is greatest

when the parttcles are in a true fluid-like state, whether that state is achieved

. - through gas flow or mechanncal agitation.
15

Advantages of utnlrzung a ﬂuudlzed bed for heating of a workpiece to obtain a

o j:{hardened outer case rnctude the totlowung (1) heat transfer is more uniform than in
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.;an aur turnace (2) contamunatton IS mrnlmtzed as both the fluidized bed material and
| "gas can be rndependently controlled (3) the rate of heating and cooling can be
| | "fcontrolled by cychng ﬂurdlzatton actton on and off (4) the furnace can be shut down
20 -?and restarted wrthout fear of thermal shock (5) the workpiece can be exposed to
o ', ‘, ."a desrred gas mtxture for premse penods of tlme and temperature and (6) the bed

: scan be of matenals Wthh are rnert to the workpnece so all the reactive elements are

el provnded from the rnjected gases

Flundrzatton of the bed can also be accomplrshed by mechanical means such

5 as vrbratron or rolhng of the bed n some cases this is desirable in that it reduces

 the need for lnput gases as in some rnstances the amount of gas needed for gas
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S i type fluidization far exceeds the amount of the inert carrier gas needed to transport
o . -.":_the active or reactant gas '

One factor whuch is very umportant in the process of the invention, as

partrcularly apphed to nltndlng operattons is in maintaining the level of nitrogen

. '_pressure at a predetermtned relatwely low amount. In some prior art devices, this

is accomplished by usung avacuum furnace. In fluidized bed operations, it has been

,found useful to mix nttrogen with an inert carrier gas such as argon to maintain the

desired nitrogen partlal pressure. Other carrier gases can be used provided that



‘WO 93/06257 2 1 1 7 O 6 9 PCT/US92/06088

10

-5 -

they are inert under the conditions oOf the process. Preferred are members of Group
VIll of the Periodic Table of Climate, e.g. helium, neon, argon, and Xenon, but
particularly preferred is argon. The partial pressure of the nitrogen gas is In
proportion to the molar proportion of the entire gas mixture. The bed material may
be selected from any group of materials which have the desired shape and durability
and which are non-reactive with the workpiece metal. In some cases the bed may,
have particles whiCh will react with oxygen to a greater degree than the workpiece
metal SO as to remove oxlde which may exist on the surface of the workpiece.

in some nltrldlng operatrons utmzmg a fluidized bed, partial pressures are

- 'deswed to be so low the gas mixtures have less than 1/2 to 1 percent by mole of

' nrtrogen by molecular welgh ln an inert carrier gas such as argon. In other nitriding

o | operatlons the amount of argon requlred to maintain an adequate gas fluidized bed

IS substantlally greater than is necessary merely to transport or convey the reactive

- gas The extra carner gas usually argon, is expensive and is a continuous source

15 of contamrnatton One solutlon is to recirculate the gas after fluidizing. The

o recrrculated gas can be cooled analyzed and pumped back through tfie system.

L 20 : '-'.utullzes a fluuduzed bed of a metalllc oxude in which a refractory metal alloy workpiece

f_Another method is to tluudrze with vibration or mechanical means so that the total
:.‘_}amount of gas requrred to pass through the system is reduced.

Thus as rndlcated above the process of the present invention normally

o f.s posrtloned for appllcatlon of the process for surface hardening of the workpiece.
e ST "The outer surface hardened portron formed by the improved process when utilized
wuth a zsrconrum alloy metal comprises two separate layers; an outer blue-black
‘ ,-~sun‘ace layer of an oxlde coatlng or film of a thickness between around 10 microns

' -alloylng wuth oxygen and of 3 thlckness between around 25 microns (.001 inch) and

{ 0004 lnch) and 25 mlcrons (001 inch), and an inner layer case hardened Dy

o ' -_.75 microns ( 003 lnch) The inner case hardened layer is a transition layer between

. 'j"'fthe outer layer and the Zirconium metal and the hardness of the inner layer

o d ecreases progresswely away from the outer layer.

A gas ﬂurdlzed bed for providing such a hardened surface for a zirconium

B workplece lﬂClUdGS a contalner having a pulverulent bed preferably of finely divided

B zirconium oxide partlcles therein. A support immersed in the fluidized bed suppors

workpieces 1O besurtace hardened. An oxygen or nitrogen containing gas is

transmitted through the "fluidized bed for fluidizing the zirconium oxide particles and
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the bed is heated to a predetermined high temperature of at least around 1200F.
and preferably around 1300F to 1400F for around three hours, for exampie. While
zirconium oxide is preterred, other metal oxides may be used satistactorily it they
have an affinity for oxygen at least as great as zirconium, or the metal of which the
workpiece is made. The preferred method is to use a bed which primarily consists
of oxides of the refractory metal to be treated. For instance, titanium dioxide could
be used as a bed totreattitanium.

