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IN-SITU GENERATION OF HEAT TREATING ATMOSPHERES 

USING NON-CRYOGENICALLY PRODUCED NITROGEN 

TECHNICAL FIELD 

The present fnvention pertains to preparing controlled furnace 
atmospheres for treatfng _metals, alloys, ceramics, composfte materfals and 
the ltke. 

BACKGROUND OF THE INVENTION 
Nitrogen-based atmospheres have been routinely used by the heat 

treating industry both f n batch and continuous furnaces since the mid 
seventies. Because of low dew point and virtual absence· of carbon dioxide 
and oxygen, nitrogen-based atmospheres do not exhibit oxidizing and 
decarbur\zing properties and are therefore suitable for a ~ariety of heat 
treating operations. More specificaHy, a mixture of nitrogen a.nd hydrogen 

·has been extensively used for annealing low to high carbon and alloy steels 
as well as annealfng of non-ferrous metals and alloys such as copper and 

·gold. A mixture of nf troqen and a hydrocarbon such as methane or propane 
has gained wtde acceptance for neutral hardentng and decarburfzation-free 
annealing of medium to h1gh·carbon steeJs. A mixture of nitrogen and 
methanol has been developed and used for carburf zing of low to medium carbon 
steels. Finally. a mixture of nitrogen. hydrogen, and moisture has been 
used for brazing metals, sintering metal and ceramic powders, and sealfng 
glass to metals. 

A major portion of nitrogen used by the heat treating industry has 
been produced by distillation of air 1n large cryogenic plants. The 
cryogenically produced nitrogen is generally very pure and expensive. To 
reduce the cost of nf trogen, several non-cryogenic air separation techniques 
such .as ·adsorption ._~nd permeation have been recently developed and 
introduced In the market. The non-cryoqenically produced nitroqen costs 
less to produce, however it contains from 0.2 to 57. resldual oxygen, making 
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a direct subst1tution.of cryogenically produced nitroqen with non­
cryogenfca·l Jy produced nJtrogen tn continuous annealing and heat treating 
furnaces very difficult if not impossible for some applications. Several 
attempts have been made by researchers to substitute c~yogenfcally produced 
nitrogen directly with that produced non-cryogenf cally but with limited 
su~cess even w1th the use of an excess amount of a reducing gas. The 
problem has generally been related to severe surface oxidation of the heat 
treated parts both in the cooling and heatfng zones of the furnace, 
resulting 1n rusting and seating. The use of non- cryogen1cat1y produced 
nitrogen has therefore been 11m1ted to appttcat1ons where surface ox1dat1on, 
rusting and sealing can be tolerated. For example, non-cryogenfcally 
produce nttrogen has been successfully used in oxtde annealing of carbon 
steel. parts whtch_ are generally machined after heat treatment. Its use has. 
however. not b~en successful for control~ed oxide annea11ng of finished 
carbon steel parts due to the formation of scat.e and ru·st. 

To exploit the cost advantage offered by non-cryogenf cally produced 
nitrogen over that produced cryogenfcally, researchers have been worKfng on 
processes or methods to substitute non-cryogen1cally produced nitrogen. for 
that produced cryogenically. For example. furnace atmospheres suitable for 
heat treating app11cat1ons have been generated from non-cryogenically 
produced nttrogen by removing residual oxygen or converting 1t to an 
acceptable form in external units prior to feeding the atmospheres f nto the 
furnaces. Such atmosphere generation methods have been described fn detaf l 
in French pub11cafton numbers 2.639.249 and 2,639,251 dated 24 November 1988 
and Austral tan patent application numbers AU45561/89 and AU45562/89 dated 
24 November 1988. The use of an external un1t considerably increases the 
cost of non-cryogentcally produced nitrogen for the user fn controlled 
furnace atmesphere applfcations. Thus, industry has not adopted non­
cryogentcally produced nitrogen for these applications. 

Researchers have a 1 so been expert men ting .wt th .. the addi tf on of a number 
of reducing gases with non-cryogenfcally produced nitrogen into the hot zone 
of furnaces tn attempts to produce atmospheres acceptable for heat treatf ng 
ferrous and non-ferrous metals and alloys. For example, methanol has been 
added with non-cryogenically produced nitro9en fn batch furnaces to 
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successfully generat~ atmosphere suitable for carburl~tng carbon steels. 

Thf s process has been d~scr1bed in detatl in papers tttled. "Carbur1z1ng 

wtth Membrane Nz: Process and Qual~ty Issues••, published tn Heat Treating, 

pages Z8-3Z. March 1988 <P. Murzyn and L. Flores. Jr.> .• 11 New Method of 

Generating Nitrogen for Controlled Atmosphere Heat Treatment at iorrtngton 
Shiloh Plant••. publtshed tn Industrial Heating, pages 40-46. March 1986 

CH. Halton>. "The Use of Non-Cryogenically Produced Nitrogen in Furnace 
Atmospheres", published 1n Heat Treatment of Metals, pages 63-67, March 1989 

CP. F. Stratton> and "How PSA Nitrogen Horks 1n.a Heat Treating Shop 11
, 

pu~lished 1n Heat Treating, pager 30-33. November 1989 -CD. J. Bowe and 

o .. ·L. Fung>. This process, as mentioned above, 1s suitable for car6uriztng 

carbon steels only in the batch furnaces. It h·as neither been trted nor 

used for carburizing parts in continuous furnaces. Furthermore, 1t has not 

been used successfully for annealing and heat treating parts made of ferrous 

and non-ferrous metals and alloys tn continuous furnaces with separate 
heating and cooling zones. 

Other reducing gas such as methane has been added into the hot zones of 

continuous furnaces with non-cryogenically produced nitrogen in attempts to 

generate atmospheres sui~able for oxidation and decarburization-free 

annealing or hardening of carbon steels. The use of methane has, however, 

not been successful due to excessive oxidation and decarburization of the 

parts, as described in the paper by P. F. Stratton referred to. above. The 

author concluded that the oxidation and decarbur1zat1on problems were 
related to the slow rate of reaction between oxygen and methane at low 

temperatures and short residence times 1n the continuous furnaces used for 
oxide and decarburize-free annealing. The paper also concluded that 
non-cryogenf cally produced n1trogen would be cost competit1ve to 
cryogenf cally_ produced nitrogen only at residual oxygen levels below about 
0.Z1., if at all possible. 

Hydrogen gas has also been tried as a reducing gas with 
non-cryogentcally produced nitrogen for oxide-free annealing of carbon 
steels in a continuous furnace. Unfortunately, the process required large 

amoun_ts of hydrogen, mak.1ng the use of non-cryogentcally produced nitrogen 

economically unattractive. 
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Japanese patent application number 62-144889 fil~d on 10 June 1987 
discloses a method of .producing non-oxidizing and non-decarburizing 

/ 

atmosphere 1n a continuous heat treating furnace operated under vacuum by 
-1ntroductng 17. or less hydrogen and low-purity nitrogen· w1th purity 99.9957. 
or less fnto the hot zone of the furnace through two separate pipes. The 
key feature of the disclosed process fs the savings tn th~ amount of 
nitrogen gas achieved by 1ncreas1ng the opera.ting pressure form 40 mm Hg to 
100-150 mm Hg. This patent application does not set forth any Information 
relating to the quality of the parts produced by us1ng low-purity nitrogen 
tn the furnace nor·fs there any dfsclosure fn regard to the appltcabtlfty of 
such a method to continuous furnaces operated at atmospheric to slightly 
above atmospheric pressures. 

An atmosphere suitable for heat treating copper in a. continuous furnace 
has been claimed to be produced by using a mixture of non-cryogentca.lly 
produced nitrogen with hydrogen in a paper titled, "A Cost Effecttve 
Nitrogen-Based Atmosphere for Copper Annealing", published tn Heat Treatment 
of Metals, pages 93-97, April 1990 CP. F. Stratton>. This paper describes 
that a heat treated copper product was slightly discolored when all the 
gaseous feed containing a mixture of hydrogen and non-cryogenically produced 
nitrogen with residual oxygen·was introduced Into the hot zone of the 
continuous.furnace using· an open feed tube, indicating that annealing of 
copper is not feasible using an atmosphere generated by using exclusively 
non-cryogenically produced nitrogen mixed with hydrogen inside the furnace. 
Although there 1s no explicit mentfon a.bout resfdual oxygen 1n the furnace, 
the reported experimentaJ results do suggest incomplete conversion of 
residual oxygen in the furnace to moisture. At best the prior work suqgests 
usf ng atmosphere generated by pre-reacting residual oxygen present f n the 
non-cryogentcally _produced nttrogen wtth a small amount of hydrogen tn an 
external untt for heat treatfng copper. 

Based upon the above discussion, it is clear that there is a need to 
develop a process for generating low-cost atmospheres Inside continuous heat 
treating ·furnaces suitable fo·r annealing and heat treating ferrous and 
non-ferrous metals and alloys using non-cryogenica.lly produced nitrogen and 
a reducing gas such as hydrogen, a hydrocarbon, or a mtxture thereof. 
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SUMMARY OF THE INVENTION 
The present 1nvent1qn pertains to processes for generating 1n-situ low 

cost atmospheres suitable for annealing and heat treating ferrous and 

non-ferrous metals and alloys, brazing metals, stntering metal and ceramic 
powders. and sealing glass to metal°s 1n continuous furnaces from 
non-cryogenlcally produced nitrogen. According to the processes. suitable 
atmospheres are generated by 1> mixing non-cryogenlcally produced nitrogen 
containing up to 51 residual oxygen with a reducing gas such as hydrogen, a 

hydrocarbon. or a ~ixture thereof, Z> feeding the gas mixture into 
continuous furnaces having a hot zone operated at temperatures above sso·c 
and preferably above soo•c and above using a non-conventional device, 3) and 
converting ~he residual oxygen to an acceptable form such as moisture, a 
mixture of moisture and carbon dioxJde, or a mixture of moisture, hydrogen, 

carbon monoxide, and carbon dfoxfde. The processes uttlfze a gas feedfng 
device that helps· in converting residual oxygen present in the feed to an 

acceptable form prior to coming tn contact with the parts to be heat 
treated. The gas feeding device can be embodied in many forms so long as it 

can be positioned for introduction of the atmosphere components into the 
furnace in a manner to promote conversion of the of.oxygen in the feed gas 

to an acceptable form prior to comf ng f n contact with the parts. In some 
cases, the gas feeding device can be desfgned 1n a way that it not only 
he 1 ps 1 n the· convers 1 on of oxygen 1 n the feed gas to an acceptable form but 
also prevents the direct impingement of feed gas ~ith unreacted oxygen on 
the parts. 

According to one embodiment of the invention. copper or copper alloys 
ts·heat treated <or bright annealed) in a continuous furnace operated 
between 6oo•c and 1so•c ustng a mixture of non-cryogenfcally produced 
nitrogen and hydrogen. The flow rate of hydrogen is controlled fn a way 
that ft is always greater than the stoichiometric amount requ1red for 
complete conversion of residual oxygen to moisture. More specifically. the 
flow rate of hydrogen is controlled to be at least 1.1 times the 

sto1chtometrtc amount required for complete conversion of residual oxygen to 
moisture. 
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According to another :mbodiment of the invention .. oxide-free and bright 
annealing of gold alloys is carried out in a continuous furnace at 
temperatures close to 750°C using a mixture of non-cryogenically produced 
n i trogen and a hydrogen. The fl ow rate of hydrogen is con tro J I ed in a way 
that it is always significantly greater than the stoichiometric amount 
required for complete conversion of residual oxygen to moisture. More 
specifically. the flow rate of hydrogen is controlled to be at least 3.0 
times the stoichiometric amount required for complete conversion of residual 
oxygen to moisture. 

· AccordJng to another embodiment of th.e invention. control led. tightly 
pac~ed oxide annealing without any scatlng and rusting of low to htgh carbon 
an.d alloy steels ls carried out in a continuous furnace operated at 
temperatures above 700°C using a mixture of non-cryogenically_produced · 
nitrogen and a reducing gas such as hydrogen. a hydrocarbon, or a mixture 
thereof. The total flow rate of reducing gas ts controlled between 1._10 
times to 1 .5 times the stoichiometric amount required for complete 
conversion of residual oxygen to moisture. carbon dioxide. or a mixture 
thereof. . . 

According to another ~mbodiment of the t~ventlon. bright, o~lde-free 
and par ti a 1 l y decarbur i zed a.nnea.1 l ng of 1 ow to h I gh carbon and a 1 l oy s tee 1 s 
is carried out In a continuous furnace operated at temperatures above 700°C 
usfng a mixture of non-cryogen1cally produced nitrogen and hydrogen. The 
total flow rate of hydrogen used ts always substanttally greater than the 
stoichiometric amount required for the complete conversion of res1dua1 
oxygen to moisture. More specifically, the flow rate of hydrogen fs 
controlled to be at least 3.0 times the stoichiometric amount requfred for 
complete conversion of residual oxygen to moisture. 

Stilt another embodiment of the invention is the bright, oxide-free and 
partially decarburlzed, oxide-free and decarburizat!on-free, and oxide-free 
and partially carburtzed anneallng of low to htgh carbon and alloy steels 
carried out in a continuous furnace operated at temperatures above 700°C 
using a mixture of non-cryogenically produced nitrogen and a reducl~g gas 
such as a hydrocarbon or a mixture of hydrogen and a hydrocarbon. The total 
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flow rate of reducing gas used is always greater than the stoich1ometr1c 
amount requ1red for complete conversion of residual oxygen to moisture, , 
carbon dioxide. or a mixture thereof. For example. the amount of a 
hydrocarbon used as a reductng gas fs at least 1.5 times the sto1chiometric 
amount requtred for complete conversion of resfdual oxygen to a mixture of 
moisture and carbon dtoxtde. 

According to the invention. the amount of a reducing gas added to 
non-cryogeotcally produced nttrogen for generatfng atmospheres suitable for 
brazing metals, sealtng glass to metals, sfntertng metal and ceramic 
powders. and .. annea 1 t ng non-ferrous a 1 loys 1 s ·always more than the 
stoichfometrk amount required for the complete conversion of restdual 
oxygen to moisture or a mixture of moisture and carbon dioxide. The furnace 
temperature used tn these applications can be selected from about 1oo•c to 
ab()ut 1,1oo·c. 

The amount of a reducing gas added to non-cryogenically produced 
nitrogen for generating atmospheres suitable for ceramtc co-ftrtng and 
ceramic meta111ztng according to the invention ts always more than the 
stoichiometric amount required for the complete conversion of residual 
oxygen to moisture or a mixture of moisture and carbon dioxide. The 
temperature used tn thts appltcatton can be selected from about soo•c to 
about l,soo·c. 

The key features of the processes of the present tnventton include the 
use of 1) an Internally mounted gas feeding device that helps in converting 
residual oxygen present tn non-cryogenfcally produced nitrogen to an 
acceptable form prtor to comtng tn contact wt th the parts and 2> more than 
stotchtometrtc amount of a reducing gas required for the complete conversion 
of restdual oxygen to either mo1sture·or a mixture of moisture and carbon 
dtoxtde. The process ts particularly suitable for generating atmospheres 
used tn conttnuous annealing and heat treating furnaces operated at soo•c 
and above. · 
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eaIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 ts a schematic representation of a controlled atmosphere heat 

tea t1 ng furnace 111 ustrati ng atmosp_here i ntroductton 1 nto the trans I ti on or 

cooling zone of the furnace . 
. Figure Z Is a schematic representation of a controlled atmosphere heat 

treating furnace illustrating atmophere introduction inta the hot zone of 

the furnace. 
Figure 3A is a schematic representation of an open tube device 

according to present Invention for Introducing atmosphere into a_heat 

treating furnace. 
Figure 38 is a schematic r'epresentat1on of an open tube and bafft e 

device according to present tnventton for tntroductng atmosphere tnto a heat 

treating furnace. 
Figure 3C ts a schemat1~ representatfon of a semi-porous device 

according to present invention for Introducing atmosphere Into a heat 

treating furnace. 
Figure 30 ts a schematic representation an alternate configuration of a 

semi-porous device according to present invention used to introduce 

atmosphere into a furnace. 
Figures 3E and 3F are a schematic representations of other porous 

devices according to present invention for introducing atmosphere fnto a 
heat treating furnace. 

Figure 3G ts a schematic representation of a concentric porous device 
Inside a porous device according to present invention for introducing 

. . 

atmosphere Into a heat treating furnace. 
Figure 3H and 3I are schematic representations of concentric porous 

devices according to present invention for introducing atmosphere Into a 

heat treatln~ furnace. 
Figure 4 ts a schematic representat1o~ of a furnace used to test the 

heat treating ~recesses according to the present invention. 
Figure 5 ts a plot of temperature against length of the furnac~ 

f llustrattng the experimental furnace proff le for a heat treating 
temperature of 1so•c. 
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Figure 6 1s a plot similar to that of Figure 5 for a heat treating 
temperature of 950°C •. , 

F,gure 7 1s a plot of annealtng temperature against hydrogen 
requ1rement for br1ght annealing copper according to the present fnvention. 

Figure 8 f s a plot of annealing temperature against hydrogen 
requirement for annealing of carbon steel according to the invention. 

Ffgure 9 ts a plot of annealtng temperature against hydrogen 
requirement for annealing of carbon steel according to the invention. 

Figure 10 ts a plot of annealing temperature against hydrogen 
reuq1reme_nt for annealing of gold alloys according to the invention. 

OETAILEQ OESCBIPTION OF THE INVENTION 
The present f nvent1on relates to processes for generating low-cost 

atmospheres suitable for anneallng ·and heat treating ferrous and non-ferrous 
metals and alloys tn continuous furnaces using non-cryogentcally produced 
nitrogen. The processes of the present invention are based on the 
surprising d"fscovery that atmospheres suitable for anneal 1ng and heat 
treating ferrous and non-ferrous metals and alloys. brazing metals. 
s1nterfng metal and ceramic powders, and sealing glass to metals can be 
generated 1ns1de a. -continuous furnace from non-cryogenica.lly produced 
nitrogen by m1x1ng tt with a reducing gas 1n a pre-determined proportion and 
feeding the mixture tnto the hot zone of the furnace through a 
non-con.vent1ona1 device that fa~n aat~s conversion of residual oxygen 
present fn non-cryogenfcally produced nitrogen _to an acceptable form prfor 
to coming 1n contact with the parts and/or prevents the direct impingement 
of feed qas on the parts. 

Nf trogen gas produced ~Y cryogenic distf 11ation of atr has been widely 
employed in many annealing and heat treating applications. Cryogen1cally 
produced nttrogen 1s substantially free of oxygen <oxygen· content has 
genera 11 y been ·1 ess than TO ppm> and very expens f ve. Therefore. there has 
been a great demand, especially by the heat treating industry, to generate 
nitrogen inexpensively for heat treating applications. With the advent of 
non-cryogenic technologies ·for air separation such as adsorption and 
permeatton, ft is now possfble to produce nttrogen gas tnexpenstvely. The 
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non-cryogenically produced nitrogen, however, is cont~minated with up to 51 
residual oxygen, which i~ generally undesirable for many heat treating 
applications. The presence of residual oxygen has made the direct 
subst1tut1on of cryogenically produced nitrogen for that produced by 
non-cryogenic techniques very d1fffcult. 

Several attempts to substitute cryogentcally produced nitrogen for that 
produced non-cryogentcally in continuous furnaces, have met limited success, 
even when using additions of .excess amounts of a reducing gas. The metallic 
parts treated with non-cryogenically produced nitrogen were always scaled, 
rusted, or heavily oxidized. These problems are believed to be caused by 
the introduction of the gaseous feed mixture through an open tube 1n the 
transition <or shock> zone located between the heating and the cooling zones 
of continuous furnaces. The introduction of non-cryogenically produced 
nitrogen pre-mixed with a reducing gas in the tran_s1 tfon or cool 1 ng zone 
does not allow residual oxygen present in the feed gas to react with the 

. . 
reducing gas, resulting in oxidation of the parts fn the cooling zone. This 
is a conventional way of introducing feed gas into continuous furnaces and 
is shown in Figure 1 where 10 denotes the furnace havfng an entry end 12 and 
a discharge end 14. Parts 16 to be treated are moved through furnace 10 by 

means of an endless conveyor 18. · Furnace 10 can be equipped with. entry and 
exit curtafns 20, 22· respectfvely to help matntafn the furnace atmosphere, a 
technfque known fn the art. As shown in Ffgure 1 the atmosphere is injected 
fnto· the trans1:t1on zone, located behleen the hot zone a.nd the cooling zone 
by means of p1pe or tube 1_11<.e device Z4. 

To improve the rate and extent of reaction between residual oxyg_en and 
a reducing gas, attempts have been made to introduce gaseous feed mtxture 
df rectly into the hot zone of a continuous furnace 10 using a conventional 
open feed tube 24, as shown f n Figure 2. It was believed that the heat of 
the furnace would provide necessary thermal energy to facilitate conversion 
of residual oxygen present fn the feed by reaction with the reductng gas to 
an acceptable form. On the contrary parts were found to be scaled, rusted 
or heavily oxidtzed. It was suspected that the feed gas enteted the hot 
zone of the furnace through a.n open tube at h1gh veloctty or as a jet and 
did not have enough time to heat up and cause thi residual oxygen to react 
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with the reducing ga.s before coming in contact with ttre parts, resulting tn 

rusting, sea.ling, or.oxidation of the parts. 
According to the present invention sea.ling, rusting, and oxtda.tion 

problems a.re surprisingly resolved by feeding gaseous mhtures 1nto the 

furnace in a. specific manner so that the residual oxygen present tn the feed 

gas ts reacted with a reducing gas and converted to a.n acceptable form prior 

to coming 1n contact with the parts. This was accomplished by introducing 

the gaseous feed mtxture into the hot zone of the furnace using non­

conventtonal devices. The key function of the devices ts to prevent the 

direct impingement of feed gas on the parts and/or to help in converting 

residual oxygen present 1n the gaseous feed mixture by reaction with a 

reducing gas to an acceptable form prior to coming tn contact with the 

parts. The device can be an open tube 30 with its outlet 32 pos1tfoned to 

direct the atmosphere toward the roof 34 of the furnace and away from the 

parts or work being treated as shown in Figure 3A; an open tube 36 fitted 

with a baffle 38 as shown in Figure 38 to deflect and direct the atmosphere 

toward the roof 34 of the furnace. A particularly effective device is shown 

in Figure 3C d1sposed horizontally in the furnace between the parts being 

-- treated and the top or roof of the furnace the tube having a. closed end 42 

and being a composite component of a porous section or portion 44 over about 

one-half of its circumference and a generally non-porous section 46 for the 
. . 

remaining half with the porous portion 44 positioned toward the roof of the 

furnace with end 43 adapted for filling to a non-porous gas feed tube which 

in turn ts connected to.the source of non-croygentcally produced nitrogen. 

A device similar to the one shown in F'gure JC can dispose horizontally in 

the furnace between the parts or conveyor <belt, roller, etc.> a.nd the 

bottom or base of _the furnace the device havt ng the porous section 44 

post t1oned toward the base of _the furnace. Another device comprises a sol id 

tube termtnattng in a porous diffuser 50 or terminating wtth a cap and a 

plura11ty of holes around the circumference for a portion of the length 

disposed with1n the furnace as. shown 1n Figure 30. Alternatively, a. 

cy11ndrtca1 or semi-cy11ndr1cal porous diffuser such as shown respectively 

as SZ and 55 tn Figures 3E and 3F can be disposed long1tud1.na11y 1n the 

. furnace at a location- either between the parts bet ng treated and the roof of 
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the furnace: or between the parts being treated <or conveyor> and the base 
of the furnace. Figure, JG illustr.ates another devi"ce for .tntroductng · 
non-cryogentcally produced nitrogen tnto the furnace whfch tncludes a 
deltvery tube 59 termtnating in a porous portton 60 d~sposed within a larger 
concentric cylinder 49 havtng a porous upper section 58. Cyltnder.49 fs 
sealed at one end by non-porous gas fmper:vtous cap 61 whtch als·o seals the 
end of pipe 59 contatntng porous portion 60 and at the other end by a gas 
tmperv1ous cap 62 whtch also ts sealingly ftxed to the delfvery ptpe 59. 
Another detvce for tntroductng gaseous atmosphere tnto a furnace according 
to·the tnventjon ts shown tn Ftgure JH where the delivery tube 6J ts 
disposed w1thtn a cylinder 64 wtth the deltvery tube 63 and cyltnder 64 each 
having half the ctrcu~ferenttal outer surface porous_.<69,66> and the other 
half gas tmpervtous C65,68> wtth the posttton as shown tn the structure 
assembly ustng gas tmpervtous end caps 70, 71 stmtlar to those of Ftgure 
JG. Ftgtire JI illustrates another devtce similar tn concept to the devtce 
of Figure JH where del tvery tube elongated 81 is concentrically disposed 
within an elongated cylinder 7Z tn a manner stmtlar to the devtce of Figure 
JH. Qeltvery tube ST has a semt-ctrcumferenttal porous posttton 78 at one 
end for approxtm~tely one-thtrd the length wt th the balance 77· betng gas 
tmpervtous. outer cylinder 7Z has a· semt-ctrcumferenttal porous sectton 74 
extendtng for about one-thtrd the length and disposed between two totally 
impervious sections 7J, 75. ·eaffles 79 and 80 are used to posttton the tube 
81 concentrtcally.wtthfn cylinder 72 wtth baffle 79 adapted to permit flow 
of gas.from porous section 78 of tube 81 to porous. section 74 of cylinder 
72.. End caps 76 and 91, as wel 1 as baffle or web 80 are gas tmpervtous and 
sealtngly- ftxed to both tube 81 and cylinder 72. Arrows are used tn Ftgures 
JG, JH and JI to show gas flow through each devtce. 

In addttton to ustng devices discussed above, a flow directing plate or 
a device fac11 t tatt ng premix tn9 hot gases present t n the furnace wt th the 
feed gases can also be used. . . 

The destgn and dtmenstons of the devtce wtll depend upon the size of 
the furnace, the operating temperature, and the total flow_ rate of the feed 
gas used during heat treatment. For example, the internal diameter of an 
open tube fftted with a baffle can vary from 0.25 in. to 5 1n. The porosity 
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and the pore s1ze of porous sintered metal or ceramic ·end tubes can vary 
from st to 90t and from 5 microns to 1,000 microns or less, respectively. 
The Jength of porous sintered metal or ceramic end tube can vary from about 
0.25 in. to a.bout S feet. The porous sintered metal end tube can be made of 
a mater1al selected from stafnless steel, monel, fnconel, or any other h1gh 
temperature resistant meta1. The porous ceramic portfon of the tube can be 
made of alumina, zirconfa, magnesia, tftanfa, or any other thermally stable 
materfal. The diameter of metallic end tube with a plurality of holes can 
also vary from 0.25 \n. to 5 \n. depending upon the size of the furnace. 
The metallic end _tube can be made of a material selected from stainless 
steel, monel, 1nconel, or any other high temperature resistant metal. Its 
length can vary from about 0.25 tn.·to about 5 feet. The size and the 
number of holes in thf s end tube can vary from 0.05 in. to O.S in. and from 
2 to 10~000, respectively. Ffnally, more than one device can be used to 
f ntroduce gaseous feed mt xture in· the hot zone of a contf n·uous furnace 
depending upon the sf ze of the furnace and the total flow rate of feed gas 
or gases. 

As shown f n Ffgures 3A through JI depending upon the type of the devfce 
and the size and design of the furnace used it can be inserted in the hot 
zone of the furnace through the top, stdes. or the bottom of the furnace. 
The devices of Figures 3C, 3E, 3F, 3H and 3! can be inserted through the 
cooling zone vestibule by betng connected to a long tube .. Such devfces can 
also be placed through the hot zone vestibule once again connected via a 
long tube. It f s however very important that any atmosphere or gas 
Injection or introduc~1on devfce f s not placed too close to the entrance or 
shock zone of the furnace. This f s because· temperatures tn these areas are 
substantially lower than the maxfmum temperature fn the furnace, resultfng 
f n f ncomplete conversfon of resf dual oxygen to an acceptable form and 
concomitantly ox1d~t1on, rusting and scaling of the parts. 

