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@ Method of heat treating ferrous workpieces.

@ A method of gas heat treating ferrous materials com-

prises mixing air in a predetermined proportion with a hyd-

rocarbon gas (such as methane or propane) and slowly intro-

ducing the mixture to a treating chamber which is held at a

temperature of 1500-2000 °F (816-1093°C), so that the gas
z atmosphere is similar in composition to an independently
generated endothermic gas-base atmosphere. The flow
through the furnace chamber of the gas atmosphere is con-
trolled to be low so that preferably the ratio of furnace
chamber voiume {cubic feet) to flow rate (cubic feet/hour) is
always at least 0.2 hours. This carburizing process can also be
run in a mode in which the atmosphere composition is auto-
matically controlled. in carrying out the process, it is preferred
that a constant flow of air be introduced into the furnace
chamber andthe hydrocarbon flow be regulated to maintaina
constant value of furnace atmosphere CO, content or oxygen
potential.
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This invention relastcs to method of heat treasting fer-
rous workpicces.,

Comrcreinl hest trestment of steel parts for the
gutogotive industry iu cuslomarily carricd out in furnaces using
su-called "endothernic" gas ss the furnace atmosphere. In neutral
hardening operations, or annealing operations, the furnace
atmosphere scrves Lo protect the stecl peris from carburization or
decarburization. In carburiring operations, propane or other
hydrocarbon guas which is the source of the carbon supplied to the
steel frop the furnace ctzosphere,

The endothermic gas is produced in a gas generator,
separate from the hecat trcatment furnace itself, The gas is pro-
duced at elevated temperutures, cooled to ambient temperatures,
then reheazted again in the heat trecatment furnace. No provision
is made for storing the generated gas, thus, if the generator
output cannot be fully utilized atl any time, the excess gas is
simply flared. This entirec moje of operation is inefficient in
its use of hydrocarbon y1s. '

Endothermic 28 is usually produced at 1900—2000°F.,
from methane or propane according to the following approximate
reaciion:

C}iul/z O, 2 Nt Heal — €O+ Hot 2N, (+C02+H2+CHI+) )
Kir
C}HB + 3/2 0+ 6 N+ leat —33 CO+ LH o+ 6 K, (+002+H20 +CH)+)
Lir
Thus, the principal conutituenis of cuaotheruic gus are CO, H2 ani
N2 with minor amounts of CO?, HZO and Cﬁu. The proportions of CO,
H2 and N2 vary with the C/iH retio of the hydrocarbon used as feed

stock, lect must be sup,licd to an endotlhermic gas generator to

sustain the reaction of « hydrocarbon with quantities of air
substantially lesa than that reeded for complete combustion, To

facilitaie the recction, a catalyst is therefore used in the

generator by the prior urt. The composition of endothermic gas is
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rodulated by varying ithe rutio of air and hydrocarbon fed to the
g.nerator, By this means, it is possible to produce gases which
are neutral to (that is, will not curburize or decarburize) steel
of a certain carbon content at a perticular temperature., Air/
Meihane ratios of aboui 2.Y and air/propane ratios of about 7.5
arc commonly used whern methane or prepane is fed to the gas
generator, In gas carburizing operalions, endothermic gas is
enriched with, iypically, 2 3-12 methane addition at the
carburizing furnace (or an cquivalent amount of other hydrocarbon
gas) 80 that the overall air/hyirocarbon ratio used to produce
carburizing atmospheres may be as low as 1.6 when methane is used,
or as low as 6.0 when propane is used,

Control of tue air/hydrocarbon ratio for either neutral
hardening, annealing or curburizing furnace atmosphcres is usually
based on an enalysis of the amount of co? or H20 in the furnace
atmosphere. If the constituenis of the furnace atimosphere are
essumed to be in thermodynamic equilibrium, the ecarburizing
tendency of the furnace atmosphere can be related to itsrcoz or

H20 content, Operation of endothermic gas generators and their

control is described in detail in the 8th Edition of the Metals

Handbook, Volume 2, pp. 67-92 published by the American Society of

Metals in 1964.