It has been fOund to be desirable in one embodiment of the process of this

o invention to oxidize the outer surface of a workpiece with a small amount of oxygen
10 in a carner gas whnch allows a deeper penetration of oxygen into the base metal to
provnde a thicker case hardened Iayer Argon is preferably utilized as the inert carrier

' gas and oxygen may compnse only around 1 to 3 percent by mole of the gas. By

usrng only a very small percentage of oxygen a deeper inner case is obtained from
dtffusron of the oxygen tnto the workpiece.
Addtttonally, it has been found that oxidizing and nitriding operatlons are very

. important is any mechantcal worklng or stressing of the surface of the workpiece
g T "f,‘Wlth mnght refune the gratn structure Smaller grain structures tend to form nitrided
"and oxrdlzed outer cases more rapldly One solution is to mechanically work the

ST f_i;;_*.[.,such as by peentng or stnktng the outer surface of the workpiece with small

.enttre surface of the workpreoe to provude a uniform grain structure. Cold working

Lplaon ",,dlameter hard parttcles wrll greatly reduce the gratn structure for a depth up to

. '_‘finlsh Such stnktng may be accompllshed for example, with zirconium spheres or
| ‘ (0. 020 |nch)

partlcles havnng a dlameter of around 125 microns (0.005 inch) to 500 microns

Alternately, workpleces may be placed in a rotating basket with zirconium

o shot parttcles and tumbled wuthtn the basket. Working of the surface reduces the

' grann s:zes in the zurcontum workpueces by a factor of at least 3 and sometimes a

ap

N -operatlons the gra|n recrystalhzes and sometimes will then grow or increase to a

_ reductlon as high as 20 or 80 times is possible. In subsequent nitriding or oxidizing

~ size larger than the m:tnal srze prior to working. Under certain conditions, it may be

desirable to nitride the outer surface of a zirconium workpiece prior to any oxidizing.

An argon carrier gas may be introduced through the fluidizing bed to provide an
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initial surface hardening prior to introducing oxygen for oxidizing the zirconium

workpieces.

The process for the surface hardening of a zirconium alloy workpiece
immersed in a heated fluidiZed bed or a metallic oxide heated to a temperature over
around 1200F has been found to be an effective and efficient method for obtaining
the desired thickness and hardness for the hardened zirconium suriace. Also, the

method can be pertormed under precise controls for obtaining the precise thickness

 desired for the hardenedsurfaces

in many heattng apphcatuons it is desired to place the workpiece in the
fluidizing bed while at a relatrvely low temperature, and then increase tnhe

temperature of the bed and the workprece simultaneously to minimize any distortion.

Itis also desrrable for mrnrmszrng drstortron to place the workpiece directly over the

' ﬂurdrzed bed and heat |t mdlrectly from the heat of the bed prior to inserting the
: ,workprece into the bed When performsng either of these operations, it is desirable
to flundrze the bed wrth a gas whrch does not contain oxygen or nitrogen and which

I ondltrons whrch can not be precrsely monitored.

To control the process most accurately, it is desirable to fluidize entirely with

' o an rnert gas such as argon untrl the bed and the workpiece are stable at the desirea
| 20 temperature Then flurdrzatron can be conducted with an oxygen or nitrogen
",.{contarnmg gas Durmg perrods of heatrng or cooldown, fluidization can take place
o e '..j-;wrth argon Thus, the hardenrng process can be precisely controlied and applied

e "-~.._only when the workpteces are at the desired temperature.

Nrtrrdrng operatrons of trtanrum for instance, are generally carried out at a

_,,temperature of 800F to 1500F The temperature is selected to be at least below that

- temperature at whrch phase changes or dramatic grain growth would take place.

j i__ Nrtrtdrng and oxrdrzrng temperatures for other alloys can be substantially different.

FEE For example satlsfactory oxrdatron of tantalum can take place at around 800F;

- . oxrdatron of zrrconrum between 1100F and 1400F; nitriding of zirconium from 1300F

30 -'to 1600F; and oxrdrzrng of trtanrum from 800F to 1500F. However, the process and

'apparatus for carryrng out the process are generally similar except for such factors

as the temperature the trme periods for heating and cooling, the precise gases

utilized for tlurdrzrng and the type of metal particles used in the fluidizing bead.
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the surface hardening of workpieces made from refractory metal alloys in a heated

fluidized bed of a metallic oxide pulverulent material similar to the metal forming the
workpiece.

5 A further object of this invention is to provide such a method and apparatus

' for refractory metal workpieces for obtaining an outer surface hardened shell for the

refractory metal workpiece comprising two contiguous layers composed of a

~ relatively thin outer hardened surface layer of an oxide film, and a relatively thick

inner case hardened Iayer of the refractory metal.

.' - 10 ~ Another object |s to provrde a method for obtaining an outer case hardened

shell for refractory metal workpreces in which a uniform surface grain structure Is
frrst provrded for the workpreces by peening the surfaces with shot particies In a
cold worktng step pnor to the heattng fluidizing step.