A' continuous furnace operated at atmosphertc or above atmospheric 
pressure with separate heating and cooling zones ts most suitable for the 
processes of the pres_ent Invention. The continuous furnace can be of the 
mesh belt, a roller hearth, a pusher tray, a·walktng beam, or a rotary 
hearth type. 
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The residual oxygen fn non-cryogen1ca11y produced nitrogen can vary 
fr9m 0.05'%. to about 51. · It can preferably vary from about 0.1'%. to about 

. , 
31. More preferably, it can vary from about O.Z'X. to about 1.01. 

The reducing gas can be se 1 ected from the group cons f sting of hydrogen, · ·· 
a hydrocarbon. an alcohol, an ether, or mixtures thereof.· The hydrocarbon 
gas can be se 1 ected from a 1 k.anes ·such as methane. ethane. propane. and 
butane, a 1 k.enes such·· as ethylene. propylene. and butene. alcohols such as 
methanol. ethanol, and propanol, and ethers such as dimethyl ether, d1ethyl 
ether, and methyl-ethyl ether. Commercial feedstocks such as natural gas, 
petroleum gas. cook.1ng gas. coke oven gas. and town gas can also be used a.s 
a reducing gas. 

The selectt_on of a reducing gas depends greatly upon ·the annealing and 
heat treating temperature used in the furnace. For example, hydroge~ gas 
can be used 1n the furnace operattng at temperatures ranging from about 

· soo•c to 1.2so•c and 1s preferably used 1n the furnaces operating at 
· temperatures from about 600°C to about 900°C. A hydrocarbon selected from 
alk.anes, alkenes, ethers, alcohols, commercial feedstocks, and their 
mixtures can be used as a reducing gas in the furnace operating at 
temperatures·from about soo·c to about l,zso·c. preferably used 1n the 

. . 

furnaces operating at temperatures above 850°C. A mixture of hydrogen and a 
hydrocarbon selected from alkanes, alkenes, ethers, alcohols, and commercial 
feedstocks can be used as a reducing gas in the furnaces operating at 
temperatures from about soo•c to about 1.2so·c. preferably used tn the 
furnaces operating between 850°C to about 1,zso·c. 

The selection of the amount of a reducing gas depends upon the heat 
treatment temperature and the material be1ng heat treated. For example, 
copper or copper alloys are annealed at a temperatures between about 6oo•c 
and 1so•c us1ng hydrogen as a reducing gas with a flow rate above about 1.10 
times the sto1chtometr1c amount required for the complete conversion of 
residua] oxygen to motsture. More spectffcally, the flow rate of hydrogen 
1s selected to be at least 1.2 times the stotchtometric amount required for 
the complete conversion of residual oxygen to moisture. 

The controlled ox1de annealing of low to high carbon and alloy steels 
1s carrl ed out at teniperltures between .1oo·c and t ,zso•c usf ng hydrogen as a 
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reducing gas with a fl~w rate varying from about 1.10 ttmes to about 2.0 

ttmes the stoichtometric.-amount required for complete conversion of residual 

oxygen to moisture .. Low to hfgh carbo.n and alloy steels can be controlled 

oxi~e annealed at temperatures between aoo•c to 1,250°C ustng a hydrocarbon 

or a mixture of a hydrocarbon and hydrogen with a total flow rate varying 

from about 1 .10 times to about 1.5 ttmes the stoichiometric amount required 

for complete conversion of residual oxygen to motsture, carbon dtoxtde or a 

mixture of carbon dioxide and moisture. An amount of hydrogen, a 

hydrocarbon, or a mixture of hydrogen and a hydrocarbon above about 1.5 

times the stoichiometric amount required for the complete converston of 

residual oxygen to moisture, carbon dioxide, or a mtxture of motsture and 

carbon dtoxtde 1s generally not selected for controlled oxide annealing of 

carbon and alloy steels. 
The brtght, oxide-free and pa~thlly decarburized annealing of low to 

high carbon and alloy steels ts carried out at temperatures betweem 700°C to 

1,2so0 c using hydrogen as a reducing gas with a flow rate varying from about 

3.0 times to about 10.0 times the stoichiometric amount required for 

complete conversion of residual oxygen to moisture. Low to ·htgh carbon and 

alloy steels are also oxide-free and partially decarburtzed, oxide and 

decarburtze-free, and oxide-free and partially carburized annealed at 

temperatures between aoo•c to 1,250°C using a hydrocarbon or a mixture of a 

hydrocarbon and hydrogen with a flow rate varying from about 1.5 times to 

about 10.0 times the stoichiometric amount required for complete conversion 

of residual oxygen to moisture, carbon dioxide or a mixture of carbon 

dtoxtde and moisture. An amount of·hydrogen, a hydrocarbon, or a mixture of 

hydrogen and a hydrocarbon below 1.5 times the stofchtometrtc ~mount 

required for the complete conversion of residual oxygen to moisture, carbon 

dioxide, or a mixture of moisture and carbon dioxide is generally not 

selected for oxtde and decarburize-free, oxide-free and partially 

decarbur1zed, and ox1de-free and partially carburized annealing of carbon 

and alloy steels. 
The brazing of metals, sealing of glass to metals, sinter1ng of metal 

and caramic powders, or annealing non-ferrous alloys is carried out at 

temperatures betweem 1oo·c to 1,250°C using hydrogen as a reducing gas wfth 
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a flow rate varying _from about 1.Z times to about 10.cr t1mes the 
sto1ch1ometric amount required for the complete conversion of residual 
oxygen to moisture. The brazing of metals, sealtng of glass to meta.ls, 
s1nter1ng of metal and ceramic powders, or annea11ng_non-ferrous alloys ·is 
also carried out at temperatures between aoo·c to 1,zso·c using a 
hydrocarbon or a mixture of a hydrocarbon and hydrogeri with a total flow 
rate varying from about l.5 tfmes to about 10.0 times the stoichfometrtc 
amount required for complete conversion of residual oxygen to moisture, 

·carbon dioxide or a mixture of carbon dioxide and moisture. An amount of 
hydrogen, a hydrocarbon, or a mixture of hydrogen and a hydrocarbon below 
1.5 times the sto1chiometr1c amount required for complete conversion of 
residual oxygen to moisture, carbon dtox1de, or a mixture of moisture and 
carbon dioxide 1s generally not selected for brazing of metals, -sealing of 
glass to meta ls, s 1 nteri ng of meta 1 and ceramic· powders or annea·l i ng 
non-ferrous alloys. 

Low and high carbon or alloy steels that can be heat treated according 
to the preserit invention can be selected from the groups lOXX, 11XX. lZXX, . . 

13XX, 15XX, 40XX, 41XX. 43XX, 44XX, 46XX, 47XX, 48XX, SOXX. 51XX, 61XX, 
. 81XX, 86XX, 87XX, 88XX; 92XX. 93XX, soxx~. SlXXX or 52XXX as described in 
. Metals Handbook, Ninth Edition, Vol.ume 4 Heat Treating, published by 
.American Society for Metals. Stainless steels selected from the group 2XX, 
3XX, 4XX or SXX can also be heat treated using disclosed processes. Tool 
steels selected from the groups AX, DX, OX or SX, iron nickel based alloys 
such as Incoloy, nickel alloys such as Inconel and H~stalloy, nickel-copper 
alloys such as Monel, cobalt based alloys such as Haynes and stellite can be 
heat treated according to processes disclosed in thts 1nvent1on. Gold, 
silver, nickel, copper and copper alloys selected from the groups ClXXXX, 
CZXXXX, C3XXXX, C4XXXX, CSXXXX, C6XXXX, C7XXXX, CSXXXX or C9XXXX can also be 
annealed using the processes of present invention. 

In order to demonstrate the invention a series of annealtng and heat 
treating tests were carried out· in a Watkins-Johnson con~eyor belt furnace 
capable of operating up to a temperature of 1,lso·c. The heat1ng zone of 
the furnace consf sted of 8.75 fn. wfde, about 4.9 fn. hfgh, and 86 fn. long 
Inconel 601 muffle heated resistfvely from the outside: The cooling zone. 



-17 -

made of stafnless ste~l. was 8.75 fn. wide, 3.5 in. high, and 90 in. long 
and was water cooled from the outside. An 8.25 tn. ·wide flextble conveyor 
belt supported on the floor of the furnace was used to feed the samples to 
be heat treated through the heating and cooling zones ~f the furnace. A 
ffxed belt speed of about 6 tn. per minute was used 1n all the experiments. 
The furnace shown schematically as 60_ in Figure 4 was e.quipped with physical 
curtains 62 and 64both on entry 66 and ex1t 68 sections t~ prevent atr from 
entering the furnace. The gaseous feed m1xture containing tmpure nitrogen 
pre-mixed with hydrogen, was introduced tnto the transition zone via an open 
tube introduction device 70 or through one of the tn.troductton devices 72, 
74 placed at different locations fn the heattng or hot zone of the furnace 
60. Introduction devices 72, 74 can be any one of the types shown in 
Figures 3A through JI of the drawing. These hot zone feed locations 72, 74 
were located well into the hottest section of the hot zone as shown by the 
furnace temperature profiles depicted in Figures 5 and 6 obtained for 7so•c 
and. 950°C normal furnace operating temperatures with 350 SCFH of pure 
nitrogen flowfog into furnace 60. The temperature profiles show a raptd 
cooling of the parts as they move out of .the heating zone and enter the 
cooltng zone. Rapid cooling of the parts ts commonly used 1n annealing.and 

. . 
heat treating to help in preventing oxidation of the parts from high levels 
of lllOisture and carbon dfoxfde often present tn the cooltng zone of the 
furnace. The tendency for oxtdat1on ts more lfkely tn the furnace cooling 
zone since a higher _pH2/pH2o and pCO/pC02 are needed at lower temperatures 
where H2 and CO are less reducing and co2 and H2o are more oxtdizf ng. 

Samples of 1/4 tn. to 1/2 fn. diameter _and about 8 tn. long tubes or 
about 8 in. long, 1 in. wide and l/32 tn. thick strips made of type 102 
copper alloy were used tn annealing experiments carrted out at temperatures 
rangtng from soo•c to 1so•c. Flat pteces of 9-K and 14-K gold were used 1n 
annealing exper1ments at 1so·c. A heat treating temperature between 1oo·c 
to 1,1oo•c was selected and used for heat. t~eattng 0.2 in. thick flat 
low-carbon steel specimens approximately 8 in. long by 2 1n. wide. As shown 
in .Ftgure.4. the atmosphere composft1on present In the heating zone of the 
furnace, 60 was d·etermtned by taking samples at locat1ons designated 51 and 
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S2 and samples were taken at locat1ons SJ and S4 to determine atmosphere 
composition fn the coo11pg zone. The samples were analyzed for res1dual 
oxygen, moisture <dew point>. hydrogen, methane. CO, and co2. 

Several experiments were carried out to study bright annealing of 
copper ustng non-cryogenically produced nitrogen pre-mixed with hydrogen at 
temperatures varytng from 6oo•F to 1so•c. The feed gas. was Introduced tn 
t~e ·trans1tf6n zone or the heating zone through a straight open-ended tube 
simulating the conventional method of introducing gas 1nto the furnace. A 
porous sintered metal diffuser, whfch 1s effective in reducing the feed gas 
velocity and d1spers1ng it in the furnace, was also.used for introducing gas 
into the heating zone of the furnace. Another porous sf ntered metal 
diffuser especially designed to prevent the direct fmp1ngement of feed gas 
on the parts was also used for introducing feed gas f nto the heating zone of 
the furnace. The results of these experiments are set out in Table 1. 
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UJmitlL..l uampl1 z w811tlL..JA [Hmp J 1L.31l Elsampl1 lC f..umple ~ Wmpl.L.SA E.IW!lll..L.Sll ha11111ll-6 · f.lW!lllLl 

Type of Sa111Ple Copper Copper Copper Copper Copper Copper Copper Copper Copper Copper 

Heat Treating. 
le11perature, •c 700 700 750 750 750 700 700 .750 700 700 

Flow Rate of feed 350 350 350 350 350 350 350 350 3SO 350 Gas, scrn 
feed Gas Location Transition Transition Transition Transition Transition Healing Healing Heating Heating Heating 

Zone Zone Zone Zone Zone Zone Zone Zone Zone Zone 
(Loca- (loca':" (Loca- (Loca- (Loca-
lion 72) lion 12) lion 12) lion 72) lion 12) 

lyp~ of feed Device Open Open Open Open Open . Open Open Open Porous Porous 
Tube Tube Tube Tube Tube Tube Tube Tube Diffuser Di ff user I 

~ fJiad....641-Compositjon co 
Nitrogen, l 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99,5 99.5 99.5 
Oxygen, l 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 '0.5 
feed Hydrogen•, X - 1.2 - 1.2 10.0 1.2 5.0 5.0 1.2 5.0 

lillling ·Zone 
Mm11lhe n Compos i U.Dll 

Oxygen, pp11 -4,700 5-110 -4,100 c6 c6 cs c9 <5 <5 <3 
Hydrogen, X - 0.1 - 0.1 -9.0 0.1-0.2 -4.0 4.0 0.15-0.2 4.0-4. I 
Dew Point, •c -37 · 2.9 lo 4.3 -60.0 ... 1.0 3.9 ... 3.5 - 7.2 2.3 1.3 

Cll.lln9-Z.llu 
A11HUph1r1 COPIJIOlil.iJul 

Oxygen, pp11 4,200- 1,800- 4,500- 3, 100- 470- <5 c8 c6 <9 <3 
4,500 3,300 4.700 4,300 3,500 

Hydrogen, X - 0.7-0.8 - 0.9 -9.0 0.1 -4.0 4.1 0.2 4.0-4.1 
Dew Point, •c -40 -5.9 lo -60.0 -7.5 to 3.9 -3.5 - 7.0 2.0 I. 3 

-11". 7 -18.6 

Quality of Heal Treated Heavily Heavily Heavily Heavily Heavily Oxidized Oxidized Partially Parliatly Partially 
Samples Oxidized Oxidized Oxidhed Oxidhed Oxidized Oxidized Oxidized Oxidized· 

and Scaled and Scal,d 

• Hydrogen gas wa·s mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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The following summary of the data presented in .Table 1 illustrates one 
aspect of the invention. , 

EXAMPLE l 
Samples of copper alloy described earlier were annealed at 7oo•c 1n the 

Hatk1ns-Johnson furnace using 350 SCFH of nitrogen co~taintng 99.51 N2 and 
0.51 o2. The feed gas was introduced tnto the furnace through a 3/4 1n. 
diameter straight open ended tube located 1n the transition zone of the 
furnace. Thts method of gas tntroductton ts convent1onally practiced tn the 
heat treatment tndustry. The feed nitrogen composition used was similar to 
that commonly produced by ·non-cryogenic air separation techniques. The feed 
gas was passed through the furnace for at least one hour to purge the furnace 
prior to annealing the samples. 

The copper samples annealed 1n thts example were heavily oxidized and 
scaled. 
of oxygen 
Table 1. 

This 

The ox1dat1on of the.samples was due to the presence·of htgh levels 
both 1n the heating and cooJtng zones of the furnace, as shown tn 

example showed that non-cryogenically produced nitrogen containing 
residual oxygen cannot be used for bright annealing copper. 

EXAMPLE 2 
The copper annealing experiment described in Example l was repeated using 

the same furnace, temperature. samples, location of feed gas, nature of feed· 
gas device, flow rate and compostt1on of feed gas, and annealing procedure 
with the exception of addtng 1.21 hydrogen to the feed gas. The amount of 
hydrogen added was 1.2 times stoichiometric amount required for converting 
residual oxygen present in the feed nitrogen completely to motsture. 

The copper samples heat treated tn this example were heavily ox1dtze~. 
The oxygen present in the feed gas was converted almost completely to moisture 
in the heating zone. as shown by the data in Table 1. However, oxygen present 
tn the atmosphere tn the colling zone was not converted completely to 
moisture, causing oxidation of annealed samples. 
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The parts treated.according to Example 2 showed that the tntroductfon of 
non-cryogentcally produced nitrogen pre-mixed wfth hydrogen fnto the furnace 
through an open tube located 1n the transition zone is not acceptable for 
bright annealing copper. 

EXAMPLE 3A 
The copper annealing experiment described fn Example 1 was repeated using 

a ·similar procedure and operating conditions with the exception of having a 
nominal furnace temperature of 1so•c.· 

The as treated copper samples were heavily oxidized an_d scaled. thus 
showing that the fntroductton of non-cryogentcally produced nitrogen into the 
furnace through an open tube located 1n the transtt1on zone ts not acceptable 
for bright annealing copper. 

EXAMPLE 38 
The copper annealing experiment described tn Example 2 was repeated using 

stmtlar procedure and operatfng conditions with the exception of using a 1so•c 
furnace· temperature. Thts amount of hydrogen was 1.2 times the stotchtometrtc 
amount required for the complete conversion of oxygen present f n the feed 
nitrogen to moisture. 

The copper samples once again were heavily oxidized. The oxygen present 
1n the feed gas was converted completely to moisture f n the heating zone, 
however, oxygen in the cooling zone dtd not convert completely to moisture 
1 eadt ng to oxtdatton of the samples. 

Again the results show that the introduction of non-cryogentcally 
produced nitrogen premixed with slightly more than a stofchtometrfc amount of 
hydrogen 1nto the furnace through an open tube located in the transition zone 
ts not acceptable for brtght annealtng copper. 

Examole 3C 
The copper annealing expertment described fn Example 2 was repeated using 

similar procedure and operating condition~ with the exception of using 1so•c 
furnace temperature and 10t hydrogen. Thts amount of hydrogen was ten times 
the stoichiometric amount required for the complete conversfon of oxygen 
present fn the feed nitrogen to motsture. 
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The copper samp)es once agatn were heavily oxidized. The oxygen present 
in the feed gas was conyerted completely to moisture 1n the heating zone but 
not tn the cooltng zone, leading to oxidation of the samples. 

This example therefore showed that the introduct~on of non-cryogentcally 
produced nttrogen premtxed with excess amounts of hydrogen into the furnace 
through an open tube located 1n the transition zone is.not acceptable for 
br1ght annealing copper. 

EXAMPLE 4 
The copper annealing experiment described 1n Example 2 was repeated using 

stmtlar procedure and operating condttions with the exception of feeding the 
gaseous mixture through an open tube located in the heating zone of the 
furnace <Location 7Z tn Figure 4). A one-half in. diameter sta.in·less steel 
tube fitted w1th a. 3/4 tn. diameter elbow wtth the opentng factng down, 1.e., 
facing sample 16', was inserted into the furnace through the cooling zone to 
feed the gas tnto the heattng zone. The feed gas therefore entered the 
heating zone of the furnace tmptngtng directly on the samples. Thts method of 

· 1ntroductng feed gas simulated the introduction of feed gas through an open 
tube tnto the heating zone of the furnace. The amount of hydrogen used was 

... 1 .Z"L of the feed gas. It was therefore 1.2 times the stoi chtometri c. amount 
required for the complete conversion of oxygen to motsture. 

The copper samples annealed in this example were once again ox1d1zed. 
The oxygen present tn the feed gas was converted completely to moisture both 
tn the heating and cooling zones of the furnace, as shown tn Table 1. The 
atmosphere compos1t1on in the furnace therefore was non-oxtd1ztng to copper 
samples and should have resulted 1n good brtght samples. Contrary to the 
expectatfons, the samples were ox1d1zed. A detailed analysts of the fluid 
flow and temperature profiles 1n the furnace tnd1cated. that the feed gas was 
tntroduced at htgh ·veloc1ty and was not heated to a temperature htgh enough to 
cause oxygen and hydrogen to react completely tn the vtc·tnf ty of the open feed 
tube, resulting in the dfrect fmptngement of cold nf trogen wf th unreacted 
oxygen on the samples and subsequently th.et r ox1 datton. 

Thts example showed that a conventional open feed tube cannot be used to 
feed non-c~yogentcally produced nitrogen pre-mixed with hydrogen tn the 
heattng zone of the furnace and produce bright annealed copper samples. 
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EXAMPLE SA 

The copper anneali~g expertment described in Example 4 was repeated using 

stmtlar procedure and operattng con~tttons .with the exception of addtng 51 

hydrogen instead of 1.21., as shown in Table 1. This ~mount of hydrogen was 

f-1ve times the stotchiometric amount needed for the.complete conversion of 

oxygen to motsture. 
T~e copper samples annealed tn thi~ example were once again oxidized due 

to the direct tmptngement of cold nitrogen wtth unreacted oxygen on the 

samples. 
Thts example showed that a conventtonal open feed tube cannot be used to 

feed non-cryogentcally produced nitrogen pre-mixed with excess amounts of 

hydrogen In the heating zone of.the furnace and produce bright annealed copper 

samples. 

EXAMPLE SB 

The copper annealing experiment descrtbed in Example SA was repeated 

using similar procedure and operating conditions with the exception of using 

1so•c.furnace temperature instead of 7oo•c, as shown in Table 1. The amount 

of hydrogen added was ftve tim~s the stoichiometric amount needed for the 

complete conversion of oxygen to moisture. 

The copper samples annealed tn thts example were once agatn oxidized due 

to the direct impingement of cold nitrogen with unreacted oxygen on the 

samples. 
Thts example once again showed that a c6nventtonal open feed tub~ cannot 

be used to feed non-cryogenically produced n1trogen pre-mixed wt th excess 

amounts of hydrogen in the heating zone of the furnace and produce bright 

annealed copper samples. 

EXAMPLE 6 

The copper annealing experiment described tn Example 2 was repeated using 

similar procedure and operating conditions wtth the exception of feedtng the 

gaseous mtxture through a 1/2 in. diameter, 6 in. long sintered Inconel porous 

diffuser supplied by Mott Metallurgical Corporation at Framington, 

Connecticut. The average pore· stze in the diffuser was approximately 
/ 
L 
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20 microns and it had 40-501. open porostty and was located in the heating zone 

<Location 72 in F1gure· 4> of the furnace 60. The porous d1ffuser having an , 
open end f1xed to a one-half inch diameter stainless steel tube and other end 

closed by a generally gas impervious cap was inserted into the furnace through 

the df scharge door 68 tnto the cool Ing zero of furnace ·so. It was expected to 

help not only in d1spers1ng feed gas effectively 1n the .heating zone. but also 

in heating 1t. The amount of hydrogen added to the feed gas containing a.st 
oxygen was 1.21.. It was 1.2 times the sto1chfometrfc amount required for the. 

complete convers1on of oxygen to moisture. 
The copper samples annealed 1n th1s example were partially oxtdtzed. The. 

oxygen present 1n the feed gas was completely converted to moisture tn the 

heating and cooling zones. as indicated by the atmosphere analysts in 

Table 1. The diffuser did help in dispersing feed gas tn the furnace and 

converting oxygen to mofsture. However, tt 1s believed that a part of feed 

gas was not heated to high enough temperature, resulting in the impingement of 

unreacted oxygen on the samples and subsequently their oxidation. 

This example showed that using a porous sintered metal diffuser to feed 

non-cry~gen i ca l1 y produced nitrogen pre-mixed w.i th hydrogen in the hea tf ng 

zone of the furnace operated at 7oo•c would not produce bright annealed copper 

samples. 

EXAMPLE 7 

The copper annealing expertment described in Example 6 was repeated using 

similar procedure. gas feeding device, and operating conditions wfth the 

exception of ustng 51. hydrogen, wh1ch was ftve times the stoich1ometric amount 

required for the complete conversion of oxygen to moisture. 

The copper samples annealed tn this example were partially bright and 

partially oxidized. The oxygen present 1n the feed gas was converted 

completely to moisture 1n the heating and cooling zones of the furnace, as 

shown tn Table 1. However, the samples were oxidized even with the excess 

amount of hydrogen due ma1nly to the impingement of a part of partially heated 

feed gas with unreacted oxygen on them. ,ndtcat1ng that a porous sintered 

metal diffuser cannot be used to feed non--cryogen1ca11y produced nitrogen 

pre-mixed wfth hydrogen tn the heating zone of the furnace operated at 700°C 

to produce bright annealed copper samples. 
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The foregotng &xamples demonstrated that an open feed tube located 1n the 
shock or heating zone.of the furnace cannot be used to introduce 
non-cryogenfcatly produced nitrogen pre-mixed with hydrogen fnto the furnace 
and produce brfght annealed copper samples. Althoug~ oxygen present tn the 
feed gas was completely converted to mois.ture tn the heating and cooling zones 
of the furnace tn some cases, ft was not converted completely to moisture fn 
the v1c1nf ty of the feed area. It f s believed that the feed gas enters the 
furnace at htgh velocity and therefore ts not permitted ttme to heat up to 
cause resi(fual oxygen and hydrogen present tn it to react. Thts results tn 
the fmpfngement of feed gas wfth unreacted oxygen on the samples and 
consequently their oxtdatfon. 

The foregoing examples showed improvement in the product quality with the 
use of a porous dtffuser due to 1> reduction in the velocity of feed gas and 
2> more uniform dtsperston of feed gas tn the furnace. It ts believed the 
porous diffuser helps f n heating the gaseous feed mixture, but apparently not 
to a hfqh enough temperature to eliminate direct impingement of unreacted 
oxygen on the samples. Therefore further f nvesttgatfon was undertaken using a 
combination of higher temperature <>70o· .. c> and porous diffuser to try and 
convert residual oxygen to moisture to produce bright annealed copper. As the 
results of the preliminary experimental work ft was also believed that a 
porous diffuser may help con~erttng all the residual oxygen fn the vfcinfty of 
the feed area and f n preventing direct 1mp1ngement of feed gas with unreacted 
oxygen and producing bright annealed copper in furnaces with different 
dfmenstons, espectaJly furnaces havtng height greater than 4 fnches, and 
furnaces operated at htgher temperatures C>7oo•c>. 

Another series of experiments were conducted to illustrate the 
fnvent1on. This further ser1es of experiments 1s summarized in Table 2 and 
discussed following the table. 



TABLE2 

ha11111llt Z-1 Exa1111li: Z:Z EHm1 If: 2-a Exam)e z-~ _Examole 2-5 

Type of Sample . Copper Copper Copper Copper Copper 

lleat Treating Temperature, •c 700 700 700 700 700 

flow Rate of feed Gas, SCrtt 350 350 350 350 350 

feed Gas location Healiny Zone· Heat1ny Zone Healing Zon~ Heating Zone Healing Zone 
(Local on 72) (local on 72) (Lo ca ti on .72) (Location 72) (location 72) 

Type of Feed Device Hodified Porous Hodified Porous. Hodified Porous Hodified Porous Hodified Porous 
Di ff user Diffuser Di ff user Di ff user Di ff user 

£eed Gas C11111111iti1n 

Nitrogen, I 99.5 99.5 99.5 99.5 99.75 
Oxygen, I 0.5 0.5 0.5 0.5 0.25 . 
Hydrogen•, I 1.2 1.5 5.0 10.0 0.6 I 

N 

Heating Zone At11Qsphere Comp11ition 
m 

Oxygen, ppm <4 <5 <4 <4 <4 
Hydrogen, I 0.2 0.5 4.0-4.1 - 0.1 
Dew Point, •c 3.3 3.3 2.8 3.3 -7.8 

Coo 1i no Zone Atmospbue Compgs i tfoq 

Oxygen, ppm <4 <5 <4 <4 <9 
Hydrogen, I 0.2 0.5 4.0 - 0.1 
Dew Point, •c 2.5 3.9 3.3 3.3 -7.8 

Quality of He.at Treating Sample Bright Bright Bright Bright Bright 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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TABLE 2 (Continued) 

£xa1110Je2-6 _f.Jample 2-1 Example 2~8 _bamnle 2-9 Examnle_2-10 

Type of Sample Copper Copper Copper Copper Copper 

Heal Treating Temperature, •c 700 700 700 700 700 

flow Rate of Feed Gas, SCflt 350 350 350 350 350 

feed Gas Location Heating Zone Heattny Zone Heatiny Zone Heatiny Zone Heatiny Zone 
(location 72) (Local on 72) (locat on ~2) (Locat on 72) (local on 72) 

Type of Feed Device Hodifi ed Porous Modified Porous Hodified Porous Hod I fi ed Porous Hodified Porous 
Diffuser Diffuser Diffuser Diffuser Diffuser 

£.u.d..jias Compuililln 

99.0 ' Nitrogen, % 99.75 99.75 99.75 99.0 N 
Oxygen, % 0.25. 0.25 0.25 1.0 1.0 ..... 
Hydrogen•, % 1.0 5.0 10.0 2.2 4.0 

Heatina Zone_AlmoSJJhere Comoos.iliAn 

Oxygen, ppm <4 ' <4 <4 <4 <4 
Hydrogen, % 0.5 4.5 - 0.2 0.5 
Dew Point, •c -8.3 -8.3 -7.2 . +12.8 +11.1 

Collliog Zone Almospbece Compgsilioo 

Oxygen, ppm <6 <5 <4 <4 <7 
Hydrogen, % 0.5 4.S - 0.2 0.5 
Dew Point, •c -8.9 -8.3 -7.8 +12.8 +12.2 

Qual ily of Heal Treated Sample Bright Bright Bright Bright Bright 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenlcally produced feed .nitrogen. 



