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This invention relates to an apparatus for de 
termining the constituent-potential of gases, 
more particularly to the determination of the 
constituent-potential with respect to work under 
going treatment by gases such as in carburizing 
or nitriding of metals, and has for an object-the 
provision of a system in which the constituent 
potential may be determined coincidentally with 
the treatment of the work. 

Heretofore it has been proposed to measure 
carbon pressures or potentials by utilizing a very 
fine carbon steel wire which is heated by electric 
current ?owing therethrough to a temperature 
of the order of 800° C. to 1100“ C. while subject to 
a stream of carburizing gases. After equilibrium 
has been established, the wire is rapidly cooled to 
produce a martensitic structure. Thereafter the 
resistance of the wire is measured. It has been 
stated that there is correlation between the result 
ing resistance of the wire and the carbon content 
thereof, providing the wire upon cooling is com 
pletely in the martensitic phase. 
Systems of the foregoing type have many dis 

advantages. They require separate treating 
chambers, and they do not permit continuous 
measurement of constituent-potentials. In con 
sequence, they are not suited for continuous auto 
matic control of gaseous treating mediums. 
The term “carbon-potential” and the broader 

term “constituent-potential” are herein used to 
denote a unit or factor which expresses the extent 
of transference of carbon from a gas into work, 
or transference of carbon from the work to the 
gas. Since this same phenomenon is also present 
as between nitrogen and steel, and between other 
gases and metals, the broader term "constituent 
potential" is intended to denote the transference 
and the possibility of transference of material 
between a gaseous medium and the work sub 
jected thereto, which transference varies the com 
position of the case, the latter meaning the sur 
face and near-surface region affected by said 
transference. ‘ 

In accordance with the invention, there is pro 
vided a system of not only measuring the con 
stituent-potential of an atmosphere but also one 
in which the said potential of the atmosphere 
may be continuously measured and controlled 
and which by integration of all the variables of 
the process may be utilized to predeterminethe 
ultimate compositional characteristic of work as 
affected by the atmosphere. 
In carrying out the invention in one form there 

of, a wire or filament of iron, or an alloy thereof, 
is .disposed adjacent the work and both are sub 
jected to the same temperature and atmosphere. 
The variation in an electrical characteristic, the 
resistance, of the wire or ?lament is measured 
and is utilized to indicate the constituent-poten 
tial of the gaseous medium or atmosphere. 

12 Claims. (Cl. ass-2) 
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For a more complete understanding of the in 

vention and for further objects and advantages 
thereof, reference should be had to the accom 
panying description, taken in conjunction with 
the drawings, in which: 

Fig. 1 diagrammatically illustrates the inven 
tion in one form as applied to a carburizing fur 
nace for the measurement and control of con 
stituent-potentials; 

Fig. 2 is a longitudinal view, partly in sectionI 
of a part of the detecting element 30 of Fig. 1; 

Fig. 2-A' is a sectional view taken on the line 
iA-IA of Fig. 2; 
Fig. 2~B is a sectional view taken on the line 

18-23 of Fig. 2; 
Fig. 3 is an alternative arrangement for the 

measurement of control of constituent-poten 
tials; ' 

Fig. 4 is a longitudinal view, partly in section, 
of a modified form of detecting element; 

Figs. 5 and 6 are sectional views taken respec 
tively on the lines 5-—5 and 8-8 of Fig. 4; and 
' Fig. 7 is a fractional side elevation, partly in 
section, of Fig. 4. , 
Referring to the drawings, the invention in one 

form has been illustrated as applied to a carburiz 
ing furnace it of the type disclosed in Harsch 
Patent No. 2.161.162. Though treating chambers 
or carburizing furnaces of other construction may 
be utilized, the one disclosed in said Harch patent 
has been found to be satisfactory. For a detailed 
description of the structure and the carburizing 
process in general, reference may be had to said 
patent. Brie?y, the carburizing furnace l0 con 
sists of a reaction chamber C de?ned by a retort 
II and a cover l2, a seal i3 being provided be 
tween the cover and the retort. The work or 
load, though it may be a single piece, has been 
illustrated as comprising a group or batch of 
pieces disposed haphazardly in a basket II. This 
basket is provided with a perforated plate or grid 
IS. A fan It, driven by a motor i1, forcibly cir 
culates through the load hot vehicle gases which 
serve as a carrier for the carburizing components 
or constituents of the furnace atmosphere. 
The carburizing agent, in liquid, gaseous, or 

vapor phase, is supplied to the reaction chamber 
C by way of an inlet pipe 20, under the control of 
a valve 2 I, and after passing through a dehydrator 
22 is directed against a distributor plate 23. The 
hot vehicle gases swirl about in the space below 
the cover and above the work and entrain and 
distribute the freshly introduced agent quickly 
to bring it to dissociation temperature. 
The work pieces and the vehicle gases are 

heated to,carburizing temperature, usually in the 
neighborhood of about 1700° F. in any suitable 
manner, such, for example, as by electrically 
heated resistors 25 disposed in the heating cham 
her 2‘ which surrounds the retort H. The car 
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I burizing agent is quickly heated to a tempera 
ture to cause cracking or dissociation thereof. to 
yield an atmosphere having the desired constit 
uent or carbon-potential with respect to the 
steel or ferrous metal parts of the load. It is 
important to the Harsch system of carburizing 
that the carburizing agent shall be introduced 
into the carrier gas at a point such that the agent 
reaches the cracking temperature as it ap 
proaches the work. ' In consequence, the car 
burizing action takes place with the reaction 
products in their nascent state. 