' Another ob]ect IS to provrde a method for providing relatively deep nitride

e 15 R hardened cases in refractory metaf workpieces while minimizing the formatton of a

. surface layer of an oxrdtzed structure : "
1 Another ob;ect of thts tnventron IS to nitride or oxidize refractory metal
S ,.-.workpreces in a flurdrzed bed usrng the minimum quantity of gases so as to minimize

SO o the entrance of contamtnants into the system

: 20 Other oblects features and advantages of this invention will become more

- .ff]'_'_‘_'f_;.j'-apparent after refernng to the followrng specification and drawings.

SR Brief Description Of The Drawin

s |

Frgure 1 is a secttonal vrew of a radrant heating device for applying the

o : 'process of this rnventron and contarnrng the fluidized bed of finely divided zirconium

a 25 .'_-.oxrde partrcfes for the surface hardentng of zirconium workpieces;

Frgure 2 is an enlarged sectton of the outer shell of a zirconium member after

i the surface hardenrng thereof by the flurdtzrng process in Figure 1; and

~ Figure 3 is a schemattc of an apparatus for peening the workpieces with
metal shot particles and heatrng the workpieces in a fluidized bed.
30 Descrrgtton Of The Inventron
B Referring now parttcufarly to Frgure 1, an apparatus is illustrated for the
improved process of thtsrnventron. A radiant heating device is generally indicated
at 10 including a ccntainergenerally indicated 12 having a channel shaped nm 13

defining an open upper end on which a removable cover generally indicated 14 1s



! - -
'''''''''''

WO 93/06257 2 1 1 7 0 6 9 PCT/US92/06088

-9 -

supported. Cover 14 includes a fluid permeable member 16 formed of a refractory
material covered by an outer perforated metal liner 18.

Container 12 has a ceramic wall 20 with inner electrical resistant heating coils
22 thereon for heating of a relatively thin inner stainiess steel liner 24. Gas supply
means generally indicated at 26 are provided at the bottom of liner 24 and includes
a gas permeable membrane 28 over a plenum chamber 30. A gas supply conduit

32 supplies gas or a gas mrxture to plenum chamber 30 from a suitable source or

supply of the desrr_ed gas or gasmaxture i.e., either the gas as such or a material

o ~ which will produce the deSired gas under the conditions of the process. Suitable
10

control valves for the gas sources are provided to control precisely the amount of

| ;'_a predetermrned gas supplled through conduit 32. A support table 34 within

T contatner 20 is shown for the support of zirconium workpieces 36 such as ball valve

members for easnly heatlng the workpneces A pulveruient metal oxide, such as finely

.dlwded zrrconlum oxrde partlcles is shown at 38 within container 20 and the upward
..flow of gas from plenum chamber 30 fluidizes the metal oxide sand 38 to provide

R - a ﬂuudlzed bed A unlform predetermlned temperature can be easily maintained by

G '.'..the flurdlzed bed and the length of the heating time can be precisely controlled.

ln operatlon for applyrng the improved process of the present invention,

B Ry -_j.-_jpulverulent zrrconrum oxnde shown at 38 is positioned within liner 24 and heated by

- 20 -fthe stalnless steel llner 24 to a temperature of at least around 1200F and preterably

'="f-between 1300F and 1400F Electncal energy Is supplied to heat coils 22 from a

L | f?'surtable 220 von e|ectnca| outlet for heatlng of liner 24. Reactive gas is supplied

S (AT fthrough condu:t 32 from a surtable source or the like at a pressure of around two

-

: (2) pSl gage for example Then workpleces 36, such as bearings or movable valve
o 25~membors are posmoned on table 34 within inner liner 24. Cover 14 is positioned
o '.over contalner 12 flttlng wrthln the channel shaped rim 13 as shown in Figure 1. Gas
~ from plenum chamber 30 flows through permeable membrane 28, flows upwardly

L *'j'-'-;,"_.;through the pulverulent zlrconlum oxide 38 for fiuidizing the zirconium oxide, and

o .;[then flows outwardly of contalner 20 through the gas permeable cover 14.

Heat is applled for around three hours in order to obtain the desired hardness

but the exact time may vary depending on the workpiece and other factors, such

a sllght variations n aIon content. The desired thickness may be obtained Dy the

prlor calculation of atarget welght by. which the workpiece 36 will increase by the

application of the Drocess upon being oxidized by the fluidized bed of zirconium



 oxidefimofa |esserthickne33' The thickness of the film may be estimated by a
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oxide. The target weight is established by placing a representative sampie ot the
metal into the fluidized bed and heating it with the sample having a known weight
and physical dimension. The weight is periodically removed and weighed to
establish the precise time at which the heating and oxidizing of the fluidized bed
should be terminated., .During the removal time, the bed may be fluidized with an
inert gas, such as argon, to prevent oxidation or may be unfiuidized to prevent
oxidation. . -