As indicated, one of the principal disadvantages of the
use of endothermic gas for furnace étmospheres has been the
requirement that two furnaces musi be run, namely the gas generator
ani the heat treating furnace. As a result, the gas generator
of ten must be run when its output canﬁot be fully utilized. In
addition, endothermic gus generstors ure inefficient from the
standpoint of enerygy conaumption because after reacting air and
hydrocarbon in the generator, the reacted gas is cooled to room
temperature, piped to the heat treatwent furnace, then reheated
again when it ercrs the furnace,

It would be aivantageous both from the standpoint of
energy consumption and for improved operating efficiency if

furnace atmospheres for neutral hardening, annealing and carburiz-
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ing coulu be generatea vwitnin the heat treaiment furnace itself,

A

It has been proposcd by the prior art, in certain instances, that

the enidothermic pgas be produced directly in the sctual furnace

used for treatiment of metal parts. However, when the process was
5 conducted, undesirable carbon black formed on the surfaces of the
work pieces which rendicercd the surfaces of the work pieces
inactive. To solve ihis problem one approach sugrestied in U.S,
Patents 3,519,257 and 3,620,518, cmployed a catalyst on the walls
of the furnace in which the gas almosphere was to be generated in
10 situ. Furnace temperaturcs of 870°%c (for carbonitriding) and
900°C (for carburizing) arc mentioned. There is no mention of
limitations on gas flov rutes or means for variables controlling
the air/fuel ratio, Such limitations are necessary because (1)
the total catalyst surfoce area available per unit volume of gas
15 will be less in a furnacc than in an endothermic generator requir-
ing an adjustment in flow rate and thus gas residency time; the
retort of an endothermic gas gencrator is packed with porous
ceramic cubes impregnated with cetalyst through which the gas

flows which facilitates faster flovw rates and reduced residence

20 tipe; (2) chemical reactions will proceed at a much slower rate at
870-900°C than in an eniotherzic generator at 1050-1100°C. There
is reference in both patents to using a 9:1 air—prbpane ratio for
carbonitriding at 8700C. From thermodynamic calculations {using

the method described in the paper by C.A. Stickels in Heat

25 Treatment of Metals, Vol. 1, No,1, 1579) it can be shown that the
carbon content of steel in egquilibrium with that atmosphere is
about 0,13 wt. pct. which is ioo low for case hardening, If case
hardening occurred af'ter that trcziment, it was due solely to
nitrogen pickup from the ammonia addition, and not due to carbon

30 pickup. In the carburizing example, (Bxample 2, of U.S, paternt

; 3,620,418), a 9:1 air/propoane mixture is also used with a further

o enrichment of 50 liturs per hour of propane, There is no mention

of the flow rate of the 9Y:1 mixture., Without this information it

is impossible to decide whether or not the atmosphere formed in

35  the furnace was similar to an endothemic gas atmosphere, The
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1 fuct that carburizing, occurred is nol sufficient, because
cerburizing will occur at 900°C in an atmosphere of propane alone.
It is nccessary to shos that carburizing occurred in en atmosphere
similar in composition to an endothermic gas-base atmosphere, In
5 summary, the evidence available from the patents 3,519,217 and )
3,620,518 is insufficient to demonstrate that a furnace atmosphere
similar in composition to endothermic gas could be produced by the
methods proposed hereinafter and that such atmosphere is control-
lable to promote uniformz and consistent carburizing..
10 - According to the present invention, there is provided
a method of heat treating ferrous based workpieces in a furnace
chamber by heating said workpieces therecin to the temperaiure
range of 1500-2000°F (800-1100°C) while in the presence of an
endothermic type gas, characterised in that the gas is passed
15 ‘through the said chamber at a low flow rate,
In the preferred method of the invention ferrous based
workpieces are subjected to a heated furnace chamber maintained at

heat treating temperaturc (1500-2000°F) while introducing a supply

of air and hydrocarbon gas into the furnace chamber at a pre-

20 determined ratio whichk, when hcated by the furnace chamber, chem-
ically reacts to form an endothermic type gas, the eniothermic
type gas being controlled to flow through the furnace chamber at
a lo# flow rate which preferrably maintains the averape residency
time of the endothermic type gas in said furnece at least 0,2

25 hours (12 minutes).

" When the process is employed for carburization of the

vworkxpiece, it is preferred that the air/hydrocarvon ratio be 1.6-
2.4 when methane is selccted and 6,0-7.2 when propans is selected,
Vith such air/hydrocarbon ratios, soot-free carburization can be

) 30 accomplished using thc-in Situ generated atmosphere at lower
temperatures without the necessity for special catalysts.