TABLE 2 .(Continued) 

Exi1111Ple Z-ll E1a11111lll Z-IZ En111Pl 11 Z-13 Exam11l11 Z-J~ ExillllSllll z-) 5 

Type of Sample Copper Copper Copper Copper Copper 

Heat Treating Temperature, •c 650 650 650 600 600 

flow Rate of Feed Gas, SCFH 350 350 350 350 350 

feed Gas location Heat1ny Zone Heating Zone Heatlny Zone Healln9 Zone Heating Zone 
(local on 72) (location 72) (local on 72) (location 72) (location 72) 

Type of Feed Device Hodl fled Porous Hodified Porous Hodlfied Porous Hodified Porous Hodlfi ed Porous 
Diffuser Diffuser Di ff user O\ffuser Diffuser 

f1111d 6as CDmRDSitioo 

Nitrogen, X 99.5 99.5 99.5 99.5 99.5 
Oxygen, % 0.5 0.5 0.5 0.5 0.5 
Hydrogen•, % 1.2 1.5 s.o 1.2 5.0 I 

t-.) 
CX> 

UeaUno Zone Atmospere Comoosl lion I 

Oxygen, ppn <5 <2 <2 <5 <4 
Hydrogen, X 0.25 -0.6 4.0 -o.25 4.1 
Dew Point, •c +S.O +3.8 +3.9 +2.8 +3.3 

CoolinauZone__Almo5pb11r11 CDR'Q)DS i ti DR 

Oxygen, ppm 140-190 22-24 13 1150-1550 225-620 
Hydrogen, X 0.35 0.6 4.0 -o.s -4.2 
Dew Point, •c +4.4 +3.33 +J.9 -2.2 +1.1 

Quality of Heal Treated Sample Oxidized . Bright Bright Oxidized Oxidized 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE 2 (Continued) 

Example 2-16 Example 2-17 Examp I e..C.l.IL Exainnle 2-19 _ Examnle 2-20 
Type of Sample Copper Copper Copper Copper Copper 
Heat Treating Temperature, •c 600 600 600 750 750 
flow Rate of feed Gas, SCFH 350 350 350 350 350 
feed Gas Location tlealinf Zone Healin9 Zone Heattny Zone Healing Zone Heating Zone (local on 72) (location 72) (local on 72) (Location 72) (location 72) 
Type of feed Device Hod i fi ed Porous Hodified Porous Hodified Porous Hodifi ed Porous Hodi fled Porous 

Diffuser Di ff user Di ff user Di ff user Di ff user 
f11d Gas Campaslllao 

Nitrogen, X 99.5 99,75 99.75 99.5 99.5 Oxygen, X 0.5 0.25 0.25 o.s 0.5 
I Hydrogen•, X 10.0 7.S 10.0 1.0 1.5 ""> co 

U11tiog Zao1 Al11111spb1c1 Campasillao I 

Oxygen, ppm c6 <6 <6 cfi <2 Hydrogen, % - - - o.o o.s 
Dew Point, •c +4.4 -6.7 -6.7 , +3.9 +4.4 

Coolino l.oruLAlmosJlbJ:re Campas i ti ao 
Oxygen. ppm 130 46 48 cs cl 
Hydrogen, % - - - o.o 0.5 
Dew Point, •c +2.8 -7.2 -6.7 +3.9 +1.7 

Quality of Heat Treated Sample O>eidhed Bright Bright Oxidized Bright 

•ttydrogen gas mi>eed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE 2 (Continued) 

Example 2-2) fHQl)e 2-22 Example 2.23 Example 2-24 [iample 2-25 

Type of Sample Copper Copper Copper Copper Copper 

Heat Treating Temperature, •c 750 750 750 750 750 

flow Rate of feed Gas, SCfH 450 550 650 750 850 

feed Gas Location Healiny Zone Heating Zone. Healiny Zone Healin9 Zone Healing Zone 
(local on 72) (location 72) (Local on 72) (location 72) (Location 72) 

Type of feed Device Hodified Porous Hodified Porous Hodi f.ied Porous Hodified Porous Hodified Porous 
Di ff user Diffuser Di ff user Diffuser Di ff user 

feed Gas Comooill.i.wl 

Nitrogen, % 99.5 99.5 99.5 99.5 99.5 
Oxygen, l o.s 0.5 0.5 0.5 0.5 
Hydrogen•, % J.5 1.5 1.5 1.5 1.5 w 

lfu.U.Dg Zone Alllll.sp_bere Composition 
0 

Oxygen, ppm <4 <5 <6 <4 <6 
Hydrogen, l 0.5 0.5 0.5 o.s 0.5 
Dew Point, •c - +3.9 +3.9 +3.3 +3.3 

Coolina Zone Atmos11bere Comoosition 

Oxygen, ppm <4 <9 <15 <30 60-330 
Hydrogen, l 0.5 0.5 ""0.6 o.s ""0.5 
Dew Point, •c - +3.3 +3.3 +3.9 +1.7 

Quality of Heat Treated Sample Bright Bright Bright Bright Oxidized 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE ·2 .(Continued) 

EH1111Je Z-Z6 Exa11Al1 Z-ZZ Eisamle 2-ZO ha8111h Z-Z9 hillDJlle Z-JO 

Type of Sample Copper Copper Copper Copper Copper 

Heat Treating Temperature, •c 750 750 750 750 750 

r1 ow Rate of Feed Gas, SCFH 350 3SO 350 3SO 350 

feed Gas location Heat.inf Zone Heatinf Zone Heat.Ing Zone Heat.tny Zone Healing Zone 
(local on 72) (local on 72) (location 72) (local on 72) (location 72) 

Type of Feed ·oevice Modified Porous Hodified Porous Hod I fied Porous Hodifled Porous Hodifled Porous 
Di ff user Diffuser Di ff user DI ff user Diffuser 

. -
faed Gas Ca1¥1asitiao 

Nitrogen, % 99.5 99.S 99.5 99.5 99.5 
Oxygen, I 0.5 0.5 0.5 o.s o.s 
Hydrogen•, I 1.2 s.o 10.0 1.2 5.0 I 

(/.) ..... 
Heatioa Zone_Almospbere Coaposition 

Oxygen, ppm <4 cl <3 <4 c4 
Hydrogen, % "'11. 3 -J.8 - 0.2 4.0 . 
Dew Point, •c +2.8 *6.1 +4.4 +S.9 *6.4 

Caaliog Zuo1 Almuspb1c1 Coaposiliuo 

Oicygen, ppm <4 <3 <4 <4 ·<4 
Hydrogen, % -0.3 ... 3.8 - 0.2 4·.o 
Dew Point, •c +3.9 +4.4 +3.3 +5.6 *6. 1 

Quality of Heal Treated Sample Brigh~ Bright Bright Bright Bright. 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced. feed nitrogen. 
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TABLE 2 (Continued) 

fxampl e .l::l.L Eumple 2-32 Example 2-33A . Eample 2-338 fxagqaJ e 2-33C 

Type of Sa11p le Ce>pper Copper Copper Copper Copper 

flow Rate of feed Gas, SCfH 350 350 350 SOD 850 

Heal Tre.aling Temperature, •c 750 750 750 750 750 

feed Gas location Heatiny Zone Heattny Zone Heatiny Zone Heatin9 Zone Heating Zone j 
(local on 72) (local on 74) · (lo.cal on 74) (location 74) (location 74) 

Type of feed Device Open Tube :· Open Tube Open Tube Open Tube Open TUbe 
facing CeiHng facing Ceiling facing Ceiling Facing Ceiling Facing Ceiling 
of furnace of furnace of furnace of Furnace of furnace 

feed Gas Composjtion I 

Nitrogen, % 99.$ 99.5 99.5 99.5 99.S 
(/,) 
N 

Oxygen·, % 0.5 0.5 0.5 0.5· 0.5 
Hydrogen•. % 1.5 1.5 5.0 5.0 5.D 

Ua1liog zgoa AilKllRhlCC tDllll!Dlitlgo 

Oxygen, ppm 900-5800 <7 <4 <3 <4. 
Hydrogen, S 0.1 0.45 4.0 4.2 4.0 
Dew Point. •c +11.3 - +11.9 +8.1 +7.8 +7.3 +6.0 

Cggljog Zgna AllllllDhere Comoosilion 

Oxygen, ppm <3 <5 <3 c3 <4 
Hydrogen, % 0.5 0.45 4,0 4.3 4.0 
Dew Poinl, •c +7.2 +7.8 +7.9 +6.8 +6.0 

Quality of Heal Treated Sample Heavily 
Oxidized Bright Bright Bright Bright 

•Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



Type of Sample 

Heal Treating Temperature, •c 
Flow Rate of feed Gas, SCFH 

feed Gas Localion 

Type of fee~ Device 

feed Gas Composition 

Nitrogen, X 
Oxygen, X · 
Hydrogen", X 

Healing Zone Atmosphere Comppsiljpo 

Oxygen, ppm 
Hydrogen, X 
Dew Point, •c 

Cooling Zone Atmosphere Comppsjtjpp 

Oxygen, ppm 
Hydrogen, X 
Dew Point, •c 

Quality of Heal Treating Sample 

TABLE 2 (Continued) 

Exa11nle 2-~4 

Copper-Ni eke 1 
Alloy #'106 

Copper-hi ckel 
Alloy 1715 

· Bright 

700 

350 

Heatin9 Zone 
(Locahon 74) 

Modified Porous 
Di ff user 

99.5 
0.5 
1.2 

<5 
0.2 

+15.5 

<6 
0.2 

+15.8 

Bright 

*Hydrogen gas mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 

Examole 2-35 

Copper-Nickel 
Alloy #706 

Copper-Ni de 1 
Alloy #715 

Bright 

700 

350 

Heating Zone 
(Location 74) 

Hodifi ed Porous 
Di ff user 

99.5 
o.s 
5.0 

<5 
3.9 

+14.5 

<6 
3.9 

+14.6 

Bright 

.. 

~ 
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Example 2-1 
The copper annealtng experiment described 1n Example 6 was repeated ustng 

a simf lar procedure. f.low rate and compos1t1on of feed gas. and operating 
cond1tfons wtth the exception of using a different design of the porous 
df ffuser located tn the heating zone of the furnace .Clocatfon 72. tn 
Figure 4). A generally cylindr1ca1 shaped diffuser 40 shown in Figure JC 

comprising a top h.alf 44 of 3/4 in. diameter, 6 1n. l·ong sintered stainless 
steel material with average pore size of 20 microns and open porosity varytng 
from 40-SO"L supplied by the Mott Metallurgical Corporation was ass.ambled. 
Bottom half 46 of diffuser 40 was a gas impervtous stainles~ steel with one 
end 42 of dfffuser 40 diffuser capped and the other end 43 attached to a 1/2 · 

in. diameter stainless steel feed tube inserted into the furnace 60 through 
the cooling end vestibule ·sa. The bottom half 46 of diffuser 40 was 
posfttoned parallel to the part~ 16' Cprfme> befng treated thu~ essentfally 
directing the flow of feed gas towards the hot cefl f ng of the furnace and 
preventing the direct impingement of feed gas with unreacted oxygen on the 
samples 16'. The flow rate of nitr~gen (99.51 N2 and O.S"L o2> used 1n thfs 
example was 350 SCFH and the amount of hydrogen added was t.2"L, as shown tn 
Table 2 with the amount of hydrogen be1ng 1.2 times the sto1ch1ometric amount 
required for the complete conversion of oxygen to mo~sture. 

The copper samples annealed according to this example were bright without 
any sf gns of oxidation as shown by the data of Table 2. The oxygen present f n 
the feed gas was converted completely to moisture both in the cooling and 
heating zones of the furnace. 

This example showed that preventing the direct fmptngement of feed gas 
with unreacted oxygen on the samples was instrumental in producing annealed 
copper samples with good quality. It also showed that slightly more than 
stoichfometr1c amount of hydrogen is needed to produce copper samples with 
good bright finish. Most importantly this experimental result proved that 
non-cryogentcally produced nitrogen pre-mixed with hydrogen can be used· to 
bright anneal copper at 1oo·c. 

Examcle 2-2 
The copper annealtng experiment described 1n Example 2-1 was repeated· 

us1nq identical set-up, procedure, operattng cond1t1ons. and gas feedfng 
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device wtth the exception of addfng 1.51 hydrogen to the nitrogen feed gas. 
The amount of hydroge~ used was 1.5 times the stofchfometrfc amount required 
for the complete conversion of oxygen to motsture. . . . 

Examination of the annealed copper samples revealed them to be bright 
without any signs of oxidation thus demonstrating that.preventing the direct 
tmpf ngement of feed gas with unreacted oxygen on the samples and the use of . 
more than stoichfometrf c amount of hydrogen are essential for producing 
acceptabl~ bright annealed copper parts. 

Examoles 2-3 and 2-4 
Additional copper an"ealfng tests were conducted using fdentf cal set-up, 

procedure, operating conditions, and gas feeding device used for Examples 2-1 
and 2-2 with the exception of adding 5.0 and 10.0t hydrogen, respact1vely <see 
Table 2>. These amounts of hydrogen were respectfvely 5.0 .times and 10.0 
times the stof chfometrtc amount required for the complete conversion of oxygen 
to moisture. 

These annealed copper samples were bright without any sfgns of oxidation 
again showing that considerably more than stoichiometric amounts of hydrogen 
can be mixed with non-cryogenically produced nitrogen to bright anneal copper 
at 1oo•c. 

Example 2-5 
Another copper annealing experiment was completed usfng tdentfcal set-up, 

procedure, flow rate of feed gas, operating conditions, and gas feeding device 
of Example 2-1 with the exception of the presence of 0.251. o2 in the feed 
nitrogen and 0.61 added hydrogen, as ~hown in Table 2. Thts amount of 
hydrogen was 1.Z times the stoichiometric amount requ1red for the complete 
conversion of oxygen to moisture. 

The annealed copper samples were bright without any signs of oxidation 
showtng that non-cryogenfcally produced nf trogen contatnfng low levels of 
oxygen can be used for brtght annealing copper at 1oo•c provided more than 
stofchfometr1c amount of Kz 1s used and that the direct impingement of feed 
gas with unreacted oxygen on samples 1s avoided. 
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.E..xamoles 2-6. 2-7. and 2-8 
The copper annealtng expertment descrtbed tn Example 2-5 was repeated 

under tdenttcal conditto'ns except for the addttton of l.Ot, 5.0t, and 10.0t 
hydrogen. respecttvely <see Table 2>. The amount of hydrogen used was. 
respectively, 2.0 times, 10.0 ttmes, and 20.0 ttmes the stotchiometrtc amount 
requtred for the complete conversion of oxygen to motsture. 

The annealed copper samples were brtght without any signs of oxtdatton, 
once agatn showtng that non-cryogentcally produced nitrogen containing low 
1 eve ls of oxygen can ·be used for brt ght annea 11 ng copper at zoo•c provt ded 
more than stotchtometrtc amount of Hz ts added and that the direct impingement 
of feed gas wtth unreacted oxygen on samples ts avoided. 

Examcle 2-9 
The copper annealing experiment descrtbed tn Example 2-1 was again 

repeated to thts example except that there was· 1.0t Oz tn th~ feed nitrogen 
and 2.Zt added hydrogen, as shown tn Table z. This amount of hydrogen was 1.1 
ttmes the stotchiometric amount required for the complete conversion of oxygen 
to m0tsture. 

The annealed copper samples were brtght without any s1_gns of oxtdatton 
further proving that non-cryogentcally produced nitrogen contatntng htgh 
levels of oxygen can be used for bright annealing copper at 7oo•c provided 
more than stotchtometrtc amount of Hz ts used and that the dtrect tmptngement 
of feed ~as wt th unreacted oxygen on the samples ts avoided. 

Example 2-10 
The copper annealtng experiment described tn Example Z-9 was· repeated 

except that 4.01 Hz was added to the feed gas, the hydrogen amounts_ being z.o 
times the ·stoichtometric amount requtred for the complete eonverston-of oxygen 
to motsture. 

The annealed copper samples were brtght wtthout any signs of oxtdatton 
retnforctng the concluston that non-cryogentcally produced nitrogen containing 
high levels of oxygen can be used for bright annealf ng copper at zoo·c 
provided more than stotchtometrtc amount of H2 ts used and that the direct 
1mptngement of feed gas with unreacted oxygen on the samples ts avoided. 
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Examo 1 e 2- ll 

The copper annealfng experiment described in Example 2-1 was repeated , 
using the fdentfcal set-up, procedure, gas feeding device, and operating 
condf ttons wf th the exception of us1ng a nominal furnace temperature 1n the 
hot zone of 65o•c Csee Table 2>. The amount of oxygen in the feed gas was 
0.51 and the amount of H2 added was 1.21 <hydrogen• 1,.2 ttmes the 
stoichtometric amount required for the complete conversfon of oxygen to 
motstureL " 

The annealed copper samples were oxidized, indicating that slightly more 
than sto1 ch t ometr1 c amount of hydrogen 1s not enough for br i gh·t annea 1i ng 
copper at 65o•c using non-cryogentcally produced nitrogen. 

Examc le 2-12 

The copper annealing experiment descrfbed 1n Example 2-11 and reported 1n 
Table 2 was repeated under ldentf cal condttfons except for the addition of 
1.SX instead of 1.Z~ Hz <hydrogen·• 1.5 times the sto1ch_1ometr1c amount 
required for the complete conversion of oxygen to moisture>: ·., 

The annealed copper samJ>les were bright without any signs of oxidation 
demonstrate that 1.5 times the stoichtometrtc amount of hydrogen can be used 
to brfght anneal copper at &so•c using non-cryogenically produced nitrogen and 
that the minimum amount of hydrogen required to bright anneal copper wf th 
non-cryogenlcally produced nitrogen at 65o•c ts higher than the one required 
at 1oo·c. 

Exa.mple 2-13 

-As detailed in Table 2 the copper annealing experfment described tn 
Example 2-11 was repeated under the same condition except the add\tto~ of 5.0"L 
instead of t.Z't Hz to the feed gas <hydrogen• 5.0 times the stotchtometric 
amount required for the complete conversion of oxygen to moisture>. 

The annealed copper samples were bright wf thout any signs of oxidation 
showing that copper can be br1ght annealed at 6so•c ustng non-cryogentcally 
produced nitrogen provided more than 1.Z times the stoichiometric amount of 
hydrogen ts used. 
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Examcle 2-14 

Another copper ·annealing experiment was completed using the procedure of 

Example 2-1 with the eicept1on of operating the furnace at a nomihal 

temperature of soo•c. The amount of oxygen in the feed gas was O.S'X. and the 

amount of Hz added was 1.2t <Hydrogen• 1.2 times the· stoichiometrtc amount of 

hydrogen required for the complete conversion of oxygen to moisture>. 

These s·amples were oxidized showing that the addition of 1.2 times the 

stoichiometric amount of hydrogen is not enough to·br1ght anneal copper at 

6oo•c with non-cryogenically produced nitrogen. 

Examol e 2-1.5 

A further copper ann~altng experiment using the condition described in 

Example 2-14 was conducted except that S.ot instead of 1.21. Hz <hydrogen. 5.0 

times the stotchtometrtc amount> was added to the feed gas. 

The annealed copper samples were oxidized showing that the addition of 

5.0 times the stoichiometric amount of hydrogen was not enough to bright 

anneal copper at 6oo•c with non-cryogenically produced nitrogen. 

Example 2-16 

The copper annealing experiment described in Example 2-14 was repeated 

again except for the addition of 10.0'L instead of 1.21. Hz <hydrogen• 10.0 

times the stoichiometric amount> to the feed gas. 

The annealed copper samples were oxidized due to the presence of high 

1e·ve1 s of oxygen t n the -coolt ng zone show1 ng that the add1 t1on of even 10 .o 
times the stoichiometric amount of hydrogen to non-cryogenically produced 

nitrogen ts not acceptable for bright annealing copper at soo·c. 

Examole 2-17 

The copper annealing experiment described in Example Z-14 was repeated 

with the exceptton of 0.25'%. Oz present in feed nitrogen and 7.51. added 

hydrogen, as shown in Table 2. The amount of hydrogen used was 15.0 times the 

stoichiometric amount .. 
The annealed copper samples were bright without any signs of oxidatt.on 

thus showing that copper samples can be brtght annealed at 6oo•c tn the 
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presence of non-cryogentcatly produced nitrogen provided more than 10.0 times 
the stotchtometrtc amou·nt of. hydrogen ts used during annealing. 

Example 2-18 
The.copper annealing experiment described fn Example 2-17 was repeated 

with lOt added hydrogen <hydrogen • 20.0 times the stoichiometric amount> 
resulting tn samples that were bright annealed without any signs of 
oxidation. This example also showed ~hat copper can be bright annealed at 
soo•c with non-cryogentcally produced nitrogen provided more than 10.0 times 
the sto1ch1ometr1c amount of hydrogen ts used during annealing. 

Examole 2-19 
A copper annealing experiment was conducted us·tng the procedure described 

in Example 2-l with the exception of heating the furnace to a temeprature of 
1so·c and using stoichiometric amount of hydrogen instead of more than 
stotchtometr1c, as shown in Table 2. 

The annealed copper samples were oxidized even though most of ·the oxygen 
present in the feed was converted to moisture thus showing that the add1t1on 
of stoichiometric amount of hydrogen ts not sufficient enough to bright anneal 
copper with non-cryogen1ca11y produced nitrogen. 

J ExAmple 2-20 
The copper annealing experiment described in Example 2-19 was repeated 

wfth 1.S'L Hz (hydrogen• 1.5 times the stoichiometric amount> producing 
samples that were brfght annealed without any signs of oxfdatton. Thf s 
example therefore showed that more than stoichiometric amount of hydrogen ts 
required for bright annealing copper samples at 1so•c with non-cryogen1ca11·y 
produced nitrogen. 

Examples 2-21 to 2-24 
The copper annealing exper·tment described in Example 2-19 was repeated 

four times using an addttton of 1.~ Hz and total flow rate of 
non-cryogentcally produced nitrogen varying from 450 SCFH to 750 SCFH, as set 
out fn Table 2. The amount of o2 tn the feed nttrogen was 0.51 and the amount 
of hydrogen added was t .5 times the stofcht.ometrtc amount. 
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The a.nnea.led copper samples were bright wtthouf any signs of ox1datton 
demonstrating that htgh flow rates of non-cryogenica.11y produced nttrogen ca.n 

. . 
be used to bright anneal copper provided more than a stoichtometric amount of 
Hz. ts. employed. 

Examole 2-25 
The copper anneaHng experiment of Example 2-19 was ·repeated with 1.S"L Hz 

and 850 SCFH total flow rate of non-cryogentcally produced nitrogen ha.v1ng 
0.51. o2. The amount of hydrogen added was 1.5 t1m_es the stoichiometric amount 
resulting tn ox1d1~ed annealed copper samples due to incomplete conversion of 
oxygen to moisture in the cooling zone, as shown tn Table z. It is believed 
that the feed gas did not _hav_e enough time to heat-up an.d cause oxygen to 
react with hydro~en at htgh flow rate. 

Examole 2-26 
The copper annealing experiment described in Example Z-t was repeated at 

a furnace temperature of 1so•c ustng an identical diffuser design with the· 
except19n of diffuser having a length of four inches instead of six inches. 
The flow rate of nitrogen <99.51. Nz and 0.51. Oz> was 350 SCFH a.nd the amount 
of· hydrogen added was 1.Z"L, as shown tn Table Z <hydrogen• 1.Z times the 
stotchtometrtc amount>. 

The copper samples annealed according to this procedure were bright 
without any sfgns of oxfdatton tndtcatfnq oxygen present tn the feed gas was 
converted completely to moisture both fn the heating and coo11ng zones of th' 
furnace. 

Therefore a small modtfted porous diffuser can be used to br1ght anneal 
copper with non-cryogenically produced nitrogen a.s long as more than a 
sto"tchtometrtc amount of hydrogen ts used, t .e. the feed gas has enough t1me 
to heat up, and the direct tmp1ngement of feed gas with unreacted oxygen on 
the samples ts avotded. 

Examoles 2-27 and 2-28 
The copper annealing expertment described tn Example 2-Z6 was repeated 

using S.Ot and 10.ot hydrogen addttton, respecttvely <amount of hydrogen • 5.0 
ttmes and 10.0 t1mes the stotchtometrtc amount>. 
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The samples were bright annealed without any signs of ~x1dation, show1ng 

that a small porous dfffuser can be used to brtght anneal copper with , 
non-cryogenically produced nitrogen as long as more than stofchtometric amount 

of hydrogen ts used and the· dtrect 1mp1ngement of feed gas with unreacted 

oxygen on the samples ts avoided. 

Examole 2-29 

A copper annealing experiment under the condit1on descr1bed 1n 
. . 

Example 2-1 was conducted wtth the exception of using 1so•c furnace 

temperature and Z 1n. long diffuser. The flow rate of nitrogen C99.St Nz and 

o.si Oz> was 350 SCFH and the amount of hydrogen added was 1.Zt, as shown tn 

Table 2 <hydrogen• 1.Z times the ·stoichtometrtc amount>. 
Samples annealed according to thts procedure were bright without any 

signs of oxidation tndicattng oxygen present in the feed gas was converted 

completely to moisture both in the cooling and heating zones. 
Thus a small diffuser can ~e used to bright anneal copper with 

non-cryogenically produced nitrogen as long as more than stoichiometric amount 

of hydrogen ts used and the direct impingement of feed gas wt th unreacted 

oxygen on the samples ts avoided. 

Example 2-30 

The copper annealed experiment described tn Example 2-29 was repeated 

with s.oi Hz addition <hydrogen • 5.0 times the stoichiometric amount> 
resulting samples that were bright annealed without any signs of oxtdatton. 

. Once again the results of tests show a small diffuser can be used to 

bright anneal copper with non-cryogenically produced nitrogen as long as more 

than stoichiometric amount of hydrogen ts used and the direct impingement of 

feed gas with unreacted oxygen on the samples ts avoided. 

Example· 2-31 

A copper annealing experiment under cond1t1on descr1bed tn Example 4 was 

repeated except that a feed tube 30 s1milar to the one shown tn Figure 3A was 

located tn the heattng <hot> zone <Location 7Z or A Ftgure. 4>. Tube 30 was:' 

fabr1cated from 3/4 tn. dtame.ter tubtng with elbow havfn<j a discharge end 32. 
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facing the ce111ng 34 of the furnace 60. The feed gas therefore dld not 
impinge dtrectly on the· samples and was heated by the furnace ceiling, causing , . 

oxygen to react with hydrogen pr1or to coming 1n contact wtth the samples. 
The concentration of oxygen tn the feed nitrogen was O.St and the amount of 
hydrogen added was 1.5~ Chydrogen • 1.S ttmes the sto1ch1ometric amount>. 

The copper samples annealed 1n this example were heavily oxtd1zed due to , 
the presence of high concentration of oxygen in the heating zone. as shown in 
Table z. Careful analysis of the furnace revealed that this method of 
tntroductng feed gas allowed suction of large amounts of air from outside tnto 
the heating zone, resulting 1n severe oxidation of the samples. 

Examole 2.-32 
The copper annealing experfment described in Example 2-31 was repeated 

us~ng feed tube 30 with the open end 32 of the elbow portion facing furnace 
cetltng 34 wfth the exceptfon of locatfng the open end of the elbow fn 
Locatfon 74 instead of Location 72 of furnace 60 as shown in Figure 4. 
Introducfng feed gas In Location B apparently allowed no suctfon of air fnto 
the heating zone from the outside. The concentration of oxygen Jn the feed 
nitrogen was O.SX and the amount of hydrogen added was 1.St (hydrogen. 1.S. 
times the stofchiometr1c amount>. 