It has been found that if a zirconium workpiece 36 is heated for too long a

- period of time a felativelythick beige colored oxide film will form on the. outer
- surface of the workpiece which is less resistant to abrasion than the blue-black

Foe o . ' :calculatlon of the mcreased werght of the workpiece resulting from the formation of

o the outer oxide fulm A werght increase of three to four milligrams per square
centrmeter of surface area for the zirconium workpiece has been found to provide

15 an optrmum thrckness of hardness for a zirconium alloy workpiece formed of

5 _"‘ercadyne-702" It rs belreved for best results that a weight increase should not

S -..ff‘.ﬂexceed around srx mrllrgrams per square centimeter of surface area. The time for

O f_f;fheatrng workprece 36 has been found to be between two and four hours depending

.....

T " '. o on the pal"thl.ﬂaf ZlfCOﬂlum al[oy utrltzed for WOfkplece 36 and the temperature After

20 heattng, workpteces 36 are ooled to amblent temperature preferably within

| lcontarner 12 and then rernoved For coolrng, an inert gas such as argon could be

G ;utrhzed for the flurdrzed bed or water can be poured into the bed.

A workptece rn any furnace undergoes a heating period followed by an

.ii_f{f o :tsothermal penod and then a cooldown period. The rates of heating and cooling wil
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..._:vary even among workpreces in the same furnace. This variation is not critical with

B most processes but when heatrng zirconium, the metal is oxidizing substantrally all

Refernng to Frgure 2 the surface hardened outer shell or case of workpiece

" _ __.36 is shown generally at 40 havrng a thickness T. Hardened shell 40 includes an
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| outer surface layer 42 provrdrng an oxide coating or fim of a relatively small

thrckness T1 between around 10 microns (.0004 inch) and 25 microns (.001 inch),

" and an inner case hardened layer 44 of zirconium or a relatlvely large thickness T2

of between around 25 rnlcrons (.001 inch) and 75 microns (.003 inch). Thus.

hardened layer 44 is a transmon layer between outer layer 42 and the zirconium
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metal and its hardness decreases progressively from outer layer 42. A weignt gain
of around four milligrams per square centimeter aiter application of the process
provides a blue-black color to the outer surface of the zirconium workpiece and this
color is indicative of a generally optimum thickness. In the event the color becomes
a beige color, this is an indication that the zirconium workpiece was exposed to
oxidation for too long a period of time and results in a less hard outer surface which

is undesirable as not having an abrasion resistance comparable to that of the

zirconium workpiece having a hardened shell of a blue-black color. Thus, it is

believed that an increase 'in ‘weight resulting from the oxidizing of the outer surtace

of the zirconium workplece should be less than around six milligrams per square

{centlmeter of surface area and preferably around four milligrams per square
- centimeter. The above has been found to be optimum with a zirconium alloy
desugnated as “Ztrcadyne-702 Alloy" and it is apparent that different zirconium alloys

would obtain the desrred thuckness at different weight levels or at different heating
tlmes When the workptece IS treated such as by peening to refine the suriace

L grams the resultlng oxude Iayer may be gray in color instead of blue-black."The gray

| ,'color has the same beneﬂcral charactenstlcs as the blue-black and in many cases

- 'rs superlor when heated too long, the gray color will turn to beige indicating a loss

SER '_ .' ‘.'of properttes
o f "utllrzung the Vrckers hardness scale has been around 1100Kg/mm (approx. 74
'. '_fRockwelI C) wuth test results between around 950 and 1250Kg/! mm?<. The hardness
e v y --of the hardened case Iayer 44 has been found to decrease from a maximum around

The hardness of workpreces immediately adjacent outer surface layer 42

70 Rockwell C near layer 42 to the zirconium core metal hardness of the core
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materlal of the zrrconlum workplece 36.

From the above |t lS apparent that the present process for surface hardening

; of a zirconium alloy workplece while immersed in a fluidized bed or a metallic oxide

: sand such as zrrconlum oxlde provides an optlmum environment for uniformly

 heating the workplece ata precsse temperature for a precise length of time to obtain

the desired predetermlned hardentng of the shell of the zirconium workpiece,

- particularly as a result of per:odlc weighing of the workpiece so that the desired

~thickness can be calculated precisely. The zirconium workpieces 36 are cleaned in

a bath of solvent prlor to placmg within the heatlng device so that precise oxidation
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s obtained on the surface of the workpieces without any foreign or deleterious

particles being present.

It is understood that the sequence of steps involved in the process of the
present invention, such as heating, preheating, fluidizing, and the placing and
removal of the workpieces from the fluidizing apparatus, may be varied. For
example, in one cycle, the bed is first preheated, then the workpieces are placed in
the bed, next fluidizing with air is commenced, and the workpiece is thereatfter
removed from the bed.' In another cycle, a bed is partially preheated, and fluidized.