Because of ihc required slower flow rate of the

endothermic type gas through the furnace chamber, the process
becomes more sensitive to air contamination by leakage into the

35 furnace chamber or by being carried into the furnace chamber on or
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in the workpiece. The carburizing or decarburizing potential of
the endothermic atmosphere will be detrimentally affected if the
air/hydrocarbon ges supply is not variably adjusted, It is
preferred therefore to irntroduce the air component for the air/
hydrocarton gas mixturc at & consiant flow rate and to automatic-
ally vary the hydrocarbon gas supply to meintain & constant value
of CO,, and/or oxygen potentisl. The oxygen potential,if used as
a reference, is preferably measurcd by a zirconia oxygen scnsor
device,

Preferrcd cmbodiments of the invention will now be
described, by way of ex-mple only, with reference to the accomp-
anying drawings, in which: -

FPigures 1-4 ure graphical illustrations of various gas
furnacc atmosphere charucteristics when the furnace temperature is
naintained at 927°C. and the ges flow rate therethrough is 15
liters pcr minute (after allovirng for the volume expansion which
occurs when eir and prupane riaci). Figure 1 depicts average
weight guin in the cerburized article af'ter 2.5 hours as a function
of air-propane ratlic, Figure 2 depicts the CO,gas constituent as
a function of air-propane ratio, Figure 3 depicts CHA content as a
function of eir-prcpane ratio and Figure 4 depicts the carbon
content as a function of distance imvardly from the outer surface
of the test éamples;

Figures 5-8 depict similar gas atmospherc data as thsat
in Figures 1-4 but for the conditions where the furnace temperature
is maintained at 84,3°C., the reacted gas flow rate is 10 liters
per minute, and the carburizing time is 6 hours.

Figures 9 and 10 are graphical illustrations of carbur-
ization process control at 92700 and &;BOC, regpectively, using an
automatic control system based on the ouilput of a zirconia oxygen
sensor,

Figure 11 is a schematic graphical i1llustiration of the
camposition of the furnace atmosphere gas plotted against time
depicting the rate of change of furnace atrosphere composition

when the inlet gas composition chenges from Cy to Cy-
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1 Figurc 12 is a schematic grephical illustraiion similar
to Figure 11 with gas composition in a dimensionless form.
Figurc 17 is & graphical illustration of the time rate
of chenge of furnace aimosphere composition at 925°C with an inlet

5 gas flow rate of 15 liters per minute for a batch-lype sealed-

quench carburizing furnace,

Figure 14 is a graphical illustraztion like that in

Fipgure 11 for the szmc furnace, but at 8,3°C and an inlet gas flow

rate of 10 liters per minute.

10 Fipure 15 is a grghica]l illustratlion depicting the
estimsted minimum mean residence time for furncce gases at various
temperatures to achieve adequate reaction of the furnace gasces.

Figure 16 is a schemntic disgram of a gas blending
system used to introduce gas elements in fixed proportions to the

15 furnace; the nitrogen gas supply being used for purging of the
furnace chamber and workpiece,

Figure 17 is a schematic diagram of a furnace atmosphere
control system employing a constant flow of air and a variable {low

of hydrocarbon gas. The flov of hydrocarbon gas is autématic&lly

20 adjusted to maintain a constant voltage ouéput on a zirconia
oxygen sensor. )

For heat treating ferrous workpieces according to this
invention, the method comprises supplying air and hydrocerbon gas
to a furnace chamber at a predetermined ratio where the heat of

25  the furnace chamber (maintained at a heat tree ting temperature of
1500—2000°F) causes the pas:ts to react and produce in situ an
endothermic type gac atmosphere, The endothermic type gas
atmosphere is caused to flow throurh the furnace chamber at a low
flow ratie and the¢ generation of the¢ atmosphere can preferably be

30 variably controlled to overcome the sensitivity of the method to
impurities at such low flow rate.

In particular, the air and hydrocarbon gas reacts
rapidly to produce CO, H 002, 4,0, CH

2’ L
of these molecular constituents, however, are not the proportions

and N2. The proportions

35 expected al thermodynamic equilibrium. The miner constituents of

BAD ORIGINAL @



~H
|
et
w3
3
A2
]
<3

0

15

20

25

30

0024106

the initially reacted puas, COQ, H20 and C”&’ arc invariably
present in much gresier quantity than is expected at equilibrium.
If the reacted ges is sllowed to rumein in the furnace, the C02
and HZO are slowly reduced by the methane by reactions such as

CO2 + CHA =2 C0 + 2 H2

H20 + CHI+ = CO + 3 H2
The result is that the longer the reacted gasecs remain in the
furnace, ihc lover is the amount of COZ’ HQO and CHA'