It is to be understood the present invention is 
applicable to systems other than as shown by said 
Harsch patent, for example, to systems where the 
vcarburizing agent is given a preliminary or ?nal 
cracking outside of the reaction chamber. 
In accordance with the invention, the con 

stituent or carbon-potential of the gaseous 
medium toward the work is determined by means 
,_of an element 80 which includes a relatively small 
iron wire or ?lamentary metal 3i, Fig. 2, capable 
of absorbing and giving up the constituent in 
tended for exchange between the retort atmos 
phere and the work. For a. wire or filament'cf 
rectangular cross section, the shorter cross-sec 
tional dimension should be small. A round wire 
of relatively small size also presents a short 
path for transference of material. _ 
In accordance with one form of the invention, 

the sensitive or detecting element 30 may com 
prise a 12" length of No. 30 A. W. (3. iron wire 
3| of the following composition: 

Per cent 
Carbon ............................. -- .08 

Manganese ......................... __ .23 

Phosphorus ________________ -4 ....... __ .017 

Sulphur ....... ___ __________________ __ .043 

Silicon ................... --less than_.. .003 
Nickel ______________________________ _- .047 

Chromium ________________ ._less than... .01 
Copper _____________________________ __ .123 

Tin ______________________ __less than__ .01 
Iron _________________________________ __ 90.46 

This particular ferrous alloy is one which is 
used quite extensively in, thermocouples, as de 
scribed in Finch Patent No. 2,325,759. Though 
ferrous alloys of widely differing composition 
may be utilized, the one speci?cally disclosed is 
preferred because of its availability and because 
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of the need to provide replaceable elements of > 
the same composition. This wire Ii is connected 
at one end to a conductor 32 and extends down 
wardly through a porcelain or other refractory 
support 33, Figs. 2, 2-A and 2-H, around the end 
thereof and upwardly to a second conductor 34. 
The ceramic rod I3 is provided with a series of 
elongated recesses or openings 88 which expose 
the wire to the furnace atmosphere. 
A 12-inch length of the foregoing wire at a 

temperature of 77° 1". has a resistance of 0.73 
ohm. The element 30 is disposed in the reaction 
chamber C in a position to be subjected to the 
same gases and temperature as the work. Both 
the wire II and the work are coincidentally sub 
iected to transference of material to and from 
the gases. Carbon is absorbed or given up by 
the wire Ii until equilibrium conditions are at 
tained. These equilibrium conditions are rapid 
ly established because of the short carbon path 
through the wire or ?lament ii. In accordance 
with the invention, it has been discovered that 
an electrical characteristic of the filament or 
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wire ll, the resistance thereof. will vary to a 
degree dependent upon the amount of carbon or 
other constituent taken up or removed from the 
wire. For example, at a temperature of 1700” P. 
the resistance of the wire ll, with 0.2% carbon 
therein, will be 6.95 oms; ‘for the same tempera 
ture a similar wire with a carbon content of 
1.00% will have a resistance of 7.21 ohms. 
In the preferred form of the invention the 

sensitive element 30, including the wire 30, is at 
all times subiected to the same ambient condi 
tions as that of the work, and coincidentally 
therewith. In consequence. not only is a deter 
mination of the character of the atmosphere 
possible but also there is provided a means for 
controlling or regulating the character of the 
atmosphere within the reaction chamber C. In 
accordance with the invention. the foregoing 
variations in the resistance of the wire ii, at 
high temperature, occur with compositional 
‘changes in the wire itself. Contrary to prior 
knowledge and belief there are provided new and 
valuable methods and means of controlling the 
atmosphere within the reaction chamber C. 
Stated differently, it has been discovered that 
the electrical resistance of the wire 3| varies 
though the wire has an austenitic structure; that 
is, with the carbon thereof largely in a free state, 
or in solid solution. The resistance, other fac 
tors remaining the same, is at all times dependent 
upon the carbon present in the wire or filament 
II. It has also been discovered that with the wire 
Ii heated to temperatures of l000-l100° 1'2, the 
same property of varying resistance is exhibited 
with respect to nitrogen. Hence, the invention 
is applicable to nitriding purposes and the like. 
The simpli?ed form of a measuring system 

illustrated in Fig. 1, consists of a network in the 
form of a Wheatstone bridge W in which one arm 
thereof comprises the iron wire 3| while a second 
arm thereoi.'_ includes a sealed element Iii having 
within the interior a suitable length of wire hav 
ing the same resistance-temperature coemcient 
as the wire 3!. It may be of the same material as 
wire 3 I, though wire or wires of differing material 
but with the same temperature-coemcient of re 
sistance may be used. It is sealed within the 
container 40 to isolate it from the atmosphere of 
the reaction chamber C. By connecting this re 
sistor in the second arm of the Wheatstone 
bridge, automatic compensation is introduced 
therein for changes in resistance of the wire Ii 
due solely to temperature changes. It has been 
found that the resistance of the wire 3i varies 
substantially linearly with temperature for tem 
peratures above around 1400“ I". The tempera 
ture coe?lcient of resistance for practically any 
carbon content, at least between 0.25% to 1.25%, 
is 0.018% per degree F. 
A third arm of the bridge W includes resistors 

ll and 42 and a slidewire 43, while the fourth 
arm of the bridge includes resistors 04 and 45 and 
the slidewire 40. A resistor I1 and a slidewire 

. ll are provided between the last-named arms of 
the bridge. A suitable source of current, as the 
battery 00, is connected through a variable re 
sistor Ii to the conjugate points 52 and 53 while 
a sensitive detecting instrument B4 is connected 
between the conjugate points 65 and 66. The 
slidewires II and 48 are simultaneously and 0p 
positely adjustable and are preferably mechan 
ically connected together as illustrated by the 
broken line 51. By adjusting the slidewires 43 
and 40 to shift resistance from one arm of the 
bridge W to the other, adiustment for variation 
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in the circuit constants, particularly the cold 
resistance of element 30, may be made. 
The detecting instrument 54 includes a sensi 

tive galvanometer and a mechanical relay pref 
erably of the type fully disclosed in Squibb Patent 
No. 1,935,732. Reference may be had to said 
Squibb patent for details of the galvanometer and 
mechanical relay. Reference may also be had to 
Lane Patent No. 2,119,108 for disclosure of a 
mechanical relay system suitable for operation 
or control of the valve 2|. 
Inasmuch as it has been discovered that the 