The copper samples annealed according to thts method were brtght without 
.. any sfgns of oxidation showing that copper _s~mples can be bright annealed 
usf ng non-cryogentcally produced nitrogen provided more than stof ch1ometric 
amount of hydrogen ts used, the d1rect impingement of feed gas wt.th unreacted 

. . 
oxygen on the samples is avoided, and the feed tube f s properly shaped and 
located in the appropriate area of the heating zone of the furnace. 

Examole 2-33A 
The copper annealing experiment described 1n Example 2-32 was repeated 

with the exceptfon of using s.m. <hydrogen • 5.0 times the sto1chfometrfc 
amount>. 

The copper samples annealed by this me.thod were bright without any stgns 
of oxtdatton confirming that an open tube wtth the outlet facing furnace 
ce t 1 t ng can be used to br-1 ght annea t copper wt th non-cryogen1ca11 y produced 
nitrogen provtded that more than sto1chtometrtc amount of hydrogen ts used. 
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Examcle 2-338 
The copper anneall~g expertmentdescribed ln Example 2-33A was repeated 

wtth the except1on of using a 500 SCFH flow rate of nitrogen <amount of 
hydrogen• S.O ttmes the stolcMometrlc amount>. 

The copper samples annealed In thts example were br1ght without any stgns 
of oxidation further confirming that an open tube with, the outlet facing 
furnace ce1ttng can be used to bright anneal copper with non-cryogentcally 
produced nitrogen provided that more than a stotchiometrlc amount of hydrogen 
ts used. 

Examcle 2-33C 
The copper annealing experiment described In Example J~A was repeated 

with the exception of using a 850 SCFH flow rate of nitrogen <amount of 
hydrogen • 5 .o times the stoi chiometrt c amount>. 

The copper samples annealed tn thts example were bright without any signs 
of oxfdatfon showtng that an open tube wtth the outlet factng furnace cetltng 
can be used to br1ght anneal copper with non-cryogentcally produced nitrogen 
proviqed that more than a stofchtometrtc amount of hydrogen ts used. 

From the above data as summarized fn Table Z the results clearly show 
that a mod1fted porous diffuser, which helps ·1n heating and d1spers1ng feed 
gas as we 11 as avot d1 ng the di re ct t mpingement of feed gas wt th unreacted 
oxygen on the parts. can be used to bright anneal copper as long as more than 
stotchlometrfc amount of hydrogen ts added to the gaseous feed mixture while 
annealing with non-cryogen1cally produced nitrogen. Addft1onally, the. 
examples surprtstngly showed that the amount of hydrogen required for bright 
annealing copper var1es with the furnace temperature. The data of Table l 

with 350 SCFH total flow of non-.cryogenically produced nttrogen was plotted 
and f s shown in Ft gure 7. From Ff gure 7 the acceptab 1 e and· unacceptable 
operating regions for bright annealing copper ustng non-cryogentcally produced 
nttrogen can be ascertatned. The acceptable regfon for br1ght annealing 
copper may change wfth the total flow rate· of feed gas and the furnace 
destgn. 

Expert men ts were carrt e.d out to demonstrate a process of brf ght annea11ng 
of copper alloys usfng non-cryogentcally produced nttrogen pre-mtxed wtth 
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. . 

hydrogen at a constant furnace temperature of 1oo•c: The copper alloys 

annealed 1n these expertments were alloys of copper and ntckel. They were 

class1f1ed as alloy #706'and #715 whtch contained 10t and 301 ntckel, 

respectively. 

Examole 2-34 
Samples of copper-nickel alloys #706 and #715 were·annealed at 1oo•c tn 

the Hatktns-~ohnson furnace ustng 350 SCFH of non-cryogentcally produced 

nitrogen contafning 99.5t Nz and 0.5t o2. These samples were fn the form of 

314 inch df ameter and 7 tnch long tubes. The nttrogen gas was pre-mtxed wf th 

1.Zt hydrogen, whtch was slightly more than stotchtometric amount required for 

the complete conversion of oxygen to moisture. 

f.he feed gas was introduced into the heating zone of the furnace 

<Location 74 in Ftgure 4) using a 6 tn. long modtfted porous diffuser such as 

shown as 40 tn Ftgure 3C and described in relatton to Example Z-1 tnserted 

into the furnace through the cooling zone. 

The copper-nickel alloy samples annealed according to this procedure were 

brtght without any signs of oxidation tndtcattng that the oxygen present 1n 

the feed gas was converted completely to moisture both in the cooling and 

heating zones. 
This example showed that preventing the dtrect impingement of feed gas 

wtth unreacted oxygen on the samples was instrumental in producing annealed 

copper-ntckel alloy samples with good quality. It also showed that slightly 

more than stotchtometrtc amount of hydrogen ts_nee~ed to anneal copper-nickel 

al_loy samples at 7oo•c with good bright finish when using non-cryogentcally 

produced nitrogen. 

Examole 2-35 
The annealing experiment described tn Example 2-34 was repeated wtth·the 

exceptton of addtng 5.0t hydrogen. as shown tn Table z. The amount of 

hydrogen used was 5.0 times the stotchiometrtc amount required for the 

complete conversion of oxygen to moisture. 
The annealed copper-nickel alloy samples were brtght without any slgns of 

oxtdatton tndicatf ng preventtq~ of the dtrect tmpingement of feed gas with 
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unreacted oxygen on the samples and the use of more than stotchtometrtc amount 

of hydrogen are essentia) for annealing copper-nickel alloys with good bright 

finish. 
In addttion to working ~1th copper and copper-ntckel alloys, several 

experiments were carried out to study controlled oxide and bright annealtng of 

carbon steel ustng non-cryogenically produced nttrogen pre-mixed with hydrogen 

and temperatures varying from 6So•c to l,loo•c. The feed gas was introduced 

either in the trans1t1on or in heating zone through an open tube simulating 

conventional method of introductng gas into the furnace. A porous sintered 

metal diffuser, which ts effective tn reducing the feed gas velocity and 

d1spers i ng 1 t 1 n the furnac·e, was also used for i ntroduc1 ng gas 1 nto the 

heating ·zone of the furnace. Add1.tiona11y, a porous sintered metal diffuser 

especially designed to prevent the direct impingement of feed gas on the parts 

wa~ used for introducing feed gas into the heating zone of the furnace. 

Tabulated in Table 3 are the results of a series of experiments relating 

to atmosphere annealing of carbon steel using methods according to its prior 

art and the present invention. 
Samples of carbon steel annealed using non-cryogenically produced 

nitrogen pre-mixed with hydrogen were.examined for decarburization. 

Examination of incoming material showed no decarburtzation while the carbon 

steel heated in a non-cryogentcally produced nitrogen atmosphere pre-mixed 

with hydrogen produced surface decarburization that ranged from .003 to .010 

inches in depth. 



TABLE3 

Example 3-8 Exaqde 3-9 Example 3-10 Example 3-11 ExaDQ>lt 3-JZA Examnle 3-128 f.xamnle 3-12C 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Ste•l Carbon Steel Carbon Steel Carbon Slee) 

Heal Treating Temperature, •c 750 750 750 750 850 850 850 

flow Rate of feed Gas, SCfH 350 350 350 350 350 350 350 

feed Gas Location Trans i t.l on Zone Trans I tt on Zone Transition Zone Transition Zone Transition Zone Transition Zone Transition 
Zone 

Type of feed Device Open TUbe Open Tube Open Tube Open Tube Open Tube Open Tube Open Tube 

f11d GiS CRll!DRSiliRD 
Nitrogen, I 99.5 99.5 99.5 99.5 99.5 =·· 99.S 99.5 
Oxygen, X 0.5 0.5 o.s 0.5 0.5 0.5 0.5 
Hydrogen"', X - 1.2 5.0 10.0 1.2 3.0 s.o I - ~ m 

Uealio9 Zaoe Almaspbe.ce. ' tuuJ..i.llill . 
Oxygen, ppm 4,300 <6 .<4 <6 <4 <3 <2 
Hydrogen•, X - -0.25 4,0 - -0.4 -2.0 -4.0 
Dew Point·, •c -60.0 +7.0 +7.2 +7.0 +6.5 +7.0 +7.0 

CaaJiog Zane AllDllsllh.l.ce. 
(gmaoSBjgn 

Oxygen, ppm . 4,700 3, JOO ·to 4,300 4,300 4,300 3,500 3,300 3, 100 
Hydrogen, X - 0.9 4.6 - 1.0 2.7 4.0 
Dew Point, •c -60.0 -7.5 lo -18.6 -12.2 -10.8 -8.4 -7.7 . -5.4 

Quality of Heal Treated Heavily Uniform Uniform Uniform Uniform Uniform Uni forn1 
Sa11ples Oaddhed Tight)'/ lightly Tightly Tightly Tightly Tightly 

and Scaled Packed Oxide Packed Oxide Packed Oxide Piicked Oxide Packed Oxide Packed Oxide 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE 3 {Continued) 

Example 3-IZo Example 3-IJA Example 3-138 Example 3-13C Example 3-130 Example 3-J4A Example 3-148 Example 3-14C Example 3-)!D 

Type of Samples Carbon Slee) Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 

Heal Treating Temperat~re, •c 850 950 950 950 950 1,100 1,100 J, 100 1,100 
flow Rate of Feed Gas, SCfH 350 350 350 350 350 350 350 350 350 

Feed Gas Location Transilton Transition Transilton Transition Transit.ion Transit.ion Transilion Transition Transition 
Zone Zone Zone Zone Zone Zone Zone Zone Zone 

Type of feed Device Open Tube Open Tube Open Tube Open Tube Open Tube Open Tube Open Tube Open Tube Open Tube 

[eed &11 tDll!l!DliliDO 
Nitrogen, X 99.5 99.5 99.5. 99.5 99.5 99.5 99.5 99.5 99.5 
Oxygen, X 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Hydrogen•, X 10.0 l.2 3.0 5.0 10.0 1.2 3.0 5.0 10.0 .. 

~~!:ftf::e Atmosphere 
' I 

~ Oxygen, ppm <3 <2 <4 <4 . <5 <2 <2 <2 <4 ...... 
Hydrogen•, X - -0.3 2.0 -4.1 - -0.3 2.2 4.2 -· Dew Point, •c +6.) +6.5 t6.6 t6.6 t6.4 +2.6 +3.5 +3.7 +3.2 

Caallog Zaoe 6l11Q1pb1r.e. 
CaQ!osHiao 

Oxygen, ppm 2,100 3,300 3,000 2,900 2,400 2,800 2,400 2, 100 2,000 
Hydrogen, X - 0.9 2.6 - - 0.8 2.5 4.5 -
Dew Poinl, •c -4.0 -6.8 -6.2 -6. J -3.8 -4.9 -3.3 -1.1 -1.5 

Quality of Heal Treated Uniform Uni for• Unifo~ Non-Uniform Non-Uniform Non-Uniform Non-Uniform Non-Uniform Hon-Uniform 
Samples Tightl)' Tightl)' Tightly Oicide Oxide Oxide Oicide Oxide Oxide 

Packed Oxide Packed Oxide Packed Oxide 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 

, 



TABLE 3'(Continued) 

Example 3-15 Example 3-16 Exampl e 3-17 Example 3-lQ Example J-19 Example 3-20 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 
Heat Treating Temperature •. •c 750 750 750 1,100 1,100 1,100 

flow Rate of Feed Gas, SCrtl 350 350 350 350 350 350 

feed Gas Location Heating Zona Heating Zone Heating Zone Healing Zone Healing Zone Heating Zone 
( locali on 72) (location 72) (location 72) (location 72) (location 72) (local ion 72) 

Type of feed Device Open Tube Open Tube Open Tube Open Tube Open Tube ·Open Tube 
facing Down · facing Down Facing Down facing Down facing Down facing Down 

~as Composition 
Nitrogen, X 99.S 99.5 99.5 99.5 99.5. 99.5 I Oxygen, X 0.5 0.5 o.s 0.5 0.5 0.5 .i:o. 
Hydrogen•, X I .2 s.o 10.0 1.2 5.0 5.0 Q) 

lie.iUrua...Zooe Almosalw:I 
Composjtioo 

Oxygen, ppm <6 <5 <5 <5 <4 <4 
Hydrogen" , X "11 .2 4.0 - -0.1 -4.0 -4.0 
Dew Point, •c +7.0 +7.2 +6.7 

(wiling_lgP..LA1lDIUDlw:I 
Composjljgo 

Oxygen, ppm <6 <6 <3 <3 <2 <2 
Hydrogen, X "11. 2 4.1 - -0.1 . 4.0 4.0 
Dew Point, •c +7 .1 +7.0 +6.1 

Quality of Heal Treated Non-Uniform Non-Uni form Non-Uniform Non-Uniform Partly Bright Parll y Bright 
Samples Oxide Oxide Oxide Oxide and Partly and Parll y 

Oxidized Oxidized 

" Hydrogen gas was ,mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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Examole 3-8 
Samples of carbon steel described earlter were annealed at 750°C tn the , 

Hatldns-Johnson furnace usfng 350 SCFH of nttrogen colitatntng 99.57. Nz and 
0.51. o2 . The feed ga·s was fntroduced fnto the furnace through a 3/4 in. 
dfameter tube located fn the transftfon zone of the furnace as ts 
conventfonally practiced in the heat treating industry. The gaseous feed . 
nitrogen similar tn composition to that commonly produced by non-cryogenic air 
separation techniques was passed through the furnace for at least one.hour to 
purge the furnace prtor to heat treating the samples. 

The steel samples were then annealed and found to be heavtly oxidized and 
scaled due to the presence of htgh levels of oxygen both tn the heating and 
cooling zones of the furnace tndtcatinq that non-cryogentcatly produced 
nitrogen containing residual oxygen cannot be used for annealing. steel. 

Exa,mp le 3-·9 
·The carbon steel annealing experiment descr.fbed in Example 3-8 was 

repeated ustng the same furnace. temperature, samples.· location of feed gas. 
nature of fead gas device. flow rate an~ composition of feed gas. and . . 

~.nnea 1 i ng procedure w1th the exception of adding 1. Z"L hydrogen. to the feed gas 
with. the amount of hydrogen added being l .Z times stoichtometrtc amount 
required for converting residual oxygen present tn the feed nitrogen 
cqmpletely to moisture. 

Steel samples heat treated in accord with this procedure were found to 
have a uniform tightly packed oxide layer on the surface. Oxygen present tn 
the feed gas was converted completely to moisture tn the heating zone, as 
shown in Table 3 but not· converted completely to moisture tn the cooltng zone, 
howev.er the process ts acceptable for oxtdiztng samples uniformly without 
formation of surface scale and rust. 

Thus the introduction of non-cryogenically produced nitrogen pre-mixed 
with more than a stoichiometric amount of hydrogen tnto a heat treating 
furnace through an open tube located in the transition zone would result fn an 
acceptable process for oxid~ annealtng steel at 750°C. 
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Examples 1-10 and 3-11 
The carbon steel:heat treating process described in Example 3-9 was , 

repeated using identical equipment and operating condttfons with the exception 
of using 51 and lO"L hydrogen addition respectively <amount of hydrogen • s.o 
and 10.0 times· the stoi chiometrfc amount required for the complete convers ton 
of oxygen present in the feed nitrogen to moisture>. 

Samples treated 1n accord wtth this method· resulted in a tightly pack.ed 
uniform oxide layer on the surface without the presence of any scale and 
rust. Oxygen present in the feed gas was converted completely to motsture f n 
the heattng zone, but not converted completely to moisture tn the cooling 
zone, resulting i~ a process acceptable for oxide annealing steel at 7so•c. . . 

The treated sample showed that an open feed tube located in the 
transition zone cannot be used to produce bright annealed product .with 
non-cryogenically produced nitrogen even in the presence of a large excess 
amount of hydrogen. 

Examole 3-12A 
Carbon steel annealing in accord with the process used tn Example 3-9 was 

repeated with the exception of using aso•c furnace temperature. the amount of 
hydrogen used being 1.2 times the stotchtometrtc amount, as shown in Table 3. 

Steel samples so treated had a tightly packed. uniform oxide layer on the 
surface without the presence of any scale and rust. As the data tn Table 3 
shows oxygen present 1n the feed gas was converted completely to moisture tn 
the h·eating zone, but not converted completely to moisture in the cooltng 
zone. again resulting tn an acceptable process for oxide annealing steel at 
eso·c. 

Examoles 3-128. 3-12C. and 3-IZD 
Another set of carbon steel samples were subjected to heat treatment by 

the process used in Example 3-12A with the exception of using 31, s~. and 101 
hydrogen, respectively (hydrogen • 3.0, s.o. and 10.0 times the stoichiometric 
amount required for the complete conversion of oxygen to moisture>. 

The heat treated steel samples were found to oxidize uniformly wtth a 
tightly packed oxide layer on the surface without the presence of any scale 
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and rust. Accordtng to the data tn Table 3 oxygen present tn the feed gas was 
converted completely ~o moisture tn the heating zone but was not converted 
completely to motsture 1n the cooling zone, agatn resulttng 1n an acceptable 
process for ox1de annea11ng steel at sso•c using non-cryogentcally produced 
nitrogen pre-m1xed w1th excess amounts of hydrogen introduced into the furnace 
through an open tube located tn the transtt1on zone. 

Examole 3-13A 
Another carbon steel annealing experiment was completed using sfm11ar 

procedure and operating cond1ttons fo Example 3-9 except that the furnace 
temperature was 95o•c <hydrogen. 1.2 times the stotchtometrtc amount>. 

These samples were oxidized uniformly wtth a ttghtly packed oxide layer 
on the surface without the presence of any scale and rust. 

·Again this example showed that the introductton of non-cryogen1cally 
produced nitrogen pre-mixed with more than stotchtometrtc a.mounts of hydrogen 
tnto the furnace through an open tube located tn the transition zone ts 
acceptable for oxide annealing steel at 950°C. 

Examole 3-138 
Carbon steel was annealed tn accord with the process used tn 

Example 3-13A with the exception of using 31. hydrogen <hydrogen • 3.0 times 
the sto1chtometr1c amount required for the complete conversion of oxygen to 
moisture>. 

The samples were oxidized uniformly and had a tightly packed oxide layer 
on the surface wt thout the presence of any sea le and rust. . Here aga 1 n the 
data shows oxygen present fn the feed gas was converted comp.letely to mois.ture 
tn the heating zone but not 1n the cooling zone. 

Therefore, tt can be concluded the tntroductton of non-cryogentcally 
produced nitrogen pre-mixed wtth more than stotchtometr1c amounts of hydrogen 
into a furnace through an open tube located tn the transttton zone is 
acceptable for oxide annealtng steel at 950°C. 

ExamOles 3-13C and 3-130 
More carbon steel samples were heat treated in accord with the process 

used tn Example 3-13A except for using 51. and 101. hydrogen, respectively 
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. 
resulting in hydrogen· being _present at 5.0 and 10.0 times the stoichiometric 

amount requ·ired fort.he complete conversion of oxygen to moisture. 

These samples were 6xtdized non-uniformly showing the addition of 51. and 

101. hydrogen to non-cryogentcally produced nitrogen would not result fn an 

acceptable· process for oxide as well as bright anneal fng steel a.t 95o•c. 

Examp 1 e 3-1 4A 

· The carbon steel annealing experiment described tn Example 3-9 was 

repeated ustng the same procedure and operattng conditions with the except1on 

of operating the furnace at 1,1oo•c (hydrogen• 1.2 times the stotchiometrtc 

amount>. 
These samples were ox_id1zed. non-uniformly again showing that the 

introduction of non-cryogenically produced nitrogen pre-mtxed with more than 

sto1chiometr1c amount of hydrogen into the furnace through an open tube 

located to the transition zone is not acceptable for oxide ~nnealing steel at 

1, 1oo·c. 

Examples 3-148. 3-14C. and 3-140 

- MOre carbon steel annealing experiments were conducted in accord with the 

process of Example 14A wtth ~. S"L, and lO"L hydrogen, respectively <hydrogen • 

3.0, 5.0 and 10.0 times the stoichiometric amoun.t required for the compl~te 

conversion of oxygen to motsture>. 

The samples thus treated showed that carbon steel cannot be oxide 

annealed at 1,1oo•c by introducing non-cryogenically produced nitrogen 

pre-mf xed with hydrogen into the transitton zone of the furnace. 

The data presented in Table 3 and discussed above resulted from annealing 

steel samples using non-cryogenically produced nitrogen injected 1nto the. 

furnace through a straight open tube located in the transition zone. This 
. ~ . 

convent1onal way of tntroductng gases into the furnace for heat treat1ng 

showed that non-cryogenically produced nitrogen contatnfng residual oxygen 

cannot be used for bright or controlled ·oxide annealing steel because as the 

data shows severe scaling and rusttng of the product resulted. Non-cryo­

genfcally produced nitrogen can be used to oxide anneal carbon steel at 

temperatures ranging from 1so•c to 9so•c provided. it is mixed w1th more than a 
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stoichiometric amount of hydrogen required for the complete conversion of 
oxygen to water vapor or moisture. Because of the high temperature \n the 
heating zone, the hydrog_en added to the feed gas reacts with the residual 
oxygen and converts it completely to molsture helping to prevent oxidatton of 
parts by elementary free oxygen tn the heatjng zone. The temperature in the 
cool tng zone 1 s not htgh enough to convert all the res.idual oxygen to motsture 

·producing an atmosphere cons\st1ng o~ a mixture of f~ee-oxygen. nitrogen, 
moisture, and hydrogen. Presence of motsture and hydrogen tn the cooling zone 
along with rapfd cooltng of the parts is believed to be responstble for 
facilitating controlled surface oxidatton. It ,s conceivable that unusual 
furnace operattng conditi~ns.<e.g. belt speed, furnace loading, temperature tn 
ex-cess of t, 10o•c> could result 1n uncontrolled ox,datton of the parts. 

Examples 3-9 through 3-138 demonstrate that carbon steel tan be oxide 
I 

annealed using a m\xture of non-cryogenically produced nitrogen and hydro9en 
using a conventional feed gas introduction dtv1ce 1n the furnace transition 
ione, and that non-cyrogenicatly produced nttrogen cannot be used for br~ght, 

oKtde-free annealing of carbon stee1 even with the addition of excess amounts 
of hydrogen. 

Example 3-15 
carbon steel was treated by the process of Example 3-9 with the exception 

of feeding the gaseous m·hture through a 1/2 in. dtameter stainless steel tube 
fitted with a 3/4 tn. diameter el.bow with the opentnq factng down, i.e., 
factng t~e ... samples and the open feed tube inserted tnto the furnace through 
the cooling zone to introduce feed gas into the heat1ng zone of the furnace 60 
at locatton 72 tn Figure 4. The feed gas entering the heating zone of the 
furnace impinged d1rectly ~n the samples simulating the 1ntroduct1on of feed 
gas through an open tube f nto the heattng zone of the furnace. The amount of 

hydrogen used was 1.Zl of the feed gas. I~ was therefore 1.2 ttmes the 
sto1chtometr1c amount requfred for the complete converston of oxygen to 
moisture. This experiment resulted 1n samples having a non-uniformly oxidtzed 
surface. 

Oxygen present 1n the feed gas was conver~ed completely to moisture both 
1n the heating and coo11ng zones of the furnace. as shown by the data tn 
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Table 3 which should have resulted in controlled and uniformly oxidized 
samples. A deta11ed 'aoalys1s of the fluid flow and temperature profiles 1n 
the furnace 1ndicated that the feed gas was introduced at high velocity and 
was not heated to a temperature high enough to cause oxygen and hydrogen to 
react completely fn the vicinity of the open feed tube, resulting tn the 
direct impingement of cold nitrogen with unreacted ox~gen on the samples and 
concommittantly tn uncontrolled oxidation. 

Thus a conventional open feed tube cannot be used to introduce 
non-cryogen1cally produced nitrogen pre-mixed with hydrogen into the heating 
zone of a furnace to produce controlled oxidized steel samples. 

Examoles 3-16 and 3-17 
Heat treatment experiments in accord with the process of Example 3-15 

were performed using SX and 101 hydrogen, respecttvely, instead of 1.21. As 
shown f n Table 3, the amount of hydrogen therefore was 5.0 and 10.0 times the 
sto1chfometr1c amoun~ needed for the complete conversion of oxygen to 
moisture. 

The treated samples were non-uniformly oxidized showing that a 
conventional open feed tube cannot be used to feed non-cryogenfcally produced 
nitrogen pre-mf xed w1th excess amounts of hydrogen 1n the heating zone of the 
furnace and produce controlled oxidation and/or bright annealed steel 
samples. 

Exa.mole 3-18 
Additional heat treating experiments were performed ustng the process and 

operating conditions of Example 3-15 except for fncreas1ng the furnace 
temperature to 1,1oo·c. The amount of hydrogen used was 1.2 ttmes the. 
stoichiometric amount, as shown tn Table 3 w1th the resulttng samples betng 

. non-unfformly oxidized. 
Once agatn 1t was demonstrated that a conventional open feed tube cannot 

be used to feed non-cryogenically produced nttrogen pre-mixed with more than 
stotch1ometr1c amount of hydrogen 1n the heating zone of the furnace and 
produce control led oxfdfzed samples. even at 1, 10o•c temperature. 
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Examples 3-19 and 3-20 
The heat treating process used in Example 3-18 was repeated twice with 

the ~ 

exception of addtng SX hydrogen to the nitrogen, the amount of hydrogen 
was S.O times the stolchtometric amount required for the complete conversion 
of oxygen to moisture. 

The treated samples f n these examples were non-uniformly oxidtzed showing 
that a conventfonal open feed tube cannot be used to feed non-cryogenf cally 
produced nitrogen pre-mixed with excess amounts of hydrogen 1n the heating , 
zone of the furnace and produce controlled oxidized and/or bright annealed 
steel samples. 

Analysis of the data of .Table 3 relating to the above examples showed . 
that a stratght open tube located 1n the heating zone of the furnace cannot be 
used to introduce non-cryogenfcally produced nitrogen pre-mixed ~1th hydrogen 
into the furnace .and produce contro11ed oxfdfzed and/or bright, oxfde-free 
annealed carbon steel samples at temperatures ranging from 1so·c to 1,1oo•c. 
Although oxygen present 1n the feed gas was converted to moisture in the 
heating and cooling zones of the furnace. it was not converted completely to 
moisture in the·v1c1n1ty of the feed area. This is because of the fact that 
the feed gas enters the fur~ace at high velocity and therefore does not get 
time to heat up and cause residual oxygen and hydrogen present in 1t to 
react. Thf s results 1n the tmpfngement of feed gas with unreacted oxygen on 
the samples and consequently their uncontrolled oxidation. 

Since most of the manufacturers generally switch back and forth between 
oxfde annealfng and bright <oxfde-free> annealfng, ft f s desfrable to develop 
processes for oxfde annealing and brfght, oxide-free annealing carbon steel 
utiHztng the same furnace wtthout mak.1ng major process changes. Such a 
techntque or process was developed by f ntroducf ng a gaseous feed mixture in 
the heating zone of the furnace as wfll be shown by the results of samples 
processed and reported f n Table 4 below. 