Carben is transferred from the furnace ailmosphere to-

ferrous workpiecc or vice-versa, by reactions such as

(1) co + H, = C (in Fe) + H,0

(2) 2¢c0 = ¢ (in Fe) = co,
(3) ¢, = C (in Fe) + 2 H,

The first two of the above reactions are known to be much faster

than the third reaction., The result of this behaviour is that the

carburizing/decarburizing tendency of the furnace atmosﬁhere is

strongly affected by the HZO and 002 contents of the atmosphere,

and only weakly affected by the methane content, If the €o,, HZO

~and CHA contents of the atmosphere are all much higher than the

equilibrium amounts, the atmosphere will be more decarburizing
than it would be if the gaseous constituentswere in equilibrium.
The carburizing effcct of the high methane content does not offset

the decarburizing effcct of the high CO, and HZO contents.

As a result, it has been fouid that when air and methane,
(or propane) in fixcd proportions are introduced inte & furmace,
the furnace atmospherv is more carburizing the lower the flov rate
of gas into the furnace. The resident time of the geses in the
furnace increases as the inlet flow rate decreases, so the 002,
H20 and CH2+ contents of the furnace atmosphere are lower the lower
the flow rate. When thce flow rates are sufficiently low, the
furnace atmosphere becomes very similar in composition to an

endotherric gus-base atmospherc, In addition, because the

BAD ORIGINAL
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1 ' carburizinpg/decarburizing tendency of the gas is dominated by
reactions (1) and (2) above, the CO, and H,0 contents of the
furnace gas serve as indices of its potential for cerburizing just
as with endothermic gis-base atmosphcrc.r )

5 For the purposes of this inveniion, an endothermic type
pas is defined to mean one where the air and hydrbcarbon gas are
rcacted to produce CO, H,, C02, HQO, CH, and Nz. In the gas used

b ,
in the invention the proportions of CO, H2, 002 and H,O are

substantially the samc at thermodynamic equilibrium ai for an
10 independently generated crdothermic gas, but the proportion of
methane is typically 2-3 times higher,

This inveniion has provided a way of obtaining soot-free
carburizing without the necessity for catalyst or pre-heating of
the oxygen supply, and yet save energy up to 75% over comparable

15 energy units used by the state of the art carburizing techniques.,

This is based on the appreciation that if air/hydrocarbon blerds

1
-
A
i

similar to those used in endothermic gas-base atmospheres are

permitted a long residerce time in the heat treatment furnece at

temperature by using very low inlet gas flow rates, a satisfactory
20 carburizing atmosphere can be produced,

Low flow rate or slos flow of air/hydrocarbon gas herein
shall mean a gas movemcnt which is sufficiently long to permit the
immediate reaction products of air and hydrocarbon gas at heat
treating temperature to additiorally react to lower the C02 and

25 HZO content of the gas to substantially thermodynsmic equilibrium
amounts. "Low flow ratc" can also be defined as that rale of gas
moverzent which allows the mean residency time for all molecules of
the gis reaction products to be in the heat treating'chamber for
at least 0.2 hours (12 minutes). The preselected eir/hydrocarbon

30 gas ratio will control the charactcr of theequilibrium atmosphere
as to being carburizing, ncutral or decarburizing for purposes of
hardening, annealing or carburizing. | _

Because the flox rates are low compared to conventional
furnace operations, therc is a substantial savings of hydrocarbon

35 gas. The prior art has intentionally avoided this area of

\
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k 1 development; this may in part be expleined by the fact that the art
’g has generally accepted thet a Jow flox rate of a methane or pro-

'E pane mixture would allow air infiltration into the vestibule of the

furnace crcating potentially explosive gas mixtures in the vesti-
2* 5 bule and destahilizing the atmosphere for carburizaiion purposes,
: This concern has been shown to be unwurranted. Furthermore, it was
é the generel notion of those skilled in the art of cerburizing with
. endothernic gas-buse slmospherce that to improve the rate of
carburizing, it wus nucessary to increase the flow of gasecs into
?; 10 the furnaece, It has els: been discovered that when air/hydrOcarbon
B blends are usced to produce the furnace aimosphcres, increasing the
flow ratle will not help in the carburising process. Instead, there
must be an allowance of time for secondary chemical resctions to
teke place which in turn will improﬁe the carburizing character of
15 the aimosphere, Thec rate of carburizing can then be controlled by
regulating the air/hydrocarbon ratio, while maintaining the flow of
reacted gas essentially constant.
The following Examples illustrate the invention: -
EXAWPLE T