resistance of the wire 31, when in equilibrium 
with the atmosphere surrounding it, varies with 
the carbon or constituent-potential of that atmos 
phere, the slidewire 48 associated with the 
mechanical relay and the chart or scale thereof 
(not shown) may be calibrated directly in terms 
of carbon content in the surface of a particular 
steel, or in terms of the carbon content of a thin 
shim steel of composition, for example, S. A. E. 
1010, known as shim steel. In Fig. 1, the scale 6i 
is illustrated and it will be assumed it is so 
calibrated. In operation, the slidewires 43' and 46 
will be preset to positions to calibrate the bridge 
W in terms of the carbon content indicated by 
scale 61. The resistors 25, of the furnace i0, will 
be energized to produce the desired temperature, 
generally around 1700° F., within the reaction 
chamber C. Under the control of the instrument 
II, the valve 2| will be opened to a degree which 
permits the entry into the chamber C of a suf 
ficient quantity of a carburizing medium which, 
upon contact with the wire 31, will add to or 
subtract carbon from the wire until the composi 
tion thereof is at a selected value. The instru 
ment 54, through valve 2|, continues to control 
the atmosphere within the chamber C so as to 
maintain constant the composition of the wire 
31. Accordingly, both a continuous measurement 
and control of the carbon or constituent-potential 
of the atmosphere are provided. 
The shaft ill of the Sqibb Patent 1,935,732 may 

directly control valve 2| or it may indirectly con 
trol that valve. In either case, adiusting means 
62 are provided to change the actuation of the 
valve with respect to the relative positions of the 
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contact 59 and the slidewire 4B. This adjusting - 
means in simple form may comprise a lengthening 
and shortening means for the linkage indicated 
by the broken line 60. In this manner, any pre 
determined constituent-potential of the atmos 
phere within reaction chamber C may be main 
tained. 
A duration-type of control as disclosed in Davis 

Patent No. 2,325,232, particularly Fig. 3, has been 
found satisfactory. The slidewire 3 thereof will 
‘comprise adjusting means 62, while slidewire 39 
of the patent will correspond with slidewire 48 of 
Fig. 1 hereof. By changing the relative positions 
of the adjusting means 62 (slidewire 3 of the 
patent) and slidewire 48 (slidewire 33 of the 
patent) the carbon-potential may be preset or 
selected at any disired value. The valve I24 of 
the patent will, of course, be replaced by the valve 
2| of Fig. 1 hereof. 

In‘ the foregoing description it is to be under 
stood that in theory neither the length of the 
filament 3| nor its cross-sectional area is sig 
nificant. It may be of any desired length. It may 
have any desired cross-sectional area. However, 
in practicing the invention, the smaller the lesser 
cross-sectional dimension is, the faster will 
equilibrium be reached with a given potential of - 
the atmosphere. The cross-sectional character 
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istic, however, is preferably one which may be 
defined as including one dimension which is small 
for rapid equilibration of the constituent in the - 
filament 3i and in the gaseous medium. In the 
preferred forms of the invention, satisfactory 
operation has been obtained with round wires 
varying in diameter from 0.003" to 0.040". Rib 
bons of similar thicknesses are likewise satis 
factory. In the foregoing example, the wire 30 
had a diameter of 0.010”. 
In carrying out the invention in one form there 

of, a plurality of work pieces of the same composi 
tion were placed in the reaction chamber C and 
the controller was set for the maintenance or 
production in the case or surface layers of the 
work pieces of 0.65% carbon, as by the adjusting 
means 62. The heating resistors 25 were then 
energized to maintain the reaction chamber at 
a temperature of 1450° F. At intervals during a 
period of approximately twenty-four hours 
samples were removed through the outlet or vent 
pipe 63. These samples, upon analysis, had a 
case,'or a surface'and subsurface composition of 
between 0.65% and 0.66% carbon. 
The foregoing procedure with like work pieces 

within the reaction chamber C was then repeated 
for a second 24—hour run, with the temperature 
of the reaction chamber C at 1750" F. Again, 
work pieces removed at intervals during this run 
showed a case between 0.64% and 0.66% carbon. 
Though the temperature had been increased by 
300", the carbon content of the case of all work 
pieces was closely held between the limits of 
0.64% and 0.66 0/2. The carbon content through— 
out the 24-hour runs was maintained fully as 
closely as quantitative analyses of carbon content 
can be made. 
With like samples of work pieces. the 

adjusting means 62 was then set for a carbon 
content of 0.50%. For one run the temperature 
of the reaction chamber C was maintained at 
1450“ F. and for another run it was maintained 
at 1750° F. - All samples withdrawn at intervals 
during each run showed a carbon content within 
the range of 0.47% to 0.52%. Additional tests 
were made, with like workpieces or samples, for 
runs respectively at 1450" F. and 1750° F. but 
with the adjusting means 62 set for a carbon 
content of 0.85%. Again, the samples removed 
at intervals during each run showed a carbon 
content which ranged from 0.85% to 0.90%. 
The foregoing exemplary tests demonstrate an 

accuracy of control which has heretofore been 
unattainable and by means of which accurate 
control of carburizino,r at different temperatures 
has been made possible. 