Then the workpiece 1S placed in the fluidized material for additional heating during
fluidizing and the workptece is thereafter removed. In a third cycle, the bed is

- preheated and any ﬂUIdlZlng |s stOpped then the workpiece is placed on the bed

B and fluudrznng commenced so the workpiece sinks into the bed. Thereafter the

fluidizing is stopped and the workptece is removed. Thus, it is apparent that

. _numerous vanatlons |n carryrng out the process of this invention may be provided.
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Refernng now parttcularly to Flgure 3, an apparatus and method is illustrated

- for peemng, ﬂUldlang, and nrtrrdtng or oxidizing refractory metal workpieces such as

R 3’fzrrcon|um and trtanlum for example it has been found desirable to stress the outer

- . 'surface of the workpreces prror to oxndnzung or nitriding to reduce the grain size and

S to provude a uniform surface texture or finish. This may be accomplished by frictional
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. partlcles for example A reductron in grain size to provide a uniform surface texture

or mechanlcal contact wrth the outer surface of the workpiece with hard shot

R ,may also be accomphshed by other means, such as roliing, polishing, or burnishing

TN ST the workpleces A smooth surface of around 4 to 30 RMS (root mean square) may

R '-;be obtarned by mechantcal pollshlng of the outer surface of the workpiece. Electro

. . "smooth finish of around 4 to 8 RMS.

pohshung of the outer surface after mechanlcal polishing may provide an unusually

One desrrable method IS shown in Figure 3 and utilizes small diameter

~ zirconium shot partlcles rubbnng agannst the refractory metal workpieces to provide

-~ the uniform surface texture.deswable for obtaining a uniform case hardening. An

30 outercylinder 50 has a wire mesh basket 52 mounted therein and is filled to around
B - 50 percent of its volurne with zirconium shot particles of a diameter of around 125
" microns (.005 inch), for example and indicated at 54. The workpieces 56 are

‘positioned within basket 52 in contact with the zirconium shot particles 54. Opposed

shaft end portions 58 and 60 are secured to opposed ends of cylinder 50 and
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ieces 56 In nhasket 52 at ambient

‘otated by motor 62 thereby to tumble WOrKpi
_Workpieces 56 may be tumbled

perature 10 provide 4 uniform surface text

three hours for example.
64 are provided TOr heating of the

\inder certain

or rotated for two Of
Electrical heating units shown at

pieces 56 10 a predeterm:ned temperat
tions it may be desirable tO heat the
ature during the tumbling Operation. A su

ure prior 10 fluidizing.
workpieces 56 to 2 predetermined

itable heater control 66 1S utilized for

5 work

cond

temper
~ obtaining the desired temperature

Gas may be rntroduced W|th|n cylinde
Argon, nitrogen and oxygen cylinders 68 aré controlled by a gas control

at 70 to provnde the deswed percentage Of nitrogen or oxygen in the inert
h expansion chamber 71, supply ine

The gas exits through holiow shaft
at 76 for return 10 control device 70

¢ 50 during the tumbling Of during

10 heatlng

devrce
carner gas The desired gas ns supphed throug

72, and hollow shaft portlon 58 to cylinder 50.
on 60 and outlet lune 74 to a cooling bath

15 and supply line 72. Control devnce 70 include
' anntatn the desrred ﬂow and percentages

: port|
s a gas analyzer and flow meters to

of predetermined desired gases to

ome mstanoes the graln suze may be reduced of a factor of 25 to 30. Then, upon

sequent oxudtznng dunng ﬂurdlzatnon the graln size increases to a size targer than

cold working operation. Aiter cold working, the

at least 1200F and preferably around
ntatntng a small percentage, such as
er layer of a gray color is obtained

sub
the ongtnal suze pnor to the

workpreces are heated to a temperature of
1350 F wuth the ﬂurdrzmg argon carner gas CO

: J 25 ' 1 to 3 percent of oxygen by mole A hard out

he zwconuum workpleces are first cold w
limiting exam

when t

Following are f’apeoi'fio non- ples for the surface hardening Of

e ﬂuidizedbed and zirconium samptee'were heated for three hours al the

of 1400F. After heating for three hours, the sirconium samples were

temperature
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removed from the fiuidized bed and air cooled. The outer surface of the zirconium
sampies had a blue black color and a weight gain of approximately 3 mg per cm?
was obtained by the samples. A hardness of the oxidized zirconium samples for the
inner layer was 65 to 70 Rockwell C and a hardness of 75 Rockwell C was obtained
on the outer layer. o

In a second example ‘zirconium workpieces comprising spherical valve balls

o were peened with ceramrc beads havrng a diameter of around 500 microns with an

mtensrty of 10 on an Almen A stnp per Military Specification (Mil Spec) 13165C. The

NAEY | . -ﬂurdrzed bed of the znrconrum oxrde particulate material was preheated to a

temperature of 1350F utllrzrng atr as a fluidizing gas. The fluidized bed was purged