20 A first series of heat treat experiments were run to
determine if carburization by an in situ generated endothermié £as
atmosphere at low flow rates can in fact take place, and if so, can
be controlled by resuluting the proportions of air and hydrocarbon
gas entering the furnace. 7 ‘

25 Carburizing exﬁcrimcnts were run in a batch-type sealed
guench carburizing furnace manufactured by the Lindberg Division
of Sola Basic Industries, Test specimens were made of small
stampings of AISI 1010 sheet siceel; cach specimen weighed about
65 grams and each had a surface arca of about 63 squarc centimet-

30 ers. About 20 specimens were run for each trial., Propane and air
were introduced into the furnace chamber at a predetermined ratio
and flow rate., The inlet gases wore directed toward the inlet side
of a recirculating fan within thue furnace chamber, The fan is
employed to insure a uniform flow from inlet to furnace outlet.

' ; 35 The flow rates were computed as follows:

BAD ORIGINA|, &‘%
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17 F: Total flow of gus mixture al ambicnt temperature and
pressure aficr complete rcaction to form CO, H, anva2.
A/P: Ratio of sir flow to propanc flow.
A: Flow ralc of air measured at ambient temperature

5 and prussuru.
To produce a given flow F at a purticular air-propane

ratio (A/P), the necessary air and propane flows are:

P = F A= F (A/P)
1+ 1.62, (4/P) 1+ 1.624 (A/P)
10 From prelimimry experiments it was found that satis-

factory carburizing could be achieved at 92790. (1700°F) using a
flow rate F of 15 liters per minute, Keeping F constant, a series
of experiments were run for 2.5 hours at 92706. at various air-
propane ratios to detcrmine the effect of atmosphere composition
15 on the amount of carburizing. Figure 1 shows the average weight
: f gain (due to carbon pick-up) of five specimens taken from each of

these trials as a function of air-propane ratio to obtain a desir-

ed carburization, Figurcs 2 and 3 show, respectively, the CO, and
}{i CHh.contents of the furnace gas (measured P? infrared gas‘analysis
o 20 near the end of euch trial) as a function of air-propane matio.
The solid lincs are computed sssuming thermodynamic equilibrium
under two differcent conditions:
(I) when methanc is stable in the furnace atmosphere,
(I1I) when the furnace atmospherc is in equilibrium with
25 graphite, ' '
The significance of Figures 2 and 3 is that while
thermodynamic¢ equilibrium is not achieved, it is approached reason-
ably closely so that the process is controllable using C02 analysis
if that is desired. At high flow rates with the same gas blends,

30 weight gains would be low, and the CO, and CH contents much higher

far from the equilibrium values, Furtiermore,hat high flow rates
carburizing is not uniform. Parts near the gas inlet in the fur-
nace chamber will carburize less than parts located at some dist-
ance from the pgus inlet., Figure 4 shows the gradient of carbon

35 content measured by electron microprobe analysis for samples from

—,
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several of thcese trials, Fipure )y demonstrutes that the invemtive

process can obtain the same carbon increases as would the prior

art at about the samu uwir-propane ratios, except that it is

accomplished without prior resciion of the air and propane in a

gas generctor,

In a sipilar manner, =rother
s

serics of trials were run

et 8,3°C. (ISSOOF.) for s5ix hours &t a flow rate F of 10 liters

per minute, Figurcs 9, 6 and 7 chow the average weight gain,

atmospheric CO

5 and CIIJ contents as a function of air-propane ratio.,
"

Figure 8 similarly shows the carbon gradient found on samples taken

from several of the tirials. Figure 5-8 demonstrate a similar

degree of control and rclatively close approximation to theoretical

calculations,

These resultis show that over

the range of temperaturss

most frequently used for gas carburizing, the amount of carburizing

which takes place can be controlled by regulating the proportions

of air and propane entcring the furnace,

produced from propane using air-propanc

If enjothermic gas is

ratio of 7.5 at the gas

generator according to prior art techniques, and if the endothermic

gas is then enriched with 1,5 propane as it enters a carburizing

furnace, the overall air-propane ratio used to form the furnace

atmosphere is 6,25. At the samc air-propane ratio (6.25), the

present invention yields product results which are essentially

identicel to those obtaincd with conventional endothermic gas-base

atmospheres,

EXAVPIE TI

¥hen utilizing lovw flow rates for the introduction of

an air/hydrocarbon gas mixture, the carburizing process becomes

pmore sensitive to air contamination (air that leaks into the

furnace chamber or air that is carried into the furnace chamber by

the workpiece)., If a fixed, predetermined air/hydrocarbon ratio

were to be relied upon, the atmosphcre would not compensate for

such air contamination and heat trcating quelity, particularly

carburization quality, would decrease,

Bacause of the CO, content,
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oxygen potential of the furnsce pas varies systematically with
air/propanc ratio in kxample I, automatic control of the furnace
atmospherv composition based on 002 or oxygen potential analysis
is possible., In this cxample, it will be shown that automatic
atmosphere composition control is possible using a zirconia oxygen
sensor to measure the ox&gen potential of the atimosphere,