It is not essential that a second tube element 
40 be provided in a sealed container. In ac— 
corcianee with a further preferred modification 
of the invention, Fig. 3, automatic compensation 

, for changes in the temperature of the reaction 
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chamber C may be provided by means of a de 
tectin'z instrument 65 which is preferably of the 
type disclosed in the aforesaid Squibb Patent 
No. 1,935,732. The instrument 65 operates in 
response to the temperature of a thermocouple 
66 disposed within the chamber C and not only 
serves relatively to ad-‘ust a slidewire 67 with 
rerpect to its contact 68 but also to effect, through 
mechanical connection 65a, relative adjustment 
between a slidewire 69 and its contact 10. The 
slidewire 61 in conjunction with a source of 

' supply such as a cell ‘H and resistor ‘Ha forms 
a potentiometer which, under the control of the 
device 65, provides a potential to balance that 



produced by the thermocouple 00. The slide 
wire 00 and its associated resistor ‘I! introduce 

~ a correction into the' Wheatstone bridge W to 
correct for the variation with temperature of the 
resistance of the filamentary metal or wire lil, ‘ 
that is, the combined resistance of resistor 12‘ 

‘ and ‘slidewire u is so varied as to'compensate 
for the temperature component of the resistance 
variation of the filamentary metal or wire 0i. 
Hence. the network W will respond onlyto the 
change in the compositional component of the 

'~ resistance variation of said ?lamentary metal or 
wire 01. ~ 

> If the temperature of the reaction chamber 
C is maintained constant. automatic compensa 
tion'for changes in temperature'of the wire 0| 
need'not be provided. In such case. the tem 
perature-responsive element 40 may be replaced 
with a resistor having a negligible temperature 
coemcient of resistance, such as “Manganin," 
located outside the furnace. » 
The instrument 00, through mechanical con 

nection "b, also serves to control. by means of 
controller 13. the energization of the heating 
resistors 20 to maintain a‘ predetermined tem 
perature within chamber C. It will be noticed 
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equilibrium is attained, the carbon content at the 
surface and throughout the wire ll will not, 
change as long as the given conditions are main 
tained. The depth of the case on the work pieces 
will vary as a function of time and temperature 
but the carbon content at the surface and sub 
surface will be maintained as above described. 
The same principles may be likewise applied to 

other processes. For example, a wire of iron or 
of an iron alloy when exposed to a nitrogen-bear- 
ing atmosphere will gain or lose nitrogen. As in 
the case of carbon. there will be a nitrogen or 
constituent-potential as between the nitrogen and 
the work which in general consists of alloys of the; 
type known to those skilled in the art as ;. 
"Nitralloy." As applied to a nitriding process. 
and utilizing a wire II of the same character as, 

' above described. the resistance of the wire ll, 
varied through an even greater ‘range than for‘, 

20 

there has been substituted for the element 40 ' 
of Fig. l, a fixed resistor 40a. Further variation, 
in accordance with Fig. 8, is the provision in 
supply line 20 of a control valve Ila which is 
operated by a solenoid ‘ll under the control of 
contacts ‘ll. Whenever the instrument I‘ de 
tects a deviation in the carbon content it will be 
understood that an adjustment is made between 
the slidewire 50 and its associated contact 00. It 
will be assumed the adjusting means 02 is set 
for a carbon content of 0.75% which value will 
be assumed to produce balance of network W with 
the contact as in the position illustrated in Fig. 
3. If the carbon content should be less. the 
‘unbalance of the network will cause the contact 
I! to move to the left with respect to the scale 
II (or the scale and slidewire to move to the 
right). This movement will, through connection 
10 and adjusting means 02, close contacts 10 
to energize solenoid 14, from source ‘l‘l, thereby 
to open the valve Ila. Accordingly the ?ow of 
carburizing material to the chamber 0 will be 
increased. As the carbon content in wire 8| rises 
to the predetermined value of 0.75%, balance of 
network W will be re-established with the partsv 
again in the illustrated positions. Should the 
carbon content rise to above the selected value. 
the contacts ‘I! will remain open. The valve 
2 in will remain in a more or less closed position. 
Because of air infiltration, the carburizing atmos 
phere will be diluted so as to decrease the carbon 
or constituent-potential thereby to decrease the 
carbon content of the work pieces. If more 
positive control is desired, a diluent such as 
nitrogen may be introduced under control of 
mechanical connection 10. 
The carburizing fluid introduced into the 

furnace by way of pipe 20 and valve lio may be 
of the type disclosed in the aforesaid Harsch 
Patent No. 2,161,162. It is to be further under 
stood that the concentration of carbon in the 
surface of a metal quickly assumes an equilibrium 
value, notwithstanding the fact the carbon will 
continue to be transferred through the surface 
layer in order to establish a like concentration in 
the subsurface or interior of the metal. By uti 
lizing a ?lamentary means having one cross-sec 
tional dimension small, this equilibrium is at 
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carbon. ‘ 

As between carburizing and nitriding. one of‘: 
the principal differences is that in carburizing a" 
certain amount of air-infiltration, is permitted. 
though separate streams of air, steam, or a de 
carburizing medium may be utilized when desired. ' 
In contrast, during nitriding the reaction cham- 
her is ordinarily sealed to exclude air infiltration. 
To dilute the nitriding atmosphere a second 
stream of an inert gas such as nitrogen may be 
utilized. The nitriding gas itself is preferably, 
ammonia. ‘ 

The sensitive element 00 may also take their 
form illustrated in Figs. 4-7. As shown, an outer 
tubular housing 00, of a chromium-nickel alloy of 
the type known under the trade name "Chro-. 
max," is provided at its lower end with openings 
Ii and If to expose to the furnace atmosphere 
the wire Ii which is wound on a ceramic core “.4 
The core 00 is of oval shape, as best shown in 
Figs. 5 and 6. The construction of Fig. 4 has 
the advantage that the core M and‘ the wire Ii 
comprise a removable unit. It is held in place 
by means of a plunger ll, preferably of nickel. 
biased downwardly by a compression spring 00. 
The upper end of this spring bears against a 
collar or washer 01 secured to an inner support, 
00 of a ceramic material known as "Transite" by 
means of screws 00 and 00. The block itself is 
held in place by a screwv 0] which extends through 
the housing 00. The lower end of the spring It 
bears against a washer 02 supported on a pin 08 ' 
carried by the plunger 05. Downward movement 
of the washer 02 and spring 80 is limited by en 
gagement of the pin 00 or washer 02 with the 
shoulder 04 provided on the support 00. 
The lower end 00a of the plunger is of reduced 