. ~j:for one-half hour usrng pure argon and the zirconium workpieces were then

B submerged within the fluudrzed bed Then the gas mixture was changed to add four

f percent oxygen by mole to the argon gas and the fluidized bed with the zirconium

L _workpreces therein was heated tor two hours. The workpieces were then removed

!1'5,..?jtrom the tlurdrzed bed and arr cooled The outer surfaces of the zirconium

f-."j."*'jworkpreces had an umform gray appearance whnch appeared to be an improved

ln some rnstance rt may be desrrable to nitride the workpieces betore

. '{._.','_',;-.-oxrdrzrng For that purpose around 1/2 percent by mole of nrtrogen with the argon

:'-; 20 '.-‘jcarrrer gas may be rntroduced wrthrn cylrnder 50 wrth an initial surface hardening of

N the workpreces Then oxygen of around 1 percent to 3 percent by mole may be
ST ‘_.;jfadded to the argon carrrer gas for obtalnrng the desired oxidizing and desired

ST _'f.,'hardness The hardness Iayers are generally similar to the layers T1 and T2 shown

- inFigure 2 but an rncreased hardness thickness particularly in the outer layer T1 is
25.;.7.'-""obtarned such as around 12 mrcrons for zirconium and around 2-4 microns for

3 trtanlum

tis apparent that the method rllustrated in Figure 3 may be utilized in various

' - - steps For example, rt may be desrred to cold work and nitride simultaneously either
' ~‘--,'at amblent temperature or at a relatively low heat temperature. The cold working
- ', R 30 .'could be accomplrshed wrth a reactwe gas entrained in the argon carrier gas. While
o other inert gases, suchas neon, may be utilized as a carrier gas, argon has been

R B found to be effective as_beingentirely inert and relatively free of impurities.

The nitriding process of this invention may provide a relatively thick hardened

case on a titanium workpiece, for example, such as a hardened case having a
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thickness of at least around 50 microns (.002 inch) and as high as around 230
microns (.010 inch) in thickness. Titanium and other refractory metal alloys, such a
zirconium. tantalum, and hafnium, for example, react very quickly with nitrogen to
form a very hard outer case which is very thin, such as around 12 microns (.0005

5 inch) in thickness for example. The hardened outer surface formed by the reaction
of nitrogen with titanium is a titanium nitride (TiN) surface and by slowing down the
formation of the titanium nitride surface to provide additional time for the nitrogen

to penetrate more deeply into the titanium metal, a thicker hardened case may be
provided of a thickness of at least around 50 microns (0.002 inch) and as high as

10 -around 250 mrcrons (O 010 rnch) in thickness. A process including a combination
' - of nrtrogen and argon gas flowrng through a fluidized bed in which a titanium
workprece IS rmmersed provzdes a relatively thick hardened case when a relatively

. small amount of nrtrogen such as 1 percent by mole or less is provided in the

' ﬂurdrzrng gas passing through the fluidized bed. The metal of the particulate material

15 _?j:formrng the bed, such as znrconnum oxide sand, for example, is inert to the nitrogen

;' S gas and has an affrnrty for oxygen greater than the affinity that titanium has for

" o 'oxygen SO that the trtanrum rs not oxrdrzed it is important that the gas passed
" ' | through the ﬂurdlzed bed contatns no oxygen, no hydrogen, ana has only a very
i _..f_small amount of nrtrogen whrch may be utilized only for a part of the nitriding cycle.

- 20 | E The process rncludes the preheating of the fluidized bed to a temperature of

e ".around 1500F Preheatlng |s obtarned by electric coils at a rate of 1,000 kilowatts per

: RESFEA cubrc foot of the flurdrzed bed and the preheatrng time is around one to two hours

".-rn order to obtarn the preheated temperature of 1500F. A suitable gas is passed
through the ﬂurdrzed bed dunng the preheatrng step and a suitable gas, such as

25 _argon wnrch does not contarn any nitrogen, oxygen, or hydrogen is utilized. The

. partrculate matter formed nn the bed is a zirconium sand of a size generally less than

'f.around 125 mrcrons The zrrconrum oxrde has an affinitive for oxygen greater than

the affinity that trtanrum has for oxygen and this is important for the particulate
', material formlng the bed

30  After preheatnng of the fluidized bed, a small amount of nitrogen, generally

' leSs than 1 percent by mole, is added to the gas such as argon for a long term
heating of around nine to ten hours of the titanium workpieces. The amount Of

 nitrogen in the gas‘ being passed through the fluidized bed may be increased a

small amount during the heat phase but generally the total amount of nitrogen wil
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be less than around 1 percent by mole. The relatively low partial pressure of the
nitrogen in combination with the action of bed particles against the surface reduces
the rate of formation of the highly impenetrable oxide or nitride surface while the
amount of nitrogen is still more than adequate to provide for diffusion into the base

metal which is aided by the relatively high temperature. This permits the formation

of a relatively thick hardened case such as a case having a total thickness of around