The automatic control system is designed so that the
total reacted gas flow docs not change appreciably as the inlet
air/hydrocarbon ratio changes. Ideally, this can be done by
regulating the flows of both air and hydrocarbon gas. However, if
just the hydrocarbon flox is altered, with-the air flow held
congtant, the variation in rescted gas flow (and residonce time of
the paces within the furnace) is small enough so that it does not
appreciably affect procecss control.. Table 1 showis thal the
computed flow of rcacted gas varies only 207 for air/propane

retios from 3 t0o 9 and s conatant air flow.
Table 1

Computed Flows of Reacted Gas With a
Constant Air Flow and Variable Propane Flow

A/P _Air Flow, lpm Propane Flow, lpm Reacted Gas Flow, lpm
3 8.5 2.83 , 17.70

L 8.5 2.13 15.93 :

5 8.5 1.70 ' 15.50

6 8.5 12 ' . 15.22

7 8.5 . L2 - 15,02

8 8.5 . 1.06 14.87

9 8.5 0.9% : 14,75

Using an automatic control system to regulate the flow
of propane gas, test samples were run at 927°C and 84300 as in the
previous example, Fipure 9 shows that the weight gein due to
carburization after 2.5 hours at 927°C increases systematically as
the set oxygen sensor voltage is increased. The surface carbon

content of samples, deturmined by microprobe analysis, also

BAD ORIGﬁAL @3



\r

10

15

20

25

30

35

0024106

- 14 -

increauses systematically ns the eorygen sensor voliuge increascs.,
The air flow rute euployed was cliosen to give approximately the
same rcsidence time for puses within the furnace as in the previous
example, Figurcs 1 - 4.

- Figure 10 chows similer results for samples carburized
for 6 hours at 843°C. Arain, the air flow rate was chosen to give
approximately the same riecidence time for gases within the furnace
as in the previous ecxzmple, Fipgures 5 - 8,

One of the miin advanlapes of automatic process control,
as illustrated in this example, is that the inadvertant entry of
air into the furnace chamber is automatically offset by adjustments
to the air-hydrocarbon raito of the inlet gascs., In Example I,
samples were held in the furnace vestibule for sevcral hours while
the furnace and vestibule were purged in order to minimize the
entry of air into the furnace chamber when the samples were charged
into the furnace. A4 long purging time was necessary because the
flow rates employed werce low., In Example II, on the other hangd,
no special effort was made to avoid entry of air into the furnace
chamber. Samples werc held in the furnace vestibule for about 15
minutes before charging into the furnace;‘this holding time in the

vestibule is typicel of commercial praclice with endothermic gas-

base atmosphecres,

Determinaticn of Appropriate

Flow Rate

In the previous examples, suitable flow rates at two
different tempcretures were found by trial and error. Under the
selected condition of temperature and flow rete there is sufficient
time for the C02 and HZO in the atmospherg to be reduced by
reaction with Cﬂh so that carburizing can take place. If the ges
residency time is know, then for any other furmnace (regardless of
size or design) flow ratcs can bc adjusted to produce the same gas
residency time, If the gas residency time is the same in the two
different furnaces operating at the same temperature with furnace
atmospheres formed from air and a hydrocarbon gas in the same

proportions, similar ratecs of carburizing (or similar effective

-
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i 1  carvon potentials) arm cffected,
: A1l pus molecules entering a furnzee chamber do not
;5; remain in the charber for the same length of time, At any fixed

irlet pas flow rate there is a distribution of rcsidence time for

1G]

the molecules .. The rpeen residence time for all the gas molecules
‘can be rewdily defincd and measured,.
¥een residence times were measured by the following
experiment., The furnzce at the temperature of interest is purged
with nitrogen at the flow mtie of interest, F. A gas sample is
10 drawn from the furnace chzmber and is continually monitored by
infrared analysis for 002 content. After s number of hours of
purging, a low stable value for 002 content of the furnace is
obtained. This value is defined as C0 o At this point, the inlet
gus composition is switched to Clﬂ 002 in nitrogen and the time
15 rate of change of the furnace gas composition is recorded.
Schematically, the furnace gas composition C changes in response
to a change in inlet g2s composition in the manner shown in Figure

11, where C is the composition of the gas phase in the furnace at

any time.t and CO at the roment the inleil gas composition pﬁase is
20 changed.