‘ size and passes through an opening in a guiding 
block 00. This block has a lower end 98a of re 
duced size which extends into a plate 91 welded 
at its ends to the housing 80, as best shown in 
Fig. 7. The lower end of plunger 85 bears against 
a contact plug I00 to which the upper end of wire 
II is fastened, as by welding. The pressure of 
spring 00 is applied from plunger 00 to plug I00 
to insure a good electrical contact. 
From the bottom closure l0i, two studs I02 and 

I00, Figs. 4 and 6. extend into complementary 
openings provided in the ceramic core 84. These 
studs hold the core 84 in the illustrated position‘, 
The upper end of the stud I02 bears against a_ 
second contact plug I04 to which the opposite end 
of wire II is suitably attached, as by welding. 
Thus, the spring 00 is effective to press the core 
04 downwardly against plug I04 which in turn 

tained without undue delay. After the foregoing 1| presses against stud I02 to make a good elec 
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trical contact therewith. Hence, one of the con 
ductors of network W leading to wire 3| may be 
attached to plunger 85, as by the screw I06, while 
the other conductor may be attached to the hous 
ing 80. as at the screw 9 I, or otherwise. The upper 
end of the housing 80 is provided with a screw 
cap or closure I01 and a sealing gasket I08. 
To remove the sensitive unit comprising wire 

3| and support 84, the body portion is moved 
upwardly against the bias of the spring 86 until 
the lower end clears or is free of the studs Hi2 and 

The support 84 is then moved outwardly 
through one or the other of openings 8| and 82. 
The same. or another unit may be inserted in the 
supporting means by carrying out the described 
procedure in reverse order. - 1 

As shown, the opposite ends of the core 84 
are provided with slots H0 and III which ex 
tend from one side of the core inwardly for 
communication with the end-recesses thereof. 
These slots H0 and III also communicate with 
the recesses of smaller diameter into which the 
contact plugs I00 and M4 are disposed. If after 
the assembly as a whole has been removed it is 
desired to replace the wire 3|, this may be ac 
complished by unhooking the wire from the pins 
H3 and H4. Enough slack must be provided to 
permit the withdrawal of the plug I04 and for 
the removal of the wire through the slot Ill. 
After the wire has been unwound from the core 
84, it, and the contact plug Hill, are then lifted 
upwardly through the slot IIO. A new wire may 
be wound in place by repeating the foregoing 
steps in the reverse order. ‘New elements do not 
need to be frequently provided, particularly if 
care is taken in withdrawing the element from 
the reaction chamber C. To this end, the ele 
ment may preferably enter the reaction chamber 
C through an exit pipe, similar to pipe 63, Fig. 1. 
By withdrawing it slowly through carbonaceous 
gases in the exit pipe, they not only cool the ele 
ment, including the wire 3|, but also prevent 
oxidation which would otherwise render it use 
less for later use. In the absence of carbonaceous 
gases, the velement is rapidly withdrawn quickly 
to cool the wire 3!, thereby to minimize oxidation 
thereof. 
In summary, there has been provided a con 

tinuous control system, based on measurements 
made continuously during operation of the -‘ 
process. This means that through the period 
when the temperature and the atmosphere is 
such as to affect the work, the element 30 will 
be affected coincidentally therewith. There has, 
therefore, been provided a means for processing 
work at any temperature practical for the 
process. 
protection of the work during cooling in the 
furnace before discharge ‘therefrom. Upon this 
latter aspect, by controlling the atmosphere, the 
work may be protected during cooling from loss 
of the material previously added thereto. 
Though the principles of the invention have 

been fully set forth above, the following addi 
tional information is set forth as a further guide 
to those skilled in the art. Though these data 
are presented in connection with a sensitive ele 
ment of iron, 0. term used to include materials 
largely composed of iron and which also in 
cludes carbon steels and some low alloy steels, 
the invention may also be applied to other fer 
rous materials with respect to which a con 
stituent-potential exists as between a treating 
atmosphere and work exposed thereto. 

The system also makes possible the‘ 
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In the following Table I there is comprehen 

sively set forth the relationship between the 
resistance of a one-foot length of the wire 3| 
and the carbon content of a particular steel at 
four different temperatures: 

TABLE I 

Carboncontent of Shim Steel (.3. A. E. 1010) 
vs. element resistance 

Element [1450 o F‘ 11550 ' F- 11650 ° F- 1,750° F. 
Resistance, 
Ohms 

per cent carbon 

In Table II there are set forth the respective 
carbon contents in the steel of Table I and in 
the surface layers of eight different steels at four 
different temperatures, the steels being des 
ignated A, B . . . G inclusive, and whose com 
positions, as well as the steel of Table I, are given 
in Table III. 

TABLE II 

Carbon contents of steels, per cent 

“3505" A n c 1) 10 F o 

1450" F. 

0.40 .3511 .410 .110 .555 .333 .412 . 
.50 - .454 .542 .102 .014 .423 .515 . 
.00 .550 .003 .212 .103 .510 .010 .511 
.10 .041 .130 .353 .012 .505 .121 .011 

1550° F. 

.30 .213 .320 .200 .355 .224 .300 .234 

.40 .314 .425 .355 .410 .303 .335 .315 

.50 411 .533 .443 .531 .300 .410 .403 

.00 .500 .030 .531 .103 .431 .550 .500 

.10 .005 .140 .013 .320 .501 .042 .053 

16500 F. 

.30 . 245 .345 .202 .321 . 210 . 2:3 . 

.40 .305 .443 .353 .433 .315 .311 . 

.50 .413 .543 .443 .551 .415 .401 .414 

. 00 . 535 . 043 . 543 . 001 . 501 .013 . 511 

. 10 .034 .141 .033 .131 .500 .110 .010 

.30 . 114 .333 .131 .303 . 031 .312 . 113 

.00 .301 .020 .324 1.010 .111 .010 .311 
1.00 .043 1.031 .010 ______ __ .351 1.003 .003 
1.10 1.025 1.130 1. 012 ______ __ .042 1.105 1. 055 

1150° F 

.30 .213 .303 .211 .333 .241 . 