TABLE4 

Examole 4-38 Eumple 4=39 Eumple 4=40 ExatDDle 4-41 fxamole 4-4Z. ~ Eaamole 4-44 

Type of Saaiples Carbon Steel Carbon Steel Carbon Sleel Carbon Steel Carbon Steel Carbon Shel Carbon Steel 
Heat Treating Temperature, •c 1,100 1,100 1,100 950 950 950 950 

flow Rate of feed Gas, SCftl 350 350 350 350 350 350 350 

feed Gas Location Healing Zone Healing Zone Healing Zone Healing Zone Healing Zone _ Heating Zone Heating Zone 
(location 72) (location 72) (location 72) (location 72) (location 72) (location 72) (Location 72) 

Type of feed Device Porous Porous Porous Porous Porous Porous Porous 
Diffuser Diffuser Diffuser Di ff user Diffuser Diffuser Di ff user 
FIG. JE FIG. JE FIG. 3E FIG. 3E FIG. JE FIG. JE flG. JE 

C11d Gas Campasiliao 
Nitrogen, % 99.5 99.5 99.S 99.5 99.5 99.5 99.5 I Oxygen, % 0.5 0.5 0.5 0.5 0.5 o.s 0.5 c.n Hydrogen•, % 1.2 3.0 s.o 1.2 1.2 J.O s.o O> 

U11llog Zao1 Alamsl!b.tr.t. 
Campas it i ao 

Dogen, ppm <l <l <3 <4 <2 cl <2 
Hydrogen•, X 0.2 -2.2 4.0 -0.3 -0.2 -2. 1 -4.) 
Dew Point, •c - - - - +7.0 +7.0 +6".6 

'ag]jog Zani all!KliRblCI 
Campositian 

Oxygen, ppm <4 <3 <3. 42-62 <3 cl cl 
Hydrogen, % 0.2 -2.1 4.0 . 0.2 0.2 -2.1 -4.1 
Dew Point, •c - - - - +7.0 +6.9 +6.6 

Quality of Heal Treated Uniform Uniform Uniform Uniform Unlfor111 Non-Uniform Uni form 
Samp 1 es Tightly 

Packed Oxide 
Shiny 
Brlght 

Shin~ 
Brig t 

Tightly 
Packed Oxide 

Tightly 
Packed Oxide 

Bright Bright 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE 4 (Continued) 

I: 

Example 4=45 Example 4-46 Exaqple 4-47A Example 4-4711 f:xample 4-48 Example 4=49 Eifamgle 4-50A Example 4-508 

Type of Samples Carbon Steel Carbon Slee] . Carbon Steel Carbon Slee] Carbon Slee) Carbon Steel Carbon Slee) Carbon Slee) 

Heal Treating Temperature, •c 850 850 850 850 750 750 750 750 

Flow Rale of Feed Gas, SCFH 350 350 350 350 350 350 350 350 

reed Gas Location Heating Zone Heatiny Zone Hea tiny Zone Heatiny Zone Heating Zone Healiny Zone Heatin9 Zone Heating Zone 
(location 72) (Local on 72) (local on 72) (Locat on 72) (location 72) (local on 72) (location 72) (location 72) 

Type of Feed Device Porous Porous Porous. Porous Porous Porous ·Porous Porous 
Di ff user Diffuser Diffuser Di ff user Diffuser Di ff user Di ff user Di ff user· 
FIG. 3E FIG. 3E FIG. 3E FIG. 3E FIG. 3E FIG. 3E FIG. 3E FIG. 3E 

£11d 611 tRl!l!lliLiRD 
Hilrogen, X 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 

gi 
Oxygen, I 0.5 0.5 0.5 0.5 0.5 0.5 o.5 0.5 ··. 
Hydrogen•, % 1.2 3.0 s.o 10.0 1.2 3.0 5.0 10.0 

He1ting..Z.1n.e.-A.Llllll1Jl)uu:f 
Cgmpoaitjgn 

Oxygen, ppm <3 <3 <2 . <3 <3 <4 <2 <2 

Hydrogen•, " 0.2 1 .8 4. 1 - -0.3 2.0 4. 1 
Dew Point, •c +7.0 +7.5 +7.0 +6.) +6.8 +1. 1 +7.0 +6.2 

C11liog Z101 Al11115Jl)uu:f 
CompH i lj go 

Oxygen, ppm 5-35 <3 <2 <3 150 35-40 53 45 
Hydrogen, X 0.1 1 .8 -4.1 - 0.4 -2.1 4. 1 
Dew Point, •c +6.9 +7.0 +7.0 +6.1 6.0 +6.9 +6.3 6.2 

Qua 1 it y of Heal Treated Uniform Uniform Hon-Uniform Hon-Uniform Uni form Non-Uniform Hon-Uniform Non-Uniform 

Samples Tightly Tightly Bright Bright Tighll y Oxide Oxide Oxide 
Packed Oxide Packed Oxide P.acked Oxide 

* Hydrogen gas was mixed with nitrogen and added as a percent of total non-nyogenically produced feed nitrogen. 
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TABLE 4 (Continued) 

Example 4=51 Example 4-=5Z Example +sJ Example +54 Example +ss Example 4=56 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 

Heal Treating Temperature. •c 1, 100. 1,100 1,100 950 950 950 

flow Rate of feed Gas, SCfH 350 350 350 350 350 350 

feed Gas location Heating Zone Heattny Zone Heating Zone Heating Zone Heatlnf Zone Heating Zone 
(location 72) (Local on 72) (location 72) (location 72) (local on 72) (location 72) 

Type of feed Device Hodified Hodified Modified Hodi fied Hodified Hodified 
Porous Porous Porous Porous Porous Porous 
Di ff user Diffuser Diffuser Diffuser Di ff user Di ff user 
fIG. JC FIG. 3C flG. 3C FIG. JC flG. JC FIG. JC 

f1ed 6•1 CAmagsi~igo 
Nitrogen, % 99.5 99.S 99.5 99.5 99.5 99.5 I 

Oxygen, % 0.5 . 0.5 o.s 0.5 0.5 0.5 <J'1 
co 

Hydrogen*, l l.2 3.0 5.0 1.2 3.0 5.0 

Ueatiog Zane Almas~.c& 
ComeasiUgo 

Oxygen, ppm <3 <3 <2 <3 <l <1 
Hydrogen*, % ""0.3 2.0 4.0 0.2 "'2 .1 -4.1 
Dew Point, •c +2.8 +4.3 +5.1 +8.6 +8.8 +6.8 

~::!!~Ytf :~e Almasahl.at 
Oxygen, pp111 <4 <2 <3 <3 <3 <1 
Hydrogen, % 0.2 2.0 4.0 0.2 2.0 -4.1 
Dew Point, •c +2.5 +6.3 +6.4 +9.1 +8.6 +7.1 

Quality of Heal Treated Uniforn Uniform Uniform Uniform Uniform Uniform 
Samples Hghlly Shiny Shiny Tightly Shiny Shiny 

Packed Oxide Bright Bright Packed Oxide Bright Bright 

* Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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TABLE 4 (Continued) 

Examole 4-57 £xamo I e 4-58 Example 4-59 Example 4-fiQ Exaqde 4-61 Example 4-62. Exampl e 4-61 

Type of Samples Carbon Steel Carbon Sleel Carbon Steel Carbon Steel Carbon Slee 1 Car~on Steel Carbon Steel 

Heal Treating Temperature, •c 850 850 850 750 750 750 750 

Flow Rale of reed Gas, SCFH 350 350 350 350 350 350 350 

feed Gas location Heating Zone Heatiny Zone Healfny Zone · Heating Zone Heatiny Zone Healiny Zone Healing Zone 
(Location 72) (local on 72) (local on 72) (location 72) (Local on 72) (Local on 72) (Location 72) 

Type of Feed Device Modified .Hodified Modified Modified Modified Modified Modified 
Porous Porous Porous Porous Porous Porous Porous 
Diffuser Di ff user Diffuser Diffuser Diffuser Diffuser Di ff user 

[11d G1s tampasitiao 
Nitrogen, X 99.5 99.5 99.5 99.5 99.5 99.5 99.S ~ 
Oxygen, I 0.5 0.5 1.0 0.5 0.5 0.5 o.s : 
Hydrogen•, X 1.2 3.0 6.0 1.0 1.2 5.0 10.0 

' 
U11tiog ZIDI At11111ah1c1 
Cawasiliao 

Oxygen, ppm <2 <2 <3 <6 <3 <2 <2 
Hydrogen•, X 0.2 2.0 4.0 0 0.2 4.0 
Dew Point, •c +4.4 +5.6 +10.6 +3.9 +4.4 +5.0 +S.0 

C11Jiog Zao1 Almaseht.rl 
CgmposHian 

Oxygen, ppm <3 <2 <3 <5' <3 <2 <2 
Hydrogen, I 0.2 2.0 4.0 ii 0.2 -4.0 
Pew Point, •c +3.9 +4.4 +10.6 +3.3 +2.8 +3.9 . s.o 

Quality of Heal Treated Uniform Unif onn Uniform Heavily Uniform Uniform Uniform 
Samples Tighll y Shin~ Shiny Oxidized Tight·ly Shiny Shin~ 

hcked Oxide Brig l Bright and Scaled Packed Oxide Bright Brig t 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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. TABLE 4 (Continued) 

fJampJe 4-51 EHmple 4-SZ Examole 4-53 f_xamole 4-54 Exa111Dle 4-55 Examole 4-56 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 

Heal Treating Temperature, •c 1,100 1,100 1,·100 950 950 950 

Flow Rate of feed Gas, SCfH 350 350 350 350 35.0 350 

feed Gas location Heatin9 Zone Healing Zone Healing Zone Heating Zone Heating Zone ·Heating Zone 
(location 72) (location 72) (Location 72) (Location 72) (location 12) (location 12) 

Type of feed Device Hodified Hodified Hodified Hodified Hodified Hodi fied 
Porous Porous Porous Porous Porous Porous 
Di ff user Diffuser Diffuser Di ff user Di ff user Di ff user 
FIG. 3C FIG. 3C FIG. 3C ·FIG. 3C FIG. 3C FIG. lC 

Feed G1s t1mo1siti10 I 

Nitrogen, X 99.5 99.5 99.5 99.5 99.5 99.5 m 
·Oxygen, % o.s 0.5 o.s 0.5 o.s o.s C> 

· Hydrogen•, X 1.2 3.0 5.0 1.2 3.0 5.0 

Ue1Liog Zuoe AllllDsJlh!.r.e 
tgmpgsjtign 

Oxygen, pp111 <3 <3 <2 <l <1 <1 
Hydrogen•, X -0.3 2.0 4.0 0.2 -2.1 -4.1 
Dew Point, •c +2.8 +4.3 +5.1 +8.6 +8.8 +6.8 

Cuuliog Zaoe Al1111sJlh!.r.e 
Cgmpgsjlign 

Oxygen, ppm <4 <2 <3 <3 : <3 <1 
Hydrogen, X 0.2 2.0 4.0 0.2 2.0 -4.1 
Dew Point, •( +2.5 +6.~ +6.4 +9.1 +8.6 +7.1 

Qual ily of Heal Treated Uniform Uniform Uniform Uni form Uniform Uniform 
Samples Tight.1 y Shiny Shiny Tightly Shiny Shiny 

Packed Oxide Bright. Bright. Packed Oxide Bright Bright 

R Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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TABLE 4 (Continued) 

Examnle 4-57 fumple 4-58 Example 4-59 . Example 4-60 Examp)e 4-61 Example 4-6Z Exa111Dle 4-63 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 

Heal Treating Temperature, •c 850 850 850 750 750 750 750 

flow Rate of feed Gas, SCfH 350 350 350 350 350 350 350 

feed Gas Location Healing Zone Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone 
(Location 72) (location 72) (location 72) ( Locatt on 72) (Location 72) (location 72) (location 72) 

Type of feed Device Hodi fled Hodified Modified Hodified · Modified Modified Modified 
Porous Porous Porous Porous Porous Porous Porous 
Di ff user Di ff user Di ff user Diffuser Di ff user Di ff user Di ff user 

E11d Gas Campasitiuo 
Hi lrogen, % 99.5 99.5 99.5 99.5 99.S 99.5 99.5 
Oxygen, I 0.5 0.5 1.0 o.s 0.5 o.s 0.5 O> ...... 
Hydrogen", I 1.2 3.0 6.0 1.0 1.2 5.0 10.0 •. 

UuUog ZDOll AhlDSRhlrl ' 
(gmpgsiligo 

Oxygen, ppm <2 c2 <3 <6 <l <2 <2 
Hydrogen", % 0.2 2.0 4.0 0 0.2 4.0 
Dew Point, •c +4.4 +5.6 +10.6 +3.9 +4.4 +5.0 +5.0 

CggJiog ZRDI Atl!Hlsmi.e.c.c 
Compasjtigo 

Oxygen , pprn <3 <2 <3 <5 <3 <2 <2 . 
Hydrogen, % 0.2 2.0 4.0 0 0.2 -4.0 
Dew Point, •c +3.9 +4.4 +10.6 +3.3 +2.8 +3.9 5.0 

Quality of Heal Treated Unifor11 Unifoni Uniform Heavily Unifor11 Uniform Uni form 
Samples Tightly Shiny Shin~ Oxidized Tightly Shiny Shiny 

Packed Oxide Bright Brig t and Scaled Packed Oxide Bright Bright 

" Hydrogen gas was mi iced with nitrogen and added as a percent of total non-cryogenicall y produced feed nitrogen. 
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TABLE 4 (Continued) 

Example 4-64 Exaqile 4-65 Example 4-66 Enmple 4-67 Examole 4-68 £xaB1Dle 4-69 

Type of Sainples Carbon Steel Carbon Steel. Carbon Steel Carbon Steel Carbon Slee). Carbon Steel 
Heal Treating Temperature, •c 750 750 750 750 750 750 
Flow Rate of Feed Gas, SCFH 350 350 350 350 350 350 
Feed Gas Location Healing Zone Heall ng Zone Healing ·zone Heal i ny Zone Healing Zone Heating Zone (location 72) (Location 72) (location 72) (local on 72) (location 12) (location 72) 
Type of feed Device HodHied Hodified Hodified Hodified Hodifled Hodified 

Porous Porous Porous Porous Porous Porous 
Di ff user Diffuser Di ff user Di ff user Di ff user Diffuser 
FIG. 3C FIG. 3C FIG. 3C FIG. 3C FIG. 3C FIG. 3C 

[11d 611 C1111!1Siti1n 
Nitrogen, l 99.75 99.75. 99.75 99.75 99.75 99.0 . ·.· en Oxygen, X 0.25 0.25 0.25 0.25 0.25 1.0 ' I'.) 
Hydrogen•, X 0.6 1.00 2.75 3.25 5.00 2.20 

U11Liog Zooa Al111115PhaJ:e 
Coman it ion 

=·· 

Oxygen, ppm <5 <5 <4 <3 <2 <2 Hydrogen•, X o.) 0.5 -Z.3 -2.1 4.5 - o.) 
Dew Point, •c -7.2 -7.2 -6.7 -5.0 -5.0 +11. 7 

Cooliog Zona Al111115pbaca 
Composition 

Oxygen, ppm <4 <6 <4 <3 <2 <2 
Hydrogen, % 0.1 o.s -2.2 -Z.7 4.5 - 0.1 
Dew Point, •c -6.1 -7.2 -s.o -7.2 -6.7 +ll.2 

Qua) Hy of Heal Treated Uniform Hixture Unifor11 Uniform Uniform Uni form 
Salllfl 1 es Tightly of Britt Shiny Shiny Shiny Tightly 

Packed Oxide and Ox ·de Bright Bright Bright Packed 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. · 



.. 

. TABLE 4 (Continued) 

Example 4-70 Wmpl~ Eaample 4-72 Example 4-73 [Kamp!~ Examole 4-75 E.xamo1~76 

Type of Sa111p 1 es Carbon Steel Carbon Steel Carbon Slee 1 Carbon Sleel Carbon Steel Carbon Steel Carbon Slee 1 

Heat Treating Temperature, •c 750 750 750 750 750 750 750 

rlow Rate of reed Gas, SCrH 350 350 450 550 650 850 350 

feed Gas Location Healing Zone Healln!I Zone Heating Zone Healing Zone Heating Zone Heating Zone Healing Zone 
(location 72) (location 72) (Location 72) (location 72) (Location 72) (Location 72) (locatin 72) 

Type of reed Device Hodifiect Hodified Hodifted Hodified Hodified Hodified Hodified 
Porous Porous Porous Porous Porous Porous Porous Porous 

Diffuser DI ff user Di ff user Diffuser Diffuser Diffuser Diffuser . 
FIG. 3C FIG. 3C FIG. 3C FIG. 3C FIG. 3C FIG. 3C flG. 3C 

[11d 611 Ca!l!Ra1itiao 
Nitrogen, I 99.0 99.0 99.5 99.5 99.5 99.5 99.5 fl Oxygen, I 1.0 l .O 0.5 0.5 0.5 0.5 0.5 
Hydrogen•, I 2.50 4.00 1.5 1.5 1.5 l.5 1.5 

Ueatiou Zao1 Alma5pb1c1 
Campas it i ao 

Oxygen, ppm <2 <2 <5 <9 -35 -60 <4 
Hydrogen•, I · -0.6 -2.1 0.5 0.5 0.5 0.5 0.5 
Dew Point, •c +9.4 +11.7 - +3.9 +3.9 +3.3 +6.6 

Caoliog_loo1 Atmasllheca 
Co1111a1 i ti ao 

Oxygen, ppm <3 <3 <2 <9 -10 -330 <4' 
Hydrogen, I 0.5 - 2.1 0.5 0.5 -0.6 -0.6 0.5 
Dew Point, •c +9.4 +11.1 - +3.3 .+2.8 +1.7 +5.9 

Quality of Heal Treated Uniform Hixlure of Unifor11 Uniform Non-Uni for111 Severely Uniform 
Samples Tightly Bright and Tightly Tightly Oxide Oxidized Tightly 

Packed Oxide Oxtde Packed Oxide Packed Oxide and Scaled Packed Oxide 

• Hydrogen gas.was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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TABLE 4 (Continued) 

Eiample 4-77 . Example 4-78 ExaQJle 4-79 fHmp)e 4-80 Example 4-81 Example 4-82 EUllllllLill Ernip)e 4-84 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Slee l Carbon Steel 

Heal Treating Temperature, •c 750 750 750 750 700 700 700 700 

flow Rate of feed Gas, SCfH 350 350 350 350 350 350 350 350 

feed Gas Location Healing Zone Heating Zone Healiny Zone· Heating Zone Heating Zone ttea ting Zone Healing Zone Healing Zone 
(location 72) ( Locali on 74) (local on 74) ( Locali on 74) (Location 72) (Location 72) (location 72) (Location 72) 

Type of feed Device Hodified Hodified Modified Modified Modified Modified Modified Hodified 
Porou1 Porous Porous Porous Porous · Porous Porous Porous 
DiffuHr Diffuser Diffuser Di ff user DiffuHr Di ff user Diffuser Diffuser 
flG. 3C FIG. 3C flG. 3C FIG. 3C FIG. 3C flG. 3C FIG. 3C flG. 3C 

feed Gas Co11J!o1i1.iJul 
Hi trogen, X 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 I 

Oxygen, i · 0.5 0.5 0.5 0.5 0.5 0.5 o.s . 0.5. 0) 
~ 

Hydrogen", X l.20 1.5 3.00 5.0 1.2 1.5 5.0 10.0. I 

~:!~!~ftf ::' AtmosphtJ:4 
Oxygen, ppm <4 <3 <3 <3 <2 <5 <4 <4 
Hydrogen", X 0.2 0.5 2.0 4.0 0.2 0.5 . 4.0 
Dew Point, •c -t5.9 .-t6.2 -t6.2 -t6.0 -t3.3 -t3.9 -t3.3 -tl.3 

(gg]io9 Zaoe 6tmo5phere 
Coma051tioo 

Oxygen, ppm <4 <3 <4 <2 <4 <5 <4 <4 
Hydrogen, X 0.2 0.5 2.0 4.0 0.2 0.5 4.0 
Dew Point, •c -tS.6 -t6.3 -t6.1 +5.5 +2.8 +3.9 +3.3 -t3.9 

Quality of Heal Treated Unifor111 Uniform Unifora1 Uniform Uniform Uni form Mixture of Hi xlure of 
Sa111p Jes Tightly Tightly Shiny Shiny Tightly Tighll y Oxide & Oxide & 

Packed Oxide Packed Oxide Bri_ght Bright Packed Oxide Packed Oxide Bright Bright 

• Hydrogen gas wa1 mixed with nitrogen and added as a percent of total non-cryogenically produced feed nit~ogen. 
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TABLE 4 (Continued)· 

Enmph 4-85 Enmstl.L!:Bfl Enmple 4-81 E.xamp.l.L.!dlQ Exaaut1~9 E.xample_BD 

Type of Samples Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel Carbon Steel 

Heat Treating Temperature, •c 700 650 650 750 750 750 

flow Rate of Feed Gas, SCFH 350 350 35Q 350 350 350 

feed Gas Location Hea ti ng Zone Healing Zone Healing Zone Heating· Zone Heating Zone Heating Zone 
(Location 72) (location 72) (location 72) (location 72) (location 74) (location 74) 

Type of Feed Device Hodified Hodtffed Hodi fied . Open Tube Open Tube Open Tube 
Porous Porous Porous ·facing Facing Facing 
DI ffuser DI ffuser Diffuser Furnace Furnace Furnace 
FIG. 3C FIG. 3C FIG. 3C Ceiling Ceiling 

I 

feed Gas Compoiliilln O> 
Nitrogen, X 99.75 99.5 99.5 99.5 99.5 99.5 (J'1 

Oxygen, X D.25 0.5 0.5 0.5 0.5 0.5 
Hydrogen•, i 10.0 1.2 5.0 1.5 1.5 5.0 

Uu.1..in~ne AtmosRhll.a 
COlllJIOSI ti OQ 

Oxygen, ppm <4 -620 -62 -5eoo <6 <4 
Hydrogen"', X - -0.25 -4.0 ... 0.1 0.45 4.0 
Dew Point, •c -7.2 +5.0 +3.9 +11.9 +8.1 +7.9 

tooliog Zone Almas~ 
Composjlioo · 

Oxygen, ppin <4 -190 "'80 <3 <5 <3 
Hydrogen, % - -0.4 -4.0 0.5 -0.5 4.0 
Dew Point, •c -7.8 +5.0 +3.9 +7.2 +7.9 +7.9 

Quality of Heal Treated Uni form Oxidized Hixture of Oxidized Uni form Uni form 
Samples Bright and Bdght and and Scaled Tightly Shiny 

Scaled Oxide Packed 01dde Bright 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 
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The analysts of Examples 4-38 through 4-90 detail a serfes of experfments 
where the process of the present fnventton was used to perform anneaJfng of 
carbon steels. 

Exa.mole 4-38 
The carbon steel heat treating process descrtbed tn Example 3-18 was 

repeated wfth the ex.cept1on of feed1 ng the gaseous mixture through a 1 /Z 1 n. 
diameter, 6 tn. long sfntered Inconel porous diffuser of the type shown tn 
Ftgure 3E located tn the heating zone .<Location 72 tn Figure 4>. The amount 
of hydrogen added to the feed gas contafntng O.~ oxygen was 1.ZX. 1.e. 1.Z 
times the stoichiometric a.mount required for the complete converston of oxygen 
to moisture. , 

The treated samples were uniformly oxidized and had a tightly packed 
oxide layer on the surface. The oxygen present tn the feed gas was apparently 
converted completely to moisture tn the heating and cooltng zones. Not only 
did the diffuser help tn heating and dispersing feed gas in the furnace. 1t. 
was instrumental in reducing the feed gas vetoctty thus converting all the 
residual oxygen to moisture before impinging on the samples. The theoretical 
ratfo of m01sture to hydrogen tn the furnace was htgh enough <S.O> to oxidize 
samp_l es as· reported 1 n the 11 terature. 

This example showed that a porous sintered metal diffuser can be be used 
to feed non_.cryogenically produced nttrogen pre-mtxed with slightly more than 
stoichiometric amount of hydrogen tn the heating zone of the furnace operated 
at 1,1oo•c and produce annealed samples with a controlled oxide layer. 

Examole 4-39 
The heat treating process described in Example 4-38 was repeated with the 

exception of us1ng 3X hydrogen~ e.g. 3.0 times the stofchfometrtc amount 
required for the complete convers1on of oxygen to motsture. 

The steel samples heat treated by thts process were shtny bright because 
ft is believed that all the oxygen.present ;n the feed gas was converted 
completely tp moisture in.the heating and cooling zones of the furnace, as 
shown in Table 4 showing that a porous stntered metal dtffuser can be used to 
feed non-cryogentcally produced nttrogen pre-mixed wf th three ttmes the 

le 
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stoichtometrtc amount of·hydrogen 1n the heating zorre of the furnace operated 
at 1, 1oo•c and produce .b_right annealed steel samples. The ·theoret1ca1 rat1o 
of moisture to hydrogen ltl the furnace was 0.5, which per 11terature 1·s 
believed to result tn bright product. 

The steel sample annealed tn example 4-39 was examined for 
decarburtzat1on. Examination of 1ncom1ng matertal showed no decarburtzatfon 
whtle the steel sample heated fn t~e non-cryogenfcally produced nitrogen 
atmosphere pre-mixed wf th hydrogen produced decarburf zation of approximately 
.007 fnches. 

Enmole 4-40 
The heat treating process· described in Example 4-38 was repeated using 

stmflar procedure and operattng cond1tfons wtth the exceptfon of using SL 
hydrogen, e.g. 5.0 times the sto1chfometr1c amount required for the complete 
conversion of oxygen to moisture. 

Steel samples heat treated by this process were shtny bright, again 
because ft ts believed oxygen present in the feed gas was converted completely 
to moisture in the heating and cooling zones of the furnace", as shown fn 
Table 4. 

Agafn it was demonstrated that a porous sintered metal diffuser can be 
used to feed non-cryogen1cally produced nitrogen pre-mixed w1th 5.0 times the 
stoich1ometrtc.amount of hydrogen 1n the heating zone of the furnace·operated 
at 1,10o•c and produce bright annealed steel samples. 

The steel sample annealed in Example_4-40 was examined for 
de~arburlzatfon. Examination of incomfng material showed no decarburfzation 
whtle the steel sample hea.ted tn the non-cryogenica.lly produced nttrotgen 
a.tmosphere pre-mtxed_vith hydrogen produced decarbur1zat1on of a.pprox1mately 
.008 lnches. 

Examcles 4-41 and 4-42 
The heat treattng process descrfbed 1n Example 4-38 was repeated twfce 

on steel samples using 1dent1ca1 set-up, procedure. flow rate of feed gas. 
operating condtttons. and gas feedtng device wtth the exce~tton.of operating 
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the furnace with a heattng zone temperature of 950°C. The amount of hydrogen 
used was 1.2 tfmes the·~tofchfometrfc amount required for the complete 
conversion of oxygen to m61sture. 

The annealed steel samples were oxtdtzed uniformly and had a tightly 
packed oxtde layer on the surface. It ts belteved the porous diffuser helped 
in dtsperstng feed gas in the furnace and converting oxygen to moisture and . 
reducing the feed gas velocity, thus converting residual oxygen to moisture. 

Agatn ustng a porous sintered metal diffuser to feed non-cryogentcally 
produced nitrogen pre-mtxed wtth slightly more than stoichiometric amount of 
hydrogen tn the heattng zone of the furnace operated at 950°C can produce 
controlled oxide annealed steel samples. 

Examole 4-43 
Carbon steel samples were heat treatment ustng the process of 

Example 4-41 with the addttton of 3.01 hydrogen. The amount of hydrogen used 
was 3.0 times the stoichtometr1c amount required for the complete conversion 
of oxy~en to moisture with all other operating conditions Ce.g. set-up, gas 
feeding device, etc.> identical to those of Example 4-41. 

The annealed steel samples were non-uniformly bright. Parts of the 
samples were bright and the remaining parts were oxidized s~owing that the 
addtt1on of 3.0 ttmes the stotchtometrtc amount of hydrogen ts not good enough 
to brtght anneal steel at 95o•c. 

The pHzlpHzO for this test, after reacting residual oxygen tn the 
non-cryogentcally produced nitrogen was approximately z.o. At this pHzlpHzO 
the furnace protective atmosphere ts reducing in the furnace heating zone at 
950°C, however, in the furnace cooling zone a pHz/pHzO value of 2 ts 
oxidizing. The dtrectton at whtch this reaction will go will be dependent on 
the cooltng rate of steel in the furnac~ cooling zone. Slower cooling rates 
will likely cause oxidation while fast cooling rates will 11kely result in a 
non-oxidized surface. 

Example 4-44 
The carbon steel heat treating process of Example 4-41 was repeated with 

the addition of S.01. hydrogen <hydrogen • 5.0 times the stoichiometrtc amount 
requ\red for the complete conversion of oxygen to moisture>. 
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The annealed steel samples were bright without any signs of oxidation 
1nd1cat1ng that alt thj_res1dual oxygen present in the feed gas was reacted , 
wtth excess hydrogen before fmpfngfng on the parts. Th1s example showed that 
non-cryogenically produced nitrogen can be used for bright annealing steel at 
950°C provided more than 3.0 ttmes the stoichiometrfc amount of Hz is added 
and that the gaseous mixture ts introduced fnto the heat!ng zone usfng a 
porous diffuser. 

The steel sample annealed 1n Example 4-44 was examined for 
decarburtzatfon. Examination of incoming material showed no decarbur1zatton 
while the steel sample heated in the non-cryogenically produced nitrogen 
atmosphere pre-mtxed with hydrogen produced decarburizatton of approximately 
• 004 1 nc.hes. 