If the conposition is expressed in dimensionless form

C1 -C

C1 - CO the ecxperimental data cen be replotted as shown in Figure
10. Then, thc mean residence time tm, is given by the aree-under
25  the curve in Figurc 12, that is

tm = (C] - C dt
b1 -G

Regardless of how coé%lex the shape of the curve experimentially,

the mean residence time can always be found by a method of graph-
30  icel er numerical integration, Thec ealculation of mean residence

tipe will be simpler if a mathematical model for the furnace is

used. For example, if the furnace ghamber has a velume V and the

flow rate of gas into and out of the furnace occurs at a rate f,

then if perfect mixing ocdurs in the furnace chamber, it can be

BAD ORIGINAL (’%
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shovwn that
¢, - C ( T
C — C = (\p - '; t
1 0
ond the mean residence {ime is
n =
T

The gas flow behaviour of rcal furnaces will be more complex than
the simple model.

Yican gus recidence times were measured in the manner
deseribed for the Linaberg czrburizing furnsce used to obtain the
resultis described in the previous exzmple, For inlet gas flows of
15 liters per minute and a furnoce temperature of 92700. the data
shozn in Figure 13 was obtained, At a flow rate of 10 liters per
mirute and a furnace temperature of 8L3°C., the rcsponse shown in
Pigure 1, was measured., From these data, minimum mean residence
times of 26 and 48 minutcs, respectively, were computed., There-
fore, itis anticipated that results similar to those depicted in
the series of examples cculd be obtained on any other furnace
provided that gas flow rates were adjusted to yield mean residence
times at lcast as long es 26 minutes at 927°C, and 48 minutes at
8&300. The steep line in each graph at short times represents the
influence of the volumc of the main furnace chember, and the
shallow” line for longer times represcntis the influence of the
velure of the vestibule chaéber. It is very difficult to
theoretically calculate ahead of time the mean residence time,

The volumes of such chambers can be directly measured but the rate
of recirculation of gases between the furnace chamber and the
vestibule carnot be predicted. Thercfore, an experimental
measurement of mean residence time is needed to detérmine appro-
priate flow rates., Alternatively, eppropriate flow rates can be
found by pogressively lowering the flow raetes snd simultaneously
monitoring furnace gas ccmposition until the furnace gas is close
to the eguilibrium composition.

Figure 15 gives typical means residence times needed to
produce satisfactory furnace atmospheres for neutral hardening,

anrealing or carburizing by this invention for temperatures from

BAD ORIGINAL
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800 to 1000°C.

An illustrative mecthed for carburizing ferrous based
workpicces is an folloas.

(a) ¥ix air and a hydrocarbon gas to crecate an endother-
miec type gus when reacted at heat treating temperature levels, the
air and hydrocarbon gas being mixed in a predctermined ratio which
varies with the spucific hydrocarbon ges employed, For example,
prop ane ges which would requirc a ratio of 6,0 - 7.2, and methane
gas which would require a ratio of 1,6 - 2.4 for carburizing; a
suitable pas blending apparatus is shown in Figure 16. Air and
propane are supplied scparately through passages 10 and 11,
respectively, at ambient temperature; each are regulated as to
pressure indicated., The nitrogen supply is used for purging the
furnace charber and is not used for generation of the endothermic
type atmosphere, The amount of air and propanc admitted to the
furnace is regulated by motorized valves 12 and 13, respectively,
which arc controlled to operate to maintain a constant eir/propane
ratio. The ratio is presct in controller 14 and variances in the
flow ratio as sensed by f1ow reter 8 15 and 16 causes the individ-

ual controllers 17 or 18 to mairtain thc preset ratio in controller

"1,  Alternatively, the atmosphere composition may be controlled

automatically by monitoring the furnace atmosphere CO, content by

2
infrared gas analysis or by measuring the oxygen potential of the

atmospherc by means of a zirconia'oxygen sensor. -‘The hydrocarbon
gas addition is autométically regulated to maintain predetermiﬁed
levels of CO2 content or oxygen potential, A suitable system for
automatic atmosphere control is shown schematically in Figure 17,
The valve controller 20 and 21 adjust the opening of the respective
notorized valve 22 and 23 to match the voltage output of the
respective flowmeter 24 and 25 to the control voltage. For the

air supply, the conirol voltage is set by adjusting a potentiometer
on the valve controller 21, For the propane supply, the control
voltage is derived from the proportional controller 26. The output
of the proportional controller depends on the difference between

the signal received from the zirconia oxygen sensor 27 and a

BADORIGINSL AN
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refercnco voltapr ottuinced by sctting a polentiometer, The
ncecessury voltape-to-voliage and voliage-to-current converters arc
not shown,