240 .314 .412 .300 .430 .312 .50 .410 .524 .450 .534 .332 .404 .455 

.00 t .500 .023 .541 .040 .400 .505 .550 

.10 .000 .131 .032 .143 .541 .003 .045 

.30 .152 .330 .123 .353 .020 .113 .143 

.00 .342 .020 .314 .033 .120 .313 .345 
1.00 .032 1.010 .000 1.120 .315 .000 .040 
1.10 1. 021 1.104 .000 1. 250 .015 1.102 1. 051 



- alloy of the 

assassr 

TABLE III 

Composition of alloy steels of Table I! in per cent 1 

Shim Steel Drill Rod rm“ Solar GAE-621w GAE-M15 s l-nn s-u 
ass-10m s s o n - a ‘ r a‘ o 1' 

Oarbon .......... _. 0.06015 0.00-1.00 0.90 0.50 096-1.!0 0.10-0.11 0.17 . 010-0.!) 
gen _______ .. 0.30-0.60 0.1! 1.26 0.40 0.N-0.B0 0.30-0.50 (LN-0.60 0.40-0.70 

Nickel 4.10-5.95 ass-s. 1s 1. ss-aoo 
Chrome- 0.80 1. $4.00 . .......... ._ 1.25-1.75 .......... - 

ran," an coo-Mo 
Tn ..... -_ 0.60 

llllmn 1. 00 

l Remainder iron. 

By referring to Tables I and II, it will be read 
ily apparent that if a case on the work is to have 
a carbon content of a particular value ‘at a se 
lected temperature, this carbon content is de 
termined with respect to the particular steel and 
the corresponding carbon content of the shim 
steel. 
A substantial part of the research work under 

lying this invention was conducted on "Shim 
- Steel" (GAE-i010). Typical am. are presented 
in Table I. The results, as shown in Table I. were 
then correlated in terms of tests made on other 
steels, as shown in Table II. 

If it is desired to produce a case, or carbon con 
tent of approximately 100 points, one per cent, 
in theysurface layer of the steel D at 1750" 1"“ 
reference will ?rst be made to Table II. It will 
be noted that a carbon content of 0.988% will 
be attained under those conditions which will 
give a carbon content of 0.90% in the “Shim 
Btee ." 

Reference is now made to Table I. The value 
0.895% at 1750' I". will be taken as approximately 
the 0.90% value. The resistance of the element 
II for the value 0.895% will be 7.3 ohms at 1750'1". 

It will be remembered that the scale Ii, Figs. 1 
and 3. is calibrated in terms of the carbon con 
tent of the shim steel. Hence, the slidewire 4|, 
Pig. 1, or Bl, Fig. 3, may be set directly to cor 
respond with the carbon content 0.90%. The tem 
perature of the chamber C is then maintained at 
1750' I". for time determined by the depth of the 
ease desired. A case will then be produced hav 
ing aoarbon content closely approximating the 
desired value of one per cent. . The carbon con 
tent will be predetermined to within the accu 
racies now attainable with known methods of 
quantitative analyses. If the slidewires 40 and 
II are not calibrated in terms of carbon content. 
the resistance values of Table I may be referred 
to. 

It will be recalled that the resistance of the 
wire Ii varies substantially linearly with tem 
peratures above around 1400° F. This is above 
the critical temperature of the wire Ii . Further, 
in accordance with the invention, the carbon con 
tent or constituent-potential may be continuously 
determined for operating temperatures below ap 
proximately 1400' I". by utilizing alloys of iron 
having lower critical temperatures than the ex 
ample above set forth. More speci?cally, for the 
lower temperatures. the wire ‘I may consist of an 

following composition: nickle 
1.654%. molybdenum 03-03%, manganese 
04-03%, carbon 04-02%, with the remainder 
iron. With this alloy. the critical temperature 
will be 50° lower and therefore may be used for 
operations at temperatures around 1850' I". 

20 

30 

In accordance with another aspect of the in 
vention, it has been discovered that in the reduc 
ing atmosphere which exists in the treating cham 
ber the contact elements I" and "a and the as 
sociated contacts in and I04 weld together. 
Upon initial installation of a sensitive unit 30 the 
parts will of course be clean and the contact re 
sistance will be low. Because of the carbon-laden 
atmosphere one skilled in the art might expect 
that the contact resistancemight change during 
operation. Because of the aforesaid phenomenon 
the contact resistance does not change. It re 
mains constant and the union in the nature of 
a weld between the contacts not only assures con 

- tinuing stability in the resistance of the contacts, 
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but it also prevents change in the resistance due 
. to vibration of the sensitive element It including 
those contacts. 
While preferred embodiments of the invention 

have been described, it will be understood that 
further modi?cations may be'made without de 
parting from the spirit and scope of the inven 
tion asset forth in the appended claims. 
What is claimed is: 
i. In a high temperature metal-treating sys 

tem in which work is subjected to a gaseous me 
dium having a constituent which gives rise to a 
constituent-potential towards the work, means 
for determining said constituent-potential com 
prising a filamentary ferrous metal so disposed 
with respect to said work as to be subject to the 
same temperature and gaseous treating conditions 
thereof. and having a composition such that said 
constituent-potential with respect thereto is re 
lated to said constituent-potential towards said 
work, said ?lamentary metal having at least one 
cross-sectional dimension of a size which produces 
rapid equalization of said constituent-potential 
by change in the composition thereof, a balance 
able network including means for connecting said 
?lamentary metal in one branch thereof, a sec 
ond ?lamentary metal, means for connecting it 
in a second branch of said network, means for 
sealing said second ?lamentary metal from said 
medium and for supporting it in heat-transfer 
relation with said medium, and means operable 
solely in accordance with change in the electrical 
resistance of said ?rst-named ?lamentary metal 
due to compositional changes thereof for unbal 
ancing said network for indicating during the 
treatment of work by said gaseous medium of said 
constituent-potential with respect to said work. 