50 microns (.002 inch) and as high as around 250 microns (.010 inch) in thickness.
Partial pressure IS proportlonal to the mole weight percentage.
~ After heating of the workpleces the workpieces are removed from the heated

fluidized bed and cooled to a temperature of around S500F in a non-oxygen

" depending on the size of the workpiece. It is often desirable to cool the items in the

bed. In such cases the flu.idi'zatidn is continued with a non-reactive gas during the

gl D e coolrng perrod
o ceramuc beads havrng a dlameter of around 100 microns was heated toO

As a specrfrc example for nitriding a titanium sample, a fluidized bed of

_- :approxlmately 950F utrluzung argon as the fluidizing gas. The titanium samples were

'then submerged in the flurdlzed bed The fluidizing gas was then changed to add

SR one-half percent nltrogen to the argon and the titanium samples along with the
'. o ,.."..'.?.and the trtanrum samples were cooled to around 475F and the titanium samples

. fluudrzed bed were heated for a penod of eight and one-half hours. The fluidizing bea

T .«were then removed from the fluudrzung bed. The outer surfaces of the nitrided
SEoue | tutanlum samples had a unrform blue color.

‘Titanium workpleces may be suitably nitrided by placing the titanium

workpreces into a cylrnder wrth ceramrc beads having a diameter of around 100

- the cylinder at a rate of frve cubic feet per hour for heating the cylinder and

B "-.'.workpleces to around 1500F Then the gas flow may be changed by adding one-

30

half percent nitrogen to the argon carrier gas and the total gas flow of five cubic feet

per hour maintained. The cyllnder along with the workpieces and ceramic beads

may be heated for aro_und nine hours. After heating the heat source may be
removed and the cylinder cooled under ambient conditions while simultaneously

changing the gas fIOwthrdugh the cylinder to pure argon gas.
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In some instances, it may be desirable to provide hardened nitrided suriaces
on refractory metal workpieces without gas fluidizing. Such a nitriding process may
be accomplished with the apparatus shown in Figure 3 by deleting the particulate
shot material from the rotating cylinder. The refractory metal workpieces are placed
in the cylinder and a predetermined gas mixture of argon and nitrogen is supplied
to the rotating cyllnder for a predetermined time such as 9 hours, and at a
predetermlned temperature such as 1500F for a grade 2 titanium to provide the

N hardened outer surfaces for the workpieces.

' - ‘bed. Such cleaning may be effected by placing the workpieces in a suitable acid or

~Also, it may be -desrrable partrcularly for the hardened nitrided surtaces, to
clean the workpieces rmmedlately prlor to placing the workpieces within the fluidizea

o msxture of acids for a llmrted penod of time between around ten seconds and sixty

. seconds for example The acrd preferably is nitric acid or hydrochloric acid mixed
LA g . ‘with around 3 to 5 percent by werght of hydrofluoric acid. Perchloric acid may also
5 .- 'f | o 15 provnde satlsfactory results lt is noted that the workpieces, particulariy. titanium
'.-.."'-"_workpleces oxldnze raprdly if placed in air even after being cleaned in acid. Thus,

}f:-lt is desrrable to transfer the cleaned workpieces immediately to the fluidized bed

- '.‘-".'_..'.Wlthout exposung the workpleces to air or oxygen, if possible. Under certain

:'  j i-__'\.iCOl'ldltIOT'lS the combrned workpleces and acid may be placed in the fluidized bed

o _..W|th the acad berng vaponzed upon subsequent heating. A surtable collector for the
L _.."_:_vaporlzed acid would be requlred in this event.

From the above |t |s apparent that the present process for surface hardening

AR of a trtanlum alloy workpnece whrle immersed in a flurdlzed bed of a metallic oxide

i and such as tltanrum d|o>(|de provrdes an optimum environment for uniformly
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‘the desired predetermrned hardening of the shell of the titanium workpiece,

heatrng the workprece at a precnse temperature for a precise length of time to obtain

] partrcularly as a result of perlodlc weighing of the workpiece so that the desired

30

 particles being present.

, o thlckness can be calculated precisely. The titanium workpieces are cleaned in a bath

of.solvent prior to placrng_wrthln the heating device so that precise nitriding IS

obtained on the sudace.Of the workpieces without any foreign or deleterious

Because retractory metals will form a thin oxide on the surface in a tew
minutes at room temperature it may be desired {0 remove this oxide after the parts

are inserted in the _bed. This can be accomplished by mixing into the bed metal
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particles of material having a greater affinity for oxygen than the refractory alloy of

the workpiece. It may also be desirable to place pieces of a refractory metal such

as zirconium in the gas supply line or in the fluidized bed plenum. These materials

act as a "getter" to react with oxygen existing as a contaminant in an argon or
5 nitrogen stream whe'n' performing nitriding operations.