Examole 4-45 
The carbon steel heat treating process of Example 4-38 was repeated using 

a hot zone· furnace temperature of aso•c instead of 1,too•c. hydrogen betng 
present tn an amQunt 1.2 times the stoichiometric amount required for the 
complete conversion of oxygen to moisture. 

The annealed steel samples were uniformly oxidized and had a tightly 
pa.eked layer of oxtde on the surface indicating oxygen present in the feed gas 
was converted completely to moisture both in the heating and cooling zones of 
the furnace, as shown 1n Table 4, with the diffuser helping in dispersing feed 
gas in the furnace and converting oxygen to RK?f sture. 

This example showed that a porous sintered metal diffuser can be used to 
feed non-cryogenically produced nitrogen pre-mixed with slightly more than 

·stofchfometrfc amount of hydrogen in the heating zone of the furnace operated 
at aso•c to produce controlled oxide annealed steel samples. 

Example 4-46 

The carbon steel heat process of Example 4-45 was repeated with the 
add1t1on of 3.<rL hydrogen. e.g .• 3.0 times the stoich1onietr1c a.mount of 
hydrogen required for the compJete converston of oxygen to moisture. 

The annealed steeJ samples were oxidized uniformly, showing that 
non-:-cryogenically produced nitrogen can be used for oxide annealing steel at 
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aso•c provtded J.O times the stoichiometric amount of Hz is added and that the 
gaseous mixture ts tntro~uced 1nto the heattng zone using a porous d1ffuser. 

Examoles 4-47A and 4-478 
The carbon steel heat treating process described in Example 4-45 was 

repeated wf th the add1t1on of st and 10~ hydrogen, respectively. The amount 
of hydrogen used was S.O times and 10.0 times the sto1chtometrtc amount 
required for the complete conversion of oxygen to moisture. 

The annealed steel samples were non-uniformly brtght ts showing that 
no~-cryogentcally produced nitrogen pre-mixed with excess a.mounts of hydrogen 
cannot be used to br1 ght annea.1 ·stee 1 _at sso•c. 

Examp 1 e 4-48 · .. 

The heat treating process de.scrtbed tn Example 4-38 was repeated· using 
carbon steel at a furnace hot zone temperature of 1so•c. The amount of· 
hydrogen used was 1.Z times the stotch1ometrtc amount required for the 
complete conversion of oxygen to motsture. 

The annealed samples were ox1d1zed uniformly tnd1cat1ng the oxygen 
present tn the feed gas was substant1ally converted 1n the heating and cooling 
zones of the furnace, as shown tn Table 4, further showing a porous sintered 
metal diffuser can be used to feed non-cryogentcally produced nttrogen 
pre-mhed with slightly more than. stotchtometrtc amount of hydrogen tn the 
heating zone of the furnace operated at 1so•c and produce controlled oxtde 
annealed steel samples. 

Examoles 4-49. 4-SOA. and 4-508 
The carbon steel heat treating process of Example 4-48 was ·repeated with 

the add1tton of 3.at. s.oi. and 101. hydrogen. respectively <see Table 4). The 
amount of hydrogen used was 3.0 times, 5.0 t1mes, and 10 times the stotch1-
ometric amount required for the complete conversion of oxygen to moisture. 

The annealed steel samples were partly oxidized and partly bright. These 
examples showed that non-cryogen1cally produced nitrogen cannot be used to 
bright annealing steel at 1so•c even with the use of excess amounts of 
hydrogen. 
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The expertments detailed above relating to annealing ustng a porous 
diffuser showed that carbon steel can be oxtde annealed at temperatures 
ranging from 1so• to 11oo•c w1th non-cryogentcalty produced.nftrogen provided 
more than stotchtometrtc amount of hydrogen is added to the feed gas. The 
experiments also showed that carbon steel can only be brtght annealed at 
temperatures above 95o•c with non-cryogenically produced nitrogen premixed 
wf th approximately three times or more hydrogen required fQr the complete 
converston of oxygen to moisture. The operating reg1ons for oxide and bright 
annealing of carbon steel using a porous dfffuser to distribute 
non-cryogentcally produced nitrogen tn the furnace are very narrow, as shown 
f n Ff gure 8. These operating reg tons wt 11 most probab ty change wt th the .· 
furnace size, design, and loading as well as the total flow rate of feed gas. 
used during annealing. 

The following d1scuss1on.detatls experimental results of an annealfng 
pr~cess accordtng to the present inventton where a unique porous diffuser ts 
used. 

Example 4-51 

The carbon steel heat treating process of Example 4-38 was repeated ustng 
9.sn long modtfted porous diffuser of the type shown as 40 in Figure JC 
located tn the heattng zone of the furnace <Location 72 tn Ftgure 4> tnserted 
tnto the furnace through the cooling zone. The flow rate of nitrogen C99.S'L 
Nz and o.si o2> used in th1s example was 350 SCFH and the amount of hydrogen 
added was 1.Z"L. as shown in Table 4. The amount of hydrogen used was 1.2 
times· the stotchtometrtc amount requtred for the complete conversion of oxygen 
to moisture. 

The stee 1 samp 1 es heat treated 1 n this ex amp 1 e .were uni form_l y ox t d 1 zed 
and had a tightly packed oxide layer on the surface showing that a porous 
diffuser, destgned accordtng to the present tnvention to prevent direct 
impingement of feed gas on the samples, can be used to feed non~cryogen1cally 
produced nttrogen pre-mixed with slightly more than stoichiometric amount of 
hydrogen tn the heat1ng zone of the furnace operated at 1,1oo·c and produce 
controlled oxtde annealed samples. 
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Examole 4-52 
The carbon steel he~t treating process of Example 4-51 was repeated with 

the except1on of adding J~ h~drogen, as shown f n Table 4. The amount of 
·hydrogen used was 3.0 t1mes the stoichiometric amount required for the 
complete conversion of oxygen to moisture. The annealed steel samples were 
shtny br1ght without any signs of oxidation showing that the -porous diffuser 
of Figure JC can be used to feed non-cryogenically produced' nitrogen pre-mixed 
with three times the stofch1ometr1c amount of hydrogen tn the heating zone of 
the furnace operated at 1,1oo•c and produce brfght annealed steel samples. 

The steel sample annealed tn Example 4-52 was examined for 
decarburization. Examination of 1ncomtng material showed no decarburization 
wh11e the steel sample heated in the non-cryogenically produced nitrogen 
atmosphere pre-mf xed with hydrogen produced decarbur1zat1o~ of approximately 
.008 t.nches. 

Examole 4-53 
The carbon steel heat treating process of Example 4-51 was repeated with 

the exception of adding 5.ot hydrogen <see Table 4). This amount of hydrogen 
was 5.0 times the stoichiometric amount required for the complete conversion 
of oxygen to moisture. 

The annealed steel samples were shiny bright without any s_igns of 
~xtdat1on showing considerably more than a stotchiometrtc amount of hydrogen 
mixed with non-cryogen1ca11y produced nitrogen can be used to brtght anneal 
steel samples at 1. too·c by feeding the gaseous mixture tnto the heating zone 
with a modified porous diffuser. 

The steel sample annealed 1n Example 4-53 was examined for 
decarbur1zatton. Exam1natton of tncomtng material showed no decarburization 
whtle the steel sample heated in the non-cryogenically produced nitrogen 
atmosphere pr~-mixed with hydrogen produced decarburizat1on of approximately 
.008 fnches. 

Example 4-54 
The carbon steel heat treating process of Example 4-51 was repeated with 

the exception of using a 95o•c hot zone furnace temperature instead of 
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1,1oo·c. as shown tn-Table 4 wtth an amount of hydrogen 1.Z ttmes the 
stotchtometrtc amount requtred for the complete conversion of oxygen to 

' , 
motsture. 

. . 
The annealed steel samples were uniformly oxtdtzed with a tightly packed 

oxtde layer on the surface indtcattng that the modified diffuser helped fn 
dispersing feed gas and preventing direct 1mp1ngement of ,unreacted oxygen on 
the samples.· 

This example showed that a modified diffuser can be used to feed non­
cryogenical ly produced nitrogen pre-mtxed with slightly more than stotchto­
metric amount of hydrogen tn the heating zone of the furnace operated at 950°C 
and produce controlled oxide annealed steel samples. 

Examples 4-55 and 4-56 
The carbon steel heat treating process of Example 4-54 was repeated with 

3.0't and 5.0't H2, respectively. The amount of hydrogen used was 3.0 and 5.0 
times the stoichtometrtc amount requtred for the complete conversion of oxygen 
to moisture. 

The annealed steel samples were.bright without any signs of oxtdatton 
tndicat1ng that non-cryogenically produced nitrogen can be used for bright 
annealing steel at 950°C provided more than stotchiometrtc amount of H2 ts 
used and that the direct impingement of feed gas with unreacted oxygen on the 
samples ts avoided. 

The steel samples annealed tn Examples 4-55 and 4-56 was examined for 
decarburtzatton. Examination of incoming material showed no decarburfzation 
while the steel samples heated in the non-cryogenically produced nitrogen 
atmosphere premixed wf th hydrogen produced decarburtzatton of approximately 
.0065 to .007 inches. 

Examole 4-57 
The carbon steel heat treating process of Example 4-38 was repeated wtth 

the exception of ustng a 6 in. long modffted porous diffuser of the type shown 
as 40 f n Ffgure 3C located f n the heating zone of the furnace maintained at a 
temperature of 850°C <Location 72. tn Figure 4) and tnserted f nto the furnace 
through the cooling zone. The flow rate of nttrogen C99.S"L N2 and O.St Oz> 
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used in this example was 350 SCFH and the amount of hydrogen added was 1.2t. 
as shown in Table 4, the amount of hydrogen used betng 1.Z times the 
stoichiometric amoun"t requfred for the complete conversion of oxygen to 
moisture. 

The steel samples heat treated in this example were ·uniformly ox1d1zed 
and had a ·tightly packed oxide layer on the surface indicating the oxygen 
present 1n the. feed gas was converted completely to moisture both in the 
cooltng and heating zones, as shown 1n Table 4. 

Thts example showed that a modtf1ed porous diffuser according to the 
present invention, whtch prevented the dtrect 1mp1n~ement of feed gas with 
unreacted oxygen on the samples. can be used to feed non-cryogen·1 cally 
produced nitrogen pre-mixed with slightly more than stotch1ometr1c amount of 
hydrogen 1n the heating zone of the furnace operated at sso•c and produce 
controlled oxide annealed samples. 

Example 4-58 
The carbon steel heat treattng ·process of Example 4-57 was repeated with 

the exception of adding 31 hydrogen, as shown tn Table 4, the amount of 
hydrogen being 3.0 ttmes the stotchtometrtc amount requtred for the complete 
conversion of oxygen to moisture. 

The annealed steel samples were shiny br1~ht without any stgns of 
oxidation showing that the porous d~ffuser can be used to feed non-cryo-. 
genically produced nitrogen pre-mixed wtth three times the stoichiometric 
amount of hydrogen tn the heating zone of the furnace operated at 850°C and 
produce bright annealed steel samples by preventing the tmpingement of 
unreacted oxygen on the samples. 

The steel sample annealed in Example 4-58 was examined for 
decarburizatton. Examination· of incoming material showed no decarbur1zat1on 
while the steel sample heated in the non-cryogenically nitrogen atmosphere 
premixed with hydrogen produced decarbur1zat1on of approximately .oos inches. 

Example 4-59 
The carbon steel heat treating experiment process of Example 4-57 was 

repeated wf th the exceptt.on of us t ng 1. ~ oxygen in the fe.ed and addf ng 
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6.0'L hydrogen <see Table 4), the amount of hydrogen .. being 3.0 times the 
stoichiometr1c amount req~ired for the complete conversion of oxygen to 
mof sture. 

The annealed steel samples were shf ny bright without any signs of 
oxidation showing that a considerably more than sto1ch1ometric amount of 
hydrogen mixed with non-cryogenically produced nitrogen can be used to bright 
anneal steel samples at a5o•c by feeding the gaseous mixture into the heat1ng 
zone 1n a manner to prevent direct impingement of unreacted oxygen on the 
samples. 

The steel sample annealed in Example 4-59 was examined for 
decarbur1zation. Examination of incoming material showed no decarburization 
while the steel sample heated in the non-cryogen1ca11y nitrogen atmosphere 
premixed with hydrogen produced decarbur1zat1on of approximately .005 inches. 

Example 4-60 
The carbon steel heat treating process of Example 4-57 was repeated with 

the exception of ustng 1so•c furnace hot zone temperature instead of s5o•c. . 
The flow.rate of nitrogen <99.51. Nz and 0.5t Oz> used in this example was 
350 SCFH and the amount of hydrogen added was 1.0t, as shown fn~Table 4, the 
amount of hydrogen befng equal to the stoichfometrfc amount required for the 
complete conversion of oxygen to moisture. 

The steel samples thus treated were heavily oxidized and scaled 
indicating the porous diffuser of the_ invention cannot be used to feed 
non-cryogentcally produced nitrogen pre-mixed with stotchfometric amount of 
hydrogen f n the heatfng zone of the furnace operated at 75o•c to produce 
controlled oxtde annealed samples. 

Example 4-61 
The carbon steel heat treating process of Example 4-60 was repeated with· 

the exception of adding 1.2t hydrogen, as shown in Table 4, the amount of 
hydrogen being 1.2 times the stoichiometric amount required for the complete 
conversion of oxygen to moisture. 
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The annealed steel samples were unf for~ly oxidized and had a tightly 

packed oxide layer on the surface showing that the porous diffuser of the 
, 

invention can be used in the process of the invention to feed non-cryo­

genical ly produced nitrogen pre-mixed with 1.2 times the stoichiometric amount 

of hydrogen tn the heating zone of the furnace operated at 1so·c and produce 

controlled oxfde annealed steel samples. 

Examples 4-62 and 4-63 

The carbon steel heat treating process of Example 4-60 was repeated with 

S.O"L and 10.01. Hz. respectively, the amount of hydrogen u~ed being 5.0 and 

10.0 "times the stoichiometric amount required for the complete conversion of 

oxygen to moisture. 
The annealed steel samples were shtny bright without any signs of 

oxidation. These examples therefore showed that non-cryogenfcally produced 

nttrogen can be used for bright annea_ling steel at 1so•c provided considerably 

more than stofch1ometr1c amount of Hz f s used and that the direct impinge­

ment of feed gas with unreacted oxygen on the samples was avoided. 

The steel sample annealed f n Example 4-62 and 4-63 were examined for 

decarburizatfon. Examf natfon of f ncomf ng material showed n~ decarbur1zat1on 

while the steel samples heated in a non-cryogenfcally produced nitrogen 

atmosphere pre~mtxed wf th hydrogen produced decarburfzatfon of approximately 

.005 inches f n both examples. 

Example 4-64 
The carbon steel heat treating process of Example 4-60 was repeated with 

the exception of using O.ZS"L oxygen tn the feed and adding o.·n hydrogen Csee 

Ta~le 4>, the amount of hyd_rogen bet ng 1.2 times the stoi chtometrt c a~unt 

requtred for the complete conversion of oxygen to mot sture. 

The annealed steel samples were uniformly ·oxtdtzed and had a tightly 

packed oxide layer· on the surface showing that a 1.2 times stotchtometrtc 

amount of hydrogen mixed with non-cryogenically produced nitrogen containing 

0.251 oxygen can be used to controlled oxtde anneal steel samples at 1so•c by 

. feeding the gaseous mtxture tnto the heating zone according to the process of 

the present invention. 
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Examo 1 e 4-65 

The carbon steel he.a} treat1 ng process of 1n Example 4-64 was repeated 

wtth 1.0t H2. The amount of hydrogen used was Z.O t1mes the stotch1ometr1c 

amount required for the complete conversion of oxygen to moisture. 

The annealed.steel samples had a comb1nat1on of brtght and ox1d1zed 

ftnish. Th1s k1nd of surface ftntsh 1s generally not acceptable. Th1s 

example therefore showed that non-cryogen1ca11y produced nitrogen conta·t~~.ng 

0.251 oxygen cannot be used for bright and/or oxfde annealtng steel at 75o•c 

whe~ 2.0 times stotch1ometrtc amount of Hz 1s used even tf the direct 

impingement of feed gas with unreacted oxygen on the samples ts avotded. 

Examples 4-66. 4-67. and 4-68 

The carbon steel heat treat·i ng experiment process of Example 4-64 was · 

repeated w1th 2.751. 3.251, and S.01.·H2, respectively. The amount of hydrogen 

used was 5.5, 6.5, and 10.0 times the stotchiometric amount required for the 

complete conversion of oxygen to moisture. 
The annealed steel samples were bright without any signs of oxidation. 

These examples therefore showed that non-cryogenically produced nitrogen 

containing o.zst oxygen can be used for bright annealing steel at 1so•c 
provided more than 5.0 times the stoichiometric amount of. H2 is·1,1sed and that 

the direct .impingement of feed gas wt th unreacted oxygen on the samples is 

avoided. 
The steel samples annealed in Examples ~66, 4-67, and 4-68 were examined 

for decarburizatton. Exam1nat1on of incoming matertal showed no 

decarbur1zat1on while the steel samples heated in a non-cryogenically produced 

nftrogen atmosphere pre-mixed with hydrogen produced decarburization of 

approximately .0035 inches. 

Example 4-69 
The carbon stul heat treating process of Example 4-60 was repeated w1th 

the exception of using 1.ot oxygen in the feed gas and adding 2.201 hydrogen 

<see Table 4>, the amount of hydrogen used being 1.1 times the stoich1ometr1c 

amount required for the complete converston of oxygen to moisture. 
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The steel samples ~eat treated tn thts example were uniformly ox1dtzed 
and had a tightly packed o~1de layer on the surface, 1ndicat1ng as shown 1n 
Table 4 that the oxygen present tn the feed gas was converted completely to 
moisture both in the cooling and heating zones. 

Thts example showed that a process accordtng to the present tnventfon of 
preventing the dtrect 1mptngement of feed gas wt th unreac~ed oxygen on the 
sa~ples, can be used to feed non-cryogentcally produced nitrogen contatntng 
1.0"L oxygen and pre-mixed with sltghtly more than stotchtometrtc amount of 
hydrogen tn the heating zone of the furnace operated at 7so•c and produce 
controlled oxtde annealed samples. . ~·· 

Example 4-70 
The carbon steel heat treating process of Example 4-69 was repeated with 

the exceptton of adding 2.51. hydrogen, as shown tn Table 4, the amount of 
hydrogen used befng 1.ZS times the stotchtometrtc amount re·qu1red for the 
complete conversion of oxygen to moisture. 

The annealed steel samples were uniformly oxidized and had a ·tightly 
packed oxtde layer on the surface. This example showed that a modified 
porous diffuser as in Figure 3C can effect the process cf the present 
1nventfon to feed non-cryogenfcally produced nitrogen pre-mtxed with 1.25 
tfmes the stolchfometrtc amount of hydrogen fn the heating zone of the furnace 
operated at 1so•c and produce controlled oxide annealed steel samples. 

Example 4-71 

The carbon steel heat treating process of Example 4-69 was repeated with 
the exception of adding 4.0~ hydrogen <see Table 4), the amount of hydrogen 
being z.o times the stoichiometric amount required for the complete conversion 
of oxygen to motsture. 

The annealed steel samples were non-uniformly oxidized showing that Z.0 
times the stotchtometric amount of hydrogen mixed wtth non-cryogentcally 
produced nitrogen contatntng 1.01. oxygen cannot be used to bright and/or oxtde 
anneal steel samples at 1so•c by feeding the gaseous mtxture Into the heattng 
zone according to the process of the present tnventton. 
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Examoles 4-72 and 4-73 
The carbon steel heat treating process of Example ·4-61 was repeated wtth , 

a total flow rate of 450 and 550 SCFH, respec't1vely. The amount of hydrogen 
used was 1.5 t1mes the sto1ch1ometrtc amount required for the complete. 
converston of oxygen to motsture. 

The annealed steel samples were uniformly oxtd1zed and had a ttghtly 
packed ox1d~ layer on the surface. These examples therefore showed that a - . 
total flow rate varying up to 550 SCFH of non-cryogen1cally produced nttrogen 
can be used for ox1de annealtng steel at 7so•c provtded more than stotchio­
metrtc amount of H2 1s used and that the direct lmptngement of feed gas with 
unreacted oxygen on the samples ts avotded. 

Exa.mple 4-74 
The carbon steel heat treating process of Example 4-72 was repeated with 

. . 
the exception of using 650 SCFH total flow rate as shown in Table 4. the 
amount of hydrogen used being 1.5 times the stoichiometric amount required for 
the complete conversion of oxygen to motsture. 

The a~nealed steel samples were non-uniformly oxidized and the quality of 
the samples was unacceptable. The residual oxygen present tn the feed gas 
appeared not to have reacted colllpletely with hydrogen at 650 SCFH total flow 
rate prior to 1mpfng1ng on the samples. thereby oxtdtztng them non-uniformly. 
This example showed that the process of the present invention cannot be used 
at a total flow rate greater than 550 SCFH of non-cryogenically produced 
nitrogen pre~1xed w1th 1.5 times the sto1ch1ometrtc amount of hydrogen tn the 
heating zone of the furnace operated at zso•c and produce oxtde annealed steel 
samples where the diffuser of Figure 3C ts used. Thts example shows that the 
htgh flow rate of non-cryogentcally produced nitrogen can be used by dtvtdtng 
tt.tnto multiple streams and feeding the streams tnto different tocattons in 
the heating zone in accord with the process of the invention. 

Examole 4-75 
The carbon steel heat treating process of Example 4-72 was repeated with 

the exception of ustng 850 SCFH total flow rate Csee Table 4). The amount of 
hydrogen added was 1.5 ttmes the stotchtometric amount required for the 
complete conn rs ion of oxygen to mot s tu re. 
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The annealed steel samples were severely oxidtzed and scaled. This 
example once again showed that a total flow rate htgher than 550 SCFH of , 

non-cryogen1ca.1ty produced nitrogen pre-mixed wtth more than stotchiometric 
amount of hydro9en cannot be used to oxide anneal steel samples at 1so•c by 
feedt n9·· the gaseous m1xture 1 nto the heat1 ng zone wt th the porous dt ffuser of 
Figure JC~ 

Example 4-76 
The carbon steel heat treating process of Example 4-60 was repeated wf th 

the excepttons of using a. 4 tn. long modtfted porous dtffuser located in the 
heattng zone of the furnace <Location 72. tn Figure 4) maintained at a 
temperature.of zso•c. The flow rate of nitrogen <99.St N2 and O.S"L o2> used 
in thts example was 350 SCFH and the amount of hydrogen added was 1.SX. the 
amount of hydrogen used being 1.5 ttmes the stotchtometrtc amount required for 
the complete conversion of oxygen to motsture. 

The steel samples heat treated tn thts example were untformly oxtd1zed 
and had a ttghtly packed oxfde layer on the surface. The oxygen present fn 
the feed gas was converted completely to moisture both tn the cooltng and 
heating zones, as shown tn Table.4. 

This example showed -that a mod1f1ed porous diffuser design, which 
prevented the direct tmptngement of feed gas wt th unreacted oxygen on the 
samples, can be used to feed non-cryogenically produced nitrogen pre-mtxed 
with slightly more than sto1chfometrfc amount of hydrogen tn the heattng zone 
of the furnace operated at 7so•c and produce controlled oxtde annealed 
samples. 

Exaroole 4-77 
The carbon steel heat treattng process of Example 4-60 was repeated with 

the. exceptfons of usfng a Z fnch long modffted porous diffuser located fn toe 
heat1ng zone of the furnace CLocatton 72 tn Figure 4> matntatned at 1so•c. 
The flow rate of nitrogen (99.Sl Nz and O.S"L Oz> used tn thf s example was 
350 SCFH and the amount of hydrogen added was 1.21, as shown fn Table 4, the 
amount of hydrogen used betng 1.2 times the stotchfometric amount required for 
the complete converston of oxygen to moisture. 



-81 -

The steel samples heat treated tn thts example were uniformly ox1d1zed 
and had a ttghtly packed,oxide layer on the surface as tndtcated by the data 
1n Table 4 the oxygen present 1n the feed gas was .converted completely to 
motsture both tn the cooling and heating zones, showing that a shortened 
modtf1ed porous diffuser which prevented the direct impingement of feed gas 
wtth unreacted oxygen on the samples can be used to feed non-cryogenfc&lly 
produced nitrogen pre-mixed with slightly more than sto1ch1ometr1c amount of . . 

hydrogen tn the heating zone of the furnace operated at 7so•c and produce 
controlled oxide annealed samples. · 

Examole 4-78 

The carbon steel ·heat treattng process of Example 4-77 was repeated wfth 
the exceptions of placing the modtff ed dtffuser tn location 74 of .fur'nace 60 

Csee Ftgure 4) and addtng 1.St hydrogen. As shown tn Table 4 the amount of 
hydrogen used was 1.5 times the stofchiometrtc amount required for the 
complete conversion of oxyge.n to moisture. 

The annealed steel samples were oxidfzed uniformly and had a tightly 
packed 9xtde layer on the surface, showing that a slightly more than 
stofchtometric amount of hydrogen mixed wf th non-e'ryogenfcally produced 
nitrogen can be used to oxide anneal steel samples by feeding the gaseous 
mixture tnto the heating zo~e and without impfngement on the parts befng 
treated. 

Examcle 4-79 

The carbon steel heat treating process of Example 4-78 was repeated wtth 
the exception of adding 3.0t hydrogen <see Table 4>. This amount of hydrogen 
wa·s 3.0 t1mes the sto1chfometr1c amount required for the complete conversion 
of oxygen to moisture. 

The annealed steel samples were shiny bright without any signs of 
oxidation show1nq that feeding non-cryoqenically produced nitrogen pre-mf xed 
w1th three times the stoichiometric amount of hydrogen 1n the heating zone of 
the furnace operated at 1so·c 1n accord with the invention can produce bright 
annealed steel samples. 
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Example 4-80 
The carbon steel heat treating process of Example 4-78 was repeated with , . 

the exception of addtng 5.01. hydrogen Csee Table 4) which was 5.0 ttmes the 
stotchiometric amount required for the complete conversion of oxygen to 
mot sture. · 

The annealed steel samples were shiny brtght wtthout ,any signs of 
· oxidatton showing that a constderably more than stoichiometric amount of 

hydrogen mixed with non-cryogentcally produced nitrogen can be used to bright 
anneal steel samples at 1so•c by feeding the gaseous mtxture into the heating 
zone in accord with the·process of present tnvention. 

Example 4-81 

The carbon steel heat treattng process of Example 4-60 was repeated with 
the exception of using a 3/4 in. diameter 6 tn. long modifted porous diffuser 
such as shown as 40 in Ftgure JC located tn the heating zone of the furnace 
Clocatton 72 in Figure 4> operatf ng at 7oo•c furnace hot zone temperature. 
The dtffuser wu inserted tnto the furnace through the cooltng zone. The flow 
·rate of nttrogen C99.st N2 and o.si o2> used tn thts test was 350. SCFH and the 
amount of hydrogen added was 1.2 times the stotchtometrfc amount required for 
the complete converston of oxygen to moisture <e.g. 1.21). 

The treated sample were uniformly oxidized and had a tightly packed oxtde 
layer on the surface indicating the oxygen present tn the feed gas was 
converted completely to moisture both in the cooltng and heating zones, as 
shown tn Tabl~ 4. 

Thh result agatn proves that a process based upon preventing the d1rect 
impingement of feed gas with unreacted oxygen on the samples, can be used to 
feed non-cryogen t ca 11 y produced· n 1 trogen pre-mtxed wt th s H ght 1 y more than 
stoichtometrtc amount of hydrogen tn the heating zone of the furnace operated 
at·1oo•c and produce controlled oxide annealed samples. 

Example 4-82 
The carbon steel heat treating process of Example 4-81 was repeated wtth 

the exception of adding 1.St hydrogen or 1.5 ttmes the stotchtometrtc amount· 
of hydrogen required for the complete converston of oxygen to motsture. 
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The annealed steel samples were oxid1zed uniformly that the process of 
the present inve~t1on can ~e used to feed non-cryogenically prod~ced nitrogen 
pre-mixed wfth 1.5 times the stoichiometric amount of hydrogen in the heatfng 
zone of the furnace operated at 1oo•c and produce oxide annealed steel 
samples. 