2. In a metal-treating system in which work 
is subjected to a gaseous atmosphere having at 
least one constituent which during treatment of 
the work is capable of transference to and from 
the medium and the work. a measuring network 
including a ?lamentary ferrous metal disposed 



9,041,“? 
13 

within said atmosphere and whose resistance 
varies with its temperature and with the com 
position of said atmosphere and a resistor in said 
network whose resistance varies solely with the 
temperature of said atmosphere to compensate 
for the temperature-component of the resistance 
variation of said ?lamentary metal, whereby said 
network may 'respond only to the change in the 
compositional component of said ?lamentary 
metal. \ 

3. In a high temperature metal-treating sys 
tem in which work is subjected to a gaseous me 
dium having a constituent which give rise to a 
constituent-potential towards the work, means 
for determining said constituent-potential com 
prising a ?lamentary ferrous metal so disposed 
with respect to said work as to be subject to the 
same temperature and gaseous treating conditions 
thereof and having a composition such that said 
constituent-potential with respect thereto is re 
lated to said constituent-potential toward said 
work, said ?lamentary metal having at least one 
cross-sectional dimension of a size which pro 
duces rapid equalization of said constituent-po 
tential by change in the composition thereof, a 
network including means for connecting said 
?lamentary metal in one branch thereof, a re 
sistor connected in a second branch thereof, 
means responsive to the temperature of said 
gaseous medium for varying the resistance of 
said resistor to compensate for change in the 
electrical resistance of said ?lamentary metal 
due solely to temperature changes thereof, and 
means operable by unbalance of said network due 
to compositional changes in said ?lamentary 
metal for indicating the value of said constituent 
potential. . 

4. In a metal-treating system in which ferrous 
work is subjected to ‘a gaseous medium having at 
least one constituent which during high tempera 
ture treatment of the work is capable of trans 
ference between the medium and the work and 
which gives rise to a constituent-potential‘there 
between, the combination of a ?lamentary ferrous 
metal whose resistance changes with transference 
in either direction of said constituent between 
said ?lamentary metal and said medium, means 
supporting said filamentary metal for exposure 
to the same temperature and constituent-trans 
ferring conditions as said work for variation of 
its resistance in one direction on the other con 
currently with constituent-transfer between said 
medium and said work, a balanceable network 
including means for connecting said ?lamentary 
metal therein, variation in the resistance of said 
?lamentary metal producing unbalance of said 
network in one direction or the other, and means 
operable in accordance with said unbalance for 
measurement of said constituent-potential. 

5. ‘In a metal-treating system in which ferrous 
work is subjected to a gaseous medium having 
at least one constituent which during high tem 
perature treatment of the work is capable of 
reversible transference between the indium and 
the work and which gives rise to a constituent 
potential therebetween, the combination of a 
?lamentary ferrous metal whose resistance 
changes with transference in either direction of 
said constituent between said ?lamentary metal 
and said medium, said ?lamentary metal having 
a cross-sectional characteristic for rapid equili 
bration of said constituent in ‘said ?lamentary 
metal with that in said medium by change in 
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14 
of said ?lamentary metal, means supporting said 
?lamentary metal for exposure to the same tem 
perature and constituent-transferring conditions 
as said work for variation of its resistance in one 
direction or the other concurrently with consti 
uent-transfer between said work and said me 
dium, a balanceable network including means for 
connecting said ?lamentary metal therein, varia 
tion in the resistance of said ?lamentary metal 
producing unbalance of said network in one di 
rection or the other, and means operable in ac- ' 
cordance with said unbalance for measurement 
of said constituent-potential. 

6. In a nitriding system in which ferrous work 
is subjected to a nitriding atmosphere at a nitrid 
ing temperature having at least one constituent 
capable at said temperature of transference of 
nitrogen between the nitriding atmosphere and 
the work and which gives rise to a nitrogen—p0 
tential therebetween to form a case, the combina 
tion of a ?lamentary ferrous metal whose cur 
rent-varying resistance changes in a correspond 
ing direction with transference in either direc 
tion of nitrogen between said ?lamentary metal 
and said atmosphere, means supporting said ?la 
mentary metal for exposure to the same tem 
perature and nitriding atmosphere as said work 
for variation of its resistance concurrently with 
nitrogen-transfer between said atmosphere and‘ 
said work, means for passing current through said 
?lamentary metal, the magnitude of the current 
?ow varying with change in the resistance of 
said ?lamentary metal in one direction or the' 
other due to change in said ?lamentary metal in 
one direction or the other-of the nitrogen there 
in, and means operable in accordance with said 
magnitude of said current ?ow through said ?la 
mentary metal for measurement of the nitrogen 
potential between said nitriding atmosphere and 
said ?lamentary metal in determination of the 
nitrogen-content of said case. 

7. In a metal-treating system in which ferrous 
work is subjected to a gaseous medium having at 
least one constituent which during treatment 01’ 
the work is capable of reversible transference be 
tween the medium and the work and which gives 
rise to a constituent-potential therebetween to 
form a case, the combination of a ?lamentary 
ferrous metal whose current-varying resistance 
changes with transference in either direction of 
said constituent between said ?lamentary metal 
and said medium, means supporting said ?la 
mentary metal for exposure to the same tem 
perature and constituent-transferring conditions 
as said workfor variation of its resistance con 
currently with constituent-transfer between said 
work and said medium, a balanceable network 
including means for connecting said ?lamentary 
metal therein, a change in the resistance of said 
?lamentary metal producing unbalance of said 
network, and means responsive to unbalance of 
said network for varying said constituent-poten 
tial in a direction to maintain a predetermined 
composition of said ?lamentary metal thereby to 
control the ?nal composition of said case with 
reference to said constituent. 