While preferred embodiments of the present invention have been illustrated,
it is apparent that madifications or adaptations of the preferred embodiments wil
occur to those skilled inthe aj’rt;' However, it is to be expressly understood that such

~ modifications and 'adaptatiOns are within the spirit and scope of the present
10 ~invention as set forth in the following claims.
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1. A process of forming a hardened outer shell on a zirconium alloy
workpiece comprising the following steps:

providing a bed of pulverulent metal oxide material having an affinity for
oxygen at least as great as does said workpiece;

fluidizing said bed by providing a flow of an inert gas stream through
said pulverulent material for a predetermined fluidizing period, said gas
stream containing oxygen for at least a portion of the fluidizing period;

placing the zirconium alloy workpiece within said fluidizing bed; and

heating said fluidized bed to a predetermined temperature of at least
1200F for a predetermined time period to form a hard zirconium oxide surface
layer on the outer exposed surface of said workpiece.

2. The process as set forth in claim 1 wherein said oxygen in said gas stream
is less than 5 percent by mole.

3. The process as set forth in claim 1 wherein said hard zirconium oxide
surface layer produced is at least 10 microns thick.

4. The process as set forth in claim 3 wherein said step of heating further
forms an inner case hardened layer underneath said hard zirconium oxide
surface layer, said inner case hardened layer is between 25 and 75 microns
thick.

5. The process as set forth in claim 3 wherein the hard zirconium oxide
surface layer is between 10 and 25 microns thick.

6. The process as set forth in claim 1 wherein said pulverulent metal oxide
material comprises zirconium oxide.

/. The process as set forth in claim 1 further including the step of removing
the workpiece from said fluidized bed for weighing for determining a precise



CA 02117069 2003-08-12

20

period of time for applying heat to obtain a desired thickness of said hard

zirconium oxide surface layer.

8. The process as set forth in claim 1 including the step of fluidizing said bed
by providing a gas mixture of argon and oxygen.

9. The process as set forth in claim 1 further including the steps of: cooling
said workpiece after said heating; and

providing an inert gas to said fluidized bed during cooling to limit the
oxidation of said workpiece.

10. A process for forming a hardened wear resistant outer shell on a
zirconium or titanium workpiece comprising the following steps:

providing a container for said workpiece;

providing a bed of particulate material in said container having an
affinity for oxygen at least as great as does said workpiece;

submerging said workpiece in said bed of particulate material;
effecting relative motion between the outer surface of said workpiece and said
particulate material;

providing gas at a predetermined pressure to said container, including
inert gas and oxygen gas, for reaction with said workpiece;

controlling the partial pressure of said oxygen gas to effect a slow rate
of chemical reaction between said workpiece and said oxygen gas; and

heating said bed of particulate material to a temperature over 1100F for
a predetermined period of time to enhance the diffusion of oxygen into the
surface of said workpiece.

11. The process as set forth in claim 10 wherein said step of controlling said
oxygen gas keeps said oxygen gas to less than 5 percent by mole.

12. The process as set forth in claim 10 wherein the step of effecting relative
motion between the outer surface of said workpiece and said particulate
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material includes frictionally contacting the outer surface of said workpiece
with particulate material to effect heat transfer and to provide a smooth

uniform surface texture.

13. The process as set forth in claim 10 wherein a hardened outer shell of the
workpiece is formed of an outer wear resistant layer of oxide having a
thickness between 10 and 25 microns.

14. The process as set forth in claim 13 wherein an inner case hardened layer
of the workpiece is formed having a thickness between 25 and 75 microns.

15. A process for forming a hardened wear resistant outer shell on a titanium
workpiece comprising the following steps:

providing a container for said titanium workpiece,

providing a bed of particulate material in said container;

submerging said titanium workpiece in said bed of particulate material;

fluidizing said particulate material surrounding the outer surface of said
titanium workpiece;

providing gas at a predetermined pressure to said container for
fluidizing said bed, including inert gas and active gas, for diffusion of said
active gas into the outer surface of said titanium workpiece;

controlling the partial pressure of said active gas to effect a slow rate of
chemical reaction between said titanium workpiece and said active gas;

heating said bed of particulate material to a predetermined temperature
to enhance the diffusion of said active gas into the outer surface of said
titanium workpiece; and

maintaining fluidizing of said bed for a predetermined time period at
said predetermined temperature to effect mixing of said inert and active

gases.

16. The process as set forth in claim 15 including the step of providing a
metallic oxide particulate material for said fluidized bed.
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17. The process as set forth in claim 15 wherein said active gas is nitrogen.

18. The process as set forth in claim 15 wherein said partial pressure of said

active gas is less than 1 percent by moile.

19. The process as set forth in claim 15 wherein said predetermined

temperature in said heating step is at least 1200F.

20. The process as set forth in claim 15 wherein said active gas diffused into
the outer surface of said titanium workpiece penetrates to a depth of at least

25 microns.
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