(v) Feedine s2id mixture to said furnace gt a slow flow
rate, For e furnace without a vestiibule, or for a lerge furnace
with spall vesiibules, the nececsary flow nay be estimated by
mqiring that the flo. rotio (furnace chamber volume in cubic fect
divided by the flow raie in cubic feet per hour mrasured at the
furnace temperature) be greater than about 0.2 hours, For a
furnacc with a lerge wvestibule, such as was used in these trials,
the allowable flow retes are higher, but muet be determined ecither
by trial or by a diruct nmeasurcment of residence time of the gases,
For a large connercial furnace of LOO cubic fect volume operated
at 1700°F, a slow flow rate would be about 4OO standard cubic feet/
hour for & flow retio of 0.25 hours,

(c) Reacting said gas mixture in the furnace to generate
a desired endothermic gas-like atmosphere, said reacted gases
having a mean rcsidence time in said furnace in prcportion to the
temperature of said atmosphere, which mean residence time typical-
ly may vary between 69 minutes at 800°¢ ana 17 minutes at IOOOOC.
Tne flow rate is controlled to achieve a specific mean residence
time,

It should be pointed out that the process of this
invention is not limited to the preferred modes dcscribed, but can
include certzin modifications without deviating from the invention.
For example; carbonitriding may be carried out by the process
described provided a predetermincd amount of ammonia (up to 51,
preferably 3-L4) is added to the prescribed atmosphere. Moreover,
carbudzing may be carried out with special hydrocarbon sdditions

other than the described propanc or methane, such as butane,
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1 1. A method of hcat treating ferrous based workpieces
in a furnace chumber by heating said viorkpieces therein to the
temperature rgnge of 1500 -2000°F (800 - 1100°C) while in the
presence of an endoth.rumie type éas, characterised in that the

5 gas is pasaed through thc said chamber at a low flovw rate,

2. A methol according to Claim 1 in which said
endothermic type gas comprises (O, H2, 602, HZO and CHu'formed
by the reaction of air and hydrocarbon gas andi additional
products formed by the rcduction of’CO2 and H20 by CHA'

10 3. A method according to Claim 1 or Claim 2 in which
ihe flow rate produces an avergge residency time of said gas

reaction products in said chamber of at least 0,2 hours,

L. A method according to any one of Claims.d to 3
wherein the endothermic type gas is formed by the reaction of

15 air and propane or methane.

5. A method according to Claim 4 wherein endothermic
gas is formed from a gus mixture having an eir/propane ratio of
1.6 - 2.4 or am air/methane ratio of 6.0 - 8.0.

6. A method according to Claim 5 wherein the said gas

20 is formed from e mixturc having an air/methane ratio of 6.0-7.2.

7. A method according to any one of Claims 1 to 6
in which the proportion of hydrocarbon gas used in the generation
of the endothoermic type ms is controlled in response to

veriations in thc amount of oxygen in said chamber atmosphere,

25 8. £ method acconding to Claim 7 in which the amount

of oxygen is senscd by the use of' a zirconie oxygen sensing device,

BAD ORIGINAL 6%
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1 9. 4 method ececording to any onc of Claims 1 to 6

E wherein the proportion of hydrocuarbon gas uscd in the generation
é of thc endothercic iype pus is controlled in response to

vuriations in the gue in the said chamber.

5 10. 4 methotr according to any one of Claims 1 to 9
wherein the ferrous bascd workpivce is c¢xposed to said sndothermic
type gas in szid charber for a period of time sufficient to
obtain a carbon gradient in the vorkpiece proceeding from the

outer region thereof,

10 11. 4 method according to any one of Claims 1 to 10

wherein the workpicces arc heated to & temperaturc of at least
820°¢

12, A& mecthod according to any onc of Claims 1 to 11
wherein the endothermic type pua is fed into the chamber at a
15 rate sufficient to provide a mean residence time in said furnace

in proportion to the témperature of said atmosphere which

varies betwscn 69 minutcs at BOOOC and 17 minutes at 1000°¢.
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