8. Ina metal-treating system in which ferrous 
work is subjected to a high temperature carburiz 
ing atmosphere having at least one carbon-im 
parting constituent which during treatment of 
the work is capable of reversible transference of 
carbon between the medium and the work and 
which gives rise to a carbon~potential there 
between to form a case. the combination of an 
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iron wire of small diameter whose resistance 
changes with transference in either direction of 
carbon between said wire and said atmosphere, 
means supporting said wire for exposure to the 
same temperature and carbon-transferring con 
ditions as said work for variation of its resistance 
in one direction or the other concurrently with 
carbon-transfer between said work and said at 
mosphere in one direction‘ or the other, a meas 
uring network balanced for a predetermined car 
bon-content of said wire and unbalanced upon 
variation of said carbon-content from said pre 
determined value, and means responsive to un 
balance of said network for varying said carbon 
potential in a direction to return the carbon 
content of said iron wire to said predetermined 
value thereby to predetermine the ?nal carbon 
content of the case of the work being carburized. 

9. In a metal-treating system in which work 
of a ferrous alloy is subjected to a high tempera 
ture nitriding atmosphere having at least one 
constituent which during treatment of the work 
is capable of transference of nitrogen between 
the atmosphere and the work and which gives 
rise to a nitrogen-potential therebetween to form 
a case, the combination of an iron wire of small 
diameter whose electrical resistance changes 
with transference in either direction of nitrogen 
between said iron wire and said atmosphere, 
means supporting said iron wire for exposure to 

‘the same temperature and nitrogen-transfer 
ring conditions as said work for variation of its 
resistance in one direction or the other concur 
rently with change of said nitrogen potential of 
said atmosphere in one direction or the other. a 
measuring network balanced for a predetermined 
nitrogen-content of said wire and unbalanced‘ 
upon variation of said nitrogen-content from 
said predetermined value, and means responsive 
to unbalance of said network for varying said 
nitrogen-potential in a direction to return the 
nitrogen-content of said iron wire to said prede 
termined value thereby to control the ?nal nitro 
gen-content of said case of said work. 

10. Means for maintaining the constituent 
potential between a constituent of an atmosphere 
capable of reversible transference between the 
atmosphere and ferrous metal at high tempera 
ture at a predetermined value, comprising a ?la 
ment of ferrous metal whose electrical resistance 
at said temperature changes in one direction with 
change of said constituent-potential in one di 
rection and which changes in the opposite di 
rection with change of said constituent-poten 
tial in the opposite direction due to transference 
of said constituent to vary the net content thereof 
in said ?lament in one direction or the other, 
means supporting said ?lament in said high-tem; 
perature atmosphere and subject to the constitu 
ent-potential thereof, a measuring circuit includ 
ing means for connecting said ferrous ?lament 
therein, said ?lament having a cross-sectional 
characteristic for rapid attainment upon change 
of said constituent-potential in either direction 
of equilibrium between said constituent in said 
atmosphere and said constituent in said ?lament, 
variation in the constituent-content of said fer 
rous ?lament producing a resultant change of 
electrical resistance thereof, and control means 
reversibly operable in accordance with said 
change of electrical resistance in one direction or 
the other to change said constituent-potential 
of said atmosphere to maintain it at a predeter 
mined value. 
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11. For a metal-treating system in which work 75 
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is subjected to a gaseous atmosphere having at 
least one constituent which during high-tem 
perature treatment of the work is capable of re 
versible transference between the medium and a 
ferrous metal and which gives rise to a consti 
tuent-potential therebetween, a control system 
comprising a ?lament of ferrous metal whose 
electrical resistance at said high temperature 
changes in one direction or the other with trans 
ference in one direction or the other of said con 
stituent between said ?lament and said medium 
to change the net content of said constituent in 
said ?lament, means supporting said ?lament in 
said high-temperature atmosphere and subject 
to the constituent-potential thereof, said ferrous 
?lament having a cross-sectional characteristic 
for rapid attainment. upon change of said vcon- 
stituent-potential in either direction, of equilib 
rium between said constituent in said atmos 
phere and said constituent in said ferrous ?la 
ment, a balanceable network including means for 
connecting said ferrous ?lament therein. varia 
tion in said electrical resistance of said ferrous 
?lament with change of constituent-content 
therein in one direction or the other producing 
by the resultant change of electrical resistance 
thereof unbalance of said network in one direc 
tion or the other, and control means operable 
inone direction‘or the other in accordance with 
the direction of said unbalance for restoring said 
balance of said network. ' 

12. A control system for metal-treating of the 
type in which work is subjected to a gaseous at 
mosphere having at least one constituent which 
during high-temperature treatment of the work 
is capable of reversible transference between the 
medium and a ferrous metal and which gives rise 
to a constituent-potential therebetween, compris 
ing a ?lament of ferrous metal whose electrical 
resistance at said high temperature changes in 
one direction or the other with transference in 
one direction or the other of said constituent be 
tween said ?lament and said medium to change 
the net content of said constituent in said nia 
ment, means supporting said ?lament in said 
high-temperature atmosphere and subject to the 
constituent-potential thereof, said ferrous fila 
ment having a cross-sectional characteristic for 
rapid attainment, upon change of said constitu 
ent-potential in either direction, of equilibrium 
between said constituent in said atmosphere and 
said constituent in said ferrous ?lament, a bal 
anceable network including means for connnect 
ing said ferrous ?lament therein, variation of the 
constituent-content in one direction or the other 
of said ferrous ?lament producing by the result 
ant change of electrical resistance thereof unbal 
ance of said network in one direction or the other. 
and control means operable in accordance with 
said unbalance to change said constituent potem 
tial of said atmosphere in direction and by an 
amount to restore balance of said network. 

WAYNE L. BEBSELMAIN. 
RAYMOND L. DAVIS. 11. ' 
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