Example 4-83 

The carbon steel heat treating process of Example 4-81 was repeated with 
the exception of addf ng 5.01 hydrogen or 5.0 ttmes the stof chtometrtc amount 
of hydrogen required for the complete conversion of oxygen to moi_stur~. 

The annealed steel samples were partly bright and partJy oxtdf zed 
tndfcatfng that 5.0 times the·~totchtometric amount of hydrogen mixed wfth 
non-cryogentcally produced nitrogen cannot be used to brtght and/or oxtde 
anneal steel samples by feeding the gaseous mixture 1nto the heating zone of a 
furnace operated at 7oo•c using the process of the present invention. 

Example 4-84 
The ~arbon steel heat treattng process of Example 4-81 was repeated with 

the exception of ~ddtng 10.01 hydro~en <see Table 4>. This amount of hydrogen 
w~s ~Q.O times the stotch1ometric amount required for the complete conversion 
of oxygen to moisture. 

The annealed steel samples were partly oxidized and partly bright showing 
~hat 10.0 ttmes the stoichiometric amount of hydrogen mixed with 
non-cryogentcally produced nitrogen cannot be used to brtght and/or oxide 
anneal steel samples by feeding the gaseous mixture into the heating zone of a 
furnace operated at 7oo•c according to the process of the present invention. 

Examole 4-85 
The carbon steel heat treating process of Example 4-81 was repeated with 

the exception of using 0.251 oxygen tn the feed and addtng 10.01 hydrogen <see 
Table 4). This amount of hydrogen was 20.0 times the stoichiometric amount 
required for the complete converston of oxygen to motsture. 

The annealed steel samples were shiny brtght without any signs of 
oxidatton tndtcattng that a cons_tderably more than stotchtometrtc amount of 
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hydrogen mixed with no~-cryogentcally produced nitrogen can·be used to brfght 
anneal steel ~amples by feedtng the gaseous mtxture tnto the heattng zone of a 
furnace operated at-7oo•c accordtng to the process of the present tnventton 
prov~ded H2 > lOX stof chtometrfc. 

Examole 4-86 
The carbon steel heat treatf ng experiment descrf bed tn Example 4-81 was 

repeated wtth the excepttori of ustng a 55o•c furnace hot zone temperature. 
The· flow rate of nttrogen C99.S"L N2 and O.Sl o2> used 1n thts example was 
350 SCFH and the amount of hydrogen added was 1.2l. The amount of hydrogen 
used was 1.2 ttmes the stoichiometrtc amount required for the complete 
conversion of oxygen to moisture. 

The steel samples heat treated in thts example were ox1dtzed and scaled 
tndicating the oxygen present tn the feed gas was not converted completely to 
motsture both tn the cooling and heating zones and that the process of the 
tnvent1on cannot be used to feed non-cryogenically produced nftrogen pre-mtxed 
wfth.sltghtly more than stotchtometrtc amount of hydrogen tn the heating zone 
of the furnace operated at 65o•c and produce controlled oxtde annealed 
surface. 

Example 4-87. 
The carbon steel heat treating process of Example 4-86 was repeated wtth 

the exception of addtng 5.0"L hydrogen or 5.0 ttmes the stof chtometrfc amount 
required for the complete conversion of oxygen to moisture: 

The annealed steel samples were partly oxidized and partly brtght 
indicatfng the process of the present invention cannot be used with 
non-cryogenically produced nttrogen pre-mixed with 5.0 ttmes the 
stoichtometrtc amount of hydrogen tn the heating zone of the furnace operated 
at sso•c and produce bright and/or oxtde annealed steel samples. 

Example 4-88 
The annealing process of Example 2-31 was repeated using simf lar 

procedure. operating condttions, and a feed tube such as 30 of Figure JA 
located in the heating zone <Location 72 of Figure 4) wtth the open end 32 
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factng the cetltng or rqof 34 of the furnace to heat treat carbon steel 
samples. The feed gas therefore d1d not fmptnge directly on the samples and 
was heated by the furnace ceiling, caus1ng oxygen to react with hydrogen prior 
to com1ng in contact with the samples. The concentration of oxygen 1n the 
feed n1trogen was 0.51 and the amount of hydrogen added was 1.S"L <hydrogen 
added being 1.5 tfmes the sto1chiometrtc amount>. 

The treated samples were heavily oxidized and scaled due to the presence 
of htgh concentratio~s of oxygen tn the heattng zone, as shown tn Table 4. 

Careful analysis of the furnace revealed that this method of introducing feed 
·gas caused a lot of turbulence fns1de the furnace permf tttng suct1on of large 
amounts of atr from outside into the heating zone, resulting in severe 
oxidation. of the samples. It h therefore not preferable to locate an open 

., 

tube facing the furnace ceiling 1n Location 72 of furnace 60. 

Examole 4-89 
The carbon steel heat treating process of Example 4-88 was repeated with 

the exception of locating the open end 32 of tube 30 in Location 74 instead of 
Location 72 in the furnace 60. The feed gas therefore did not impinged 
directly on the samples and there was no apparent suction of af r into the 
heatfng zone from the outsfde. The concentration of oxygen f n the feed 
nitrogen was O.S"L and the amount of hydrogen added was 1.51 or 1.5 times the 
stoi chiometrf c amount. · 

The steel samples heat treated in thf s process oxidized uniformly and had 
a tightly packed oxide laye.r on the surface showing that steel samples can be 
oxide annealed at 7so•c using non-cryogenically.produced nitrogen provided 
more than stotch1ometr1c amount of hydrogen ts used providing the feed gas ts 
·introduced tnto the furnace at the proper location and the direct Impingement 
of feed gas with unreacted oxygen on the samples fs avoided. 

Examole 4-90 
The carbon steel. heat treating process of Example 4-89 was repeated with 

the exception of using S.O"L hydrogen or 5.0 t1mes the sto1chiometric amount. 
The steel samples heat treated by this process were bright without any 

signs of oxidation confirming that an open tube facing furnace ceiling can be· 
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used to bright anneal steel at 1so•c wit~ non-cryogen1cally produced nitrogen 
provided that more than.stofchfometrlc amount of hydrogen ts used. , . 

The Examples 4-51 through 4-90 relate to anneal\ng using a modtfted 
porous diffuser or modified gas feed device to show that carbon steel can be 
annealed at temperatures ranging from 1oo•c to 11oo•c with non-cryogenically 
produced nttrogen provided more than sto1ch1ometrtc amount of hydrogen ts 
added to the feed gas. ·The process of the present \nventfon e~ployfng method 
of introducing the feed gas into the furnace Ce.g. ustng a modified porous 
diffuser> enables a user to perform oxide annealing and oxide-free (brfght 
annealing> of carbon steel,_ as shown 1n Figure 9. The operating regions shown 
in Ff gure 9 are considerably broader using the process of the .present 
fnvention than those noted wtth conventtonal gas feed devtces, as ts evtdent 
by comparing ·Figures 8 and 9. ·.The above experiments therefore demonstrate the 
importance of preventing the Impingement of feed gas with unreacted oxygen on 
the parts. 

Table 5 and the d1scusston relating thereto details several experiments 
that were carried out to study bright annealing of 9-K and 14-K gold, alloys 
of gold, .silver, ztnc· and copper, using non-cryogentca.lly produced nttrogen at 
a constant·1so•c temperature. P1eces of 9-K and 14-K gold measuring 0.5 in. 
wtde, Z.5 1n. long and 0.040 tn. thick were used in all the annealing 
experiments described below. 
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TABLE5 

£xamole 5,,21 uample 5-2? EampJ1 5-23 E11mple 5-2!1 EumpJ1 5-25 ExaqaJe 5-26 fnmple 5-27 [limp )e 5-28 . 
Type of Samples 14-1< Gold 9-K Gold 9-K Gold 9-K Gold 14-K Gold 14-K Gold 9-K Gold 9-K Gold 

Heal Treating Temperature, •c 750 750 750 700 750 750 750 750 

flow Rat, of feed Gas, SCfH 350 350 350 350 350 350 350 350 

feed Gas Location Transition Transition • Transition Transition Heating Zone Heating Zone Healing Zone Heating Zone 
Zone Zone Zone Zone (Location 72) (Location 12) (Location 74) (location 74) 

Type of feed Oevice Open Tube Open Tube Open Tube Open Tube· Porous Porous Porous Porous 
Diffuser Diffuser Diffuser Di ff user 
flG~ JE FIG. lE FIG. lE FIG. 3E · 

feed Gas Co1QP01ili.Jlo 
Nitrogen, X 99.0 99.5 99.5 99.5 99.0 99.5 99.5 99.5 

~ Oxygen, X 1.0 0.5 0.5 0.5 1.0 0.5 0.5 • 0 .s 
Hydrogen•, X - 5.0 10.0 10.0 2.5 5.0 5.0 10.0 

U11tio9 ZQOI AtmQsphlJ:t 
CoQ>osition 

OJCygen, ppm 9,500 <4 <5 <4 <4 <2 <6 <4 
Hydrogen•, X - 4.0 - - -0.5 -4.1 4.0 
Dew· Point, •c - +6.8 +7.1 +4.2 +5.9 +7.0 +7.0 +S.4. 

CQQ)iog ZQOI AtlllQsebec1 
Coqaosilioo 

Oxygen, ppm 9,900 3,000 3 .. 200 2,800 <l <5 <4 <4 
Hydrogen, % - 4.1 - - -0.5 -4.1 4.0 
Dew Point, •c -- -6.9 -2.2 +4.3 +5.7 +6.4 ... 1.2 +6.5 

Quality of Heat Treated Severely Oxidhed Oicidhed ·:Oxidized Oxidized Partially Oxidized Parlia1l y 
Samples Oxidized Oxidized Oxide Oxidized 

& Scaled 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



~ (C<intinued) 

£xaam le -5::Z.9 uamstl.L5=30 Eimiple 5-31 Example 5-3? hamole 5-31 Enmple 5-34 Exa.mole 5-35 uamp]e 5-16 

Type of Sa11ples 14-IC Gold 14-K Gold 14-K Gold 14-K Gold 9-IC Gold 9-K Gold 9-K Gold 9-K Gold 

Heal Treating Temperature. •c 750 750 750 750 750 750 750 750 

flow Rate of feed Gas, SCFH 350 350 350 350 350 350 350 350 

feed Gas Location Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone Healing Zone Heating Zone 
(Local.Ion 72) (Location 72) (Location 72) (Location 74) (location 74) (locatlon 74) (lout.ion 74) ( Loca_t ion 74) 

Type of feed Device Modified Modified Hod if led Hodified Modified Hodified Modified Hodified 
Porous Porous Porous Porous Porous Porous Porous Porous 
Diffuser Diffuser Diffuser Diffuser Di ff user Di ff user Di ff user Diffuser 
flG. 3C FIG. 3C flG. 3C FIG. JC flG. JC fJG. 3C fJG. JC fJG. 3C 

E11d &11 tame11itiao 
I 

Nitrogen. l 99.0 99.5 99.5 99.5 99.0 99.0 99.0 99.0 m 
Oxygen, I 1.0 o.s 0.5 0.5 1 .o 1.0 1.0 1.0 
Hydrogen•, l 4.0 5.0 5.0 5.0 3.0 5.0 7.5 10.0. 

!:~!;ftf::• Atmasllh4ce 
Oxygen. ppm <3 c3 <2 <4 <4 <3 <3 <4 
Hydrogen•, i -2. I -4.0 4.0 4.0 1.2 3.3 
Dew Point, •c +11.4 ... s.9 +8.8 +6.1 -t6.2. +6.3 4.3 +4.3 

~=:!~Ytf ::e Atmasph1re 
Oxygen, ppm <1 <3 <2 <4 <4 <4 <4 <4 
Hydrogen•, l -2.1 -4 •. 1 4.0 4.0 J.2 3.4 
Dew Point, •c +11.6 +5.6 +8.3 +6.1 +6.2 . fi.2 +4.6 4.2 

Quality of Heat Treated Partialllf 
Samples Oxidized 

Bright Bright Shiny Bright Oxidized Oxidized Bright Shiny Bright 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen. 



TABLE 5 (Continued) 

· fxampl e 5-37 fxanu>le 5-38 Example 5-39 E111111l1 5-40 Enmple 5-41 fx1mpl1 5-42 ExaRIDle 5.-41 

Type .of Sa11p 1 es 9-K Gold 9-K Gold 9-K Gold 9-K Gold 9-K Gold 9-K Gold 9-K Gold 
Heat Treating TeMperature, •c 750 750 750 750 700 700 700 
flow Rate of feed Gas, SCfH 350 . 350 450 550 650 850 350 
feed Gas Location Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone Heating Zone Healing Zone (Lo ca ti on 74) (Location 74) (location 74) (location 74) (Location 74) (Location 74) (location 74) 
Type of feed Device Hodified Hodified Hodi fled Hodified Modified Hodified Hodified Porous Porous Porous Porous Porous Porous Porous Di ff user Diffuser Diffuser Diffuser Diffuser DI ffuser Di ff user FIG. 3C FIG. 3C fJG. 3C flG. 3C flG. 3C flG. 3C flG. JC 
E11d 611 Cal!R11ltlao 

I Nitrogen, X 99.5 99.5 99.5 99.5 99.5 99.5 99.5 co Oxygen, X 0.5 0.5 0.5 0.5 0.5 0.5 0.5 (0 
I Hydrogen•, X 3.0 5.0 5.0 10.0 3.0 5.0 10.0 

tiH U 09 Zwi.e....At111D.1plw:e 
Colll!H j Ugo 

Oxygen, ppm <1 <5 <5 <4 <3 <3 <3 Hydrogen•, X 2.1 4.0 4.0 - 2.1 4.1 Dew Point, •c -t4.6 +5.6 -t3.6 -tl.5 +2.1 +1.1 -t6.5 
C11J iou Zooe Atmnben 
Cg.ositjoo 

Oxygen, ppm <7 <5 <4 <5 <4 <3 <4' Hydrogen•, X 2.1 4.2 4.1 - 2.2 4.2 Dew Point, •c +4.8 +5.6 +3.8 +3.3. +1.8 +l.1 +6.3 
Quality of Heal Treated 
SaMples 

Oxidized Bright Bright Shiny Bright · Oxidized Oxidized Oxidhed 

• Hydrogen gas was mixed with nitrogen and added as a percent of total non-cryogenically produced feed nitrogen •. 
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Examnle 5-21 
A sample of "14-K gold was annealed at 7so·c 1n the Watkins-Johnson 

furnace using 350 SCFH of nitrogen contatntng 99.01 N2 and l.Ot residual 
oxygen. The feed gas was introduced into the furnace through a 3/4 tn. 
diameter tube located at 70 in furnace 60 <Ftgure 4>. This method of gas 
introduction ts conventionally practiced 1n the heat treatment industry. The 
composttion of feed nttrogen. similar to that conunonly produced by 
non-cryogenic atr separation techniques. was passed through the furnace for at 
least one hour to purge it prtor to annealing the gold sample. 

The sample annealed in this manner was severely oxtdtzed and scaled. The 
oxf.datton of the sample was due to the presence of h~gh levels of oxygen both 
1n the heating and cooltng zones of the furnace, as shown·by the data tn 
Table 5 tnd1cat1ng that non-cryogentcally produced nitrogen conta1n·tng 
restdual oxygen cannot be used for annealtng gold alloys. 

Examnle 5-Z2 
The anneal\ng example described tn Example 5-21 was repeated ustng 

stmtlar furnace, set•up, and operattng temperature and procedure with the 
exceptions of ustng 9-K gold piece, non-cryogentcally produced nttrogen 
containign 99.SX N2 and 0.51 residual oxygen, and si added hydrogen, as shown 
tn Table 5. The amount of hydrogen was ftve times ~he stotchtometric amount 
requtred for the complete conver·s1on of oxygen to moisture. 

The sample annealed tn this manner was oxidtzed. The oxtdatton of the 
sample was due to the presence of htgh levels of oxygen in the cooling zone of 
the furnace, as shown _tn Table 5, 1ndic.attnq that non-cryoqenically produced 
nitrogen pre-mixed with ftve times the stotchtometrtc amount cannot be 
introduced 1nto the furnace through a conventional device and used for bright 
annealing gold alloys. 

Example 5-2.3 
The annealing example described in Example 5-22 was repeated using 

similar piece of gold, furnace, s.et-up, operattng temperature and procedure, 
and flow rate of non-cryogentcally produced nitrogen with the exception of 
using lat hydrogen, whtch was ten t1mes the stotchiometrtc amount. 

. ; 

! 
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· The sample annealed in thts example was oxidized due to the presence of 
htgh levels of restdual OX)'gen tn the cooltng zone of the furnace Csee 
Table S>. indicattng once agatn that non-cryogenfcally produced nftrogen 
pre-mtxed with ten times the stotchtometric. amount cannot be introduced tnto 
the furnace through a conventional device and used for bright annealing dold 
a 1 loys at 1so·c .. 

Examole 5-24 

The annealing experiment. described in Example 5-23 was repea~ed using 
similar piece of gold, furnace, set-up, operating procedure, flow rate of 
non-cryogenically produced nitrogen, and amount of added hydrogen with the 
exceptfon of usfng 1oo•c,furnace temperature. 

The sample annealed in this example was oxtdtzed due to the pr~sence of 
"" high levels of residual oxygen fn the cooling zone of the .furnace Csee 

Table 5), indicating that non-cryogenfcally produced nitrogen pre-mixed w1th 
excess amounts of hydrogen cannot be introduced 1nto the furnace through a 
conventional device and used for bright annealing gold alloys at 1oo•c. 

En.mole 5-25 

A sample of 14-K gold was annealed at 75o•c using 350· SCFH of nitrogen 
con ta i .n i ng 991. Nz and l"L Oz. The feed gas was mixed wf th 2. S"L Hz wh 1 ch was 
1.25 times the stofch1ometr1c amount required for the complete conversion of 
oxygen to moisture. The feed gas was introduced into the furnace through a 
1/Z fn. dfameter, 6 fn. long sintered Inconel porous diffuser C52 of Figure 
JE> located in the heating zone CLocatton 72 in Ffgure 4) of furnace 60. One 
end of the porous diffuser was sealed, whereas the other was connected to a 
1/2 in. diameter stainless steel tube inserted into the furnace through the 
coo.11 ng zone . 

The heat treated sample was oxidized. As shown tn Table 5 the oxygen 
present in the feed gas was converted completely to moisture in the heating 
and cooling zones. While diffuser appeared to help tn dispersing feed gas in 
the furnace and converting oxygen to motsture, a part of feed gas was not 
heated to htgh enough temperatura, resulting tn the impingement of unreacted 
oxygen on the sample and subsequently tts·oxtdation. Analysts of the fluid 
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flow and temperature profiles in the furnace conftrmed the direct tmptngement 
of parttally heated feed_ gas on the sample. . , 

Thus unless tmptngement of unreacted oxygen on the part betng treated ts 
effected ustng non-cryogentcatly produced nitrogen pre-mixed wtth 1.25 ttmes 
the stof chtometrtc amount of hydrogen f n the heating zone of the furnace 
operated at 750°C cannot result tn brfght annealed gold al,loys. 

Examole 5-26 
The 14-K gold annealtng process of Example 5-25 was repeated wfth the 

exceptton of usf ng nitrogen contatntng 99.S'L Ht and 0.5'L oxygen and adding S?. 
hydrogen, which was 5.0 ttmes the stotchtometrtc amount required for the 
complete converston of oxygen to motsture. 

Sample treated tn this manner were partially brtght and parttally 
oxidized. The oxygen present fn the feed gas was converted .. completely to 
moisture In the heating and cooltng zones of the furnace. However, the sample 
was partially oxidized even wtth the presence of excess amount of hydrogen due 
mainly to the impingement of feed gas wtth unreacted oxygen on the sample, 
once agatn 1ndtcatf ng a need to control the process. 

Examole 5-27 
A sample of 9-K gold was annealed at 1so•c ustng 350 SCFH of nitrogen 

con_ta f n f ng 99. 51. Hz and o. St o2 ... The feed gas was mixed wt th 51. Hz . wh1 ch was 
5.0 ttmes the stotchfometrtc amount required for the complete converston of 
oxygen to mot sture .. The· feed gas was 1 ntroduced Into the furnace through a 
1/2 tn. diameter, 6 tn. long sintered Inconel porous diffuser C52 of Figure 
3E> located in the heating zone <Location 74 tn Figure 4> of furnace 60. One 
end of the porous diffuser was seated, whereas the other was connected to a 
non-half-tnch diameter statnless steel tube inserted tnto the furnace through 
the c.oo 1 t ng. zone. 

The heat treated sample was oxtdtzed. The oxygen present tn the feed gas 
was· converted completely to moisture tn the heattng and cooling zones, as 
fndtcated by the atmosphere analysts tn Table 5. 

The sample was oxtdtzed due matnly to the tmptngement of feed gas wtth 
unreacted oxygen, once again indtcattng a need to control the process. 
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Examole s:..2a 
The 9-K gold annea~in9 experiment described tn Example 5-27 was repeated 

using similar procedure. -gas feeding device. operating temperature, and 
non-cryogentcally produced nitrogen containing 99.Sl Nz and O.St oxygen with 
the exception of addtng lO"L hydrogen, whtch was ten times the stotchiometric 
amount required for the compl~te conversion of oxygen to ~1sture. 

The sample annealed in this example was partially bright and partially 
oxidized. The oxygen present in the feed gas was converted completely to 
moisture in the heating and cooling zones of the furnace, as shown in 
Table 5. However, the sample was partially ox1dtzed even with the presence of 
excess amount of hydrogen due mainly to the tmp1ngement of feed gas w1th 
unreacted oxygen on the sample. 

Examples 5-21 through 5-24 show that prior art processes of f ntroductton 
of non-cryogenically produced nitrogen into the transttion zone of the furnace 
cannot be used to bright anneal 9-K and 14-K gold samples. Examples 5;..24 to 
s:..2a show that a type of unrestricted diffuser appears to help in reducing the 
velocity of feed gas and dtsperstng 1t effecttvely in the _furnace and In 
heating ~he gaseous feed mixture, but does not appear to e11mtnate impingement 
of unreacted oxygen on the samples. 

Example 5-29 

The 14-K gold annealing process of Example 5-26 was repeated with the 
exception of using.a 3/4 tn. diameter 6 in. long porous diffuser of the type 
shown by 40 in Figure 3C located ·tn the heating zone of the furnace 
<Location 72 in Figure 4) by betng inserted tnto the furnace through the 

·cooling zone to direct the flow of feed gas towards the hot cetlfng of the 
furnace and to prevent the dtrect tmpingement of feed gas wtth unreacted 
oxygen_ on the samples. The flow rate of nftrogen (99.01. Nz and 1.0l Oz> used 
tn this example was 350 SCFH and ·the amount of hydrogen added was 4.01.. as 
shown in Tabh S. The amount of hydrogen used was 2.0 times the 
stoichiometric amount required for the coinplete conversion of oxygen to 
moisture. 

The sample annealed by this process was ox1dfzed although the oxygen 
present 1n the feed gas was converted completely to moisture both tn the 
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cooling and heating zones, tt appears that the sample was oxidized due to the 

presence of ht gh 1 eve ls ·of mot sture t n the furnace. 
Thts example showed. that preventtng the dtrect tmptngement of feed gas 

wtth unreacted oxygen on the sample was tnstrumental tn ettmtnattng tts 

oxtdatton by unconverted oxygen, however, the use of z.o ttmes the 

stotchtometrtc amount of hydrogen ts not enough to brtght ~nneal gold alloys. 

Example 5-30 

The 14-K gold annealing process of Example 5-Z9 was repeated wtth the 

excepttons of ustng nttrogen contatntng 99.Si Nz and 0.51. o2 and addtng s.oi 

hydrog~.n. the ~mount of hydrogen used betng 5.0 times the stoichtometrtc 

amount requtred for the complete converston of oxygen to motsture. 

The annealed 14-K gold sample was brtght without any signs of oxtdatton 

showing that preventtng the dtrect tmptngement of feed gas with unreacted 

oxygen on the sample and the use of more than 2.0 times the stoichtometric 

amount of hydrogen are essenttal for brtght annealtng gold alloys. 

Example 5-31 

The 14-K gold annealing process of Example 5-30 was repeated with the 

amount of hydrogen used betng 5.0 ttmes the stotchiometrtc amount required for 

the complete conversion of oxygen to moisture. 
The annealed s.ample was bright without any stgns of oxtdatfon again 

showing that preventtng the direct impingement of feed gas wtth unreacted 

oxygen on the sample and the use of more than 2.0 ttmes the stoichiometrtc 
. . 

amount of hydrogen are essential for brtght annealing gold alloys. 

Examole 5-32 
The 14-K gold annealtng process of Example 5-30 was repeated with the 

exception of placing the ~dtfted porous diffuser at location 74 tnstead of 

location 72 <see Ftgure 4>. The amount of hydrogen used was 5.0 times the 

stotchtometrtc amount required for the complete converston of oxygen to 
motsture. 

The annealed 14-K gold sample was bright without any stgns of oxtdatton, 

showtng that preventtng the direct tmptngement of feed gas wtth unreacted 
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oxygen on the sample and the use of more than 2.0 ttmes the stotchfometrf c 
amount of hydrogen are essent1al for bright annealing gold allOY.S· 

Examole 5-33 

The 14-K annealing process of Example 5-Z9 was repeated ustng s1m1lar 
procedure, flow rate, and operating conditions wt th the ,exceptions of placing 
the· modified porous diffuser at location 74 instead of location 72 <see 
Ftgure 4), using 9-K gold sample, and adding 3.01. hydrogen. The amount of 
hydrogen used was t.S times the stotchiometrtc amount requtred for the 
complete conversion of oxygen to motsture. 

The 9-K gold sample annealed tn tht~ manner was oxtdtzed. The oxyge~ 
present 1n the feed gas was converted comp1etely to moisture both fn the 
cooling and heatfng zones, as shown tn Table S. However, the samp_le was 
oxtdtzed due to the presence of htgh levels of mofsture in the furnace .• 
tndfcattng that the use of 1.5 times the the stofchfometrtc amount of hydrogen 
ts not enough to bright anneal gold alloys. 

Examole 5-34 

The ·9-K gold annealing process of Example 5-33 was repeated using 
identical set-up, procedure. operating conditions, and gas feeding device with 
the exceptton of adding S.Ot hydrogen, as shown in Table 5. The amount of 
hydrogen used was z.s ttmes the sto1chtometr1c amount required for the 

. . 

complete conversion of oxygen to mof"sture. 
·The annealed 9-K gold sample was oxtdized, due to the presence of htgh 

levels of motsture 1n the furnace. This example showed that the use of 2.5 
ttmes the stoichiometric amount of hydrogen 1s not enough for bright annealing 
gold alloys. 

Examle 5-35 
The·9-K gold annealing process of Example.5-33 was repeated using similar 

set-up, procedure. operating cond1t1on·s. gas feeding dev;ce, and fee~ gas 
compos1tton wtth the exception of adding 7.S'L hydrogen, as shown 1n Table 5. 
The amount of hydrogen used was 3.75 times the stotchtometric amount required 
for the complete conversion of oxygen to moisture. 
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The annealed sample was bright without any signs of oxidation. This 
example showed that preve:nttng the direct 1mptngement of feed _gas wtth , 
un.reacted oxygen on the sample and the use of more than 3.0 times the 
stolchtometrfc amount of hydrogen are essential for bright annealing gold 
alloys. 

Examole 5-36 
The 9-K gold annealing process of Example 5-33 was repeated ustng 

tdenttcal set-up. procedure, operating conditions, gas feeding devtce, and 
feed gas compost tton. wt th the except ton of add1 ng lO"L hydrogen, as shown 1 n 
Table 5. The amount of hydrogen used was 5.0 times the stoichtometrtc amount 
requtred for the complete conversion of oxygen to motsture. 

· The annealed 9-K gold'sample was bright without any signs of oxidation. 
Thts example showed that preventing the direct impingement of feed gas with 
unreacted oxygen on the sample and the use of more than 3.0 times the 
stotchtometric amount of hydrogen are essential for bright annealing gold 
alloys. 

Examole 5-37 
The 9-K gold annealing process of Example 5-Z9 was rep,ated using s1mtlar 

procedure, flow rate, and ope·rat1ng ,conditions w1th the exception of using 
350 SCFH of n i trogen con ta 1n1 ng 99 • 5i Nz_ and 0. S"L Oz. The amount of hydrogen 
added was 3. at. as shown t n Tab 1 e s.. The amount of hydrogen used was 3. O · 

times the stoichiometric amount required for the complete conversion of oxygen 
to moisture. 

The annealed 9-K gold sample was oxidized. -The oxygen present in the 
feed gas was converted· completely to mot sture both t n the coo11 ng and heatt ng 
zo~es. as shown in Table S. However, the sample was oxtdtzed due to the 
presence of high levels of moisture in the furnace, indicating that the use of 
3.0 times the stofchfometrtc amount of hydrogen f s not enough to bright anneal 
go 1 d a 11 oy s . 

Examole 5-38 
The 9-K gold annealing process of Example 5-37 was repeated using 

identical set-up, procedure, operating conditions, and gas feeding device with 
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.. · 
the exception of adding 5.01. hydrogen, as shown tn Table 5. The amount of 
hydrogen used was 5.0 ttmes the stoichiometric amount r.equtred for the . , . 

complete conversion of oxygen to moisture.· 
The annealed 9-K gold sample was bright without any signs of oxidation. 

This example showed that preventing the dfrect impingement of feed gas with 
unreacted oxygen on the samp1e and the use of more than 3.? t1mes the 
stofchtometrtc amount of hydrogen are essential for bright annealing gold 
alloys. 

Examole S-39 

The 9-K gold annealing process of Example 5-38 was repeate9. using 
identical set-up, procedure, operating cond1t1ons, gas feedtng device, and 
feed gas compositfon, as shown tn Table 5. The amount.of hydrogen used was 
5.0 ttmes the stotchtometr_tc,amount· required for the complete conversion of 
oxygen to moisture. 

The annealed sample was bright without any signs of oxidation. This 
example showed that preventtng the dtrect .fmptngement of feed gas with 
unr·eacted oxygen on the sample and the use of more than 3.0 times. the 
stotchtometr1c amount of hydrogen are essenttat for brfght anneal~ng gold 
alloys. 

·Example 5-40 
The 9~K gold annealing process of Example 5-37 was repeated using 

identical set-up, procedure, operating cond1tfons, gas feed device, and feed 
gas compos1t1on wt th the exception of adding 10.oi hydrogen. The amount of 
hydrogen used was 10.0 times ·the stotchtometrtc amount required for the 
·complete conversion of oxygen to moisture. 

The annealed 9-K gold sample was bright without any signs of ox1dat1on. 
Thts·example showed that.preventing the direct impingement of feed gas wtth 
unreacted oxygen on the sample and the use of more than 3.0 times the 
stotchtometrtc amount of hydrogen are es~enttal for bright annealtng gold 
alloys. 
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~- Examale 5-41 
The 9-K gold anneaJ·tng process of Example 5-37 was repeated using stm11ar 

I . 

procedure. flow rate. and operating conditions with the exceptions of using 
1oo•c furnace temperature. The flow rate of nitrogen C99.Sl N2 and O.Sl Oz> 
used 1n ~h_is example was 350 SCFH and the amount of hydrogen added was 3.01. 
as shown 1n Table 5. The amount of hydrogen used was 3.0 ttmes the 
stotchiometrfc amount required for the complete conversion of oxygen to 
mo1·sture. 

The 9-K gold sample annealed in this example was oxidized. The oxygen 
present 1n the feed gas was converted completely to moisture both tn the 
cooling and heating zones. as shown tn Table S. However. the sample was . · 
ox1dtzed due to the presence of h1gh levels of moisture tn the furnace. 
ind1cat1ng that the use of 3.0 times the stoichtometrtc amount of hydrogen ts 
not enough to bright anneal gold alloys at 7oo•c. 

Example 5-4Z 
The 9-K gold annealing process of Example 5-41 was repeated using 

identical set-up. procedure. op~rattng condtttons, and gas feeding device with 
the exception of adding S.O"L hydrogen, as shown tn Table 5. The amount of 
hydrogen used was 5.0 times the stoichfometrf c amount required for the 
complete conversion of oxygen to moisture. 

The annealed 9-K gold sample was oxidized.· Thf s example showed that 
preventing the direct impingement of feed gas with unreacted oxygen on the 
sample and the use of S.O tfmes the stotch1ometr1c amount of hydrogen are not 
good enough for bright annealing gold alloys at 1oo•c. 

Example 5-43 
The 9-K gold annealing process of Example 5-41 was repeated ustng 

identical set-up. procedure, operating condf ttons, and gas feeding device, 
with the exception of using 10.0 times the stoichiometric amount requtred for 
the complete conversion of oxygen to moisture. as shown tn Table 5. 

The annealed sample was oxtdtzed. Thts example showed that preventing 
the direct impingement of feed gas with unreacted oxygen on the sample and the 
use of even 10.0 times the stotchiometrtc amount of hydrogen are not 
sufftctent for bright annealing gold alloys at 7oo•c. 
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Ex~mpl~s 5-30 through 5-32, 5-35 through 5-36, and 5-38 through 5-40 
clearly show that a proc~ss,according to the tnvention us;ng a modified porous 
diffuser, whtch helps in heating and-dtsperstng feed gas as well as avoidtng 
the direct fmpingement of feed gas with unreacted oxygen on the parts, can be 
used t~ bright anneal gold alloys as long as more than 3.0 times the 
stoichtometr1c amount of hydrogen 1s added to the gaseous f.e.ed mixture while 
annealing with non-cryogenically produced nitrogen. The operating region for 
brtght annealtng gold alloys ts shown tn Figure 10. 

The treated go·ld alloy samples surprisingly showed that the amount of 
hydrogen required for brt-ght annealing gold alloys is considerably "htgher than 
the one requfred for bright annealing copper. It is worthwhile mentioning at 
thts potnt that the amount of hydrogen requtred for bright anneaHng gold 
alloys may depend greatly upon their compos1t1on, the total flow rate· of feed 
gas. and the furnace design. 

Experiments sununarized tn Table 6 were carried out to study 
glass-to-metal sealing of parts using _non-_cryoge~fcatty produced nitrogen. 
The metallic elements of the parts and the composition of the glass used fn 
these expe~fments were selected to minimize the dtfference between their 
coefftcfent of thermal expansion and stresses generated during cooling and 
subsequent thermal cycltng. This type of glass-to-metal sealing operation \s 
commonly referred as matched sealing. 
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Slll! 2 SLie--r- St111 I 
ElamaJe 6-2 . 

St111 2 _.Steo. 3 

Haxi111.111 Heat Treating Temp., •c 990 980 980 990 980 980 

flow Rate of feed Gas, SCfH 350 350 350 350 350 350 

feed Gas Location Heil tiny Zone Heat i ny Zone Healing Zone Heat·ing Zone Heating Zone Heating Zone 
(Locat on 74) (Local on 74) (location 74) (location 74) (Location 74) (Location 74) 

Type of feed Device ·Hodified Porous Hodified Porous Hodified Porous · Hodified Porous Hodified Porous Hodified. Porous 
Diffuser Diffuser Diffuser Diffuser Di ff user Di ff user 
flG. 3C FIG. 3C flG. 3C FIG. 3C FIG. 3C FIG. 3C 

f11d 611 C1111111siLi10 _., 

Nitrogen, l 99.63 99.16 99.60 99.63 99.16 99.60 0 
0 

Oxygen, I 0.37 0.84 0.40 0.37 0.84 0.40 • 
Hydrogen, l lO.O 3.2 1.30 ' 10.0 3.2 1.30 

U11Liog Z101 6L1111seb1c1 C1111111sitiao 

Oxygen, ppm <5 <4 <4 <5 <4 <5 
Hydrogen, t - 1.0 0.50 - 1.0 0.45, 
Dew Point, •c -1.0 12.0 -5.0 -1.0 12.0 3.3 

Coolino_Zone Atmosohere Comool.i..Li.wl 

Oxygen, pp11 <5 <4 <4 <5 <4 <5 
Hydrogen, t ·- 1.0 0.5 - 1.0 0.5 
Dew Point, •c 1.0 11. 7 4.0 ., ~·o 1.7 3.3 

Quality of Parts Good Good 
) Glass-to-Hehl ( - ) Glass-to-Metal ( 

Sealing Sealing 

• Hydrogen gas was mixed with nitrogen and added as a percent total non-cryogenically produced feed nitrogen. 
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Exsm'ole 6-1 
A three-step gJass~t~-metal sealing experiment was carried out 1n the· 

Hatk1ns-Johnson furnace ustng non-cryogen1ca11y produced n1trogen. The 
glass-to-metal sealing parts used in thts example a.re commonly called 
transistor outline cons1sttng of a Kovar base header wtth twelve feed through 
1 n wht ch Kovar· e 1 ectrodes are sealed with lead boros 11 t cate glass and were 
supplied by AIRPAX of Cambrtdge. Maryland. The base metal Kovar and lead. 
borosilicate glass are selected to minimize differences between thefr 
c~efff ctent of thermal expansion. The total flow rate of nttrogen c~ntaining 
residual oxygen used in this example was 350 SCFH was m1xed with hydrogen to 
not only convert residual oxygen to moisture. but also to control hydrogen to 
mot sture ratio tn .the furnace. The feed gas was introduced through a 3/4 1n. 
diameter Z in. long Inconet porous diffuser of the type shown in Figure JC, 

attached to a 1/Z tn. diameter stainless steel feed tube inserted into the hot 
zone of the furnace <Location 74 in Ftgure 4) through the cooling zone 
posttfoned to prevent the direct tmpfngement of feed gas on the parts. 

In the f1rst step of the three-step glass-to-metal sea11ng experiment, 
the parts were degassed/decarbur1zed at a tnaxtmum temperature of 99o•c ustng 
the composition of feed gas sunnnarlzed In Table 6. The amount of hydrogen 
used was considerably more than the stotch-1ometric amount required for the 
complete conversion of oxygen to moisture to ensure decarburtzatton of the 
parts. It was approximately 13.S times the stoichiometric amount required for 
the complete conversion of oxygen to moisture. In the second step. the amount 
of residual oxygen tn the feed-gas was tncreased and that of hydrogen reduced 
to provide 12•c dew potnt and a hydrogen to mo1sture·ratfo of -0.9 fn the 

_furnace, as shown fn Table 6 •. The amount of hydrogen used was slightly less 
than tvo times the sto1ch.1ometr1c amount requfred for the complete conversion 
of oxygen to moisture. These condf tfons were selected to ensure surface 
oxidation of the metallic elements and bonding of glass to the metallic 
elements. In the third step Csealfng step>, the amounts of resfduat oxygen 
and hydrogen were adjusted agatn to ensure good glass flow and decent 
glass-to-metal sea.Ung, as shown in Table 6. The amount of hydrogen used was 
-1.6 tfmes the stolchtometric amount required for the complete conversion of 
oxygen to moisture. The residual oxygen present in the non-cryogentcally 
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produced nitrogen was converted completely to moisture in the heating and 
coo 11 ng zones of the furn.ace, as shown in Tab 1 e 6. , 

V1suat examtnatfon of the sealed parts showed good ~lass flow, good 
bondtng of glass to the metallic elements, and absence of cracks In the 
glass. 

This example therefore showed that non-cryogen1cally produced nitrogen 
can be used to provide good glass-to-metal sealing provided more than 
stoichiometric amount of hydrogen required for the complete conversion of 
residual oxygen to motsture 1s used and that the direct 1mp1ngement of feed 
gas with unreacted oxygen on the parts is avoided. 

Example 6-2 
The glass-to-metal sealing experiment.des_cribed in Example 6-1 was 

repeated using identical set-up. parts, feed gas composition, operating 
cond1tions. and gas feeding device. as shown 1n Table 6. 

· Visual examination of the sealed parts showed good glass flow, absence of.· 
cracks and bubbles in the glass. absence of glass splatter, and good 
glass-to-metal sealtng. The parts were found to be hermetically sealed with 
less than 1.0 x 10-8 atm.-cc/sec helium leak rate even after thermal shock. 

Thts example therefore conffrmed that non-cryogenfcally produced nitrogen 
can be used to provide good glass-to-metal sealing provided more than 
stoichtometrtc amount of· hydrogen ts used and that the dtrect fmptngement of 
feed gas with unreacted oxygen on the parts is avoided. 

The operating conditions such as furnace temperature, dew pofnt, and 
hydrogen content used in Examples 6-1 and 6~2 were selected to provide good 

sealing of lead borosilicate glass to Kovar. These condftions can be varfed 
somewhat to provide good sealing between Kovar and lead borosilicate glass.· 
The operating conditions, however, needed to be changed depending upon the 
type of metallic material and the composition of the glass used during 
glass-to-metal sealing. 

Having thus described our invention what f s desired to be secured by 
Letters Patent of the United States f s set forth in the appended claims. 
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CLAIMS 

' , 
1 . A method for .generat1 ng an i n-s 1tu atmosphere 1 ns i de a contt nuous 

furnace for maintaining or affecting the surface characteristics of parts 
exposed to sa1datmosphere wherein said process composes the steps of: 

heating said furnace to a temperature above sso·c; 
' injecting into said furnace gaseous nitrogen containing up to SL 

by volume oxygen together with a reducing gas, said reducing gas 
f njected into said furnace f n a manner to permit reacting of said 
oxygen and said reducing gas to be essenttally complete prior to said 
mixture contac.tfng safd parts heated tn safd furnace; and 

moving said parts through said furnace for a time sufftcient to 
achieve a desired heat treatment and· surface condf tfon. 

Z. A method according to Claim l wherein said nitrogen is generated 
by non-cryogenic means. 

3. A method according to Claim 1 wherein said furnace 1s heated to a 
temperature of at least 6oo•c. 

4. A method according to Claim 1 wherein said reducing gas fs 

hydrogen. 

5. A method according to· Cla1m 1 wherein safd reducing gas fs a 
hydrocarbon. 

6. A method according.to Claf~ wherein said reducing gash a 
mixture of hydrogen and a hydrocarbon. 

7. A method according to Clatm 5 wherein said reducing gas fs a 
hydrocarbon selected from the group consisting of methan.e, ethane, propane, 
butane, ethylene, propylene, butene, methanol, ethanol, propanol, 
dtmethylether, dtethyl ether, methyl-ethy-1 ether, natural ga.s. petroleum 
gas_, cook. i ng gas. coke oven gas.. town gas. exothermf c and endothermt c 
generated gas, dissoctated ammonia and mixtures thereof. 
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8. A method according to Claim 6 wherein said hydr~carbon \s selected 
from the group consht11ig of methane; ethane, propane.- butane, ethylene. 
propylene, butene, methanof, ethanol, propanol, dfmethyleth~r. dfethyl 
ether. methyl-ethyl ether, natural gas, petroleum _gas, cookfng gas, coke 
oven gas, town gas, exothermic and endothermic generated gas, dtssoch.ted 
ammon\a and mixtures thereof. 

9.· A method according to Cla1m 1 wherein th~ reducing agent 1s 
pre.sent 1n an amount greater than the sto1chtometr1c amount required for 
complete conversion of residual oxygen to moisture or a mixture of moisture 
and carbon d1oxfde. 

1.0. A method according to Clatm 1 wherein hydrogen h the reducing gas 
and it 1 s present 1n an amount at least 1.1 times the stotchiometr1c amount 
required for complete conversfon of res1dual oxygen ,n the nitrogen to 
moisture. 

11. A method of controlled oxide anneal,ng a ferrous metals and alloys 
comprtsing the steps of: 

heating satd metal in a.furnace havtng a ~ot zone mafntatned at a 
temperature of at least 7oo•c; .. 

tnjecttng tn~o satd furnace gaseous nitrogen containing up to St 
by volume oxygen, together with a reducing gas, said reducing gas 
injected into satd furnace with a flow rate v~rytng from about T.10 
ttmes to about 1.5 ttmes the sto,chtometr1c amount required for the 
complete conversion of residual oxygen, 1n a manner to permit said 
reaction of oxygen and said reducing gas to be essentially complete 
prior to satd mixture contacttng said part heated in said furnace; and 

mov;ng said part through satd furnace for a time sufficient to 
achieve a coating on the surface of said metal and the desired heat 
treated properties 1n said part. 

12. A method ~ccordtng to Claim 11 where;n satd residual oxygen 1s 
converted to moisture. 

il1Jii1iiinr 
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13. A method according to Claim 11 wherein said resfdual oxygen fs 
converted to moisture, carbon dtoxtde, carbon monox,de-, and m,xtures 
thereof. 

14. A method according to Claim 11 wherein said reducing gas fs a 
mixture of hydrogen and hydrocarbon and said residual oxygen f s converted to 
carbon dfoxfde, moisture, carbon monoxide or mixtures thereof. 

15. A method according to Claim 11 wherein said nftrogen ts generated 
by non-cryogenic means. 

16. A method according to Claim 11 wheretn safd furnace fs heated to a 
temperature between 1oo•c and 1,2so•c. 

17. A method according to Claim 11 wherein satd reducing gas fs 
hydrogen. 

18. A method according to Claim 11 wherein said reducing gas ·ts a 
hydrocarbon. 

19. A method accordtn·g to Clatm 11 wherein said red1,.1cf ng gas 1s a 
mixture of hydrogen and a hydrocarbon. 

20. A method according to Claim 18 wherein said hydrocarbon ts 
selected from the group .consf stfng of methane, ethane, propane, butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, dtmethylether, 
diethyl ether, methyl-ethyl ether, natural gas, petroleum gas, co0kfng gas, 
coke oven gas, town gas. exothermic and endothermic generated gas, 
dissociated ammonia and mixtures thereof. 

21. A method according to Cla\m 19 wherein said hydrocarbon ts 
selected from the group conshtfng of methane, ethane, propane, butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, dtmethylether, 



• 
-106- I 1\\1" 111~~ \\\~ U\IJ II l~I 

* c 

diethyl ether, methyl-ethyl ether. natural gas, petroleum gas, cooking gas, 
coke oven gas; town gas, exothermic and endothermfc·g~nerated gas, 

, ' 

dhsoctated ammonia and mixtures thereof. 

ZZ. A method of bright, oxide-free and partially decarburfzed, oxide 
and decarbur1zat1on free, _and oxide-free and partfally carburfzed annealing 
of ferrous metals and alloys co~prisfng the steps of: 

heating safd metals 1n a furnace hav1ng a hot zone mafntafned ~ta 
temperature of at least 7oo•c; 

injecting 'nto said furnace gaseous nitrogen contaf nfng up to St 
by volume oxygen together with a reducing gas, said r.eductng gas 
fnjected 1nto said furnace with a flow rate varying from about 1.5 
tfmes to about 15.0 tfmes the s·totchfometrfc amount required for the 
complete conversion of resfdual oxygen tn a manner to permtt satd 
reaction of oxygen and said reducing gas to be essentially complete 
prior to said mixture contacting said part; and 

movtng said part through safd furnace for a time sufff cf ent to 
achieve the desired heat treated properties tn said part. 

23. A method according to Claim 22 wherein safd residual oxygen ts 
converted to ~f sture. 

24. A method according-to Clafm ZZ wherein safd residual oxygen ts 
converted to carbon dioxide, moisture. carbon monoxide or mixtures thereof. 

ZS. A method according to Cla1m ZZ wherein said reducing gas is a 
mixture of hydrogen and a hydrocarbon and said resfdual oxygen 1s converted 
of carbon dfoxfde, moisture, carbon monox1de or mixtures thereof. 

26. A method according to Claim ZZ wherein said nitrogen f s generated 
by non-cryogenic means. 

27. A method according to ~1.aim 22 wherein said furnace f s heated to a 
temperature of between aoo•c and l,ZS0°C. 
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ZS. A method according to Claim ZZ wherein said reductng gas ts 
hydrogen. 

29. A method according to Claim ZZ wherein safd reducing gas 1s a 
hydrocarbon. 

30. A method according to Claim 22 wherein said reducing gas is a 
mixture of hydrocarbon and hydrogen. 

31. A method according to Claim 29 wherein said hydrocarbon ts 
se fected from the group cons t sti n_g of methane, ethane. propane, butane, 
ethylene. propylene, butene. methanol, ethanol, propanol. d1methylether. 
diethyl ether. methyl-ethyl ether. natural gas. petroleum gas, coo~fng gas, 
coke oven gas. town gas, exothermic and endothermic generated gas, 
dissociated ammonia and mixtures thereof. 

32. A method according to Claim 30 wherein said hydrocarbon 1s 
selected from the group cons1st1ng of methane, ethane. propane, butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, dtmethylether, 
diethyl ether, methyl-ethyl ether, natural gas, petroleum gas, cooking gas, 
coke oven gas. town gas, exothermic and endothermic generated gas; 
df ssocfated ammonia and mixtures thereof. 

· 33~ A method for annealing copper or copper alloy parts comprising the 
steps of: 

heating said parts in a furnace having a hot zone maintained at a 
temperature of soo·c or above; 

injecting into said furnace gaseous nitrogen contaf nf ng up to 54' 
by volume oxygen together with a reducing gas, said reductng gas 
injected into sa1d furnace w!th a flow rate above about 1.10 times the 
sto1ch1ometr1c amount required for the complete conversion of residual 
oxygen fn a manner to permft said reactton.of oxygen and said reduc1ng 
gas to be essentially complete pr1or to sa1d mixture contacting said 
part; and 
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moving satd part through said furnace for a time sufficfent to 
achieve the desired ~eat treated properties in sa·td part. , 

34. A method accordtng to Clatm 33 wherein safd residual oxygen f s 
converted to moisture. 

35. A method accord1ng to Clafm 33 wherein said res1dua1 oxygen f s 
converted to carbon dioxide, mohture. carbon monoxf de or mixtures thereof. 

36. A method according to Claim 33 wherein sa1d reducing gas is a 
mtxture of hydrogen and a hydrocarbon and said residual oxygen 1s converted 
to a mixture of carbon d1ox1de, moisture, carbon monoxide or mixtures 
thereof. 

37. A method according to Claim 33 wherein safd nitrogen fs generated 
by non-cryogenic means. 

38. A method according to Clafm 33 wherein said furnace is heated to a 
temperature of between 6oo·c and aoo·c. 

39. A method according to Claim 33 wherein sa1d reducing gas ts 
hydrogen. 

40. A method according to Claim 33 wherein said reducfng gas ts a 
hydrocarbon. 

41. A method according to Claim 33 wherein said reducing gas fs a 
mixture of hydrogen and a hydrocarbon. 

4Z. A method according to Claim 33 wherein said reducing gas h 
selected from the group consisting of methane. ethane. propane. butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, dimethylether, 
dfethyJ ether, methyl-ethyl ether, natural gas, petroleum gas, cooking gas, 
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coke oven gas. town gas~ exothermic and endothermic generated gas • . 
dissociated ammonia and.mixtures thereof. , 

43. A method according to Claim 41 wheretn said reducing gas ts 
selected from the group consf sttng of methane. ethane, propane, butane. 
ethylene, propylene. butene. methanol. ethanol. propanol.,dimethylether. 
diethyl ether, methyl-ethyl ether. natural gas. petroleum gas. cooking gas, 
coke oven gas. town gas, exothermic and endothermic generated gas, 
dissociated ammon1a and mixtures thereof. 

44. A method of generating an 1n-sf tu atmosphere inside furnace used 
for performing brazing, sealing of glass to metals, sintering metal and 
ceramic powders, or non-ferrous metal ·and alloy annealing processes.wherein 
said process comprises the steps of: 

heating said furnace to a temperature above soo•c; 
injecting into said furnace gaseous nitrogen containing up to S"L 

by volume oxygen together wt th a reduct ng. ·said reduct ng gas 1 njected 
1nto said furnace wfth a flow rate varying from about t.Z times to 15.0 
times the stof chfometrtc amount required for a complete conversion of 
oxygen f n a manner to permit sa1d reaction of oxygen and safd reduc1ng 
gas to be essentially complete prior to said mixture contacting parts 
being subjected to a given process; and 

exposing said parts to saf d temperature and said atmosphere for a 
time sufficient to complete said process. 

45. A method according to Claim 44 wherein safd restdual oxygen f s 
converted to moisture. 

46. A method accord,ng to Claim 44 wherein said residual oxygen ts 
converted to carbon dfoxfde, moisture, carbon monoxide or mixtures thereof. 

47. A method according to Claim 44 wherein said reducing gas ts a 
mixture of hydrogen and a hydrocarbon and said resjdual oxygen 1s converted 
to.carbon d1ox1de, moisture, carbon monoxide or mixtures thereof. 
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48. A method according to Clatm 44 wherein said nitrogen 1s generated 
by non-cryogenic means. , , 

49. A method according to Claim 44 wherein said fu~nace is heated to a 
temperature.of between 1oo•c and 1,zso•c. 

50. A method according to Clafm 44 wherefn safd reducfng gas f s . 
hydrogen. 

51. A method according to Claim 44 where1n·safd reducing gas fs a 
hydrocarbon. 

SZ. A method according to Claim 44 wherefn the reductng gas f s a 
mixture of hydrogen and a hydrocarbon. 

53. A method according to Claim 44 wherein safd reducing gas 1s 
selected from the group consistfng of methane. ethane. propane, butane, 
ethylene, propylene, butene, .methanol, ethanol, propanol, dimethylether. 
diethyl ether, _methyl-ethyl ether, natural gas. petroleum gas, _cook.tng gas, 
coke oven gas, town gas, exothermic and endothermic generated gas, 
dissocfated ammonia and mixtures thereof. 

54. A method according to Clafm SZ wherein the hydrocarbon is selected 
from the group consisting of methane, ethane, propane, butane, ethylene, 
propylene, butene, methanol, ethanol, propanol, dtmethylether, dfethyl 
ether, methyl-ethyl ether, natural gas, petroleum gas, cooking gas. coke 
oven gas. town gas, exothermic and endothermtc generated gas. dissolved 
a111110n1a and mixtures thereof. 

55. A method for a.nnea.11ng gold or gold ·alloy parts comprising the 
steps of: 

heating satd parts in a furnace having a hot zone maintained at a 
temperature of soo·c or above; 

iiii1rnHr 
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Injecting \nto. sa1d furnace gaseous nitrogen conta1ntng up to 51 
by volume oxygen together with a reducing gas. safd reducing gas , 
tnjected into satd furnace wtth a flow rate of a.bout 3.0 t1mes or more 
the sto1ch1ometr1c amount required for the complete convers1on of 
residual oxygen in a manner to permtt sa\d reaction of oxygen and said 
reducing gas to be essentially complete prior to satd .. mhture 
contacting said part; and 

moving said part through said furnace for a t1me suff1cfent to 
achieve the desired heat treated properties in said part. 

56. A method according to Claim· 55 wherein saf d residual oxygen ts· 
converted to moisture • 

. 57. A method according to Claim SS wherein said residual oxygen 1s 
converted to hydrogen, carbon dioxide, moisture~ carbon monoxtde or mixtures 
thereof.· 

58.· A method according to Clatm S5 wherein said reducing gas ts a 
mixture of hydrogen and a hydrocarbon and satd residual oxygen ts converted 
to hydrogen, carbon dioxide, moisture, carbon monoxide or mixtures thereof. 

59. A method according ·to Clatm SS wherein said nitrogen ts generated 
.by non-cryogenic means • 

. 60. A method accordtng to Clatm SS wherein safd furnace f s heated to a 
temperature of between &oo•c and aoo·c. 

61. A.method according to Claim SS wherein satd reducing gas ts 
hydrogen. 

62. A method accordtng to Clatm SS wherein said reducing gas ts a 
hydrocarbon. 
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63. A method according to Claim 55 wherein said reducing gas is a 
mtxture of hydrogen and.a hydrocarbon. , 

64. A method according to Claim 55 wherein said reducing gas is 
selected from the group cons1st1ng of methane, ethane, propane, butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, .d1methylether, 
dtethyl ether, methyl-ethyl ether, natural gas, petroleum gas, cook.fng gas, 
coke oven gas, town gas. exothermic and endothermic generated gas, 
dissoctated ammonfa and mixtures thereof. 

65. A method according to Claim 62 wherein said hydrocarbon is 
selected from the group conststtng of methane, ethane, propane, butane, 
ethylene, propylene, butene, methanol, ethanol, propanol, dtmethyl~ther, 
diethyl ether, methyl-ethyl ether, natural gas, petroleum gas, cookfng gas, 
coke oven gas, town gas. exothermic and endothermic generated gas, 
dissociated ammonta and mixtures thereof. 


